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Background of the Invention - (.

Viewing Scope With_Image Intensifica

Eisld of the Invention

This invention generally relates to viewing scopes for
obtaining 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
interior of a machina, such as a jet engine, Viewing scopes

‘used in such applications are called Yhorescopes™, In medical

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 is an elongated, slender, tubula!_;;
optical instrument used as 3 viewing systei for a particular

applicgtion, and this application deternines both the length
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and diawmeter of the viewving scope. ERach viewing scope
genaxally has an objective at a distal end of the viswing scope
and an ayepiece at the proxinmal end. The objective forms a
real image at an chjective image plane of abjects in a field of
viev. The eyepiece enables an image at an eyepieca image plane
to be viewed. The eyepiace 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
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can compensate any aberrations that the image transafer device
zsay introduce.

In many applications tha design objectives 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 system 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
the effective aperture of the system can roquizc.a signiticant
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 roqulios a coumpromice
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betwean these competing design objectives. In some situations,
that compromise aight sven include ccéupeing the display of a
nonachrone image. | |

It would alsoc be desirable if viewving scopes provided the
capability of viewing images in three dimensions. Such a
capability, however, reguires discrete optical channels and
further increases difficultiss in reaching a reascnable
compromise over the conflicting criteria of viawing scope sicge,
affective apcrturo and light source hrightnoss. 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 atﬁ 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) Fujimori 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) Kimura et al,
4,821,116 (1989) Nagasaki et al.
4,866,526 (1939) Ams et =l.
4,878,113 (1989) Nakamura .
4,951,133 (1990) Onoda -
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4,974,936 (1990) Ams et al.
4,987,884 (1991) Nishioka et al.
5,078,130 (1952) Haxra et al.

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

4,816,909 discloses an endoscope with a color imaging davice

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 w@ncl and a runner

vheel that provide discraete pulses of light at different.
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wavelengths. United Statss Latters Patant Wo. 4,587,884 also
discloses an andoscope using a solid-state image pickup device.
In this patent a filter is arranged in the foreground of the
pickup devics. This filter removes componants of light having
such wavelengths as are not ussaful for an cbservation. The
f£iltar may be a component of the chjective 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
disclose the use of such image intensifiers in viewing scopes
and othex devices:

3,231,746 (1966) Goodrich
3,267,283 (1966) Kapany
4,374,335 (1983) Howorth
4,821,117 (1989) Sekiguchi
4,993,404 (1991} Lane

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

providing color intansification. Rotatable color vheels are
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positionsd on cpposite sides of the image intensifier to alter
the vavelength of the reflected image that reaches varicus
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 colory pattarn
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

fluorescent coating. A light source illuminates the area

- intermittently to obtain a corresponding video image.

Altarnately a laser irradiates the object to excite the .
fluorescent material and produce an image. An image ";’JF
intensifier recelves this second image, but not the :irst.: The
girat image and the intensified second inaé? are displayed
sinultanaocusly.
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_ United States Lattesrs Patent No. 4,993,404 discloses a
fluoroscopy switching device for viewing the cutputs from a
flucroscope 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 scopss, particularly medical endoscopes, still

requizre rather bright light sources that are usually specially
made for these aspplications in ovxder to achievae reasonable
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 ¢n such

- viewing scopes precludes the possibility of using any of these

structures for adapting a viewing scope for producing sterxeo
inages.

Summary
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Thezafore, it is an object of this invention to provide a
viewing scope for dimly illuminated cbjects that provides color
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
object an iterative, tiwed, pattsrned sequenca of light at
different wavelengths and imaging apparatus for forming at the

. proxinal end an image of the object in rcsﬁonae to the light
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from said light transmission means. A wmonochrowe image

intensifier converts the image from sald imaging appaxmtus inte
a monochrome image for sach wavelength of light in the pattern

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
tunsn:_l_uion means, and image tranafer apparatus in the housing
focuses 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 intagratcd color image of the
. cbject at the distal end of the endoscopa.
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Bxief Description of the Drswings
The appended claims particularly point ocut and distinctly
claim the subject matter of this invention. The various
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 62 a viewing scope apparatus
constructad 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 illuniﬁating 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



i

- 13 -

individual using the viewing scope 10. A light souxce 14
transmits light is the visible spectrum through an optical
waveguide, such as a Ziberoptic wvavaguide 13 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
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light onto an end 34 of the fiberoptic vaveguide 1% and direct
this light through a color filtsr vhaeel 35 that mounts on a

_ shaft 36. A motor 37 drives the shaft 36 and attached filter

wheel 35 &t a known, substantially constant angular 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 ths filter wheel 35, the vhite light from the buld 30

iz converted into an itarvative, timed, patternad sequence of

light at different wavelengths, normally coxresponding to red,
green and blue light. The light emerging from the distal end
13 of the fibercptic wavequide 16 thersfore will illuminate the

~ object 20 with the same timed, patterned 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
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the blue wavalengths, increases the brightness of the image
cbtained from the eyapicée 23. BRowever, due to the
.nanachXOMltic sutput of such image intensifiers, 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
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ona af the color filgers in the filter wheel 35. Thus, the
frame grabber circuit 43 produces at its ocutput all the
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 the 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 locations in the frame mwemcry circuit
46 in sequence.

The use of the gix filter positions and six sets of mamory
iccations enables a digital-to~analog (D/A) filter circuit 47
and video output circuit 50 to produca .a 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 PIG. 1 ¢an provide a
color image at the monitor 26, The use of the timed, patterned
sequenca of light of different wavelsngths to illuminate an
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cbject and the image intensifier and video processor to
fecou-titutn the image allows the apparatus to operate at very
low levels of light., Por exanple, it is possible to illuminate
vessels in the body with a few vatt light bulb as opposed to
conventional medical endoscopes in which 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
amaller effactive 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
divided intu six segments dafined 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 ghe 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-
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gresn-blue light pulses. Successive pulses ars interruptad
when radia) portions 60A, 60B betwssn adjacent filters pass the
light axis through the lenses 32 and 33 in FI6. 1,

In FIG. 3A, anmular slots 61A through 668 constitute
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 . ot a filter leads the radius to the center of an amnulaz
slot. This provides a time offset to assure 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
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slot 618 can extend bayond the corrasponding adge of a filter
segnant..

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 the distal end directly and connectad fo
a proximal power source 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
cunaeréially 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 aobjective 1ens.

73 and reiated image transfer waveguide the overall size of the
endoscope ¢an be reduced.
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This reduction of the sixze reguirements for the optical
asgembly also adapts this configquration for sterec imaging.
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
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at the proximal or distal enda of a viewing scope can provide
adequate illumination levels. It will alse be apparent that'
this combination includes individual slemants, such as the
izage intensifier, video camera, video procassor and sonitor,
that are available commercially and that can be combined in a
number of different configurations with the aﬁtaimnt of some
or all of the advar;ltaqu of this invention. '

Although this invention has been discleged in terms of
certain embodiments, it will also be apparent that many
modifications can be made to the specifically disclosed
apparatus without depafting from the invention. Tharafoxe, 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.
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CLAIMS

1. Viewing apparatus for viewing from a proximal end therect
an aobject at a distal end, said vieving apparatus
cemprising:

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,

. Viewing apparatus as recited in claiwm )} wherein saia light

transmission means produces light at wavelangths

corrssponding to diverse colors and said image intensifier

This Sheet Has Been R

e
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is characterized by substantially uniform outputs in
response to light at each of wavelengths.

' 3. 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.

4. Viewing apparatus as vecited in claim 1 wherein 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.

5. Endoscopic viewing spparatus for viewing from a proximal -
snd thereof objects at a distal end located in an

individual‘s body, s2id endoscopic viewing apparatus
cowprising:

This Sheet Has Been Reﬁaced
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a tubular housing extending between the proximal and

distal ends,

B. light transmission means for directing onto the
abject at the distal thd of said housing an
iterative, timed, patterned sequence of light at
different wavelengths,

¢. objective lens 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

D. image transfer means in said housing for transferring
the image formed by said ohjective lens means to the
proximal end of said housing,

E. wonochrome image intensifier means for intensifying
the image from szaid image transfer means thereby to

" produce & monochrome image !&: sach wavelength ot
" 1ight in the pattern that illuminates the cbjects,

F. 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

6. 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.
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Endoscopic viewing apparatus as rscited in claiam 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.

Endoscopic viewing apparatus as fncitcd in claim 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 lecated at the distal end of said housing.

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

Endoscopic viewing apparatus as recited in claim 6 wherein

said housing comprises a flexible sheath and said image

is Sheet Has Been Replaced

T~




)

T . " e

10.

1l.

12,

THIS SHEET HAS BEEN

- 26 -

transfer wmeans includes eyepiace means for focusing the
image onto said intensifier means and £ibexroptic wvavegquide
means extending betwaen said objective lens means and gaia

eyopiece means for transferring the image from the digtal
to the ptox:lnl end.

Endoscopic viewing appiratus s recited in claim & 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.

Endoscopic viewing apparatus as recitsd in claim 6 vherein
said light transnission means produces light at
wavelengths corresponding to diverse colors and sajid image
intensifier is characterized by -ubstantiuly. unifors
ouipu!:s in response to light at each of those wavelengths.

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 gnhanced response to blue Jight thereby to
produce a substantially uniform output signal in response
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to substantially equal brightnesses of light at each of
the red, blue and green wvavelengths.

Viewing apparatus as recited in claim 3 wherein 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.

Endoscopic viewing apparatus as racited in claim 5 whersin
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
f£ilter wheel additionally including an index that
ide;!tlties 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.
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15. Endoscopic viewing apparatus as rscited in claim 14

whorein said image intensifier means comprises a blue-
enhanced image intensifier seans,

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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19. BEndoscopic viewing spparatus as recited in claim 14

wherein said immge transfar means additionally includes
eyepiece means at said proximal end of 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.
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