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Vi ewl ng,.Scape Wth ‘I'mage 1 ntensi fication Field-of the invention Thl\%TmP COP:_’]

renote | acations in medical and industrial appl i cat |;... HAS .
, this invention relates to an inproved view ng scope t
[ mages of dimy illumnated objects. Destrption of t,

known In "t}\he art. In an industrral enviroment, a renotg
conprise the interior of a machine, such as a jet engiy
used i ff such applicati onglmegc@op_e_dj;_tbgm@gg 43 ;
the renote chanmber can conprise a passageway in the bod
vi ew ng scopes for such nedical applications are called_’ BoATe.
times é:ndoscopes have alternative names that derive fromtheir intended
uses. "Lapar oscopwmw are exanples. In the follow ng

di scusgi on the phrase "view ng scope" includes both (1) borescopes and (2)
endoséopes in any Thdaninventisnggenezrally relates to viewing scopes for

chtaining images from remote locations in medical and

industrial applicationg. - More particularly, this invention
relates to an improved viewing scope that can obtain solor
images of dimly illuminated objects.

Descriptiqn of Related Art
Viewing scopas that enabla ons to view the intarior
of a remote chamber are well known in the art. In an
industrial enviromment, a yemote chaxber might cowprise the
intarior of a machina, such as a jet engine, vViewing scopes
‘used in such applications are called "horescopes™, In medical @0 .
applications the remote chamber can coaprise a passageway in
the bedy. Generally, viewing scopes for such medical
applications are called "endoscopas®. Often times endoscopes
have alternative names that derive from their intanded uses.
“Laparoscopas® and “bronchoscopes" are examples. In the .
following discussion the phrase “"viswing scope” includes both
(1) borescopes and {2) endoscopes in any form including
laparoscopaes, bronchoscopes and ether medical viewing scopes.
Bach such viewing scope iz an elonqatad, slender, tubular.
optical instrument used as a viewing systen for a pmicular

appli.cgt_ion, and this spplication determines both the length



'Iaparoscopest_bronchoscopes and ot her- nedi cal Vviewi ng scopes. Each such
viewi ng scope is an elongated slender, tubular, optical instrument used as
a view ng systemfor a particular application, and ti#s application

determ nes both the | ength -2- and dianmeter of the view ng scope. Each
vi em ng scope generally has an objective at a digital and of the view ng
scope ‘and an eyepi ece at the proximal angd. The objective forns a real inmage

at an obj%ctive inmage plane of objects i a field of view. The eyspiece
enabl &8s an i nage at an eyepi ece i mage plane to be viewed. The eyepiece
normal f'y conveys this inmage directly to a human eye or to television or
phot ographi c canera. Normally the objective and eyepi ece are spaced to

provi de theandodlimeterrdt el Flaiing SEedg © Bath? vleRRG Cscaged di stance
bet weed" t he obj ective and eyepi ece usage planes. Consequéently, the housing
al so carri egenexallychas arsfobjedtivecat a distal eand of the viswing scope
S and an ayepiece at the proximal end. The objective foras a
zeal image at an objective iwage plane of abjects in a field of

viev. The eyepiece enables an image at an eyepieca image plane
to be viewed. The eyepisce normally conveys this image
directly to a human eys or to a television or photographic
camera. ' '

Normally the objective and'eycpieco are spaced to provide
the raquired working langth, so there is a predetermined
distance between the objective and eyepiece image planes.
Consequently, the housing alsc carries an image trangfex device

~ for presenting an imsge at the eyepiece image plane with
substantially the sawe brightness, spatial resclution and
contrast rasolution as the image at the ocbjective image plane.

Image transfer devices generally take cne of three forms
based upon the use of (1) optical fibers, (2) rod lenses, or
(3) a combination of relay and field lenses. ‘The design
process for an image transfer device ¢f any of these forms
includes a consideration of a numbar of factors. Brightness,
spatial resolution and contrast resolution are primary design
factors. Other factors include aberrations, such as field

curvature, astigmatism and color. However, if an image

transfer device is well designed, the objective and/er eyspiece



for presenting an inege at the eyepiece image plans wi-th substantially the
sane brightness, spatial resolution and contrast resolution as the inage at
t he objective image plane. |mage transfer devices generally t ake one of
three fornms based upon the use of (1) optical fiber,: (:2) rod |lenses, or (3)
a conbination of relay and field |l enses. The de5|gn process for an inmage
transfer device of any of these forms ingludes a consideration of a nunber
of factors. Brightness, spatial resolution and contrast resolution are
primary design factors. Qther factors include abertations, such as field
curvatlre, astigmatismand color. However, if an inmage transfer device is
wel | designed, the objective and/or eyepiece -3- can conpensate any
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system that wapwiMErsdeRe. contains are

< In many applications the design cbjectives of the viewing
scope andd the optical system that viewing scope contains are
antithetical. Normslly optical systems achieve the cbjectives
of maximum brightness, spatial and contrast resclution and true
color rendition by increasing the effective aperture af the
optical system or by controlling the laevel of the illuminating
light or both. Hawaver, the deiign ohjfctivas for viewing
scopes, particularly for medical applications, usually require
that the overall diameter of the viewing scope be kept at a
minimi dimension and that the cross section occupied by the
optical s&stan be nininized in order to accommodate working
channels that enable the cperation of apparatus at the distal
end of the viewing scope. This constraint congtitutes a
practical limit on effective aperture size.

As’ known, the effective light from the optical system
varies as the square of the aperture, so limiting or reducing
tha effective aperture of tha system can roquizc.a significant
increase in the level of the illuminating light on the remote
objact. This leads to an increase in localized heating due to
increased brightness of the light source. In many
applications, particularly medical appllcagions, such increase

localized heating will not be acceptable. Consequently, the

. design of a particular viewing scopa roqulies a coupromise



antithetical. Nornmally optical system achi'eve'the objectives of maxi mum
bri ghtness, spatial and contrast resolution and true. color rendition by .

i ncreasing the effective aperture of the optical. systemor by controlling
the level of the illum nating light or both. However, the design objectives
for vi'ew ng scopes,. particularly for nedical applications, wusually require
that the overall dianeter of the Vi ey ng scope be kept at a m nimum

di nension and that the bross section occupied by the optical system be
mnimzed in order to acconpdate working channels that enable the operation
of *apparatus at the distal and of the view ng scope. This constraint

constltute% gii’tlcal limt on effective aperture_size. As, known, the

ef fectivéd S#8: REmRpting design. ebisctivens (Tn sopm tityatigns,
aperture, I FH Q" C t.he .effecti stemcan
require a gm ﬂg’ n%#@gg ﬂﬁ'tiﬁ‘?ﬁ“&e %ﬁ?‘ﬁg ﬁfj %&?’:ﬂyl gﬁt on the
renot e o? s to an increase in localised heating due to '
I NC¥ ease ri ght ness of the light source. In many applications,
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capability of viewing images in three dimensions. Such a
capability, however, reguires discrete optical channels and
further increases difficultiss in reaching a reascnable
comprxomise over the conflicting criteria of viewing scope size,
affective apcrtun and light source hrightnuc. In many
situations no compromise is possible, so the viewing scope
provides only a planar image.

In attempts to overcome the limits imposed on viewing
scope design, some prior ar.t viewing scope systems utilize
color switching apparzatus to cbtain a good colox video image of
an object at the distal end of the viewing scope. The
following patents discloae such prior art systems:

4,713,683 (1987) FPujimori et al.
4,736,734 (1988) Matsuura et al.
4,742,388 (1988) Cocper et al.
4,800,424 (1989) Noguchi
4,816,909 (1989) Kipmura et al.
4,821,116 (1989) Nagasaki et al.
4,866,526 (1989) Ams et =al.
4,878,113 (1989) Nakamura .
4,951,133 (1990) Onoda -



design of a particul.ar view ng scope requires’a conproni se -4- between
t hese conpeting design objectives.. In sone situations, that conprom se

m ght even include accepting the display of a nonochrone image. It woul d
al so be desirable it view ng scopes provided the capability of view ng

I mages in three dinensions. Such a capability, however. requires discrete
optical channels and further increases difficulties in reaching a
reasonabl e conprise over the conflictihg €riteria of view ng scope size,
effegtive aperture and |ight source brightness. In many situations no
conprém se is possible, so the view ng scope provides only a planar inage.
In attenpts to overcone the limts inposed on view ng scope design, sone
prior art view ng scope systens utilize color switching apparatus to obtain
a good: col or video i mage of 4aR78pP36&t 6(1990) Amss@¥ adnd of the view ng

scope. The 4,987,884 (1991) Nishioka et al.
5,076,250 (1992) Haxra et al.

~
S

United States lettaers Patent Ro. 4,713,683 disclosss
apparatus for displaying a color image obtained fram an
endoscope on a video monitor. A ratating color disc interposed
batween an object and a light source produces a sequence of
monochrove colors at different wavelengths for illuminating thg
object. The rotating coler disé oﬁi:at.s in synchronism with
image memories that record, in each, successive frames cbtainaed
while a corresponding monochrome coloex illuminatas the object.

Purther dévelopneﬁts 62 such systems have alsc been
undertaken. For example, United States Letters Patent No.
4,736,734 discloses an analogous system that has the added
capability of varying the angle of view of the optical systenm
and an image enlargement processor with two frane memories that
enlarge the image in horizontal and vertical directions
respectively. In United States Letters Patent No. 4,742,388 a
light source directs sequantial fields of red, green and blue
light into a cavity. A video processor converts the signal
frxom an image sensor into a compaosite video signal and a
plurality of color filters alter the true color the image
appearing on the monitor. N

In United States Letters Patent No. 4,800,424, a light

gource includes = lamp that flashes to control the emitted



foll owi ng patents disclose such prior art systens: 4,713,683 (1987) :
Fujinmori et al. 4,736,734 (1988) Mtsuura et al. 4,742,388 (1988) Cooper
at al. 4,800,424 (1989) Noguchi 4,816,909 (1989) Kinura at al. 4,621,126
(1989) Nagasaki et al. 4,866,526 (1989) Ans et al. 4,878,111 (1989)
Nakaura 4,951,133 (1990) Onoda -5- 4,974,936 (1990) Anst et al
4,9877884 (1991) Nishioka et al. 5, 076,150 (1992) Hara et al. United
States Letters Patent No. 4,713,683 di§c?d§es apparatus for displaying a

col or~ i rage obtai ned froman endosoope on a video nonitor. A rotating color
di sc interposed

light amcunts of the colorsd light from a rotary filter gitted
with diverse color filters, United States Letters Patent No.

A\t

1

4,016,909 discloses an endoscope with a color imaging device
and a signal processor that controls the gain of volor signals.
In addition, the signal processor uses the number of pixels in
the datected image to cbtain a final image. The endoscope in
United States Lettars Patent No. 4,821,116 includes a solid-
state pickup element and a light control in the form of a
liquid crystal filter that extinguishes the light.during each
interval that a signal is being read from the solid-state pick
up elenment.

Further modifications are shown in United States Latters
Patent No. 4,866,526 in which a lawp is pulsed to control the
light flux emitted by the lamp as a function of the actﬁal
value of the amplitude of the video signal, In United States
Letters Patent No. 4,878,113 a video apparatus associated with
an sndoscope separates an chject image into imagas at a
plurality of wvavelengths. United States Letters Patent No.
4,951,131 discloses an endoscaope with a rotary filter apparatus
that transmits sequentially the illiuminating light of diverse
vavelengths and that includes apparatus for changing the
character of the light, as by obstructing the transmission of
intrared rays. In United stataslnetters Patent No. 4,974,936 a
rotary filter apparatus includes a color wheel and a runner

vheel that provide discraete pulses of light at different.



bet ween an object and a |ight source produces a sequence of nonochrone. .
colors at different wavel engths for illuninating the object. The rotating
col or disc operates in synchronismw th i mage nenories that record, in
each, successive franes obtai ned while a correspondi ng nonochrome col or

I 1lum nates the object. Further devel opnents of such system have al so been
undert.aken. For exanple, United States,Letters Patent No. 4,736,734

di scl oses an anal ogous systemthat has fhe added capability of varying the

angl e of view of the optical systemand an i mage enl argenent processor wth
two frame a nenories that enlarge the inmage in horizontal and vertica
directions respectively. In United States Letters Patent No. 4,742,6398 a
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pickup devics. This filter removes componants of light having
such wavelengths as are not ussaful for an cbservation. The
filter may be a component of the objective lens. An amdnscépe
in United States Letters Patent No. 3,078,180 includes a
sequential illuminating light source and storage means that
store spectral data for enabling a spectral distzibution
calculation to be pertorn.a on the image cbtained from the
endvscope.

In general cptical applicaticns, image intensifiers are
often“ised to eﬁhaﬁce the brightness of an image that is dialy
illuminated. Such image intensifiers, howevsz, produce
essentially monochromatic outputs. The following patents
discloge the use of such image intensifiers in viewing scopes
and othex devices:

3,231,746 (1966) Goodrich
3,267,283 (1966) Kapany
4,374,325 (1983) Howorth
4,821,117 (1989) Sekiguchi
4,993,404 (1991} Lane

United States Tetters Patent No. 3,231,746 discloses an
image intensifier device using an electron multiplier for

providing color intansification. Rotatable color vheels are



‘6 light amounts-of the colored light froma rotary filter fitted with o
diverse color filters. United States Letters Patent No. 4,616,909 discl oses
an endoscope with a col or inmaging device and a signal processor that
controls the gain of color signals. In addition, the signal processor uses
t he nunmber of pixels in the detected inmage to obtain a final inage. The
endos€ope in United States Letters Patent No. 4,821,116 includes a solid-
state pickup elnment and a light control Tn the formof a liquid crysta
filter that extinguishes the light during each interval that a signal in
being read fromthe solid-state pick up el enent Further nodifications are
shown in United States Letters Patent No. 4,866,526 in which a lanp is

pul sed to copsitiohbd bhobjpisite Wides: d£OthihnddiPiritenkiiries! t8NaPbet Ne

actual=value of the anplitude of the video signal. In United states Letters
Patent No. 4ha/%aveléngthicf v raflecteds inaget tat tdachescvigicanc

separates an object image into inages at a
< portions of the image intensifier in sequence.

In United States letters Patent No. 3,267,283 X-rays from
an object energize scintillator crystals that are responsive to
different energy levals. The light from these crystals enters
an image intensifier. The intensified signals then avre applied
to clusters of fibers of different colors corresponding to the
position of crystals of di!tar.ﬁt enargy lavels. cunneqpenzly;
the apparatus in this patent displays a coloy pattarm
corresponding to the distribution of A-ray energy.

United States Letters Patent No. 4,374,325 discloses an
image intensifier with color f£ilters on its input and output
surfaces so as to intensify a color image without losing color
content. The various filter slements are aligned precisely in
both the input and output filters.

In accordance with United States Letters Patant No.
4.021,1i7 an endoscope views an inturna100tgan having a
flucrescant coating. A light source illuminates the area

- intermittently to obtain a corresponding video image.
Altarnately a laser irradiates the object to excite the _5/
fluorescent material and produce an image. An image ";’Js
intensifier recelves this second image, bug not the zirst.. The
¢irst image and the intensified second image ars displayed
sinultanaocusly.



plurality of wavelengths. united states Letters Patent No. 4,951, 133

di scl oses an endoscope with a rotary filter apparatus that transmts
sequentially the illunminating |ight of diverse wavel engths and ‘t hat

i ncl udes apparatus for changing the character of the light, as by
obstructi-ng the transm ssion of infrared rays. In United States Letters
Patent, No. 4,974,936 a rotary filter apparatus includes a color wheel and a
runner wheel that provide discrete puls8s-of |ight at different -7-
wavelengths. United States Letters Patent No. 4,987,884 al so discloses an
endos¢éope using a solid-state image pickup device. In this patent a filter
Is arranged in the foreground of the pickup device. This filter renopves

cbserviati on. The FRATEH SERFas. LatEwpm kAt Ma. nd, 093 o84 viLsqlees A
oo ! el By eEEes o sl e Bk
- fluorcscope and an endoscope. In this apparatus an image
intensifiexr is located to receive X-rays emerging frem a
patient prior to being received in & video camera. The image
intensifier is not used in connection with the image from the
endoscope-

Bach of these patents discioses various approaches for
senhancing the color display of images. Some change the wave '
length of the light striking the an object. Others change the
wavelength of the light reflacted from the object., Still
others disclose the use of image intensifiers in comnection
with moncchromatic viewing gystems. Notwithstanding this prior

. art, viewing scopes, particularly medical endoscopes, s.tin
requizre rather bright light sources that are usually specially
made for these applications in ovrder to achieve reascnable
image characteristics. Moreover, these bright light sources
are even required when color enhancement is attempted with
apparatus using rotating color filters and image processing
systems. PFurther, the various constraints imposed on such

- viewing scopes precludes the possibility of using any of these
structures for adapting a viewing scope for producing sterxeo
inages.

Summary



store spectral data for enabling a speéectral distibution calculation to be -
performed on the i mage obtai ned fromthe endoscope. In general optical ,
applications, image intensifiers are often used to enhance the brightness
of an image that is dimy Ilumnated. Such image intensifiers, however,
produce éessentially nmonochromatic outputs. The follow ng patents discl ose
the use of such image intensifiers in_viqwﬁng scopes and ot her devi ces:
3,231,746 (1966) Goodrich 3,367, 83 ( 1966) Kapany 4, 374,335 (1983)
Howort h 4,821,117 (1989) Sekiguchi 4,993,404 (1991) Lane United States
Lettefs Patent No, 3,231,746 discloses an image intensifier device using an

electron nultiplier for providing color intensification. Rotatable color

mhee|§ are Thezafore, it is an object of this invention to provide a
viewing scope for dimly illuminated cbjects that provides color
v images with good chazactaristics.

Another object of this invention is provide a viewing
scope that produces, for a dimly lit object, images of good
brightness, spatial and contrast resolution and color
rendition.

Yet another object of this invention is to provide an
optical system for providing color displays of images obtained
by endoscopes.

8till another object of this invention is to provids an
optical system for providing stersoc color dis=plays of imagas
obtainad by endoscopes.

Still yet another object of this invention is to provida
an optical system for providing color displays of images
obtained by endoscopes the minimizes the voluma of the
endoscope dedicated to the optical system.

Yc£ still another object of this invention is to provide
an endoscope that can produce high~quality color images of an
object using low levels of illumination.

In accordance with one aspect of this invention, a viewing
scope includes a light transmitter for directing onto the
cbject an iterative, timed, pattarned seguenca of light at
different wavelengths and imaging apparatu; tor forming at the

. proximal end an image of the object in rcsﬁonae to the light



-8- positioned on opposite sides of t-he image intensifier-to alter the =
wavel ength of the reflected i mage that reaches various portions of the
i mage intensifier in sequence. In United States Letters Patent No.

3,267,283 X-rays froman object energize scintillator crystals that are

responsive to different energy levels. The light fromthese crystals enters

an irfage intensifier. The intensified sikgnals then are applied to clusters

of fibers of different colors corresponding to the position of crystals of
different energy levels. Conseqently, the apparatus in this patent displays
a color pattern corresponding to the distribution of X-ray energy. United
States Letters Patent No. 4,374,325 discloses an image intensifier with
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enents are al i gned

precisely in ' id 18R agﬁﬂg qﬁgﬁkg ni
States Letters afggﬁ.ﬁggugfgggf2?%pgﬂugh%oscopgas?ems %ﬁ?nt rnaFugrggﬁa
having a fl uqy eRtinrone iRgge Lot Jicts Giivalengtiinbfal #ght hin akan pattarn

that illuminates the object. An image prucesser intsgratas a

succession of image frames produced during each pattern
iteration to produce on a viewing scresnt an integratsd color
image of the object.

In accordance with another aspect of this invention, an
endoscopic viewing apparatus’ gor viewving from a proximal end
thereof objacts at a distal end locatad in an individual’s body
includes a tubular housing extending between the proximal and
digtal ends. The tubular housing carries a light transnitter
for directing onto the object at the distal end of said housing
an iterative, timed, patterned sequence of light at different
wavelengths. An cbjective lens at said distal end of the
housing forms an image in response to the light from said light
transmission means, and image transfer apparatus in the housing
tocus¢§ the image onto a monochrome image intensifier. The
image intensifier produces a sequence of intensified monochrome
images for each wavelength of light in the pattern that
jlluminates the object. A video camera comnacted to the imsge
intensifier and a video processor connected tc the video camera
integrating the succession of image franes produced during each

| pattern iteration to produce an iutagratcd color image of the
cbject at the distal end of the endoscopa.



intermttently to obtain a corresponding video inmage. Alternately a | aser
irradiates the object to excite the fluorescent material and produce an

i mge. An image intensifier receives this second inmge, but not the first.
The first imge and the intensified second i mage are displ ayed -9-
United, States Letters Patent No. 4,993,404 discloses a fluoroscopy

swi t chi*ng devi ce for view ng the outputs 2‘ roma fluoroscope and an
endoscope. In this apparatus an image intensifier is |located to receive
X-rays _energing froma patient prior to being received in a video canera.
The image intensifier is not used in connection with the inmage fromthe
endoscope. Each of these patents dlscloses vari ous approaches for enhanci ng
the color display of imagegxis BAPLaE d :

striking the an object. O hers change t he mavelength of the light reflected
fromthe object. e | appended clains particularzrly point out and distinctly

s clain the subject matter of this invention. The variecus
cbjects, advantages and novel features of this invention will
be more fully apparent from am reading of the following detailed
description in conjunction with the accompanying drawings in

which like refarence numerals refer to like parts, and in
vhichs

FIG. 1 is a block diagran 5: a vieving scope apparatus
constyucted in accordance with this invention;

?1G6. 2 is a blook diagram of a video processor for use in
the vieving scope apparatus shown in PIG. 1;

FISS. 3A and 3B depict alternative embodinments of a color
filter wheal that is useful in connhection with the vidvinq
scope apparatus of FIG. 1;

FIG. 4 depicts an altarnate illuniaating source for the
viewing scope apparatus in FIG 1; and

ric. 5 depicts in schematic form a viewing scope adapted

for providing staereo images.

pascxiption of Illustrative Embodiments
In FIG. 1 a viewing scope 10, such as a wedical endoscope,
1nc1udes a body portion 11 that extends h.tueon a proximal
portion at a proximal end 12 and a distnl'portion at & distal
end 13, using Yproximal® and "distal” with referance to the



ot hers di'sclose the use of ‘i-rage intensifiers in connection with
nonochromati ¢ view ng systens. Notwithstanding this prior art, view ng :
scopes, particularly nedical endoscopes, still require rather bright |ight’
sources that are usually specially made for these applications in order to
achi eve reasonabl e i nage characteristics. Mreover, these bright |ight
sourceés are even required when col or enhancenment is attenpted with
apparatus using rotating color filters and i mage processing systemns.
Further, the various constraits inposed an such viewi ng scopes precludes
the possibility of using any of these structures for adapting a view ng
scope for produci stereq inages. 10 - Therefore, it is an object of
this inventi dﬂ"!‘d’%i ysing, the; vipwing, acops A0k A ight mouxpsdidect s

R Pt SN B R T et el 5 UL
< waveguide, such as a fiberoptic wavaguide 15 that couples to a
tiberoptic vaveguide 16 within a housing 17. The housing 17
defines the outer surface of the body portion ll.

After the viewing scope 10 is in place, that is, located
within a vessel of a patient’s body in the case of a medical
endascope, light from the fiberoptic waveguide 16 emerges from
the distal end 13 to illuninate.an object 20. An cbjective 31
capturas light reflected from the abject 20 and forms an image
that an image transfer waveguide 22 transfers to an syepiece 23
at the proximal end 12. The image guide 22 can cosprise eithar
fibkeroptic cables or conventionhal lenses. Fibercptic cables
are particularly adaptad for usa in flexible viewing scopes
while conventional lenses are adapted for use in rigid viewing
scopes, such as laparoscopes. The eyepiece 23 focuses the
image raceived from the image guide 22 onto a video system 24
that p;oduces an input to a video processor 28. The video
processor 25 produces an image on the viewing screen of a vidac
monitor 26.

" In secordunce vith this invention, the light souxce 14
includes a powsr supply 30 that energizes a lamp 31, Uﬁlike
high-pover lamps used in the prior art, the lamp 31 can be a
conventicnal incandescent light bulb that produces a light
throughout the visible spactrum. Lenses 52 and 33 focus this



scope that produces, for a dimy 1it object, inages of good brightness, .-
spatial and contrast resolution and color rendition. Yet another object of
this invention is to provide an optical systemfor providing color displays
of images obtai ned by endoscopes. Still another object of this invention is
to provides an optical systemfor providing stereo color displays of inages
obt ai hed by endoscopes. Still yet anothqr ‘object of this inventionis to
provide an optical system for provi di ng éoTor di spl ays of images obtai ned
by endoscopes the minimze the volunme of the endoscope dedicated to the
opticdl system Yet still another object of this invention is to provide an
endoscope that can produce high-quality color inages of an obj ect using | ow

level s of il{{die w"{w r dgn %a eﬁ%!ﬂgi
Vi ewi ng scope*% c%es I ghtgat rggnggn.;/*;é‘rb' ?r ecting on?‘o ﬁ% obj ect an
iterative, temps,1ghit &umeiueamerohitﬂbtmﬂnd'afsf that! muanes cagtds and
|nag|ng apparatus for formng at the
~shaft 36. A wotor 37 drtvus the shaft 36 and attached filter
wheel 35 at a kncvn.-suhutantially constant angulax velocity.
Indices, described in mora detail later, enable a sansor 38 and
a position sncoder 40 to produce synchronizing signals that
provide position and timing information for the video processor
25. This ars identified as FILTER SYNC signals in FIGS., 1 and
2.
In genaral, the filter wheel 35 contains, at discrete
angular positions, color filters. Normally the filters ara

selected from the primary colors. Thus, as the motor 37
rotates tha filter wheel 35, the vwhite light from the bulb 30
iz converted into an itarvative, timed, patternad sequence of
| light at different wavelengths, normally coxresponding to red,
green and blue light. The light energiﬁq from the distaliend
33 of the tiveroptic waveguide 16 therefore will illuminate the
~ object 20 with the same timed, patternsd sequence of light at
different wavelengths. Moreover, the same pattern of light at
different wavelengths will be coupled as an image to the
eyepiace 21.

In accordance with another aspect of this inventieon, the
video system 24 includes an image intensifier 41 and a video
camera 42, The image intensifier 41, that{preterahly is
constructed to proeduce an enhanced output signal for light in



proxi mal and an.image of the object in response to the light fromsaid
| i ght transm ssion means. A nonochrone inage intensifier converts the

i mage from said i magi ng apparatus into a nonchrone i mage for each

wavel ength of light in the pattern that illum nate the object. An inmage
processor i ntegrates a sucession O image franmes produced during each

pattefn iteration to produce on a viemﬁqg screen an integrated color inmage
of the object. In accordance with another” aspect of this invention, an

endosecopi ¢ view ng apparatus for viewng froma proximal and thereof
objects at a distal end located in an individual's body includes a tubul ar

housi ng extendi ng between the proxi mal and distal ends. The tubul ar housi ng
carries a li gﬁmttbmmmmﬁgidi increawpmttm bxdghbhess of thiw dagmal end

i 1 orent vevatainet Fotn 5o evppiert it o Heweyadvodie £RCEME the housi ng
forms an | MGEddbir BRI’ dutphtol' Siln '{fige intenaibiers, the videc
camera 42 produces a nonéchranltic image for transfer toc the
video processor 25. This signal is designated an RGB SEQ SIG
signal in FIGS. 1 and 3. 1t contains color information, but in
a time-divigion multiplexed fashion determined by the rotation
and construction of the filtar wheel 35.
Still referring to PIGS. 1 and 2, the video procesgor 25 -

. includes a conventicnal frame grabber circuit 43 that receives |
the RGB SEQ SXIC from the video camera 42 and includes an
address generator 44 that receives the FILTER SYNC signals from
£he light source 14. A control ciycuit 45 synchronizes the
frawe grabher circuit 43 with the cperafioh of the filter wheel
35 through the FILTER SYNC signal. More specifically, therxe
are a series of discrate intervals during each revolution of
the ti;te: wheel during which the light from the light source

14 is ;t a constant wavelangth corresponding to the particular
one of the red, green or blune filters that iﬁtozcéﬁts the light.

. from the bulb 30 in FIG. 1. Each filter in the filter wheel 35
is sized so that this interval exceeds the time raquired for
the video camera 42 to transmit one frame of image information

. and for the frame grabver ¢ircuit 43 to record all the
information for that frame. BEach such trém- then corresponds

toc the red, green or blue light component being transmitted by



transm ssi on neans,; and-i mage transfer apparatus in the housing focuses the

- inmage onto a nonochrome image intensifier. The inmage intensifier produces a
sequence of intensified nonochrone i-nages for each wavel ength of light in

the pattern that illum nates the object. A video canera connected to the

i mge intensifier and a video processor connected to the video canera

I ntegrating the succession of inmage fraﬂpg produced during each pattern
iteration to produce an integrated color inmage of the object at the distal
end of the endoscope. - 12 - Brief Description of the draw ngs The
appended clains particularly point out and distinctly claimthe subject
matter of this invention. The various objects, advantages and novel

features of ghli ari BHENELPOr ¥1lterd TH Enlalleh YreP Pk ﬁ%id OMahyg;athay of
t he fellomnng det ai |l ed description in conjunction wth the acconpanylng

draw ngs i nepginghgrabBet céLFaUIRe 43U PRbdutescht 1te ditguth AL thand in

¢ information concerning that color component for one frame. The
address gesnerator 44 generates for sach color component, an
address for a frame memory in a frame memory circuit 46. In
one specific embodiment, the filter wheel 35 contains gix
filtexr positions in fho sequence red-green-blue-red-green-blue.
The frames memory circuit 46 contains six sets of mamory
locations that correspond to each of the six filter positions.
As will be spparent, the control 45 and address generator 44
couple the cutput of the frame grabber circuit 43 to an
appropriate set of memaory Jocations in the frame wemory circuit
46 in sequence.

Thae use of the six filter positions and aix sets of memory
iccations enables a digital-to~analog (D/A) filter circuit 47
and video output circuit 50 to produca ; coloy imags on the
monitor 26 that varies swoothly and naturally. Moreover, with
tha corxect timing, the D/A filier circuit 47 can retrieve the
image date from one memory location, such as one red memory
location while the information from a succeeding frame
corresponding to the red filter can be loaded into the other
red memory location.

Thus the viewing scope 10 shown in !Iﬁ- 1 can provide a

color image at the monitor 26, The use of the timed, patterned
sequenca of light of different wavelsngths to illuminate an



which: FIG 1 is a block diagramof a view ng scope apparatus constructed
in accordance with this invention: FIG 2 is. a block diagram of a video
processor for use in the view ng scope apparatus shown in FIG 1; FIGS. 3A
and 3B depict alternative enmbodi ments of a color fifter wheal that in
useful in connection with the view ng scope apparatus of FIG 1. FIG 4
depicts an alternate illumnating sourcg for the view ng scope apparatus in
FIG 1, and FIG 5 depicts in schematic forma view ng scope adapted for
providing stereo images. In FIG. 1 a view ng scope 10, such as a nedi cal
endoseope, includes a body portion 11 that extends between a proxi nmal
portion at a proximal end 12 and a distal portion at a distal end 13 using

"proxisal” aiject wnd the LRagé’ BAEANFLENed WBa videdSprocessor to
’ reconstitute the image allows the apparatus to operate at very

L)

low levels of light., Por exanple, it is possible to illuminate
vessels in the body with a few watt light bulb as opposed to
conventional medical endoscopes in whiéh the light bulbs can be
rated as high as 300 or more watts. This reduction in light
reduces the cross section of the £iberoptic waveguides 186.
FPurther, the image intensifier incrsases the effective
brightness so that the image tr;nsfer waveguide 22 can have a
smaller effective aperture. Both these reductions enable the
construction of an endoscope with a larger working channel ox
the construction of a smaller endoscope without reducing the
size of the working channsl.

FIGS. 3A and 3B depict filter wheels 35A and 33B that can
be wubstituted for the filter wheal 15 shown in FIG. 1. Bach
vheel mounts to a central, motor-driven shaft 36A, 36B for
rotating the filter wheels 35A, 35B., BEach filter wheel ig
dlvided intu six segments datined as sejments S1A through S6A
in FI1G. 3A and segnments S1B through 56B in FIG. 3B. In one
specific embodiment, segnents S51A, 51B and S4A, 54B are red (R)
filters; segments 52A, 528 and 58A, 55B are green (G) filters;
and filters 53A, 53B and 56A, 56B ars blue (B) filters. If the
filter wheels 35A, 35B rotate clockwise in t:he direction of the
arrows 57A, 578, the vheels convert constant white light from

the bulb 30 in PIG. 1 into a sequence of red-grean~blue-red-



i ndi vidual using the viewi ng scope 10. A light source 14 transmits light is
the visible spectrumthrough an optical waveguide, such an a fiberoptic
wavegui de 15 that couples to a fiberoptic waveguide 16 within a housing 17.
The housing 17 defines the outer surface of the body portion 11. After the
viewi ng scope |0is in place, that is, located within a vessel of a
patient's body in the case of a nedicq]1§ngoscope, light fromthe

fi beroptic wavegui de 16 energes fromthe distal end 13 to illum nate an
object 20. An objective 21 captures light reflected fromthe object 20 and
forms-an image that an imge transfer wavegui de 22 transfers to an eyepi ece

ot ot c o -0 LR, M BAR. . L ooces
P LT AN gL' s, SE0Rn e 0

Iihge?{gpi ecela?hfeoﬁbﬁﬁsthﬂﬁuﬁﬁ% 'Ednled A7 W@ 9le inTeq, 94, de 22 onto a

ssystem 24 that produces an input to a video processor 23. The video

processor 25 prodyse¥IG) BARIAnANLAF alOtSVi6IA ThroaghoBes votistitavet or 26.
indices that enable light from the bulb 30 in FIG. 1 ¢to
energize the sensor 33. Thus the sensor 38 will produce a
signal indicating the presence of a filtexr in the light bean.
In FIG. JA sach annular slot is angularly coextensive with a
filter. Propar location of the sensor 38 then enables the
sansor to produce a timing pulse that corresponds to the
interval of each monochromatic light pulse from the filter
vheael 55&.

FI6. 3B discloses an alternative index construction
wherein annular slots 61B through 66B have an angular dimension
that is less than the angular extent of the filters. In
addition, each annular slot is skewed so that a wvadius to the
center of a filter leads the radius to the center of an annular
slot. Ehis provides a tima offset to tssur; that the frame
grabber circuit 43 does not initiate its operation until a
filter is positioned to provide light of maxiwum brightness at
sach of the wavelengths., Typically the interval required for
the frame grabber circuit 43 to obtain infarmation for one
fyama will be less than the time for a filter to pass by the

light axis, so the trailing edge of each ipnular slot, such as



In accordance with this invention, the light source. 14 includes a power
supply 30 that energizes a lanp 31. Unlike high-power |anp used in the
prior art, the lanp 31 can be a conventional incandescent |ight bulb that
produces a |light throughout the visible pectrum Lenses 32 and 33 focus
this = 14 - light onto an end 34 of the fiberoptic wavegui de 15 and
direct this light through a color filterowheel 35 that mounts on a shaft
36. A notor 37 drives the shaft 36 and A?tached filter wheel 35 at a known,
substantially constant angular velocity. Indices, described in nore detail
| ater; enable a sensor 38 and a position encoder 40 to produce '
synchroni zing signals that provide position and timng information for the

vi deo processelat5815héan asxtdrd:: baybnddthne Corddspanditigsadgal ofia Ffilker 1
and 2.; In general, the filter wheel 35 contains, at discrete angul ar
positions, cosegmmhtiers. Normally the filters are

FIG. 4 depicts an alternative light sonrce that could
operate in place of the light source 14 and the fiberoptic
wavequides 18 and 26. More specifically, FIG. 4 depicts the
distal end 70 of a viewing scope 71 with a working channel or
lumen 72 and an objective lens 73. In this configuration the
light source comprises a light emitting diodes 74, 75 and 76
that are positioned at tho distal end directly and connectad fo

' a proximal powver sourca through a series of low-voltage
oconductors (not shown) that connect to a seguencer. The
sequencar would energize the light-emitting diodes 74, 75 and
76 in seguenca thereby to produce a sequance of mohochrg:atic_
light pulses for illuminating an object. LS Qill Be appafehﬁ%h' -
such a system eliminates the ragquirement for a filter wheel and
asgociated mechanisms, Such an illuainaticn system will be
particularly valuable when blue light emitting dicdes become
cunaer;ially available. BRed and green light emitting diodes
now are available. It will also be apparent that this
construction will allow an increase in the size of the working
channel 72 or allov the viewing scope to add separate working
channels. It is also possiblé that for the same objective lens
73 and reiated image transfer waveguide the overall size of the
endoscope ¢an be reduced. ‘



selected fromthe primary colors. Thus, as the notor 37 rotates the filter -
wheel 35, the white light fromthe bulb 30 is converted into an iterative,
ti med, patterned sequence of light at different wavel engths, normally
corresponding to red, green and blue light. The |ight energing fromthe
distal end 13 of the fiberoptic waveguide 16 therefore will illum nate the
obj ect: 20 with the sane tined, patterne% sequence of light at different
wavel engt hs. Moreover, the sane pattern 8f'|ight at different wavel engt hs
wi |l be coupled as an image to the eyepiece 23. In accordance w th anot her
aspect” of this invention, the video system 24 includes an inage intensifier
41 and a video canera 42. The image intensifier 41, that preferably is

hevel engt hs, i ner oiied PRARKYHC8E WYL R Filplare Her' Brs opffcdl
PIEBNSTT o, MRy 0 Sudts BHIS ARTREeU ool Wt
: F1G. 5 depicts, in schemstic form, an endoscopa 80 that
includes a fiberoptic waveguide 81 that connects to a light
source, such as ths light source 14 in FIG. 1. The objective
at the distal end 82 produces twoc images for image transfer
waveguides 83 ind 64 respectively. Individual ayepizcas 85 and
86 at the proximal end 87 of the endoscopa 80 focus two
distincet images onto an imaga intensifier 90 that a video
; camera 91 thah transfers to a video processor, such as the
video procaessor 25 in PIG. 1. This system produces two offset
images on a monitor, An individual can then, with or without
the assistance of stereo glasses, fuse the images intn a single
image that appears to have three dimensions. As will be
apparent, this invention permits such an optical system to ke
incorporated within a conventionally sized endoscope.
Thus, it is possible to utilize this invention to produce
a viewing scopa that produces planaxr or three~dimensional
images in color with good brightness, spatial and contrast
resolution and color éenditidn. Images with these degirable
characteristics further are cbtained using low illumination
lsvels. Low illumination levels limit locamlized heating at the
digtal end of any viewing scope and eliminata a nead for
épccializcd light sources. Light sgurcesfusing conventional

bulbs with tilter wheels or solid-state light sources located



canera 42 produces a nonchromatic.image for transfer to the video processor
25. This signal is designated an RGB SEQ SIGsignal in FIGS. 1 and 2. It
contains color information, but in a time-division nultiplexed fashion
determ ned by the rotation and construction of the filter wheel 35. Stil
referring to FIGS. 1 and 2, the video processor 25 includes a conventional
frameigrabber circuit 43 that receives bhe RGM SEQ SI G from the video
canmera 42 and includes an address generator 44 that receives the FILTER
SYNC-signals fromthe |light source 14. A control circuit 45 synchronizes
the frame grabber circuit 43 with the operation of the fiter wheel 35

t hrough the FILTE? SYNC signal. Mre specifically, there are a series of

di screte i nt eMFacReBTPRINAL OF diatal: endaopLi Acviewirmy sdupel cdnr providech

cor  espondi ng RS A BRUMIG Jeelane ZEVALE culae beapeareRtokbat hat

wheol a5 15 o Pae Sonbl AR hé1hads, halviouer wiimants. oyt sa Fon (nc

v do0 carors S 1Y 100° AP 06140 B T Sk,
that are available commercially and that can be combined in a
number of different configurations with the aﬁtain-ent of some
or all of the advaﬁtagns of this invention. '

Although this invention has been disclosed in tarms of

certain embodiments, it will also be apparent that many
modifications can be made to the specifically disclosed
apparatus without departing from the invention. Tharefors, it
is the intent of the appended claims to cover all such
variations and modifications as come within the true splrit and
scope of this invention.



i nformation for that frame. Each such frame then corresponds to the red, -
green or blue light conponent being transmtted by -16- one. of the col or

filters in the fitter—wheet—35—Fhus, the franme grabber ci .L UCEN

(‘

at its output al concerning that col or conpor ﬂ
frame. The addrH",mm“m"m"ﬂngenerat es for ach col or cofiponerft
address for a franecnenor circuit 46. |n one speC|f|c
enbodi ment, the filter mheel 35 contalns SIX filtar positions in the

sequence red-green-blue-red -green-blue. The franme nenory circuit 46

contarns six sets of nenory |ogatjons that correspond to each of the six
filter positions. As will be d%@ghght, the control 45 and address generator
44 coupl e the output of the frame grabber circuit 43 to an appropriate set
of nmenory locations in the frame nmenory circuit 46 in sequence. The use of

the six fil ter?f)ﬁ“& qﬁ!&qm@' )foSEtfmg nqrre&)ow 8 proximal end therect
” an objact at a distal end, said viswing apparatus
cumprising:

A. light transmission means for diructing antc the
object an iterative, timed, patterned sequence of
light at differant wavelaengths,

B. image means for fornihq at the proximal end an image
of ths object in response to the light from said
light transmission means that reflects from the
cbject,

¢. monochrecne image intensifier means for intensifying
tha image from said image means theieby to produce a
monochrome image of the object for each wavelength of
light in the pattexm, and

D. ixage pracessing means connected to said monochrome
image intensifier means for integrating the
succession of image frames produced during each
pattern iteration to display an integrated color

image of the object at the distal end of said viewing
apparatus,

‘2. Viewing apparatus as éeci:ed in claiw } wherein said light
transmission means produces light at wavelangths

corrssponding to diverse colors and said image intensifier

Thls Sheet Has Been Re
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| ocations enables a digital-to-analog (D'A) filter circuit 47 and video

output circuit 50 to produce a color inmage on the nonitor

 p—ma. =

T O at_val o
snoot hl y mﬂuummeover, with the correct tining) THe SHERTHAS BREN
circuit ﬁmﬂﬂ I i mage date from one menory | offat i orPERMGEDR S
one red nmenbry | dcat'i oh while the information froma succéeding Trane
corresponding to the red filter can hesgaaded into the other red nmenory
|.ocation. Thus the view ng scope 10 shown in FIG 1 can provide a col or
i mage at the nonitor 26. The use of the tined, patterned sequence of |ight
of different wavel engths to illum nate an -17- object and the i mage
I ntensifier and video processor to reconstitute the inmage all ow the

apparatus to oper I ' o 31.S
posei bl o to i [T umiearserdetirl e iy Substantakily wlecif Bpuns fnl
opposed to convenirigspons¥edoChiglit GAS Qe of"wibaténgties | | ght bul bs can be

4.

Viewing apparstus as recited in claim 1 wherein said light
transaission means produces light in the wavelengths of
red, blue and green light and saild imaga intensifier
provides an enhanced response to blue light thereby to
produce a substantially uniform output signal in xesponse
to substantially equal brightnesses of light at sach of
the red, blue and gresn vavalengths.

Viewing apparatus as vecited in claim 1 wherxein said i.llage.l
processing means comprises means for rscording, for each
wavelength in the patterned sequence, an image frams from
said image inﬁensifiar means during tha illumination of
the object with light of the corrasponding wavelength,
neans for integrating each of the racorded image frames
produced during a given iteration of the pattern and means
for displaying the integrated images.

Endoscopic viewing apparatus for viewing from a p:oxina} -
end thereof objscts at a distal end located in an
individual‘s body, s2id endoscopic viewing apparatus
cowprising:

This Sheet Has Been Reﬁaced
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rated as hi gh as 300

cross section of the

vevepu L'efﬂlllllﬂllﬁw
u

enabl e t-he *cofist Fuc

or_more watts. This reduction in light reduces t he

flberoptlc wavegui ds 16. Further, g

ef fective brightness so t hat thpqgggﬂt ’
S :
“ WE |l er effective aperture. Bot eng Qggé gg& ’

on of an endoscope with a larger w

the construction of a smaller endoscopegwit hout redUC|ng the size of the

wor ki'ng channel. FIGS. 3A and 3B depict filter wheels 35A and 35B that can
be substituted for the filter wheel 35 shown in FIG 1. Each wheel nounts

to a-central, notor-driven shaft 36A, 36B for rotating the filter wheels
35A, 35B. Each filter wheel is divided into six segnents defined as

~segnents 51A through

3B. In one specific enbodinent,

56A in FIG 3A and segnents 51B through 56B in FIG

rotate clockwi se in t Adstn e%%ﬁ!wlcﬁ the arrows 57A, 57B, the wheels

convert constant whit
red- gr een- bl ue- r 3a-

Eiquh fro e bulb 30 in FIG 1 into a sequence of

ransm ss on means for directing onte the
abject at the distal end of said housing an
iterative, timed, patterned sequence of light at
different wavelengths,
objective lena means at said distal end of said
housing for forming an image in response to the light
from said light trans;ission means that reflacts from
the ébjects. and
image transfer means in said housing for transferxing
the image formed by said ohjective lens means to the
proximal end of said housing,
aonochrome image intensifier means for intensifying
the image from szaid image transfer means thereby to

*  produce a monochrome image :&: sach wavelength ot
. light in the pattern that illuminates the abjects,

video means connected to said image intensifier means -

for producing a video signal in response to the
output images from said image intensifier means, and
video processing.inans contiected to said video means
for integrating the succession of image framas
produced auring each pattern itarétion to display an
integratad color image of the object at the distal
end of said viewing apparatus.

This Sheet Has Been R laced

segnents 51A, 51B and 54A, 54B are red (R

filters; segment &52AR Soblan Wimﬂumdghqemﬁ the 'proxAmhl igrider s

53A, 53B and 56A, 56B are blue (B) filters. |If the filter wheels 36A, 35B



-18- green-blue-1ight. pul ses. Successive pul ses are interrupted when radi al
~portions 60A, 60B between adjacent filters pass the light_axis through the _
lenses. 32 and 33 in FIG 1. In FIG 3A annular slots 6 %%‘%}Q@BEEN
constitute indices that enable light fromthe bulb 30 in pPaBE

t he sensor 38." Thus the sensor 38 will produce a signal inﬂ-nﬂf-n" e

orcerac, oMM BRI % 22 355 7 coefonst Thesonssr st

| ocation of the sensor 38 then
enabl es the denSor“td' produce a timng pul se that corresponds to the

interval of each nmonochromatic |ight pulse from the filter wheel 35A. FIG
3B discloses an alternative index construction wherein annular slots 61B
t hrough 66B have an angul ar dinension that is |less than the angul ar extent

of the filters. In addition, each annular slot is skewed so that a radius
to the

6. Endoscopic viewing apparatus as recited in claim 5 wherein
| sald light transaission means includes a light source,

changeakle filter msans for producing iteratively the
patterned sequance and fiberoptic wvaveguide means for
conveying the patterned sequence of light from said filter
means to the cbjects at the distal end of =zaid housing,
said light source and filter means heing disposed at the
proximal end of said endoscopic viewing apparatus.

7. Endoscopic viawing apparatus as fncitcd in clain 6 wherein
. said light transmizsion means includes a plurality of
woncchromatic light tranéniséion weans for generating
1ight at diffarent monochowmatic frequency bands and
control means for energizing in an iterative fashion said
monochomatic light transmission means individually in the
patterned segquence, said monochreomatic light transmission
means being locataed at the distal end of said housing.

8. Endoscopic viewing apparatus as Yecited in clain 7 wherein
each of said monochromatic light transmission means
comprises a light-emitting diode.

9. Endoscopic viawing apparatus as recited in claim 6 wherein

said housing comprises a flexible sheath and said image

is Sheet Has Been Replaced
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center of a filter leads the radius to the center of an annular slot. This
provides a tine 0 that the frame grabber cirg

T T2 coes—Fot—m)
initiate itsJ i il.a filter is positioned to provi|dEHS HHRETOHAS BEEN
maxi num bri g mgﬂwﬂﬂ%ﬂﬂﬂjthe wavel engt hs. Typical |y thé_inteF¢RI-ACED
g

**

requi red for the¢franen ‘circuit 43 to obtain information for one
frame.will be less than the tine for q_&bljer to pass by the light axis, so
the trailing edge of each annul ar slot, "Such as -19- slot 613 can extend
beyond the corresponding edge of a filter segment. FIG. 4 depicts an
alternative |ight source that could operate in place of the Iight source 14
and the fiberoptic vaveguides 15 and 16. Mre specificailly, FIG 4 depicts
the distal, end 70 of igviemﬁn scope 71 with a working channel or |unen 72

and an objective FERESHET PRANS; ingludes;syapiers ireans frar sncusdngothei ses
a light emtting ‘Mgﬁsoiéa Asiuim 1-19::1:1-: neans and fibexoptic wavequide

>

means extending betwaen said objective lens means and gaia

eyopiece means for transferring the image from the digtal
to the proximal end. |

10. Endoscopic viewing appiratus as nci.tid in claim 6 wherein
sald housing comprises a rigid sheath and said image
transfer means includes oy.apieca neans for focusing the
image onto said intensifier means and a plurality of
lenses extanding along the length of said rigid housing
batween said objective lens meanz and said eyepiecs means.

11. Endoscopic viewing apparatus as recitsd in claim 6 vherein
said light transnission means produces light at
wavelengths corresponding to diverse colors and sajid image
ing.ansitiar is characterized by -ubstantiuly. uniforn
outputs in response to light at each of those wavelengths.

12, Viewing apparatus as recited in claim 6 wherein said light
transmission means producaes light in the wvavelengths of
‘yed, blua and green light and said image intensitier
provides an enhanced response to blue \J.ight thareby to
produce a su&stantiany uniform outpui_:- signal in response



that are positioned at the distal and directly and:-connected.to ‘a proxi nal
power source through a series of .l owvoltage conductors ( —t-hat
connect to a sﬂlﬂmmmulﬂm uence woul d energi ze the | gW'S@rHEEﬂ'lHn@ BEEN
di odes 74, 75 e thereby to produce a sequence REPLACED
monochromatic I fght pul ses*of illunminating an object. As™W ,
such. a systemelimnates the requirepsipt .for a filter wheel and associ ated
mechani sm  Such an illumnation systemw || be particularly valuable when
blue light emtting diodes becone commercially available. Red and green
light emitting diodes now are available. It will also be apparent that this
construction will allow an increase in the size of the working channel 72
or allowthe vi &g mmihmiddq&speﬁﬂcﬁ.wmoehﬂgﬁhsatl&.eﬁ ¥ SO
possible that for the same objective lens 73 and relatell image transfer
wavegui de the otleaitedsi biuef and cgresio wmnslagthks reduced. - 20 -

13. Viewing apparatus as recited in claim S vhersin said video
processing msans compriges means for recording, for each
vavelength in the patterned sequence, an image frame fron
said video means during the illumination of the object
with light of the corresponding wavelength,.means for
integrating sach of the racorded image frames produced
during a given iteration of the pattern and means for
displaying the integrated iwages.

14. Endoscopic viewing apparatus as racited in claim 5 vhersin
said 1light transmission means includes a filter vheel
divided into a plurality of segments, each segment having
a tilter corresponding tc one of the primary colors, said
1!11}:3!: vhaeel additionally including an index that
.idehtlties aach seguent, drive means for rotating the
filter wheel about an axis, a light socurce for directing
light through said filter wheel theredby to produce an
iterative, timed, patterned sequenca of the filterxed light
at the wavelengths of the primary colors, and a fiberoptic
wvaveguide for conveying the output from said filter wheel
through said housing to illuminata thc'j-nbjccts with the
light frow said filtar wheel.

et Has Been Reﬁaced
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e

. This reduction of the size reduirenents for the optical assenb[y al so

adapts this configuration for stereo imaging. FIG 5 depi ¢tS—in——sechemtiec

form an endoscopesothat—Tncl udes a fiberoptic wavegui dd BlStdEETCMNBEER

to a light it he light source 14 in FIG 1. lThe ofgrcAtED at
t he di stal,mﬂmmmj“lﬂ: Igmltwo | mages for inmage transfer wavegoroesT—o3—ant—
y. ¢ na visdua

64 respective eyepi eces 85 and 86 at the proximl end 87 of
t he ehdoscope 80 focus two distinct iT#§es onto an image intensifier 90
that. a video canera 91 then transfers to a video processor, such as the
vi deo. processor 25 in FIG 1. This system produces two offset inages on a
nmonitor. An individual can then, with or without the assistance of stereo
gl asses, fuse the images into a single inage that appears to have three
di mensions. As will be apparent, this invention permts such an optical
systemto be incoporated within a conventionally sized endoscope. Thus, it

in possibl e 19, utkndoscdgic vievtng Sppdratis’ ¥eC Tedita@ ii0ciapRe14 hat
produces planar or three-di nensional 1 nages in color with good brightness,

spatial and cont reherein #aid dmagedintinsifinyimesos. conprisesi & hluwse
desirabl e '
enhanced image intensifier means.

16. Endoscopic viewing apparatus as recited in claim 15
additionmally comprising saegquence control mpans for
synchxonizing said apparatus, said control means
responding to said index means on said filter wheel for
controlling sajid videc processing means.

17. Endoscopic viawing apparatus as recited in claim 16
wherein video processing means 1nc1ﬁdes neans for storing
inaées for each of tha predetermined primary colors and
maltiplexing means connectsd to said control means for
transferring images from said video means to the

corresponding image storage means.

18. Endoscopic viewing apparatus as recited in oclaim 14
wharein said filter means includes a plurality of filters
for each of the primary colors and said filters ara
sequenced about the filter wheel whereby tha wavelengths
of light from successive filter positions differs.

[
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_ |IIuntnat|0n~#eve+s—t+n¢1_iixzi_lzed heating at the distal

characteristics further are obtained using lowillunmination |evels. Low .

n'F

Vi ewi ng scop nate a need for specialized ligh §Q§@ngh“gBEEN :
sources usin m ﬁ ﬂ}j mumn bs with filter wheels or $o ﬁt:_pt_ﬁctnght
sources | ocate the proximal or distal endd

can.provide adequate i1 Uninatin leveps.. It will also be apparent that this
conbi nati on includes indivi dual el enents, such as the image intensifier,

vi deo canera, video processor and nonitor, that are avail able conercially
and .t hat can be conbined in a nunber of different configurations with the
attai nment of sone or all of the advantages of this invention. Al though

t hi nhqd [ i1
'so b appd¥in: HRORBSRLY' SEariEl rbarstil fp SRR SRS L ()
di sc1 osed appar t [ It
Whdteth! BRYA SRR Erinstat Thbdts | AR 1A 1} IhC10aEs
. eyepiece moans at said proxiwal end 9! the housing for
focussing the imsge onto said image intansifier means.

20. Endoscupic viewing apparatus as recited in claim 19
vherein sald image transfer means includes a pair of image
transfer channel means and & palr of eyeplaces for
focusing onto said image intensifier means and vherein
said video processing means displays the images as part of
a single display.

heet Has Been Replaced
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is the intent of the appended clains to cover 11 such variation and _
nodi fi cations as come within the true spirit and scope of this invention.
[err] Substitute sheet - 26 Septenber 1996 * C L M S * - 22-

REPLACEMENT SHEET CLAI M5 [err] 1. View ng apparatus for
viewing froma proximal end thereof an object at a distal end, said view ng
apparatus conprising: A l'ight transirssion neans for directing onto the
object an iterative, tined, patterned sequence of light at different
wavel.engt hs, B. | mage nmeans for formng at the proximl end an inage of
the object in respo_n@o the |ight
~
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fromsaid |ight transm ssion neans that reflects fromthe object, C

i mage intensifier nmeans for producing for each of the different wavel engths
-in the patterned sequence a nonochrone i mage of the object, and D i mge
processi ng nmeans connected to said image intensifier neans for iteratively
processing el ectronically the succession of nonochrone image franes
produced during each pattern iteration By said imge intensifier neans to
di splay an integrated color inmage of the object at the distal end of said
Vi ew ng apparatus. 2. Vi ewi ng -apparatus as recited in claim1l wherein
said ‘light transm ssion neans produces |ight at wavel engths correspondi ng
to diverse colors and said inmage intensifier nmeans is characterized by
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Substitute sheet -26 Septenber Substitute sheet - . REPLACEMENT SHEET
substantially uniformoutputs in response to |light at each of wavel engths. |
3. Viewi ng apparatus as recited in claim1l wherein said |ight
transm ssi on nmeans produces |light in the wavel engths of red, blue and green
| ight and said image intensifier nmeans provides an enhanced output to blue
| i ght -thereby to produce a substantially uni form output signal in response
to substantially equal brightnesses of |ight at each of the red, blue and
green, wavel engt hs. 4. Vi ewi ng apparatus as recited in claim1l wherein
sai d i mage processing nmeans conprises neans for recording, for each

wavel ength in the patterned sequence,@n i mage franme fromsaid i mage

i ntensifier means during the iIIunindH<on of the object with light of the
correspondi ng wavel ength, neans for |- l.ng each of the recorded inage

frames produced during a given
a
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pattern and f*ans fof'displaying.the i nt egrated i mages. 5 EnddScopié
vi ewi ng apparatus for viewing froma proximl end thereof an object at a
distal end located in an individual's body, said endoscopic view ng

apparatus conprising: A a tubul ar housi ng extendi ng between the proxina
and distal ends, Substitute sheet - 26 Septenber 1996 - 24 -

REPLACEMENT SHEET Dat e: 2 6 SEP 1996 48. light transm ssion neans for
directing onto the object at the distal end of said housing an iterative,
timed, patterned sequence of |ight at different wavel engths, C. obj ective

| ens nmeans at said distal end of said housing for form ng a succession of

. s el S




| mages. N r«p&ponse to the |ight fronisaid light transm ssion neans 't hat

reflects fromthe object, and D. inmage transfer nmeans in said housing for
transferring each inmage in succession forned by said objective | ens neans
to the proximal end of said housing, E. i mage intensifier nmeans for

i ntensifying the succession of nmonochrone i mages fromsaid i mage transfer
nmeans thereby to produce a nonochrone i nage for each wavel ength of light in
the pattern that illum nates the objects, F. vi deo neans connected to
said image intensifier means for prApsgadyd a video signal in response to
the series of nmonochronme output images fromsaid inage intensifier neans,

and G vi deo processing .nmeans c cied to said video neans for
integrating the sUccesgf ngﬁﬂpﬁﬁaﬁqﬁrhWE@ t&A5EEE AN ng each pattern

iteration to display an integrated céigs 1i mage of the

3 A viewing scope for producing high quality color images with low levels of
object illumination has light source (14) which illuminates the object with a timed,
patterned sequence of light at 5ﬁfferant wavelengths. Light reflected from an object
transfers through the viewing scope to an image intensifier {41} and video camera
{42) for producing a video signal, A video processor {25) synchronized to the light
source {14) converts the video signal into discrete image frames cor;esponding to
the light reflected at each discrete wavelength. An image memory (46) retains _

- gach frame for conversion into a c_olor video signal that produces a color display of

the object beaing viewed,



‘object at the:distal end of sal d view ng appar at us. Substitute sheet -
26 September 1996 - 25 - REPLACEVENT SHEET Dat e: 26 SEP 1996

6. Endosc ratus as recited in claimb5 wherein said |i ht
transm ssi oﬁ"mummﬂgﬂmma | i ght sour ceSubstitutesheet { 26t September TQﬂg
producing iterdtivel y¥ the patterned sequence and fi beroptic wavegui de means

for conveying the patterned sequence of |light fromsaid fjild zﬁsnﬁE
objects at the distal end of said housing, said |light sou éﬁgh f%hé@F

means being di sposed at the proximal Qﬂéﬁﬁsal d endoscopl|| Ga¥d- QMB@EP 1996

apparatus. 7. Endoscopi c viewi ng app as recited i p—clalm 5 WHEFEIN"

REreEin

said light transm ssion neans includes a plurality of nnnochronatlc | 1 ght

transm ssi on nmeans
1.  Viewing apparatus for viewing from a prox1mal end

thereof an object at a distal end, said viewing

apparatus comprising:

A. light transmission means for directing onto
the object an iterative, timed, patterned |
sequence of light at different wavelengths,

B. image means for formihg at the proximal end an
image of the object in response to the light
from said light transmission means that
reflects from the object,

C. image intensifier means for producing for each
of the different wavelengths in the pattérned
sequence a monochrome image of the'objéct, and

D. image pfocessing means connected to said image
intensifier means for iteratively processing
electronically the succession of monochrome
image frames produced during each pattern
iteration by said image intensifier means to
display an integrated color image of the
object at the distal end of sgaid viewing

apparatus.

2. Viewing apparatus as recited in claim 1 wherein
said light transmission means produces light at
wavelengths corresponding to diverse colors -and

said image intensifier means is characterized by



for generati rg light.at different nonochromatic frequency bands and control
means for mﬁl n in an iterative fashion said nonochromatic |ight

transm ssio ’,ﬂuﬂum‘ ly in the patterned sequence, said
monochr omat i i'on means bei Sigbstituite sheeat - 2BcSeptenaerch0H+

sai d housing. 8. Endos?:op’i C view ng apparatus as reci te napmb&mem’ SHEET
wherein each of said nonochromatic light transm ssion nea

light-emtting diode. 9. Endoscopi ¢ vi ewi ng apparatgs al D
5 wherein said houygj | exi bl.e heat h and sabe=F8 ;
nmeans i ncl udes rreans or ”UR‘EES‘K%E{% nksﬁ é"r‘%] 9ht

at each of wavelengths.

3. Viewing apparatus as recited in claim 1 wherein
said light transmission means produces light in the
wavelengths of red, blue and green light and said |
image intensifier means provides an enhanced output
to blue light thereby to produce a substantially
uniform output signal in response to substantially
equal brightnesses of light at each of the red,

blue and green wévelengths.

4. Viewing apparatus as recited in claim 1 wherein
said imége processing means comprises means for
recording, for each wavelength in the patterned
sequehce, an image frame from said image
intensifier means during the illumination of the
object with light of the corresponding wavelength,

- means for integrating each of the rec0rded'image
frames produced during a given iteration of the
pattern and means for displaying the integrated

images.

5. Endoscopic viewing apparatus for viewing from a
proximal end thereof an object at a distal end
1ocated in an individual’s body, said endoscopic
v1ew1ng apparatus comprising:

A. a tubular housing extending between the

proximal and distal ends,



focusing the image onto said intensifier neans and fiberoptic wavegui de
means extendi ng between—sai-d-obj ective | ens nmeans and sai d focusi ng nmeans

for transf ' | fromthe distal to the proxi mal end. 10.-
Endoscopi cmmmﬂ mus as recited i nSubstitiis sheet c2h Septe s A
S

mhars1996
conpri'ses a*rigi d said i nage bpansfer means i igﬁ%ﬁé&rﬁ

focusing the inage onto said intensifier neans and a plur
extendi ng along the length of said rigid housing between

| ens nmeans and said focusing neans., 11. Endoscopi ¢ Vi ew jng apparat (s as = !
recited in claim SBMerJg’rqual?lﬁaIF’?WS’t‘?rhr{%‘?ﬁ%%i naellﬁﬁc i ght at
wavel engt hs cor respondi e tofhMerse il Wil sl bf NBpR IHhEsid 1 er

means is characterized by substantially uniformoutputs In response to

| ight at each of those avavitermtine, 2imed] eatieaprhrsdquemse refcited in

claim5 wherein said | if;,ht transm ssi on neans produces light in the
ight at different wavelengths,

C. objective lens means at said distal end of
said housing for forming a succession of
images in response to the light from said
light transmissibn means that reflects from
the object, and _

D. image transfer means in said housihg for

| transferring each image in succession formed
by said objective lens means to the proximal
end of said housing, | |

E. image intensifier means for intensifying the
succession of monochrome images from said
image transfer means thereby to produce a
mondchrome image for each wavelength of light
in the pattern that illuminates the objects,

F. video means connected to said image
intensifier means for producing a video signal
in response to the series of monochrome output
images from said image intensifier means, and

G. video processing means connected to said video
means'for integrating the succession of image
frames produced during each pattern iteration
to diSplay an integrated color image of the
object at the distal end of said viewing:

apparatus.



vvavel engt hs of_Led,_bJ_ue_and_gf_e_e,n I | ght and said image intensifier nmeans

provides an enhanced output to blue |ight thereby to produce a

subst antially u“lmu l!mﬂli)lﬂ H naI | n response to substantially equal -

bri ght nesses of the red, Bubstitutd sheetn btembers 1996 *
CLMS* _g[ger.r] 13. Vi ewi ngl GpaaA w% '
recited in claimb mhereln sai d vi deo processi ng neans co rlses nea'gﬁ?%ﬁET1

recording, for each wavelength in the patterned sequence, fiphgd =y 6 Squggs !
..... il

f id video durir he i H
tLgmczflr' es\gglon i ng %@8?%%%?% E’ﬁéghgg?ra%gg%?gﬁ?a??nﬁegéghgof’ntﬁ cor ded '

i mage frames produggdrdyhi Bgia FiYAR tksﬁéﬁlhggléﬁ hBsnBathelngagdameans for
di splaying the integrated inmages. 14. Endoscopic view ng apparatus as

recited in claimb5light source, changeable filter means for producing

iteratively the patterned sequence and fiberoptié
waveguide means for conveying the patterned
sequence of 1i§ht from said filter means to the
objects at the distal end of said housing, said
light source and filter means being disposed at the

proximal end of said endoscopic viewing apparatus.

7. Endoscopic viewing apparatus as recited in claim 5
wherein said light transmission means includes a
plurality of monochromatic light transmission means
for generating light at different monochromatic
frequency bands and control means for energizing in
an- iterative fashion said monochromatic light
transmission means-individually in the patterned
sequence, said monochromatic light transmission
means being located at the distal -end of said

housing.

8. Endoscopic viewing apparatus as recited in claim 7
wherein each of said monochromatic light
transmission means comprises a light-emitting

diode.

9.  Endoscopic viewing apparatus as recited in claim 5
wherein said housing comprises a flexible sheath

and said image transfer means includes means for



wherein said light transm ssion neans includes a filter wheel divided into

a pIurallty QL_segﬂBan+_each_segnent having a filter corresponding to one

of imary colors, said filter wheel additionally |nclud|ng an |ndex
thai | dent i i eHl!HH “l“j EH!I l“ r| ve neans Substituteasheet + BE-Sept RS l
about ‘an axis or directhgg-light throughs%E-Ri-HQElMEﬁTm
thereby to produce an |terat|ve timed, patterned sequencg of theﬁfSEﬂ%d
light at the wavel engths of the primary colors, and a flb-r I@nwaveg e--
for conveyingtheéut ut frci_t msaid filter vggjgf t hr oy, 1 _

i 11uminate the obj e 1a%h D RS GRT LTedieans ERS

gaEE%IEUte]Sheet £ 3 R BRI vERPIe mfhris extending betwedd lAGRVENT
’ err

objective lens means and said focusing means for
transferrlng the image from the distal to the

proximal end.

10. Endoscopic viewing apparatus as.recited in claim 5
wherein said housing comprises a rigid sheath and
said image transfer means includes means for
focusing the image onto said intensifier means and
a plurality of lenses extending along the length of
said rigid housing between said objective lens

means and said focusing means.

11. Endoscopic viewing apparatus as recited in claim 5
wherein said light transmission means produces
1ight at wavelengths corresponding to diverse
colors and said image intensifier meaﬁs is
characterized by substantially uniform outputs in

response to light at each of those wavelengths.

12. Viewing apparatue as recited in claim 5 wherein
said light transmission means produces light in the
wavelengths of red, blue and green light and said
image -intensifier meane provides an enhanced output
to blue light thereby to produce a substantially
luniform output signal in response to substantially
equal brightnesses of light at each of the red,

blue and green wavelengths.



15. Endoscopic- view ng apparatus as-recited.in clai m 14 wherein said I mage
| ht ensi f | er—reans bUleIbEb an i mage intensifier with an enhanced out put

for blue li pic view ng apparatus as recited in cIa|n115 o
addi ti onal Imiﬂ wmﬂ ence control SebstituteshegheRBcbenlempears}386—— )
apparat us, | controls neans respondi to said index ‘h&!LﬂOEMENESHﬁFFe(
wheel for controlling said video processing neans. 17. ndos qelggﬁw g
- apparatus as recited in claim16 wherein video processing paealls..i.nehudes - |

means for storing imges for each of the gredeternlned pl=trer—CoT 0 ano
nultlpIeX|annea éeﬂbﬂﬁeéPEﬂr§6u§a§% roniFef HRafk2iBrStVRASEERri ng i mages

[rom said video gepgsylReb e, GOLLERRG LY, | HBRSC PLOLAREaTIEES, 18

Endoscopi ¢ vi ew ng appara as reci wherein sard filter-
means i ncl udes ar@d:ufdingy pbrfeddrnatolengen Df the patedeyedol ors and

said filters are sequenced about the filter wheel
sequence, an 1mage frame from said video means
during the illumination of the object with light of
the corresponding wavelength, means for integrating
each of the recorded image frames producéd during a
given iteration of the pattern and means for"

‘displaying the integrated images.

14. Endoscopic viewing apparatus as recited in claim 5
wherein said light transmission means includes a
filter wheel divided into a pluraiity of segments,
each segment having a filter corresponding to one
of the primary colors, said filter wheel o
additionally including an index that identifies
each segment, drive means for rotating the filter
wheel about an axis;wa_light source for directing
light throug_h said filter ‘wheel thereby!" to produce
an itérative, timed, patterned sequence of the
filtered light at the wavelengths of the primary
colors, and a fiberoptic waveguide for conveying

- the output from said filter wheei through said
housing to illuminate the objects with the light

from said filter wheel.



wher eby the wavel'engths of |ight fromsuccessive filter positions differs.
Substitute sheet- 26 Septenber 1996 REPLACEMENT SHEET 19. Endoscopic

Vi ewi ng appaLaLus—as—+eerted‘ln claim 14 wherein said i nage transfer means

addi ti onal | at said proxinmal end of the housing for

f ocusi ng th ﬁhmgﬁ m g i mage i nt ensi Substitutarshee20. 26-S¢ptervpee 1996 |
Vi ewi ng app Gl In claim19_wherein said i magejFranster Hﬁdgb !
“includes a pair of inmge transfer chanfie8neans and a pair BfR HEET |
focusing onto said image intensifier neans and wherein said|lvideod 6 S PIQSB ;
processi ng nmeans displays the i nages as part of a single di O e )

Vi ewi ng apparis.us Ermosnaymmg/::fawnga Jupadamils awd evditet At a

distal end, said V|evv|ng{1
where said image intensifier means comprises an

image intensifier with an enhanced output for blue

light.

16. 'Endoscopic viewing apparatus as recited in claim 15
additionally comprising sequence control means for
synchronising said apparatus, said control means
responding to said index means on said filter wheel

for controlling said video processing means.

17. Endoscopic viewing apparatus as recited in claim 16
wherein video processing means includes means for
storing images for each of the predetermined
primary colors and multiplexing means connected to
said control means for transferring images from
said video means to the_corresponding iﬁage storage

means.

18. Endoscopic viewing apparatus as recited in claim 14
wherein said filter means includes a plurality of
filters for each of the primary colors and said
filters are sequenced about the filter wheel
whereby the wavelengths of light from successive

filter positions differs.



apparatus conprising: A - -H-ght transm ssion neans for directing onto the

- object an iterativ ' atterned sequence of light at different
--wavel engt hs, u“\m u Hﬁ for form ng at the proximal end an |mae of
t he obj ect li ght from Substituitesheet a2@SnBeptoprberctP8s

refl ects from the o Ject C.- imge i-ngensifier means for pﬁﬁﬁkf&ﬁ%ﬁ"%?“sﬁ
each of the different wavel engths in the patterned sequenc ngpg g;
.image of. the object, [err] Substitute sheet - 26 Sept d%ﬁ? 1HOH Frae ety erane

REPLACENMENT EET for convertin the seguence of JCH
| mages f rom@gl d Erﬁ%%sec?]%t ensT T €19 R 0% 3% que dOflrelc

frane signal s, aRgherein said image transfer means addltlonally

c:'a‘fel mage’

1nc1udes means at said proximal end of the hou51ng
for focusing the image onto said image intensifier |

means.

20. Endoscopic viewing apparatus as recited in claim-19 
wherein said image transfer means includes a paif
of image transfer channel means and a pair of means
for focusing onto said image intensifier means and
wherein said video processing means displays the

images as part of a single display.

21. Viewing.apparatus for viewing from a proximal end
thereof an object at a distal end, said viewing |
aﬁparatus comprising: |
A. light transmission means for directing onto

the object an iterative, timed, patterned
sequence of light at different wavelengths,

B. image means for forming at the proximal end an
image of the object in response to the light
from said light transmission means that
reflects from the-object,

C. image intensifier means for producing for each -
of the different wavelengths in the patterned

sequence a monochrome image of the object,



:/
|n&g,_p_ggeSSLﬂg_neans—connected to said converting neans for

|ierat|vel roceSS|n successi on of inage frane signals produced
. during ea "“ ﬂ uu ﬁlon by sai d nonochrone inage intensifier means to
- di spl ay a r imge of the Swubstitutasshedt- @ _ 1 N,
view ng appar atus. _ - 30 - REPLACEMENT SHEET |:
AR
D. means for converting the sequence oi .

monochrome images from said image intensifier
means to a sequence of electrical image frame
signals, and

E. image processing means connected to said
converting means for iteratively processing
the succession of image frame signals produced
during each pattern iteration by said
monochrome image intensifier means to display
an integrated color image of the object at‘the

distal end of said vieWing apparatus.



