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TI TLE OF THE | NVENTI ON: SYSTEM AND METHOD FOR

PRQIECTI ON OF SUBSURFACE STRUCTURE ONTO AN OBJECT' S
WOGURBACH2BACKGROUND OF THE | NVENTI ON Techni cal PE/851m08/054029

[0001] The present invention is generally directed to

generation of diffuse infrared light. Mre

particularly, the invention is directed to a system

for illumnating an object with diffuse infrared
TITLEYOF, THE INMENTIQN: Vi deo i mage of buried structure

beneath the surface of the object based on reflected

SBREMEARE MEERR. AR RS CE T e SOp SR ATl s e e ono

ANDBBJIFCPS SWRPACEhe Rel ated Art [0002] Many nedi ca
procedures and treatnments require a nedica
b bl ood vessel in a patient's
ﬁb e f H m or ot her appendage.
Identlfylng the | ocation of a blood vessel can be a
difficult task, especially when the bl ood vessel is
or the vessel is under a significant deposit
Te%&“ééUggﬂgneous fat or other tissue. The performance
of previous inaging systens designed to aid in finding

h d vessels has been 0 3 nee for
0oL " - e dRo s irtieBi el et Bt henS 3 gRe ukise
mf@td&:ﬂgh?%’lo?@b@ﬂbulhrly ainé inbetibriGONIFBASd t-RIIABIGhNGr illuminating

cr| es a systemfor vie

an QB@EW%@@Q% BiaeRe sQ—i‘P UCINha VIREP '8P thPurtﬁde’rtg@B‘re

behdHth Heeslirlac ok tHeSoUPé&Jb%é&Qn PotlcRted ihRdraaligROdMd Bt
and the reflected therefromis used to generate

Projgetingag dmage Ph@e%ﬁéatSHH%tQ[%oﬂ/t@é@%ﬁ@fa%ﬂf & eRifclbe

DeBEGHHSH BftHPAKIaRY Arit he target body part. The entire
contents of the 754 patent are incorporated herein by

reference. [0004] Although the image is enhanced

[0 ange Rﬂ &1.85\ | ScdTRAES %ﬁ?ﬁeé}ﬂ{eﬂtéﬁé u&@ﬁgrgec?cal practitioner

It1ona anc nment tec I ques are ESI re
to Ioaattguari@oeqnmssehmlaom@enlfe bodhasuchvaein thieis amveyethes appendage.

Ideﬂﬂ&in@%gﬁ}cgﬁﬁrl\(OPQBBOQ vte%eQ%%l? gg%y |ﬁ|8@l't éfs s&elaﬁll when the

nmage can
blobu ee$1mhes small armwruhe ve$sdi immndes lai signifidaahdeposit orbfsulhwtmeous

r 8 herlutc RS henacs ﬁiorr%\gat‘?%ﬁ@a@ﬁq‘:g‘:%%ﬁragQ%S'@Jneoeto aid n
flndung)swebioocﬂ 0@&(@]3 hashedhgbomnt No. 6, 556,858 (the "'
DI FFUSE | NFRARED

ent"), enti H

(od83hTn Ass@Be e Plssent BueRish s U5 5919080; Eﬁéﬂ? 754
(the " 268 p@t@hﬁﬁteniutlecﬁoolr\mmsﬂ FREANG |RESLEVMMUSARG RDWHIdHSE

| NFRARED LI GHT,
describes a system for viewing subcutaneous blood vessels. In that system, diffuse
infrared light is projected onto a target body part and the reflected light therefrom is
used to generate an image of the subcutaneous vessels, which can be projected
back onto the target body part. The entire contents of the ‘754 patent are
incorporated herein by reference.
[0004] Although the image is enhanced before projection is made back onto
the target, additional enhancement techniques are desired for varying applications.
Further, when the image is projected back upon a target body position, the quality of

the image can suffer due to factors such as the tone and texture of human skin, the
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were also filed by the assignee. The contents of the
'858 patent and the '909 patent are hereby

WO p@dnpiaeat ed by reference in their entirety. POD083008/054029
Al t hough the '858 patent and ' 909 patent inproved upon
systens and net hods of the 754 patent, there exists a
need for further inproved systens and net hods for

BORES HuRthn K o SldahrgePPbdyasdrt, Red. WaRBorgl HRNGRMUSMSs and
arnbI ood \L/]essrjel s and surrgr@oun |ngr ti ssue. ° H.@M%“ARY % san

methedsNaf (N7 P oetEnt ceuid Seimer¥edr e an obj ect of the
Odﬁgfsem UQVpEltehPNot@Sgéf%@?tﬂ@ @5@?@%@‘1{‘?1 d’f)llfFl{UaSE

lor art rovid stens an

IN B\EBM@HtT H Aﬁ@@aﬁ b'ﬁ b 884 PRRAing &S aDaIa@tdﬁ@ a239,909 (the
“of8 BHERH Enfidl RERKOS\RICH O8I o PEOSE PRy cenee
weienalgo filgdyshe assigrdeereﬂhmcbntemtam H@t 858 paignt andstheeodd paient
IS y of subcut aneous
ar rﬂ%% 3g% efméd Bgde%%ﬁg%gl ’?ég?raeﬁ i ge of the body
[0006ksue Mougmtmraﬁmpaneebam ﬁb@@atamssmbsedbapmdsyﬂtems and

meltilds 3 U 757 hfnE ek Ylsts 4080310 e Tfpted siftems and

methtfdsdoeshHangiht tha hueualmh&astfbeltwm subeatanadess blvod vegiargand
device for receiving the infrared light reflected from
SUQHOIKIHPSHPssue and for generating an enhanced i mage
of the body tissue based on the reflected infrared
light. The enhanced image is produced by contrast
su e | i nvol ving applications of an
em further includes a projector

[odovl recey gltmﬂef@ne anbpjett 6 tBe plesehpiiivémrn to@gemngméevi ce
r pro ecting the enhanced i mage onto the

dlsgg\@ptqg%}%gl\e PIERS F9Y LYNMOBIHIGRY Ste 'W@Fhoé’ﬁ‘é%?’}?éﬂg'”g the

ws&él@:oﬁ@ﬂét'b@%he@ﬂé‘@W%ﬁrubt@?@ﬁh&é‘@%drﬂm
[QQ§£ ication of first and second bl ur |Iters each
|

ng an 8F¢qraarge witean pmbiog'lﬁnenfﬁétml Riesqnt inveptory @
mﬁﬁdj@{s@ém 388 ‘?ﬁé‘%hbcﬁ‘ﬁluﬁﬁ 9&& FR68 U\H’thqﬁ‘ﬂ}% RS lePnance

ur filters 1 ncl u cati1 on of averagi n
visiglino@hpubcdtangeus @D%Ve%ﬁ'% ﬁ@d gﬁﬁgr@t&%rglme@eaqféh%body tissue

anc?’LHggLE)@ufaﬁ@Q@s l[)lﬁgc}%ss%%‘:@é%% r%ﬂe&@&’wr%rr%f?@gdm?ﬂétem

contrast ancenent techni ques 1 ncl
includles o infiateldiugiinasionsbuisiedor gérierating the énfrared @@neTm gystem
fur@%ﬁ@g!ﬁﬁg?ﬁ%ﬁ nﬂﬁ@ﬁg g%?i?é i(%r re n%\(? th Erﬁrleglmrgre?ﬂﬁhpfeﬁ‘lected from the
bodyntidsud @nd pp gesetating aof erdnanbec shagedofttbe pod)etlssxdxatbmsadl on the
reset

orB b BT e Bl ERBR el fu e oS el o
tecAmqoelemglvtr@ spplitdtieons efrho dnsenp mdske Therdys@st further includes a
prOJeenct[]c‘;irr}gre r%%gitving an output signal from the imaging device and for projecting the
enhanced image onto the imaged body tissue.

[0009] According to another embodiment, the contrast enhancement
techniques include application of first and second blur filters each having a different
resolution. The blur filters are used for generating first and second unsharp masks.
The blur filters include application of an “averaging window” to each pixel in the
image to generate a blurred image.
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techni ques include application of an offset to pixel

dat a whereby each pixel is adjusted higher or |ow a
w@edosamaent . Further, if after application of PEEUS2008/054029

of fset, an adjusted pixel value is outside of the

allomable range (e.g., 0-255), the value is "rolled

over" to an allowable value. [0013] According to

[00R0Pt her A@&B%q@rﬁnotﬂéﬂ%n%@trﬁ&ﬂt th@%ﬂﬁéﬁ@ﬂbncemem
techni ques inc ication of linear scalin

techweuewg@dasadw#mﬂ% Of éh’tﬁhWWQ@W %\%ﬁsﬁw ﬁ@ters[@@gm? generate the
ungﬁ‘aﬁ Hgsgg t o anot her enbodi nent, the contrast
en

ancenment techni ques include using the absolute
[0003] ues d¥ccpidiegl tocRothead wbegiresd cilieicontrast aphanesmendr e

tecﬂﬁg&% ﬁfcrﬂxgjesa{pﬁf?@atloh Q)%%eéﬁﬁaﬁ&' E&gl cﬁeﬁ% ﬁtsgﬁlhg the value of
enbodi nent’, e contrast enhanc ni ques
ea¢hpikelde agpesat vatueovhasf tha pixek dataris belowehe Wirasioold.t hat

s th . f r I | ue
10371 2 oy "okl ot EEhofhdf, mpashRfREAIERER,
techmqt:h:emchaﬂ‘ecaﬂ)bh&ahnbn of ah @fftetdo pirehdstacehrerdlay qmabwpmk&wb

Ll owing selection.o cont r.ast nhance
aoi eyl b BrEs sEa A Entaf B e s aRmE OBt an
ad;t:eteb rpm@tuealué & duasias of tHeedlofvab i@ rangé (5.4, D12E5Pfthe oallie st

Eq‘d;ancerrent c i\&LﬂeS. [0017] According to another
A N aI @y and met hods of the present

[oo18yent i mc@mdom aﬁﬁ)ﬂibrte%bo@ﬁﬁéntfMetobﬁtrhﬁt‘e@haﬁébrﬁént
vascul ar structures. Accord u@r ocedur es invol vi ng

techighes iguge aRplitalicRg' U%%%&F%'f”gstprt {Rgesas & lipacopbast
adjadfepe performed with application of the system and
nmet hod of the present invention. [0018] Further

[00441 i catAcsAinghe aeiheseambogingent, ipicontastanbaneerae

r .
AL PR g e B SE0tN dp rly apg pv

MOASPRCFSSIMFSERE: | NVENTI ON [ 0019] From a t echni cal poi nt
[oo‘vﬁfﬁLV' ew.a JBRyi @Sa%ﬁhér% gln‘?éhtaﬂg dc%ﬁﬁﬁs?t &hﬁbéé’rﬁ‘éﬁton’

rein SOﬂE i cal procedures an reatnments require
technique$ aludprappti¢atioonéa maxmnom‘tlter wirglopottial/eeds Hle vatuenof a

tient' ; 0 or art,
tariepEkq tha M AL o R RERE Surnbnd Wi, o0, e
[OddBpod veﬂsx:etdnig tesanmmkarenmosilrgentf $eiemlonda¢m$| dandde provided
bcut an t The . per f or man revi ous

f
for By QF B SRRRLS AL conrt: R RETRAF fochbighh oY patiney 8 8
cornesst beitanceakit tghnibties ® bdexeiutofrdrhe gl@alityio? @bntrast

en e{n%glmeem tuerc]: r%lugl ng the present invention to provide an
[0017] According to another embodiment, the systems and methods of the
present invention can be used to identify the location of vascular structures.
Accordingly, procedures involving locating or avoiding vascular structures in the
body can be performed with application of the system and method of the present
invention.

[0018] Further applications and advantages of various aspects and
embodiments of the present invention are discussed below with reference to the

drawing figures.
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apparatus and net hod for enhancing the visual contrast
bet ween subcut aneous bl ood vessel s and surroundi ng

W@ e@sneL12g 0020] This problemis solved by an appEDS1008054029
to enhance the visibility of a buried structure
beneath the surface of an object. The nedi cal device
conprises an imging device for receiving diffuse

TECHMICALASPEC PY OF PHEANVERNTION and for producing an
I mage and generating an enhanced i mage therefrom

[Ooéﬁﬁua vifde® pieshaedl Roint §f Viswe [NEcIresRNt auend P pednepeaf a
sutdaEBH ewl‘?éfn%n@h‘elféa%rbéé&d#%@ aﬁmr@aﬁﬂ%tfﬁé’quﬁé% Réditde
0021] The technical 1dea under
prachw l@lpcaie aablegwémm a patiaige apy or nmmpn@nde@w In the
L RS oS BTN LSBT R ol Dbt yor
signl!ﬁeanta#epeat ofvaubhutanshla&r fa&r Teoperferstance of p@vwsnm_agldg ng
cvibiS Briatiu §4 Hhind B 00 S AR AR R
themafole teasl;ecmnldaép@bmen tuhdaerlyirgoitie oessoat uiventmnsts pm\sdé) be

[ ' d th Pre bl
o apPdeindt BrE5haseiRd riensdafcPare<t Pefacrgnbeudiids
blobdwetédlwaTmemr‘rcﬂLfmdidgens}sod)é ti Sfue with infrared |ight
ch ect rom ody tissue and is ima
10081 1 e TRBlPTL 8 SohGE £ AN 2Py SHE 1S Sihass iR e e
bur‘iébl Srdchwelehesth tﬁ@@ﬂrﬁ@ﬁof@hwfﬁfﬁé rri‘@l‘r’cab@eﬂ@@b@mpﬁﬂses an
in addition to unsharp maskl n? t he addin

'm%&”%@e‘f"éﬁ 0r £arepingiiiyss Ulht 63TlaciRdl TR @h AoHsy ngHePrOdUC'”g

an Hﬁiuﬂ Gnéﬁe ai%d gﬁ\ir%?@tmgdar{ &%Ee@%a@’@ih@?e?roﬁb aNg aQA’de*é%r@J‘é’ctor
hrieshol d preset val ue or the taking of

for@lf@%@lﬁ’g@ W&p@é'%’f 'n@ﬂ@rpfdh&éwl%fﬁt[}é?turBRFE}ih@ES@P&@ﬂ T@QI
objggt. THE DRAW NGS [0024] FIG 1 depicts an imaging

system for view ng an object under infrared
[00211] uri ndihedachxiesad itgianmdedyiag meeméemt@cm i®atpoaCenal arange by

inchdf i%\(/\?@éﬂt%i L%Lm%hfﬁch% ?? {i% %qugzétﬂ)%cﬁ &€ edges
Views of “an I megi Ng SYS 3 use infrare
of burghitstractuioeslibyngakingahem @ppearewhtreaisbainpnemnttast tchibe

suﬂrénﬁ%md t%@yﬁéggéa]esulg %e g c@lﬂ g% K7 d&agl hg %Soléogo‘r:\té%sgg

patmmgarmmnbthefr appmdageemmwh reabiedBg¢ausk@ne blood vassel becomes

nctional block, di agram of the inaging system
visEHER o e Bk @P BT Bhbod: ment Cof tha 1 nvent i on:

[0(129])28] Frerdisty  itise apmaweaa:éc ocenpﬂs@waafmmred gigt sogrrce for
st.em us i i t accar di

. ing diffuse.infr

G EURR 416 boesbR IR TSP RS WHORRTEGR b B Rupock tgsue and
is ﬁﬁaaé@bﬁtwer.m@e@éw@al vi ew of the imagi ng system of
[0023] 'In preferred embodiments of this invention, contrast enhancement may

be achieved by, in addition to unsharp masking, the adding of a value to each pixel
value of the input image, the using of a threshold to set all values above or below the
threshold to a preset value or the taking of the absolute value of each pixel value.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] 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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[0030] FIG 7a is a perspective view of an inmaging

systemusing diffuse infrared |light according to
wa@ewsheri2enbodi ment of the invention; [0031] Rr@/USH08/654029

a cross-sectional view of the inmaging systemof FIG

7a; [0032] FIG 8 is an isonetric view of yet another

aspect of an inaging system [0033] FIG 9 is a front

[00g5pW Of FAGBOPA bR 2©faré b@rsbaagﬁen@evsé/éﬁeﬁﬁhaa@mg %%dn LBing
the direction of the arrows taken along |line of

diffpseintiared g agcading (@ 8 Frefered CRRSCERRTt 0 HA NG THENy | ew
[Odzﬁglen alag. 5iang 4Barg chssFée@tlorQal Nhs c{f%ﬂ 6%: rﬁggéysiélm' S

ock diagram of an |ma? system I'G 12
acgogding @a@p@eve@@mbﬁﬂ@r&mp Wewaﬂtloa th| rd ver si on of

[OOE?E ' mag:ll@g5 5 i oh Ibib%k%fa??%toff 'tﬁbvfrﬂat%ﬁbgsiﬁﬁg(lc%rﬁlgg to

i S AN G nternal Vicew our ion o
aprefage@gmbpdmnt of thehievgmtiesent i nvention with sone

: !
(0B8] 55) ° o4 | £G6b G e Mokt AERERIR oS B8Abee
infraszdslighh acdording to epgitematyesembodimenhef the ésention;
' ti 0039 t |

rodeBY 1\ e 6 2ok o Seeehge St 1 g A sf BLAR: o2
[0030yent i ¢NG. MIsczhperspécta@mewa an grlmtgurrggsyscem lubingiditalse
. .the vi evve. 8 b g Fl GS, flg , taken
'”frﬁEf‘é’e'tqli‘éPC‘?or‘i '§ &%éﬂ%t er%ﬂ“ odMSPbgt ﬁq”?"eg{'?’hg for
[ooan] i f actFlGen@}sad cﬂoﬁ@@@ctﬂfnﬁpﬂéﬁldﬁ%@fna’gh@ $yeeh BEHIG. 73;

i mage. 41] FIGS. 17a, 17b, 17c 17e, and 17f

[0032ken t c'):d@t ﬁéﬁaﬁ iFogelirefiew of &?té‘”zﬁ’ﬂ}ﬂr 8gPeshol A8 IMAgNY gYstem;

[0038F Ct+ FGOGIPATOAGIERBYH PBRIChT tRd indcftd s sﬁé’Fﬁ"é@'wewed in the
i mage Frocessn ng of the received i mge. 042] FIG 18

d'r¢<§'oﬁoﬂ hegrEaweateren glongpeeri-bef i@ showi ng how a pair
[00‘3& | aserF|goy (?‘Fse’c{ Srok§-sHStRfhal %dQQ@VJ {aRén EBﬁ%‘Hﬁé 828 of PIDS

vved [0043] FIG 19 Is a diagrammatic perspective
and/l ew showi ng the calibrati on pr ocedure for the imging

tem t | GS. 20a,
[O%E’ anflgog?&spegﬁléﬁl@%hagr aphs Pnadr%? gééesrlsﬁéd i mge of
[0036])0 ut arfrdGu$2 tsl a)perspe@wellraiemabylewm@ tbind gersmahyof tthes snaging
h d vessels. [0045] FIG 2 1 is a
sydBlos SRTRSe T hge

j’ected i mage having a text border
[o03mEr ear (ﬁh@d1 3 [s(mmﬁ]erﬁalﬁjeveﬁf a ouathokehsion phbéaxgagupg sp$tem of

proj e Lom avin ext .border .t herear oun :
e R i ditn 30 e e A 0 EiBar<an eplepgion
[0036EN ND\RG. P4ifs DiiageshhaviewdMeTguhvelsin dfad imaging

bor der, becones out-of-focus to indicate that the
sy%ea]n St the present |nvent|on
[0039] FIG. 15 is an internal view of a fifth version of the imaging system of the
present invention, which uses ambient lighting to illuminate the viewed object.
[0040] FIGS. 16a and 16b, taken together in sequence, are a program listing
for artifact removal image processing of the received image.
[0041] FIGS. 17a, 17b, 17¢, 17d, 17e, and 17f, taken together in sequence, are
a program listing in the C++ programming language for artifact removal image
processing of the received image.
[0042] FIG. 18 is a diagrammatic perspective view showing how a pair of laser

pointers is used to position the object to be viewed.
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is not positioned properly. [0047] FIG 23 shows a
text border image that is conbined with a projected

WO pgaorfiey j oi nt projection onto the object toPERNE/VE8/054029
proper positioning. [0048] FIG 24 is a photograph of
a processed i mage of subsurface veins projected onto a
hand by the present invention, simlar to Fig. 20

[oo4efi ch &t $9 tsfhedbg?gmrh@trcd@érkp@dmde 'M» sr?ovﬁn@me ek

how t he text border becones out of focus to indicate
procagyret'piethp Anacing Sﬁﬁeﬁb@ﬂf‘? Qf?éﬁnbﬂbfﬁf@ioﬂy [0049] FIG

[00%5 anan'fd?o@r 2%15, i@o%r Enc SO HeSihotd Gt hbMISH asﬂ%??é%dt ifge of

utio [l near transformti on coe I cients of
SuEANSALE blogdivessqls ptaieried ontorbody dissyriiahgovsys therhledd vessels.

[0(#4?3@t pr esgat ZL@Vﬁﬁétg&aghwaﬂca%tgd n%g%é ﬁa\ﬁng{:’ﬁ‘?&{t $Bhder

ing inft ramm n angua
thepgarbanchs t he run-tinme correction to the viewed i nmage

t he e ent
o038 | e A5 S5 S961 BBl o R e g oo
theodaroursd, setiten do Fi3. 2dntt irawhicanharieved o@[ect hagke@f mamed out of
an, enbodi nent  of

oyt She S Hobls SR eRfs B haE Al RlighlS o S ER hat the obect

is foapgsitiorfeyr @dpert.) al ong W|th a plot of the pixel

007} "5 6.5 3okt 54 B Pt vl B AN i LR
@J@h@ﬂ}bﬁﬁ pweétlam daﬁ@trrés&ojaﬁ&o eesUrd prdpe'r_':stm@r?ﬁg al ong

a plaot of post processe i xel values for the
[°°§§l ect ed!Getd Iso%pféqtogrﬁ‘@ acmr%qassef (0R0E OFFSUGSUrSRER Yeinsy

projdcedd &harat hifd KAk %%séﬁ?ﬁnk}@ﬁncfrpémﬁﬁhﬂﬁﬂgngo (\M‘ﬁch omits the text
Contrast of animage to &r ovi d roved di mensi onal

borget) nd, F'Q}O?dot?lﬂlshgwtr@ hany %@ﬂlmr becomgs Ogk effess to indicate
thak TREHHQ8 n??@éﬁ%n&d &og%ﬁ;a. is an inmage of the test

gradi ent_a el ng anced by the process set forth
[004R8] Fi g. F28AR%a ang)Fiks.tadbargicompyter lislingsshowingobe sekiton for bi-

i NS SRRl LB SL4aR5E R GE ol o
of e psedent iraaribus yessells prOJ ected back on a human arm
57] H :
oogfSrL A6, 8 el VG L PR AFT Tt S
pergorbadheem-tiok dohecmm’emehe V|ewedrnmage1 of [Hé(lﬂn&}ct Eslgg c@6fcients
e test gradient after bei ng enhanced

i s _an i mge
detﬁiﬁ"t“ﬁ% dHF"g%gBes a&EEat'PBP{ HreFl g. 29A along with a pl ot
[003fi] t he mt27w|9®€fﬁﬁﬁd1a®ﬁ ocrejnevraétue@ fdraontrhst esdbacihgdn image
sect.ion of the grad é
of an object according to™an embo iment of the present invention.
[0052] Fig. 27B is an image of a test target (gradient) along with a plot of the
pixel values for a selected section of the gradient.
[0053] Fig. 27C is an image of the test gradient after being enhanced by the
process set forth in Fig. 27A along with a plot of the post processed pixel values for
the selected section of the gradient.
[0054] Fig. 28A is a flow chart of another method for enhancing the contrast of
an image to provide improved dimensional detail, according to an embodiment of the

present invention.
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[0059] Fig. 29C includes inmages of an enhanced i nmage
of subcutaneous vessels projected back on a human arm

wO o®8091189 g. 30A is a flow chart of another ner¢iUST008/054029
enhanci ng the contrast of an image, according to an
enbodi nent of the present invention. [0061] Fig. 30B
is an imge of the test gradient after bei ng enhanced

[0033] t he FPCRBss %ﬂtlmﬁgé bhthkerte@%@adlé%f@r @e&g\@nhan@ed%mne

of "the post processe i xel ues for the sel ected
proggss syriodh intfrig- @%G'P@ﬁt""'thmﬁﬂi ofetle pesipsepsefireel valpes for

thePﬁEe%?&Dggat.gw%pEj %ggn{ 0062] While the present

i nventi on odied in many different forns, a

[00%6hber dfiQ- |a8|Cu|§t3|ﬂd©$ imeagesteh @n eeharces image £f sulbridaneous
ve%%fs??re Hebrbatcn%n%ﬂﬁﬁéﬁ apding that the present

ure e consi dered as providi ng exanpl es
[0057] t he pid.rR9ADE @dlowf chidhieofi amether inmihechidr soldnaingatinel cestrast of

an B o AecbBIRAESH chibddlliy e bRERLh bR ¢ he

escrib ["ust rein.
[0(158])63] $kg r29&nd asomage bhie tbsicgyadhelstsajms beieflembanced by the

f light in th f ab 700
B8 o b cedh o BRI RA! AH6S PR MW Sersed BRY] yAldSs ror
thet dallettédagegtion Dhire, gradienmi. deo |mages of body ti ssue taken

i nf aill t d
oot k" 1§ Thid BofinkupeS it an B asRace o SHRCANER
vedseRShrojetidmaek ondlisurhgn bie. refl ective nature of
subcut aneous fat, blood vessels that are dispos

[0068] ow sifdhi AR TIoeRs: Aiangihes i acsfor GaRANG he contrast of

an ﬂhéjé %'e!bérd@fg th %ﬂ%?ﬁcbd&rﬁeﬁtcbffﬂﬁ’@ﬂ\@%@ﬁt ihVdriighnat ed by
direct light, that is [ at arrives generall

[0061hm & S8 iarndwage Al EGeB.Fadine afiel BRngrenhageed by the
pro‘é@é@éc%ﬂf@f%’mt L3088 G WithlER oLt tF?é)gM?tt réééé%eﬁg}é'gggﬁlﬁes for

significant posit of subcutaneou IS i
therpgeactechseciioa@f tergradienderi | | umi nation of highly
diffuse infrared light, there is significantly higher

DETANLED DESERIPTRONOE TREOSRE FERREDSEMBO IMENLSdI Ng
=Tesnh than wien the 11ssue IS viewed under arrect

[0G6R] r ar edVhilg thaipfeasns iMveriarivay hetemqumﬂéﬁtmaﬂ’)' diffeygnigforms,
a nﬂthbePSf il igd e%o@Werﬁ?ﬁLé &éaglcﬁ?ec'j H&%T F%Hﬁ{oﬁhét&’ﬁhmg

pears that nost use |n rare
that téfel mesem digglashee istid batcangidersdfastproydidp reealtnewsamme

o388 b B9 S8 bl B IR Pl el
to tdeamt&xrﬂlmerﬁadbsmrdnedramsltorhihajsmmd helnginbl ood vessel s and

rodef, 3" LR Sarap RTReRe LR SR oPR AR REdgn U el
mfr_akedarahgéﬂf aisaut 70830 BOOIyahorasiees whild blobd gbsorbsl Irédlatftrh in this
rargh; dppSa Vidhddmalon! FamRs B foPLT Bl ption Alpoc
ves¥RjsefdpedPas 4ark 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.

[0064] 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
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described in detail herein, when the object 32 is body

ti ssue, blood vessels that are di sposed bel ow
waumsnoreeous fat in the tissue may be cl earl| yPGEES20081054029

a video image produced by the system 2. [0066] The

I magi ng system 2 includes an illum nation system 10

that illumnates the object 32 with infrared |ight

.uufnmairbmlr higHIijlﬂjsfeflﬁfr@r’@H nghﬂ m@r@asts.@rmnéarﬂlzwgh@néontﬁd%@
ystem 10 includes nmultiple infrared rovi ders

betyi9gn g blogd y RSB INPHERINGMaHIesh tharghher e Hrsugl wewed
und?é% cﬁr‘é@ﬂhﬁ‘ar‘ébflﬁﬁﬁlﬁgﬁod IAI ﬁ%é’l"r‘lvé'r'\tfo%“%h'ogla nol B8 limited by

directions of arrival elnrare from each

any pgmeulpr Gepeyeaf OP@@UD”(I a@@%ﬁ@ @t éwh@b@eldffﬂ#sp@fré!e@yght
of

reflte?l‘r%dvtgﬁﬁe é@tgch tané%?r Zfﬁg%\@\ré&ﬁg h\?g}[]ges lfrH@ VIUiRE bl @R Frhus,
whele hjghhdiituseainfraredrigat lspeeQMthummaae theotlslshe thadesices wsual
coffyts BRURED iéniobf VBRI 5 1 s PRBhaRB R B i,
[0065]3 i nf rShoawh in[AIGM isadn magmgrsy&s&sn atfomhlﬂmmlajneg:an 8Bject 32,

fromsuc t|on dlretlons t he
sugrt Ay te e bR e iniarel g b
m@:@sarrtg@ eldjecmz;uiw&‘dexpodemwarfbd Inghgtlereﬂ\fxftécﬁfromttble objegh32. As

vi ders a ar.e efe I, ect i
ce&Pey Easiaf el e tfe BRECFIZIR ook e, Hiadiesnalf ing are
dis M&@I@W\é@b@térﬁ‘@&baﬁﬁ&héﬁ?ssubﬁn@l b tleaiMp Sskrimn Vided Meage
t providers 10a-1 O are individual 1l1umnation

progég?%@ét hegyystedmBi nati ons of illum nation sources and

[0068] | ect qfh%‘ mb@@l@%]ysf@h% 'IH%eg&nSWLﬁﬁlﬁEﬂl(ﬂﬂ &)t '10(f||‘|é’ldes
an i ma devi ce 38, such as a video carera, for

U nEes et £CHBR &eth '@fﬂarequH@htl frese MHefiRR diffeeens Buiinaliont he
dir€RoRS! TRE s{tem & Mblﬁ&éﬂﬂmﬁfﬁfeelﬁfrér‘é@ I@’H q_r"év?d_%rs 10a-10f, each

represented In e arrow he 1 nmagi ng
proar@hngclefrar@drl@bbio\/tée objest az fromsdiffafenaileaninatignhtdirection. The

dirégffi%h?% &r‘?uv&lrcﬂ é?ﬁﬂa&,@ I%‘ﬁ# fr?t% ea%ﬂqlggfﬂ?g@%ﬁsof%f ar

ronic VI ased On
repregentast iodFIGni ban@jraysguaMf[ @@wpwshmﬁ i tire G@ctu@as ahalrrival

of t?'lg |ﬁf§argc18g5rﬁ ?rﬁé es% ogﬂggg%eggghg?f rhggredetrl ona(ﬂﬁlé gvl?\peo§urface of

thetdh:qaecswgt mpatéllet or nexpanalichtp the suHaces efcthe @bjedt 32.ak this

The st em 10 prefer i ncl des
em BT et T ol LAPSTO0 GOMGE B Foir ey o Ut & e
rar@@‘lwdllurfemattuoafdurbbﬁonsnmhira@d |I&Bn|d@uidmlt¢|¢thWd|ﬁh§é 3,
il 3\m nati.on source

10057 E pos e hEARRRESHH DY EHASIoh NaraT e 1 JuAt FpEsera B
areoéretefﬂ@olpLl@rﬂfremhgwﬁﬁcek@thaﬂdh%cﬁﬁérﬁ fight & 8ihgRAIIGIRIhbeEH S
subst ant i al Igj al | ght havi ng wavel engt hs outside a

sOWee vwyasd thephigslet?- rlaﬁg@r@mm¢@ﬁgthﬂgghtFﬂr@Y'@?réﬂloﬁ 10f are
indhvitRiaP ALISF BN 5801¢8s | SICoHRmLIBAY 8t ARSiHasoh E8IFces and

reflectors.

[0068] The imaging system 2 also includes an imaging device 38, such as a
video camera, for viewing the object 32. The imaging device 38 views the object 32
from a viewing direction which is represented in FIG. 1 by the arrow 6. The imaging
device 38 receives the diffuse infrared light reflected from the object 32, and
generates an electronic video image of the object 32 based on the reflected infrared
light.
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approximately 700 to 1100 nanoneters. | medi ately
proxi mate the cold mrror 34, and di sposed between the
w@odod/ 11y or 34 and the input aperture 18, i s BEI/US2008/054029
infrared transmtting filter 36 which further
attenuates |ight having wavel engt hs outside the
selected infrared range while transmtting |ight
[0d6§]/l ng \mmlnqﬁmd;s mm Eb'ish&pﬁ-ﬁé@éd @ﬁhbb@ﬁfem sﬂthe
ed. Thus, the qg t hat passes throu the cold
'”U'iﬂ' igp Sgaferntd- t NS 1’3| opicts B6rqsatsCional yighe? t@%(%}’?d%r@ﬂé’
coril&p'oﬁdl'ngfté b dib9Ala Q@‘éh?\gn Wewele gL STHA %}@téhﬁhepreferably
'ected I nfrared range 00 I't should
Incwﬁps@aulmaattonﬂaﬁowwef% are ot her ways that the
um n f 1.0
070} 2 o rrapE LSk of riRnftoh 4 SEhERaERRA Y. the
illuminationlsdurcerii istludgs anoldmhirrar 84 dispgérd legtiveen tize ldimgpds and
GLED) n [ t
el g P oler PR e P e,
subéltafhtlaﬁy alh higfdémum'gbmj/emm ousside prsefeatededfrane‘dcrdmgmnft
t.he ent i on. s not.
waldlpdorodl BrereaRby KB ik BroBimdudis iRl o ce
apdraxun{a@ély 2D0 £s 1 stmendMetbisG Inmewatplyq:fr@rmaté aoleold mery 34,

t |

anQgispased DaIHeen e ST Gl i BR P i PPy oai. ian infrared

tra@grmdmgemtar 36 deehi foRes Bfentifes mﬁhﬁ@wr@Z\N&Mt@but&de the
ffuse |I?ht reflected fromthe ob

Se'ﬁ@té?’ dVERbeY TanoReVhilRdANS e thag [Igd h§8'”8fwacvﬁ|e§gg}%’&'m”hﬁ}?t

selb§ted ifiRAEW ﬁarfg‘éblp |Tﬁds OEﬁé{ hi§e tﬁﬁ%)ssé{é ﬂ*@&cﬁﬁtﬁs r06|d?’(§ll’l’0r 34 and
manuf act ur ed "by hu, havi ng del nunber 63 01

thegBRD3E THie MesEbug AL 5t SrreodanLabo warler@awisi the

SeIF'&ba‘lrﬁraﬁ’ e canera | ens nmanufactured by Angeni eux.
0073] The canera 38 and |l ens 40 of the preferred

[00#itbodi néhshositdsbeiagpresietedihatiheretare othaswyays thaidhe dinminggion
SOL%e Y E%oglggl%r%cﬁ]ﬁ%%r‘:egtt? gegemtéﬁﬁfrﬁggigfg nF(S:r e@an{fwéepgﬁ?ur o

open en sectl1 on
nmmmmmd sohiice adwlob@arsmosaﬁ anfrewrécklight emltan@ dipderited) of an

his.
g RO TRRRTERS MnReIne b Rlio PHLME iffoihSion souse, 12 sagwn
in l?@rrer?ﬁ&&sgrlﬂmsat %dgbﬁ] a:prme?edismbﬁdmemmlyghmd rhseflhmmled is

e 0 C a en e
ot (Pl 8 SRRk el Red EkatEi e W0SinaB ko dide 48 2% pen
[oo7ayl of tAwestRewtihGIG24a priefded] endisSodifmeniofithe friventich intlbees a

f d enbod f th t | ud
en 4PrEe R eoRWEPD T e HEEB MAB AceBecH 1 HadkEe o

im&jedofQhe bbjgct 3tbastd sreitiuslight fefletitidSrdnh kHeesbjdat 32.
receives light reflected fromthe ogéect 32, and any

PreseraBly. hegmading.aevies,3ceefibe enRodimentdsacharps:coypled device
(COBPoas bablaseiaRliaRiREd B) Doh Oftviltpbael el engt hs

outside the infrared range approxi mately 700 to

631001 ﬂ@@ﬂarﬂé‘%%ﬁeﬁs 4910 e @rﬁterweidgewqumentpag mfrhfr(_ba@mowe
carh@reahlfehé Hﬁhuﬂa%n ﬁ’é@bif %Seﬁlgﬁx.l ens 40 is infrared |ight

w thin the
[0073] The camera 38 and lens 40 of the preferred embodiment are disposed
within the tubular section 24a of the inner reflector 24. As shown in FIG. 3, the open
end of the tubular section 24a forms an aperture toward which the camera 38 and
lens 40 are pointed. In this manner, the hollow light guide 22 is substantially
centered within the field of view of the camera 38. Thus, the camera 38 receives
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sel ected wavel ength range. Therefore, the canmera 38
primarily receives infrared |ight which originates

wo e@aiouizhin the illum nation system 10 and WhPCHIUB208/054029
reflected fromthe object 32. [0075] Based on the
light reflected fromthe object 32, the canera 38
generates a video inage of the object 32 in the form

Ilgrﬂfrefﬂ!éte%l @&hrth@aheatlstelﬂaﬁérge@l the ﬁghtgﬁt U3, Aravbis thugh it
0

i deo sig i's tgre erab rovid an i mage
e”@%ﬂd@n@?ﬂefﬂié@r e@@engggpf ¥CchoaPda-manuf act ured by

[009‘4]3' VI S QsHORN iRE| E“%H@bré?é#‘ﬂ&?émb%me%@@ptlhem\%n%ﬁ%ludes

4" generates an enhanced vi deo | mage Si based
an mﬁr@re/d U@I@S@Ittg\gaﬂltef fofisppeetiariee Qp% end Retheriuaiaegpction 24a.

Th|§'f|ﬂ8r04é fed 8§ gﬁ‘carleflé ecPfr8Pﬁ'tH§§bfe‘8&%2 ‘%@%y‘iﬁ’ﬁ’ér%@ﬁt A8fmay

car SUC as a no
ethﬁwfmcmumﬂ & yanill substamtialycdindnatés et fighirmesingtwavelengths

cul R 00 0B PGB 00140 BB g e o
thadl fasdes ahrfoagmiitesfiltan d 2\andemitoiting pas gH0gs aifrafext lighe alithini thre

di.spla n vi deo nitor,h 48, [00 1t .shoul.d be
selfP eBaaf Khde TRBRIG Srind damsie <6 bushrit oot hait s
ligrotamegh ongamsed Bomaeitran el imgnidafidrusyestermfioamedviicty atreflected

achr n g with the invention. For exanple, the light
frorart F&340a-1 O of FIG 1 could be enbodied by a

[0075]0- | i giﬁsedfthh@I@htgbﬂecté& tr@hnﬁé ij@bt‘V32 @h@térﬁéﬂa&%
array of LEDs could be used to illumnate a

gefﬂ%fa'i%rﬁ Yigehignagerqf (e PLipriatse t%g}m&q{@nﬁﬁ%@é V@ﬁotsfgﬁal As
sh&i ROtIG32,; thbﬂ/lderbes@r?él ﬁs%reﬁ!f@é]?b@"ﬂed tbh@ |||n'a98fenhancement

provi ders’ 10a- woul d correspond to the individual

boarged, pych aea Qpa@wamtd@theq by BigT\AsioR AWDg A edal fumbentCE-
308, Tﬁ@bb&&%ﬂtde‘h@rﬁ%?ﬁgﬁﬁaﬁc‘édﬁ) d@ g%%e%@aﬁ@aséd% the video

I magl ng systen1 I NC es a Vi ec
sngnallfumﬂil fet Ganeralds. th]eeeﬂhaeczedmiﬁo Hnagensigreal ds promigledtip 8¢ideo

caniér hoPARARE B, Shap A% a TR g To e b
erpatT@atcard he captatasrdiy m&g@enfr@b jtiee tmagersigral wrmharmay be saved
OB b0 - A RS S rrh 58 b s wgeo
|maQHaeS|grm1 W@Spalrtdnmglsbla&tdmrae\ﬂdecﬁ ntdm&pmﬂ ect. The overl a| d
0018 ot b LA TR GRRE P R on L B Pl omer
metah§fc&@éﬁereﬁ@@?ﬂ&ﬂus@hﬁr&i‘é@@@ﬂtﬁfﬁatccﬁéartdéamtl‘nmemﬁvehﬂoﬁhan

exarhelgr e daRER ORI /5T B55 | 691 Be ohtiobleday & fngyiont

strcSEﬁ,ﬂI £, Altéhivelf, @ én*&@tar dﬁ&? bf bEDs I@b@lulbétlﬁslem to theﬁé a
in e enbodi mrent shown in FIGS. 6a and

plagiig V%"ﬁm'ﬁ'ﬁgﬁj'fzﬂsef Raceq ned tRasHHRCe Pighe OPJ§C% %é d@dhe SR
embB@inednh Qh@ﬁ%ﬂt RERESrdMBad O@f/vohfdecdrﬂegﬁéncgfé! 1€ irkvid$al LEDs in

rotated by degrees relative to the exit aperture
thesteadn i n

[0077] In an alternative embodiment of the invention depicted in FIGS. 6a and
6b, the imaging system 2 includes a video projector 50 for illuminating the object 32
with an image of the object 32 to enhance the visual contrast between lighter and
darker areas of the object 32. As described in the ‘754 patent, the features of an
object can be visually enhanced for an observer when the features of a projected
visible-light image of the object overlay the corresponding features of the object.
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FIGS. 1-3. [0079] As shown in FIG 6b, a beam
separator, such as a hot mrror 54, receives infrared

WO t@Bto82 fromthe interior of the |ight diffuBCTES2008/054029
structure 14 and reflects the infrared Iight 52 into
the light guide 22 and toward the object 32. The hot
mrror 54 also receives an infrared i mage of the

Th® Byéwet.d 3|3|b(é Ryt @@hé@x utén BrigtYeRbesM the SBjb&GH %ﬁbéar

toward the camera he hot nirror 54 receives t
brighte, \Hm'@‘lhﬁgﬁ#@fk Wﬁé@ée"(‘?'@ﬁ?%§@ﬁ?ed by the ray 58) from

[00‘7@? pr °JTfF1‘étéPﬁbo%%é fttlﬁ@f?ﬁghﬂo[?t éhtovdrﬂh ‘FIGQG?é hﬁé’ﬂ%b %%\ﬁc?es

and toward the object 32 al ned
dlffgﬁ%tﬂf rareclighhirnepiasenies.bypae raylﬂ(ﬁ2) 50 @@g)bm 32t"hé m&lfﬂ@@ similar

to @H{/ clﬁ’%'cnéécg Eﬁelwofugg/ml-fchﬁev\ét q& ﬂtecé}ﬂﬁéétm%ﬁ%%?owgf R égg 64 Aind

eo I'n to t’he projector ase
6b.\helepti¢ahpath afitiggdlumindtieg figy ie telded, B0ckp that vt exit dperture 2 of

the\rllrf;gﬂ gdﬁlgé?g Wérhdgﬁgg %y%% o%f ré%jrefr%tglég fc} th:éZet h%\e@ﬁgret Jﬁ%\/\,ﬁ%
FIGG.sli-B] e-1i ght i mage 58 and transmts it into the I|i ght

| de 22 tqgward bj ect 32. By, proper al,ignment
o, 5, o Ast SN £1%1 et RendiioBistlh mt e TG 8
recRvep &rtftaped 5@1t\&2tfh)nﬁ b intefibaoete ligmgsffagngstridngreold) et

s B taest N BETP A (K COlag BhioNRE g 32 The ot

mlr%’rQMJ &30 tdreivesahesipasdimggd erthyod cotsz trt@pre@bm@@tby&ﬁe ray
eneral |y achi eved when t
56W‘§| s '%Gtgﬂtdwardr%@ samgrg 38.c hag hal mWOtr |§4trﬂ‘ée'Y€t$f thg visdple-light

méd@(@@pr@éer{t&?bgmeeﬂéﬁl 5§¥fr6ﬁtetﬁé g&gé‘ét&%@ﬁnd frendraiYs P Mo the light

recei ved e cafera When the object 32
guidg 28 sl tPWé@'LI@e ohiegt 3?}e |nvent| on is used to find

[00% ECUt a IR df@été%étal(ﬁ ble PR No. 5 setiis4, tievideo

od vesse S appear as ines In thé projécte
Outtwts$|©m%inongﬂme videggeansga 3BHs providesas hieided ginblt sighalghthe

o R AR LE B 1 SR OB g e e
light ireagiab& of theexbjéan 32 hewanddhe boeirkdr SiblTdelhog htlrrol’rﬁi’grecelves
; by .
theﬁﬁ@?lgqlghplﬁaﬁgﬁé’; d t{ér%ﬂ% tstr]t @ﬂ)eljpg @W#% ?/5 fd;vtl%r%f m]e object 32.
By gtdxramaagmnem dmtthmpm}eemhsbtﬁhlghelmmdgel? Bbﬁ faom ghe:alpmjnmdrcﬂﬂ with
0 / epi c
therarbA TR S bt dhisrt Sgrieiu S e DN PO aaa 3B abe,
feal6$ Motk pRojbetoa ividble-lighininage 68.ard h@derttv@derf@rthe of
corE%s%awnmata%% 70 oniee 2 TR < Pl Sy scidien the
profssivigBreL lighk ifrddeSs8 iacdaxial Weh GRBfrareddmiage bPtatdfect 32
out si de the I'ight diffusi nq% structure 14. To

(repreesmee e faYeRireeivasiY N8 CaMSHnSBf t he canera 38,
0d8|‘IF hot \Qhér e ctfect RO LAY #dsE: ankPinB invenkioh %t@ééd% find

rees clockwi se relative to Its position in
SU*B%\' aneogp kwogiveesels inethroditilipsus: teubleed yessess @@nﬂar as dark

linds4R¢hd Bdjedted N8bIcdRPEMARSS. Thus, when the visible-light image 58 is
projected onto the body tissue, the subcutaneous blood vessels will lie directly
beneath the dark lines in the projected visible-light image 58. In this manner, the
invention significantly improves a medical practitioner’s ability to find subcutaneous
blood vessels while minimizing discomfort for the patient.
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above in reference to FIGS. 6a-b. Al so to accommodat e
the different canmera |ocation, the
WO pdogasaed transmtting filter 42 is nounted i NPEI/WE1008/054029
of the light guide 22. A reflective panel 60 is
provided in this enbodinent to further direct the
light fromthe illumnation source 12 into the |ight

[om] de 22:I@Bd7é aH@l?s de et s.x bttemaﬁ\ré éih@o&ﬁ}enf’bﬁﬁérrﬁ)éh}{on for
panel 60 is a fla | ective sheet havin

USQJ?$ ﬁuC@@tf@ﬂ@ﬁ@afﬂP"ﬂ%”'amW&M i deterplpodiment (Hé:tlgi\@e%a'lblﬂperates in
a fé%tPilcﬁFélnﬁ%r @nfe gﬁ%oeﬁ‘rﬁ'@'ﬁ Bf ﬁ%e% MOBLECHONerD; th@Sm A

referre I ment of a relative conpact and highly
emg@dlmmn ef EI@%.?@@ dye cUmeracBy is Immd:o@audeﬁhqcum difgisingy .
e

st T2 St thy GiibiRnt cBERESaN: KaRORL 3 i ol o
54 shéven iralniéh 3. gagy l@dqtaeedabw%l dagneaagk@cbwuse ielatitsy ®dts position in

d.u fr I I ' ,
FIGS S "BRbrvs! 3o g o SrkBER Tk AciBT a8 M pdpec
abcme inmefeherncent Ell(hS édb. ngoraagccbreatodamhefdlftemmtmamem

t he housi

ochin, SRRy RSB pa e e yo Ve B rLP! he ont guide 22

A reﬂnfn‘twgpaaéuamns dewdmusmgmbadmn@ftm fupihgr bigsct ahd Iegmifrbm the
. g%{)ut b éee an f|v i nches an g
IIIUWII 'H”SP“% Inforfhe Aoy ey ﬂ% FOVY%H H&ex'ﬁﬁ‘pe\ﬁ“m Pe
Pré®RDbEC that hebg0 ISwas réifedtuk/edheét Habkhgairl orffitatthdrb to allow

ng system 70 can be confi in a variety of
Iofidg BesR PR MREHGR ARITP oS(E 82200 RIAGHORES any

[008BECi i g ﬁ*é?éfféoeérn@édn%@ﬁp@h dRMi%e ‘ébﬁﬁoﬁé% méﬁlg'rélrab@r

exanple, in FIG 8 the housing_is depicted ein
imagifgssystem dliy derieted ity bl Ge-, 8- hbméve#ma@ne gystam 70 is mOSt

pre‘f’é’rhgg%ﬁh?uré@gﬂ ALRfTatdER SBle gi lax s@EH‘ a§ 887 i hésfu% Jr%"%ﬁbmk@

An I magl ng evi ce , SucC as a vid
anc inprodu¢mag vidgoampge of the, obzaed Nubae@d BPOTiBderatgight reflected

frofpIHE BB f7¢°1 r 854 ﬁiﬁae%ﬁ%gysrﬂeﬁ% 8185 dNinéRided Q%ougﬁgi@gmich

devi ce 4 and rrocessi ng conponents oper
cordaine the inrefoirgy fedturég ot thausgstem fir.ocess t he det ect ed

' rare I I ' ' ' m
[0 g prod(lz\c:"“"e‘éét1%%1 I|R geé ba%ggb%ﬁé t7 %g}%gégg@t@%?%%éﬁ%w
rectangjutar cehfigeratenh. f Trenhdusengol ereterdbl haa s leiegtb iof bettveen about
e 54 Bnp B s Al gt R Qred % b Hab oS! % be
appSfEuatedrtg/ these skifled th%@ aft hiﬁatltleélﬁngcgg%)i@érd Ihmg:alkr;ﬂilect:onflgured
t hehous rior a SCI | t her be
i AT AL DA 16 Tyelion Shaild nelbe B b BappRSCITe Sxamples
or &0Bbdirlehis BEEliss¥dABIN. CRdrl skamipi e /IQV8 fhieholibiag | hs%l%blét@d as
72. This preferred symretrical canmera | ocation ten

beipg SH'B%F‘%@'& "eHBNGUIROWBYEr| PitAvtar dRAIKIRNBY g offfRs geometries

an@ 8i7B¢ ﬂrefé’ﬁélﬁfé #npances the image produced by the
[OO&%St em 70, thereby enhancing the illum nation of bl ood

Esel s Acﬂ igRedeadayiacold SUelt 88 arvida@scamaraihavipe@ens 75, and
vidkb PRdRssing components reside within the housing 72. The imaging device 74

and video processing components operate to detect infrared light and to process the
detected infrared light from the object 71. The imaging system 74 produces an
image based on the detected infrared light reflected from the object 71, as described
herein. As shown in FIGS. 8 and 9, the imaging device 74 is preferably mounted
within an aperture 76 of mounting wall 78, with the lens 75 extending into the
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[0086] The housing 72 nost preferably contains various
conponents operable to transit diffuse light fromthe

wWey®Bam1Z0 toward the object 7 1. Arrows 80 repCEESUS/054029
diffuse light transmtted by the system 70. Arrows 82
represent the light reflected fromthe object 7 1. As
shown in FIG 9, as viewed in the direction of the

ho@srrﬁgwer@lr WQaé a\@seﬁSé@ hf-?fheP bé‘l@wA Morefpartc@iar, thelt@nmab 74 is
cont ai ns unmber of infrared |ight emtting_di odes

pre(fe_rm)ceaualb/ %f}?o%/éTHnP‘iﬁ'C%NYLrEDJfHPﬁJ ajihgEne HPUTIRG 78T s
pref @i Rimbighi cartdie IddERoR IRl 18 alRhi 8% AmbGiR d@'ngme

ref'er ence. en act |vate each LED 84 preferabl

detﬁﬁ@ﬁmth% camgra, WC%WQG%WIW%e PEastiged ’M(Dhe system 70
e o A ol bR Ry BoB Tt s S T it et
fatunbhﬁytmsdel nunber ELD 740-524. [0087] As shown in
100sRE" | e BT yBEETEINDE £ St Pt VB PRl opprdle

to tmijsﬂcda‘hlsetllght/\fad)m tT8systsmstddemwaichthEloGiecd71.t Aepes@®0aepresent

TR R TR N N e

froﬁil’tﬁe objeceNt.r As shéh ar Fian 9¢ a® niewed il thet diretiow btie arrows

aiof g Faeg08 JBF &k FbF b, M BRLFE Rodaing e AUrabdlie aristn o
emﬂt?ng 8ibded (LTS Wdl@[ﬁ&geallﬂﬂaaiED 88 85ﬁﬂelnﬁmﬁ?$rﬁrared light. The

ver, the ystem 70 can i nclude nore or fewer
'—ERA & 'iﬁyr?@ﬁeé'ﬁﬁ ?chﬁ%?'ag? slsierepedd iy Assratgd cP@§|’”rL&P 84

préfé@bl?%ﬂ%ﬁ*ﬁté aghtedt atvb‘é%/e%@‘ﬂ?m Jert L hﬁﬁérﬁ@t%ﬁs ( € In the
systém 70 can include nore or fewer grou Ds in

preféreed empbegimept. gach L BB isvanfaciwenhyi Fff@l{%ﬂ@f bﬁl?@fﬁ@éh'@'b of

Auﬁtg‘unger B&sIS Ay EQL74.08ps 92 of LEDs 84 [ocated
corner regions 96 of the LED array 85. Mbst

[0087Ef er amsyshoatn in &4t 16 iahdesaondistoge prederddgiobedimient, the
LEBQ%H a‘?é’mb% dfSH 8% A t?cga)i& %5 Iﬁ&&%@i@%ﬁrﬁg% ‘é"yg??'ﬁ A'sRown in

our groups
FIC{i e& @heme areemoerwe%abjff etdhe gltoEps &2r 94 oBIEEDE&4 Isoheendvicallly

o A B S5, AL Sl R S BRsg AN
prodideposdaal dispersionlamtieraaismissinool dffuseflighhieormEie aystey 70. It is
5. 10089] ,As d i th D 5 {
Pre oL AT 0 SR b P PO st 408 84 HaRlover
the%syexegmgg ican lmmdude rhve mdmérd_Elewttlamaﬁéhrtlédn@r grofu@ depending

oar Nncl uaes ont Clrc tr that co ols t
UPGILE FSaCLRATSETET OF 3P oY St G YA e DTt g can
mc@ﬂ@lﬂﬁor@ror%ﬁér@o&% on_‘EDB‘mltIE@EEﬁdartd&Sé"e LED array 85.
shown in the bl ock dlgearamof FI

[088s o A GentRURGTEIe6PNCBl0 dvh Saners A Té QEOUPS 92 of LEDS

84 THcafcPARRE FeYUor M réhiths 86 of Hat e aﬁﬁY 8BS € Mt greferably at least
electrically connected to the circuit board

fifte@n LEPe84 g dispeaesdn epah coraernlegipps el the & Elbarcands.of here
ard (Y81 &R 1 GRS 94 of LEDs 84 disposed in lateral regions 98 of the LED

array 85. Each lateral region 98 is located substantially between each corner region

94. Most preferably, at least ten LEDs 84 are disposed in each lateral region 98 of
the LED array 85.

[0089] As described above, the LED array 85 is mot preferably disposed on
circuit board 86. In conjunction with the control system 90, the circuit board 86
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using a control system 90, that is, power source 88

can be switched "on" or "off" to activate and
waole@wstioMat e the LED array 85. It will be appr eRCEHUSM08/054029

that pul se nodul ati on techni ques can al so be used in

conjunction with power source 88 to activate and

deactivate one or nore of the LEDs 84 in the LED array

.nc%egeémalcn@u.try it RO A QS rRAalivBlortYdrie orHeérei LESedd WRkin a
as the on" tine relative to the LED "of f" tine.

par[tlewgbgpron@ %ﬁmwsl% phef bEBE B4 H@rlsﬁcﬁ afrappl, Asshopp inthe
bloBk lfa@Fe{rﬁ@f PF@QGI' H%t,ve%o&re@ 8bHRE DB iR 9o, %thh A&EQ

array 85 1s electrically connected via circuit board
Mi@epProee3ses Ob@mlﬁr sQtirat dedee. gl etasHicaby Cwm tgghe gireuit

bo&r'%6! Ci| me%{%&%@%@ fhat ‘i”?élg@%éél&le t{> Eéﬁtkﬁl I By ela@[PTQ’ Yjihout

controlling array {o em
usingwaenodiralrsysigne 80, thatlis, pavaleoordeticandpaeswifched eor’oart ‘ot to

e e L T
modolatiom tembhseiquescan alserog usedrin cgnjufidtian with, pawves stfDeEBB tor

| f b d || ed.
cofigfifierddivde o et ot BT GE4EUafRY R o
a prefaaed dulyeyolej Rerein/definedagshe LAP “systiraaraiftivean theLED “off”

. configured to transmt infrared |ight fromthe LED
t'mﬁrray in various permutations and conbi nati ons of LEDS

[00@6] and/ (s dHolngh sEPBlo8R dia8fam bPPEL]1 1R¢|faebtfelfé‘r@ed1émb@d3ment
10, a first diffusion |ayer 100 is dis

FI G
of t9gjimagiRg sysere). &g HEP @ray lﬁ&'%@@tr@@ﬁy Bennes dL‘@g'r%t board

86 'td‘th"e wWeFRoalcb 38 £ conerPsydtdie obo Tﬁe%ﬁfr@lrsrﬁfém 90 mcludes
iment, the first diffusion layer 100 is glu

corﬁ@é feaiuos Qrmgnialiog thedkia puray 85 4mediittineareeight tﬁ\yard an
objgé'tr 7f1"?‘%§d%&%ﬂ8g ﬂbne‘ﬁn LHE{PC Ly%yéém L ENARPEF b rﬂ@ré & the

Iffuse the t emt one or ore LEDs 84 in th
LEDEB4dn Agy0@E0r arheps ofrtbe L&Dr art@y &WOI eyt fight@ontinuausty or

mté’rFrﬁﬁé?ﬁl?gg afis"NLEEFRA! o o ‘E%"D%? d{%tgesgééﬁct%d’énd

haV|ng I dentl |ca ion Cco
cormso]JeO/tcPsm;t infeaned mgmumtedmlttyntﬂhqrsqomahu@sm towabtheartgeat Gih.

7
T, e i<a7 e corfdregh GRBEAR infrardd fork e tpe LD array
in \mmeuﬁpbtfrnwtamtmnobcombindmdmfs cAbBOS 8hamdForlED grasps2f 94.
[ hes, t hi b 1.0
0oBE"Cr e s e G RCilusluis sl Mg ERuentegl
adja%nt\t@th%demhtﬂ@ durfasés ga)? bumemEDslﬁiaaem tAO QEOD érfamh AdE‘JUbrding
I NtTrar t em ro t he rra t here
1o & Pt BORMeBE 1o TGP O P EL TR 41304 Uc fS S g known
adhé%f Vel eftolth@ BinitlikP9atactbe OQlﬁif ﬂfé IED %H"ail 36Cheidty d?ferétﬁh@ to
sing 72 are shown in FLG pr ef er ahl

d'ffPﬁQ Be '&ht SR RYONERf Oip éEg)@aet“e'B R {-lﬁDé‘rrraé(fQ%C-Ef]ye\/féfSt
dlffﬁgéﬁ iY@r 16¢ ?srhéﬁpﬁéférétﬁy BEHongr%hlé h/@eﬂtﬁl H@gre%ﬁﬁféer such as a

| ects and further diffuses al read fuse

prqdugmavwaar@té@aw eorte ESPAP G &F m&x1@r‘P$/éyreamﬂe@urewt@m
Ph{SE OBt 8 B ot &licHNGer drintd Ealit O MRt preferably, the first diffusion
layer 100 has a length of about three and one-half inches, a width of about three and
one-half inches, and a thickness of about 0.10 inches. When one or more of the
LEDs 84 in the LED array 85 are activated, the first diffusion layer 100 diffuses the
infrared light emitted from the LED array 85, thereby providing a first amount of
diffusion to the emitted infrared light.
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second di ffusion |layer 106 is spaced apart fromthe

first diffusion |layer 100 by a distance LDD. Mbst
w@e@Baorld y, the distance LDD between the firsPCHOS2008/054029

second diffusion |ayers 100 and 106 is about three

i nches. The second diffusion | ayer 106 is nost

preferably a hol ographic twenty degree diffuser,

[oowﬂ | ar 1 ifteribheurfRBE 185 of R rﬂ)@@mg ﬁe&@rshbwﬁ i EIGH0. Most
usi di

on | ayer 100. The second fusion |layer 106
prefRably, hednieriereauriasag i it are eassed With adeflegive 6%“'19@1!5?10“ as

whlté‘?ﬁlﬁﬁ rlﬁeWké“\b'n grg ré’ﬁ%@fétaﬁd%ﬁ r%f‘@uéé%ﬁ@%lfreéd}cd?ﬁ@se I?ﬂg

ness The secon
progiuced ey the flratycbifuq@‘elaﬁarrt%rWdhﬁputwq weéeramea@dEAG 10, a

s AR 8 (R 2GR LEAIR NG sPhB0T U ERTAT 0P
FEs T I SFalBhoT b o 18

prOVIde I rst usl on
dlstamowmm Wb, preferatrhye the d@tanaadD@beiweedlthef first and $eppads

d|ff%|§n ﬁé}%ﬁé ?6@ éﬁcy 56 e?d?)% thré@fﬁcpé%j Tiﬁ%%@éﬁ%%fﬁhﬁo%olﬁm 06 is

'ne a anar geonetr
mosbpnefemalblmg i‘rodﬁgaamm«: avarty Bégiee Dirfusar, lsauikar ng ontieeyaingd as the

the t k
anqieqsrR ik e MRET 1ATRh T80 BB Shtorr oo Rybh AR &
premkay\r@rigth ofabdutstprmeahf dagjmnEch%s hlgadmaﬁ%bduﬂmréer@me

r r a t he ackl n materil a as a
halk W%E gaotp{%gﬂ%%t& %futzé){PH?;%& A Vi gl bl e pol ari zer
[00D3D is diheresesd aifusiorMyck 206 hﬁtrkéa@kﬂuegS métaereaay dif8e light

The visible polarizer 110 i s nost O|ore e

reflggiedromt tiedntengr shriacss 196 28diPrQVids %&hﬁéﬁsﬁfﬂwn layer 100.
As %hbWHﬂi BIG. l@‘ﬂférflrﬁlaéﬂd W&HlfMEroﬁsP?ﬂerg b.’ie Mtﬁ‘éllf‘ﬁlaﬁar that

hi ckness of about 075 inches
is, Wé@%?@olﬁddﬁére@ﬁh Qef”&ﬁ ﬁlp!?d‘@ége%?‘irbus I eveI s of

[odéhﬁ fusi IQ/? g@éoﬁtfﬁﬁlng%@r&%e' tb P ‘%%ég%fﬁ@gpét{éﬁgluﬂﬁ, &{}h as

st diffusion yer 100, reflects
LUCHEE riadarias 5ol ander ihedragemertel ECHE: ardmaartaeiied by HuPont of

iSRG, |y RBSOR S GUAD S ARt B4 45 s
pre;rqfrably, melbéabihg ofateliigl fhas |adp|_ckreea$l qfsabaﬂit@aﬁ 2% mehesri Atvésible

ool 0187 5B YR Ok etk 34 10p, 48R poieer
110 isanostipeefierabdy manufaotufedtiey Y3daoPurshies 6fi Verhor blmsahltmemt

o e S 8RS R0 etd BB i B o

[0095f f usi Omueeibblsystenf T®@Is dpeeatsié td pioeEutd g&rtousmof diffusion
t hr oul%Pﬂﬁhe second dj ffu ion | a

as b Aon Vi Oa eopesai g U Re ftso PR Avel d O efigs g et the

mtérrﬁﬁ lsudgsesal GZLQﬂttHﬁ@hrsD@éMpmnéﬂIZManﬁﬁd conmtiiues abpdogrdssttAidugh
pe of a circle having about a one-inch dianeter.

theﬁg:@oe@ﬁtff,uglpn@/,e[r il 8f tlafb'”@éﬁﬁt@f'?' 108p80d pplarigqraliOy Thus, a

|ev6mfra><ﬁr®% QLS éffé@%ﬁl@@f%utt%@dufgﬂt SRR @moeﬁﬁh ¥Héq|r§tadm§on layer
| ens 75. The polarization of the central portion 1

10¢.sApetaeklen®) of difysignaas disgram iheaedestion frasp ymj@ga‘n@égurface
1obb] R8sl e PPl 358l e ALY 80 s
diffuser layer 100. Yet another level of diffusion results after the diffuse light passes
through the second diffusion layer 106.

[0096] As shown in FIG. 8, the visible polarizer 110 preferably includes a
central portion 112, most preferably in the shape of a circle having about a one-inch
diameter. The central portion 112 geometry most preferably coincides with the
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enbodi nent, the canera lens 75 contacts the backing
material 108. As shown in FIG 8, the positional

wo owatdey of the lens 75 within the housing 70PCT/US2008/054029
preferably coincides with or shares the sane central
axis as the central portion 112 of the polarizer 110.
The central portion 112 of the polarizer 110

shdil dHel &hﬁGsWhto'f'tHer@rﬁérﬁﬂ‘énsofS tﬁ@e b&Bszafion lof fiScdnfral portion

remove any surface glare ("specular reflection") in
12 ﬁ@r?f@é%m [Figied @@emm#abréﬂmqtmdggqeewt@ﬁeweqt ¥ PeG

poléﬁzatfoh%f W&irf& n%beefréélh 1 498th%%lérﬁ%r ¥i (? | Bl e BPéfélrré& er

have planar surfaces preferabl’y incl
embpeklm%t the aameraenerd @pm@ﬁts\ﬂhe ha@@'ﬂ)@'@ﬁertad) 1 @&eAﬁ |Sﬁﬁ‘€‘@ n

FI(%?%H@[S’O&YO&DI%C IJIJFIS(Sf RS S2Anthist ﬁjcﬁ e@g Oﬁp?r%fet?%ég 0,

ordin nost preferre
coifi¢ides wdh fof arsarea thaawﬂne memral ariseasitoe cenirdl @oé'@nm&, of the

poliﬁfec}”lq 0dibUShea 50?1‘@’ agolgfntg%%g:ri? {7 @Jihcﬁ&ipé%ﬁnf i Hont of

bl'e” pol ari zer using sys
the(IEmsG75 ﬂeﬁwsft@ rerpo\cvardi suyfade fofare €"spegliar relectiontbp éwt regulting
It will be appreciated that the diffusing structure
Ca@%@'ﬂ]‘?@?ude nore or fewer conponents and the invention

[009F] not  tA% drewn imRI@d1 dth@bael@mgemaferal eo@mand & \sible polarizer

i ments discl d her . For exanpl t he , ,
11 RACRRRY SyBees e hlRr R nglvae & SR R pgiatigp with
reshBet 16 ¥eOPIEned Héfirrioay th@Yﬁé’t&nd@@coﬁkﬂ@ffu%lﬁ fayers ¥9d, host
pol ari zer 110, or can includ rst and second

t he
Ac%ﬂrfj‘lngé? éﬁnq)%PéQfgrrq_@@mbﬂ?g@%tttH%detfjﬁfé‘S}S’BII@fqrﬂQp igior
surﬁél‘égab4c§&%né%ﬁfﬂé¢cﬁqayérh©65b5§ékﬁ? r%@te@@?f @4, %ﬁdtv%lble polarizer

transmt diffuse |i an object 7 1 and
11%ﬂ@fmﬁc@défu§m§é&3tpﬁ’a 6 61Gt HY f@'bhor@t"ﬂ'”g iffyget light tpean object 71.

It WillBg 'aB|9re§ t7 the d’ﬂ‘ﬁue Fdrcﬁﬁg caRNERdeYRER or f?w%r

partlcu ar once t source 88 is enab , one
corgponanieand thehevem § i9AOl] tn benlaneErbyeemyaspeslsc eramples or

embB&ih RN élggl'—,tdl]; B8 tl'—'b I Gittidi s?émJH%caEh lude
Py f 66l I BHoicty Je

usi on ayer anmount
elthjarﬂhiemnsbnr the sebenceaiffusienl Iayafsr mced OBj \gith or Whmut theepolarizer

¢ .
11 G 4 B ARt s 80 sPlord (o8 IS HEE 1Dp§thayne
polagzaynd Odi f f usi on | ayer 106 furt her di ffuses the
d ff t
1068} oaqh e it IPb el Foc SRR ARSI birfes ght oo
tovzed an e)bjdct Piran@bratiict Reviddy ieeige of the olé}éctdielamm iedmaging
abo Q @)}gcah?lw)eflectsthe emtted dlffuse
Sysit?fa?/?t“ 39 OpPBIPGE ARGVt L%Barﬁ"élﬂ'ﬁ%toéae|thegiﬂ?w%r23°&‘ﬁ%?c 8% i
en&AEd, Wnecrbyork fwthen@awm wmb&rﬁti érra)T 8 ema@fratr@d wlsttfﬁm the
74 then produces a Vi e of the object

emApR P Ta§(S),10By T@ﬁ]“'(gttﬂ’ﬁjis&”f' YRY & O0iRyAYIde @ HFy ?H@UPBOfa

dlffuéibﬁ ltk?th‘é' drhistad Qﬂra%d)rédrﬁ' e MEliGBufBced 164 RYPELAN IS the
ds in | ocati ngand ferentlatln%O et ween di fferent
1

dlffhﬁf whtaﬂmamab@@frpnb@eéfsttdﬁ@smj layar 1901 Theseronrg difusiar éayer
108 PPEr YRESE Hedaliy 8FUSe light which is then transmitted through the
backing material 108 and the polarizer before illuminating the object 71. As
described above, the object 71 reflects the emitted diffuse light 80 producing diffuse
reflected light 82 that is captured by the imaging system 74. The imaging system 74
then produces a video image of the object 71. Accordingly, by emitting diffuse light
according to a unique diffusion providing system 70, the system 70 aids in locating
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[0099] It is contenplated, and will be apparent to
those skilled in the art fromthe preceding
wa@e®sniyed on and the acconpanyi ng draw ngs, thBE€T/US2008/054029
nodi fi cati ons and/ or changes maybe nade in the
enbodi nents of the invention. For exanple, the planes
defined by the first or second diffusing |ayers 100
an@awlreﬂéi)ﬁa@@b&@veemdwr@ﬂ nﬁaer@tpr@&er@@s’ @flth@bbwct ™, such as

respect to one another, thereby providing different
beQ‘N@@@IbéOWfVeéﬁﬁ?'ﬁ@g@ tiEfht from the system 70.

[0059{ t her rnqg %ont*eh?pleﬁéé‘%oqﬁl 'b@ea‘E)prénE fl? hbg@slﬂﬂécﬁ}ﬁ tﬁé ahffrom

pre erabyln substantla ara relation wt
thersegreting d@squﬁ@orpa%meomcpﬁ@anbpg drawings, ématdmdlfm‘un@s and/or

ché%@ ha;}%g mﬂﬂé"ﬁ\‘[ enkgﬁlnﬁgrﬁQSﬁngﬁdeﬁﬁgn bP—‘orLLEB I%%Me%ﬁnes

irst d| u3|ng [ayer can be varie
defireddiyntbe ditst ov ae¢andgliifysarcalay ensall00camnaldi 06 aansye adjusted o bet be

oo L8R oh 08RG B IAA Eel, bt Ao 60K Ut BRLe g

I'S express regoi
fromhebe sygiemoro. dﬁdthemaom; ﬁm@amdefmadirlauﬁa@f[ﬁareay 85 is mot

pradabyinh S sl pval aien B PENRel loting Plahe dibeg pu ths fre
diffuliag yes ¢00. Howend:, e henskedsfingd rwd_Elwarrref 85 ang end first

the ended cl| ai ng a, 20c
aintySgo BRBE 300 Gt e Rl ST eate LS s etalippBLesgitons, as
willl B e@hted L@qu@mm iphogkt vm@cﬁbmgtyelt eXpredsheingshded
onto the surface of each subject’'s body tissue which

thag BipdPeeopie dAseUiRPIANSIHS PES P%”Y'TQ)@VM’]QS@&”HSH%%‘@ of
prefrRQLEMBAiM et énIW CHUt [eitidg HsdreRen Sér'ﬂaﬁ\fhé‘ﬂu@sﬁlﬂf 4 Yool of

conf@guratl ons | um nati on sources, | mag
theqs weatrlow/b@ﬂpwnms byrratesense taihe appandedslaiime.

[oﬁﬁﬁrat h fi88, 564, 1aBCamd zé@ére'hdHo%BrE@rﬁse& C}@QJ s%}ecgsa&[g)wmg

proj ectors for projecting the processed image
prosasged:images of sidisutgnephe bislop ¢vesselpbeing eojatted enta the surface

of SEPOAHEEDS Bodf L8 PGP Berk MUY QPORRISelBAY
[0o6t1lveen Addﬁlogakembcummsntsemtu nbw et mmwsmcrwud@aanahetfymﬁ
coltBhPRHE SFfiBinfllah 38lucBt TinBlooRlel sl e diBAIHY fclor
buridd $thuetlre hehbathand swfdtde of&iaejlllg?nlrlraﬁm;lgt{)]egtrerggﬂIpr@@uﬁmr’saor

t | feat t t
orearlng I Bpt i iate oo eBB05F SuldbeuunE PORRL Titalap o
thel dmigstiinentssof d&ﬁ@l‘eﬁemten\gerrmom hhee ma|n9 rstr&étUrebYeawr@Baﬁ)td)rﬁmon

the || e o0 t he uril e structur
onl e 4T S508% hevgsndes STyuRErcEnEr Srisoa Belah theing
und@?@ﬂob@ltha*t Rhildr StrlEE) EedtlireBof Bﬁftrﬁliérﬁ@&ﬁm@ﬁtstﬂéﬁ?form similar
funﬁ& ect_R an observer using the present invention is

nss (ksjoseskHlgd fhibe sk Wil rgadibyreeranizerhe seRilesiikeleral features

thaP §5pdar hiﬂeﬁlbb@ﬁne%'ié oﬂﬁé‘ of@@nt ivémtigpbserver were to
view fromoff-axis. An inportant feature of all

[Ooé_ﬁﬁbdl metTRcauses Ot tha Preseat invagiionst denariverifremritie pliereart by
proYéc%ﬁG%é% %f'tﬁ@l@néﬂﬁéﬂ&ﬁ;ré BaLk GniBens EQﬁéc@Bf'tﬁé b¥ject
wth'in a rst spectrum outside a secondspectrumo
(rathleéthanmmjﬁso aﬁateehswmcu]lt@ttf@@ISb“amote)fﬁor@ théygurdanef cidke object),
an lbB?er%’lJ L?s?ﬁg th'érb‘?éw invention is not subject to the parallax errors that
otherwise occur with prior art devices if an observer were to view from off-axis. An
important feature of all embodiments is that the image of buried structure viewed by

the image device should be substantially with in a first spectrum outside a second
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causing the imaging device to be blind to the inmage

that is projected back onto the surface of the object.
wab@sgsotge anti al non-overlap of the spectrum oPCT/H82008/054029

viewed i mage of the buried structure with the spectrum

of the projected image of the buried structure

ef fectively decoupl es the image processing of the

spdriuheek tﬁé &g At & droReRdldaRRohfY tRE S 8AC ST thY¥ obfRet, thereby
pr oj ect ed ecausethe pr oj ectedlmaelsmth

Cal’lﬁ'@ l@pémgglgg@%gﬁgé@ PaRIiRghEp thﬁémag‘? that ﬁa‘?rplﬂqt%ifbaich@mo the
sur@eibleecﬁtthé Shjeth Q'He"%%ﬁﬂlt Q%nccﬁ/e'rléﬁa 'of‘tﬁerh%ebi?u%%f &k viewed

spectrum ‘a substantial non-over
'mmtth@ Reriedsstragtyreayiifete SpﬁCtﬁﬁ@ph@ﬁ nﬁ@e@ﬁedir@ag% pbeduried

strﬁ?%’r%t Nely Héédju%festtﬁéyn?gj}]é m@%rﬁgfrthg%ggg% ?ﬁﬁctWe‘ﬂmage

fromkipteo‘eranae btyéhe {)llrcxj?nrtethlnmgebﬁdmuaejm@emrojetedamggren i in the
sl et e et & b ot ol il

thedofr sed espetieun d satrtahtmpeot-over|apt dfehebyo s@Eactiung is heintained.

in R bl el T, felt S AL RO PR borStitn ight

thaOEJ @ieharily m&@&]fra%d bpédﬂr#m, erﬁ@objed @Iﬂfctmillmmmtatebﬂﬂ/ trbad-
SPGB, ATBIER I A 1324 el BeecRd fiont RulGp #ge0ing Qevice

to 1@Eove | sgéctlreﬂ cahlpopeie GursriY e ifir£66 epectium, ahérébV @ausing
filter 134 is interposed between the CCD cane

and
therim@gingrdeyiceda onlygiee the By %C‘W‘Qﬂ){lﬁﬂ‘t 8bjhedy oaqigpectrum diffuse

lighr&dcRtshomdesepjered for earlier enbodiments, so as to
reduce specul ar reflectlon fromthe surface of the

[oodg?bct Aﬂh&duﬂ@feﬁ?@hsmb@ﬁlr@%ﬁﬂé@ of fher'magb‘éll syptemm ﬁgﬁhown in
Fid. '1'2 o h‘RhQ\%?fEFD ?r‘nb MH‘%%EQ@F% [ddpsy hb'lmg?ln?%wce as

Op | ca y neut ass cover gener a
in dlrembegimendiss & $¢ﬂ@@d @@IamwnuﬁlltEhéSZHisset@msed b@fwetehﬂethe ccD

cab i SVl TR LS PR B o

earfboambodimentss se ae(tm raghicé spectuiart retiediiodifroemthe Jupidee 4f thas

f [17 .
obiBhl LR SRS 2ol B Fsfboi i PR HE  buyser
ring, Iargmptleaign-mmltraf gllasmcweepall g&yeaalkyl eﬂlmseanertmgederrmbed below

j.ect O under .ex ti.on. esirabl e feature of
n (B 45 Usby BERG S EEEPBbRER BuBETredRaR Rkl PGS, 13
andb @4 awlisieh hb@thdﬁmsﬁmtm‘é 13savitic RUhotin ih BeosBrsRicB®t for trsat
ht is a determning factor in how well the
embp@ M&ted i mage can be viewed under normal room

[001bhﬁm Ngd With alVeMBediRTeRLE Bicihird pRefened BABBdIRNent includes a
intensity green LED il lum nati on source 140 whi ch

We@ﬁg?@” I"idﬁﬁtpf@lﬁ@t r e Pr shesIedphghd ngingefRsipyoictng a visible
médé%rﬁ@Yhéébjéét@ uh8& SBinRdn! 'Agéiﬁsntaeleff@ét@regéﬁthe v‘?:béob

internal reflection wthin prism assenbl

projRot@c3sds highraspllight iBlRasty., \EQP@UWBW'[W%EYK&FHQ_@@EW of the

projector’s light is a determining factor in how well the projected image can be
viewed under normal room illumination. Video projector 138 includes a high-intensity
green LED illumination source 140 which emits light into well-known prism assembly
142, thereby causing the emitted light to fold back, by internal reflection within prism
assembly 142, and be directed rearwardly toward well-known Digital Light
Processing (“DLP”) device 144, also known as a Digital Mirror Device (“DMD”),
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Processing ("DLP') device 144, also known as a Digital
Mrror Device ("DWMD'), having an array of

w@b@sabm2packed small mrrors that can indivi dRel/U§2008/054029
shift the direction of the Iight beamrefl ected
therefromso as to either cause the |light beamto be
directed toward the target object through well-known

ha\ﬁﬁ@hﬁ%h’a? B bl@@éﬂyqaéékébr sthal AHFE tﬂaﬁ‘ Rah irdtiid (RGO B Ot
direc toward the targget obj ect, thereby turning

Girqaiian s B! PRyt BRTSTO B0 36 RPNy CBUSANela] BSam to
be Hfﬂef’temﬁ N&tdrg &3)%1%5 PoddHPRE!-RKd ﬁ%]éd'ﬂoﬁ %331"4“6 orld

be un erst [0]0) prism assenb permts a

caygsrtbe aheam @gﬁabatdfgcueartoww@ e aroBkONiR P BN tnisg the
fn
o T el TP R P R R o e

skiligd initioie artp ttaghatt be rugde[sotiabat pkisrmasdenbiy 142 permits a more

corﬁﬁéﬁ Rﬂgrsa‘fﬁs’. Qﬁ&ge\%gglgﬂ% erégrgé té"ﬁ 4gkrﬁgéfﬂg§gst‘éﬁ1l aﬁgthe use

of suthqrricepdssehdlies fsraglechawrgibtthoss $killeiaa tHea antot Videw preojesdiors.

oo B5EC T, FStpiEior pRSived dsMecfabid S whP R Sg'cdiied nor
muriro'rnges |s\nmeq¢o§egtdna5@bgfeeghb irftendept tas infrifredligrd réflediidd from
her fre as the green

ut enc ht ., ..suc
therfeneh TR e e uthiee i Sbamward e aricens tgh
m.racsrd 1 l@u@téchstd‘lﬂnrerg@bwgﬁélendtﬁQ &0iight (e Iarégnfwa@ ﬂ@ht) but
O further has first and second | asers 150, 152 f

h'gBﬁrsh?qu?@CY Haltt, BYRd 3G eredrslighyt BT ProIecky dBEdPasseS through

wﬂhéhtﬁ@ﬂédﬁohf'aﬁ&"td\@ar@fh&@l@ﬁléé obf2t. as hereinafter
descri bed. [00107] Referring nowto FIGS. 13 and 14, a

[00A @6 t h émﬁa@@g@ﬁt@mw orthereas rabRneySenpad daness 19k d 52 for
en%{gﬁ?fﬂﬂét eth%i(’)aggét' |§? dfﬂe'rlkl I8 BXBLEd ﬁ@ﬁnng tﬁé’é‘a‘i\é&ra 132, as

( ] 54" i's nmount ed upon a 6 that
hergieéiatdesapnad.dl y from a nobile cart 158, allowi ng the

d1ﬁ9€' ng F?'éfértr n%@“tg%‘i’%?f@éﬁa hy, éfo%%‘?ﬁﬁo%‘i’%ﬁt 154 of the

focus OWsS | rmgl ng syste
imagingadten of mmpreslerﬁcm\telmam will nawv pe epelringdposi t i oned

OGBRES | AR sk gl el A A s

up\&rdlyi frdro @ maetbilecsarisths; atowihg hivs iomagimpsysesn 15840 berasily
i1l um P Chl 166. A sug%%g hoton

vapar i Fetob IS s @OR Bl 2 as Pdide siidl RSO 08
lowEedcesly frat Itigopedy nwtedneab‘a%v@mé {avgat rm@}e@t o. Ims/wmgalan
e BB ARG P O 57 19 RBRR WP SR BORGIIE Sl pmination

soura¥ (“‘plodnleRgMeut 18aToPludating FRODRIDBLE cﬁl’ﬂ)d1 68. m éuufable
tilt angle of ten de%rees and a franme rate of

Pheign engiRG e 4 I0t W Wy ﬁﬁpvtfle@bog@eﬁéﬁdh% T9|W@? h@IhF'Q/g
moEi@IfIb@@% -& |F|Lmﬁ|n|atc9 hr‘iavf APER Bl 8hl?h9|ﬂté‘h§@y 819851@1ﬂ1etn§\’\@ﬂ\ﬂb

and then directs

p 1 reflected from
may e 1e6istibsiEeds JpéﬂtnumbeDWSé'ﬁf/b SPEEPMD efiphpvng ad
resBNitiBn WEBAS KBBWRixels and a mirror tilt angle of ten degrees and a frame rate
of 30 Hz. Well-known prism assembly 168, as before, internally reflects the light
from photon engine 164 toward DMD chip 166 and then directs the light reflected
from DMD chip 166 toward object O. DMD chip 166 is controlled by a well-known
drive electronics board 167 which may be made by Optical Sciences Corporation.
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drive el ectronics board 167 which nay be nmade by

Optical Sciences Corporation.[00109] Interposed
wheimsaer2phot on engi ne 164 and prism assenbl y BEGBUS208(054029

condenser lens 170 such as a BK7 bi oconvex |ens, part

nunber 0 13-2790- AZ55, sold by OptoSigma, having a

BBAR/ AR coat ed surface coating for 425-675 nmlight.

[oo%g} he ﬂﬁt@fpfb@b@ 'be w&fmtprfw@f &ﬂﬁné i OABRd bish @%lémbiyw 68is a
ens

it passes u nown proj ecti on
COFB@@S@W'%%H {0 ﬁ\:'l%@? a@%@m'ﬁ%VQM%r ARt Nembar %@"27%(}@255
soI?'B? Gﬂi@@lghﬁr R5GRg ‘é%éA#M%atﬁHéEurfﬂc@c%%tmé erQQS@%%m light.

, which reflects t received Tnfrare
As Ithégmolqcfmdjléhif SIBBRoeR &ropbprisst assamily 168, iteassed through well-

knc@% ?fobelzc‘tlglgtjié;ﬁgrgﬁril?é&?rs 6§|ﬂ n&@ﬁ@r éfféocr@ang?lafwrﬁat %Iarger lens
andrihRB-tBWwURIX wed ddndwiry' hGtariniitor'Ghigh w@géﬁeoﬁ 74wwhlch refiests Tdme

recg vgd an4a$8d ﬁ:%? r‘ﬁ?g@ fro&%g oBEe@@ﬁh%@@ﬁ,gé?é?o%?Wﬁliegd 78

and theoug Itramera EEE- A sBBabl¢ 'tEmesaN T&is)the Rireftyf @amerd, art number

FirnEd o SaO B o ey FRBHE. whlRR RS aaBi R ofib cne. e

numbagBovy IEYQIBEAL | inchwhieh remmuelidatédnieimages tidnosmpstet (OPd)”)

in the ar Lef Ly menti nedfo the thir
o8 s atEes st LEreWEouarAen: I Shaid Reldddtoat cpmputer
186 ReOBGhuhdRebSIntdAced §©n§|@ 1 8@ ﬂﬁatrdoﬁrﬁn Lt;rh@étetnhm th@lregding®
is properly located for in-focus view

sys{em in paoANTST WeY-KRPWA 1@ Hose skiteddl thert. r&béi'd\meﬁtwned for
the"_th@ e%od%t%é Fodref &hBehReh0alsd ﬁ@s flé?and@eccﬁﬂqaé'é}s 150,

fourth enbodi ment 154 has an assenb
152 fet lenawrdng thet Wedarget Pusraperiy #PC@IﬁS’rf@é'nlfBQUS Y'PW&Q by camera
j7&ol arizing filter 184 (which is ring-shaped with a

center hole therethrough so as not to affect the
[00376] ect & wittaierdfeniradime)teS0mhowean 61C t tie and avilbd elenerpe to

e a2 Tyl RPREBRISE 154 heCaR Rl 13 e nd i
quamtsntilgem_atlom beurpe dp2diretdoadlarizie fﬂlteor‘r%l(whlebusomngmlﬂamdd/vlth a
cofieh 8 SRR o) g Mg BolefRmlsibnf bl38 o2
or thewswebBihagelaf theaolgect), IHolugramm mDmsrmtlondlfﬂB@r irgy #86 (which
i Pae 55 bfiP 30 PV eRar! RES %%sé”#f‘eﬁrﬁi?%&tdgﬁ@gsimm
prdb?dtcﬁr ﬂdzramm tndvietet raage o métobfbct rergiewtaotdl diffnges/ inewgtt from

LERRUED, ikt o Ba YRR al5se RarSi Vit AL IR BhpRapTeF 15215

a gPoUh SraTERY srafdiasly dehRged nedsdlb@tpasit) sactphs a@tréLﬁIQr ring
provides sufficient diffused in rared | i ght for

ha‘é@ﬁ’ ?é}PﬁK?IMCySqueQrho’%mf%hdﬂ”h'%fr@oqro@dﬂdﬂmfg?;]and the viewed
objg@tfsﬁﬁfdg@%a‘égeé: ' ﬁie IlE_’Ds ard bﬁe?éﬂa@?b@d'nﬁ?ﬁéarlﬁf?ar‘éﬁ L@E’% 190

| magi q% yst em of present |nvention will now be
thaéwﬁm @ e objectsy, ﬁﬁfr?%@h 6as feleenined lmﬁt\ﬁéérh atsfusture

prc{v!dﬁ%%uﬁﬁ%ﬂ%ﬂﬁ@éd iﬂﬂgretohghﬁd? QhiSAREH iMGRhgt b of ket ide

di ment does
[00111] Referring to FIG. 15, a fifth embodiment 192 of the imaging system of

the present invention will now be explained. The significant difference between this
fifth embodiment and the other embodiments is that the fifth embodiment does not
provide an integral diffuse infrared illumination source (e.g., illumination source 182

with a ring of LEDs 190) for illuminating the object, but instead views the object as
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provide an integral diffuse infrared illum nation

source (e.g., illumnation source 182 with a ring of
WO EDS/1d8Q) for illum nating the object, but inRECEHS2008/054029

views the object asillumnated by anbient light L (or
the sun §) that has a broader spectrumthan the
integral diffuse infrared illum nation sources

|Iluﬁ1ﬁ1"a¢éc963%ﬁﬁb@n$ﬁérﬁ$_e(@r théhdUnes am@u ifta bicahér trﬁﬁmﬁan the
i nfrared Tgectra onents and is %wte

i f
inteCrdBifyseripizared ”WB@’[I‘%’! SQUBERSIIRERIOIra pisclospdr Wh"? amb|ent
ligHt A48 3oh1%t|ﬁfP§rbH ¥pb&Ad cbﬁ?ohéﬁté ahg % &w@&ffﬁe"‘t’d&%%f@fed
the diffuse infrared um nat1 on sources heretofore
spefitrat tBReNentg arsrafingtally of @Vt%tlmtéiﬂSIKYﬂh@n theripirared light produced
ive) | ;

by E%gc:ﬂsféqlénee |ﬁir?|‘e@qftﬂﬁn ggt‘tf t@%&%&?ﬁée{o orb %ﬂ%’lcfs%g nREorMgRy, a
betterdive.oomorg/sehsiive) eapectdyiad caamerg.is [e00irdd forlthik entidediment,

, AR 92 includes
W”@lbg{e?ér ngmj ece{mﬂg%%\h&%ﬁf {jégbc?irqggg%%roeen nI%hot on engi ne"
[00362] priLska thesnﬁrdnleynbtﬁ&nemis ahe dittb embeadsndt 2 92 dmdudaelhideo

orefglt 160 iR Pesn o REOR RainE o 26 Bristn Ak mBU e, PRfipror

lensii7e08rd DRMD tHiat 66.0ITd petrhie alveaipast d@ugn gifth e&ﬂgﬂd&nent 192, as

t he projector, bet wee en 4 and
ol B P e e ReaS 1npBHeT Rl RSt ol rah i v e &l o
ri I’ﬁtlafnfghe \ﬁm’ﬂﬁﬂié@’@}eoﬂcﬁ%etvv@émtﬂ@%h@tonf‘éﬁgln@ 184048nd ér?s‘}n assembly
164 OllthqFlfth odi ment 192 further has an infrared

i flsadikg i @th?"e?rﬁe%alem‘r? i e@@?ﬂmﬂnt A 82 N eleRee ROt migror”
174.magi ng devi ce (canera 198) and object O so as to
filter out al. but the infrared conponent of the inma

[00J1aled Byambedimpos]S2hiseanasen inagcHliar 466jtarposed in the
, | 4 ,
Opt\ﬁ/‘%ﬂ) b%(%%n @‘%leng%ﬂcemerED@iS%E’ﬁﬁ%b}%ﬁt @as% rsrtg 9f|5[2-r out

ogl e Cer many, as an .
al. puirthe erwa:r@d yompergri ot hedmagalviewes! yaganere 186. Gmf@@rg 198 is

prefrp Dy e GRES Enoh FEG ARRATDR e R ERAT Vol "

Techywibgies ef Gerimgimy] which IhamanaEEE{ 1r986m’iFn[eM‘ﬁﬂel)4]1terface and allows

c RSB TRRE ot G316 B3390 ARUTAL g ol AP P

embadimenhatthatit can e (efndmhohldbe sused\m & brightéy- |Ilmrynrlatm:| room.
ect subcu us,struct t.hat is projected
rodiid,°Fh Ererfiratlal BETHE nat [dVRbipinaiting SerBh B8/sHms o
legk @vgalredo bb@ére?llvdlth I&grfase h&iv @vat Whe diefichRritd See Winloklaktyanls
e near infrare

In t r ces \
oS Csobh Sy Gtie DS Praibded Al BEFu s afiBe akin
Inv§ dtioAdbY réVidaldaaphsall ﬁécil%he@éw White Baird, (X BIAK ih ARDRear

e retaining larger dark objects to maintain the

mfr@r%q di¢naey inAge FPTQC%”}QS'S pleff%‘édl@%t%{@%'%d IrpgQeein order to

rerh RREMAN ddrR aPRSMENGRN 23Rir8, ﬁé’drﬁ%@ma{deﬁkhlfégrefa‘i’rﬁmg larger dark
artifact renoval i mage processi ng recei ved

Oblpﬁtﬁd@ majrHaindersisiility ke vewso 4G pi@ﬁ:@ﬁﬁjﬂ@b itgken together in
secﬁl%[r}wt:@%?@% r‘fs Eﬁ%@gnc Ié%lrr‘lg tbMGhradt r‘@%dv‘éﬂ?ﬁ(ﬁsﬁu ?ﬁé&tés cﬁ #¥ereceived

ancemne e is perforned,
imageanfdleesame artifact removal procedure is performed twice, and then a well-

known adaptive edge enhancement procedure is performed, such as, for example,
unsharp masking, followed by a smoothing to clean up image artifacts produced by
the hair removal. The program listing is well-commented and explains to those
skilled in the art the image processing steps that are applied to the image.
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unsharp masking, followed by a snoothing to clean up

image artifacts produced by the hair renoval. The
wee@gneared i sting i s well-conmented and expl ai NnBCT/0S2008/054029

those skilled in the art the inage processing steps

that are applied to the imge.[00115] The received

mage, having integer pixel values in the range

[00195] - 255I7ne' récéi@ébfﬁﬁbbé%é\%d ihfeget pr&elnﬁwws iM §hdiRhge (0...255)
between 0.0 a . , i ncl usi ve. he resul tln I mage I|Is

s oA e ivioalia PPt SHees PEeEBI0 AR OV, GRRdSPiNg
|me%§én¥%éﬁéd?ﬂeﬁéd’td1§rn@otﬁé&'(@uﬁéd siig GRussidh Boliidtion having

val ue of , ["feave smal f eat ures,
a sigiiho a%plmahsr J\leqlauarfglrly|smaIIWéIuee<§@lqma@n§d%¢erﬁaali fﬁﬁ@k‘ées

suc‘h adhdrl & RAMRE in fF%gr%sull %S%SQ rﬁ@?&hA' éuff&r'é% Q%Q%é”fi‘é

ge m nus USSIa snoot UCIn
creamdommelmtsethe@nl@al iofageahings tHer Gaussnah smootbedjroage-lanrmmcmg

a zgyoe@en‘lf@eﬁ%epgl’ Ja? e cﬁﬁ . O% "1“3( a?Serpﬁ/ﬂPe hglfr§ %‘bﬁgar c}olack

gatrv es are’l n
in thh near mﬁrgmﬂ, Benegatuve et eblseanme mbmatl\reeqn‘l teire dand lhbse he

el g SRRRAT ARG Ferf R WHE SRR AR o
Gausstan ge@otr@agmagéJeXhus igthedirstegte®in thalpueessing Of et redeuved

for the i ma t.hat al i xel locatio
magky MRl an ar i e ik 7 Akl (b ATESs: S DR Rige jocations
wheRCE icagmhbl ‘@ifferéide ifmdgd” Was ABGatRiel (tHet“hei” IBtatRIns) are set to

| ocations are set to zero, thereb creating an arra

y
1.00804, Rk PEGT BiXeDogRtioNs Are seldp 7850, GTelRY e¥palind ama[ray populated

by Blox! 46 vARKS NatrPo0eA) Ui Ghixcls el 21 ALebheomra e
zero val ue. The ori gi nal |nag "), having pi xel

havjag a&s'a vy nghe Peeing. image (M), g Fbie! VAR BEGINGgTom 0.0
to ?MeVsXh?m@obst@Pxﬁ evehP4Rlr ﬁb&%c&wﬂ%& OF!?CB E'?IH@ id &

a highl'y non-Ti near ‘oper oos
highly npui ineas eperation), ik amoswh of [ bme] qaits %ﬂ@lhnnstéa% of
at i ' - of
oABL .| TR L3510 SRR GR s Roh Al Hoa o
pixalegett—zatmﬁ ofi a<éllffetamcaumagm ideniflyirid oegstive gixet Imeanlomgend

o6 S PR o ELBU/ETL L8 HePet it PR g3y oo

perfdreredsagadt, laed tiegeEsnlting m’nage Batbers smoothed\aghint witha I&aulsalgn

cofeBlBERa%hading & s sl & iRl aREs R Srleq mpion s

thesagam hﬁ;@stegggﬁa%egm\@ulamhe gr?ggt\r/wg? magataﬁed atmtﬁtagefs treamedhat
e a

s faireaaLy OR B RReauS vifis et fie bhetdnce atg e The

resluﬁmg %@@olﬁf&ﬁihﬁ‘@ﬁné@eﬁ@ t@n@h@&h@d‘wﬁﬁ @\@éwsuahrbdﬁamm@q ﬁavmg
ixels, and the third difference inmage is

a StgfﬁT@‘]OfOQ“VP'Eﬂ%Ia W thrahicheifereage fpags ﬁtt@eQ/g'IVlﬁj@dlbﬂﬁﬁ%smﬁﬁ@ed
abéchﬁe raRidlinags, éHth'h@@é‘sdIWwbéd FRR Bash oMty \ﬁlth a Gaussian

Gaussi an convol ution having a signa of 4 pixels.
convobMtienhayine & Bemgef APXRIS.i f act Renoval al gorithm

[oo%HZ}C)WS i fGr‘?—J@ ng rtn'ﬁet REM®GAI dWorkIf a‘FIQ\NE 'Er?eséorfﬂfasf 3%e set
subcut aneous subsurface structure of

by thet eangr@s?) of the subcutaneous vein (the subsurface structure of interest),
ignoring the artifacts (hairs), and thereby prepares the image for adaptive unsharp
masking edge enhancement to set the contrast of the final image. Parameters such
as sigma values, thresholds, etc., may be varied depending on the age of the

subject, degree of pigmentation, etc.
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ignoring the artifacts (hairs), and thereby prepares
the i mage for adaptive unsharp maski ng edge
wepwaneaeent to set the contrast of the final PEEES2008/054029
Paraneters such as sigma val ues, thresholds, etc., may
be vari ed depending on the age of the subject, degree
of pignentation, etc.[00118] FIGS. 17a, 17b, 17c, 17d,

[00%18] anqt@éf 174, aken1 7@g%|hﬁre Iaﬁdaequ@mﬁog@ther i sequence,
program | |st|ng|p|n the C++ ?ramﬂg?qﬁ anguage for

arezh PiogeRTT lipéigndne prragvéoq;am@@@@ nguage fonariidearmeval image
prooBBGIRy ¥he ed siyeRAffe IR KHAEE BBEA HY He@%&%ﬁhrﬁ/@sh ion

program shown 1 n 6a an ut 1 nstea

progeasg shawn imE K3S.i sageddT Ge 6y msmﬁdar%esattf@e [eelfiBeee t he

Pro B R e (R T R R s sz el
[003A8 er alfiny drradiofithe embedimenissohtfiepreseertinvantioheréfetadply

inc fde.tar}‘ﬁegrﬁjarrji%?‘gfosrtkre?élw e m?%;g}e:cﬁgﬂe BMI’I&CP&I’L&C%QI £%gﬁeen by the

evice, in cus evi ce camer
im3girpaevites irs facas wtb]eem'agel dstiae cemehewih a. pr@perstatmtomxﬁect

aislghet red astsae e P 1 el bl el LB HRMFH
usesa bhir oPlageh @8 X0 eadtdRBer wspéntbe@rmmﬁmgtaﬁus@rﬂggo 2020,
to eac 0 e an

.pbein - [lel with re ec

with BRG0P AR Rl ag ot p S il e & faip ferTs b ae i

belﬁﬁ dirested %Wé?dttﬁ'@bbjbbﬁrdmlfie@@‘ﬂ rangR_NBUChItht tHEDNVE Tder béams
e same spot 204 and intersect when the target is at

only GaNYR8P & INeciasg 3 ¢Bf 8PP InjPseahwleen W@ﬁ?ﬁgﬁé'sl Fileft Prgrer

Ien%&%@@ecﬁﬁstéhc%"ﬁor‘ﬂ%hé hﬁad?@@ bEVied défshb%%ystﬁébbglgorﬁ’bﬁne
et is closer to the apparatus than the

'nt€p’f5%ﬁi'@9 ‘At - 12ths; et i %Q%ﬁé%thea@pgfﬁi%tr@iﬁ tige grRper lens-
slﬂfiect Afstaricel B8 sﬁ%ﬂ&' Pla%e el tﬁeﬁ@%@gﬁ Eefuﬁlﬁ’é’r&?L

e proper 0-subj ect distance, as s
apparaive tranithe arowertors-loasibiedh distancai &3 shayn byiplane @39, the two

las8r ﬁéa{?ﬂé iR ﬂH"t gé‘t & lé%n‘\d?éb?fi\ ?‘ﬁ blit iﬁ&@ (Nllpﬁl%:feté? qn the

surface of t as a pai r o
surfaceyf tfzeldbj(ethas apflrahpaIQOB\)ISIblre ands 21 %e?dér(wrptanle aMg) or as a

seqtRirhiot VBl dars1p Tt Man g 7f irbichlty v He g

strlummglmgoue\focus to aﬂnmmmglramdemdmd:améra dnc thah the distancd fiem the
t he

onigPsihe bindiats RRBRE Ul el Sl b PR hBioglot B Bl

strmh@@r@ﬁﬁto%&s&ﬂ%séﬁ;lﬁ Hmalho?i Somag¢ afedie $eﬁnﬁh EGR5S 122, 183and 14.
Ita aser or use V\/lt t he r n

suffie koo 4ot Wi AS BN i on S e aubadT-0a dasepgnodules

maBeiblyRsthnbiRis@sek ek kof \OEnnd, ADSwa. Austrl a. [00120] A
second enbodi nent of the tar et positioni ng mechani sm

[00148k a reeRfghr 2AIEINeR;hithe ‘iaf G POpiEPRIRY H‘e°§36'ﬁmaa§'d§ a
recb%ﬁ&a@@ rv@,‘i?cﬂe hg?ﬁl‘i!)%ﬁ@ﬂwd 80én 88 attdR b@kﬂérquééédd%h%ﬁh@%hﬁ@d

served rojected i mage for nutual projection
Strw%@rﬁmlﬂngbSEh\ée% FQ)]héthr eigacted dvgae K mEugareieeipninprewith.

Th@BlfedEd FRBGRIZAZIE Dal¥rni i RN BYrtbGHEEd BY the human viewer as
being in focus on the surface of the target object when the target is at the desired
distance from the projector, thereby causing the buried structure beneath the surface
of the target to also be at the proper lens-to-subject distance from the imaging
device. If desired, cartoon figures appealing to children could be provided as an
incentive for children to properly position their body parts for viewing subcutaneous
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being in focus on the surface of the target object

when the target is at the desired distance fromthe
w@e@paetiey , thereby causing the buried struct uPEI/US2008/054029

beneath the surface of the target to also be at the

proper | ens-to-subject distance fromthe inaging

device. |If desired, cartoon figures appealing to

broealvlegéefw of AHodpies’ srzrr@rrm@@%gaﬁoraranh@@&na b¥Qisk@¥or the pattern.
Idren to properly 805|t|on heir body parts for

WWPéW ﬁ@l%ﬂfb'ﬂi%@é&@@% iRg STRICHEE &S OfgRN oMYAt DMITed flpm
mﬁe’ rf?b&e% i PemRal & aG@uﬁL%Qr%hé‘a?r?&h {:I@& tdiNea RRNKBEWA or

e projecte e buried structure is
recegnigable (Wﬁi%h &@httﬂaderfbla OFJI’ ehforum gan pevaiaas eighisaesond

emBbditdnt B%ﬁ%rlggf‘g?és‘llib@m%ﬁ%rﬁ hdhdly) tﬁe%ﬂ)@ét{pniﬁ? Qwn

Oor recogni za ['T"ght pattern focus.
recagniagvia visiye light pakieen e threthb age rof laseds, i thet thareyieta

o3 bR LGS AR SR BACERSL Al R Bl R R to e
usarf witlaerlaserss t hat there is a possible hazard of

oo PAEL TR PhaRr it BER b PR lRedo pagng 2ing

boraBothegrapincf FIG 2 1 shovvs a projected |rrage havi ng

d t her ear 0012 i S anot he
10GR8f 5gr &1 28 ISATBI GO G WRiFcirs iate e B
bordBethespuNet, skhilr k@ FIG.@1buBin ﬁ/hﬂ-:h b viewedlvbriat hﬁ@been

vi ewed obj ect has been noved out of position, show n

MONBAOHHY ROSHEN HFTWENT BRW HFPeEeXb*aQrdsr DYCORIRS QUS-OffRAUS 4@ @pdlcate
that it odjdte |§|bcbt%%|tlbﬁed]‘ BFop@ﬂ? With Qé‘é?fécpfof’tﬂé rr‘nﬁ?é’\’dé\hce gamera.

respect to the image devi ce canera

[004R8lvs a ﬁl@x23 paewWRA I@fRgEler Haaoe wa&@rﬁmwcwvrrha@rorected
mé{j’eoﬁb?fbﬁrﬁ rdd@ag)ﬁ Jris tHe%H’éctﬁ’c; Bh&RE! @&E&Qtlﬁﬁ]@ oBb&glse of

to ensur roper p03|t| ning. Bec mage
therienage seNersal shat ecewrsdn some e@mbagirpents vk iesndntiph@s images

reﬂﬁeregbkore escr?@érg r‘?é‘r%t%?&r 'd@?ér Rl s BU BIPSL H’ré@lg\‘}‘méqe

order 1nage I's
shovevmvsessdiut appgarausrayersedeysrdorajestedp ers]eqmeredtedTlhnage is

selGRTRY SRR PRRIBE MLTH 5] QBB RREDIP o nagper
remansastpsalmdrcﬂstmndmhierspnr?rmjftedAhen pr o] egt ed. [ 00124]
10038t 77 £IG- B4 RDEREFEEN 2 2 Brs 28R R e aceuusins
projetvendmtoa hahdyl the preseht vetibn( wintih toRIG. 20t(Mdichefhits the

o] h h b
texp BgBR A Cop T PHESHOWIED PR Mo sk DaTde b el o6 [ays to

indRasd ﬂwaprhedwamao@ﬁéﬂdabsn{oa@daﬁipeﬁ? shown in FIG 19, a
calibration neth is provided wherein the video

[00323] ect dis Sp9M(iB G610, aoqa"ar%vloarnqth%d ISrRspded vhetein We
vidBb ?ﬁﬁé@toﬂ ?ﬁf@iﬂgﬂ%Orﬁ”?{efﬁ‘ép@eW?’@L”@gﬁ%%*}t?i"e?%m pFéfects
a green target pattern 220 onto a quorescent’screen 222, which converts the
projected four-dot green target pattern 220 into deep red light that is visible by the
infrared imaging device 132. A computer program records the observed position of
the viewed pattern of four projected dots P1, P2, P3, and P4, in Cartesian
coordinates, i.e., (x1, y1), (x2, y2), (x3, y3), and (x4, y4), versus the desired or “true”
position of the dots if alignment were correct, i.e., (X1, Y1), (X2, Y2), (X3, Y3), and

(X4, Y4), and calculates calibration coefficients (a, b, ¢, d, g, h, k, f) to be used in the
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projected four-dot green target pattern 220 into deep
red light that is visible by the infrared i maging
waelewsae11282. A conput er program records the obBEF/USH08/054029
position of the viewed pattern of four projected dots
P1, P2, P3, and P4, in Cartesian coordinates, i.e.,
(x1, y 1) , (x2, y2), (x3, y3), and (x4, y4), versus
bi- |trré@r #85d16@ehtidh equBtiGhs( ﬂﬁ@%ﬂréurﬁé‘ntgfto frleesgiok Sfuht:non in FIG. 25az
i gnnment were correct [ Y2),
ancéﬁﬁ

Ao o Gtect mpanigations refatian 0 s abian MvROnBAN
bet?\%g@ifthfln%&iﬁg &é‘\nc@ancﬂhe%roﬁctop FlG. 25fa)antdqzlée2§l§ §ﬁ’ow rthe use

I near transformation equations(the argunents
of thadMARIdE 9 €onfoyiRi tEAUAIIMSEYITD PrEaMia golre @r thg bilinedy

trar’?é?Brrn?éifon%gﬂlc[)enfsaéé 2 ﬂxrﬁ:ﬁ&’i 8t th8hma IL%E%&&[S%F@(J &“ang;rbalibration.

m sal 1 gnmrent ween i magl ng vi ce and
Th@ﬁe@@lbtaﬂpn créemclezaaaramﬁe@ri@ﬂngapersh@v\pftthe dgsige o6 trahgform

Pl E
e B e SOEPH Fn L LB AR BB LGl 3 v
nemn‘ssavtyeto‘pmme anesdibratedlinthgeal. rﬁch ae ishows how.thddeesmrdinates,
onGAGLTb BN 508 LHSHST s AP0, 8RBT Blos
prch’@@@g ﬂb«arwmalh@hmnt:ﬁl&oamer grovieldd 09 dilintedfr &ted eBt @M dIpPany
uce a ca

melotiEaia eblediors 4f Asfel highes Birerarege slbmig
cor%dtlbhfuétnngﬁe bﬁih@aMﬁaﬁéfcﬁlmaﬂé\m BHBARINS THe réinWeld caidL®mdns are
i mage processing library mathematical routine g ovi ded

do’?ﬁ/“%“ﬂ% S¢ae@ fHeqes @”Eﬂ”ﬂ%tl% fatheyrifam loatingoint g ithieticyfar fiaster

prdcb%nﬁ’gﬁ@ﬂﬁé%ﬂé@e to achi eve high performance i mage
nment correction using the bilinear transformation

r°°éa9ﬂt i orf heTaadbiaian prassderel Rralealsi ISt patieragRe apssigyng of four
dotS R, @3, PB! £4fb4 aédchnﬁ‘@hg‘:a 2E§ Fx@?ﬁadﬁ%?tﬁigib%ggggh@%éﬁing

arithmetic, for faster processing of . .
de\[lcmqm?ra‘rabthealomﬁfapf areqiargie Havieg ginagnstans of 328240 pixels

ool ks SO 0kb08 Rlichingls) 88 e Gegfhy, 207
exannﬁg; thg caenera é32 m@rtdn)avata rebauicmT ofeg4d >o48Qap|Kelst \ah@rlees the

pro &l&rnlgmdrh@ﬁﬂﬁ’é\% n%re%f u%ég o}(@f X ﬁg?rf gx’%lsgﬁé{g)%ﬂﬁgeﬁtaq ?essting for

evi c
dotfrbdmr/mmgrftom Emo 59>pa<msm showeehatathe stantia@l devidtionhedve0a
oI ution

saE8 HERESRE (ol ot HetTaf B0 260 S0 A R B 5% ther
dedrspsdd rlﬁleéﬂi ﬁir?ré elgt/vlyﬂ@.ﬂft@ﬁrddms basd p.xgaryl ng frognif to 0
| Xe sSnowe that the st ar eV|at|ono
[00337D) 5o TaerAoiredne FRITEIg PEBROD dos bieSaT eV e 08, & est
patiirk ek fourr@ aqLipatbdds Fal P2, BB hrideNisdR6ieeRE TS Airst
nmore sl o % out to a radi us of 50 |xels é00127

SPRAUAET iPEICrARY ang gresnilight Pr@iorﬁ)ﬂp%f? GRESPPER AL W']"Ch then

fludreyﬁétdr@g)roéude%ﬂghp\ﬂﬁﬁlﬁrarbe%ncﬁ Q%Ctﬁﬂﬂfﬁ&ew ﬁgl‘l‘iﬁI Qb@acént or
rojected within fir

Wm@'ﬁé'&@ tiray edm‘;@fcg HEb rsycfuaﬁ Fﬂgj lighe dhat)is g'ﬁtble @rih% mage device

cah b 2587 105G A rol il U WOk S3ERR R imace
devi¢gypamerd) \iessits target object. Calibration software then measures the
observed position of the four dots and computes the correction coefficients (a, b, ¢,
d, g, f, h, k) for the bi-linear transformation equation, and then uses those coefficients
as parameters to the bi-linear transformation in order to correct misalignment errors

(rotation, translation, and magnification) between the image device camera and the
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within the infrared spectrum such as red |ight, that
is visible to the i mage device canera 132, even

wo koosagh2e he infrared transmtting filter throRghUSHN0L054029
the i mage device canera views its target object.
Calibration software then neasures the observed
position of the four dots and conputes the correction

dgél&érfby%@rﬁﬁ@ thélinge Briorde pbjedtion o, thiﬁ)thé %Fqécﬁ@d image is

-linear transfornmati on equati on, en uses those
CorgRraeq fof misRlignEenpalt sheitlé ps “Piﬁqtﬁét tBIS-ICPrPﬁH%Si?We allows for
cortGHBR oP iiEBhfieadrerfrd Bat o BEFR n HbTRlL R S

(rotation, translation, and magnification et ween t
dlreqtﬂag@ amvals,ceaumwefpacqmtrpmbtrap@ammewsmt@remglffpmt In the
hoﬁi&?a‘?aﬂ&'veftl LOgiRcRbsEtion so that the projected image

IS correct eg for msalignment. It should be noted that
[001R8E pr desting basshawsthabthigealibeagiongroegfdurmgan éoreadti on

- t e dif
mlﬁ r‘%én{s@%i q,rg%ttas&h/sﬁ%e% ﬁ@lﬁ tci \Wntr‘i H%]bggtr Hafzrfgdr?tt@%r k gg tcargr?ra
plxtalrsazesl He a:lrgnmanb issbash fnr irange porftlba meat thenesthpattern’s four dots,
b hari zont al W dls th directions. [00128] Testing
Ul QRT3 991 OV@éI %?rg{rﬂm 8%t ocedure can correct

[001129]a| I gningHouRl I@@umaetbodmat/feﬁﬁreé ofreny of wieb& embabiodnts may

mge ca ize. The, ali
be feq wilg ahpiReGE Ry N wicadw PRendedioqsit vispnodhe Gupacing
dlsdI©§L$re 2 ek@:iﬂenény emBoHiARnY canedhedsr totilgningtei thé object
001 It shoul d be understood that features

US'BQ rﬂwecsﬁom WA AT ligBynd, eAlNs@anP Oy NG B Iseparate

d|foQe ffréFad ﬁlﬁ\ﬂtna%h bodes é}ﬁi/é’r%%fosér%%ge bBtwdedVd REet BRyet
f oregoi ng di sclosure. For exanple ny enbodi nent

pogitirned apf @deecqnizable Qﬁi%ﬁﬁr@tt‘%@)rﬁ@hé@W'tbéh%@roﬂq‘ﬁt?@mﬁge of
themegﬁ%l%ré"#otr 3 ?eén‘e@lrﬂl B8ce féhRE ikdR device camera

provi di ng aseparate use |n rared il um nation

to t9ewbiest.. and/ or coul d choose bet ween a | aser target
{tio I ned

101381, peRtd ARARIN FE R ReRPFnBodt TaPeR

invemliam, awaq:m@echmt@glm@;dbei vistialiycenhianoed bh eamotmgmage\prmssmg

recffBES 0t Brd AnS Risitor Rk RSl BReRe PRI AR G urett
rennmdapnoerdss Bazgalscr:]mbgdegﬁt englis| g];[egrdham:rednﬂwrn masbus a blurred
SRRk S arge s bieav e s fata PP o et

imdyeoEesa fo@géesmag@)etd HrdSt&IceQ&fméd@eSenhant:@d mégea Adéitional
sk- - a ‘red versjon of the o %ect i ma

techBopE0 it 85 Sanie 2cceliig Baeood anRt e PgRa M Bet

[0013’@}38 (iFig-27Adis faGRMSEthri dreg@btHod O Gahktast éﬁhancmg an image of
- enhanced i rmr%pgdlAddl tional techni ques can

an Qﬁﬁpi FOHHRD ARG Bianbal theresest INVRRtiqE: e Sépier 27-1, image

dat'arié’ ?é@:teiv‘éa -at bANhadd pfo PF cgssu%f Belige .. A¥MARGEEmMeFa. 8The image
for contrast enhancing an I nmage of an obj ect

da@dﬁ@f@? ﬁ@cﬁéswné‘ﬁ@b@%lm fogmatsh sughy a8 €t P'ﬁ@é’@ia ema 0-255
grdiscafcCRt &épb7:2, 1 B@ed image is generated by application of a blur filter,

such as, e.g., Gaussian blurring. This blurring may occur in either the spatial
domain, or in the frequency domain, via convolution, to enhance computational
speed. The resulting blurred image is subtracted (e.g., pixel-by-pixel) from the
original image at step 27-3, resulting in the unsharp mask (27-4). The absolute
value (ABS) of the unsharp mask is taken (27-5) and another blur filter is applied
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data is received at an inmage processing device, e.g.,

fromthe canera. The inmage data nay be processed in
wohewsnodegital formats, such as, e.g., pixel dJdBEHUSIW0$054029

0- 255 gray scale. At step 27-2, a blurred imge is

generated by application of a blur filter, such as,

e.g., Gaussian blurring. This blurring may occur in

theeétbfa@re h?hesﬁﬁéHa% rrré@m dvided (2n7f B}ﬁthfertﬂWABSQﬁWé n,
via convol ution, to enhance conput ational speed. The

unshagpimastkcans e resul fdgRoperaiembisrastusier {edegierate the final

enrﬁ)éﬁé@{j 1RGPy fromthe original inmage at step 27-3,
resul ti ng I'n the unsharp mask (27-4). The absolute

[0033PLie (/&BSPFd@Tg foran emBedimenhelske peeseakiarenion. Bie kivdged

Rk St B apbiGan 2y ARBbb Sk A eapi felin tigrage. an
averhging mmmmvplsmwmdowmvtﬂgea kerpel sizeosmaltes tigrethat oidheirgage
oo ARG Ao Uikl A3n BP0 8k BROEGAY oo ano
thei vaendfi the pixehef |bﬂetafsrt esdset Mmg&verag@vai a¢ etlalbiheqyiydly witlginaime

wing®4e (237 RSBleb i0An chddeRR el fSo1in BT Rad TR it has

be@métb&mnéda\ &rat tamazxofaz tstzedlawa@@n’@awmgowrpb@cﬁ&se@.goBheresult as

2 st R e g0 B Gusdird Firkions aPPisd Brebie Brinp &xiegpr par
of Maanag@é@geth\aaih@%v@fagmd whh@wﬂéxl@ﬁd% balybid theti géﬂd@d@mbn
For exan'p e, i n an |mge havi ntf%éa resol utjon o

thegRixpie g Blv‘ﬁéréq’%"’ aretmﬁ%e%@éﬁd%r il averppiag Windaysx1 92
[003B3Ed a\B%/fa"’tgilﬂﬁg We@@%g@r Wlﬂbl@\ﬁo @a&pﬁlQelﬁﬁ% maRfe, fhe blurred

first blur VWhen t he avera? wi ndow i S

imagsgF cepied B el BelAC OhEIGeRTbr 181D [difter israppliRd weagjéerent
tim@4/C i h‘ag %eﬁ 'a%teff%ﬁ{e@%é‘t%éﬁe %%WIt@éﬁ@Mém%&Wﬂ th&8econd

I mage |n|t|on teplxeS|n evwnoware
apmﬁcahm eithe lus fitler uses g differenhwingowrsize thgn Whetrstypreferably a

smhﬁ)&'tjsh% IWa@BQ{eﬁhP%fiur : e@ﬁﬁs rfl?ﬁﬁv&f'a@g%cﬁ ﬁ?f% ktemeé%ize of

'nmage I's-crea
19296t Y20uixel$, tﬁe@a SeZ@nd average windoi ha/rng the apqel 96X@6tpixel results

n ARS8 S g, BERR AL TSR okt
undédrstaht dinatf if br(oeesmlsn@eccwr'fi:rftherseamal\dbnmﬂwsmaﬁer kdrraelslém&y be
t {
prep&sed Bl lin JyBFRk e R iparite BRbeRRbTE Do per
hmit@cﬂ%largébammrsgerrﬁd]erzea second average w ndow havi ng
si ze 96X96 |er ul ts |H§an effective | rease

{
1001350 phssSmy Praeembdentarne astahifveione g con Fy
adjugtﬁ@m(@@dzvlmban bk aRESREIEHed by efFrhing MinbAescanay. R
domain, smaller kernels may be processed nore gui ckl

eX3ARIR; Mpgee}mwrﬁ@mtsth&rﬂiv'ﬁlﬁaﬁurmen PPEQERR PRFdaNiHAePs

resQRé irl 4 M5IRGigrRd n%@ra"l'his%h@' cdrfbSdalsd B&k-to [RGBt insigned
According to an enbodi nent of the present invention,

intggen 4Bing GRIN rfag tMady aldesyelAuringethg scaling, gynigwm (\in) and maximum
(MBG Arh& R REGBMMIRE THLETL A9 ahd RERLe, $5PAdt8e oF Bbntrast increase.

The scaling formula used to map the source pixel p to the destination pixel p’is:
p’=dst_Min + k*(p - src_Min)
where k = (dst_Max - dst_Min)/(src_Max - src_Min).
[00135] Results of the image processing can be appreciated from Figs. 27B-C.
Fig. 27B is an image of a test target (gradient) along with a plot of the pixel values for
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exanpl e, in one enbodi ment, the division function

perfornmed prior to this step results in a 16-bit
wae@aaeliignt eger. This val ue can be scal ed backP@DU8S2v08/054029

8-bit unsigned integer using mn and max val ues.

During the scaling, mninmum (Mn) and maxi num ( Max)

paraneters determ ne the spread and hence, the degree

a sBlece@NddcAsH of tﬂ@rg%’di@nt ﬁ“ga 25eak iaRImbgE BHinR téﬁ@ﬂa&.@nm@r
t he source pi xel destination pixel

being enfamced ky the u@chl@ss sgt( f@rtmw): VY274 @Iq@g-\m(m% p,%rvg;(the pogt
orodaésdd g (ales Mbine sél"e@teM%):tlor{ Qﬂﬁéé}aﬁﬁﬁm I c% bbrkpeen the

I mage processing can appreciatedfrom Fi gs
apwaag;anm dedailip cramirfb Séﬁh as thesdarkeneseeenterliags @ﬁth)e Qia@lﬁ@t
indd th a plot of the pixel values fora selected section

of the gradient. Fig. 27C is an inmage of the test
[003B6Hi entFirdridetailusiniae evitiand by applyingehe neteakolsey. 274y wih

sm'aperograéﬁ@Nﬁpﬁgw% tfgr e'%lld? %; Ctlpﬁa ?etntcﬁertgr‘r“rﬁﬁ%?%ﬁ a

or t ect ed lon 0 e gra
fmeﬂ&smagel che bs @btalnedwley ampbamgra:fesbdved@geawlndow of raesﬂee%X%

oixplE 680 704 36 sRren A agt W Bu S Fadie By8Rn step 27
6. appl ying the method of Fig. 27A with smal | er aver agi ng
(0Qfa7Er i ReiiEnatias Apr o CRERPLSD B SR RE Bgre visualy

use?fmnlr@ger@gtr@ §Ubb§fan@M@§ PRl TP WxahpR, §¢mfa396?ﬂ9£10mg
tecgl xels in step 27-2 and a second average w ndow of

F'ﬂee%@{h@e’ﬁ?rﬁ@l 0 iMAoetQl yessels @aV'TQ)O”'I’Se/Pe R goieres |°ﬁﬁd\ée”

deﬁ?fe@cc%ﬁﬁérn%g? 2BAhS 2 9IGTA/ @ﬁéﬁcbf taﬁoﬂ‘ffe?ﬁ{e%cﬁi fEPESnAHCHIAthE Yontrast
useful inmage of the subcutaneous vessels. For exanpl e,

of @bifacese PevMidmtNRgvacdiRengional daial gepRIFROL0 4R & et of
the@é%t%%ﬁﬁbﬁ‘ gAfT&éS ogaf ‘tﬁlﬁl%a%‘eQS%e‘Hro&s‘éﬁé s r‘é@éub@&dA

center. a flowc of anot met hod f
bluge amage@ qeimerai@dmbv a@pllqailoranf 2 biwg éltercatstep/28te suatp aa\aéelady

de%ru%&% sy Tﬁjﬂﬂghrled Aﬁ&g{(s@uggaﬁtgd%ﬁm%queﬁfﬁn%e e 4t%fep

resen I nven
28185 maseBingdn the ursbeipvmedsk (Q8b4)urTrf‘edAB&agme| unspampenastkeid taken

28a§3594edg§% gISP éﬁr%{erbg 58@@;& tfhe g%{s har M dA%%g? ghse%hgﬁp mask is
divigleldt( 2&6’; byl ter hﬂmredhABSrofglnm ahshanpgmsht arsi mp r@d4t3of the
| t h S of th
opd AT el o Ser iR MO WMot banf (2B or 1o
[00398] |d eg It ggf«?a)bmgazw&j glsxhemsﬁece‘rmﬁr’fe? r{[blﬁnsélﬁphlpylﬁ’gﬁl@t il?ad
i vi de u e unshar sk,
sedinl] MREAELHTOBE of e Tesbr 1] 40%1g S destmeively
acrg@\ngjp@nbh@smwal enhanced i mage (28-8). [00138] In
nmet hod of Fi 28A, it was determ ned that

[oog,:fg] oyi PSS of theiR1age Bisieas 3G Fal PAGPRISRAA TN Figk 268-D.
FigS b8 is/ SnifRag st tHO XD gRidH: aftbESRRS EhNEH¥d by the process set
forth in Fig. 28A along with a plot of the post processed pixel values for the selected
section of the gradient. As can be seen, the appearance of detail is created, such
as the darkened edges of the gradient lines. Fig. 28C includes images of an
enhanced image of subcutaneous vessels projected back on a human arm. The top
image is a result of processing according to the method of Fig. 27A while the bottom
image is a result of processing according to the method of Fig. 28A. One having
skill in the art should appreciate the distinctly different results each of the methods
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achi eved superior results. [00139] Results of the

i mage processing can be appreciated from Figs. 28B-D.
WO2@s/128® i s an i mage of the test gradi ent aftRCT/H8I008/054029

enhanced by the process set forth in Fig. 28A al ong

with a plot of the post processed pixel values for the

sel ected section of the gradient. As can be seen, the

pro@gg@ah@nﬁ@e@fand%@the te%hﬁfq@éé esuld %gdve@ﬁea h&r d?I@érléﬁmed
edges of the gradient |ines. Fig. C includes inages

appjicatigNsenhanced i mage of subcut aneous vessel s proj ect ed

[00A@6FK ON Fay BWIRACIAAER infdiesid?B de‘r?egﬁaIgf%t %o&?ﬁé‘ tEIuF?ﬁg J 5ieps of

processi ng according to the method ﬁ
thetprecesstal 18- i2%Ag d egop lafegaoe iva rpw bvags P I@eg@rggt I@pdygoart

g fort e Tiagele e fhaottiine el b Paity he e i fdge s
thegasiit off subtractingt medﬂlpsrawdmgemm thedewsntnagel fThamiddie right is
the;rggﬁm%' R RFO%E%%B i 4g] é@-{ ﬁé\ﬂ@@ﬁqﬁa{ %g&g&?&énal detafl The

cati o
bottamiwo pki)tsgaane dnmbysemmnalthms o{thetpixs dafa aftiee pnageef:estk@ftwo

top,left image is a raw i mage of the
lmqggggrgqugBWy Yéoth?rpé O%Bop right image is blurred i mge

[00181] he tRig. oA Ibadwmp@tfatrt of'ﬁmthﬁ'r ¢I¢Htl®od E)frtenhmcg ihe dohgast of
result of subtractl t he rred \ge romthe raw
an fmagfe aC§Prdng; aapeemt?%wentso E*Im%pﬁeégﬂtl@ PNt Hee Masedss
rec@fve&la@ ste%% hﬂr@smrtﬁe eaman:eq bﬂlrf&ﬂﬁia@@@é g@I@ré\ﬂebI byﬁﬂ)@llcatlon
ts are cross-sectional F?QOt s of

of Ebpwéfllt%[&'t’[ §te<5’f29t'%eTh?rﬁ’§’éreFjd'F‘agﬁég sukbrec gfggn the orlglnal image
at §t§|§ Q@%t kaeRAtih ngR%uﬁéh@rﬁ’h@%F% (2d-90 1'I41H addofiite aﬁﬁe lo$ trfd

| ow chart of another nethod for enhancin

un%ham sk iotakam (2%rblyand Bedyt diltagistagpked al %%ﬁi bre
unéﬂ%ﬁp RS8R diviaBY gén% Py thka?ur‘réEP Bslct tﬁee&ﬁéh‘é?&rr%%k Sén%ﬂhe

1 fromthe c urre I mage I's generated by
resabpf thesapenatioprfis adblrstgad tp Igleﬂ@rurateatheﬁr@gncz@aI imager@o1s).uNextd
{
caly{B3 it SoTBHEL SRR I AN i et s 55, FunsbR8i e
belalydbé thtreshadd, uke pixet insettoshanmmximagk ¢l {ag.e 859 20-ax)oniadt

I filter is applied thereto (29-6). The unsharp
sodi 8102851 1 e (29-7) by the blurred ABS of the

[00dd2har p Imttskmethiod of Féy. 2OA I ivasfdetdmmirapethat eroployiag first and

dj d. h
s bt R 3L e o SN S s LERER O et
acIﬂé\femj KUpeblor flebultdre pi xel is below the threshold, the
th I I .0.,.25
1odigif s Pl P 5208 BIOCEL0S §50 bp GPBincieRe K Figs- 298-C.

FighFP9B i2@fimdde dfafe da,%t graanmdftémémgeeﬁhma% yfthé pfocasslset
second averagin ows of the size 96X96 and 40X40

fortsii &1% 2PBJHtt W FP'%@HWt BinsEpst Pixel¥g|ues for the selected

section of the gradient. As can be seen, the appearance of detail is created by
extreme contrast between the darkened edges of the gradient lines with the bright
center. One having skill in the art should appreciate the distinctly different results
each of the methods produce and understand that the techniques could be preferred
for different applications.

[00144] Fig. 30A is a flow chart of another method for enhancing the contrast of
an image, according to an embodiment of the present invention. The image to be
processed is received at step 30-1 from the camera. A blurred image is generated
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[00143] Results of the inage processing can be
appreciated fromFigs. 29B-C. Fig. 29B is an inage of

w0 b@stiedey gr adi ent after bei ng enhanced by t heP@F/o8We%054029
set forth in Fig. 29A along with a plot of the post
processed pixel values for the selected section of the

gradient. As can be seen, the appearance of detail is
by ﬁ?@%ﬁaﬁ@‘n BYa BIF FiksFeat SRIY soa@t Thsbvwl%rd ifaBe @@édﬁ%ﬁédﬁﬂgﬁ%e
gradient lines with th i ght center.

origibalgaS Ri MDA~ HESUG 1S ot ashAgp sk 48644 1 Ehe absolte
valdé of ih%CLHsH%t‘Ei hh&! |§rﬂ£kéne(%Ul5t %n@@ﬁé‘bl@F filkd}es &Bélﬂé@%ereto 30-6).

produce an er st and t echni ques coul
The pasharp athskds dl@rldeﬂéa@;rm bhmﬂ bluraied 6BS. Of[tlm@mlzlsnarnrmyskmﬁ the
r: h
resyl F e AL aQiusRh ohorBRE (RiErhahoaNREE (3089 O et
eactkh@x@ircéﬁmmagweadﬂueted (Ritkicedrayimcteasbe) lpy av eisatd In gne
embBAFI g ahs ¥redidh by 3RobrEEBITE & (oeBlHG i Rpl F es
are3oeled ovee” tﬂouemrdplle[mgag agraybtalaoct @@55 machatdomstant of 30, an
ori gi nal e at e 0-3, re ti i,n the unshar
Loy 45 95 eaIhoF wPldhisp s dnd plidvatile s HELR e
ovdra& @80 I0ab pffends uderl tolindrefisd therpites valpps,ipixkl Vhestall over
%3%—56%. The unsharp mask is divided (30-7) by the
fro 8@ ABS of the unsharp mask, and the result of the
[003RST at i O tHeSmathod o &¢dy. taoAgne m&akwhim&nata@ﬁgdymgmﬂ and
(30-8). Next, each X of t i mage i s ad ed
Seqqngcﬁyea?@mWinﬁewwéﬁm&wa@ﬁ%m%@ 49 PI'X%JﬁéeSpeC“Ve'Y

acteRYHUBRAbY rekhfs. val ue is reduced by a constant val ue
and resul ting negative values are "rolled over." For

[00d 46| e, waltﬁ §f edmage BEARESIng can e SPRrAFIaked ARG 305,
whﬁg’is Rirh E?'té’s? gP&(dl@rﬁ a Jér Béﬁg%ﬁﬁa b? W LEGekS s?l“fbrth
0 al T owa ove

) nge and Is r to 250.
in FEg. fﬂﬁﬁf gleng msthizsriat afdhe pesteueeesse ppkkedluagion e, saircied

seéf@h é‘?f‘ner @%@eﬂf’ erpd Eé}%%éée& ?h&apgé}e%?aln@ ?flo‘éiatilhg F{E%i&%bo&/

was det er m'ned enpl oyI ng
exteande serairascu baty\aeaghmgameneld)esgeﬁ oftthe geadient $6e®witlatiee bright

cerf’f%%ﬁ'i%ﬁI %?s gégﬁﬁégﬁje\éedfégae%rﬁ egogls Salé'%ec{f ggéc%gr‘ci’é&}s%/essels
profanbacticackt arda human fairmg. 'I'_JB]@Bop Mag:dmsmsreault oiyrgeessing dxeording
o bERAIAOLET 23Rl B SRR S [ 58S Abrang

to the eeRESE of fpngx&bA V@neeﬁa\ifr(g skilhia tee bacheddspptdadie @ie dibtnctly
ear ance of deta

i (et 620K B DR d el ofUsk s drietHand d1at dfk rehpgies

colMd btefpeef@fraahfcﬁreﬁfférem%pméti@n&he bright center. Fig. 29C
i ncl udes i ma of an enhanced inage of subcutaneous

[00188kel s A58 XE oo CETPOS el 1 RrESEHdNYEHHON MR O

Ihtél’%l’@hd@ﬁ Whd mﬁ’ige%’a@%@é%%/ MQir 3RARE Bb&PcarPbé F&iu‘@@@i BY@d8ing a
g l'e the ominage is a resul

stepﬂ@&@s@bqyg REeeasees Hipt first applles a “maximum filter” to the image before
applying the rest of the process steps. The maximum filter is similar to the blur filter

but instead of applying an averaging window to each pixel, a maximum window is
applied. The maximum window identifies the maximum value of any pixel in the
window covering the pixel in interest and sets the pixel in interest to the maximum. It
has been determined that a maximum window of the size 12X12 pixels centered on
each pixel of interest achieves good results.
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15

to the nethod of Fig. 30CA. One having skill in the art
shoul d appreciate the distinctly different results

we@2awh/1af124 he nmet hods produce and under stand t hBET/UR08/054029

techni ques could be preferred for different
applications. [00147] According to another enbodi nent
of the present invention, noise or interference in the

[oomape cmsﬁa.rk@/toftﬂierer%bd.ﬂhembmé\/maﬁﬁw@wn%mm@r BN be

a step he above processes that first

apra@gnp BOVIoRa! Fitna¥ AT GFdor (o GEveD thaldugaecti dair on the
M@ VhBS dbfafimir@8linAleniclSyif AGPARY 36T avERRTARHENTLS the

. Is simlar ter but 1 nstead

snzap@%i %a@dﬁ@&%ﬁ algelﬁqewa@amw a@hlewwsweﬂ@r re_sa!t$naxu mum
ow | ;

o ] B oo T T L ARl By chthal

mephs.educh @sibytee¢asidinatinh @‘étasdware mﬂw@re iandfonfienwgte usong

Ioggﬁt%gggylggb’ﬂgghfg d;@?gi@@%@gpﬁ&l cen%)er me %t%hgﬁmsent

inventiox, pafcessing isesdrfaamied @V@aglmecﬂlcalesm lat lsomeCcbh@juter language
Accor.di

sufE5 e TR NEn fna g e g A Pl o'

compuatirgeartdrgentgnt.uence of hair on the image. It was

o B 2 e Al S SO £ R 8B

abd\espigtidiatehye RCIAE VAMNG figelcsOTAIhesgH fhe. .n&é}ma;ﬁr%]as been
ital image processi ng can be perforned by

de%‘%@@ﬁ??%ﬁpo &R preg%cpp ﬁ@bﬁﬂ}'m?”&aﬁww p@,ﬁpg@rent to those

of mhﬂw gt tﬁﬁfcb\/i@lhqnédlﬁ’éﬁlbné '\faméﬁ‘ér% ﬁﬁd Rfeln@8@S Edriduétions
i deo signals or alta video signals. In embodi ments

COlé‘ﬁ be ﬁ@%@é@%ﬁ%%'@é emhedinperie adisindge spiripand seqrsf the
mvgﬁﬂgﬁannatlcally in a known conputer |anguage such as
The present invention is not Iimted, however, to

any particular conputing arrangenent. [00150] Thus, a
nunber of preferred enbodi ments have been fully
descri bed above with reference to the drawi ng figures.
Al t hough the invention has been descri bed based upon
these preferred enbodi nents, it would be apparent to
those of skill in the art that certain nodifications,
variations, and alternative constructions could be
made to the described enbodi ments within the spirit
and scope of the invention. THE CLAIMS: 1. An inaging
system conprising: (a) an inmagi ng device receiving
infrared |ight which has been reflected froman area
of body tissue in the formof an input inmage and
generating an enhanced i mage of said area of body
ti ssue, wherein the generation of said enhanced i mage
conpri ses contrast
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enhancenment including the application of an unsharp
mask to said input inmage; and (b) a projector which

WO 2@8i141829 sai d enhanced i mage and proj ects sai BCEO82008054029

i mge onto said area of body tissue. 2. The inmaging
systemof claim1 further conprising an infrared |ight
source for generating infrared |ight towards said area
of body tissue. 3. The imagi ng systemof claiml

THEGILAIMS:sai d contrast enhancenent further conprises

' and

the application of first and second blur filters each
having a different resolution. 4. The inmagi ng system

~of gh ﬂhé@lﬁ&‘fftﬁérﬂlc@nﬁﬁbm gfirst and second blur filters

conpri se | i cati on of an averagin ndow t o

each kﬁ >?é‘|'”@9'@Q%'Cﬁﬁﬁﬁﬁ'wﬂﬁﬁlj@redj“ghfl‘i‘@' %\1‘@ brensplednd
of clai m donhersbs oﬁ@édi/ FR0L iR fSHﬁ@f‘&ﬁlﬁém infagfet 4
conpri ses adjustnent of blur filters used generate

t he unsha@%ﬂ%@m araenhﬁm@ed IPQWEh@f SR e Qﬁ]bod]/ HpgHe1 wherein
wherein s o a

and wher eﬁﬁ%s nagﬁgggﬁggténgﬁﬁ%@né@%oﬁf pn@%@;‘@ént%&
conpr i sesenhaacament iveltitiog tid applichiiers bicdrdunshagamasioicedid
data such e he value of a pixel is below the

t hr eshol dmb{}ﬂhaggl %hec} of that pixel is changed to a

pr esetb)\egbrajector whidhereceisegs sajd se}niaarexmdofnagb ainchpiojetiersaion

nerei ' sehteRarde SRR ERARE B IHET Compr i ses

. t heTraf hegfing $\gtadh obaaim pifureier campeisiby aa isfedred iiphtrgouta for

o1 xameanganyaiey EonobRins S Fralel ban Blel ol Vel ue

. IS T inedirysstdre oficidia we\/h@rélhlsaldtdﬁ)ﬁtraﬁtﬁrﬁ‘ﬂhbné@ﬁ@lﬂ fuBher

The i m stemof claim1 wherejn said contrast
enh%f’r'i‘b%r%@ﬁ?hef %RQ“H%‘H%%&S?H afdsechrd By filiera Eaeh haying a

|'i n@msreft@sbiflo®. The imaging systemof claiml
wherein said input inmage is conprised of pixel data

: andT%'g?aﬁ'rig %FQ!“ @bﬁﬁ%§t‘”®ﬁ¢1@ﬁé’é’ﬁéﬁt3rﬂbﬁe@ﬁ@¢ blur filters

ea?ﬁf p?r?s% tﬁ@% él?c%ﬁor%f AShiKra§iRG vARG 1 Eachiktd Bf 8did input

pi xel ue during the execution of one or nore
pr O‘CT@QQI ng st eps. 10. The ineging systemof claim1l
a@?dlgdssy)sfﬁ?HBf LARYS v&h%rﬁﬁ@ﬁird' c%%ﬂa?[ferm'aﬁgémgﬁtfﬁrther
I'd contrast enhancenent further
con@nnprtsgsaldwsmmtuoé atur tiltersfused imgémaratefthe uashamp meask.

val ue ['s™w T hi
data and wherein said contrast enhancement further comprises the

i hafheslgria@ ﬁ@%s@% ld?clg m & v&i‘%%%ﬁtsaﬂ' ﬁﬁut ntnggé E &m&is@d'& pixel

application of a threshold to said pixel data such that when the value of a pixel
is below the threshold, the value of that pixel is changed to a preset value.
The imaging system of claim 1 wherein said input image is comprised of pixel
data and wherein said contrast enhancement further comprises the offsetting
of each pixel value by a set amount to create an adjusted pixel value and if
any adjusted pixel value falls outside a preset range, that value is rolled over
to a value within the preset range.

The imaging system of claim 1 wherein said contrast enhancement further
comprises the application of linear scaling.
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11. The imagi ng system of claim21 wherein said inmaging
devi ce has at |east two possible contrast enhancenent

wW@piosae2and further conprising a sel ector sucPCT/H82008054029

9.

12.

13.

user may use the selector to select one or nore
contrast enhancenent options for said inmging device
to apply to generate said enhanced i mage. 12. The

| M en g S8teth of bigini wHeh&ah 8hid ifgutdmag e ézfmpkm,@m of pixel

ti ssue conprises body tissue containing vascul ar

st rdaia gre Yherrin £AE ceﬁﬁaﬁ@man%@@td@rﬁfﬂ%{mﬁ@palﬁ@%the step of

al | Yhdhedsite §QubOGARN T VHAS BliAG 11 SUebHIPSt one or
Arreth for enhancing the visibilTty of buried

st rereRTegessing Y¥ePhody tissue conprising: (a)

of €c

0L S‘gr‘lueel |Hcc{'§e}fs erﬁg;] Ellhﬁrgﬁnv&r%ﬁ%g%Eﬁqgéﬁt‘?rqhgé"isdcopr%ijéed of pixel

_com!ataand efhegain daidrontrastrengencamentdartizer somprisesn ted

[ : [

S%lé@&ﬁdf% @Qx.h%ﬂ{ f?lfe‘?w r‘?'cidv? W&t Q%tgﬁ]@éegalgé' o'f g garﬁ?t Oolxel to

sai e poakymumssiie cfLecly pntmﬂ wsiandihe wmdewent ati ons of

sal buried st ucttlrles v rl a¥ gj burl d stru%vref,t
IR DE DR Ot 8™ Ur A r'm@SWS Y|ch e leasttwo

| nl FBOSSIbIestcB‘Qra@f emhdngemeat omt@)nsalnd finaiely cbmusmg\u §d1\ector such

infbaredl od of claim13 wherein t

st &2l “%?{Hﬁ?% F?F‘gt?‘ler?@%&&q{tt? Seleckeng Werpoqg&pﬁ;rggte@mﬂgement
appdgtioat farrsarf infdolrif devid té%pr}do@euéraf[é b4i@lePh&asdd image.

having a different resolution. 16. The nmethod of claim
15 %‘ﬂ@%gsﬁséﬁm of ¢lainy h vheErip saIdATeR Of Pedyelissug GRPPrISRS

t heoci*:l%lsb&@&brﬂﬁmﬂfg \P&%C@‘é?étﬂﬂﬂnﬁ}@s \ét'na IR ehiarRes "Pn@gbé(%ntams
of sai'd input image. . The nethod of claim1l

whedaia Allewiag & user |Oé@1tﬁé=‘r'11@| YR$CUIRE SEeHLCRSt urt her

co f
CheRti AR Ll BN o i Sy | RRRA e

sai ePMpPrsing:i mage i s conprised of pixel data and

corar i o4e ia ftefed FRSRIEEN dolf Aok assdelo e an

datiapgiuniagehat when the value of a pixel is belowthe

T b A B B T e

| npiotage eaginisg mpmq&reinmubnebf paid duriddtaucasyher ei n the
st ep, of _enhanci trast furth rise h .
of 8Lt FCE S Rl Thidt ol B ARl 363 haPsaio
cr a@baes@ntaadmslsﬁ@au burkel stuhures anerldyfsarnyurdsd) stafcades.

7 it VEOBALA AT 13 NuarEomePRIg Rl alepion geatng saic

15.

16.

17.

18.

body tissue with infrared light.

The method of claim 13 wherein the step of enhancing the contrast further
comprises the application of first and second blur filters each having a
different resolution.

The method of claim 15 wherein said first and second blur filters comprise the
application of an averaging window to each pixel of said input image.

The method of claim 13 wherein the step of enhancing the contrast further
comprises adjustment of blur filters used to generate the unsharp mask.

The method of claim 13 wherein said input image is comprised of pixel data
and wherein the step of enhancing the contrast further comprises the
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20. The nethod of claim 13 wherein the step of
enhanci ng the contrast further conprises the
wappBieraed on of |inear scaling. 2 1. The net hoRCD1S2008/054029
claim13 wherein said input inmage i s conprised of
pi xel data and wherein the step of enhancing the
contrast further conprises the step of using the

abséﬂﬁﬂ&&ldhaéfléetﬁre%ﬁol@% @am iRl oued slRendbAl veert A8 value of a pixel
execution of processi ng steps. 22. The

one or .
netih&gloys the thieghald, t\ﬂﬁé’ﬁléierpf dhat gpixeh ﬁ&haﬁﬁ%@ q greset value.
19.C O”ﬁﬁé ﬁ%ﬂ’m@fof Ri2xR 11 3%@?@% d"iﬂﬁuﬁ hagk" hs,eco?ﬁ;ﬁrﬁée%fof pixel data

enhanci ng the contrast further rrprl ses .
appndcuinersin toe stenehankaneing meec?or\maﬁtjf@wmmm@aeé thehe

b eRlnoy PBE Bl of 2 55 SR BHRAF Sk e
f urvahes armd)rfrpny sdjngtedrw(%walpecballswmde Amgessheange, thait galue is
fonrtoﬁ&ﬂ)v%erqganv%mﬁhlr?me d;?r'aé%t Bhgsal d | maging device

o apply en

enerate sai anced i mage. 24. The
20. rret'ﬁmjmefhodlcmcmlrma Swhteareinrihe alieg o ieabhamdfindiaycontrastiierther
ri ses ontalnln vascul ar structures

ody tissue
PR % 'FF@% Y Ra ¥R Y0f | ocating sai d

21 _vas'mﬁ @ethedraf etaith €3.wherein said input image is comprised of pixel data
and wherein the step of enhancing the contrast further comprises the step of
using the absolute values of each pixel value during the execution of one or
more processing steps.

22. The method of claim 13 wherein said input image is comprised of pixel data
and wherein the step of enhancing the contrast further comprises the
application of a maximum filter window that sets the value of a target pixel to
the maximum value of any pixels within the window.

23. The method of claim 13 further comprising the step of selecting one or more
contrast enhancement options for said imaging device to apply to generate
said enhanced image.

24.  The method of claim 13 wherein said area of body tissue comprises body
tissue containing vascular structures and further comprising the step of

locating said vascular structures.
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