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SCANNI NG ENDOSCOPE FI ELD OF THE | NVENTI ON The present
invention relates to scanned beam systens, and nore

w@agsosioeuh@r |y to endoscopes and | apar oscopes UBCTS2004/019996

scanned beam i magi ng. CROSS REFERENCE TO RELATED
APPLI CATI ONS Thi s application from Provi si onal
Pat ent Application @Mﬁh‘%&i’oﬁﬁai@ﬂ 376, entitled
SCANNI NG ENDOSCCOPE, filed June 23, 2003, invented by
WKkl of, et al., and clains priority therefrom
BACKGROUND OF THE | NVENTI ON Vi deo endoscopes and

| apar oscopes have begn in r e since the 1980s.
Lapar oscopes are ri E@EQP?%@W%NM used in

m ni rpld yeldy eﬁﬁoﬁi‘éﬁ&?{ ’%é) srcr%_%r%itdg%%sﬁ/aﬂeﬁﬁ?&% %g;teﬁarticulaﬂy

use a proxi mal, "externa pl ece t
tongidostepesant Bbt@scapreeriag sdanaed bearh anagiager a col | ect s
vi deo i mages through a series of rod | enses arrayed
end-to-end inside a tube that extends into a body

cavity of REPRR: ) ' h@gnal

t hr ough wi Pg?%% a cg{r?sl\gs% tﬁaigifrten | ncigg‘ggé;a\@

di spl Ehis rpplitation dpeads Ypine RrdvwisionmalnPaentoApplieativansoiak number
[ of ten hased on_a xenon

is a light source, enon | anp._ The,

6O/dﬁ%3%§»u?rééle§eﬁ@éww ENDOREUF AR diilsl Jeige 149 A04R. Hyented by
' [ ' [ de. The light i

PPkloEdcal s AR clalfiEbrdonty SUBLAT, L D oR opt i cal Fi ber o

that run inside the | aparoscope tube. Oten, the
optical fibers term nate at the distal end of the tube

in a concentric PARKCRPUNHE? OFalHEARVENLHNt he
U e M5 P e o

Dapdrbseopeslge rifdidevices thaciasy b asedanenibitpalbplnviisive surgery.
flexible devices that may be used in di agnosti c or
dvnisellyrlapasespopes usrdRion e dodeBpibs MEEAKddeAe piece that includes a

CARRLERSIRT e 0 P s ARLA 5y oo

diesaniRdlche-t6lead ifisddd £ bk gitlext¢ndd theo & bedy bawtyt 6hiBe patient.
to a hand g‘iIece. The signal is then sent to_a consol e

}‘Tdilﬁ cameys taiiras #s sigpakitbroupl wies fer corsolpdipheiteningfudes a display
inﬁ&gt%ﬁgﬁgsgﬁg%c%Q W8 iIné SorBIt is ta‘iisgg&‘ ?ﬁ«?&%fféﬁé{aééﬁ ona

apar oscopes, ‘exce

txBGorl lahdp T TR light sbilee keddg Righedol the heidpiead thrésshtard@dtical fiber,
of apertures on each side of the canmera |ens.

mrhgose epunlingfis 1eden dihe dight is thegesenbintathghedy sasifthrough optical
Ki hannel s f.or i nst in addition to a.
e Pt ST s et One e el Fobiedh fifke” Rpfingpe at the

tdealRnd @F @RNMAbE th h BEncntrRGINg) Br partial arc around the periphery of the

tube. In use, the illumination power is adjusted to give an image of appropriate

brightness on the video monitor.

Endoscopes are typically flexible devices that may be used in diagnostic or
other procedures. Modern endoscopes (and some laparoscopes) use a distal tip digital
camera that collects light, converts it to an electronic signal, and sends the electronic
signal up the flexible tube to a hand piece. The signal is then sent to a console for
display similar to the manner of operation of laparoscopes. Illumination is sent to the

body cavity in a manner similar to that of laparoscopes, except the illumination fibers
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the clinician wishes to | ook or push the tube.
Endoscopes and | aparoscopes may be end-1| ooki ng or

wa@e@s/obaoki ng. 1 n endl ooki ng devi ces, the fi el BEDUS200€019996

is positioned directly in front of the end of the

devi ce. Side-looking devices may have their
typiealipsterningiesay 4 prinekaperoresen egelhside ghgeccapiera isgss Endoscopes

0;{?8 d?‘é}lﬁeg&{qgat?oiﬁl&h%ﬁ%‘%ly ?&% w-grkmé Slﬁelnglﬁfé fg%@gﬁvu%@ﬁfs € addition to
Mé&ﬁ%%@?%ﬁs(tﬁaﬂrﬁ@eb@ﬁseﬁﬁd Q&R GRetip/EMeteAdEsecapt fetht rection
col on) ten have 140 di agonal field-of-view, while

th@pmlmwwsm%%w@$h&ﬂ§b¢- view cl oser to 70

di d

Chas BRossoP SRR S L oS AR R0, g b 0 ene

lbak‘iﬁ% G@ﬁ@esd @%eﬁaa%@ Vﬁmﬁs ]{saas uﬁ@a girdkihinfrémefdhaert 6f the
(0]

e wor ki ng channel t he body cavity V\,herg t he
dsiviasi Sidenlogking devines myﬂ@we theisGelds-ghmismelocated ¢0°, 3 other angle

harsdEL IR s R Rbtoqn SR UGN Gefh RediiERd e
al

Gt For Rdefe! MOﬁébéblgéé@@}p% FenhBicbp@asdd® examine the
par oscope pass throu rocars, or rings that line

ctdhm)ucrf@nénawa 140° fhagvmitﬁelmdﬁwem maiila dJapsrosgapesgeanbave fields-
‘ﬁ Bot h | apar oscopes and
Y}S%’cc S Olr*nl}éf/& %9@“3 p| xel at ed sensor array such as a
char ggsiaahRltEhas %\é'}ﬁ%e(i%% 18E V\%@Hﬁ% @Hﬁﬁfeﬂbf’mﬁﬁy 8hdoscopes.

oxi de sem conduct or devi ce pi xel at ed
Foragmrand (ﬁwtdeplc%hamiveeasbwidped fdiatamaje bassemithioflheydiameter of

o imesngaren it T Rt ity Wk e HinB R e lefate tissue
%@&gﬁég BE. 'Iﬂttl’f‘é Hal- of'fagﬁab?s%bﬁﬁﬁgmﬁ%wr& $ehdrall idtfd@Bed to the

trical signal tional to the brightness of
prosedume) ihrgugleseparam smﬁlrb imysiensdiQfianethe msdmmpms \&e;iblas the

roscopes, ma ffer from| ual it
R R Bl t1enEm OB KEbiEL A GF Hindoes toqmpicht Shdue
%Hirfg%t(ﬁma!g@aé Gz@ll%@i?cuﬂtfamdd §hfl inmaging systems in

particul ar, “dianmeter [Imtations have been a conmmon
hi nd rBasthéaﬁaoodcogémdremlokaaipemmay OMERpIxEAEd-sehbir array such as a

#h%yg?'\f%g%\'eci drasi 00 SR SmmaBTsuiin rrebPHES Siconductan@MOS)
BB O it Sn A0, BAAIY SRUBSREG S ARG O3SARASy an

magi ng ices er an image froma
eaihadlemﬁityeaenm dizhs eidrey floant carjugdiapyinaapibe tfeldraf-view for a

R B e R S
bf%gﬁ{o%al RO BAGRGEss B UoAfug4leS g, cameras, and the

Today’s digital endoscopes and laparoscopes may suffer from limited image
quality and dynamic range and often exhibit other undesirable artifacts. In the case of
distal imaging systems in particular, diameter limitations have been a common

hindrance to higher resolution.

OVERVIEW OF THE INVENTION
In its various aspects, the present invention relates to scanned beam imaging

systems, and particularly to scanned beam endoscopes, laparoscopes, and other

2
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i ke. Many aspects of the present invention are

applicable to rigid and flexible application in both
wore@soalili@and non-nedi cal fields. In many casesPCT/082004/019996

ternms endoscope and | aparoscope are used

i nt erchangeably and may be understood to refer to a

ibagiag dlemq:g@tmt gatheroinfimage dpine arecletivealp maceessible lapgfiono tMany

fields in str sco entero
oShinon A JeenTiel B SRRy ST SrANBEE B maging devices
11"1&1{1&{19% Minf2ea e dar M&ﬁﬁﬁgéﬁoﬁﬁésco@b@ ‘i‘l@i&‘ﬁﬁ%&ﬁﬁ&n cameras, and the
chol edochoscopes, nephroscopes cyst oscopes,
lﬁysteroscopes Iaparoscopes art hroscopes, and ot hers.

odi nent .accor di the

| v Mg PE PSR RV Al abR ab A LARPfGlivte

- aBPACHIA il %ﬂﬂ%cﬁ@ﬁ%ﬁ@ﬁh&ﬁé&@eﬁ&iel&sﬂlﬁlﬁ% tdésésOfH@terms

Substantially white light. The white light is sent to
eaddscspa bnd lapaxoseonsrase usedrmteécftapgﬁ:abdﬂ aiid mwey e uhdensiogd to refer

1p APRERLRDEY AHEPEY) DR LS Aoriaea TS A g
a@ﬁ&s%@%@sd ent%ﬁf%% O\;gmbﬁl“oﬁ&ﬂe@ holdHos@IPRE! yBBoscopes,

perturbed by t i s gathered and convertéd into
rhimiarymscapessbgmahescoms dmdﬁnnsqm@%, whokdmhoemmbmﬁphroscor)es

beam posi.ti on and the amount o
P RS, RO aDe sy PP RRES Aoy SOt
al t enpaht ¥ke | B3 imeh Y6 d f%"fh@?m &nttiﬁ@éﬂtlon a plurality of

posi tion may edetermnedfrom ge it
obdared digh‘gsmmes,rﬁiar exanplk mla;towrdpectrum isoyreed) eombirmtedorm

wbgael P o R85 1 R B Bt b B s gnor i
@&ﬁt e P es P4 BeTRAM JH«?P&a?m iP5l daBlcRoNs a T %T V?gw FOV). At

havi'ng ering properties may
leanﬂalpmﬁmbrt of the tight feflectedrmeatieyedyaafractédyror et&wmwise ,pCEtuI‘bed by the

r e urces di.fferin from ach ot her

K3V gﬁt ﬁ@g@ﬂgpe%e JBtoes) ﬂ%caﬁﬁggna PR nmsﬁpm@aﬂon
floBFbLER BEHOR o] BB Sl enhoRCh (REIEHAEE, Bay be formed.
@C@Eﬁmg aodn blter@ativembsdimeyit, efortastibr aboat berne pesitiyis inbe

havi ng ? five, si x or even nore channels with
‘il‘-’r??fﬁ%% rep) the “B%%ﬁ.ﬂltse tn yet another exanple, |ight

sour Cﬁc?tgh?gé Fkgoﬁ@é){e‘ﬂ{ Qg lgllﬂé)r g 'coﬁﬁecpﬁ%lﬁrégufﬁy 3§ be red,

conbi'ne rm an spect rum

deenrand biud lasars,Nipht exéting d[qdee,rdmdnefrﬂetnses | Agdvirding to other
sources haV|ng theraEeutlc properties may be used. for

exeanlapRMbodipers andifisrenh nERbHE Y soupFsdraing digkeing
PR PED RSB 6 %G S10 LBl Bk B0 BRI PO et
soaiceaWiMfenned £66itdack othee B9 sewralipnumertrd wavsléigdh may be used to
%}?rgsg (rigcrtu(r)nnatlon of red objects. In another example, light sources with
wavelengths intermediate to red, green, and blue sources may be used to create a
s'ystem having four, five, six or even more channels with improved color gamut. In
yet another example, light sources in the infrared, ultraviolet, or beyond may be
combined to form an extended spectrum system.

According to other exemplary embodiments, light sources having therapeutic

properties may be used for treatment. For example, high-powered infrared light may
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unwant ed wavel engths, for instance when a phototropic
drug or photo-diagnostic chemcal is generally present

whi05/000116 desired to activate it only in certBCTUS2004/019996

| ocations. Therapeutic beans may be sel ectively
enabl ed by the physician or hy a renote expert, or

b4 psed i crdterize, wkivaviRletlight mayi teaisey e prablephaietseric dpiss, ete.

' i I ]
R BFRRSLL! T 1Tt 050 BAERL B 0 Bl o
trowars@b et ¢lengths bl instandeswitért HpRotbiepit idehgoophoto-idgnostic
Accaording to other exenplary, enmbodi ments, a plurality
gremicaifs Sensuplberrepn bkt isciesiredtp aqtivatedt orlsirin cerain lecations.

- bal . h .t he .i
PRYsGRAR R SR, RGP0y ch AL SR ot cxprt

aitdllelnaniveBr mex BephematicatosiabRattased dpdnSin2@k pReRessaBhey
use nmultiple colored |ight sources, but rather one

t
WY he eaableq Eralkaiyhe field @i, dous pogionay thecfieldedview, or for

dj . h TRR the light beamis
iég@fédg‘@%l%éﬁ%?%ﬁ%ﬁ%%%%hg center of the
Scanm §@rding k@ btheboxungsigry@nbodithedtsta plafdlieg bpﬁ%ht%ﬁdrces may be
returned to the scanning mrror, which scans the beam

emlyised irie abieamdhaiis potesplorralanced peweset rlh sudeeasepdhhimage may

S R S SEALE B Sy s,
fshet heasiaay o temblipR cdlérel BehOdourdy, B8 ramB! Ml GHiR6keQElatively

chosen to maxi m ze Signal strength and m nimze stray
briogdhangdesontreaamiytheaed.o the fi el d- of - vi ew. According

rmt cagrorphi 5 sEHepmL0ERichts, AR Gk PRtk Heasied Sngeuinaly
frdi@h!the Betbr ihBe kéRingt MirfRELSUNCEPHFF ol @hﬁeﬂ%&@m dnl%eturned to

beam may be scattered by, transmtted through,
the searténl myrromm mdiidy scans thebeewt acfdss sher field-ed-viiew.t Whis concentric

field-of-vi t ltiple transm ssion
LAl o B B, BlSeHntEr QUL igrenesor
&6 PoRAsAfd Iﬁ@ﬂéﬁieﬂ@f h8 188N 3hd MNEHAL rJIRERT Sgag]n%efxlhglgﬁulated or

points. The collection point or points nmay
ehowen tragiarignico Figadtstrengthrmad denibuize strayrbgitdeifgadmitted to the

B U AR S SRt sl g grigny tsdiot matched, but
RBicr 6ot HinGP kRS alpdfrid e fﬁgfﬁ foltRE Affrbr. ! ¢
e e light is

to a remote detection unit ret
conv drightfromtthe beane maydwl scatitayediby, tfansniitted thesugh, absorbed by,

rocessi ch. gat.heri fibers y be arranged .
B o B o B S A e g i
V. : . )
et SRl oL R, oo I FRSpTafp e
gathaedtibead dyymotercodlectidrepointst dhaabdilswiongoidtee poiiis may

fibers may. be. arr ed across the tip ininterstitial
SPERTES NoErRASTS ?Cﬁfegfé?fi Siestioe naeanioiok ataned Rheferides

& tally ourdd RS, Alternatively, the collection means may comprise optical
fibers that collect the light and transmit it to a remote detection unit where the light is
converted into electrical signals for further processing. Such gathering fibers may be
arranged circumferentially around the scanner module, for example. Alternatively,
the light may be de-scanned by the scanning mirror and collected retro-collectively or

confocally. In another alternative, collection fibers may be arranged across the tip in
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alternative, separate collection fibers may be
inserted into the body cavity, for instance in the

wo eoosarfilé ool s, trocars, or ot her devices thatPeDUR04/019996

the scattered light renotely fromthe imaging tip. In
.another alternative, the tip may be nmade at | east
iptaustitiall sppcasrbetweaciesrigation charmeba dwrking chpanelowts: Iaryet pnother

iLght. is gathered.. .Th r osc . .
N R e L L R
i EHer o oRBeH 19 Mtrotatsc 6 Sther ddvides &tiat coMeU tiadsdatierdd hightiremotely

pi ece. Accor di n}g1 to alternative exenplary enbodi nents,

frome theritnagingpién. ol angther eberapiavesihe fmetayde madedt desskpartially
that contains ligh tors. The
BePREeT ?/Hfféeats? s}lrﬁe%? g%qﬁgcgﬁ t18 % g%ﬁ%% ical fibers

and The ef@EEOpE o iaBadscpsebaling tvadonteskeaipiaryientloditaents,
el ectrical connections for powering and nmonitarin

t he.,
naayaRedight serrces @ er detpotnrs fiahgreimewiemhin HhatdPiptfe “hesgating to
. : 4 .
Ao rSleSoB Glbo P B EE ThGRE of REn DY B hbhnge o
Rndid/Ehas camanss lighttorasraates detactary gy gifinve isctdamsmitted to
pattern or a bi-sinusoidal scan pattern, for exa

> | e. .
and fepmreptend bierreandsthe eorsolecvin A sprnestos shatapayalsy holude electrical

o drive. . |t oot . '
PRAGTopS Fa ol et b be Y R, TR B ulie SRARRe"
afornRaaetd theadndd pices] fod séraidlEngloperatioros! the kesterineran

means such as piezoelectric or binorph drive. The NEMS

scandecorftine reexeniaty embodanenis bk sannenvRAY ba ARGEMSscanner
urface mcro- ' Lce . '

BT L PSR SR o 5 S 0 KR e o vampe

Tl seine@m i diRens] the 8tanneNBlopeRutedist @agnqriewdivet dn hkbipative
shape the beam According to some exenpl ary

@ﬁwﬁ@ﬁqﬂh@ sqapaet i eperatst-hy; edegtiosiptip drizg i » perabingtjon of
{ ol st . i : : .
G S5 Shu UB VR A0S m e USSR o

Roffiedrhel THeal NS setin@et maybe a balkghro-atgehirded MEMstahner, a
creating greater_ angular notion and hence a | aragg
tsgrf%ce of

furtace mieroymachingd deien, AF Othsr RS ax iigioxy/todhe at;

ﬁ;% I"i‘linlrr%? ln{aeﬁ/@et A% Afted? \%ﬁ% éﬁr%tl%v | p?ig%lgjsb%r ffé Hglgesp%geetrhe beam.

|'ens, mrror, a ure,

end maycoBding 36 dorhe esdtaplart disbdiashts Ghe field-oBvew may be
collimating devices nmay change position or shape to

eanitolled byrike amplimdg! thecdriysfignak pdogrnparbiude giEngbagsting
. o fiel o i .

T I3 9HE Rt PofR) A hellsbrid B} BpREGEYEH, bt o higher

ShpBtudk signhESBeig %@aﬁp@igmaﬁdtw anfll Hepeq alirgel fyel@of-view.

addi tionally, the beam shape may be controlled by the
user Aecosdingiie srekenplasasmbedimenl, atbsam cobinaing or focusing

ag\ﬁ%,s %ugﬁga% %%% g)? n{n(%;'/ %E% ?@ﬁ@,'mlr%ryaﬁe%?éé iaﬁﬁ ?)Blisﬁelaqiber end may be
used to shape the beam. One or more collimating devices may change position or
shape to control the shape of the beam. The shape of the beam may be changed in
concert with field-of-view to maintain a relatively constant fill factor of the spot size
with respect to spot spacing. Alternatively or additionally, the beam shape may be

controlled by the user or by automated means to maintain optimal focus.
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aut omat ed, based, for exanple, upon inmage anal ysis.
The outer covering or sheath of the tip may include

wO aiwsioerté on and/ or nedi cation ports to hel p reduus20ser9996

need for other nedication and to reduce patient

di sconf ordgi norbidity, and/or nortalit According to

an exX Geerding teamb el enbadimenihihe yarking dhgnngl ap beay
BR824 61 65, 08 IBRATHR 6 Sy SNSRHEEE St o

ma‘mpdnafyembludte hebritevion endrey medichticiepsresiot@lp ftgluaeamaeed for
such as henogl obi n_oxygenatjon nonitoring or carbon_

ethepapeticating anghtp rgducegishen dissemdont.dnabidipa pnger posilite

embod Sarite Rt piiblaQ Gt el Dihe SFARAA Moy be
srass-pdlhézddrid ehs béam soredaee orldimivate ispddudari roflenivnk y

source may be forned, for |nst anc by  scannj n one or .

mor e ARSEFAINg o a1 grmBlamRbodimeriathe dsyiceinemsingfude monitoring
[ I t

bBldatn phetb bR TR e A dlo B hlfioring

Depplenacamyerhentichdyube usetleol deormeinebidod flowght er an d/ or

cl ose re ions are illum nat e%{) ess. According.t

anot HEFCOENBEH aRQtherA¥SEP dimephthe FRY m&@edkluramated
fie iTrerentia umnalng e stene Wt
évﬁgq v‘&ﬁéblgé’n%h?@pé&drw 5}“ I?ef aﬁ f)le%f%n by é’du?# ﬂ% bl ?ormedh for

inklates, bgtsoarmind ot 6f mora*igpamsloﬁhghﬂ deross ap bemst dreiohoof the field-
drive th I Lum nator, in such a way that a portion up
%Vlgwa@blf\erﬁlpévwn& fhe igteanily oiihe bR 0 heqﬂgs elinfotsi wesn dagker
r f |
o B robiafs Rl e R R R DL MASS SOV closer
chigfdne memni lualihated ldssim nated to pr oduce subst anti aI 'y

uni fo mllght scai}ter at a de tor. In this cas
i mage I YREER PRAThFREKCBPIATE CRY adEREnHbE Pgloabalance of a field-of-

I I f
L S i
sdue mmgﬂmmmaftm off diffsringgiolg. d‘eﬂs @obgibls ts deikie d&: 1!Hhh<hnator in

t odi odes, aval anche photo phat onul ti plier.
? éswaya %ﬁ%ftmnw to gupYARi g Algopeior orglagiep ingxhibited as the

ﬁﬁ%g o Qse%lcté i&H tl?ee?ﬁabie HE R, '}Pcyong qlm , the field-of-
| ne an 1 magi ng detector stch aé a d
viengeay bé/dﬁfeaé:ﬂtmlllyl illumiragdd torproduge lsebﬁzm‘liaillydmﬁibrm light scatter at
effectiv extend the dynam c range of the syste .
aAPiSeieh glenr Bis s yEpes élﬁfaﬁaéwn oAy B FrRGHedaVllY 9n Bhstantially by
f | | |

Y B e oy R AL pgﬁi%t%%ﬁﬁnyf Bespecslly
adbphtageonsaidd nbm—mmaglngldetw‘tomsaﬁmh @s PN rphytdddodee) ®alanche

dj stant or dark r re ons. Accordi ng to anot her
H%P ‘FSyPEWB %ulqu,eaqd, the 4k f - vi ew may be

According to other exemplary embodiments, a scanned beam illuminator may

be combined with an imaging detector such as a pixelated imager. Variable
illumination may be applied to effectively extend the dynamic range of the system,
allowing for faster, smaller, or otherwise modified sensors. Variable illumination may
similarly be used to extend the depth-of-field of the apparatus by applying additional

illuminating energy to more distant or darker regions.
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"probed" for inmage data. In this case, especially
bright illum nation may be switched on for an instant

W@ 200d@010M ne the optical characteristics of OPEI/U82084/019996

few dark or distant spots, and then switched off for a

time suffi.cient to neet fafeqt% g_r ot her requirenents,
Dur i rf&COrHee i amtherexmpplary embpdigisat.dherdfigldnel- g may bs

‘Fﬂ'r@@é%ﬁ-foﬁﬂ e SGR! ikl ,%pezﬂﬁxw%mi%cgdé{ﬁa} bk Switched

a bl ock diagram of a sinple scan ami
¢ frrap igstiry ta dbennioedhagptinal cliaracterdqtiea bt ks opm fewrdarkad distant

{P%rﬁse gg? h{fﬁl Sg&%béiﬁfp ﬁ%ﬁ]&l@ %gﬁﬁ‘ré% gla ?nf%éﬁqa%?ti@j ,Sor %ther réquirements.
DhHHISRREG RSt fafiCY, GRek PBts!iithf gégaua}qu@? z’é‘%?h an

il lumnator that 1's dynam cal’l
illumnation energy is held constant and the anount of

scattered ene ' ctor varies
proportional | %%ﬁﬁgéégg%ﬁtm %Z:rﬂgﬁmgw(ﬁ he spot.
Hl gungedid 1 oI CANGERRHAN AliAGIARLERAILAG A bRV er 9ed
state Tor an illumnator that has been progr dto
pr oviligurs 2fis atblédkedidgram dfeanedppdratisamtienethdd éor modifying

iIllumnation energy is nodified in a manner inversely
IUBHRHPT AT t o t he apparent brightness of each spot

Lo\ &Sl 3 i a RS Bl grim WGw SRR Yo fof AfifthiKfithg a

energy at the detector. Figure I's a concep
BO¥gpmamnshisial stgtefor amilbmyiestos that & dymamdasallyl ddjustadat Tie

at. has been .programmed to conpress FOV dynam c range
’2“'3%&?25’&1 Gﬂ?ﬁ{%‘g e e ARG ¢ phgrg SSAHHCL pRERR fgcetved at the
BBt MRS Prdiio@t‘i'dirﬁﬁly'té tie SHpAMNARE llﬁﬁc\%srlﬂtlﬁgﬁﬂ)lt.' zed
wavefornms for convefging I'I'lumnator power per the
met hdtigak 4Riig acenckptunl dragsaw ei@ling maoaserted state for an illuminator

AERRAFeY aropserminp e Btoics eiefeighog frveled soafer. chtaghumination

i oot ) ,
T
elichgpairoiresiilidatsibgangillyi thé siont armeftafec@bredengayce thodetector.

the t beam scans of Figure 7 achieved by using inmge .
pr oc 48RS 1%?&8?‘%‘3?’84311 diagragp SEReiefoREaerh §iate for an iluminator

DEEAER Bi’(%'iré}gﬂleﬁtt@%&nfd)&rss FOsy (?}Viﬁnﬁ@ ARes %8@3@%% but still

Figures 7 and 8 achieved intra-frane using
ingadain diftarenes g apifeirent ibeighthesss an i sometric draw ng of

QAT TCALE MERTREN ¥ L B—
Hweéhef BEQRENRBE of ¥ERPIHa over several frames for an exemplary 1D FOV.

Figure 6 is a flow chart showing how a pixel value may be converged.

Figure 7 is a diagram indicating a non-converged state for two exemplary beam
scans across an idealized 2D FOV.

Figure 8 is a diagram indicating partial intra-frame convergence for the two
beam scans of Figure 7 achieved by using image processing.

Figure 9 is a diagram indicating a pseudo-converged state for the two beam
scans of Figures 7 and 8 achieved intra-frame using further image processing.

Figure 10 is an isometric drawing of an endoscope system.
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Figure 12 is a side sectional view of a scanning tip
nmodul e. Figure 13 is a cross sectional view of a

W@ e@sndag endoscope imaging tip. Figure 14 i s BCHUS®04/019996
sectional view of an enbodi nent of the inner done
surface of a scanning tip nodule having differential
r ef | &dgured 1 df a blesk disgzam zaphatisingfrelrtignshipstiegued vsious
an i sonetric view Ofsy?e canni ng nodule. Figure 16 is
QHROUSHE OF PR SR BPRT SIPI88 opt i cal el enents of an
| magim@urt i1 is £y sectibhal Hew dfaYkchipeLtipimaiug. stal tip
optical design simlar to that depicted in Figures
12- 1§igEe ddriea e®ss seciionilyiewiph ascammag ¢ndoseapsgmaging tip.

det ect.i on .fi.ber [r.an iindnternstitial a

o oot ie e e R s SRR b R R or TRARRS dome surface
of% dcBnidifig itngﬁ@hﬂé Bawh@ew freriatliefleation bPtwd polatizdiions aflight.
delivery. Figure 20 shows an endoscope tip | ayout

havi FdgweddddanisopicHiscYiPwrotiafaanHpe Bwdals | i ti es.

Fi gure_21 iS I roller for . ..
g fEds B BB VRR A DO bofbo Bacfls SHaniffaging tip.

Fi gu lﬁg&% 175s @ r&}} fefeasNasdigl tggopﬁbal deigf sitmikr tothaddepicted in
hgal r of frequency multiplexed beans. Figure 23 is an
figureetl2i k6. vi ew of a detector nodule. Figure 24 is an

| SOMELE SN Bk O UL S B g B Bt

e&sCarbhi®] 9 sdapdinghifédile afida GMAinA@Harh¢l.an X- cube.
igure 26a is a_ bl ock djagram of t,h(\avéﬁroxi_rral end of
an ertisgeddds arigmediowpisw of aadippbik wathdybrigans felivesy.
di st gl. 0 . Fi ' [ ' .
i magd giBvono 8P of SAREERady TR oyl e YRl HBaine
iied.] ON OF THE | NVENTI ON Figure 1 shows a bl ock
di agram of a scanned beamimager 102. An il |l um nator

104 " dfisateesl ia afhleckidipgram offa qonghtlenie demuliiplgxieg tviog
%&Hl}?ﬁ%ogls Ps%aﬁﬁiflg%egﬁsam of light across a feld-of-view

uce~a second scanned beam of |ight 110,

sh O\MFiEﬁreIMDis AQkddrirantowi{ixhandvdtbiis fdhepdcanheficheam
of light 110 sequentiallyillum nates spots 112 in the
rolfipleieiiears. positions 112a and 112b, correspondi ng

to baaguposi 11,008,400 Aa0dd0h. b ERBEGE Vel v- Vi le

t he be um nat es 't
Figure 24 is an isometric view of a light source module.

Figure 25 is a side view of a compact three color light source where the output
beams are combined by an X-cube.

Figure 26a is a block diagram of the proximal end of an endoscope.

Figure 26b is a block diagram of the distal end of an endoscope.

Figure 27 is an idealized image showing a bisinusoidal scan pattern.

DETAILED DESCRIPTION OF THE INVENTION
Figure 1 shows a block diagram of a scanned beam imager 102. An illuminator
104 creates a first beam of light 106. A scanner 108 deflects the first beam of light
across a field-of-view (FOV) to produce a second scanned beam of light 110, shown

in two positions 110a and 110b. The scanned beam of light 110 sequentially
8
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spots 112, the illumnating |ight beam 110 is
refl ected, absorbed, scattered, refracted, or

woehenviise affected by the properties of the oP{BUS$2004019996
material to produced scattered |ight energy. A portion

Beoipdotisoll o P Shiilapodind HeRendLdb siegpnaine
StEpdidohsrIa b 1108, 200REKE While'BY Blcin 190 Mnflucs the

nmor e det ectors recei and produce
splo&scllrl ded illsirginaing lpht bespdhdlistgfleded, I%sca:fﬂsedl,rsbatmdmd refracted,

I ght ener y received. The ectrical signals dr
ST OIS e RS ﬁjﬁhf‘aola?@t. Ctrawat%@ﬁg% pigosd scattered
ﬁ%h”% "éﬁ@ﬂgﬁf? A Bmftf?)h o &%er@& BEREHRY 1 HESRMA gmanatlnrg from spot

chi vi rinting, display, or other treatnent
pmsmons a 1IZa1 ted fl dpadiRttered ghd:rgy oayscE 4204d rdyb,i regdeatiecly, travels

|
B gprasissto 1 Byt ptiee M TR entirodin Bpuicalignal

S r
S A O S A BB e
¢dntuohten bt &thaﬂbmlctsom digisl image dnd &apymitk o der fosthemgroeessing,

| engt h. of appr.oxi y 635 to 670 nanoneters
JE i elivit e SR U IR T Ol AP DL Pr SOE GeHaced20.
t hr ee ibRAS&NSce B4 9}{ HeAre ﬂuﬁgﬁfe en?ttglrsesﬁeh Q% qgﬁm@t‘zl%’ae, ‘ﬁght
solid State (DPSS aser, a ue DPSS T'aser at

apitiog dmdbe(hﬁ]BSSIasms, tﬁ&?nah spuraes) ad7@unees, fluorescent sources, gas

r.e ect i veI I e | as di odes be di
gt %alrc %Fs‘%fP%S @QH@W&}WS pReeE 9%?1@&?8 illuminator

fora% 19 asfe&ﬁhsas Bl REANS L Ya9BlehSthBY g@% %lasm 670

tance. In t e case where an extekJ tor
naonsxes (). b aotisir dmbedmpm]ttlllumlmat@h104smnmseiﬂﬁee lasers; a

Eihiieds Berg aiien e P ielid st 1R Resratsies pE RS laser
Qtfapﬁoi:@uﬁﬁ’t N €3§m'nm592 AmSLRPA R BRars éc'tlg}glh/ SPHIE BsdPodes may

may al so I riclude beam shapi ng opti R SUCh” as ona or
bodizeathy modnﬂaﬁengPSﬂ damssrsogedeinily appritelaxésnal modulation such as an

Addi ti onal whi | e. wavel engf h descr bed in th
AFadsios Rt EOMTE hstese %ﬁ@a%?pw @3 pp et modulator
3l Lﬁb@llﬁlsrc%ﬂgiﬁereﬁt rof‘l‘l%ﬁ?éoglﬁc%[ L[ﬁla u\\l/gn tv4r}n£}hﬁlclude in the

scope of the invéntion
cdskws tmdtipld eﬂﬂtta_sslvaagi eprhisiaing aptigs tmccpnbme s@empovak bf the

SoiirS o & omheiuRen? sBenEut el fafnans s Srapentsping optics
SR HI®he o@nﬂ@é@oﬁlﬁ%ﬂg rlerﬁ@:y _Pgﬁlﬁéép%c{zﬁﬁd&%ygm&he

for exanple; U 'S. Pat entit
@h@@lb@gfhkl\ﬂé’ﬂdrlbbd\m—the “ptévd@@&%ﬂ@dﬁhﬁﬁ%’ﬂ@éeﬁ(ﬂ?ﬂﬁ(ﬁﬂt@ﬂy visible

and co assi gned, herewi th; 6,245, 590, entltl ed
ﬂr%/ﬂlm gbaiongiie ol WEvRODS

Z’S\f : t FRE EN&(M@ ﬂ%%‘%@%%ﬁdﬁﬁ%t%%ﬁ%% é\!ﬁ&’ﬁse a plurality of

beams converging on a single scanner 108 or onto separate scanners 108.

Some embodiments use a MEMS scanner. A MEMS scanner may be of a type
described in, for example; U.S. Patent 6,140,979, entitled SCANNED DISPLAY
WITH PINCH, TIMING, AND DISTORTION CORRECTION and commonly
assigned herewith; 6,245,590, entitled FREQUENCY TUNABLE RESONANT
SCANNER AND METHOD OF MAKING and commonly assigned herewith;

9
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AUXI LI ARY ARMS and commonly assigned herew th;

6, 331,909, entitled FREQUENCY TUNABLE RESONANT SCANNER
wa@easoamonl y assi gned herewith; 6,362,912, enkCT/U81H04/019996

SCANNED | MAG NG APPARATUS W TH SW TCHED FEEDS and

commonl y assi ned herevvlth 6,384,406, entitled ACTI VEI

SO, Extiiiedr CRASONART ERBSONANRT (e

LSt
SPRPRERAR %5@ i e RN s

HSBQUENC Y aavABLE RESORIARP SCANNERemJAGH nvEnly le@sKBd

OF A TORSI ONAL RESONANT STRUCTURE and commonl
st e 0769 BnenilechS GABNIIR IMMIING deP TNV ITH

Wy assi gneg%wg?lr}lg\%ﬁ}’ AN}%%E}E@&@? gﬂﬁﬁ i’Wégﬁﬂled ACTIVE

BOANWEDF MACORSIORPARRBSONANH SSWUCHERE-ficD&Smundnly assigned

SRR R R DR BN REIORY. SAKRKERDRALITY OF

SETRRING ARSI ARt o) s A Mer R @STZHEE cfled

ACTIVE HaaveN@tOmh JAghORsmNAIInRES paANT STW@TUW@ ammonly
entire 2D FOV or a selected reqion of a 2D FOV within

%Slgn%fhherswﬁhoé > L2 2t Gysmgidled £ NES FENAJRLEREYONADT
%ﬁﬂ?&dﬁ{ ?\HETH;QE DFPMKTIRY ﬁ%&%oﬁ&ob%s@%ﬁe@ﬁe@%tﬂ

scan axes resonan I'n" one e axis 1S

6,805,78K @nsitled scatNNEDQMAGm(HZAMRATUSBMHEESV&HTCHEB
run _non-resonantly in a sawooth pattern so as

BERRP ang cew@x apsigned drevy eed/Ar 0.82pSd0r @¥ilied aRyEQUENCY
”PB@J'XI?EEE;E spgmﬁ%ﬁ@ Jgnmoh@ e?ss@ng@ h&eRRAMAIL hereby
scanni ng orlzo requency -o

at “scan
mﬁwpeiﬁte‘fabﬁt@ferkﬁcéﬂ-k and scanning vertically in
sawt oot h pattern at 60 Hz can approximate an SVGA

r esoldg M sepnges Lhscaps praer maee gt beane af high gpeed in 2
g&t{eh?ﬁlak é%xge% XEEmﬁJe ¢ FOTL Al s%f’e]l }e‘é r@%%{l 7% ‘I?Pb'\ﬁx%ithm a frame

I'ven mag net erna 1vely

paidd. tAeydiadl lﬁm&t 1ake aag| ba 60 iz &r eaamplmﬂyft&g 1ﬁ1rs ladmtageous to
magnetically or capaciti veI y. Electrostatic driving

FrEOTie R (bgtiescan axes wsenanfly. b anegmbedimsnty ong @xisds run resonantly
e?t' ;ﬁ)]ogﬁb ﬁ@ﬁr\gﬁ‘ﬁ@ﬁé otﬂeg ?éfgrlé ﬁﬂlsno%mggﬁaﬁﬁgtlﬁ g sw&t%ﬁ?&m S0 as

e driven Sinusoi resonan

toygreste afprolatesivedcan fpayerhe Aappgﬁepﬂwaltyacaldﬁ:ﬁeﬂdumgnmb Approach
the appl.ication or configuration. For exa i.n one
with s bearp jgearginghqrirontally af peam fERaugnay p@rqﬂilmately 19 KHz

%ﬂ?éc‘?ﬂfu g%&% Gh @Q%t‘ggtr}ﬁ%ttéﬂpit'éo' 185 b Bhlat# S SVEA

'S con |gura
resolution. In one such system, the horizontal scan motion is driven electrostatically

and the vertical scan motion is driven magnetically. Alternatively, both the horizontal
and vertical scan may be driven magnetically or capacitively. Electrostatic driving
may include electrostatic plates, comb drives or similar approaches. In various
embodiments, both axes may be driven sinusoidally or resonantly.

Several types of detectors may be appropriate, depending upon the application
or configuration. For example, in one embodiment, the detector may include a simple
PIN photodiode connected to an amplifier and digitizer. In this configuration, beam

position information may be retrieved from the scanner or, alternatively, from optical
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position information may be retrieved fromthe scanner
or, alternatively, fromoptical nechani sns, and i nmage

w0 e®shotiion i s determned by the size and shapeCD1S2004/019996

scanni ng spot 112. In the case of nulti-col or inmaging,
the detector 116 may conprise nore sophisticated

Beehanisng anc imadd nee@luhgn soletrspinedtty thasize aad shapsgf scanning

P8 3ol B SRMRRERTD Bl B Biad® 8 B balipfiore

fodRigsitated s?l gféﬁﬂtﬂlﬂéhhg to $ephate theMisjere@igtanto its component
preferred for certain applications, particularly

patlstrioxip Heieatiomnds alterngtayes d BN phetodiodes avglanﬁheepl%todlodes
PSP AT RO PG s EMYP Rl PR Bro By,

p@flbml&ny(nfwlll@ﬁt ifPlicaieisl ect |ight retrocol | ect | vely,

or callect Iight confocall de& endi ng upon th
appl ileaterions approachies. Bl dqiiﬁ@iﬁ“ﬁ clorhEIChIAS M&@&fb@des APDs,

R A e e R

estheotlligltt ragodvREE VIO G, coﬁéctflight cagbeilly, aepéndﬁgmp@ﬁ the
hyper-spectral. In sone enbodi nents, it

be
amﬁxcaﬁm el somgiembedimentshths EP@Apisting & H6 tcwiects light through filters
1ﬂ51!e ﬁegﬁ%n&? ghtused for many col or caneras.

re n, erm grayscafe and rel at ed di scussion

shal | THDiE‘pﬂéEEﬁiﬁ detiee thdybe eeitididdaseactvchforhd)@s €ull-color, and even
enbodi nents as_wel |l as_other nethods or applications
@t & Ryperispectsd o e sepe erbodimeats itapay 3lpe bpdesiphle tgladd color

?@e@nﬁﬁ@tb%ﬁw&%qhﬁbm%ﬁogﬁ B %ﬁgrfrf%ﬂ W tf 1)1‘15111 9(5181%/ cameras.

rrse a Sln

FRAOE hh@t@msgaysaﬂle and Iﬂmedcznmaesn&e slaarm lﬁcﬁldemt@dﬂ torrefer to each
greater in_the case of color or hyperspectral systens.

Resormbedimsatsasprelees othen wetheds aryapplicatinas dﬂﬂp@ the scope of the
gg}gﬁ{)?ﬁ) f IrP[ﬁE b e‘?é @pp&ﬁﬁﬁ%ﬁd %ne%c?c{s eQ&E&'&%%l Spl%(&r %Flevels

ann unlversa

elgrosipsise alsingiy viiae aptikicast det 1Bosdthsche 8fstérhifor may comprise an
channels. In some enbodi ments, the illum nator og¥r
ohmay be

BB trinds sieatetsia the sasedr cplogar hyperspesedawaeasp i

Qg@geegﬁﬁgmaﬂ? ??e é{ﬁ@% ptogvep 8t @?{rb é@atta g}gagﬁgl? @og rlﬁlsta?n%g rEed

gfeeAsariohla¢ tRathels), hhebs @@H&d n@iveealty 1d 81l chugtl|or may be
arrangenent may help to i nprove image quality by

PeRlicditag suheeti Ofrﬁ%ﬁ:‘fha@ﬂe §pecul ar reflections on the
| magey, %: 'rrgiu&xgt():ﬁcghnr;én Om& J ugit ?oqrn?e[p f%nrff?ta rpaila{r&%a (RO light or a

one con ng Pl
Is€ia@d1s ipblarizémnnot sthdwn) raaydlsd wRd b peldtile thel Beam. tTAGubh edks, the

6
source based upon a pattern mhlcE may be enbodi ed as
drigrtonl 16 may m@lnld@@ Polpriger Qrawap%mzeérto Hlypscapiag beam 110. Such

an arrangement may help to improve image quality by reducing the impact of specular
reflections on the image.

Figure 2 is a block diagram that illustrates one control schema for adjusting
illumination intensity. Initially, a drive circuit drives the light source based upon a
pattern which may be embodied as digital data values in a frame buffer 202. The
frame buffer 202 drives variable illuminator 109, which may, for instance comprise an

illuminator and scanner as in Figure 1. For each spot or region, the amount of
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frame buffer 202 drives variable illum nator 109,

whi ch may, for instance conprise an illum nator and
w@easmeriias in Figure 1. For each spot or regiPCT/Us1964/019996

anmount ofscattered light is detected and converted

SR R ST VB o 5 S oS Bl 116,
DRK&RE 116hay Highale AA/D Binkafir MAY dRputl Ble élﬁ%fg?ﬂ%%?gg‘sea

may refer to this detected value as a resi
binasy valae, fos instaneet Oue Imayirnfee ta this @A&tednalut as a residual. The

e E By s e A, Sl cu Bl Porespre Ry Saaeal intra-
fetdelithaios pktRBsR290d The ifefed KsiRBPONFoRE: YA 'v.’ﬂﬁﬁ "%%%ﬂ Gdded to

frame buffer 202 by adder 212. This proceeds thr
thergorepsponding valme intheE@wmeaintifdr 240 bysidders2 iavEhibpeweeds through
scanned and ir r.f espondi frame buffer. values .
RGP Batond Y oB0Ul FERTRR Hen scibed Pt BiinsBebigpnding
filabh R BULTeR vhities thddi@ete TIRI frocddfid thetdpesiRA o @scécg#@h%me, a third
have converged. In sonme enbodiments and particularly
frames eicepntdaépetirdsidurisgare camergede Ipaome embodirhéres and
fra buf fer represents the inverse of the real-world
o e b p T B Feate 5 (e Dot e dene ohyis represents
R IAVQ9E BPtHeGe BRI HRadcSR RS POYSar g bﬂl\f,eikélgt@tfhe 'v&% a
corresponding real -worfd inmage. Inverter 208, optional
phefogrephicaragapy o tapsesonts Bdinvensel ofifslesrrépandingpeal seorld image.

leveling citgeuit. 213. The pattern in the fra buf f er
202" 1o RaEel G tebaftl T B mB BtocBisdr alarate ddGidt rumnise
1dvVMes tReuipat3.ern may be subjected to optional

inter-frame i mage processing by optional inter-franme
i mag&hppaftess dwtheXtBneabuaffer?93 ioraagwint tad mveitsdlbyyinvdreer 214.

ddi t| l, 1 ng,. . by, .
TSRS pple ity DRSNS R padtinEdtompigees posssos by
optiéhal ﬂﬁbﬂiﬂﬁﬁleﬁﬁﬁge BRfedsoRIEs DRPGEN Bﬁ%tﬁ?fgfé aggll;a&}%ts'té}gée, to

to mani pul ate and override inmger co
aflditional peocessingeete.dry inpa/meputddd. f eedback gain and
of fsgt ..t 0 ,ada nunerically dissim i.l | um nat or
cont B HPR R RATE = ostbt 284 Rolslles by ) §ame based
pRicesimafifcAbnd foThinifhMRraH %geﬁﬂéqﬁﬁgétec%n%l.t ﬁ% Adgh&M
and can also act to accel erate convérgence and extend
PEapsssen @ aan sétitedpackTpais end affseito adgeaumerichlly 8similar
.di scussed in no detai |l el sewhere., To ease L )
G Bl AR B oweblsoStineheiia de e i oxkipi cireing
tehidendiéd SNHBAYREMC AN &) alééae{c\%'sﬁ%jﬁél%rd%‘ BEef Y and extend
simlar, that is one level of detector gra scale
syt senniiddty. sThaega ddtter ospne Willveel disfussdd innhoratdetailaldepiiiere. To
difference. As a.result of the convergence of the
SRR ding i il b Bsumbhercinhet deteriaranddgripator control
Ve e RincHANA sinAEKh s b 18] SFdRcrBaha R ale difference is
illumnated by  a relatively hig
equal to one level of illuminator output difference.

As aresult of the convergence of the apparatus of Figure 2, spots that scatter a
small amount of signal back to the detector become illuminated by a relatively high
beam power while spots that scatter a large amount of signal back to the detector\
become illuminated with relatively low beam power. Upon convergence, the overall

light energy received from each spot may be substantially equal.
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beam power while spots that scatter a | arge anount of
signal back to the detector becone illumnated with

WO edoaoosed y | ow beam power. Upon conver gence, PEEUS2004/019996
overal |l light energy received fromeach spot may be

bspant i al | . fodiff i |
ppa’ineafis diffiBhe I RRYSR e fisst FBR EER Adprrsces
pedpettid dTahe hiatdridpBéing iliunhinbied atAambthaNealRaSr saaidEfetdnces is
such differences is variation in distance fromthe

vgeptin wrdisteecsaliien thy deterdor. Braeuse ofjthe éhsraniky adaptivesnagire of

Wb g P ber; €281 SRR Tlg PG5 By oo  natura

byprodues. rrtherBo suchdn@ased d@?@téﬁﬁéld e8] 6k 1EBNzdd8vith systems

realized with systens having_lower illum nator output

hayine dowergillvmipatonoHpit ROBYEE aRghiavew nomen corsumptisn than would be
: i ce. , tiall

pBQS?ﬁE %!t}?eﬂ?rg%e rﬂ@ci\?secat%%g% ’10%%1 @/ocﬁ%%g{ol értglpt%bro oercf gmount of

approxi mat el’y corre

0ptiE) Powled iPEWP@E abiP Ohe SR HPStsHE nBOubSIAREAIBNG Ve lill¥minated.
over-illum nated. Conpared to other systens that nust

Gomngigchigr ether sysispwstthatamst ilneinateyall spotsaufiigiently to capture
' f t r | nt er est
SR8 NG AR RSB PR D e
i3l @itpitethyt BlaghelggnimGintiolf [lUmhinatiowend B¢ baly t6fhdke sPecific
se specjfic darkest spots of interest, other spots

t ho . s . .
dirkest spotHRIrintephrashar spets yHthigherappaient brightasss receiving lower

¥ i ' e I i | .hati.on o t .
0T LR, R B S BSEARGS puthd MR B0 B by
coadorit ard/entafetyBequitterents) CBecaabedueh seftt} RiguRAdns typically rely on
typically rely on nmeasurenents of incident energy

meIFEgPenisPidyeident cpergyinipgtajed avege relpbvely darge spsediragponding

t_ he . nuDpi ' e ng_over. .

W BIERE drBL ARl SOUMY SURIUTR i ot sy
that liitsidiuindmat RRSHEEy Rt sERially ahd Yengitialle fBadsablMve an
stands to have an advantage in achieving a nunmerically
aflyEege inGwehiexinga Rupestcally g@@@l’s n@mmadiﬁ.saf%n elassibeation; nTherefore,

_ o . \ : hi ah
7908 N SORL DB BAN A S BB B el e
clasfifisatiorane i mage processor 210 and/or opti onal

inter-frame i mage processor 216 nmay cooperate to _
ens uPPtigasgniranirame jimage prosessor d40 gad/er gptéanad iter-ame image

2 [ i mts. i . i npl ted . .
Sk GHLAIRESS B Pl iR LR IR fgiaion
ol bthet btightnesielirgits.vahis endydie i@ierh@fed foraakstaic@ My btem logic or
spots corres ondig}r%% to a range of pixel illum nation

haxdwree that Lipts the totel epereyeraluerfor ame focrligadgrauy obspotd e

g B SE oGHLHEh RBSSafee

logly n88 ep@blevgbatecillaligation fodied oPprevicustyddwdrllimh et ;t%ﬁels during
an

wth greater power (for a limted period of tine)
sybrsuctirranss; da fags, the system may selectively enable certain pixels to

illuminate with greater power (for a limited period of time) than would otherwise be

allowable given the safety classification of a device. In this way, the system can
probe distant and/or dark regions of the FOV over multiple frames, acquiring

grayscale values for such spots without exceeding desired power limits.
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al  owabl e given the safety classification of a device.
In this way, the system can probe distant and/or dark
wo e@sooE1®Of the FOV over nmultiple franes, acquP€T/nsR004/019996
grayscal e val ues for such spots w thout exceeding
desired power limts. The effect of the apparatus of
Fi guiTée 2ffretyoftthe nppazatos bﬁEngutﬁeZ ynay jbs madte 28R cliyely visualized by

f to Fi
refepi fonfaties s Pl 4B 1is daftvlPios sttt Sattpmppgine o an
éx@hm‘iolaf‘i‘if nﬁﬁélt Kat@lor ﬁi’aﬁféﬂ)u‘?ﬂéf ber. RQRam/olIedim 0 ptddabéd ByLQ

produced by a variable illumnator 109 1s shown in
Vahiekle ifumirtaitamk) SHOaBo WO thegedpositions éa@h 1i10bandnidOrgch

hr ee .corr espondi paot s d 112c
BbTGehR s ORGP ARSI T f8RGvely prot 1122
ik ONH VAR Hﬁlﬁ@ta r@Fah%le &S 3p dpa&&ﬂtbrﬂwhﬁ{és@ apotal IMpdiay lmmedmm
apparent DbrFi ght ness, spot has a rel atjvel y

ﬂfppgwnhblp@hteeﬂs, md @M A é%ﬁshasasrelaﬁaelddnglu apRAreIHTightgss, as

d..l 1 ght hadi
HaHioo B0ke ok dneinn ity S EhuR B, Bipmarsmgeqiye
F' QUITR agd thaﬁsthtle c@%%ﬂﬁ% 8 Fadtird 30theaNuRRaAaYBESt 180 may be

a medium energy at all l|ocCations, I1llustrated by the
podiredridasiedoin pnergy ahqdl logatinps iflosiraipdby therpadiumdashed lines

d 112 th t.2112 di
paneing aon iy Lo 12200 R s e PP 1P gdium
dobf 81 28TRAH Wighe 50k 1 828 Ebtsrh IR scakfefdd sighdl 1highnedaitsesteded
signal 114c, respectively to detector 116, Low

sgml fld#bchnsl Ijglakcatterrd signal ihb|4€<; zaspecthypli Weieé@mn l1$adioad

el el DL A g S A e Rnd B T A st e
L T 1§ 3 A6tEBY by AR BedHiuth ddsR&T 1ifd, aHd ﬁlgglascaﬁéraé hfgﬂalesm is

case where the frane buffer 202 has been converged to
mdidamdwfédehéhp@mse After such conver gence, |ight

b bl i nat 09,

poneras HERe e B B iR 0p M et to 2
ARCHCIAR&IpoRde? Attel SRhRESTErEdHRE; lighh b@a&htﬂlglﬂr@duce@ %&Klarlable
spot 112a is illumnated with a relatively powerf

illuminatoad 0his tweeared atdayel ieesndet to rﬂ@e appane |bu1g1me$5e¢ﬁ;lahh spot 112

ReompineeS st Shopricilsh, Akl ERAF fhrbBafl Wi Sl ey

bb\kf&k‘ﬂlﬂﬁhinﬁlﬂatﬁ%%&llﬂk@)a feSsitths iﬂ‘ﬁleﬂﬂn{fﬁ%dgfﬁ Sdattereaisiinal 114a
Scattered signal 114b being returned to detector 11

beigh tetspxwd ta dpiecios 1il6) Wheditan spptviileh iy Bluatinated yithamedium power

I I 110 | ti ' di .
SR Eheine SO L) B oS S P R R epd] T14b being
AehuRel & ddtd&or 116, tﬂ%h@w 198¢ ﬁ' 1Hﬁ!1'hﬁ1a‘ﬂéﬁ witHR&l8tively low power
information is no | onger co etely determ ned by the

dtuneingtitg béan hé0s |rgwa1’1rg 1ben strangthdcatteredhsignal 114c bemg
Irﬁl@%fa g%fl% but Erl %/Fn the % case of é’u‘@’g r4ao1fmatgtc] Snfdtantion 1Sseno longer

completely determined by the strength of the signals being returned to the detector,

but rather by the power of the beams used to illuminate the FOV.

Of course it is possible and in some cases may be preferable not to illuminate
the FOV such that all spots return substantially the same energy to the detector. For
example, it may be preferable to compress the returned signals somewhat to preserve

the relative strengths of the scattered signals, but move them up or down as needed to
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O course it is possible and in sone cases may be
preferable not to illumnate the FOV such that all

W@ pwss0et urn substantially the sanme energy toPCTES2004/019996

detector. For exanple, it may be preferable to
conpress the returned signals somewhat to preserve the
fadl| within ghesdymamye hangsfofidatscioe ai ¢.eFigurestlyilhistrateb thtis variemt of
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110 are nodulated in their intensity by variable

the pawienaf snetteed sigmah i 4e1iodall abeviedhe deteetiomflpavadidetector 116 but
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SPTRAR e BlachP L LA Bl ROUT p S EORE: signats 1146
statteetl 0 spd€ 100b havink higlRs Bparéi beighinesd, ePhSadERH onleb? may
remai ni ng bel ow the strength of other signals 114b

SUERSP I gjargplette qua {rigaoshligiiarphetpeshen noise limits,

' s | f Y. COrr ond. for .
SRR 638 e PSSV, R Y I 8 12
hiahtgated Withsbeal Bdic] deadasbdimSgowdr Fbindwhef indrb&ito lower the

limts. Conversely, apparently bright spot 112c is
PowerAf seattesedwignalid 4mta fedichelar eciongeilingenf detector 116, but

' t o) ttere
SRR e Fepb B0t B80S lendly 93P om o
st T with Gowdtappaieht brigienes.NThe ateétidcsilinesBddiedtban 6 may
ot her scattered signals 114b returned from ot her spots

heirelated fon insance ta M@Htcamqi@rf@hhﬂéegratgigfedew@qt@r@tsu@inas CCD or
=t . . R
EE0S B o FBEhbrRR SRS BB B Pl VR BB

q&teetons sGDEs PIN djtiles,edther BE@AL @Qibitlansli@its 8Dy the designer. Of
converters associated with non-pixel ated detectors

eQese, diirmingfieg berss PoWRTSRONEBPAdNgP ogier spoisthewing scaitered
%}E‘ggr%g that 85 fﬁy w&ttﬂﬁl %egﬁcgclgﬂgrﬁ{tsorggy ;fl)g %f@@%}y‘syﬁgﬁeﬂa}l '{3%ar or non-

powers corres

Hedi ieiheersHepaalitg upat thdeedidtements dithe BsBIRGHOR. Fbiink@nce, in
hrrgﬁ be similarly nodified in |linear or ‘non linear

isatiensgehn graygcalp informationds desivabien e greyfp effapots having

' ' Or ' l.ication ere .
SRELL 31 e S5 abPRSAS ol DT PR b gin
hRvenyebludarssingednérdy) e¢stbiiona aa3pRal @f refyct-Hl0E RERSs ABYss the
be il lum nated by beans having successively decreasin

evanyy range iithg dejestar. :Cerpicessly, i1 apmichdensawbere s desirable to

5 e b 5 B P Bt
aeERbaRd oftxd1obaer ¢6udl firsdhold dlgdMUnPRatiRals AMofoetRattered

choose illumnation energy based on a global or |ocal
sigpd strengthapapowey entheethentewasl the 1dw or bighdaniteekilie detector.

i , h h d the |
or hiael SR St O DhertsPindd s BHBE et ot Aing o
lficdd Qi Rith BGEIRMREcOnRENEE td DEULRRMERRY cHROIT rdlRBMca lvalue with

| i near scan path m ght be converged to a substantially
ggpiagalenyalvesthedng retained ad the inMerss of the illumination beam power profile

for the scan path. A FOV 111 comprises a scan path 112 having a plurality of spots
that may be categorized by reflectance value or apparent brightness level. The
reflectance categories include white spots 502, light gray spots 504, medium gray

spots 506 and black spots 508. Shown below FOV 111 are several vertically aligned
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grayscal e val ues being retained as the inverse of the
illum nation beam power profile for the scan path. A
wo-asaddiiconpri ses a scan path 112 havi ng a pl BCHUB1094/019996
of spots that nmay be categorized by refl ectance val ue
apparent brightness level. The reflectance
Wan'é”p § eWavefermdd Oulpstetes the Slusgpator pejer epreegpesngto scan
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detector when scattered from white spots 502 isis

We rpweaﬁ@{Ye etU9rstigagilchpanyreflggted Frenhmgwurragnay (Spots (5% and from
s R
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£ b oanaStuS R it e TROLUTLERGRE Yoy FRESRP I serted

tritkadded cefiRmdhatbt gﬂaﬁéfoifm s0etie ptodiuceVaene fidifinadol wareform 521.
inverted and added to illum nator waveform 509 to

BrouskstipdWpmingtar v vsformed wanhsmstant, @é@au@é)ruwwefqm 521 s
élH\PZ}]m(])a %ie"\@fvc%ft&%? x?gx?eﬁ&@rf‘ 50 %{hal%v (9e tpo %]6 Eggtlgﬂs 522

iI'sS SlI e |nvérse 0

mmpmdméfnﬂhlgh\Adéfeciedee&gr GRS 5178 @hedem 9Ddower regions 524
correspondlng to hi qh detected energy regions 512,

FRIERSPH R M@m%@q gvied greagy: Beians 5d Adanshhigh 198 diowwer regions
554 &stesp @?ﬁ%%o&?@é’c B4 éﬂe‘%%y Feg\?vong'ﬂ@ +01 power

regions orrespon étected energy

r egl demnb 1B 1thatr$dhi;ﬂed 5crb§$€FOanm Rgginagipsisulidtdddower
ain using. illum nator power waveform 521 whi ch nmay

PEVeTPHa 54 8\@10}101@&174@ gﬁm@d)eu ipplementest im the f@rr]n eﬁmﬁamg buffer.
f
BULEE B SIS TNEA ko P T AR5 i

pay eptois06tave hieddight gﬁe@Qstp‘étsW ih faltiag kiithen MetdynBmid@nge of
of the detector, but there are still

g%nagci%ﬁaraﬁﬂ %;ITP ags it} shots that fall oytsidsrthe rangeef sleg datector.
BetEot Wav%\?&}’rﬁ%%rlr]% Rvettell éij% ?#egéﬁ %reé\lzn ous 1ﬂum1nattor waveform 521

previ ous um nat or wav
to produce third pass illuminator waveform 541 comprising power levels 542 of =10

corresponding to white spots 112, levels 544 of 00 corresponding to light gray spots
504, levels 546 of + 01 corresponding to medium gray spots 506, and levels 548 of
+11 corresponding to black spots 508. Beam 112 is finally scanned across FOV 111
using illuminator power waveform 541. Resulting detector power waveform 551 is

constant and within the dynamic range 513 of the detector, indicating complete
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to produce third pass illum nator waveform 541

conprising power |levels 542 of - 10 corresponding to
wokiosmoEapot s 112, | evel s 544 of 00 correspondi POI/US2004/019996

| ight gray spots 504, Ievels 546 of + 01 correspondlng

to nmedi um gra ots 5 and, | evel s 548
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bt ¥fifed. Mhlyepbth¥pédHBodiBRAts e vATLE Ha§ beliRMRIMeE BY pré’sfious pixels in
upper end’of its range. Al’ternatlvel , It may be set

the mu‘aﬁamcmﬁmmmmﬁmb@ieg dgﬂv;etbed ol Figutes® ararfyelnotill other

t th t be.
EbETRieat s ¥ Shug bR a e R oRs it Sr Pabions igpges
appr 0@%% $hdRIDY fﬁ?&%ﬂfﬁ@ d/alu'é &l 51931' 'i@ﬁluﬁnﬁiﬁgd gnd & scattered light
still er enbodi ments, its value may be informed b

y
Betevticd as pérr diersH08randra9oi mspethalge df thbsietﬂg,tadmgnarh it foalstrong per
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deci sion step 6 |'umi nati on power is reduced per
steeip it6ig Cocalioy per @tq»rﬁi@e ds§ 1tnet:walt>wdllhmmnatpngown i adjusted upward

R S S et T

it STB&@hdl@é’\for's{étpH B08 ah@61PAWEbelsSt AThMS! Ry W@r&tectors that
per step 614 and the process répeated starting wt

steeiptegbiinganithao . C@Br@@mﬁgr instanset, deslo6E8 tlan&'hodsd_may be set at

y b t t.hat
Peive g lngt Dot e CosasDnadiie REpieesn 1ot eolh oz electqgnic shot

r V&,
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detectorosich as pbotodiodes typically are limited by non-linear response at the upper

end of their range and limited by NEP at the lower end of their range. Accordingly,
upper and lower thresholds may be set by these limits in order to maximize grayscale
resolution. Alternatively, upper and lower thresholds may be programmable
depending upon image attributes, application, user preferences, illumination power

range, electrical power saving mode, etc.
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noi se, for exanple) and the upper threshold set at
full well capacity. Instantaneous detectors such as

w@bwsodilodes typically are limted by non-Ii neBeT/US2004/019996

response at the upper end of their range and limted
by NEP at the lower end of their ran%e. Accor di ngIﬂT%/,
uppeAdsitibriaiyeuppehard lovted ghrashpldsensseé by isteps 068 end iz may be

vafteeragiass SO Yo aF R GResh R AGRITBEE ey opa dynamic range
BERHERSIROH Bt ERREBH F G MO NI BGE r¥nbidyliBt 83iven spot may be
application, user pretferences, illum nation power

sekentyd acedrdingrto dlad rapgovef ilanipatpmendegiesansl/gxatitedteshseatir from

er and .l ower threshold hy steps. 608 and £12
el s 30 1P BEF et SR8 bR G ol haeds Apeaitpiagay spot
18RB#AL téguirs onlyeditdls iRurAMAAsR fowaNeeaiee P k&SR br Aflectance up
illustrated by Figure 4b, illum nator energy for a

ayove thegpimimpenleyad reqliredtleridededvmndnrie ahsendeeofragidiiongt, darker

il i nati on energies, and/ or detected scatter from.th

spfsy BedieqeBie SERATR BR8Dipol 8 AORK Skt SMyifher
04L6 ERSIAMURHThHEEhEIdsr £R05pot 32 Brddhio fa@@uis#ppaithy/bidghtness high
little illumnation power to raise its scatter or

enefigle i1 tha cletegipr ypamictrhrgaiorhakieropavier additjonaledarkerrspots to
etgctiagn in the absence of additional, darker spots;

%?efea@r @Eﬂc'fl%atgfm%’d"lrﬂ’%enal darker spots 112a may

di ct A feora RANEEH Slonkl 18 Deerd FRBivEd haiFAisTHID the hBSWIBIE detector

for that spot in order to raise its apparent .
eng gy ithedstecton yHuemey dh ivericH petieptéanabstep g heand traagmgigied for

o, make room for addit.ional, darker s S, b0 0
P RO R bR e o B CHa T8 ool 8] 818 are
idastifReen g’eﬁﬁﬁlly%?tibﬁ'ﬁtdeﬁé{diﬁg iptothe Rppladatienabl e
detector Tange, the detector value may be inverted per
opt i divalapglieationd Bmvahidng scansed beasdinhaging amd When the illuminator
rocessi.n storage. or display.in.optional .step, 618.
vt gl s il eemt parioyqtibiel Sl iSmEybe Brggssary to
HoaeaRd BandtRie PixeNBIARRALOE BEWEN . Of Bie AR Hafd! WRESthe range
i nvol vi ng scanned beam i nagi ng and when the
betvaen. venesang bwesr thesledlds isdangai(fes steps POBand 6 & trespectively),
portiqgn of pixel.infarmati.o It _may be .necessary, to
ipatonRom e boog stamtially th s omiepetp STty pige-soale
At chaniosswhe PONRith ansie FB&I WMESHth MR Veird 1St the detector
thresholds is large (for steps 608 and 617, o
vadug e Chis vidyyhe, usedl] forinstance, wlasweitluminatérepayesdnodulation is used to

SRR o EORPRERB e, B Bhatah B g
RSHITRs HR! AbRAGn hBrdd8erie! ¢ S6myY applRatidit, Snd¥BYr MEof the useful
used, for rnstance, when illum nator power nodul ation

insagggnihrneticomas ke e defernuned by thefd&Xéctarfand ¢luminayor power

ra e transm ssivit, or other effect that nodifies
?Wg%gifé?m&”ﬁl??ré’rﬁ?e%‘ég'sense. For some applications,

nmost @radaltlonab ok R is&fad above, instead of transmitting illuminator power

for further operations, the detector value may be transmitted as in optional step 620.
In some applications and particularly those where the detector dynamic range is very
limited, there may be very little effective image information in the detector value

resulting from the selected illuminator power, and transmission of the detector value

may be omitted.
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i mage i nformation may then be determ ned by the

detector and illum nator power omtted fromfurther
wEe@seeding. | n addition to or, as illustratedP@bUym®P4/019996
instead of transmtting illum nator power for further

operations, the detector_ value nmay be transmtte

d

in dptstimtherspppicaipos sighificaneusg By PoEns of dhempee data may be
ti.cul th . .

oS S b SR L B A g 48 o

I mage
of &pHcaBSH Rvhete iiNBnidefoe power i akettorasard thagvorkiogrartge of the
sel'ected illum nator power, and transm ssion of

1 6 t he
deldeeandmostfithe irggerarosmationis nresest 1 the geteetor e it the few

ications signfi ' '

oS PLa D) boanpt AR kIR P IEbalsE B BERE as the
nidi€sigsiRekiBitswilthepixévauanpl e of this type of

applrcation is ere illumnator power is used t .

ext eFicedbhek obferirigrvaa gentsi! Selanasdor the rRosRIeRy dscifed

i mage i nfor i i t,d ] , -
o e B SPRcBRg; RrRKERER) of MebiBpfie e BontbiaR table ok
up9hoasmBinhiand hedoalingto the reduiremanat mid @mseaintaif the emhediment.

nmost _significant bits of the pixel yalue.  Fee back.otr 1
f eedThvornassiblecndt eifictsefibaaestm desgibedbeiriyaiedgsses in tempora

descri bed, abov ) . N
oS R gy ol b il 1B BRLERk oo Obre AR ifhogdany
mletichit Rethearags hlatbvetto thdweanem can anmssitata it need to re-converge

constraints of the enbodi nment. Twp possi bl e si .
(sicteasing lateneneand/(ps camiesali ip INdeterh WO&V@UF%@%&“Y?’.Y

enporal _aor ' i: LS e .
B8l 0L ) S5 R o HRs g i Afegiive o
defRe dyahaid M@gé 00hbepproatheroveuniethesisiteds & inkmaseframe rate

to re-converge (increasing |atency) _ and/or can r e%‘%tting or
[

and/arspetiad resohtion syifidriently i@anakecmydadstaanipalg spris 48

S ial resolution) corres ' ' '
SBTHSbo REP Yl DRl RLpEREPLTchagReaRs cham ey
RRRAASBACK @ F¥eke) MhetdbBionakingaifmnioinaperpeasasdir2d fand
rate and/ or spatial resolution sufficientl yFéo nake

eptipnpligitar ffame HRagedpetessy ¢ 1|t ¢aafersic Wgepd gauvepeence.
rendef  fheminsianifi.cant. ' .
(mderat B P kAo ARk pRECAIE 2R Inchiles line and
LRhE0ARd protédmiran@ionsbgmapipotes set oRifidaimagep chutnelland can
inter-frame image processor 216 my cooperfatﬁ to sgﬁ&d
anoplpeate eprver2ense AR EXERG 8y kB YRISTERE; omnerciticatly.4o Py source

i m ,0Ces.sSQl : Lncl. ' - .
PR ST PR S g3 20 S TS e s o

AR T dn biaieh 16 Aeiieahiica it cukbngantly terldadedtbynidverted residual

systemsensitivity. Specifically, to control source )
pddisen. | Bhedhtra-fispid B1EP Propeper flﬂéﬁ@n ﬁk&ﬁ%@dp\faélgéég 8&6‘2 pixels in

Hx%yfra{ngg gu&éra\ye%rgﬂcll ﬁlevc%ﬁrﬁé‘ﬁﬁy .bﬂ)tcgssed pixel.

Figures 7, 8, and 9 illustrate methods used by optional intra-frame image
processor 210 and optional inter-frame image processor 216 to increase the rate or
decrease the time for convergence with Figure 7 showing operation corresponding to
one frame of the process of Figure 5. Figure 7 shows two neighboring scan lines 112a
and 112b across 2D FOV 111. In this example, scan line 112a is a left-to-right scan

line while scan line 112b is a right-to-left scan line. FOV 111 comprises three
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the frame buffer to override values that would
normal |y be | oaded by inverted residual addition. The
WO paosaedin@ame i mage processor 210 can al so | cadP@HIUSE4/019996
to other pixels in the frane buffer beyond the
currently processed pixel. Figures 7, 8, and 9
nepions:t & Bediume graydegian 886 bbuttqﬁtqrmaah eflge by lightgray regiens S04a

r 0. S 1 nd opLio | fr a ces
BES RS sk S Fond Tt 1P 2P o TS R e Bo G T scan
iR e BHRIRG Qual pikel§7ORAR] T04S FONy AT RRETRS pRBLs are shown for clarity.
corresponding to one frame of the process of Figure 5.
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beam | mager. For this discussion, it is assuned that

lefuta mehhagespdadiansigen ﬁ@ahrelgme@%m segen 506, pixgls 704a
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rth I
Ui e o PSR TR Wi
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Figure § illustrates a technique for achieving faster convergence for some

spots. The technique of Figure 8 results in some indeterminate (dark) pixels becoming
determinate prior to the subsequent frame. A side effect is that it creates some other
indeterminate (light) pixels. The particular sign, light vs. dark, of the additional

indeterminate pixels is not significant; they are functions of the particular example of
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the range of the detector and thus pixels 702b are
determ nate and are shown shaded light gray in
weoroseepondence with the shadi ng of spots w t hP@I/USOON9996
504b. The situation is repeated on subsequent
right-to-left scan line 112b, with pixels )
Riguire 8s poii Figutted?, iseap lines! 120 produees defatmipaterdight gray pixels 702a

det er m.nate and .pi xel s rres din o .regi on 50 .
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s a

704a pi xe ter crossing the edge from re?i on 504a
levelappiophiateie darier segipmal , Feskhing in eXRCH HigHe {rem lighter region

010 e B R Gy SR SEpERE R By P scan
it Blos il tHe sdRefoNFrepidd S084 16 536, ellrBiaator poivel isndedsasdd until

power is increased until detected energy again rises,
rgHected errsgy dwgain within e dynamiganegs ofrthe deigstopresnliéng g

SRR Taf: B3 P D1 b o F B 5 resist YEriBE Hihnciie soan
pizxel s 804a are indetermnate (light). This may be

caused by the illum nator power bei& set at a |evel,
appr dppizingpaction af Kigure &gt e Bowen thas three ingetasminagepixels were

FiotR el ShEr Gt S bt e W b RSB s
Sainth16€, RS ki bheptRMGEIntra FaniLighape pPpddasdr@ 19Q6quired three

iI'lum nator power is decreased until reflected ener%y
suscesghierindgterminater darliy prindetermaingte (hight) pixalebeeeqyired before

| £ i,n0i.n.det ' Ligh g ' o Th
b otbb b pufELPaR R st UbuBh RReLEaR, S168e enblifety
JaRsREhbR b YhddrretihRe Bixel Acquitidif oFeledsdniadigh BFi6€to illuminator
I ndet erm nate pixels were produced after an_edge of
pxEerssiussmaytaay be pspiglevhrisdeteciersbmantihipnge isspal} wlative to

le. .the | oqgic_of optional.intra-frame i .
FPYcbanyc Hhge A2 r pibanerlr ety el dedioshel: Small dFilies pefative to
{ifaek hd@esdaBiRY afd B in the GOV, Phiehs réRicd @iy tdndency for the
before resetting the illum nation power higher or _
hesaisrationeypeessity gldpce Sstabilitg. A sedlier invmibgr phindeterminpisrpixel
ggrqul' ntq(?%erhrlr}l( E%&? Igﬁ(l%loprallactg Wih RNRs gIe ltapg%r S hert lth(ﬂ:éndynamic
range of the detector is greater. A further refinement and preferred embodiment
automatically sets the gain of the convergence accelerator based upon observed and/or
historical FOV attributes such as apparent feature size distribution and apparent
dynamic range.

The illuminator power adjustment step size is generally a function of detector

dynamic range and the convergence algorithm. For instance, it is generally preferable
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power adjustnment may be useful when detector dynam c
range is small relative to FOV dynam c range and/ or

wob@s/oelh@t i vel y hi gh frequency, small feat ur eBCT/US2004/019996

relative to imager addressability are present in the
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| . _ o
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F}’grf%éechrelT3{1$ CA INETCAR (8 BYYC PrHEMUENIRARA Jess, oficpnyRigenss when

%ggﬁ%g@ us to have a variable illum nator control

step 3Size, larger steps being taken to speed

I nt r aA$ naakemativetogeiectng b irdtigduilusaaratposded o bicbigant value,

are_%&pmn and may _be applied. For the case wher

e bl groveRy matiera, Fog Appdanics epbodier\ag [aypimanga ac%amgla@ﬁere having

. N . . '
R ol R ol PRl B tcd by S anee s very
Hmited this nkayehelp hespeed tomreegbnse dnsdenesidveniegensidlyi lardelfeatures.
dynam ¢ range of the detector. This_can_increase the

15t VEPHKS 25 AnpiTiqaged sparcisalgomthpnenpapriang: BlupHBaMOE PSS ng

an alternative to selecting an initial

?ﬂ%ﬁsﬁnﬁ%ﬁ@& power to a constant value, an initial
povverFiga?df Qilmsﬁ‘afés airﬂiﬁh@hﬂﬁ laectébﬁdﬁl@gjc@ﬁfeﬁggnbé ﬂﬁfﬁobﬁg@mes the
fra uf fer, having variable output m e e oyed.
@éi_sggfaegﬁ ofytheaddytigeal dedegsroamaie ﬁh&%ﬁf@m@é S%Qa oad 3841?_ o Kigare 8.
B e D i, SRS BN OERR Tl e TR ERES AL By
seighbdried goits tithincgingar tegiong térd tomanatiarilap @l scale values. In
di v_erfé};fi cation. Figure 9 i|lustrates a nmethod for

BECEHRF PO euhons Sg@fh%l@r{t wige tekiodge gravreals vales similar to
g e L e

B shdisvefseds trhar abdreforstit 8 redson@yly td HseaRs déahinate light gray

value of pixels 702a as reasonable guesses of the indeterminate values of pixels 804b.

Similarly, grayscale values of pixels 802b may be substituted for indeterminate values
of pixels 704a, determinate values of pixels 802a for indeterminate pixels 704b, and
determinate values of pixels 702¢ for indeterminate pixels 804a. Figure 9 illustrates
this approach as arrows pointing from determinate pixels to their associated
indeterminate pixels. This procedure may be carried out after scans 112a and 112b to
fill in unknown values and create a pseudo-converged image to be verified during the

subsequent frame. A similar procedure may also be carried out a priori, using the
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nei ghboring spots within given regions tend to have
simlar grayscale values. In particular, spots al ong
woer@ssider of an edge tend to have grayscal e vaPCEES2004/019996
simlar to neighboring spots along the sane side of
Al ong the osite side of the edge, t
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accorfl il Lol 1355%5

t he ggglgggl?& forr\%{/aarsg?f%%%rﬂégg’gﬁ%%%scgpe,a or %teﬁ&rexample’
whemued, to bliercomatecelleaifontelificibidy variatiohs enwben adedgnepecific

wi t.h nore distant features than the periphery. of the
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Soh ARt Seti88 ffSh MRS piinet Eha0Larel GBI Ll |
reqeidernents &dreotagh '[pghagssimg h@rﬂépmgtem Ibéfﬂe&ml l'n@(br dHMnating the need to
| ocations correspondi ng. to reduced coll ection . .
RPFTSE fesopek (i -l%éw%) alsqeite Snlookayps B8 amixeldhy-pixel basis.
whi C'RéT@ﬁfig%ﬁa@Q% QﬁrPigﬂ%rlg 2. Ji%usﬁéﬁ@gﬁb%ﬁ%&gk YR&0r hﬁtaggspots

over cone ection efficiency vari r en us

inrcoapmetion evithithe faregoing distimaione\Riguire 9e atwalylte inpRge

groperties. Alterngtively, illum nator power ) )
onvergence time of such distant spots may be seen. Because surrounding pixels have

a reasonable probability of similar gray values, the system can determine a reasonable
initial set of pixel values for rapid convergence by applying probe bursts sparsely
across a region, and selecting intervening pixel values by interpolation between

determinate values. Over a period of several frames, the system may eventually probe
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masks may be user sel ectable, which may be

appropriate, for exanple, when a surgeon wants to
woremsnoEne |y il lum nate a distant region. ||| urCTEBIN4/019996
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not ot herw se obt ai nabl e. prevent overexposure t
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fiafEe Ry 18R] HeRinta/hntALm Mkﬁrééééfaemlpfor%eﬁm bé‘&ind other

and probi ng@g;unctl ons, as well as converting the
tel?yhmﬂéibs {pa kdgssfinding and éwahmpmpml/mlmmmn fetitarel eecyraoinon are

ef cessin tional inter-frane im
K B BRG] i R A0 g il Ay & optional nta-
ﬁ@ﬂﬁﬂﬁﬁg@bﬁ)cfas%br 21 0"BYdrA@s, i May Whivk 8nRBLB1R5Ae values in the frame
conpensation, ganma correction (grayscal e expansion
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othet BOV mésaiakien, and conmbi ning frame buffer and
detector data. Many of the optional inter-frame inage

pr oc¥digp severd eﬂgﬁﬁ:hava riderdicel inasedentpeotoesy) gptidnal ditagframe
d tracki t echni ques ﬁ 8\{1 ad| ent. or obel
ke PPGRO 0 B durer PRI G Chn oV ERant SPlRmANd
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er-frameé i mage processor 216 can “scru
int¢reliane poage processor 216 may shift values to an effective 111um1nat10n color

temperature.

Optional inter-frame image processor 216 may reduce noise using noise
correlation principles to distinguish between variations in frame buffer data related to
structure in the scene and noise artifacts, and can apply a smoothing function to “clean

up” the image. Techniques for doing this are known to the art.
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by tracki ng which pixels are indeterm nate and
optionally conbining this data with ot her FOV

w0 ndosiomate on. When several edges have i denti caPCT/US2004/019996
novenment vectors, optional inter-frane i nage processor
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flemddretypToch mgqiref@ef(b’pmaﬁy mefetrhd o @er @lapanmmpeb; Dhréal t1p 1019,

B B Pt e AR o R by RSO3 5288 over a
ﬂé[&bfmﬂ” BM‘I&%&Q % {BateRRE Hﬁﬁ‘e’@ﬂ Qy %ﬂd @eﬁ‘cﬁﬁ% a%%?ﬁ} regresentatlve

Taken toget her, “these nodul’es may be refer
of thresohitered light dne@psbasquprthmuugg efiddsoopam 0 iy hand plecy 102, and

tel b nbi ned i at
<R RIS TS B eipRlliore 1010 communi oates wi th
handppheprcd 9822 hf&FrQH&ﬁd@éﬁtﬁfn@P&orﬁl%@ £0210 g&ﬂlach"‘ﬁw For! kample

connected to console 1010 via connector 1
iGdvdeclorightness, ®ohmg stitl \photmaFw alfglﬁ etlpamkhj. {rtighte( lubticant dispense,

o] i e e PlvackiRalt s TGRS S @osom DRIpene user
Nﬁﬂlﬁéhaﬂ?%’wﬁ@n Sdocdpeeri18li® of é/ BexiBle t?gé ighd B:ie)éQQOH Imgly include

(typically referred to as a | aparos
Sm(@mﬁg coutialh 1033 thiab corevod i anglbeofths tleswl aipl 1) 10irmpakes with respect

e T A
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t ‘energy back up through endoscope
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into the optional irrigation channel of endoscope 1018. Alternatively, optional pump

1006 may include a shunt hose 1030 that connects to control module 1002, fluids
carried by shunt hose 1030 thereafter being combined with other signal lines within
control module 1002 to be sent to the hand piece 1012 and on to the endoscope 1018
via connector 1016 and external cable 1014. This optional arrangement results in

fewer external hoses and cables to get in the way of the user.
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steering controls 1022 that control the angle of the

distal tip 1019 nakes with respect to the rest of
wenasseape 1018. Hand piece 1012 may further iPCT/U8m®04/019996
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BRI, Bclrfies o pure rllhﬁﬁmﬂt%%ﬁlﬂﬁcreﬂf@d gl fm@l’gyrusled for

Rlu§ %ﬁlﬂ%b&qgé ﬁﬁ%{ﬁi?é Hﬁ %D@B?%ur%%g? u ?)f IO:BJ%SLF? gl%renergy via

optrdepﬁwqqes SwhicBigd t6AY) bodlecBrto 21ZnalByblk N0l A9R do‘ﬁﬁgﬁor 1016,
processi ng functions. Real tine processor 1104, which

hﬁﬁg‘/ derieted aa hpyiag heo sedsions 401 6esansd GO H defred passing dwough hand

e r I d con 1102, may altern
SRR RIEARGD sAcpRR b ferdl prbie Gop B sedosathr BV e i
qllected 2.0theashdosRpe h@'alna R réﬁt@é’entﬁﬁ;@'m AR08 8880 through
1104 interacts wth |i source nodul e 1106, scanner

Wgasqope 19d8haad piece, 10ég,dand external cable 1014, through connector 1016
and back into the controller module 1002.

In some embodiments, the representative signal passed back up through the
external apparatus is sent as an optical signal. Thus return signal line 1114 may be a
fiber optic cable or bundle of fiber optic cables that are routed to detector module
1116. At detector module 1116, the optical signals corresponding to the FOV
characteristics are converted into electrical signals and returned to the real time

processor1104 for real time processing and parsing to the video processor and
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detector nodul e 1116. Light source nodul e 1106, which

may alternatively be housed separately, includes one
wW@roos0E16 | | um nators that create the |ight enkPehyYS208€019996

for beam scanning by the imaging tip. Light source

R, D oo igma B et O FreSiivan st T b

aiphifle@nng gﬁﬁnei]lgfl(ﬁgltﬁﬁd By HRRietdctst MSd1aY i @ phi¥to transmission
séctions 1016a and 1016b. After passing through hand

tpreat EmeQiracessor bllﬂ4e Alteresiivelyc epalod SigBalamahybis pegsed to real time

|
rEfoRe dpl ey enng4o- AL bt SRty i, lelGpr modute
1026 knd Bedl HRRUSH cABSIOBI02 R yIBE & mBIASE inbtd ﬁ% smﬁpéilement

external cabl'e 1014, through connector 101 an
i nt oln Alkéeroative @nbcahmnntdulll@t 1qUsentative @iﬁﬁl@eﬁ@b’dnmbn gonverted

t t I d thr

ORI SRR BLOLR ST fePot R A hiffgiones.
fheiinipls.] Bivblis ¢dsBGeflitd AndMRY1O@af be eR®odRA S ¢lceaflabwites and
bundl e of fiber optic cables that are routed to

@mcmrtrmdui@élhlfemﬂ be omiitedi ingbe easervduiue distal vptical e electrical
on | ng to the

BReb§0nds IR CRED 0 GrpLRY fhe sletastest signels in the

ﬁﬁ@mfgﬁﬂpiémgu Ecpreﬁﬁ& ﬁrﬁféhaﬂde%dﬁé@@@@@@ﬁﬂn&% ah@Imprdd the
processi ng parsing to the video processor

ramwmty@lf Ithasy delqcmr orfetestars. céridmogaﬂ&r gt mep be desitabisg w)eperform

of . t he i.cal nal be anpl lf
Grigertp 2B Spye BBk BeoP R L, AL BRI e hand
PiERNDIDSA HRNinkRedt %ﬂedhbﬂi% i Ib@&rﬁl%é oF tﬁ@i@l‘hﬂvely long signal lines that
Alternatively, analog sig s may be passed’to real

nasm'éir@tghc@g@mal cebbesl (Hﬁdhmlg@ IQiZd nathe carpvadidgstalrtip A/D
erf or med ere t or nodule, 111 dreal tine
Rl walorndobgie LTS 38 i iR atenrh ol G e i tigital ines
AdTBALotor 1'01%I d &risdtby Rr %H@;ﬂﬁig{)ﬁ; NSt cérta%" ng1tal signals.

representative of the FOV converted i nto
el ect&ﬂabtamesqrgcmm 194 nuafyeontlopalb)ypcrrﬁ@rrroslgndrlevehng, modulatmg

RS SUe L B AT o R S b B e Yt e
‘hectrical wres and detector nodule 1116 may be

omtted. In the case where distal optical to
el ectScapedr conmokemsdwe 11 0 pentfods thedeaintscamner ethe imaging tip. In

B ol G A L 155 LG P bbb Sense lines

lﬁhi%sttwé &RdcalirsRsitdAd T'hHPEé&)&ﬁeﬂd&%trBPﬁﬂé&”ﬁ'lWrﬁéﬁy ftnibe
detector or detectors. Additionally, 1t nmay

ldélscqtmh}ecqn@rqb &nérInaane cogtrolomdidgetlal 0 mary\demtly) !prca»ude scanner

he di st 1019 It t I,
I R AL B e B PRt samner
&fve HRh asﬁ\ae&slsﬁ ltd’dﬂl%‘&hrﬁa‘ngﬁéihg gbﬁ@ﬁnédﬁﬁta lﬁal%salﬁam 33 such as
external cable 1014, hand piecC , Int

the haind pimce 1012 v Dragmp/dp $0h, Inethxs@am)@ewal@ asothbnaltarsatives it
1%?; ge ale:sqpa%ll ‘éol pr}gxsfld% HCA'ornR% pow: rrﬁlro?ne cgrlls fale tiqrough connector
1016 and into the distal assembly.

As an alternative or adjunct to determining scanner position from scanner
control lines 1112, it may be advantageous to determine scanner position from the

FOV representative signal passing through return signal lines 1114. In this case, real
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and connector 1016 a connector for coupling at | east
certain digital signals. Real tine processor 104 nay
wo@piosomale y perform signal |eveling, nodul ati nBCT/U§04/019996
source nodul e output in response to the apparent
bri ghtness of each spot in the FOV. Scanner control .
tHeRIproeessan bl (omey drive serangrespnirebmadele 5ild Otime managr fegponsive
i C . a scanner having integral position
té?%??th&?ﬁmﬁgésﬁﬁs% process sense lines indicative of
scanie sgdtief g be thiven Seana@irot anidatd 100206salickdaliveBythe
i nclude bidirectional control lines. Scanner control
syreem ray yseothawgtugl scaperyragpenayde dsivairresystam.eelloquially referred
k2Rt | tep-natively, it may provide a signa
t§é%r§@@ﬁ% tf%%'of desired scanner drive wth
conv erdelitiomaltly, ebritiod liaey IEaMtmdyebarpaspat fodiamdhicde 1@10W6Einput of
distal r ?gi on such as the hand piece_ 1012 or i magi &g_r
coppohgnrals yig usey epeaiian efcopiels 1930 apg aptional giegring gerrollers
| .
o2 e Rl 2 Bl bl bl o Sl from o
phiysicall conasetivn hetwéen steerfigtontraliéry 022 and ponted] wiees, control lines

determ nj ng scanner position from scanner contr ol
} il A @ayragdstionally cagry sentiohsigholigusbrundgo genphiteraing means.
it . ; ' i Qe
CORRRRePPEL 80 AR AERLESE R AhINFT R o e
meceel, 012 dfat tramsenipsion esthensék104 nmay drive scanner
control nodule 1110 in a nanner responsive to the

r eceiNdEP Bipcrsar and gppdrollemhid2has sndnicrage bbl&thatmay comprise
2, ' .
Jﬁ&?@ugggg{%ééinggpggﬂpﬁt 2.4 Of e@bﬁ@ﬁ@@% Y& ¥ &Bﬁ&t%gfdoﬂmA

scanner fTrequ o drive

sy timg dewitel 1dGQImdy e c@inecte@th ¢aptids videdi ihforgton @gording a
Addi tionall 1¥ control lines 1117 may be passed to hand
presdare pAdditigpaliy, sndossppis dmagige s¥sigmal091nay besegnnected to a

. : ; a .
A L B A T R
litnagaerieval etool Vidad pescetsoa bndtoritlley 1102man optiysdlBadombine

onnection between steering controllers 1022 and . )
FeCeiveiviaalO 1dd S il immage dateend Airivgymonitar (108 avith information

I : teering
SERRY AT PRip RSB U BERURE LR P 20T
i ndi dataddition tolios pd ay alterhatvead nwmitbd 1004 thadidplay @& be output
1012 for transm ssion tg the user. Video processor and
UL Y e Temote faydces susihase Fargxample; g hepdimoayated display. In that

SRFE S, ST SR e DRIt Bt rv

O noni recor
dibis oty ib@reatioedf gided procaRbrigl songieller N0 WRIrEAS context-

sre%sc,itoi;g Iinr’]f(%]rrﬁlation display.

Pump 1006 may have its control lines fed from handpiece 1012 through control
module 1002. Figure 11 illustrates the case where irrigation is run into the control
module via irrigation shunt 1030 and out through connector 1016.

Not shown are additional optional features such as a lubricant, saline, and/or
anesthetic pump.

Figure 12 is a side sectional view of a scanning module 1201. The scanning

module is comprised of a housing 1202 that encloses and supports the scanner 108 and
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procedure. Additionally, endoscopic imaging system
1001 may be connected to a network or the Internet

wda 1@3/0b6@no r enot e expert input, renote view ng, PCT/US2004/019996
archiving, library retrieval, etc. Video processor and
contro (%Im%r 1102 nmay, o |onaII conbi ne data received
APOFiF PRt WRlisaLdb ACR eich Aaydonprangle be @wgle mode

ty4 [ f, s0
c}ﬁﬂgfccgluﬁlﬁr]g&lf@ m; gmtodl‘ﬁlé SX%%T@ B %&' sa%fﬁx¥%9 opouév,s 1::2?)2 by a
fatroker 1286 \Uhetend b opticul ﬁb@f)nzOAIt I’ﬁey te polished B ¥rdae Dkifd
cﬁn one or re r enot el??ﬂ%“ ces such as, for exanple, a

Sergenrs ety egpn Ry beayie 1208 1sshapse by beam shaping

P
Cﬁgﬂ%&zgggé \%‘%?%Léc%\? ‘ﬁﬂog&‘gﬁggﬂéft‘ﬁf@éﬂn}é{ﬁss@mﬁgﬁ the rest of the
gysere sAoshoentg aﬁ@mtarpnirllm ofliazh shapingetie 1210 may be moveable or

<ﬁa nt e isen5| tive information display. Punp 1006 [g
IO oRtrphbeam dsraeage. frabThPRSHER andovaigtianelens figth

s, 1205, EXUER L el v
scamrieg d08,0im refteeted difb 8 @irstrelenting tshrfacegback @RRE e dFont Of the
are a(%éﬁt ional] optjonal features such as a

ﬁlébﬁ%ﬁr thery gt g dhe seaapime ¢ preterBngstbpem HiQure 12
is apy a‘iiledléﬁﬁtfvg '@f’ br ¥ £Wit%0n B b%gﬁ%?hﬁgﬁ %@98 s 1@ Zaor%ﬂectwe

The scanni ng e I's cConprise SIrNg
hdaat shepmg@@(asalaahdnsnippptrdmlly bembited ndth the8can mirror 108, may be

t ed h tical fiher 1204, which
80 S5l oo Fgaigr D-s-owisnd gentisalon nwabos /40 P Qettited

%?%r rul e 128%@@% HSC@%%T’EcaI bﬂgg&%ﬁgmﬁﬁryﬁ 2000

H}/eCkamnlcs Aedegeens aat DavidkDiokenshieets mgﬁmm Agignedfhefévith and

m.1208. beam 1208 i s shaped by beam shapi ng
ydnicg’ggra{%%@gqrgn%p beam shape appropriate for

tran
al | glghgfﬁ%gfrﬁtb Pgﬁﬁé}g % shapl n mtehiteé |12¥§%%ge%‘§/th§ en‘é"?)‘f
howwiagliR62 oDodef b?(lriqhbﬁdt:s)a ﬁ@ﬁbé@f faﬁ@mn@ THE §@AdEof dome 1212

nglaftf g itio and wai st angle. After shaping, shaped
ipelydgsithe Jirgt sekeating |spEaenn haie shpwnag integral torfbe eatitednsié of the

t

r ef I ect I ng s{}r ? %%ép%acf&&gﬁ?%&? %Cteﬁ'? 98%{ SEP eﬂ?@ bseggﬁ%tpe dome
zaddicariven oothie ﬁrﬁt reflectipesunfangmap s Ifernes] seasredicdaeaite of the

10. an alte natjvet or in addition to beam
%\%ﬁ@é a%ﬁtpﬂf g pillar it reBedtive cpdamsshapnnge omldecwrface of

. r.r,or

L SRE ot A KSR LD T ot
Qf plpﬂ dam¢ iy haverbpticd) pohePadblus afttct kit @RI b&ek: as it fasses

CAl\ﬁll NbG SYSTEM W TH CORRECTI ON, fil ed Septenber 1
t 0 become scanning beam 110. Addltlonally, dome 1212 may prov1de a

hermetic seal with housing 1202, thus protecting optical elements inside from contact
with the environment. ’

Control and/or power leads 1214 pass through ferrule 1206. Leads 1214
connect to scanner 108, providing the drive signal and, optionally, ﬁosition feedback.
Mirror position may be determined using doped piezo-resistive elements as described

in one or more of the MEMS scanner patents incorporated by reference. Electrical
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by C arence T. Tegreene and Davi d D ckensheets,
comonl y assigned herewith and hereby incorporated by

w0 edosoenice. | n sonme enbodi nents of Figure 12, BCTHUS®04/019996
1212 is affixed to the end of housing 1202. Done

121, 2provi des .a nunber of functions. The inside of.
legdnb2 omay nlselinelade @(ﬁ)éﬂf AR Eeeﬂ@qié@rlp?@m@é f@raf&él,tmh%%gefocus
. i . ire inside of the done.

C%}%Ye@rﬁ%fcls\?g?j%%?h%ﬁ%?ﬁ% ?jgftdl'ecti ng surface may be
sus pAheedtibet wagrortjositidameayabddtermrined opticallije Sehsisg element

reflecting surface may be forned as a sp%cifi f eat u({.e
1346 may foromstanerchp wied40 APISEY Ui B guqse epds Olyfopp, thus providing

s@g&n&e&g&a&oﬁ @;&%@ﬁf@@t@ﬁl eegggeﬁm'gla i gg gs_zﬁnglfe Helphotodiode

rovi ctin

i dértds arsigay to theeohsudd d@l0gadd specifidatiyde scfnneheordmimodule
have optical power s further shape the be

ma nd t
150, whegis Girogh Py e OBRRIL. ARG S gt 1216
1 t4.0 [ L :
A RN O IR I
signal skekfupahe bedth path anidtthroubk optivdl fibark204. IGdhisrcabe, a beam-

and/ or power |eads 1214 pass fhrough ferrule 1206. .
SPRERIsSVRRESFCRbAPLY: QPRI Pfeirt?@,t V&\?ilﬂ?woﬁaﬁg g lighgsource

n‘?‘dcﬂﬂ%i 1 i&g&ff Wehﬁne@%ﬁh&l!fﬂpd{}&q A0 trafsfisfon to other
posi tion ey bé determ ned-usi ng doped piezo-resistive
coheoksltments sadsrehiatne proocasooit 10vor e of the MEMS

scanner  patents incorporated by reference, . ..
1 ecRegisanERich 316 iay bsieBnecoousngdAp? & aidr registering

i : L1 f
R0 b B S, opt 1 1210.
Al t eFigire V8liyya civss seatiopalsiiéw ofia seannirg elebscope miédal imaging tip
R LRI T N —
ovi di ot . : .
T

Bilginabdé optidad fibexs sidterahrhd tharedlestpd cighaldckyupt distal tip 1018 and
scanner control npdule 11

0, wh it . t b
i st g bl Totcorfralins 0H, TatehaFinSTEr eI ey be present
Mné@et@c@oroe%&%% llgb%rrent of known reflectivity that
sen ec

a retro-co ed optical signal back up the
beam Axpdrhaleenshtive o figbr optidscddtedtoelemdid®4302 malylvomprise optical-
case, .a beamsrgl itter, evanescent coupler, or
tecpleaizisal spneareresichrg phetedioden ripbrampie. Quicr gheatl s3ptway be
%B{fﬁ'lle %0 }ﬁleoc%sé 81‘[' P h‘é%ib%f dndbB&pk OF %{Eé}ﬁgtiéél? ﬁ‘?a:y geqﬁe%%% in the case of
eétection and transm ssion to other control el nts

Stigid laparo®dbe bi squipdlosasgEddetitO4As Ragitsinative, @uterahedih 1304
1216 may be formed in housi n% 1202 to aid in

may; s insertedyinie apeiherpadydhateactsay the actudd avtsrisgvening afthe device.
Figure 14 is a side sectional view of an embodiment of an inside dome surface
of a scanning tip module having differential reflection of two polarizations of light.
Inner surface 1212a may be comprised of two layers, a quarter wave rotator 1402, and
a reflective polarizer 1404, Reflective polarizers often include sub-wavelength spaced
parallel conductors that allow the polarization parallel to their orientation to pass
while reflecting the polarization component perpendicular to their orientation. An

example of such a polarizer is disclosed in U.S. Patent 6,449,092, entitled

30



10

15

20

25

30

Figure 13 is a cross sectional view of a scanning
endoscope distal imaging tip 1019. Scanni ng nodul e

wa22eiovdisur rounded by detector el enents 1302, PeUUS1904/019996
are in turn surrounded by outer sheath 1304. Detector

el enents 1302 may for exampl.e _be | ti-npde ' /

REFBSCE VR OL ARIZERE HAS NG S LENIL ST Bl HIfGE For
' t n 6 in

REDICEPIGFF 1505 CORORT bbRpf HiidiedBybfenckied |

pr esiten andiéht dRiRAbeamel2é ipimving] 3P tichlar polarization 1406 passes

alternative to fiber optics,, detector ele ts %%02
thieyehaHpicr Save piie k2 1S B BEERHRILE ToEIidY ot 8 SHRF TS

i odes, A i

BB L TR ity PSRRI ttenctve
palatigsmtody gt thusiyrebiected Yack dsrbeaine] 408<tbronfzh auarteyi wiave plate

| apar oscope or equivalent rigid devi

! , A ce. an .

1492.apiasing s polizaionspnofaey 4p3 2 Hﬁlfnﬁ%thnn@q@(ﬁp‘?%%ﬂar to
. anot her i f
A HEEE] l, BE A8 0h By O B 008 o
seowea)] be®sthingfscamingisdagie | ome surface of a scanning tip

nodul e having differential reflection, of two. . d 1212

pol aRefeetivsrolastzer {4 may st @l ¢ Reriopof 3¢ fpsiflepd dome

0 i r Tolo £

G Sl Wi THERTof LR DT AHEOLE, B i einside o
thd H@fe iyl bedverdd-wisy efleciitchpalpamse d 4pdr Bbt thiose cases where

conductors that allow the polarizati,on ral l.el .to.
seaEiing beane Al B£8R CPPUHEES dferitie pRpriE: 119% i figst has its

PR RRE I R 2 i e
This ihes e’ golddiatiolraf enhnihgb48m0a9D,is esthtiet! e R HEITD Ve
POLARI ZERS HAVI NG EXTENDED RED BAND EDGEF RE%ED 1
tePEIiSEIS 2501 eRellpeivemplariven L Hit ahe dusypasses darangh domg dA12.
I NCl den . | .

o1 e ToapRRREHbRRE Dbl tapliR it hifhoP Bl WElhBiituted for the
%A6&ive potarek and aiki polatisationtrelatal] stfictires.a pref erred

enbodi ment, it is rotated to be perpendicular to the
t r andigersi lpds aR isomeiri BerRfscanipg P’é’ﬁi}lg’e&%i@ gwitjg;a tubular

t hus | fl.ect .
B S50 o0 A SR Lt seshatncie 21 i
neludepRightiatioh nofth11416 fpeiqdendhe ploaimalenthousiagtl202, as well as

pol ari zati on 1406. Reflected beam 1408 then refl ctg.1
erticak Bhemki04 rod cleshicat kadh 1 21 haperst %@éh%PWéﬂBg‘aﬁ% of

110.. Ref ' '

sarnp it 1O R hirg oo g RTalBIoAs an o
AREERHE abb@l. 5 e ot keaandl? khgthAbftabontR0nuel or,ledshe

entire inside of the dome may be cqvered V\n){/\mh Y
ref | eicighueel islaarisonestria 2627 ofFge opHerl ¢laarisolmdisie] imaging tip

E@fggl:vgr&t %%%%% 1'9 P%?eﬁ“rp;é{s%ﬁcgtg\%%@ﬁé ré'la'@cf\le%ﬁéd.e\{rfent of scanning

module features shown in Figure 12 and light detection elements 1302 embodied as

optical fibers. Coupling element 1602 may be used to improve the mechanical
robustness of the detector fibers and/or increase the effective numerical aperture of the
optical fibers 1302 and provide more efficient gathering of scattered or reflected light.
For embodiments where the high index cores of the detector fibers are relatively soft,

a transparent material such as a plastic or glass may be used for element 1602 to hold
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pol ari zation rotated 45 as it passes through quarter
wave plate 1402 a third tinme. This tinme, the
w@oioandmad i on of scanni ng beam 110 i s rotated POI/D82004/019996
paral lel to the transm ssive axis of reflective
pol ari zer 1404, and thus passes through done 1212. As
theeaeresdn@incab du othes embadimentsn §5aaebe adianiageowsdp Use a material

thﬁg %ﬁﬁfot}/(g% ﬁ’&ﬁ %e ngéa o(fe%{ rlglg ?'B}érgslgﬁiz_.a%héﬁ 511 gﬁg Qﬁlﬂﬁémg element

mia§ GFRIK hrttayd oy O g AR 1t fodidhe pkﬁ@ﬂery howilnge a?ov such as a
t ubul ar housi ng %02 wth a done 1212 affixed to_ the
1&@ Stoal408 KOV @amm@le nBeuihés apphigations yayions mefesals known to the

g’%n 9 fgégcﬁq g% %%e %}%ﬂt@lé }g(;l?’q é[ ﬁ}l&llg) etﬁg]%gé E@f%]ﬂf}q other

rﬁﬁ@ﬁﬂg“ﬂhhnhﬁ@dgﬁﬁamﬁopﬁﬂég|ng fromthe proxi nal end

of scanni ng nodul e 1201. Scannin g nodul e 1201 mg])é for

exani ©nmsebedimsgisepoupliagetcaren i 664 Bay ipclyd HF%S%OSS-
engt h_of S [

PP O 0T B Sy A 1 oo

shetatr Reflddtiond Hilthe @e‘lld-ﬁﬂvieh@ thusacdiciig Hiéits éiat may hinder image
perspective of the relative placenment of scanning:
qHelddl e features shown in Figure 12 and |ight detection

el enen e

el e {h§ﬁégggdl%%gge u%létgg? %Qﬁl rove ? ﬁlcliedser(%eb héaiﬁélj é%?ath 1304.
r obupigies $7 & a fd?&re(éefofafd@talftiphgﬁﬁzalaiuéigmrsmnﬂaf ’@&hﬁ debe;ted in
effective nuneri cal gertu e of the opti fib

Figpes &%d%ﬂmnt@éamdﬂ@ & fhapekhy bylhlame rlﬂﬂw% t%PaS§ él?arpt%‘? By
b SR B 575 IO TE SR b e v
1§&ﬂécts ot aRSpsdestrfiet 101 abf dotad 1252 bagkl @ss tie mirror 108

| ass na be used for el enment 1602 to hol dt he cor
gl@bposi omcrfé.cam&bemﬁil@arq shopayas heammet Aba By %‘&ﬂ(bsl }0g. The

i LA M) AP AR P b
st ZI2Q0d Jutdidgairiee iIpRY fogéaté ﬂwbefahﬁslﬁpé h{ﬂ’\@ite)d 1o the

a large FOV such as a 120 to 140 FOv, for exanple. For
rwﬁ ef sepwting Seawposifigns e theaughildls: known to the art

poI y %?%{r? zg ? ,B 15’35 rqut %g hneﬁ?g%&%orkmg cthﬁnnel an%l detectlmn fibers

atkainBed inMintestiteR spacab aﬁi’uﬁ@ @i dcasning mmmwn@ma&nel
coup Ilnﬁhelenent 1602 may include a polarizer

Qut@sgps:@ F(eanclases pecaspingrnedyoddPh ande piesting Rbawe! 1802.
Y?E)F lg%f %(E{ sl %)og?eci {3 (ﬁag% %ng,%glt Tﬁgfsgieglgg%stlc toolF .Or ﬂUIdS

dubRbs BRYoinfidg6n, sABEETcA Widigativn, drin ViVioSheadfd iremotal ah&e
entire assenbly is surrounded by outer sheath 1304

chs@sale Inpther emhoalym@rrtaccéﬂamel 480 of eme e Hoxspfidetgction fibers 1302
S‘t)egsubst n%edebry 4 Rlbl‘lga%’lt ﬁpér? ?grd delivery channel. The tip layout of

Figure 18 is amenable to both rigid laparoscopes and flexible endoscopes.

Of note is the ability of the present invention to distribute the detection
elements around the tip in available spaces without regard to maintaining specific
orientation relative to the imager.

Figure 19 is an isometric view of a distal tip with lubricant delivery. Outer

sheath 1304 is capped by end cap 1902, which includes an integral optical coupling
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Fi gures 12-16. |nput beam 1208 is shaped by ball |ens
1210 to pass through the aperture in MEMS scanner 108

W@ b@smodahown i n several discrete positions), aPCEDS2004/019996
which it reflects fromthe inside surface 1212a of

done 1212 back onto the mrror 108. Sever al pOSI% on )
plate H¥2rmidsgandagmptplexdomes Rdan Refupdihess 1305-re i %?@?ff as lying

The n'.n 2
w8 e AR DIPREPATEAL LA A9 o012 5 bkt 1o
oPsHBéape 9D fafr@ﬁﬁ‘rriéalvﬁﬂl 4 endusaateasd fussdpeantishap®scope through
i ndi cated_ by the rays of scannl ng_ beam :pOSI tions 110a

body bwhs Wlndg mlmny@m kndegp | hericludgs el igest one
f
A S A A A e

eldR éiﬁbsage ‘ﬂﬁ@ﬁgl@bod}&iisaés M%d&&@#ﬁmmclrﬁm&mﬂs}cm ni ng
|l e 1201 and a wor ki ng channel 1802.

c@mtmeaslymb@rncgntdn@spb% digpense fom Fl@%ﬂm\/\ﬁvwoglﬁces 1906.
1%” 093 ﬁ%n‘fﬁéa%? hitiouflf of ﬂallﬁ Hﬁrm Bmf dobérbisll@éﬂoeéﬂures is

r1rrrigation, oran|v

raﬂt@d% seinglthe J:ﬂidd%bdi}ﬁb’ aretiiabistinde iv the (EMBfwl tHi8 Odbrimant delivery
one or nore of detection fjbers 1302 ca

sssxemtcan pedge pptientitiymacadidisenyior {n epe %}Pb‘@dlﬂ’@m Vipant is

The
SRR oy i b iR Gerd skl Biufor t gAY ot send
1ﬁl§ﬁc§ant oW e laridaht pubefand bet the dgfeithnt dweaﬁy @rifides 1906 In this
distribute the detection elenments, around t

embaidiratniteths paticanivmesi He storetr S B R Rt E@rﬁ@lbodlment the
fi

GREGH s TR B By nd B TR I Otes

e etiill uebther EMbEJinAE alﬁdﬂlubﬁ@dht ln@aydmnménb@d sutdmeteali002,

whi ch includes an integral tical coupl i ngpl ate 1602

and damrubycanstmaz by sred. T9ater-spiblsy Wbrisass Schndd am@ﬂy may
Ty ted a n thelntegral opti cal
oq%lﬁf'f”i% %eoﬁfi?r%&eg%p%gﬁa% Send cap 1902. 'FI)'he corners

1903 redurend shéws 20 QRdacepd iy PR dudavingssteredionbirooulanisaging
passage of the endosco e through body tlssuqffs whi | e

Wﬁblhﬂ@ﬂ n?gcaaamg@od@% B andd20} be preatranged algRegsneetive
fgtlils gl’rl-] l U br I C creda%%éargﬂf?é( l?ert{NE%}‘F ?xﬁlrgrgs?p%ﬁﬁ% ﬁéﬁgp Of VleW. In

I ca Ivere er ease

ma%ﬁ@@@mﬁemt @ﬂytg@@ dy, thby s¢@preaddp@t ohadirieantal ¢lasd that defines
Intermttently or continuously, a lubricant may

be
al i lypizan’e riviewmingu biliecaewing eng éna;y entionple e y@@@ed ¥ desired.

use, a s nt -amunt,
PReRE SafRh SR 15 BRbmarR L oeRles A Rlont R R BicRles,
BBEEEGEPRSrd 1 90N BB RFEd lafbuhb @tHer fearatens spaae allows. In some
| ubricant delivery system can reduce patient trauma
an‘dodimntsnﬁ oray. be prefeneeddaack aremeny deiestiondihers as possible into the

1é1¥er§tﬁ ﬁ}g&]-?gg Wrgéseﬁ)[e éf) %%]]t{cgaetocrhell h?ieargtlﬁ)ﬁ' §{éhglgst1%n§ H 9 fbhicant

apertures 1906 are shown arrayed around the periphery of the imaging tip 1019.

In operation beams from scanning modules 1201a and 1201b may be
simultaneously or alternately scanned across their respective fields of view, which
may be substantially overlapping. If simultaneously scanned, the beams may be
encoded to facilitate demultiplexing of the return signals. For instance, wavelengths

between the two modules may be offset slightly from one another and optical means
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| ubricant down a |ubricant tube and out the |ubricant
delivery orifices 1906. In this enbodi nent, the
wo pdsioemd nmay be stored in a syringe. | n anotPE&F/US2004/019996
enbodi ment, the clinician may enable a punp that punps
| ubricant out the Iubricant el ivery orifices n
umhtcp peparese thersignalo dnrasather embodiment, &%bemm% be frequency
S may be used.
e T G PR R
advantipgRoihs rheitiplordng iiodatds i al{o lgmu&dzmrﬂmm@l%\m
endoscope tip Ia{out having stereo or bi
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deReibbeh gr@@tbﬁ@étaﬂ)ﬁh fméoexr sok3iAhacenmonbyadigaed Uhdl patents
ot her features as space allows. In sonme enbodi nents,

mwmﬁ;@te%blym%ﬁ‘@rﬂ? ed to pack as many detection fibers

as p | r

di st gﬁlstbg cgste J}{ngg(lﬁﬁﬁ egfr %{éﬁélﬁé gllf%lrl]lgeg %g?v?celfri]ﬁ Zof ddpBbility, such
alsybteinaadnt b@@pﬂrhwmnhaﬁﬁuﬂy eluaimﬁnaﬁy,rca‘;se&cavd}an din o

peri phery of the imaging tip 1 operatio
eKAB e§é‘ ah¢h qt@ysﬁ%gm St i@@{lglgalﬁ%(}li? v n gureﬁ to prov1de

@}S g&%ﬁ tél os?%ltl%‘nﬁb 1tﬁ% gg?éseﬁﬁlohh%a{t is, with a

VI ew, substantial I'y

p@M@étb@ BputREEe skt tosubkthhtialBomatch tl&cs‘:panmg of theepizelamt somag working
be encoded to facilitate denmulti pl exi nag f th

r et lf.r
rgmgyrfmrgngemfrvv@rmgarﬁeges v P08 GRS SRR P GRaigured to
p(g%\fla% S%%Xd&gss%éflﬁzgcﬁké 8 I?{)A Yol 4 '5}19 B? ?@%ﬁflng ?’nges with a

ansuse Separate the si Ss. In an

B#tEgdE hEsatutionh dn e ﬁﬁse[r‘&be sbeorfdr equeng moelntmd@ht be set to scan a
facilitate denmul tiplexing jn the electrical domin

spptosmvmqq@alﬁmetdl@n@teg ehiRifiE SRERIFRA aRguLalet Rorag & gange.
%ﬁ%‘{}% tffe sacOnd )§§a?#ﬂ1g{ 648 %gﬁﬂv Iegofnﬁg{n%d% YA edudvalent

d zoom cap to pro eat er

Jp8s ﬁlzéiﬁti tQiice the vstc@kﬁlgaﬂngh éffthe firsy summeigemgdhﬂs Ofthdricghtbinations
anong ot her things. For the case of creating an
‘ébl}phﬁh@éfﬁ t@é‘%@é@ﬁ’t’@%ﬁk@l@%? atfi ew, the fields of view

g |f i S%COF ol V&Sdﬁé; Q%ﬂhglg%’ Bty % aﬁﬂé hée%lCtogirowde greater

y over appe o~ pr ce an o I mge

186186860, sBadtall lhadeslfﬂx@siumd fibyt naoide, thedilwiatityadf ssemning ndules
module. Tilin i mages i s described in_ greater

ey a¢dn suhstaptia qb’re%‘faéelﬁfﬁelqﬁé)f VésvronE go 89 i g e Whete one
K %}n%% ?nc;cﬁlfeosrcoal% gﬁoetéjt}&’ aleQhRHEARA or interlaced with respect to the spots

scanned by other scanning modules. In another mode, the plurality of scanning
modules may be configured such that one scanning module scans an area of the FOV
of another scanning module that may be sparsely sampled. With resonant MEMS
scanners, for example, the scanner has the highest angular velocity at the center of the
FOV, a situation that may result in spots being spread out relative to one another near

the center of the FOV. It may be desirable for certain applications to have a scanning
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For the case of a plurality of scanni ng nodul es

provi di ng zoom capability, such a system may be
woep@sailve conti nuously, autonmatically, or selBCT/USBOY019996

In one exanpl e of such a system a first scanning

may be configure rovi de SVGA
%gﬁeﬁegmam the ceates 9 t@dﬁég 0%@9@%%& Waamﬁgmq% thus providing

t
SRS HleBen S todn, MU SAB PEALARY BF L IRAbLE ina) it s
coomeonor dva geﬁangecavlbng anthe FEIV whekd saglpimgge doneNess frequently

eco cannin be configured to prOV|
tﬁﬂmﬂ @F&@ab% P énamgdn SHPay He U w&rsachacase to
pOvilE RibrE A2 tg‘aﬁlg FRAredN 1ﬂ9feg§e§1@lg' ﬁ:d B mﬁular
con S a

case, the s I ng nodul o scan
saampmgnmdnke one hal f the di ameter of the f| rst spot

size_at a | ent wor ki n rnatiyel
the Jogeiten Mawsmnﬁaﬁp gmﬁe@p@@ edifigmed to

RSN a Sk S E 1 Ge l
Rﬂ)\iahart Dsdanosg m@dulm useslkiot imaging hevisible whaglengths. For example,
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,513%0 é%féﬁﬁ%orbsha%ﬁw&l lgéﬁfiﬂﬂlﬁ'ﬁ;mﬁgﬂlﬁi Smiiary qﬁeflolet
n%hnﬁlgm Mﬁﬁbé Egu@%ecﬁﬁﬁﬁré' sAfhIEP lx% hgpﬁlaskigss dynamic
ured such that ©one scanning no e scans an area
dn‘fortrﬂm&mﬁ(fh/arod vaitde beannmganoduleg hoaholtler tabgect, eytainareflective or
té£}§rsel saml ed. Wtﬁgr esonant MENMS sca&n {1 for
Ftseve 1pRle 138 hayehotihgye PHPCH{cy RBRIOPHAK P, YRFé?RS’(:‘F?ly
n t
v ARIRE ARGl sDfhnfitd moffyBh LS Hedhdia (Mo Zierials more
prbpenl:;emr&d toﬂqypdstepéé@dl whelempgthd eF atesamaly, en iliravidet staming

Ilcatlons to ave scanni ngnodul e t hat c s the
masyle may bg g @rﬂtﬁﬂa%mg% PNgortsaized re Hagtprs and/or

;Eflﬁ,’ﬁfie‘ij% NG YEALE Eceﬁﬁﬁ}gﬁlﬁ@@ulb 'Pnagfr\%t ﬁﬂie@ Qm;rﬂ f%nses reﬂectors

I axl a Iy resonant or I SSaj ouS ScCa

zirml/dsrqaoéarmmqatnnﬂzeutﬁirllmrmvehﬁgtﬂi@d vvher e sarrpl | ng i s
done Iess freq

t han ot her | ocations. A pl urallty
of sdH&wErd ﬁﬂ%sdy TpgrgmRd a cosfrgll eﬁﬁ% r gdiplgxipg gadt o

SSB  SEOUELPO L, Bt o8 MARESRAERY i,

mabmﬂ brestannidgen @dulesdreanged amperrghmiﬁ ldyent oBlignee 20. The
configured to provide hy espectral I mag |I&g optionally
%Pflb%dlmefl‘f e BiARI 3 oS FERCBroIous i iRadRT st daiectinoyo SRpTate

: ng{]%gﬁ?%g#’ of H@a%ﬂinf I?l()dﬁl@?%d‘lg i trdted Mk Eas two particular

exa
scanner modules 1201a and 1201b Timer - controller 2102 controls the

synchronization of the illuminator channels on light source module 1106 and detector
channels on detector module 1116. Functional implications of this and alternative

synchronous embodiments are illustrated in Figure 22.
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infrared wavel engths require a larger mrror to
achieve simlar resolution, but can also tolerate

W@ 0w to hi gher mrror defornmation than visi bPE&I/US2004/019996
wavel engt hs. An infrared scanni ng nodul e may be

equi pped with a larger mrror that has s mewhat hi Q
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m%g%%?rs? Q%lﬁﬁw {W el gllagénrte) %ﬁlﬂg&%@d fSform

‘ cdﬁhﬁb&ﬁ% iBimirsegions fon eRarapleusd, |Hhheu ahd ardenr(RGR) leerevhossrRGB

to separate signals froma Iura |ty of scanner
lighidig cembigeg to oy sstantially W@e 1ig8t-t wo particul ar

s iggﬁgkﬁg&‘ég b?%al%{&lﬂ 08D @oﬂ@&%&terﬁél?ﬁ%%u‘lat@&@l@% L& 2104,

e synchroni zation o | um nat or

@d';paamllﬁ 0 inddutdié t}&dtght prcmindad ley ilif@finatocs daent dO4b,
annel s on detector nodul e

nctional . .
respEPH el ia8 sharely 4jaad éﬁaaesxp% tM@g ﬂP@H&ﬁE@n channels A
t t

S ey
%Qﬁlﬁﬁ% My ﬁCIH()Qll ané Byann“ﬁli?l\/ﬁ)dum i1201 I irespactively Scanmng

t t
Vipdulen Faigrand, 19040 pegees fergued B proadadq ) respestvely, cach

T troll 2102

AP BT 21 2t

A| t esaaterv@ light dignalay4 geciticeted byrighs eolbotdRi-1302 nBdr cases where
that is then used to synthesize |nd|V| a

|. RF signhals
lighbgellccsors 4502 exedmntm@mngs b canse) qorial s aAn FbgSen
sgiitftj ! alg{@%rg Ie\c/léém)@g) 4&6‘%?8}%113‘&’%%0% aﬁ&% H%éye‘f'nscgﬁered

light Bigahl Vel c\bntehhé 4 pluR@it 08 mb@.ﬁ&tedlsﬁ)él’mls @WO in ey ekemple), each
nmodul at ed by external nodul ators 2104a, 2104b etc

petensiaHzicouripingapaneweTRlengt (treritibiseeapleo rTh?dﬁ‘g/du?ated
gr%lls 8t m%{J Be s«g}ggrgﬂgh rel@éo%rﬁg }§their modulation characteristics while the

wavelengths may be separated according to their differential response to dielectric
mitrors, filters, refraction, etc. Light collectors 1302 transmit the composite scattered
optical signal to detector module 1116, which may for example be located remotely
from the imaging tip in a console according to Figures 10 and 11.

Within detector module 1116, the scattered light signal is separated into its

wavelength components, for instance RGB. Composite signal 2121 is split by
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may conprise a plurality of individual |ight sources
that are nmultiplexed to formconposite illum nation,

wo e0osesEmpl e red, blue, and green (RGB) | aser sPaiUS®04/019996
RGB light is conbined to formsubstantially white

light. RF sources O6a a d 106b cantr ol tern
Slsacmires P8 daioan 518 z%élge%kﬁ&éﬁywhlp HEASRGE istemce
[ I
oL 5L PR STl O O A 6 A
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siegl B qusgﬁﬁlge%%@&mrg i cgpor el AL contains
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i stingui sh between scattering from scanned
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wavel en%t g}ﬂr{}% be s arated according to their
agpyopapteder ePPYN 50 dielectric mrrors, filters,
refreqbiiA S4B &cgmma@&k lfu%cats%&até&%htéaeﬂ Sftitle de@tion

conposite scattered optical signal to detector nodul e
(Whiélength) cl’cannal;s f(]hanmeiaﬁnﬁdamochéatbmc%lﬁédﬂ%ané R¥48 amsrtuned to
t he i magi ng in acglgsole accordin

Fi 0
d@ﬁwdwe Wlﬁﬁﬁlnc gackaized byadtnagency s sp ‘HEJD% &‘Hg’t{%f @ocjﬁannel A
hin%ﬁ{au%sh gq{F 58ug 9@2 6adn gw{&mlétér M@hgn%annel B

nponent for i nstance Conposite signal 2121 is
c&:ﬁiddtﬂabmﬁ 2¢B &2 icamd 2 Y50rar@ hided ltm tlemaddlatest mgm]! ehamqt:nzed by

qSI %q;;cg%ésp?}c%uggﬁf v I nclglﬁgongﬁ ?%eSourceeB 2106b and
girﬁ% fos H'Y (fﬁlbl m\é hcﬁ cp§1 ﬁﬁ@?lﬁ@qnﬁ and 2149 correspond to
for at sp t

antla nto f1rst wavel ength
tﬁe G vidied lkfgnasamblafeﬂwnms mnmgdvlmdtwle l4e b2 T, andatemodulated

xanpl e green, plit b mrror 2128 .
Sena b oo sl rguRrendinibe 1GH  dencridhal aar RiHgvn
§c%ﬂHf?1§r' %b@al 2124c. For the present exanple, there
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114 2wt wayposint @ detegtuaito 2 pRlke nealuiationi frdqlugncu}oimj)@ gse lock-in
signal 2124c cont ai ns sijbst antially on red I [ q
iirepwhish; anaplifiss gragnal stioneor nﬂ?@ﬁ““&#& es. Lock-in

é:rﬁﬁ’l%?e% [ ‘§,| Meluds 81r@tﬁﬁ? t§ EChviet the detected modulated signal to base band

or, altema’uvely, may pass a modulated signal to the controller. The controller

converts the signal into an image and performs other necessary functions appropriate

for the application.
In some embodiments, channel A represents a “left eye” perspective on the

FOV and channel B a “right eye” perspective on the FOV. One such embodiment is
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associ at ed photo-detectors and anplifier circuits,
116c¢c, 116b, and 116a, respectively. Wthin the
wa@ledosoownd anplifiers (each here referred to asP@I/US2004/019996

detector/preanp), the optical signal is converted into
an associ ated electrical signal that ha
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or nmore particula equenc
at- @ eiall adtiple iof idatasratea foriemamplet dito d0 |t1me;s the datarmter tesulting in

t he det ected dul at b band
oo AN PORRFATDAL20 1 ADMER od i onal Lo’ t he
cont 4l 'ds&wex Plrggrlgyﬁfﬁl y%gg GRME" rS-defemicanise iReasy. It

I magée and essary functions

mppdesfrablaf Isarﬁanlaﬂjn én lamofreq;mhcy) multiple snfmedmmmj |t¢rmammam a
channel A represents a "l ef tive on,th

cp@iyalg,@agqq@}mgmslgpapehwe@fﬁlxeéy@cﬁg& g ? Qnaus pulse modulation
iy (c%/dei% e & a ang Qlta%f Cﬁi‘%ﬁﬂ%&?m léED Fidvesvel 28dchant

are tip layout’ of
schrgingete2Bnoldgies dp mat hawesconftalti rgtationd ebocities.

rearranged, conbined, split, substitutio
as a§9¥ EsPRant scansling %teétbsp ConsiATy Melusticy Tiise mudilattormay be
h
Q?es L %}%ﬁﬂgkgﬂrl&g%a x a?iﬁ%1 ?E%éggp%ﬁgﬂ% pg%’tgltléglﬁg@e it may be
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RrAguGEA eonsankpitgheutpys la Miis casenibegddiss iy b i 5’{“&3

o 9 b oS PRt s m DV v
feipBerat arad et éuch end of the scan where the scan beam is moving slower are
over-sampled. In general, linear interpolation, applied two-dimensionally where
appropriate, has been found to yield good image quality and have a relatively modest
processing requirement. U.S. Provisional Patent Application number 60/381,569 filed
May 17, 2002 and entitled IMAGE QUALITY CONSIDERATIONS IN BI-
SINUSOIDALLY SCANNED RETINAL SCANNING DISPLAY SYSTEMS,
commonly assigned and hereby incorporated by reference teaches methods of

interpolating pixel values, particularly with respect to bi-sinusoidal scanning.
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significant photon shot noise as well as practi cal
waemsgonidd fficulties. In some enbodi ments, theP@UISM®04/019996
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502a and a gray reqlon 506a aligned as indicated. F
may be desipblesiosnsyis thatphaniedyirs maodulated at non-integer multiples of

one-another.

Waveform 2204 represents an idealized combined response received by a
detector. Waveforms 2206a and 2206b represent the channel-specific components of
waveform 2204 — that is they may be determined from waveform 2204 and add to
produce waveform 2204. Waveform 2206a represents the modulated response of
channel A while waveform 2206b represents the modulated response of channel B. It

may be noted that light areas 502 produce a response two units in height, gray areas
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502b and 502b', surrounding a gray region 506b aligned
as indicated. Note that FOvVs Ilia and 11Ib nay be, and
w0 pooshdE1®@Xxanpl e are, distinct from one anot hePCHUS2004/019996
least in terns of feature alignment. Waveform 2202a
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tetmainated vk fiberonowtt 2364 end durther fightiransgussiu 1sgpgdc Vi he Tree

L
IO thatenidiEes frhiB thefibemneirgd Mitrod 2$71, aytech amylbieredielectric
mirror, splits off a blue light beam 2124a and directs it to the blue detector assembly.
The remaining composite signal 2126, comprising green and red light, is split by
dielectric mirror 2128. Dielectric mirror 2128 directs green l\ight 2124b toward the
green detector assembly, leaving red light 2124¢ to pass through to the red detector
assembly.

Blue green and red detector assemblies comprise blue, green, or red filters
2308, 2310, or2312, respectively, and a photomultiplier tube (PMT) 116. The filters

serve to further isolate the detector from any crosstalk, which may be present in the
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i mages 2209a and 2209b, respectively. A channel inmage
2209a has a light area 2210a and a dark area 2212a,

wokioseoB1channel i nage 2209b has two |ight ar eBST/BE2D04019996
and 2210b"' surrounding a dark area 2212b. Thus it can
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of gain for 30 dB total gain, boosted the signals. t
is not necessary to equalize the output power (or apparent output power in the

_R.—

presence of detector non-uniformity) between the channels.

Beams from blue, green, and red lasers 2404a, 2404b, and 2404c pass through
focusing lenses 2406a, 2406b, and 2406b prior to passing through acousto-optic
modulators (AOM:s) 2408a, 2408b, and 2408c, respectively. The focusing lenses are
set to focus the beams at the center of the AOM crystals. After passing through
AOMs 2408a, 2408b, and 2408c, the blue, green, and red beams pass through beam
blocks 2410a, 2410b, and 2410c and then through collimating lenses 2412a, 2412b,
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| evel s appropriate for anal og-to-digital conversion.

The anount of gain varied slightly by channel (ranging
WO e@s0®@016 dB of gain for the red channel to 3RCRUSB0©619996

gain for the blue channel), but this was not felt to
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ed beans pass through be m bl 410a
an d SINeExaBwie elhmn? femaélly@hdl np‘%fﬁﬁ gtog ié/gg shown in
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directly introduced. In one enbodi nent, (li:)gam conbl
fou1 iigtangs baRGB dages or edge-emitting LEDs, are held by mounts 2 a 2502b,
and 2502¢, respectively. Mounts 2502 may include provision for aligning the
emitters. Light beams output by emitters 2404a, 2404b, and 2404c are combined by
X-cube 2504 and output along a common axis as combined beam 106. X-cube 2504
may be a commercially available birefringeént device. The output beam 106 proceeds
down mounting barrel 2506 and is collimated or focused by output optic 1106, here
shown as a doublet. Alternatively, output optic 1106 may include a single lens and/or

an aperture (not shown). Spacers 2508a and 2508b vary the optical path length
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Dielectric mrror 2420 redirects the conbi ned beam
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Separate console, is attached_to a tip 1018. The
eobglinayt iestvated separate detector fibers 1302a, 1302b, and 1302c¢ are used to

gather and return blue, green, and red signals, respectively. Light signals may be

separated by placing filters 2308, 2310, and 2312 over the blue, green and red fibers
1302a, 1302b, and 1302c, respectively. Optional light coupling elements 1602a,
1602b, and 1602c may be used to increase the light gathering efficiency of the
detector fibers, thus boosting the optical signal strength or making it more uniform

across the field-of-view.
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proxi mal body 1012 and tip 1018 may be renovabl e, thus
allowi ng interchangeability of tips, and optionally

waele@posdEbd | ity of tips. A controller 1002, whiROI/Ds200H€19996
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i'og{‘ MShGY REGEGHY Bioke@inf REQRERs bOhRAY nidiRAR 1BY
maximizing the image quality are discussed analogously in the U.S. Patent
Application entitled IMAGE QUALITY CONSIDERATIONS IN BI- '
SINUSOIDALLY SCANNED RETINAL SCANNING DISPLAY SYSTEMS, by
Margaret Brown, Marc Freeman, and John R. Lewis, application number 10/441,916,
applied for May 19, 2003, commonly assigned herewith and hereby incorporated by
reference. That patent application, among other things, teaches methods of
interpolating pixel values, particularly with respect to bi-sinusoidal scanning.

For resonant scanning systems, constant frequency pulse modulation may be

used with constant pixel clock rate and variable pixel spacing. In such a mode, it may
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may be coupled nore directly with the detectors with
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' nmet hods for maxi m zing the
h%%gﬁ%ﬁ%ﬁ%@@ﬁ@%‘?@gussed anal ogously in t%e U. S.
Pat eBy vARl d clatl dividen(for fiedudn@aic ghkdtdthan 1:1) or a second
CONSI DERATI ONS I N BI SI :éésg DAkkl;‘}( .SCANNED ETll NAL dulati
cheknuNBRDPSHba apRysrEdEclesgd fergiafo plsg ool Rismodulation
[ . Wi |4 ' . . .
f%@ﬁ%%fgﬂggéw ggthfﬂggé’l‘ﬁgci/ck%%? 'l;l%%%h? e RMBPEI conjunction with

conmonl y
tRs spranads bEFiguid 11 mmohereahy sépacablpbiglzitreatiudation used by

reference. That patent atgplicati n, anong ot her
iwminggors Peaichid d Ofi apd 44 resPREMEIEHb| at i ng pi xel val ues,

par t iigdl gLl ingi FRiESRE Bile thfertlon Bﬁéﬁ%isg?ﬂticﬁlcmﬁé B&hwings, and
For resénan canni hg Systens, constant frequency .
deulird d&gtdl.ﬁti@hidgfbrtm}exblﬁlpm dmbbotlimentnef tﬁa prqsbngeihvgitimhn a
rate and variabl e pixel spacing. ] n such a e, it
mraiytse inferded 4p festersagppd ynd efﬁé@"é?glﬂﬁr E}é@&f?@fb@rt Qther structures,

| i hi | P9 QBRI RS QUHCE
HOLGHERLRL SR RRIS ot U ARRLe A B R sk
R 658 hhvdntivn destribed heeii stai] tehléimhedtdy tbywbe olpirmy.

point in the scan as the beam crosses the center of

the FOV. More peripheral areas at each end of the scan
where the scan beamis noving slower are
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over-sanpled. In general, linear interpolation applied
t wo- di nensi onally has been found to yield good i mage

wa@eabkiooi@and have a rel atively nodest processiPQI/US2004/019996

requi renent. Alternatively, constant pixel spacing nay
be mai ntai ned by varying bote i.xel clocking and
synchronous pul se nodul ati on L%gﬁﬁ%ncy. Met hods and
apparatus for varying pixel clocking across a FOV are

- described in U S Patent Application 10/118, 861

ent | WhadisilEaERGN CALLY SCANNED BEAM DI SPLAY by

Gregory Scott Bright; ScottW Straka; Philip C Bl ack;
James G Moore; John R Lew s; .Hakan Urey; C arence T.
Tegr bene, fSP¢fE¥§d13P@‘P0@1ag%roﬁ9FBHq1§ln%cSS| gned herewi th and

her eby 'neg{){ &g{lﬁasld?g%xam@t&%&aﬁ@e ikl 12 cl ock

di vi der ( requericy ratios gr ater than 1:1) or a
second clac#lundnaiompticslefiich davipparmoximal esd bud @ distal end, the

Pyl bR dp FFO et EPBCRI G iR, st fomyrebign pytica
TBARbAC LbaR b ahOF ABRAEBIUE DA @ﬁ&uf&s fRpERdUce

e separa ation ‘use um nat or §
and B 104as@mdeﬂ@)®ha,blaf estisct lighl fyom Tltﬁadlpﬁabemﬂof@ﬂ 111um1nation
over\%J ew of th idaq’entlon brief description of the
ogtiealitihgs acrgpya FegWdescr i ption describe exenplary

enbodi men%goﬁlz%mo& ﬁr d't@YgHttfr&ﬁ bid i @1"

i nt ended er e rstand Ing by t

reader. QutHedstohe detéct[cesoptm]t fiiteat Sseparate fromi said ﬂelmtrsnatmn
be within the scope of the |nvention, As such

optigH d1bsr, sapbal; R4 ARG BFiCEEAIRp BavIRG dist] a@ﬁmmﬁ@rends the
cfiétﬂ' Ktnﬁ%fggi!dé/at st Sl feiriBh f 'f%{aﬁ)é\@% }é@ﬁﬁofﬁd r@ééf?éjat' J8ast a

canned beam i mager, conpris an | |'um nat or
popdsrad the direped dighefrpm|the ﬁzldebﬂ\hg\htthroagh it lpmamer cand

optical fiber havin roxi mp] end and, a_ djs

the proxi AelFasege 4e b‘%é@t‘?fd?qs%@é?@@ Tecgie | %Fb’éw aproxunal
I optical fiber being

%%g@?a pg&?%$ﬁé%ﬁéﬁ#%goﬁggﬁ?hgﬂﬁﬂw|ts proxi mal end to

i ts @i stallhesekinnad bean iatge pf cRlithd, fiaticir bempnlsmght

fromthe distal end of said illum nation op tlc% fiber
across a RiberH-shaRIpg aptical elegient PEf‘é?U%"rllﬁéf&@I?ﬁeﬁ% cfween the

dlét?l Jt%glbdsl"l’ihﬂnﬁa{t oﬂ%{pﬂ 1%ber 3hd & 3% afrefL ECt i ON

separate Trom sal um nati on
The scanned beam imager of claim 2, Whereln the characteristics of said

beam shaping optical element are adjustable to vary the shape of the scanned light
beam.

4, The scanned beam imager of claim 3, wherein the characteristics of said
beam shaping optical element that are adjustable include a variable position of said
beam shaping optical element.

5. The scanned beam imager of claim 3, wherein the characteristics of said
beam shaping optical element that are adjustable include a variable shape of said beam
shaping optical element.

6. The scanned beam imager of claim 1, further comprising;
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optical fiber, said at |east one detection fiber
havi ng di stal and proxi mal ends, the distal end of

W@ 200d/0at110 east one detection fiber bei ng positPORES000019996
receive at |least a portion of the directed light from
the field-of-view through sai dqagol arizer; .and at | ea

1

one | i ghtat iRasteencdichs aiheTram@Rfiqabmegthst pesifiprast orgadie Tght
ERNE Rt OB e W Gyl Bk Rk S8H B 1ohbne detection
optitial iBér. conpri si ng; a beam shapi ng optical el enent

operatively interposed between the djstal end of saifj

i |1 ufri nat¥hsrscapredchgany imseer offdaign.dviasin @id aldeast onglight

The. [ f j ' :
S B S T R

are @dj ustadcantel eanyinidper shapen bf whéreinscanned | i ght

beam 4. The scanned beam i mager _ of claim 3, wh

[ I ei e
the char aeidk#tlsast e8¢ deteciignpnbicaniRes SpMRESe It P]él{fﬁlty of detection

. t are adjustable include a variable
"g{%‘%@%ﬁ’ %?asai d beam shaping optical elenent. 5. The
scanned badmt 168y ehe difhicdegdcroromphisesea phurdléty of light detectors.

characteristics of said beam shapin ptical el ement

t hat 9ar e ‘Heg srenngsl beann ppaggeobelgin ﬁa%’l“i‘%?%ﬁ%“%’?g% aid

beam shapj i I : :

i mager ofégﬂg@%f?ﬁtﬁﬁtcﬁgﬁgg B%%rlﬁi gpﬁ%@@ :agfa%s??&gn fical fibers,
whegdih egelt bevaidpluesiity offiltem shiestarmdy tpreveats transgassier of certain
light fromthe fiel d-of_-vhﬁg, ag)g .coupl e the gathered
wavglengihsof light 1 each of said Pty of Light dFteSi cal fi ber .

7. Thg sc ' [ : @1 [ ;
{castOoneT i RETee Rbf RAfier B oSl W AErcMEE ah1cB e et
detedsr @Bﬁig@ilséya plugalip af dplit detesdrs,andatleréialsaiddcariive beam
scanned beam i mager of claim1, wherein; said at |east
imagerdurther GaswPTESEi cal fiber conprises a plurality of

ot oot o "Bl R ol BEh o SBOMla AL, Bl A3} p 1S b 8 ight

det ector Conpriseés a p ctors.

chiteedsisanne et lead onk @egetor opticil fibed dhd directihgthe removed portion of

conprising;, a pluraljty of filters coupled to said
light pyard pne of gaid edyralily of pightdgteqtolser s, wherein each of

2oL B U L S5, it B

transm ssion o to eac
Rparator dopiptiked 4 Hieleetrid imgrhdr. det ect ors.

12.  The scanned beam imager of claim 10, wherein said at least one
wavelength separator is interposed between the proximal end of said at least one
detector optical fiber and one of said plurality of light detectors.

13.  The scanned beam imager of claim 1, wherein said beam director
includes a mechanism operable to move the distal end of said illumination optical
fiber.

14.  The scanned beam imager of claim 1, wherein said beam director
includes a moveable mitror aligned to receive light from the distal end of said
illumination optical fiber and operable to deflect the light.

15.  The scanned beam imager of claim 14, wherein said beam director

includes a MEMS scanner.
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10. The scanned beam i nmager of claim1l, wherein said
at |l east one |ight detector conprises a plurality of

wo p@hvoded ect ors, and wherein said scanned beaPCT/Dspes4/019996

further conprises; at |east one wavel ength separat or

for renoving a@fortion of the light carried by said at
| easlt6. oné\ skenned beans prdasedPe FHBPIIHAY directing t he

renmoved pqrtion.of |i ' luralit

of 11 gt Aaiet gyl oppble b BHRIE R BLaTBRE B O Y

cl ai m 10,anWpatsl fibes dperaivelelconged toepdtightoemitenforitsesmitting

a dielectriCc mrror. 12. The scanned beam i mager of
thellighhfrom a presimaltogdisfablocationst one wavel engt h

separator_ js inter b : [OX] ;

said at 1%E5ERBAE Siglgﬁgﬁoorr%éoég%?gg e?%gff%an eg%galg%d of said
og@éa@ fipbiy kallistyniRt bbingpedetelgiconsied iBscafitthe Hghiriwah over a

eam i mager of claim 1, wherein said beamdirector

ﬁb]]rcdcq)fu‘_dgg_; Ial mechani sm operable to nove the distal end

of said i m.nati o ' [ 4

beam i nagae?oli%?zeg Ica?sgﬁp%?&%gkoe{hﬁ q%gf gg’é[e%}r@%?lﬁeég? gg ﬁosmoned
téfé%bi%@ﬁ%hﬁfrmvﬁﬁbﬁ@ldmmmﬁ; 4ld gned to receive |ight

romthe distal end of said il lumnatian tical fiper
and oper adblleast ongightaistecias @opitigrgd toprgceiys, ﬁgéfc’é%élae B8or
beam i er.of. ¢claim14, wherein said beam director
Vﬂ%fﬂﬁ‘a"@lg lm%%anner. 16. A scanned beam endoscope,
co Irrp 17 Si ggylzle_ @ﬁhh@:hbea@ﬂhﬁdoefopmﬂ“ Ichdiinel &, ovhpreniuce

pol ari zed light; an optical fiber operatively .coupled
to said |saihet lepstione lighbietecten fOMRISFhy Pilﬁ%htt‘/ioé E’EHF?%WOTS-
a proyi to ' [ .OlF; S i aed
2P 3L ™nd Sl B ch AR i ORI
optical fiBRirality¥fdpacamters, bsshngtioplefiladribeirgyomtmally edupled to
to scan the |ight beamover a field-of-view a

q@n@!Oé shid lurgliysel light defestors tosubsiantiallymreyeny Hreiasgpigsion of one or
emtter.and pesitien . |ight from said
If“?rg!‘?ﬁvg}e- ﬁ“é\ﬁ?ﬁ]&hbﬁgﬁldﬁhég%{d@%ﬁ{g ﬁ' gh'? det ect o? |

posi tiponedh¢ Scdn@e b¥sm leh@itope efvliinel 6,ivehedeinf vi ew

t hrough said polarizer. 17. The scanned_ beam endoscope
of cl ai m $a@d apeesteang: light detector comprises a photodiode mounte(? near the

distal end of said optical fiber, said photodiode modulating electrical signals
responsive to light from the field-of-view incident thereon.
20. The scanned beam endoscope of claim 19, further comprising;
an analog-to-digital converter mounted near said photodiode, said
analog-to-digital converter being operatively coupled to convert analog electrical
signals produced by said photodiode to digital electrical signals for transmission to
near the proximal end of said optical fiber.
21. A method for capturing and image, comprising:
creating a beam of light;
scanning the beam of light across a two-dimensional field-of-view at a
rate non-constant in both axes;
collecting scattered light with one or more optical fibers; and

detecting light from the field-of-view.
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said at |east one light detector conprises a plurality
of light detectors. 18. The scanned beam endoscope of

w@b@bno@Ty further conprising; a plurality of BPEI/US2NN4/019996

filters, each optical filter being optically coupled

to one of said plurality of |ight detectors to .
subs2nt i Hid method\feneapturingsan iswige of elair?d , Birthep pemprising
wavel engths of Light fromthe field-of-view 19. The
S@@Bﬁ?&@%@iﬁ?@?&%@ﬁ%@%ﬁ%ﬁa?‘m 16, wherein; said at

| easp3 onerhd gRthod&beedpdiirirpOdiiiiage ©f alapi @O firfée comprising
mount ed near the distal end of said optical fiber,
inteinglasingthstivernehersaiupled idalg nointe 1o prodiceiyimgags having

r ngive t.o li.gh r : field-of-viewincident
SPﬁ%%@%ﬂ.y cggal S?ﬁ‘é]ggn%g‘?ﬁ%e%g ’%Zsm endoscope of claim 19,
furtbher CoORPHeRiodTFor sdptaived Agmiape BfGldiml2 1¢ ovheasih eaid step of
mount ed near sai d photodi ode, said anal og-to-digital
seamieg the bepmi afdishp Shheneomprisetipl ed to convert anal og

el ectrical _signals ' j .
digital el%® g’ig@i?ngg% Q%E?%ﬂfa%% S??ﬂérgeéi%%?g‘!n&?‘g fieuency; and
the proxi gahn@pdieis 6 8cendpianeRis dehixesd at Akecdhdazbh idquency;
for capturing and inmage, conprising: creating a_beam

of | Wgierein Sieseapndjseandraguenayds lqweyribaribe dst sgan frequency; and

- di ' | fi -.f - vj -
i oo aEl g P % g of Ffp P W scan
9?;_@@@3 optical fibers; and detectinhg light fromthe
|

el d-of -view 22. The nethod for capturing an inmage of
cl ai @521, Themetd fos eaptieng an 845 alrvdpitath veltergin data is sampled

SUBSUAPREHY R S 2l pIPFER B nl lyapgncous san
dpRbEeras kit ﬁmaﬁwmiﬁmmﬂwh@m%dfm sp@idits to

produce an i mage having substantia f(gﬁ equal spacing

bet w@én pilke methathfor Thpturiag BB émags ofdgimuds. vhaeinithage

of claim?21l, wherein sai . C [ t he beam of
gl o AR TP SRaoRER I8 hotoRANERE. 117, Oe:

scan gxi s The aIesH ffr caputihg bn $8ade ST QSUEDS Wha8i@ both of said
scanni ng al ong a second scan axis scanned at a second

Brshand sesqud srap; axeh atcsicanned it Sisaengios dugher itheg he djpmegate.

| east2fone 15 Mot 8o 27 GRHBI pedth s SRS B fjssaious
YRR phafignscan

29. A scanned beam endoscope, comprising:

an illuminator that outputs a plurality of wavelengths;
an illumination optical fiber, coupled to said illuminator, having a
proximal and a distal end; .
a scanner resonant in two axes that receives light from the distal end of
said illumination optical fiber and scans it across a field-of-view; and
a detector that receives light scattered by the field-of-view.
30. The scanned beam endoscope of claim 29, wherein said light having a

plurality of wavelengths is broadband light.
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speed. ' 25. The nethod for capturing an inmage of
claim 24, wherein data is sanpled at an instantaneous

WO a608/08uibst antial |y inversely proportional to PEEUS2004/019996
i nst ant aneous scan speed axis that is scanned at a
sinusoi dal |y varying scan speed. 26. The nethod for |
capt 3it.i ngllwrscamegiebeatn eidabenpe4f claiin29; whetedn said light having a

ol A Bes SlBehS R i S5 AR S rearaS R band
c6lodd M 25, wherein both of said first and second scan

axes are scanned at frequencies higher than the frape
r at e32.28. Theneeanesdhsamoéndosedpsm of 2lainidds siberaim e ain ise

e R T e

out pyts aril dashdd deatf envuedRNECEMm AN wheldivanRbit@ne of the
optical fiber, coupled to said illumnator, having a

sppavatic mairowring cdloss i) ine@rragion of gerplestronzagnatin spacHumRpt readily
xes t ecei.ves light fromthe distal end of said

dl?iqngmsﬂ%%l?é%‘&lgmgﬁy i ber and scans it across a

fi el d10f - Xi@¥inifd Endbseeeass, @oniphisingr ecei ves | i ght

scattered by the field-of-view 30. The scanned beam
endos copeanflluglingtinmeptioahBpesifor wapiying Wrminadipndight from a

luralit el engths .i.s 0 .11 A ‘L
Bl ety BRcuEbpw by Be IR TOBRRG e Wl Gk aptilin:
having a pkasnabl ditvedf re¥éhaatie ghd1sast swb uxdshiarsaidadipnl thgd
of a plurality of separate narrow band colors. 32. The

msHioned irsgeive tatoidlonpeativn lighs frensthe digiadcad pfspid lugination
hr ee,se at.e _narrow.band col ding to

tfﬂ%@&?l ang F@Eﬁ’ﬁe é\lﬁ'HmBF“iﬁ%t? 1@@_ aCHGRR a?@%ﬁggfﬁ %ﬁw&] endoscope

of cl ai m 3de oMhBFEddtectonl (PpRish] filees pdsitidiedsie paidatial tip to

narrow band colors is in a region of the

rebaive Hghtefgore the fisldeftviemand transsaititheyregeived gl toganpeimal end
%o t he human ﬁlye. 34. . A sc rfn' n(% endoscope tip,

b HrARsTRissgn 1oy e rpxtHah SEHag %t’ﬁ’ cal fiber for
receilsl ng igk lseniet didsédpittp & QTP A T@xheFRbnieRRIAb! €
body and transmtting the illumnation light to a,
di stal ti pn oatessheatieextending fromes prrsimpltojandisiel pesitien and

E:ar\l\?yir?gx Sid IoBticSa?lﬁ%erc'js.l tﬁet:r%}n.t 'P.

36. The scanning endoscope tip of claim 35, further comprising;

a plurality of electrical leads carried within said outer sheath having
proximal ends for receiving electrical signals from the proximal separable body and
transmitting the electrical signals to said scanner.

37.  The scanning endoscope tip of claim 36, wherein one or more of said
electrical leads further transmits signals from said distal end to said proximal end for
transmission to the proximal separable body.

38.  The scanning endoscope tip of claim 34, further comprising;

a tip connector attached to said proximal end of said optical fibers, said
tip connector being removably coupleable to a body connector located on the
separable body.

39. A scanned beam imager, comprising:
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positioned to receive the illumnnation light fromthe
distal end of said illum nation fiber and scan the
WO kdoawdaiad i on | i ght across a field-of-view anPCDOE2004/019996
nore detection optical fibers positioned in said
distal tip to receive light fromthe field-of-view and
transmit atferatigeel heath scaghars far sqamies benans efiiglt geross a field-
éransni sion to the proxi mal separable body. 35. The
Ok¥EMPRY endoscope tip of claim34, further

conpri si Rge RhRLhEA-iHRSAL MeR¥ic Bibnitgts Fifichep i@ ¥dceble light
to a distal position and carrying said optical fibers
fiohetheifigld-86vie®he scanni ng endoscope tip of clai m 35,

further nprising; a.plurality. o ri . ds
carrfed metﬁcﬁn%%g@a elé?lfé(%lﬁl %%\ﬁnﬁ%&pdro g@lnr% "ends
for receiyvingragl &fkdd sallumirfiah sofisledd sehprexidgbrality of
separabl e body and transmitting the electrical signals

beam seamtesscamher . 37. The scanni ng endoscope tip of

l'aim 36, wh [ i d: i cal .
Furt her  toigmod ERoTieRH Snbled @ i EiahGR nnSiigine

dRfeer BRmetfdol Alstihs ABSAL HeivaRn sipnhReopeepondig to said received
separ abl e body. 38" The scanni ng endoscope tip of
lighacorre3gonding tcheachof ther pluratigy obbaanpsc@sngiéct or at t ached

to said oxi mal d of id tigal fi .S, idti
conndbt o TEoiRg s RepaE SR Bt AR P bBE oy ™ @ 1P
connect or ¢dcAGRSSE separhfdotRBa6 AN iRAIbN. ouduts Aghcmodedted at a

beam i mager, conprising:a plurality of beam scanners
characedistimfraguepeymndof |i ght across a fiel dof- view

and one or,nore non-inagi ng, det.ect :
posi ti oned/ N5 @&@ RN ﬁ%aﬁédeﬁ?‘gﬁ*glte%ers ‘1"3 %&gﬁgé ﬁl\? ;Signals bsed
ug}gﬁfﬁﬁg&%@&ﬁg@idﬂmger of claim 39, further
onprising: a separate source of illum nation coupl ed
to ed2h ofhsstaingd beah imggasof blimAdc whensinseachn saidesepgrate

nore d | t.i pl exers cou d to_said on [:

soBees ROy rErS BEBhBes r 3ord B FBir B fyplonetts, and
bet ween siGRALS sHQ0HESPRIFE AenbiBipRRb@ sepsticy &k dibghs based
corresponding to each of the plurality of beam

wranwerekngdl. The scanned beam i mager of claim 40,
wher e4'3'.”' The scanned beam imager of claim 40, wherein there are two beam

scanners; and
the field-of-view of each beam scanner is substantially identical;
whereby said scanned beam imager produces a stereoscopic image.
44.  Anendoscope having a distal tip, comprising:
one or more lubricant dispensing orifices positioned near the distal tip, whereby
lubricant may be dispensed to aid passage of the endoscope through body cavities.
45.  The endoscope of claim 45, wherein the lubricant may be dispensed
manually by a clinician.
46.  The endoscope of claim 45, wherein the lubricant may be dispensed
automatically.
47.  The endoscope of claim 46, wherein the automatic lubricant dispensing

may be triggered by image data.
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each of said separate sources of illumnation outputs
i ght nodul ated at a characteristic frequency; and
wob@seiriiecai d one or nore denul tipl exers separPCEES1004019996
signal s based upon frequency nodul ati on. 42. The
scanned beam i mager of claim40, wherein each of said
sepaftdt e Theendescarfe dficlaim 4fathstein theputematiglubrigent shigpensing
e c¢ch racterkﬁtic wavel engt hs, and wherein said

or 1o
%ﬁ%@?ﬁﬁaﬁﬁﬁ YR8 exers separates the signals based

upon4vavelTEOShdbscdpd of UamSR Migbr ke isiRdedoatihg ©hak Mast a
40, wherein there are two beam scanners; and the f

pertidorodt the distad ripshetrshedslbseaninbps preseryingt aglearayieyy and

i denti.cal : wher said scanned beam i nager produces a
1%?8?%%&%8%%?‘?9& &. 44. An endoscope having a di stal
tip, conprising: one or nore |ubricant dispensing
orifices positioned near the distal tip, whereby

| ubri cant may be di spensed to aid passage of the
endoscope through body cavities. 45. The endoscope of
cl aim 45, wherein the |ubricant may be di spensed
manual |y by a clinician. 46. The endoscope of claim
45, wherein the lubricant may be di spensed
automatically. 47. The endoscope of claim 46, wherein
the automatic |ubricant dispensing nay be triggered by
i mge data.48. The endoscope of claim 46, wherein the
automatic |ubricant dispensing may be triggered by tip
angl e. 49. The endoscope of claim44, further
conprising a coating on at |least a portion of the
distal tip that sheds lubricant, thus preserving a
clear view and maxi m zing i mage quality.
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