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~ackgrQund_of tbe_!nvgn~ioo 

rJ.ald qt Sjbl tnYtDtiqn 

I 

o,· TbJ.s imrention CJ•n•nlly rttlatM to vi•inv ac:opes for 

a))taining 1••98S ttoa raote lacatlon• in mdic:al ma 
indUatrial applications, .. Kon partiaalarly, this invention 

relates to an 11111ioaved vievinq scape tbat can abtain oolor 

ba .. s of dialy illainated abjects. 

DMPrip1;1Qn qf llll1t,,, kt 

Viewing scope• that enable cme ta view the :1nta2:io:r: 

of a remot.e chamber are well lmctm in the art. In an 

industrial envil:onment, a :emote chamber aigb~ comprise 1:he 

intarior cf a 11acbine, such as a jet encJin•. ViewinC) scopes 

. used in such applications are called 11bo~••ccpea". In lledical .. ---

applications the reaote chamber can eoaprisa a passa~eway in 

Generally, viewing scopes for such aedical 

applications a:i:a called 11endoscopa•"· Often tius endosc°'aa 

bave alte::native nnes that deriv• from their int:anded. uses. 

•x.aparoscopes• and •bronchoscopas" are axaaples. In the 

follcwinq discussion t'he phrase •viewinq seapen inclwlea both . 

(1) borescopes ancl (2) endoscope• in any farm including 

1aparaac:opu, 1'ronchoacopea and. other aadical vievinq acapes. 

Each such viewinq scope is an elonqat'4, •lender, tul)Ql•r·, 

optical instruunt used as a viawinq •Ysta tor a partic:ul1r ,.· 

application, and this application 4ei:en1nes both the lenC)th 
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and di-ter of the v1.vi119 ac:ope.. Bach viewing sc:ape 

generally bas an objective at a 41.tal and of tbe vievinv acopa 

an4 •n ayapieoe at the p&"OXbal end. 'l'b• objectiv• foms a 

real i-te at an Dbj.ctive ~ plane a£ abject• in a field o~ 

view. 1'he eyapiaca anel.es an 1-CJ• at an eyepiece 1-9• plane 

ta be "lriewec1. 1'be eyepieee nomally canv.ys this 1-9• 

dizect:ly to a hwun eye " to • television ar phot~pbic 

ca•ra. 
. 

Ranwally t:he @'jective and eyepiec:e are apacacl to provide· 

th• nquired wm:kinCJ lanqth, so tb•r• i• a p:redetanined 

distance betVaen t.11• objective and erepiece. hlage plan••· 

Consequently, the housing also carries an lJlaga trans~•~ device 

for presenting an iaage at the eyepiece imaqa plane with 

auhstantiallf the smae brightness, apat1*1 resolution and 

ccntrast resolution as the image at th• cbjective il\ilC)e plane. 

laaqe transfer devices qanerally take one of three farJllS 

based up~n the use of (1) optical fibers, (2) rod lenses, or 

(3) a ccmbinat:lon of relay and fialc! len•es. The design 

process for an image i:ransf e: c!eViae cf any af these f ol':llls 

includetS a cansidttatian of a :nu11\bar of :!act:ora. Bright.ness, 

spatial resolution and contrast resglution are primary design 

t'actoJ:s. Other factors include abettations, such as field 

curvature, a.stipatia and color. However, if an baa9e 
' 

transte: dev1c:• is well 4••i9ned, tbe ot>jective •nd/Ot' •7•Pi~e 
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can C01ftPensat.e any a!Mnat1on• that th• 1-ge tranafe¥ d.eYice 

ay J.ntroclUce. 

In 1111ny •PPlication• th• dlalsi'Jft ab'ao~iv•s o~ tbe viewing' 

•co1• and 'the optical syste. that viewing ac:opa contains an 

ant:itheticsal. Womally optical 8J"•~ ach1eve 'tba ohjeci:ivea 

of .. ximm b:ipt:ness, spatial and contru1: nsalu1:..i.on and trae 

color rendi-ion by incnasing 1:118 ef'fective apert:u~ of t:he 

optic:al syst• or by COMralliruJ tba level. of the.illuminatlnq 
. 

llqht or both. Hawver, the desicpi ob:J-=t:ivas ~or vievinq . 
scopes, partioularly for 111adical applicat:iou, unally require 

that the overall cliametar of th• vi•ing •cop• be kept at a 

.•in:.bn.m dimension and that the t:ross aectio.n oocupi.ed by the . 
optical syst- he J1inillizec1 in o:tdel:' to accmmacdate working 

channels that enable the operation of apparatus at the distal 

end af the vievinCJ scope. This c:cnst.raint: aonatitutea a 

practical 11-it on effective aperture aize. 

As·.Jcnown, the etfect:ive ligbt. trma the optical aystem 
. . 

varies as the aqua:re of the aperture, so 11aitl119 or r:educ:inq 

the af tective aperture of the system can require a signi!ic:ant 

increa•• in the level of the illm1inatinrJ li9ht on the remote 

object.. ftis leads to an increase in lacali1•4 heating due to 

inci:aased ))rightness o'f the li9ht source. In many 

applieationa, partiau.larly aedical applications, such increase 
' 

locallaed heating will not be acceptable. ~co"sequently, the 

de•ign of a pa~ticular viewing scopa r•qulre• a coapr~i•• 
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at•en these coapetinci d•ign object:ivea. rn .... •ituat:ions, 

that ccmprmli.11• 11!.pt: ~ include accepting the display o~ a 

aanac:hl'DM iap. 

lt vcnalcl •l•o IMI cleab'abl• if vievtnw aaopea pnwilkcl tbe 

c:apabillt:y of viawint J.mavas in three diJlensions.. SUc:h a 

eapability, havever. reipires Cli•crete apt:ical channel• and 

further J.nci-easa di!ficult:ies 1n reaching a reaHftU>l• 

COllPl'Dlllise aver tb• aonf11ct:imi cri~eria of •iavi119 •cape s1ce, 

afrective •pert.ura and light source brightn••· In manr 
situations na coaprcmi•• is pos•ible, so the viawing scope 

provic.lee only a planar·i.Jla9e. 

In attamp~1 to ove%aome th• liJaits i11pOsed an viewing 

seope dasi911, •mae prior art view11SCJ •GGP• syateu util.11• 

color switchinrJ apparatus to obtain a good colm: video 1•9• of 

an object at the distal •nd of the viewinq scope. The 

fol1aving pateJ'lt• c!i•cloae such prime art systa•: 

4,713,883 (1987) Fujbmri et al. 

4,7~6,73t (1988) llatsuara et al. 

4,742,388 (1988) coapar at al. 

4,800,424 (1989) Koguchi 

4,815,909 (1119) Ki.aura et al. 

4,821,111 (1911) Hagasalci et al. 

4,ae&,52& (1989) Alls et al. 

4,878,113 (1989) :Wabmura , 

4,151,133 (1990) Onoda 
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4,974 1 13• (l990J All9 at al.. 

4,917,114 (1991J Bisblalca et al. 

5,0?1,1!0 (1992) Bara et al. 

United stat•• I,et~•r• Patent Jro. 4,713,&83 disclot1•• 

apparatus for diap1ayin9 a co1ar 1 ... llJ8 o))tainecl !ram an 

enc1o1cape on a video monitor. A ratatinv c:alor 4isc intezposed 

baaaen an object and a li;ht sourc:e produces a aequenc:e of 

lll01l0Chrome colors at different wavelengths for illuminating the . . . 
object. '.rile rot:atintJ color cli•c opuatu in synchronisa with 

i11ag• memcrie• that record, in each, succesaive fr- obtainad 

while a c:orreapondi1lfJ monochrome colcr illu•inatas the object. 

rurther developments cf such .ystema have also been 

undertaken. !'J:J:r: example, 'Cnitecl states Latten Patent Jo • 

41 736,734 discloses an analogous system that has the added 

capa1'ility of varyi119 the ar19le of view af the optical llJ•ta 

an4 an !mate enlarqeJ1ent processor with two f~- aaaries that 

enlaqe:tbe imag• in bori1ontal and vertical cll:rectians 

respecti-vely. In Unitacl S1:ates Lett:era Patent Bo. 4,7t\2,l88 a 

ligbt sourca direct3 sequential iields of red, c;ireen and blue 

light into a cavity. A video proc•••or converts the •19fta1 

from an image •ensor into a compasi~e video •i'J'n•l and a 

plurality o~ color tilters alter tbe ~· color tile isacJe 

appae.rinCJ on the aonitor. 

In Uni~•d sta~aa t.etta:s Patent Ho. •~800,424r a light. 

aom:ce includes a lamp that flashes to control the emit.tad 
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light aacunta ot tbe colored lifbt frcna • rotary rilter titted 

with diverse calor filters. United atatu Letters Patent Ro. 

~ 4,111,901 di•cloaea an endoscapa vlt1a a co1or illllgi119 dev1c. 

and a •ipal processor that control• t.be 9a:ln ol ~alo.r •iCJUls. 

tn addition, tba signal processor ••• the m:m.ber ot pixels in 

the detected imap ta QJ:,tain a ~ina1 image. '1'ba endoscope in 

Urd.tacl Stat:ea Letters Jllat:ant Ho. 4,821,118 includes a salid­

atata pickup et ... nt and a light c:an~ol in i:be ~oza o~ a 

liquid crystal filter t:hat axtirit)u.iahes the light during each · 

interval that a signal is baint reac! from the solid-state pick 

up elaent .. 

FUrther modification• a~e shown in unitad states Letters 

Pa1:ent·Ro. 4,866,526 in which ala.pis pa1sed to control the 

light tlwc: emit:bd by the laap a. a iunction of t:he ac1:ual 

value of t=ha amplitude ot the video signal. In United states 

Letters Patent lie. 4,878,113 a video apparatus associated with 

an elld~cope settantes an object i••fJ• into i•t•• at a 

plu~alitf o~ vavelt1119tb•- united •~•ta• Letbara Patent Ra. 

4,951.lll disclosas an endoscape with a ratary filter apparatus 

that transmits sequentially the. ltlmalnating light o~ diverse 

wavelength• and that. includes appara~us fo:r chan;in9 the 

character of the light, as by obatncti119 the transaiasion of 

infrared rays. ln united sta'tes Latun Patent 110. 4,.914,936 • 
' 

rotary filte~ app•~atu• includes • color wheal and a ru1UN1r 

wheel that provide discrete pulses of Light at different 
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wavelengths. Unital States Latta:. Patent 110. 4,187,884 also 

disclo••• •n 41ftdoacope using a solid-state imp pJ.c:Jmp deYice. 

In this patent: a filter is a:nnqed in tile fonground of the 

pickup device. 'Ibis filt•r reaov• cawpananu of light. having 

cucb vav•l•ngt:b• as are not 1U1aful for an ob•aJ:Yation. !'he 

fJ.lgr may 1'• a component of t:be cmj-=ti'N lant1. An endoscapa 

in United Sutea Letters Patent Vo, 9,018,150 inclucles a 

aeqa.tmtial illaillating litJht aoarae and storage man• that 

store apec:tral clata for enabling a spectral dlstJ:ibut1an 
' 

calculation to be perf oraed on the i .. age obtained froa the 

•ndbscope. 

tn ;aneral optical applications, image intensifiers a~e 

often~sed to enhance tha brigh~ness of an imp that is dial.y 

illainat:ed.. S1lc:h iaage intensifiars, holnv•~, praduca 

essentially 111anocbromatic outputs. The following patents 

disclose tha ue of such luge intensifiers in viewinq scopes . 
and other devices: 

3,231,746 (1111) Goodrich 

3,217,:183 (1966) D.pany 

C,314,325 (1983) llavo2:'th 

4,821,117 (1989) Selciguchi 

4,993,404 (1191) tan• 

United states t.et~era Patent No. 3,231,'74G disclo• .. an 

iaaga intensifier 4ev1ce using an electron.aultiplier for 

providing colo~ intanaificatian. Rotatable color wheels are 
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paaitionad on cpposlte •ides of the imp inten•itier to alter 

t:he vavelenvth of t:.he reflected 1~ t:!lat readl• variw. 

~ portions at tba i•P int.nsifier la sequenaa. 

xn united stat• Letters latent Ra. 3,267,283 X•nJ• tzm 

an object ene~iae scintillatar czys~ls that are t'9Sponsive to 

different ene~ levals. 'l'ha light froa tbeae czystals enters 

an iaa9• inten•ifiar. '1'h• intenslfiad aignals then are applied 

to clusters of f iben of dif fcent col.on corraspondinf to the 

p0t1i'tion cf eryatals of different energy level.a. Can•eqa•nUy, 

1:ha a~aratus in thia patent displays a colo~ pa~~•rn 

corraspol'ding to tbe d.istribution of X-ray energy. 

unit•d states Letters Patent lfa. 41 374,325 discloses a11 

ilia~• intensifier with color filters on its input and outp\1t 

sudac• sa aa to intensi'fy a colm: iJaage vitbout losinf color 

content. Th• various filter elaents ara aligned p:ecisely in 

bOth the input and output filters. 

In •i:cordanca with United states Letters Pa.tant Ko • 
. 

4,821,117 an en4ascope views an inte:nal organ bavi119 a 

fluorescent. coating. A light source illUllinat.es the area 

inte12it.tautly ta obtain • correspondin9 video image. 

Alternately a laau irradiates the object to excite the 
....... : 

fluorescant .aterial and prad.\1ce an i11&ga. Al1 iuge 

intensifier receives this second. iu9e, but not:. t:ba first. 'l'be 

f irat ima;e an4 tbe intensified second i11&9.e are displayed 

e!multanacu•ly •. 

/ 
I 

__ .~ ' 
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Uni~ ltatas Letter• Patent Mo. 4,113,404 diacla ... a 

fluoroscopy svltcbiftCJ ctevlc:e for vining the outputs tram a 

fluoro•cope ancl an endo•cope. In this apparatus an iJlage 

iai:en•lfi•~ is loca'tad to ~•ceiv• X•ray• emartiDIJ fi:aa a 

patiant prior 1:0 bain9 received in a video caMra. the bage 

lntens!f iez is not us.cl in cannect!on vi1:h th• image fraa the 

endoscope. 

Bach of tUse patents diac:loaes variou• approam•• f Ol:' 

enhancing the color display ot blages. 8011B obange the wave 

lmiqtil of th• light sti-1Jcing the an object. Others chancJ• the 

wavlll.enqth of the light reflected fra the object.. ltill 

others diaclose th• use of image intensifiers in ccmnaction 

with monac:bZ"oaatic viewing systas. Hotwitbstanding" tbis prior . 
is:t, viewiDCJ •copes, particularly medical endoscopes, still 

require rather bright light sou~ces that are usually specially 

made tor these applications in or4er to aallieve reasonable 

i•98 ch_araot•l'isstic•. llareOY•r, these bright l lgbt sources 

a.re even required when color enbane.em: is attempte4 with 

apparatus using rotating color tilters and 1 .. ,. procassinq 

•Y•i:ems. rart:ber, the various constraints i11po~ec1 on sucb 

vieving scopaa precludes the poasibi1ity of ueing any of these 

structures for ad•ptincJ a viewing scope for p~o4ucing •t•reo 

i•c:i••· 
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'!benfore, it is an o~ject af this invention = provid• a 

viewing scope tor dilaly illu.inated GJ»jeot• that p1"0Videa color 

~ i•CJ88 with goad chanc:tarist:ia.. 

Another object of this illYention ls pravida a viewing 

scape that. procluca, tar a cU.Jll.y lit ol:l,ect:, illage• ar CJOOd 

bri9h1:naas, apatial and con~nst ruolu~iaa and aalor 

rendition. 

Yet another object of thi• invantion is to P:"'avide an 

optical sys~ !or providincJ color diapl.aya ot iaages obtained 

hf endoscopM. 

Still enather object of this invention is ~o provide an 

optical syste11·for p%aviding stereo color displays of iJlagaa 

obtained by enaoacop••· 

still yat another object of this invention is to p~cvida 

an optical systell for providin<J color displays o~ imaqea 

obtained by endoecopea the minbia•• th• volwae of' the 

en4oscope dad1ca'ted to 'tile optioal sys~am. 

Yet still IU10tber abject of this ill'lent1on is to pravicle 

an endoscope that can produce high-quality color iaa9es of an 

object usinq low level• of illaination. 

In accordance with one aspect of this invention, a viewing 

acope includes a light transmitter: for directintJ onto the 

object an iterative, tbed1 patterned sequenaa o'f ligbt at 
' 

different vavelenqths and 1Jla9i119 apparatu~ for foriail'll) at th• 

, proxJ.ul e,,d an inage of the ab'ect in response to the li9ht 
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t'roll said 11pt t:rammission aeans. A 110DOchro• i"Rt• 

!ntensiti•~ canvert:. the 1maqe froa aaid imaging app.ratua into 

a aanochroJMI blage tor eac'h wavelentth or light. in the pati:em 

that il.lainatea the obj•c:t:- An.imaCJ• prac:••or lni:ap-at:es a 

aucc:e•sian ot lwage f n .. s prodUced d1aring each pattazn 

iterat:!on to produc:e on a •iMfint sc:ren an lntegrat:8d colar 

lat• or ~ object. 

:tn ac::crn:danee with another aspect of tbias i~on, an . 
endascopic vi.awing apparatus' tor viewing from a pzmdllal and 

thereof objects at a distal end located in an ind.1914ual'• boCly 

includes a tubular housing e.xtend.1.ng between the proximal and 

di•tal e~da. 'rhe tuJ)Ular hou•J.ng car:.-1es -a li9bt traJUAt1tter 

fgr directin; onto the abject at the distal end of said housing 

an iterative, tilled, patta:ned sequence o~ light at differeni: 

wavelengths. An cbjective lens at said distal end of the 

honSinq foras an i•CJ• in response to the liqht from sail! lig-bt 

truis•i•sian •eans, and image transt•r apparatus in the housinq 
.. 

fOCUHs the 1u99 onto a aonocbr:cme J.mave intensifier. '?ha 

illaga intan•ifier produces a sequence of intensified -.onacbrome 

imagaa for aacb wavelength of liCJht in the patt.m that: 

i11mninates the object. A vicleo caera connected to the iaaga 

intensifier and a video praces•or connected ta the vi4eo caaera 

in~99rating the succesaion of iaa9e fraa.. produced durincJ each 
' 

pattam i1:eration to produce an int99rat84 color iu9e ot tbe 

object at the distal end cf the endoscope. 
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"rh• appended claiM partic:ulaz:ly po1ft1: out and distinctly 

c:laia tile aubject matter of tJd.11 1ft'Nat.ian. Tile var.iCNll 

ol>jecb, advanta.- Gd novel r•tuns at t:bi• invention •111 

be .ore ful1y apparent frma a nactinq o'f t.ha folloviftlJ c!etailed 

d••=iption in conjanctian with ~. aocoapanyiiiv dra•ift9• in 

wbicll like reference nuaaral• rder to 11ka parts, and in 

Vbiclu 

FIG. 1 is • block diagram o! a viewing' scape apparatu.s 

constructed in accordance with thia inventionr 

YXG. ~is.a black diaqra• of a video pl:Ocesso: fo~ use in 

the vievint scope apparatas shown in PIG. 11 

nss. 3A and 38 cles>ict altexnative eabod!Jaents ot a color 

filter wheal thai:. is ueM in c:annection with th.a viewinq 

soope apparatus or l'XG. l: 

PIG, 4 depic:ts an alternate 11i1111inating source for the 

viewinCJ: scop1 apparatus t.n FIG 1 J a!ld 

FIG. 5 4ep1cta in acbmtic :tora • vieving scape adapted 

for p:ovi4in9 stereo i11&qes. 

UICl'h¢iPJ1 Qf I1lgattat;iva IJ!Wiuntt, 

tn FIG. 1 a viawiJUJ scope 10, aucb u a medical en4osoopa, 

includes a body portion 1'1. ~hat extend& 12etwaen a proximal 
' 

portion at a proximal end 12 and a 41stal~portion at a diatal 

elMI 13, uainq wpraxiaal" and •distal• vitb reference to the 
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individual usinf the viewing acope 1a. A light aaurce 14 . 
t.ranRits lJ.pt is t:be visJbl• spectns tbroWJh u aptioal 

'" wavevuide, •uc:Ja as a tibaro~lc wav.ga1cl• 15 tba~ aaupl•• ~o a 

fiJM1:optic vaY91J'licle 18 vit:bin a llou•inf 11. 'fha llo\asinl 1'7 

dafin• the O\iter mu:faca oc t:be body partion 11. 

A~ter the Y1Mrinct •cope 10 is in place, that 1•, located 

within a vesae1 of a pati•n~'s body in the caae af a lledlcal 

emaseope, light fros tba fiberoptic '18'9'epida 11 -rga• traa . . 

th• distal and 13 to illainat• an object 20. An obj9Ctiva 31 

capture• light. reflected from the abject 20 &nd rons an 1-9• 

tbat an image t.ranaf•r waveguide 22 transfers ta an a7epiece 23 

at the proxiul end 12. 'rhe iJlaga guide 22 can coaprise either 

fi'beropUc cable• or conventional lenses. !'ihucptic cables 

;u:e particularly adapted for usa in flQXibla viewing scopes 

while conventional lenses are adapted for use in rigid viewing 

•copes, such as laparoscopes. 'l'be eyepiece 23 focuses the 

i.age ~aceived fl'Oll the image fJUicle 22 onto a video system 24 

that produces an input to a vicleo p:oc:euor 25. '?he video 

pr1:1cessor 25 produces an i•aqe on the vievinq •creen of a video . 

monitor 26. 

tn aac:ord•nce with this invent1on, the light source 14 

include• a pow•r supply 30 that ersergizea a l•llP 31. UnlUte 

high-power la.pa used in tha prio~ art, tha lmnp 31 can be a 
\ 

aonitentional incandeacant liqbt bulb that· prodUcea a light 

throughout tb• visible 917ectRa. Lens•• 32 and S3 ~ocus this 
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ligbt on~o an enc! 34 af the f U.l'Optic: va"n41Uida 15 Uld 41nct 

i:bJ.• light thZoD81Jb • oo:Lo~ filtez- wb••l. 35 that ..aanta on a 

shaft 3&. A wotar 37 dri"'9s th• •baf't 31 and attaclwcl filte:r: 

"11••1 35 at a Jtnovn,· nbsi:antially const:ant anc)U1az Vlll.aalty. 

:Cndicas, d•scriJMd ln aare detail la1:er, enable a llaftllor 31 and 

a po•ition encader 40 to prodac:e 9J11clu:ani•i1MJ aignals tha~ 

provide position and thaing i1lf0Z1U1:ioa tor the vic:tao processor 

2s. Thi• are identified aa Plt4'D sue •:ltJUl• in nc.;s, 1 and 

a. 
In qeneral, the filter wheel 35 contains, at discrete 

angular po•itions, color filters. Ho:mally the filters are 

selected from the prhaary cclcis. Thue, as the motor 37 

rotates the tilter wheel 35, the White light fJ:Ca the bUlh :ro . . 
is converted into an iterative, ti11ed, pattemad seqaenc:e of 

li9ht at ditterent wavelengths, nc%'11ally c:orrespcmding to rad, 

green and blue light. The light eurvinfJ fZ'OJD the distal end 

13 o~ ~· tlbaroptie Yaveguide 11 tbarefcre vill illuminate the 

object 20 with the••• tilled, pattU'J'Uld •equence o! light· at 

4i!ferent va.velenqths. Moreover, the saaa pattern of light at 

dif~erant wavelength• will be coupled. as an ima99 to t;Jie 

eyepiece 23. 

xn acco:dance-with another aspect of this it1Vention, the 

video sys1*a 24 inc1ud• an i•age ini:enaif~er 41 and a video 

c:aaera 42. The image intensifier 41, tbat .. pnfarably i• 

con•tJ:Ucted to pTaduca an anbanced output signal for light in 
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tlie bJ.u• wavelength•, increaM• the br14Jhtn••• o~ th• l11a9a 

obt:ainad fro• the eyapiec:e 23. However, clue 1:0 tile 

110nachxoaatic oatpat or such i-• inten•1fi•ra, tba •i4ec 

camera 42 produC9s a 11011oc:hrmatic 1JllUJ• :or tram~er i:o the 

viclea proc•••O~ 2s. 'rhis •ignal i• "es:Lgnated an ROB 8BQ SIG 

•ignal in l':tGS. 1 ahcl 2. tt oontainS color 1nfcmaa.t5.on, but in 

a ti .. -divl•ion aul~iplexad tas~ion deteX'llinad by the rota~ion 

and c::onst:zuction or the iilta1:' wheel 35 • . 
Still ra!ezring to P!GS. 1 and 2, the video P=Ceseor 25 · 

includes a conventional. t:i:alll& gxiabber circuit 43 that receives 

tbe BGB SJQ SIC from the video c~a 42 and inclu4es an 

address 9enerator 44 that J:'eceives the nL'l'U SBC siqnala from 

the :Ligb't source 14. J. cont:rol circuit 45 aynchZonizes th• 

fnme grabber circuit 43 with the aperaticn of the ~iltu wheel 

35 th-rough the !'lLTBR sue signal. Hore specifically, there 

are a series of discrete intervals durin~ aach revolution of 

the fi~ter wheel during whic::h the li9ht !J:Oll the light source 

14 is at a constant wav~la'hCJi:h corre-i>ondi119 ta the particular 

one o~ the red, CJ3:'••n or blue filtera tbat intercept• tbe light 

~OJI the bulb lo in F7G. 1.. .lacb filter in the filt•r wheel 35 

i• size4 SD that this inte:.:val exceed• tba time r:aquizied for 

the video C2Qlera 42 to transmit one frame af image infor11&tion 

and fo:r the f:raae c;rabber cl2:'<Mit 43 to record. ell t:be 

1nfonatian for that fr:ue. Bac:b such fra• then conesponds 

ta the rad, qraen or blue lic;hc component b9ing tran .. ittecS by 
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one at th• color filter• in the filter wheel 3S. 'l'hu, the 

fza• grabber circuit: 43 pxoducu at ita aatput: all tba 

infol:'llatian conc:amincJ that colar ~ t~ one fr-. !'ha 

address generator 44 98ft•rates fa:r: ••c:b. color aaaponent, an 

add~ess for a rraae wry in a fr- wry circuit 46. In 

one spaciflc: abccliaant, the filtu vh•l 35 contains •ix 

filtel:' positiona in th9 •equ•nce rad-green-blue-rad-«JZ'een•blae. 

'!he fl:'aJl8 11ewory c:irc:uit 46 contains six sets of maory 

locations that corraspcmd to each af the aix tilter poaitians. 

As will be apparent, the conuol 45 •nd ac1clrea• 9enerator: 44 

couple the output ot the ft:ame grabber circuit 43 to an 

appropriate set of IHUDOJ:Y laeations in the frame wellOJ:'f circuit 

46 in sequence. 

'file use of the six filter positions and sia sets of ... cry 

locations enables a di9ita1-to-analog (D/A) ~llter ci%cuit •7 

and video output circu1~ 50 to produca a calor imag• on th• 

1l011itor.26 1:hat varies &11oothly ancl naturally. Moreover, with 

tha carnet t1•inq, the D/'A filter circuit 41 aan retrieve 1:be 

imap date froa one lleaory location, such as one red 1118l10ry 

loca~ion while the in!oxmation from a fNCceec!ing fr111e 

corr••ponding to t:he reel filtar·c:an be loadacl into the other 

red ..aoxy location. 

Thus the viewi119 scope 10 shown in P?G. 1 can provi4e a 
' 

color iaaga at the aonitar 26. !he use of~ the tiaecl·, patterned 

sequanca of light af different vavelenqt.b• to illwninate an 
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objec:t. and t:.ba iat• int:11nsifier aDll video proc:•••or to 
reconatimta tbe 1-9• allavs the appu:atua to opeZ'ata •t very 

low level• at: licrht. Por •mple, it is po••ible t.o lllainata 

vu•l• in the body vith a f aw watt light: wlJ> aa oppo.ed to 

canventlonal Jllld1cal e~ascapes in Vbiah the light balm ea be 

raad u bl.vb •• 300 ar 11ore vattc. Thi• redw:t:ian in ligbt . 
r.dUcas tbe c:roas sect:ion of the fil:Mtroptic waveguida 18. 

Farther, the iu.9e intensifier inoraa•s the affectiva 

t>rightnaas so that the b1age traufer waveguide 23 can have a 

naller effective aperture. Both these reductions enable the 

c:cnatru~ion of an endoscope with a larger working chCU1nel or 

the c:onat:r:uction of a r.aaller endoscope with~ reducinv the 

sixe of the working c:hannal • 

Fl:GS. 3A and 3B depict filter wheels 35A and 358 tbat can 

be •abat:ituted ~ar i:he r:tlter wheel 31 •b.own in FIG. 1. Bach 

Vheel mounts ta a central, motor-ariven shaft 31A, 3'8 for 

rotating_the filter Vlleals 35A, 358. 'Bach filter wheal i• 

tivided inta six sepehta defined •• segments !51A tbrou«Jh S&A 

in FIG. 3A and sepent• 511 tbroUCJh 56B in rtG. 38. In one 

specific embodiment, SecJ1118nt• 51A, S1B and S4A, 548 ara red (R) 

filten1 aepents !52.A, 528 and SSA, 55B are 9rMn (G) filter.1 

an4 filters 53A, 538 •nd 5GA, 568 are blue (B) ~iltera. X! the 

filter wheels 35A, l5B rotate cloclcWiae in the direction of the 
' 

arrows 57A, 579, the wheels convert constant; white li9ht from 

tbe bulb 30 in FIG. l into a sequence ot ra4•9raan-blue-rad-
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CJnen-blue light puls••· Successive pulse• ara intel'l\1ptllcl 

when r:adi•l pol'tiOJUI &OA, 608 between adjacent ~i11:ers pass the 

lilb~ axis thro~h tb• 1•••• 32 and 33 in FXG. 1. 

In nc;. lA, annular slots 61.A thrOuth &Ga ocmsi:iaate 

inclic•• that: enabl• light. tra• the bulb 30 in !'IG. 1 ta 

eneqiaa tbe sensor 38. Thus th• Mnsor 38 v111 produce a 

signal indicatlDCJ the presence of a filte: in th• light beq. 

In FIG- 3A each annular slot is angularly caexte~si,,. with a 

tiltar. ~opar location of the sensor 38 then enables tbe 

sensa: to produce a ti•lng pulse that carreeponda ta the 

inte%Val of eaoh 11on00hromatic light pulse f:n>m the filter 

wbeel JSA. 

rte. 3B 4i•closes an alternative index oonst.tuction 

wherein annular slots 618 through 668 have an angular dipenaion 

that is less than the anqular extent cf the filters. In 

addition, each annular slot is skaWed so that a ~adiu• to the 

eent:er.of a filter leads the J:adiua to the cent•~ of an annular 

slot. This p~ldea a tima offset to assure that the fnae 

vrabber circuit 43 daes not initiate it• operation until a 

filter is positioned to provide light of •axillum brightness at 

each of the wavelenl)ths. Typiaally the intatval required for 

th• ~~·•• 9rabber circuit 43 to obtain infariaation for ane 

trmae will be le•• than the time for a filter to pass by the 
' 

light axis, so the trailing edge of each 8nnular •lot, such as 
,. 
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•l~ C1B can extend beyond t:b• c:orr•apondinv •d9• of a fil~er 

sepant.. 

FIG. 4 d9Plc:1:s an alternatlv• light saarmi that aoul.4 

operate in plac:e of the light SOQJ:Ce 14 and th• fiberaptic 

vav.CJUidas 1!1 an4 16- llore ap.cific:all:r, ,PIG. " depicts tlua 

distal encl 70 of a viaw:l.DCJ scope 71 vith a vorld.nq channel or 

l'Qllen 72 and an objective lan• 73. In t:his ~onfigUa"tion tb• 

light acurt:e coanpriaea a light .. itt:Lng diodes 7~, 75 and 7' 
that are positioned at the dista1 etid 4irectly and ccnnect.ad to 

a -proximal power source thi:oqg-h a Hrles of lav--voltage 

oon4uctoi:s (not shown) t:hat connect. to a sequancer. The 

sequencer wauld energize the light-emittinq diodes 74, 75 and 

i6 in sequence thereby tc p:l:aduca a seqnanca of monocbro11at.ic 

light pulses 'for illllllinatinq an object. As will be •»parent·; 

such a eystmn eli•inates the requirement tor a filter wheel and 

associated mechanilnu. Such an :.Llluminatiara syst:- will be 

parti~larly valuabl• when blue liqht 811itting 4iod•• become 

cCJ1111ercially available. Red end green ligh1: aittift9 cliodas 

now are available. It will also be appaz-ent that. this 

construction will allow an increase in the size of the working 

channel 72 or allow the Yiewin9 scope to add separate worJd.nq 

channels. It is also possible that for the •••• obje~ive lens 

73 and rela~ed i•aqe transfar wavaquide t~e ove~•11 size of thr 

andoscope can be reduced. 
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This reduation oi the siae nqa:l.naant• tor th• optical 

aa•ably alao adapts thi• canfiqarat.lon for .t:eno immJincJ. 

no. 5 depict•, in sch-tic :tom, an endoscope ao that 

i.nc1Qdes • fiberoptic vavaaaide 81 t.ha~ conneci:s ta a 11C)bt. 

sou~ce, such as the light source 14 iJL FIG. 1. The =jective 

at the distal end 82 pi:aduces two images tm: image tran•f'ar 

waveCJUid•• 83 and 84 res~ct.ively. Individual •Y•Pi&a•• 8!5 and 

86 at: the proxillal end 87 o:e the enc!oseopa ao focua tvo 

distinct iMfes onto an ima9a intanaifier 90 that • video 

camera 91 then transfers to a vicleo processor, such as the 

video processor 25 in FlG. 1.. This system prcduces tvo offset 

i:aaqes on ·a monitor~ An individual can then, with or without 

the assistance of stereo glasses, fuse the i.-ges into a sinqla 

iu9e that appears to have three dimensiona. As will be 

apparent:, tbis invention pen1ts sueh an optical system to be 

inco~orated within a conventionally sized endoscope. 

~us, it i• possible to utilize this inven~lan to·proc!uce 

a viewing sc:opai:hat p2:0duces planar or thrae-di1M11111ional 

imaqas in color with geed bri9ht:neas, spatial and QOnt%ast 

resolution and colcr rendition. Ilnaqes with tbeae 4eairabl• 

charactez:oistics fUrtber are ®t:a.ined \lSil\9 low illuslnaticm 

levels. Low illumination levels lillit localised. heatinq at the 

distal end o! any viawi119 scape and eliaipa~a a need tor 

specialized liCJht sources. Li;ht s~urces:using conventional 

bulbs vith tilt•r Wh••l• ar soli4-state li;ht sources located 
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at tb• proxi•al or clis'tal ends at a viwinv scape can provide 
adaquate illasinatian levels. ?t vill •l•o be apparen~ that 
t:bi• c02lbinatioa inc:J.WS.s .!ncU.vidual el.Gant•, nob. as tha 

1••9• intena!ficr, video eam.ra, video praaaa11n.,. "M •onitort 
that a~e available acmaeraially and that can be COllbined ln·a 
numb•r of di~f•rent conf iguratian• witb the attainmen~ o~ aoae · 
or all of the adnntave• af 'tbia invention. 

A:lthouqh this invention has been disel08ed in t~ma of 

cut:ain abocU•ents, it will also be appareht that •ny 

aodifications can be made to the specitic:ally disclosed 
apparatus without departin9 f'ram the invention. ~ha~afo~e, it 
ia the intent of the appended clains to covei: all such 

variations.and 11ed!!ic:aticms &$come within the traa apirit and 
scope of this iiwention. 
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1 • Vi•vinCJ appar.atus far v1••1nq !rem a proxi.Jlal •nd thereof 

an a~jact at a distal end,. said Tininq apparatus 

CQllpriSinq: 

A. light tl:anni••icn Mans for directing onto ~· 

object a iterative, tilled, patta%ned sequence oC 

119ht at diffe~ant vavelengt.bs, 

B. i•aqe means to% fonaing at th• proximal end. an i•CJ• 

of the object in response to the light fz-am said 

light transmission means that reflects from th• 

obj•ct, 

e. monoch:-O'Jlll iage intensifier uans for intensifying 

the illa~e from said image JGeans tbereby to produce a 

mcnochroae imaCJe of tbe cbjac::t for each wavelenc;th ot 

light in the pattern, and 

!). blaqa pracoasinq 11eans connected to said manochrOJle 

i .. ge intensifier means for inteC)ratiftC) the 

succession of image t:ames produced durinC) eac:h 

pattern iteration to display an integrated dolor 

image of the objeat at: the dist:al end of said viewing 

apparatus. 

2. v~awing apparatus as :ecited in clai• 1 ~herein sa1d light 

tran&mission aeans produces light at wavelengths 

ccrrespondin9 to diverse colors and said i11&9a intensifier 



. · 111111111111111111111111111111 
* C L M S * 

- 23 -

THIS SHEET HAS BEEN 
REPLACED 

ls cbaractarised by sub9tantially anifozm output• in 

response to light at: eaeb o~ wavelengths. 

3. Viewin9 awaza~us u noit:ed in cla:bl 1 vberein eai4 light 

trans•isslon .. an• produces light in the wavelengths of 

rad, blue and green light and ••1d i•at• intemitiar 

provid .. an •nhancad 1.'esponse to 'blue li9ht t:henby ta 

p~oduce • •ui.tantially unifona OG'tpu~ •1pal in nqcms~ 

ta sublltantially equal brightnesses af 119'ht at each of 

th• red, blu• and f%een wavelehgths. 

4. Viewing •PP•Z'lltus ae raciied in clai11 1 Wh9z'eln said image 

proo••1nc;r aeans c:capr.iaes maaJSS fo.r racor4inq, for each 

wavelength in the patterned sequenae, an ima9e fnu fi:oa 

said iaa9e inten•if ier •eans during tba illumination of 

th• object· with li9bt of the cor%'8QOnding wavelen;tb, 

•ans for integra1::!.ng each of t:b• naoZ'dad bat• fraes 

produced durinq a given iteration of the pattern and 11eans 

for displayin9 the inteqrated ima9 ... 

s. Endoscopic Tiewinci apparatus for vi.,,int ~roa a p:oxillal · 

and th•~•of objects •t a distal end located in an 

individual's bocly, said endoscopic viewinv apparatus 
' 

camprisiDCJ: 
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A. • tubular hau•in; extendinq batwaen th• proxial and 

distal acl•, 
•· lifht tnnB11i•ion mean• far diracti1UJ onto the 

c:abj act at 1:he <liai:al encl o! •icl houing an 

iterative, ti•d, patt.trnad ••qu•nc• of li9bt at 

different wavalenJths, 

C. Objecti9e lana .. ans &t 88id 4i•tal end Of Said 

hou•ing ror :!'onaihCJ an ht•CJ• in response to the llCJbt 

fro-a •&14 light b:anftis•ion •ans tbat r•flact. h'o• 

i:he cbjects, and 

D. image transfer .. ans in sa14 housing tor tran.ferring 

the !map 'fo:med by said objective lens :aeana to tha 

pnx!•l end. of said housing, 

s. aonocbroae illate intensifier seans £or int11neifying 

the 1•9'• from said i•llCJ8 transrar •ans thereby to 

pro4uae a •onochro.a i•ge for •ch vave1811¢h 0% 

liqht in the pattern tbat illmd.nat.a the objects, 

r. video weatia connected t:a said i•t• intensifier •eans · 

far pt'Gducinv a video signal in reapon•• to the 

output i•9es froa said i11119e intensifier .. ans, and 

c. 11ideo proce••inv 11\eal\S connected ta said video -n• 
for integrating the sqcc:ession.af :baa9a framas . 
pro4Uce4 du~inv each pa~tern it~tion to display an 

integrated color ba;e of the •jact at th• dl•'tal 

end of said viawint appar•tua. 
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6. lndoac:apic viewilUJ •PP•ntu as r•ited in cl.am s Vbar•in 

said lifht transai••ian .. ans inclade• a light source, 

changeable filter aaans for pradua!.nv iteratively thlt 

patterned aequance and f iberoptla vav419Uide •an• for 

conv.yln9 t:b• pa~t.erned aequenca of ligh~ fran aaid filter 

•eans to the objaab at tha d:l•tal and of said. boasift9, 

said 119bt aou.rca and f ~ltar Mans a.1.nq d~aposed a~ the 

proxiu.1 end of said ando•eapic viwiJlcJ apparat11.•· 

1. Endoscopic viewing appant:us •• recited in elaia e wherein 

said light t~•n911ission •eana includes a plurali~y of 

J&Onochraaatic li9ht tranS11isaion ..ana tor generathq 

light at different 1a0noehoaatic f~equ.ancy bands and 

control means for an8%9i:d.ng in an iterative fashion said 

monochcmatic lipt tranamisaion MW ltldividually in th• 

pattemed sequence, sail! •onachrcmatic light tranaission 

neans beiDCJ located at th• distal end of said hou•in9. 

a. Bndcscopic viaw1119 apparaeua •• recited in claill 1 Wherein 

each of aid •onac:bro11atic light tnnsais9lan MaM 

comprises a ligh~-emittint diode. 

1. Bncloscopic v~ewiftCJ apparatus as recited in clai• I wherein 

said houainca caaprisea a flexible •heath and •aid iaa;• 
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~xanstar .. ans includes eyepiece aeana fo~ £acusiDJ tile 

i•9e onb ••id inunaif .S.ar wna IUld !Dlero~lc vangulda 

... na •xt•ndiblJ batvaen aid oll'ectiv• 1•• Mans and ••id 

eyepiac:• .. a& for transreninci 1:ha 1Mp fram the lli•tal 

t.a the psoxi•l end. 

10. BndMcopic vltnring apparatu •• no1te4 in clam • Vberein . . 
saicl houaing CCiiprisee a rigid abeatla an4 ea:l.cl '-I• . 
transfer .. ans includes eyapleca 118aJ1S far focaa!ng the 

image onto said intensifi•r ••ans and a ~lu%al.1~y of 

lens•• extanding alon9 the lenvt:h of •aid rigid hcusing­

ltetnen Aid objeotive lens •ans and •aid ey.pieca •••ns . 

11. Bnc!o•caplc viavinq apparatus as ~ecitact in c1a1a I whareih 

aaid light trana•isaian means produ.ce• li9)lt at 

wavelengths cor:reaponclin9 to divan• colors and said iaage . 
in~erasifier ia charactariae4 by tnlbstantially unlfoz. 

outpats in ruponse to ligbt at ••ch of those wavelengths. 

12. Viewinq apparatus as recited in claia I Wherein said light 

~ren .. i•sian mean• produces light in the wavelentt:bs of 

·nc1, blue and IZ'••n 111)ht and said luge lnten•i~ier 

p~ovicles an •nh~nced reaponae to blue ~igh~ thereby ~o 
' . 

produc• a suhstantially uniform outpu~ signal in reapanse 
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to sut.unti•lly aqual IR'igbt:n.••- of light at: ••cb of 

tb• rtld, blwe and green vavelenqth•. 

13. Viewin9 app•ntus as reciad in c1aia s wbenin said ,,.laeo . 
pw:acessillfJ' -n• caaprf.•ea 118ans for ~ift'Jr far each 

va'ffl•ncJtb in the paturned aequ•nce, an image fnme frma 

said video ••an• dQri1i9 tile illuaination oi the object 

wlth 119JR at tha corraspondln9 vavelan;th,.'aaans ~a?: 

lntegratlDtJ each of tha recorded imap tram pr:aduc:ad 

du:r:iDCJ a 9iven it.eaticm of t:ha pat.ten an4 Mans tor 

displ•Yin9 the intag'J:'•~ed !.ages. 

l.4. !:ndosCQ11ic ~ievinq apparatus as racit:ed in claim 5 -.nin 

aaid light tTansiniasian 111aana ineludes a tilt•~ 'Vbeel 

divided illto a plurality of =seqments, ••ah ••gMnt. havin9 

a tilte:- cor..-eAponding: to one o'f th• priaazy c:olora, said 

fil~ar weal additionally inclwlintJ an 1nda that 

ident:ifies each ••pent, drive means tor rotating the 

filter wheel about an axis, a liqbt source for directing 

liqbt tbrou9h said filter wheel thereby to pracluce an 

iterative, timed, pattemecl sequence of th• filtered light 

a't 1:.he wavelen¢ba af ~· pi-illary colon. aJld a fibe~ptit 

wave«JU14e for convey~ng the output f~ ••14 tilter wheel 
~ 

thi:outh e•id hou•iftCJ to illuainat• the~objeets with the 

light f:ro1S sai4 filt•r wheal. 
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1s. bdo11Capic vievlnq appantws •• nciacl in claba 14 

Vll•r•in ••id 1...,. inten•irler _.1111 ccmpri•• a blue-. 
enhanc:.d 1...,. int•n•i!ier aeana. 

18. Rndoscaplc vievlq appara~u• •• recited in cl.ab 15 

additionall7 coapri•in9 ••caaenae cont:rol .. ~ ror 
synchronisiftl aa.i.d appa:ir:atu11, sa!4 oona:C»l ••na . 
naponcU.ng 1:o eaid index Mana on said filter Vbeel for 

cont:rollint Rici video processing ... ns. 

11. ln4o•copic viav1ng appa:ratus aa ncit.ed in c:laia 11 

: wherein vid•o processing means in~ludes means fo~ atoring 

images for each of th• predeterained pri-.a2.y.eolozra and 

aultiplexing ••ans connected to •aid control ••an• for 

t~nsf ezrint images fl:om said video .ans t:o th• 

cmespcmdln9 l.a9a •tong• ...... 

11. Bndoscopic 9iev1n.i apparatus •• recited in olaia 14 

vbareih aaid filter means include• a plurality of filters 

tor each of the prillary colon and said filt:8l'8 ara 

••quenced al:lout the filter Wheel wtieraby tba wavelengths 
' 

of li9ht troa succea1iva filter positi~ns differ•. 
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19. Bn4Gtlcapic: vlwinq appantta• aa ncltat in ol•i• 14 

vlwraln •id 1-fa tnMfU wna additionally ina111des 

eyepiece -• at ••id p!:DX!Ml end af tbe haaeillg f a:r 

'focu••i11g tha 1at)e onto ·•al4 i•te :1.Jrtemaific MUS· 

20. Ddoscvpic viaw1119 appanta a. naiad in claim 11 

Wherein aaid i••CJ• transfer -n• 1ncluda• a pair o~ image 

1:nufar channel ... ns an4 a »-ir o'f. eyepieo1• for 

f ocuing onto said iuge lht.nsitie Mana and Vhenin 

said vidaa procesa1nt -• dlapla19 i:he !ages as part. of 

a single display • 


