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(57) Abstract: A dual objective endoscope for insertion into a cavity of a body for providing a stereoscopic image of a region of
interest inside of the body including an imaging device at the distal end for obtaining optical images of the region of interest
(ROI), and processing the optical images for forming video signals for wired and/or wireless transmission and display of 3D im-
ages on a rendering device. The imaging device includes a focal plane detector array (FPA) for obtaining the optical images of the
RO, and processing circuits behind the FPA. The processing circuits convert the optical images into the video signals. The imag-
ing device includes right and left pupil for receiving a right and left images through a right and left conjugated multi-band pass fil -
ters. Illuminators illuminate the ROI through a muti-band pass filter having three right and three left pass bands that are matched
to the right and left conjugated multi-band pass filters. A full color image is collected after three or six sequential illuminations
with the red, green and blue lights.
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STEREQ IMAGING MINIATURE ENDOSCOPE WITH SINGLE

The mvention deseribed herein was made in the performance of work under a
5 NASA contract, and is subject to the provisions of Public Law 96-517 (35 USC 202}
which the Contractor has elected to retan title.
This application claims the benefits of US. Provisional Patent Application Serial

No. 617261217 filed November 13, 2009, which is incorporated herein by reference n uts

entirety.

10 The present system relates to at least one of a svstem, method, user nterface (U1,
and apparatus for providing stereoscopit nages and, more particularly, to snmll-diameter
stercoscopic endoscopes for minimally invastve surgery (MIS) as well a3 to micro-robotic
stereoscopic imagers for providing images for space exploration.

Sterenscopic vision imaging 1s a well known technology and has been used

15 effectively to provide depth perception to displayed images. Stereoscopic inaging devices
often use a three-dimensional camera to caplure images and render three-dimensional (3D}
images which may be viewed with realistic depth using a 3D-image-rendering device such
as a 3D displav. Such realism iz of great importance when performing MIS surgery as
mimmizes surgical errors and achueves high efficiency during a MIS procedure. With the

3¢ advancement of MIS techniques, physical injury due to incisions at a surgical siie is
msimized using ncisions are typically aboul 4w in across. However, conventionat
stereoscopie wnaging devices are often bulky as they require two cameras placed side by
side which increases the size of the imaging device. Unfortunately, as MIS typically
requires the uyse of endoscopes which are between 2 and 4 mm, conventional imaging

5% devices {e.g., cameras, ete.) cannot be used becanse of size Himitations.

The present system discloses a system, method, apparatus, and computer program
portion (hereinalter each of which may be referred to as system unless the context indicates
otherwise) sufable {o provide sterenscopic kmages i an MIS and/or space environment.
Accordingly, the present system discloses a small-drameter ngh-definition stereoscopic

30 endoscope o boroscope (hereinafter commonly called s endoscope) which may have
diameter which 1y less than 4mum, such as 1 -4mm including any sizes therebetween, such as

3-dmun, 2-dmm, 2-3num, ete. However, other ranges are also envisioned. There i3 also
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disciosed a micro-robotic stergoscopic imaging systern suitable for spacecrall which can
provide seresCopic HRAss using A stersuscople Hnagihe apparains whch may be
robotically manipulated and suntable for space exploration. In accordauce with an
embaodiment of the present system, there Is disclosed a stereoscopic tmaging device which
uses a single Focal Plane Array (FPA) to caplure image information related to right and
feft fields of view and can provide high definition (e.g., 1000 x 1000 pixel resolution)
HIAges.

The present systems inchude sterenscopic endoscopes with Comjugated Multi-
Bandpass Filters (CMBFs) covering right and lefl pupils which may be formed by a single
lens having right and lefi pupil portions, or two dedicated lenses, one lens for the right
pupil and one lens for the left pupil. Further, the endoscopes may have a single bore or
dual bores, wherein in the case of a dual bore endoscope, two lenses are provided, one lens
n each bore for use as a right and left pupils. The single bore endoscops may have one or
two lenses. Having a single bore endoscope with a single lens, with conjugated nwlti-
bandpass filters covering right and left pupils of the single objective fens, is less complex
and less costly, and provides for a smaller endoscope as compared to the dual bove
endoscope, and thus allows for further mininturization.  Further, using conjugated mulu-
bandpass filiers covering right and lefl pupils allows for desired color(s) to pass through
the filters while blocking other colors. This is achieved without active shuiters, such as
without switchable Hguwid crystal (L) shatier ot mechanical shutters that open or close or
mave it one direction or another to close one pupil while the other pupil is open. Of
course, if desired, LC switches may be used in front of the pupils and controlled (such as
by a processor} (o selectively swiich on only one pupil al time. Sumskaly, i desived, a
mechanical shutter may be used and moved back and forth to open one pupil while
blockiug the other pupil.

Conjugated multi-bandpass filiers automatically block undesired light color from
entering a pupil provide several advantages, such as not requiring energy needed 1n LC
shutters, and not require moving parts used in mechancal shutters. Accordingly, energy
consumpiion and fathure are reduced and reliability increased while producing high
definition images 1 a small area by multispectral imaging.

The CMBF creates two viewpoints i a single lens. The filters are called

“conjugaied” because the spectral passhands of one filter do not overlap with those of the
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other filiers; instead the spectral passbands are ierdigitaied (zee FIG. 9, whers gach coloy
band is divided wmio right and left colors, such right red Ry, left red Ry, vight green Gy, lefi
green Gy, right blae By and lefi blue By, In one exbodiment, circalar CMBFES ave used
which are each cut in half and joined with the conjugated other half to form the CMBF full
circle covering a portion or the entire single objective lens and providing right and left
puptl portions, so that the full civele CMBF can it along with other circular optical
elements, such as over a circular single objective tens. When a light band matching to a
bandpass of one CMBF 13 illuminated, the one half CMBF passes a light band, tust the
other half OMBF stops the same light band. A region of imterest i thoninated using a
sertes of hght bands matchmg to the passbands of the CMBFs for captaring mudtispectral
images and forming stereoscopic 3D images.

It should be noted that each sub-color, such as right and left reds Ry, Ry, does not
exacty maich the full red color due to the half nussing hand, where each sub color is
knows a5 a metamer. However, binocular color mixture appears to be taking place where
the final sterec 3D images have high definttion and satisfactory color richness to allow
depth percepiion and color digtinetion for various apphications, such as endoscope-based
sargeries, wiretess endoscopy, navigations for mintature robots sach as vovers or arbome
robots, deployable robotic arms where monitoring depth mformation is crucial, as well as
other areas where depth perception andior color distinetion are mporiant.

According to another aspect of the present system, there is disclosed an endoscope
for providing a stereoscopic three dimensional (3-D) image of a region of interest mnside of
a body, the endoscope inchuding onie or more of a housing having a distal end and a
proximal end, the distal end being msertable im0 a cavily of the body, an imaginyg device atl
the distal end for obtaiming optical images of the region of interest, and processing the
optical images for forming video siguals; und g cable between the imaging device and the
proximal end for connecting the imaging device to an dlununation source andfor 3 display,
the cable mcluding a signal line for providing the video signals to the display for
displaying the optical iumages of the region of unerest; wherein the imaging device may
mohade: a single focal plane detector array at a front end facing the region of nyterest for
obtaining the oplical images, and processing cucuils at a back end behind the single focal
plane detector array so that the processing oircaits does not enlarge a cross section of the

imaging device, the processing circuits being configured to convert the optical images into
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the video signals; a right pupil for receiving a right image through a right muli-band pass
{iller having right three pass bands (ReGeBr ) a lefl pupil for receiving a left tmags
through a left nuilis-band pass filier having left three pass bands (R Gy By ), wherein the
right multi-band pass filter having the right three pass bands (RpGpBy) is the complement
of the left multi-band pass filter having lefl three pass bands {Ry Gy By a lens system for
imaging the right image and the left image divectly on the single focal plane detector anray;
anddor itluminators for Huminating the region of mterest through a multi-band pass filter
having the right three pass bands {(RxGpBy) and the left three pass bands (R G By),
wherein the nulii-band pass {iligr is matched to the right nulti-band pass filter {of the right
pupil) and the left mplti-band pass filter {of the left pupil) so that when the right pupil
receives light reflected from the region of interest then the left puptl is blocked from
receiving the hght

According to the present system, the right three pass bands (ReGaBr} may be
separated by vight stop bands and the left three pass bands (R Gy By) may be separated by
iefi stop bands, the right stop bauds matching the left three pass (R G By ) and the tefl stop
bands malching the right three pass bands (ReQrBg). Further, the Hhuminators may, under
the control of the controlier, provide Hllumination to Hunnnate the maging device (625)
through the muiti-band pass filter so that the region of interest is iHluminated one at a time
by light within one of the right three pass bands {(ReGeBr) and the 1=t three pass bands
(R GBe). Further, right three pass bands (ReGrBr) and the left three pass bands
{R G By ) may be within a visible spectrum having three privnary colors {RGB) so that
each primary color (R43,B} 1s divided into a right primary color and g lefi primary color
{(ReRy. GpGyr, BaByl, the right primary color being a metamer of the {efl primary color.

Further, according to the system, the cable may inchede: right light gurdes for
providing a right flumination gt the Hluminators incloding providing one ai g time right
sub-iights at the right three pass bands (RpGeByl from the right mulu-band pass filter;
anddor a left hght gwde for providing a lelt iflumination at the Hlummators wncluding
providing one at a timee left sub-hghts at the lef three pass bands (ReGi By ) from the lefi
mylti-band pass filter.

Moreover, the right niiti-band pass filter may be iHuminated by a right white light
soarce through a night rotating wheel having an aperture for providing a right white light

one at a time to the right mult-band pass filter; snd wherein and the left multi-band pass

W
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filter may be illuminated by a lefl white light source through a lefi rotating wheel having
an aperhwre for providing a left white light one at a time to the lefl multi-band pass filler;
wherein the right and left mult-band pass filters may be located at entrance sides or exit
sides of the right light cuides and the a left light guide, respectively.

Moreover, it 1s envisioned that the right multi-band pass filter may be tHluminated
by a white light source through a single rotating wheel having three apertures for
sequentially providing: a red light through a red nulti-band pass filter having nght-red
(R and leftred (Ry)} bands to the night puptl and the left pupil, respeciively, a green light
through a green multi-hand pass filter having right-green {Gy) and left-grean (G ) bands to
the night papil and the left pupil, respectively, and/or a blue light dwough a blue muli-band
pass filter having right-blue (By) and lefi-blue (B ) bands to the right pupil and the lefi
pupil, respectively, wherein a full color inage mayv be collected afier three sequential
iHuminations through the three apertures of the a single rotating wheel. Further, the cable
may include light guides illuminated by three right white light sources which may provide
a right illumination including providing one at a time right sub-lights at the right three pass
bands {(RpGeBg) from the right malti-band pass filter; the light godes baing furthey
Hluminated by three lefl white light sources which may provide a left Hlummnation
including providing one at a time lefl sub-hights at the left three pass bands (RyGy By ) from
the left multi-band pass filter.

Further, three right white light sources may each have a bandpass filier having one
of the right three pass bands (RuGrBg), and the three left white light sources may each
have a bandpass filter having one of the lefi three pass bands {(Ry Gy By ). The lens system
may wclude a lens configured io image the vight snage and the lefl Image, one al a time,
on substantially an entive area of the single focal plane detector array. Further, a cross
section of the imaging device may be substantially circolar, oval, or square. The
endoscope may further include a coniroller for ime-multiplexing the right image and the
feft image imaged sequentially on the single focal plane detector array,

The lens svstem may further include two lenses configured o image the right
image on a first portion of the single focal plane detector aray, and image the left image
on a second portion of the single focal plane detector array. Further, a footprint of the
nnaging device 1s sabstantially identical to a footprint of the single focal plane detector

array. Moreover, the imaging device may be formed from stacked lavers stacked axially
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along a longitudinal axis of the endoscope, the imaging device having the single focal
plane detector array at the frontend and the processing civcuits formed on one or more
layers stacked at the back end of the imaging device over the single focal plane detecior
array, the one or more lavers being connecied to the single focal plane detector array
through connection bumps. Further, the imaging device may include a folded substrate
having the single focal plane delector array at the front end and the processing cirouts at
the back end of the imaging device.

According to another aspect of the presemt system, there 15 provided a dual
objective endoscope for insertion 1ndo a cavily of a body which may provide a stereoscopic
three-dimensional image of a regaon of imterest inside of the body, the endoscope may
include one or more of: a first bore having a first lens for recetving first image rays from
the region of intersst; a second bote having a second lens for receiving second imags rayvs
from the rezion of interest; ilanunators for sequentially taminating the region of interest

with red, green and blue fights; and a single focal point mrray for simultaneousty maging
the first anage rays and the second mage ravs on different first and second areas of the
arvay, whergin a full color image may be collected afler three sequential Uhaninattons with
the with the red, green and blue lights, respectively. Moreover, the Bluminators may be
coupled through at feast one light guide to at least one light source external to the body for
providing the red, green and blue lights. Further at least one light source may inclade a
white light sowrce and a rotating color wheel with three openings covered with red, green
and blue filters, respectively, for sequentially providing the red, green and blue lights upon
rotation of the color wheel.

It 1s further envisioned that at least one light source may mclude red, green and blue
hight emitting diodes {LEDs) and a controller for sequentially turning on the red, green and
blue light sources one at a time.  Further, the at least one light guide may include three
fight puides having red, green and blue filters, respectively: the at least one Hight source
may mchide a white Hght source and a wheel; and/or the wheel has an opening that, upon
alignment with one light guide of the three light guides when the wheel rotates, may allows
the white light to pass through the one fizht guide, for providing sequential Humination of
the three hght guides dus to rotation of the wheel.

According to vet a finther aspect of the present system there is provided a medical

iraging system comprising: a rigid shafl having proximal and distal ends and an opening
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situated between the proximal and distal ends, the shafl defining a longitudnal axis
extending between the proximal and distal ends; a rod having proximal and distal ends and
situated within the opening; first and second bandles coupled to the shaft at the proxumal
end of the shaft, whersin one of the first and second handles may be coupled to the rod; an
tmaging portion situated at the distal end of the shaft and coupled to the rod such that
displacement of one of the first and second handles towards the other of the first and
second handles rotates the camera about & second axis. The medical imaging system may
further include a two- or three-dimensional camera coupled to the imaging portion.
Moreover, the imaging portion may include an iHlomination source for providing
ithumination in a direction of the camera. It 18 further envisioned that the imaging system
may mclude 8 rack coupled to the distal end of the rod, wherein the imaging portion may
further inchide a pimon situated at the second axis and coupled to the rack

According to vet a further aspect of the present system, there 1s disclosed a medical
imaging system imcludimg: a rigid shaft having proximal and distal ends and an opening
situated between the proximal and distal ends, the shaft defining a longitudinat axis
extending between the proximal and distal ends; a rod having proximal and distal ends and
situated within the opening; fivst and second handles coupled 1o the shaft at the proximal
end of the shaft, one of the first or second handles conpled to a proximal end of the rod;
andfor an imaging portion situsted at the distal end of the shaft and conpled to a distal end
of the rod such that displacement of one of the first and second handles towards the other
of the first and second handles rotates the camera about a second axis.

A two- or three-dimensional camera may be coupled to the imaging portien.
Fusther, imaging portion mayv further mclude an dlununation source for providing
jHlumination in a direction of the camera. Moreover, a rack may be coupled to the distal
end of the rod, and the rack may inclade a plurality of teeth, Moreover, ¢ pimon may be
coupled to the rack and have an axis which s paraliel to the second axis. Further, the
camera may have a viewing direction which can rotate more than 120 degrees about the
secomd axis. Accordingly, the camera may have a viewing divection which projects
substantiaily forward or rearward along the longitudinal axis of the rizid shafl.

According to vet another aspect of the present system, there is disclosed an
endoscope systen [or obtaining three dimension (3D} images, the endoscope system may

include: 8 multi-bandpass {ilter which sequentially passes a different color spectrum of
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light of a plurality of color spectrums of light during an fmage Humination interval such
that a different color of hight i passed dunng each Tmage tHhumination interval of a
plurahity of image dhanination intervals which form an image tHunination perjod; an
image capture portion which sequentially captures a plurahity of images each
corresponding with g different color spectrany of Hight which passes through the multi-
bandpass filter during a corresponding image iHumination interval of the phurahity of image
ilununation intervals; an image processing portion which processes the sequentially
captwred plurality of unages for each image tlununation mterval of and forms
corresponding 3D image information corresponding with a phuality of the seguentially
captured plurality of images; andfor a three dimensional display which may render the 3D
image nformation,

Moreover, the endoscope may include an lumination device including at least one
source configured {0 sequentially ouipwt the different color specttum of light during each
image iHlununation mterval such that different color specirums of light are output dunng
any two successive image tHumination intervals of the plurality of tmage Hlumimation
intervals. Further, the dhamination device includes: a motor; andior a disk having ong or
mote openings covered with at least one nuudti-bandpass filter and coupled to the motor,
wherein the motor rotates the disk at a rotational frequency which is inversely related w0
image Humination pertod for sequentially providing different color spectrum of light
during each image Hlanunation pesind or interval.

Muoreover, in accordance with a further aspect of the present system, there is
disciosed a medical endoscope system fior obtaining three-dimensional images, the medical
endoscope svstem may nclude; a multt-bandpass optical filter which sequentially passes a
different color spectram of light, of a plurality of color spectrums of light, during a vmage
Hlumnination interval; an tmage capture portion which sequentially captures g plurality of
images each comresponding with a difterent color spectrum of light which passes through
the nutlt-bandpass optical filter; an image processing portion which processes the
segquentially captured plurality of images for each image illumination interval and forms
corresponding 3D image information; andéor a three dimensional display which renders the
30 unage wlornation. Fuarther, av ilumination soorce may be incladed and may be
configured 1o sequentally output different color spectrums of heht The multi-bandpass

optical filter may further include a disk having one or more openings forming pupils.
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Moreover, the multi-bandpass filter may be located at a distal end of the endoscope.

According to other agpects of the present system, there s disclosed a method to
obtai three dimensional images from an endoscope, the method comprising the acts of
sequentially passing a different color spectruny of light of a plurality of color spectrums of
fizht through & muli-bandpass {ilier during an image llumination interval such that a
different color of hight is passed through the nlti-bandpass filter during each image
tHununation interval of a plurality of tmage illumination intervals which form an mage
ilununation period; sequentially capturing a plurality of images each corresponding with a
different color spectrum of Hight which passes through the multi-bandpass filter during a
corresponding image stlumination interval of the plarality of mage iomination mtervals
using an image capture portion; processing the sequentially captured plurality of images
for sach imape iHlununation interval and forming corresponding 3D image information
corresponding with the sequentiallv capiured plurality of images using an imags
processing portion; and/or rendering the 3D image mformation on a display of the system
configured to display three dimensional images. Moreover, the method may iclude acts
of sequentially culputiing the dillerent color specinum of Hahi during each image
Hlumination interval such that different color spectrums of hght sre outpat during any two
suecessive image illumination intervals of the plurabity of image Hlumination intervals.
Further, the method mav nclude an act of selectively controliing a tunable muklti-bandpass
optical filigr to pass only currently selected spectrum of Hght of the phurality of color
spectrums of ight each different from: each other, The method may also inchude an act of
syvuchronizing two or more of an Hluminator, a mulii-bandpass optical filter, and an image
caplire portion {0 operate substantially svonchronously with each other to sequentially
huminate the region of interest wsing different color hights and to sequentially form
different color images of the region of interest on g single imaging device or a single Focal
Plane Array (FPA).

According to vet other aspects of the present system, there 15 disclosed a method o
obtain three dimensional images from an endoscope, the method may inchude acts of:
sequentially passing a different color spectrum of light, of a phurality of color spectrums of
hight, during a umage dlumination interval using a multi-bandpass optical filter;
sequentially capturing a plarality of mages each comresponding with a different color

spectrum of light winch passes through the nwulti-bandpass optical filter using an image
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capture porion; processing the sequentially captured plurality of images for each insage
Hhunindtion interval and forming corresponding 3D image information using an image
processing portion, and/or rendering the 3D bnage information oy a display of the system
configured to display three dimensional images.  The method may further include an act of
situating an optical lens portion of the endoscope between the multi-bandpass optical filter
and the image processing portion at a distal end of the endoscope at an end of the
endoscope and within g body barrel of the endoscope. Muoreover, the method may inclade
an act of forming the main body barrel of the endoscopea to have proximal and distal ends
and an outside diameter less than 4 mm at the distal end. The method mav farther include
an act of situating the mult-bandpass filter at a distal end of the endoscope.

The innvention is explained in further detail, and by way of examyple, with reference
{0 the accompanying drawings wherein;

FIG. LA i3 a side cross sectional view of a dual-objective endoscope m accordance
with an emabodiment of the present system;

FIG. 1B is g view of the endoscope taken along hnes 1B-1B' of FIG. 1A showmga
front view of the FPA;

FIG. 1C shows a front view of an FPA n accordance with an embodiment of the
present systeny,

FEG. 1D is a front view of the endoscops in gccordance with an smbodiment of the
present system;

FIG. 2A is a schematic view of a systemn using an LED light source i acvordance
with an embodiment of the present svstem;

FIG. 2B 15 a schematic view of a systens using a white hght source in accordance
with an embodiment of the present svsteny;

FiG. 2C is a schematic view of g system using g white light souree i accordance
with an embodiment of the present system;

FIG. 3A is a perspective view of an imaging umit accordance with an embodiment
of the present system;

FIG, 3B 1s g perspective view of a compact imaging unit n accordance with an
embodiment of the present svstem;

FIG. 3C is a schematic view of an endoscope mclading an tmaging device having a

folded mager in accordance with an embodiment of the present svsteny;

1
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FIG. 3D is a schematic view of an endoscope including an alternative imaging
device i accordance with an embodiment of the present system;
FIG. 44 which 15 a schematic view of an endoscope in accordance with an

embodiment of the present systeny

£

FiG. 48 15 a front view of the endoscope in accordance with an embodiment of the
present system;

FIG. § is a schematic view of an endoscope system i accordance with an
gmbodiment of the present svstem;

FIG. 6 15 a fromt view of the endoscope in accordance with an embodiment of the

O

10 present svsieny
FiG. 74 1s a schematic view of the imaging device components of the endoscope in
accordance with an embodiment of the present system;
FIG. 7B is a frond view of the endoscope showing semicircular right and lefl
conjugated multi-bandpass [Hters (CMBFs) i accordance with an embodiment of the
15 presend systeny,
FIG. 8 15 a schematic view of an lumination sowrce of the endoscope in
accordance with an embodiment of the present systen;
FiG. 9 which is a graph illustrating pass and stop bands of a multi-band pass filter
i accordance with an embodiment of the present system;
20 FIG. 10A is a schematic view of a system in accordance with an embodiment of the
present system;
FIG. 108 15 a schematic view of a systen 1 acenrdance with an smbodiment of the
present systeny;
FIG. 10C which is a graph of colors passed through the first through third apevtures
25 inaccordance with an embodiment of the present systeny;
Fiz. 11A shows an miaging system having an endoscope with a single lens m
accordance with an embodiment of the present system;
FIG. 118 shows an imaging svstem having an endoscope with a dual lens
configuration in accordance with an embodiment of the present system;
0 FIG. 124 shows a front perspective view of a stereoscopic inaging syslem
accovdance with an embodiment of the present systeny;

FiG. 128 shows a rear perspective view of a stereoscopic maging system of FIG.

11
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12A in accordance with an embodiment of the present system;
FIG. 13 dostrates 8 stereoscopic imaging device 1 accordance with an
gmbodiment of the present systeny;

FiG. 14 illustrates an endoscope i accordance with an embodiment of the present

& system;
FIG. 15 18 a detailed view of the distal end portion of the endoscope in accordance
with an embodiment of the present system;
FIG. 16 15 a detailed view of the distal end portion of the endoscops i sccordancs
with an embodiment of the presemt svsten;
10 FIG. 17 1s a detarled view of the camera portion of the endoscope in accordance

with an embodiment of the present systeny;
Fi(is. 18A-188 are detatled views of a distal end portion of an endoscops in
acvordance with an embodiment of the present system;
FIG. 19 shows a Dow diagram that illostrates a process m accordance with an
15 embodiment of the present system; and
FIG. 20 shows a portion of 8 sysiem {e.g., peer, server, efc) in accordance with an
embodiment of the present systent.
The following are descriptions of illustrative embodiments that when taken in
conpunction with the following drawings will demonsirate the above noted features and
20 advaniages, as well as further opes. In the following description, for putposes of
explanation rather than hmitation, iHlustrative details are set forth such as architecture,
interfaces, techniques, element atiribaes, etc. However, it will be apparewt to those of
ordinary skall 1 the ari that other embodiments that depart from these detatls would stilf be
understood to be within the scope of the appended claims. Moreover, for the purpose of
25 clanty, detuiled descriptions of well known devices, circuits, tools, technigues and methods
are onstted 50 as not 1o obscure the description of the present svstent. It should be
expressly understood that the drawings are included for dlastrative purposes and do not
represent the scope of the present system. In the accompanving drawings, like reference
numnbers in different drawings may designate stmlar elements.
0 Az used heredy, the {erm endoscope will refer to medical scopes for viewing an
enclosed area such as, for example, laparoscopes, boroscopes, bronchoscopes,

colonascopes, choledoshoscopes, duodenoscopes, echoendoscopes, enteroscopes,
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esophagoschoes, pastrocopes, larvngoscopes, thinolarvagoscopes, simmdoscopes, andfor
other similar inaging appatatus. Further, s envisioned that spectroscopic camern 2.4,
nnaging} portions describad berein may be used i vehicles such as atreralt, space
exploration, remote controlled {e.¢., unmanned) rovers, robots, etc., i {e.g., space-, alr-,
fand-, and/or underwater-based environmenis. Further, navigation systems may mterfnce
with the present system so as to provide remote navigation capabilities of these vehicles.
The present system including spectroscopic 3D camers may be incorporated andfor
coupled with the vanious aforementioned and other systems and mumature configurations
1o provide spectroscopic 3D images, including depth perception of the images captures by
the spectroscopic 3D camera, e.g., for remote navigation, imaging, exploration and the hike
of objects including nuniature objects and/or small crevices, opemings, channels i the
obyects, which may be any type of body, whether lnman, animate, andior inanimate.

For parposes of simplifving a description of the present svstem, the tenms
"operatively coupled”, "coupled” and formatives thereof as utitized herein refer to a
connection between devices and/or portions thereof that enables operation in accordance
with the present systew. For example, an operative coupling may include one or more of a
wired connection andfor a wiveless connection between two or more devices that enables a
one and/or two-way communication path between the devices andior portions thereof. For
example, an operative coupling may include a wired andior a wirelgss coupling to enable
conumenication between a content server {e.g., a search engine, eic.) and one or more user
devices. A Parther operative coupling, i accordance with an embodiment of the present
system nmay include one or more couplings bebween two or more user devicss, divectly or
via & nebwork sowrce, such as the content server,

The term rendering and formatives thereof as utilized berem refer to providing
content, such as digital medig which may include, for example, audio information, visual
information, audioviseal information, ete., such that it may be perceived by at least one
user sense, such as a sense of sight and/or a sense of bearing. For example, the presemt
system may render a user nterface (U1 on a display device so that it may be seen and
mteracted with by a user. Further, the present system may render andio visual content on
both of a device that renders audible cutpust (e g., a speaker, such as a loadspeaker) and a
device that renders visual output {e.g., a display). To simphfy the following discussion,

the term content and formattves thereot will be utilized and should be undersiood to
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melude sudio content, visual content, audio visual content, texiual content andior other
copvtent types, unless a particular content type 1s specilically miended, as may be readily
appreciated.

The user interaction with and manipulation of the computer environment may be
achieved using any of a variety of types of human-processor interface devices that are
operationally coupled to a processor {e.g., a controller, a logic device, ete.} or processors
controliing the display enviromment. The svstems may operate alone or in aecordance with
a user mterface (U1} such as a graphical user mterface {GUL) wiluch may be rendered on a
display of the system. The display may wmchude a two- or three-dimensional display.

Stereoscopic endoscopes according to the present systems inchude Conjugated
Multi-Bandpass Filters (CMBFs) integrated with and/or covening one or move objective
lenses {at the distal end of single and/or multiple bores} to roject and form sub-intages
directly on a single Focal Plane Arvay (FPA} without using lenticular lens arravs andior
relay lenses typically used to form images on an imager and/or to relay optical images to
an evepiece at the proximal end of conventional endoscopes. Optical sub-images, captured
by the FPA at the distal end of the endosvopes according 1o the present svstems, are
processed to form 3D images and/or sub-image data/information, such as by converting
optical images and/or sub-images to digital form, e.g., by an analog-to-digial {A/D}
converter for processing by a processor, e.g., to form 3D image data from {e.g., 3 or 6) sets
of sub-tmage data.

Unlike conventional endoscopes and boroscopes, endoscopes in accordance with
embodiments of the present sysiem dispense with the need for a lenticular lens portion, and
project right and left umages directly on a single FPA withowt any lenticular lens portion.
Accordingly, endoscopes i accordance with the present system provide images from the
objective lens system to the FPA without the need for a lenticular lens or lens array.
Further, both the objective lens svstem and the FPA may be located at a distal end of the
endoscope and may be inserted inside a body for viewing a region of interest. Integrated
circuitry formed on/in a semiconductor substrate such as an Integrated Silicon on Clup
{(ISOLC) subsirate may also be included at, for example, the distal end of the endoscope.

FIG. 1A 1s a side cross sectional view of a dual-objective endoscope 1M in
accovdance with an embodiment of the present systemy. The endoscope 100 may include

first and second sub-umits 102 and 104, respectively, which may be identical 1o each other
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and may be situated adjacent to each other. The first sub-unit 102 may carry a right image
and the second sub-unnt 104 mav carty a left image.  As shown in FIG. 1A, the daal
objective endoscope 100 comprises a fivst bore 110 having s first lens 12 for receiving
first image rays 114 from an ROT 115 and a second bore 120 having a second lens 122 for
receiving second image rays 124 from the RO 113, The fivst and second lenses 112, 122
may each inclode several lenses, such as an objective lens {112, 122) for collecting the
image rays 114, 124, a focusing lens (116, 126} to focus the collected image ravs 114, 124
on a single Focal Plane Array {(FPA)Y 130, Light sources or iHluminators 130 (FIG. 1D}
may sequentially Hluminate the region of interest 115 with different colored lights, such as
red, green and blue lights. The first sub-unit 102 may be located n the first bore 110 and
the second sub~unit 104 may be located in the second bore 120, The first and second bores
110, 120 may be located i a main bore 160 of a body 165 having a distal end {70 and a
proximal end 180, Accordingly, portions of endoscopes winch carry/protect the right
image may be known as a right tmage channel and those portions of the endoscope which
carry/project the left image may be known as a left image channel.  Durmy use, the distal
end 170 of the endoscope 100 is typically inserted within a body 182 through a caviiv or
opening 184 of a body 120 while the proximal end 180 remains outside of the body 105,
The body 120 may be that of a patient, human or otherwise, as well as the body of any
manimate object where it 15 desired o ook inside the olyect.

The lenses 112, 122 mav stomillaneoasiy receive light reflected from the region of
interest 115 for simualtancousty imaging the firstright and second/lelt imnge rays 114, 124
on different (right and left) areas 132, 134, respectively, of the FPA 130, When the tme-
sequential Hamination provides RGEB Light one at a time, after three sequences, a full color
ymage 1s collected on the FPA 130, For example, three {e.g.. RGB) right images may be
sequentially superimposed on the right area 132, and simultaneously three (RGB) left
images may be sequentiaily superimposed on the lefl area 134, as described i comnection
with FIGs. 1B-1D. Accordingly, in the present embodiment, three images may be captured
io form a full color image. However, i embodiments which mclude a shutter, such as is
described below in connection with FiGs, 7A-7B, six images may be necessary to obfain &
fult color image.

FIG. 1B is a view of the endoscope 100 taken along hoe IB-1R of FIG. 1A

showing a front view of the FPA 130, The right image area 132 of the FPA 130 captures
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the firstright maage rays (rojection) 114 and the left image area 134 of the FPA 130
captures the secondddefl image ravs {projection} 124, Although around FPA 15360 and
square image areas 132, 134 ave shown, # 15 envisioned that the FPA 130 and image areas
132, 134 may include other shapes andfor sizes, such as an oval andfor a rectangular shape
type, etc., where the FPA 130 and the image areas 132, 134 nwy have the same or different
shape types. For example, FIG. 1C shows a front view of an oval FPA 13 1 accordance
with another embodintent of the present system. The FPA 1307 mcludes square {or round
or any deswed shape) right image area 1327 and left image area 1347 which cmﬁraspox.xd
with the right image area 132 and the lefl image area 134, respectively, of the FPA 1
shown mn FIG. 1B

FIG. 1D s a front view of the endoscope 100 along hine 1D-1D of FIG. 1A
showing an imaging unit 190 that includes the right objective lens 112, and the left
objeciive lens 122, where both lenses 112, 114 simultanepusly receive light emattad from
tluminators 150 and rveflected from the RO 405, The lluminators 150 may be arranged
around the periphery of the imaging unit 190 and may be confipured (2.g., under the
control of a controller or processor} {0 sequentially provide different hight of different
wavelengths and therefore colors {e.g., corresponding with an RGB spectrum) one st a
time. For example, at time t1, the illuminators 150 may provide red hight, in response to
which red right and left images may be captured simuliangousiy on the right image arga
132 and the left image area 134 of the FPA 130 (shows in FIG. 1A-1B). Then, at a later
time such as at time 2, the Huminators 150 may provide green light, and green nght and
lef images mav be captured simultaneously on the right image area 132 and the left image
area 134 of the FPA 130, Then, at vel a latey time such as 13, the dlaminators 130 may
provide blue heht and blue right and left images may be captured simultaneously on the
right bnage area 132 and the left image area 134 of the FPA 130, The system may then
superimpose information refated to the captured green and blue right and lefl images (e.2.,
captured at times 12 and 13) ppon the captuved red night and left images {e.g., captured at
time 11} so as to form a full color three dimensional images which may be displayved ona
display of the system. Accordingly, afier time {3, that is after three sequences of
ithumination {e.g., of red, green, and blue hight), a full color image may be captured by the
right and feft image areas 132 and 134, respectively, for fizther processing by an Integrated

Sificon on Chip (ISOC). Accordingly, three images from each of the right and left image
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areas 132 and 134, respectively, of the FPA 130 may be processed to form a full color
image, where a right image is formmed on a right ivage area 132 of the FPA 130, and a lelt
unage 1s formed on a lelt image area 134 of the FPA 130, A processor may be configured
to correlate and combine the three right and lefl images to form a stereo andfor 3D image.

The sequential tlumination with red, green, and blue light{e.¢., one at 3 time), may
be provided using any suitable hght source such as by Hght emitting diodes (LEDs), xenon
sources, etc. For example, FIG. 24 1s ¢ schematic view of a system 2004 using an LED
light source m accordance with an embodiment of the present system. The system 2004
may include an endoscope {e.g.. such as an endoscope viewed from the front having an
maging unit 1907, red, green, and blue LEDs 210, 212, and 214, respectively, which may
provide corresponding Heht {e.g., red, green, and blue) to an iHhuminator 150 of the
imaging unit 194 via a Heght chanpel 230, The Light channel 230 may include any suitable
hght conducting channel such as a fiber opiic light channel, an acevhie light channel, ete.

[n one embodiment, the light channel 230 comprises one or more fiber optics 1o
divectly iluminate the RO 1S from Hght exiting through the distal or exit end(s} of the
{iber optics(s), such as through the Huminators 130 shown in the vanious fgures of the
various embodiments, such as FIGs. 1D, 2A-2C, 58, and 10A-10B, for example. In
another embodiment instead of direct iHlumingtion, one or move inferface units, such as cne
or more periscopes to be described in connection with FIG. 16, mav receive light from the
distat end(s) of the hght gouidels), e.g., at least one fiber optic cable. The periscope(s)
directs, e.g., reflects, light into a light exit unit which 18 located around the right and left
pupils and directs lght out {o Huminate the RO 115

The light channel 230 may also include a coupler portion which mayv couple the
LED 210, 212, andfor 214 {0 the light channel 230 and a decoupler portion which may
couple the light channel 230 1o the iHluminator 130, The LEDs 210, 212, andior 214 may
emit monochromatic hight and may be sequentially turned on one at a time under the
control of a controller 220, The controller 220 andfor the LEDs 210, 212, andfor 214 may
be located at, or connected to, a proxtmal end 180 (FIG. 1A} of the endoscope 100, for
example, such that the light provided by the LEDs may be transnuited through light
euide(s) or hight chanmel{s} 230 such as fiber optic(s}, to the Hlominators 130 of the
imaging unit 190" at the distal end of the endoscope 100

FiG. 28 is a schematic view of a system 2008 using a white hght source 235 in
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accordance with another embodiment of the present svstem. The white Hght source 235
may include a switahle Hght sowrce emiting heht which corresponds with a desired
spectiir OF spectrums such as 8 white spectrum. A filter such as a filter 237 may be
incheded to pass only desired wavelengths (or frequencies, eie.) of light under the
controfler 2200 The filter 237 may include a solid state and/or analog f{ilter. For example,
the filter 237 may mclude a rotating color wheel 240 that has three openings covered with
red, green and blue filters 230, 252, 254, respectively. As the color wheel 240 is rotated
{e.g., by a motor 248 such as a stepper motor under the control of the controller 220 ata
desired rotational frequency (©)), such that the filter may sequentially pass a single color of
hight to the iluminators 150 via the light chanpel 230 at 3 time.

FiG. 2C is a schematic view of a system 2000 using a white hght source 235 in
accordance with an embodiment of the present system. The systen 206C may be simular
{o the system 200B. However, the svstem 200C may include a rotating wheel 280 which
may mclude a single opening (as opposed to the three mpenmgs of the rotating wheel 240
of system 2008} and filtered light channels (276, 272, and 274). The filterad light
channels 270, 272, 274 may pass only desired wavelengths of light such as wavelengths of
hight which correspond with red, green, and blue light spectnamns, respectively (and
therefore block other wavelengths of hight). Tt is further, envisioned that the rotating
wheel 280 may mnclude a plurality of openings. Durning operation, the light may pass from
the white light soarce 235 through the opening to a single one of the filtered hight channels
270,272, 274. Thus, color filters are associated with the light chamnels, such as provided
at entrance amc'or exit faces 260, 262 of each of the light channels 270, 272, 274, In this
case, three Heht channels 270, 272, 274 are provided, one having a red {ilter, a second
channel having a green filter and the third light channel having a blue filter. The rotating
wheel 280 has one opening 285 that allows white light from a white hght sowrce 235 (o
pass to ope channel when the opening is aligned with the channel oy light guide. Asthe
rotating wheel 280 rotates, the opening 235 sequentially allows white light to enter the
entrance faces on one channel at g time. In FIG. 20, the opening 285 is ahgned with the
red channel 274 so that red Heht 290 is provided to the illununators 150 at the distal end of
the endoscope. Al a later time, such as time {2, when the wheel 280 rotates and the
opening is alioned with the green chammel 272, then green Hght 292 s provided to the

iluminators 150 and so on, where similarly at a Iater time (3 when the wheel 280 rotates
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andd the opening is aligned with the blue channel 274, then blue hight 294 is provided to the
ithoninators 130 for dluminating the RO sequentially with red, green and blue Hghis 239G,
293 394,

In summary, the FPA 130 of an endoscope n accordance with an embodiment of
the present system may simuitaneousty capture right and left optical inages directly
received {e.g., one color at a time) from an objective lens system of the endoscope and
convert right and left optical fmages (via an analog-to-digital converter {A/D)) to digital
signals which may then be processed by an Integrated Silicon on Chip (1SOC). That is, at
time 11, both right and lefl red mages {e.g., of an ROI) are simulianeously imaged on the
right and left areas 132, 134 of the FPA 130 (FIGs. 1A-1B); at time {2, both nght and left
green mages are simultaneously imaged on the right and left areas 132, 134 of the FPA
130; and at time 13, both right and lefl blue images are simultangously imaged on the right
and left areas 132, 134 of the FPA 130

The various tlumination schemes and systera shown w FIG. 2A-2C may be used
with various embodiments of the present endoscopes andfor systems, and different
combinations thereof, such as single andéor double bore endoscopes, using mono and/or
color FPA| to form sub~-images on the entire or sub-portions of the FPA, for example.

FiG. 3A 15 a perspective view of an imaging unit 300 in accordance with an
embadiment of the present systent. The imaging unit 300 may include one or more of an
FPA 310 and an Integrated Silicon on Chip (I1S0OC) 320 which are formed on the same
surface of a senmconductor substrate adjacent to wheve the FPA 310, Unfortunately, by
placing the 150C 320 next {o the immper/TPA 310 {Le., on the same surface of a subsirate}
the footprint of the imaging unit 300 15 mereased (e.g., from length l=dmm to =6, 3mm or
more). This may mcrease a dismeter of a corvesponding endoscope, which may not be
desirable, gs a lurger incision or opeming {e.g., see, 184, FIG. 1A)Y in the body {(e.g., see,
182, FIG. TA} 18 required for nsertion of the endoscope through the openmng {e.g., 184,
FIG. 1A). A compact imaging unit 18 shown in FIG. 3B, In particular, FIG. 3B s a
perspective view of a compact imaging unit 325 1 accordance with another embodiment
of the present system. The imaging unit 328 mayv include an FPA 330 on g first side of a
substrate and an ISOC 340 on an opposite side of the substiate.  Accordingly, the imaging
device 325 nuay have a footprint which is substantially 1dentical to a footpring of the single

g

FPA 330 where the 1SOC 340 is on opposite side of the substrate of the FPA 330, The
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imaging wmt 325 may be referred to as a folded imager 325,

FIG. 3C s a schematic view of an endoscope 300C including an inaging device
having a folded tmager 335C in accordance with an embodiment of the present system for
capturing images from the RO 1S, The folded imager 325C may be formed from stacked

r\ &

favers 360, 368, 360" stacked axially along a longitudinal axis 3635 of the endoscope 300C.
The smaging device 325C may inclade a single FPA 330 at a front end 372 and the
processing circuts {e.g., including an 1SOC) 340C formed on at feast one laver stacked at a
back end 374 of the imagmng device 32530 {which may be smular to the imaging device 323
shown in FIG. 3B) aver the single FPA 330, The ISOC stack{s} 340C may be connected to
the smgle FPA 330 throagh connection bumps 37(.

FIG. 3D is a schematic view of an endoscope 300D including an altemative
imaging device 325D in accordance with an embodiment of the present system for
capturing images from the RO 113, Tnstead of stacks connected by bumps 370 of the
imaging device 323C {of FIG. 3Q), the imaging device 325D may include a folded
substrate 380 having the single FPA 334 at the front end 672 and the ISOC 340D at the
back end 374 of the imaging device 323D, The folded fexible substrate 380 may be
formed from patterned siticon membrane or Hexible printed aireuit boards, or other
suitable material.

The optical images captured by the FPA 330 (L&, directly received from the
objective lens system) are converted (by an A/D} to digital signals {e.g., digital image
information} which may be processed by an fimage processor such as the ISOC 340 located
behind the FPA 330, The ISOC 340 processes the digital signals {Le., the digital image
information representing the optival images captured by the FPA 3303 and ouipuds video
signals which are transmitted {e.g., using a wired ov wireless conmnunication method) 1o a
display screen of the system for viewing of 3D¢stereo images of the ROT 115 (FIG. 1A by
3 user {e.u., a syrgeon, 21¢.). The system may also record 3D hnage information
corresponding with the images for later use and/or may transnut the 3D mmage mformation
{o one or more locations for remote viewing (e.g., by a remole surgeon, etc.).

Another embodiment of the present invention uses a splif pupil having right and e}
pupils. To achieve sterco vision or three dimensional vision {3D), different right and left
nnages may be captured by the FPA and processed to form a 3D fmage. T some of the

previous embodiment, both the right and lefi ponions of the FPA (or vight and left pupils)
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{g.g., corresponding with tight and left image channels, respectivedy) recelve hight/images
sinuubaneousiv, However, w embodiments where each image channel has us own bore
{e.g., 110, 1207 as shown w FIG. 1A, different vight and left images received by the right
and left pupils or lenses 112 and 122 respectively, are imaged on different areas 132, 134
of the FPA 130, as shown in FIG. 1B, thus providing stereascopic image information
which may be processed to form a 3D image.

I other embodiments, instead of having both right and left puptisienses receive
images sinultaneously, various schemes may be provided sach that an image capiured by
the endoscope 15 only passes through a single puptl at any one time. For example,

Conjngated Multi~-Bandpass Filters {(CMBFs) may be provided to cover, or be
integrated with, the right and left pupils which may be formed by a single lens having right
and feft pupil portions, or two dedicated lenses, cne lens for the right pupit and one {ens for
the left pupil, for use in single and/or dual bore endoscopes. Instead of UMBFs located
over, or integrated with, the right and lefl pupil, switchable liquid crystal (LC) shutters or
mechanical shutters may be controlled by a controller such that only one pupil passes
image hight reflected from the ROI at any one time to project the passed image Hoht over
substantially the entive area of the FPA, thus increasing resolution as compared to
projecting images on only a portion of the FPA | where a processor constroct a 3D image
from six sequential sub-images (Ra. Ry, Gu, Gi, By, and By ), each projected over the entire
FPA area. Of course, if desired, right and left images may be sinltaneousty projected
over right and fell portions of the FPA, resulting i reduced resolution, however, faster
acquisition time for forming a 3D image, since the 3D image in this case 18 constructed by
the processor from three (nstead of six) sequential projections of simultaneous right and
left sub-images (Ry Ry, Gr Gy, and By By} For example, the controller and/or processor
may vary a voltage applied to right and lell LC shutters located over the right and left
pupils, such that one LC shutter is open/transparent to pass the image light, and the other
1.C shutter 15 closed or not transparent to block the image light from passing through the
other shutter. Alternatively, a controller may control movement of g mechanical shutter, as
shown m FIGs. 4A-48.

I particalar, FIG. 4A shows a schematic view ol an endoscope system 400 in
accordance with another embodiment of the present systemy. The endoscope systewn 400

includes one or more of g controller 410, a micro-electro-mechanical {(MEMS) shatter 4158
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for aliowimng time multiplexing of sub-images, an Hlunmunation portion 420, 420°, a lens
portion 423, and an FPA 430, The dlunnnation portion 730 may welude 3 ight sourcs,
£.2., an external white light source i case the FPA 1s a color FPA having a color filter, or a
ight source(s) that provides different colors of hight sequentially, e.g., Red (R}, Green ((3),
and Blue (B} hight, Optical guides may also be provided to divect the external light form
the proximal end to a distal end of the endoscope where the light is then divected away
from the endoscope to iHluminate an ROL 113, Of course colored light source(s) may also
be used with a monochrome FPA, where each color sequentially iHlununates the ROL 115
The lens portion 425 may inchide one or more {enses which may project a nght or left
ymage of the ROI 15 upon the FPA 430 depending upon settings of the shotter 413 as will
be discussed below. The shutter 415 may inchude a right shutter opening (or pupil) 440
and a left shutter opening (or pupil) 443 which may block or allow light {o pass
therethrough based upon a control signal from the controfler 410, Accordingly, the right
and left shutter openings {pupils) 440, 4435, respectively, may include filters, shutters, or
gates which mayv operate under the control of the controiler 410 and act to pass or block
hight from passing therethrough based upon one or move conirol signals transmiited from
the controller 410 10 the shutter 415 50 as to allow only right or lefl images to be projected
upon the FPA 430 at any one time.

Thus, to ensure that only a right image s projected upon the FPA 430, the right
shuttier opening 440 may be opened 50 as to allow Heht to pass therethrough and the left
shutier opening 443 may be substanttally or fully closed so as to block light from passing
therethrough. Accordingly. the FPA 4380 may be controlled to captre a right mage {e.g.,
at a given wavelength). Thus, to ensure that only a left image 1s projected upon the FPA
434}, the left shutter opemng 445 may be opened s0 as to allow light to pass therethrough
and the right shutter opening 440 may be substantially or fully closed so as o block hight
from passing therethrough. Accordingly, the FPA 430 may be controlied to capture a feft
mage or a portion thereof (e g, ared, green, or blue poriion/sab-image}.  Thus, for
example, the right pupil may be blocked and light may be allowed to pass only through the
left pupil, and vice verse, The shutter may mclude 3 liquid crvstal {LC) type shutter which
may be electromcally controlled {e.g., by the controller 410} to allow hight o pass or block
hight from passing through a corresponding right or left papil 440 and 445, respectively.

The controtler 410 may apply a voltage to right or left shutter covering the night and left
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pupils 440 and 443 respectively, 1o control a state (&g, open or blocked) of a
corresponding shutter. However as described, 1 is also envisioned that the shutter 415 may
include a mechanical shalter portion (g.g., & rotating disk or a hnear shutter coupled o a
motor controlled by the controd portion 4 10} which may be mechanically rotated or hnearly
moved back and form between the two puptis 440, 443 1o block one of the pupils.

FIG. 48 18 a front view of the endoscope system 400 in accordance with an
embodiment of the present system. The shutter 415 may be mounted at the distal end of
the endoscope 400, The shutter 415 is shown 1 3 position covenng or closing the lefi
pupil 4435 such that light cannot pass through the left pupil 445, Convarsely, the tight pupil
444} is shown in an open position 1o such that Hght can pass through the right pupit 440,
Accordingly images of, for example, the RO 115 may only pass through the right pupil
440 and will not pass through the left pupil 445 at the present cycle.

In the varioas embodiments of the present svstem, wstead of Hlununation with
colored light and use of a monochrome FPA, white hight may be used along with a color
FPA or an FPA having a color filter. For example, m the embodiment shown in FIGs, 4A-
4B as well in the other desceribed embodiments, the Hhonimation portion 420, 420 may
provide white hght and the FPA 430 may chude a color FPA which may form color
images. A color FPA may include, for example, a monochrome FRA with a color filter
arrav of RGB filiers situated at, for example, the right and left shutter openings 440 and
443, respectively, The color filters may include an RGEB filter group and may be provided
on, for example, 8 wheel (e.g.. a rotating wheel as discussed elsewhere) or may be
comroted by the controller 414, or a further controller/processar, so as to block certam
codors andéor (o allow other colors to pass therethroagh., Accordingly, color images may
be formed using a monochrome FPA with color filters {e.g. . RGB) at the puptls/ienses 440,
445, such as Conjugated Multi-Bandpass Filters (CMBFs) and/or tunable filters that may
be tuned by the controller or processor 410 o each one of desired bands selectively,
synchronized by the processor with the ithomination, such as with 3 or 6 iHlunmnation
sequences to capture 3 sub-images (where right and left images are simultaneously imaged
on right and lefl sides of the FPA, for each of the red (R), green {G) and blue {B) colors, or
any desired colovs) of 6 sub-images {where each of the 6 RGB right and left sub-images
are imaged on the substantially entire area of the FPA).

In this case, the RO 113 may be iuminated with colored light {e.g., instead of
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white fight) to sequentially provide RGEB umnages to the FPA through the CMBTs or tunable
{iliers formed over or integraied with the nght and lefl papilsilenses 440, 443,

Shutters may be used with RGEB fight under the control of the controller 410 5o as
to pass certain colors and block other colors at certain imes. Accordingly, the controller
410 may include fonctionality o synchrontze the shutters (etther mechanical shutters or LC
shuttersy with the ilhmination such that, for example, red hight i3 provided {e.g., by the
Humination source) when a color {e.g. R, G, or B} filter 1 activated or 8 tunable filter is
tuned to pass a desired color light and/or sub-red light.

It is further envisioned that instead of using a shutter or switch 10 ensure that
ymages are passed though one pupililens one at a time. Le., sequenbally, and to eliminate
the need to synchromze the sequential color lumination with blocking/passing of images
through one pupil at & time, maiched complementary or Conjugated Mulii-Bandpass Filters
{CMBFs), andfor a tunable filter(s} mav be used. In parbicular, complamentary right
{(RpGeBr) and left (RpGy By ) multi-hand pass filters are used at the right and left pupils,
respectively. Further, the illumination is provided through a multi-band pass filter which s
maiched (o the complementary tght (ReGaB) and el (R Gy By multi-band pasy filisrs
located at the nght and left pupils/lenses.

The right (RpGeBy) and left (R G By conjugated or complementary multi-band
pass filters at the right and left pupils do not require gnergy, have no moving parts, and do
not reguive synchronization, since these right {RpGeB) and lefi (R G By sulii-band pass
filters are matched to the Hlummating light. Thos, when the ROT is llununated with
Redyign (Re) fight, this Ry lght will reflect back from the object of titerest and enter or
pass through only the right pupil through the band pass filter Rg at the right pupil, and 1s
blocked from entering or passing through the left pupil by the left {Ry Gy By ) multi-band
pass filter located over the left pupil.

FIG. 3 15 a schematic view of an endoscope system S04 in accordance with an
embodiment of the present system. The endoscope system 300 may include an endoscope
502 moluding single bore or housing 303 {(instead of having two bores 114, 120 of the dual
objective endoscope 100 shown in FIG. 1A), The endoscope system 300 may provide a
stereoscopic 3-D image of an object or the ROY 115 inside of the body 182, During ase,
the endoscope 502 may be inserted mto the body 182 through an opening or cavity 184

which, for example, may include a natural opening, an incision, ete. The housing 5035 may
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have g distal end 518 and a proximal end $15, where the distal end 310 is insertable mio
the cavity or opemang 184 of the body 182, An unagpmg device 323 for obtaining optizal
unages of the RO 115 15 located at the distal end 510 and way include an imager or FPA
336 which may capture inxages projecied thereon, a processor (o process the images
captured by the FPA 330 and to form mtput signals such as video signals. The processor
may clude ISOC circuttry 340 or other suitable processor(s), where the ISOC inchuding
the processor(s) 340 15 behind the FPA 330 and has the same footprint of the FRA 330,
where a length or diameter of the footprint mav be 4mm or less, such as {-4mm mcluding
any sizes therebetween, such as 3-dmm, 2-dmem, 2-3mm, et

The imagmyg device 325 device may be coupled to one or more of an thumination
source 550, a display 355, and a controfler 395 using wired andfor wireless coupling
techigues and/or connecting devices. For example, a cable 545 may couple the imaging
device 323 to the iHomuination source 330, the display 335, andéor the controller 593, The
cable 345 may include a signal line to wransout video signals {e.g., from the 180C) to the
display 353 for displaying the optical mmages of the RO! S m mudti-dimensions (2.g.. 3D,
gic. ). Itis further envistoned that a wireless coupling may be used to transmut the video
signals from the ISOC 340 (o the display 555, The cable 345 may inchude one or more
fight puide to channel light from the iHlunungtion source 330 to the illunungtors 130 at the
front end of the imaging device 325, However, it Is also snvisioned that the tluminators
may be meorporated within the imaging device 325 so as o tlonunate the ROT 1S under
the control of the controller 595

The imaging device 325 may include a single focal plane detector array such as the
FPA 330 ai a front end 363 (of the mnaging device 623} facmg the region of intersst (RO
H1S for capturing images of the ROT 115, The imaging device 325 may further include

processing circuits having suitable processors such as, for example, the 1SOC 340 which

-
H %
’

may be located at a back end 575 {of the maging device 325} behund the FPA 330 and may
have the same footprind as the FPA 330 so that the ISOC 340 does not enlarge an outer
cross section 380 of the imaging device 325, where the cross section 580 may be less than
4nym, such as between 1-dmm. The ISOC 340 may be operative 1o convert the optical
images captured by the FPA 330 into the video signals for display on the display 335,

A Front view of the endoscope 502 in accordance with an embodiment of the

present systent is shown in FIG. 6. The imaging device 323 may include right and left
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pupils 383 and 390, respectively, which have complementary right {RpGeBy) and left

(R Gi.By ) malti-band pass filters, respectfudly, where a single lens 730 (F1G. TAY in the
single bore or housing SO35 {unlike the dual lenses 112, 122 in the two bores 10, 120 of
FIG. 1A) projects right and teft images on the FPA 330, Thus, the right and left pupils 583
and 390 are different from the right and left lenses 112 and 122, respectively, of the dual
objective endoscope of FIG. 1A which independently and simultaneously tmages right and
left images o an FPA. An ares of a cross section 580 of the endoscope 502 is compact so
as to eastly pass through an opening ov incision i a body.

During operation, the right paptl 583 receives a right image through & right malii-
band pass filter {such as Comjugated Mults-Bandpass Filters (CMBFs) 710, 720 shown in
FIG. 9) having right three pass bands RaGeBy 710 as tHustrated i FIGs. Tand 9. Ina
simmiiar manner, the {eft pupil 390 receives a left image through a left muli-band pass filter
{such as filier 720 shown i FlGs, 7 and 9) having left three pass bands Ry G By as
tlustrated in FIG. 9 which is a graph tlustrating pass bands and stop bands 910, 920 of 3
Conjugated Mulii-Bandpass Filters ({CMBFs) 710, 720 m accordance with an embodiment
of the present system. As shown in FIG. 9, the vight multi-band pass filter 710 having the
right three pass bands RpGeBy s the complement of the left multi-band pass filter 720
having left three pass bands Ry Gy By, That s, the pass bands ReGpBy of the right muln-
band pass filter 710 corresponds o the stop bands 920 of the [eft nwulti-band pass filter
720, Similarly, the pass bands Ry GrB: of the left smulti-band pass filter 720 corresponds to
the stop bands 910 of the right multi-band pass filter 710

FIG. 7A is a schematic view of the mmaging device 325 componeris of the
endoscopic system S (FIG. 3) in accordance with an embodiment of the present system.
The imaging device 3235 may further inclade a lens systemy 730, The lens system 730 may
include severyl lenses, such as an objective lens and a focusing lens for imaging the right
image 740 and the lefl image 730 divectly on the {smngle) FPA 330, The ilhuninators 130
{see also Figs. 4D and 6} tlununate the ROT 1S through Conpugated Mulg-Bandpass
Filters (CMBFs) 810 (shown m FIG. 8), having the right three pass bands (RpGeBg) and
the left three pass bands (R G.B; ). The multi-band pass filter 810 may be maiched (o the
right melti-band pass filter 710 and the left malti-band pass filter 720 (FIGs. 7TA-7B and 9)
covering the night and left pupils, respectively. so that when the RO{ 115 is illanunated

with one color Hght, such as in the right red band Ry, then this Ry Haht reflected from the

26



£

O

20

WO 2011/060296 PCT/US2010/056584

ROT 1135 passes through the right papil 385 through the pass band Ry of the right muln
band filter 710 RpGyBp covering the right pupil 383, and is blocked from passing through
the left pupil 5390 by the stop band 920 {FIG. 9) of the lefl onalis hand filter 720 Ry G By
covering the left pupil 590, After six sequential Hluminations by any sequence of lights in
the bands RuGpBr Ry GyBy, where each of the six sub-images is imaged on the entire FPA
{as will be described n conpection with FIG. 114) a full color image is achieved. As
previously described and will be described in comection with FIG. 118, both night and left
mages, e.2.. Rg and B; images, may be simultaneously imaged on the FPA, by
simuaneously ifluminating the RO with both a right color and 2 {eft color (e.g., Rg and
Ry simultaneous tumunation), then a full color image s obtained after three sequential
itluminations. Although, the illumination source 550 {see also FIG. 5) may be situated
remoiely from the endoscope 312, i 15 also envistoned that the dllumination souwrce 350
mayv be situaied within the housing 3035 of the endoscope 502 and may be adjacent to or
formed integrally with the luminators 150,

As shown m FIG, 7B the right and left conpugated multi-bandpass filters {CMBFEs)
THY, THY used to pass right and lef sub-tmages ReGeBr Ry GeB .may each have a
serpicircular shape which are placed next 1o each other to form a full circular conjugated
multi-bandpass filter which may be placed over & lens andior a transparent support
substrate, such as removably placed on a front andfor a back surface of the lens and/or the
transparent support substrate, or removably tnserted nto an objective lens, or integrated
with & lens, to form andior cover the right and left pupils of the imaging device 325, This
provides for easily converting the binocalar two-pupil imaging unit or camera 325 info a
monocular camera by simply removing the CMBF pair 71, 726 allowing a userfoperator
of the endoscope (o select between binocular and monocular imaging to obtain better
images depending on the environment and desired viewing distances, For example,
monocular imaging may be selected and used to view long viewmg distances, where depth
percepiion 1s not as important, while binocular imaging to oblain depth perception may be
used for viewing short distances.

Hlustratively, for 3 working distance of 6 to 12 nun, the binocular imaging systems
using the CMBF pair 710, 720 (710", 720 provides betier depth resolutions than that
without the CMBF over the viewing distances range between 6 10 12 mm. bnproved depth

perception or depth resolution is provided at working or viewing distances of Smm (0 2em
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with a 60 degree fteld of view using 8 negative ov wide angle lens by the embodinents
using right and lefl lenses or opemings/apertuves separated by a distance between 0. 3mm 1o
Iram, such as a distance of Iom, as well as the embodiments where the righ‘l and left
images are captured by the semicircular CMBF pair 71, 720 shown in FIG. 7

Fi(s. 8 is a schematic view of sn iluminstion source 5330 (also shown in FIG. 3) of
the endoscope 500 1n accordance with an embodiment of the present system. The
Hlununation source 550 may include o plurality of sources 830, 832, 834, 844, 842, 844
and cmirespondmg pass band filters (PBFs) R, Gy, Be, Ry, Gi, and By of a mults bandpass
filigr B1 The sources 8360 832, 834, 840, 842, and 544 naay include any suitable white
hight sources such as Xenon sources, efc.

The controlier 593 (also shown in FIG. 5 may control the dlumination source 550
such that the ilhenimation source 350 sequentially furns on the Hght sources B30, 832, 834,
840, 842, 844 one at a ims so as o Hlununate the ROT 110 via light guode(s) 820 and the
tluminators 150 of the imaging device 325, If desired, lenses 8§25 may also be provided
between the CMBFEs 810 and the hght guide(s) 820, Accordmgly, light from the sources
834, R32, €34, 840, 842, B44 may pass through the corvesponding dlhumination pass-band
filters (PBFs} Ry, G, By, Ri. Gy, and By of the tHomination mult bandpagss filter 810 so
that the region of mterest (RO 1135 is illuminated one at a time by hght within one of the
three right pass bands (RpGeBy) and the three left pass bands (RyG By ) during each
dlumination interval. During each Hlumination interval, the illuminating light is reflected
from the ROI 115 and 1s passes through the right or left nrulti-band pass filter 710, 720
{shown in FIGs. 7A-7B) covering the right and left pupils 385, 390 o form an mage of the
RO 115 projected apon substantially the whole or entire area 1110 {FIG. 114 of the
single FPA 330 and processed by an image processor such as the ISOC 340, Then, after
six ifumuination intervals, namely by hghis in the bands of ReGpBr and RyGy By, the
mdividual images may captured by the FPA 330 may be supenimposed to form a full color
image. For example, the image data from the ISOC 344} is processed using an algonithm at
the display site to combine and form 3D images from the 3 or 6 sub-images andior image
data. The right and left images may be superimposed at the viewing plane of the display
S88. Thus, after six dlamination ntervals, three (RGB} right images are saperimposed
over each other on the entire FPA area 1TTO(FIG. 11A) and three (RGB) 1l imapes are

supenimposed over gach other also on the entive FPA area 1110, Six image information or
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dala arg provessed and correlated by a processor to forms 30 images displaved o a display
SES{FHG. 5y In swmmmary, Six umages may be used lo form the full color formed on
substantially the entive FPA area 11O (FIG. 1A} That is, cach one of the six nnages Ry,
Gy, Be. Ry, Gy, By (in any sequence) may be formed on the entive area 1110 (FIG. 1{A)of
the FPA 330

Any sequence of iflanunation using the six Xenon {white) light sources may be
used, where three (ReGrBg) right sub-images may be collected and superimposed to fonm
a night image, and three (R G By) left sub-images may be collected and supermposad to
form a left image. That i3, the ithumination to provide the six sources 830, 832, 834, 844,
842, 844 may be n any sequences such as Ry, Gg, Br. Ri. G, Br. or Ry, Ry, Gg. Gy, By,
By, etc. 1t should be noted that since each color is divided into right and left bands, such
as Redpen (Red and Red; on (Ry), the right and lefl images are not exactly the same color,
but are metamers.

Further, instead of collecting the full color tmage after six Hluminations (where
gach of the six images is formed on the entive FPA 3303, a full color iinage may be
collected afier three illuminations {where each night and lefi image i3 simultaneously
projected on respective right and left halves 1130, 1155 of an image captore poriion such
as the FPA 330 of FIG. 11B) using only three Xenon (white) light sources, with three
multi-band pass filters, namely, a first Xe light source that provides light through a flter
having the bandpass of Ry, Ry, a second Xe light source that provides light through a filter
having the bandpass of Gg, Gy. and a thivd Xe hght source that provides Hght through a
fifter having the bandpass of By, B;. Thus, after the first iHumination using hight in the
band Ry, Ry, right and lefi red mnagey are sinuthlanecusly imaged on right and lefl FRA
areas {e.g., see, 132, 134 of FIG. 1B and 1155 and 1150 of FIG. 11B) the second
Hlurnination with hight in the band Gg, Gy 1s used to image right and lefl green images
sirmulianeously on the right and lefl FPA areas 132, {34 {where the green mages are
superimposed on the red images), and the third iHonunation with light i the band By, B s
used to image right and lefl blue images simulianeousty on the right and Tefl FPA areas
132, 134 (where the blue images are superimposed on the previously mmages red and green
images). Again, any sequence of ithunination using three Xenon (white) light sources may
be used, such as RpRe, GrGr, BeByr or GeGr. RaRy, BeBy, ele

FiG. 104 15 g schematic view of a system 1000A n accordance with an

3G
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embodiment of the present svstem. The system 1000A nay be similar 10 the endoscope
system 300, However, the system 10004 may inchude two white light sourcss {eg.,
Xenou, elc.}, as will be discussed below, which provide Hlununabon wnstead of three white
{Xenon} light sources for illumination to form the night image and another three Xe light
sources for tumination to form the left image as was described above 1n connection with
the embodiment of FIG. 8. Accordingly, the system 1900A includes one right hght source
1010 15 for Hlonuination to form the right image, and one left ight source 102015 for
tHununation o form the left image. This 1s achieved using a right rotating wheel 1080
having a single opening RS for sequentially thhuminating RGB right channels or light
amupdes HI7Q, 1072, 1074 (inside the endoscope 502) that include RGB hhers, respectively,
such as ai their entrance or exit ends 150, 1060, similay to the embodiment described in
connection with FIG. 2C. Similarly, a left hight source 1020 provides white light through
the opemng 1087 of a left rotating wheel 1082 for sequentially ilaminating one al a time
the entrance side 1050 of left channels or light guides 1075, 1077, 1079 thatinclude RGB
fifters, respectively, The right and {eft lght sources 1080 and 1020, respectively, may be
controlted by the controller 393 (FIG. 5). Similarly, the right and left wheels 1085 and
HORZ, respectively, may be controlled by the controller 395 (FIG. 5) to rotate at a desived
angular frequency {w) and may be synchronized with operaticon of the right and fefi sources
HORO and 10240, respectively, anddor the FPA. The right and left hight puides 1070, 1072,
1074, 1073, 1077, 1079 are coupled to the illuminators 130 for theninating the ROE 113,

FIG. 10B 15 o schematic view of a system 10008 in accordance with an
embodiment of the present svstem. In the system [G00B, light from a white sowrce 1010
such as a Xenon lang may be selectively passed through single rotating wheel 1083 having
first, second and third apertures HIISR, 103RG, and 1038B, respectively, used to vecetve
white Hght from the source 1310, for example. The three gpertures 038R, HI3&G, and
1034B are respectively covered with, or mnchude, red, green, and blue filters, where sach
filter includes both the right and left band portions. More particularly, the first aperture
FORBR 15 mcludes a RRy, filier, the second aperture 138G nchudes a GpGy, Ailter and the
third aperture 1038B includes a filter ByB, filter. Accordingly, the three apertures 1038R,
FOARG, and 10388 each may pass Heht of a different color spectrum as iHlustrated in FIG.
HOC which is a praph of colors passed through the frst thwough thivd apertares 1038R,

HOIRG, and 1038B, respectively, in accordance with an embodiment of the present system.
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During use, ReRy, GGy, and BrBy, filters of the first, second and third apertures 103&R,
1O3IRG, FOIRR, respectively, may pass corresponding colors amd block other colors of Hght
from the source 1310 as the wheel 1383 rotates. Thus, rofation of the wheel 1083 with the
thee apertures sinmltaneously provides both right and left one color (e g, ved, preen, and
blue, in sequence) Hummnation for simultaneously maging both right and lef red images
on the right and lefl areas 1150, 1155 of the FPA 330 shown in FIG. 1B, Accordingly,
after three iluminations with ReRy, GuGy, BrB: in any sequence, the imsge information
obtaimed from the FPA 330 may be processed and a corresponding full color image 1
obtamed.

FIG. 11A shows an imaging svstem 1 100A baving an endoscope with a single lens
P13 i secordance with an embodiment of the present systeni. In response to sequential
ilumination, where light having the half-band of a color sequentially {or oue at a time}
dluminates the ROL 113 (namely, by six sequential iflumination in any order using the
following six colored lights Re, Ry, Gg, Gi, Br. By, the single fens 1130 may sequentially
receive one at a time six sub-tmages of the right and lefl images from the npht and lef
mtti-band pass filters 710 and 720, respectively, covering the right and lefl pupils 385 and
594, vespectively. The single fens 130 may form the image on the entire {or a substantial
portion of) an image capture area 1110 of the FPA 330, The systemn may process six
sequential images captured during six sequential Hluminations and process the six
sequential nages to form a full sterep {e.g., right and lefi} color nnage. The six seguential
images may corvespond with a sequential formation of RGRB right and RGB lefi images on
the entire unage capture area 1110 of the FPA 330 {in any sequence such as Ry, Gy, Bg,
Ri. Gy, By, or Rp, Ry, Gy, Gi, B, B, ete.). Thus, the entire or a substantial portion of the
jmage capture area 1110 of the FPA 330 may be used to from a single tmage. With regard
1o the FPA 330, it may have a cross section (2.2, an image capture area} which is shaped
and sized such that an image of sufficient detail may be captured. For example, as shown,
the FPA 630 may inclade a oirenlar cross section 1120, Of course, that shape of the FPA
cross section gndior FPA image portions may any shape, such as circular, oval, sguare,
reciangular, ete.

FIG. 118 shows ap snaging system 1 HOOB having an sndoscope with a duat lens
configuration in accordance with an embodiment of the present system. The endoscope

system 1100B is sinnlar to the endoscope systerm 1100A. However, the endoscope system
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P1008 mcludes two lenses 1140, 1145 {as opposed to a single fens). In response to
sinuitaneous dlomination with both right and lefl sub-colors, the two lenses 1148, 1143
may shmnltoneousty recetve right and left images from the right and lefl multi-band pass
filters 710 and 720, respectively, covering the right and lTeft pupils 885 and 890,
respectively, Each of the two lenses 11480 and 1145 projects an image ol a RO 115 ona
half the FPA area. In particular, the right lens 1140 forms an image on the right FPA area
1130 (e.g., a right halve) and the left lens 1145 forms an hnage on the left FPA area
1188(e.n., left balve). To nunimize cross sectional arga, the FPA may bave an oval cross
section 1168, However, other shapes and sizes are also envisioned. Of course, instead of
the two lenses 1140, 1145, a single lens {suach as the lens 1130 shows m FIG. 11A)Y may be
alse be used to sinwlianeously receive night sud left images from the right and fefy muli-
band pass filters 710 and 720, respectively, in response to simultaneous ilumination with
both right and off sub-colors, such as a frgl iHunmnation using red vight and left lights Ry
and Ry, followed by a second illununation using Gy and Gy, and again followed by a third
ilununation asing By and By, for example. Accordingly, a full color stereo (right and lefl)
color umage 1§ formed using wnage miormation which corresponds with images from three
sequential Honunations, each of which may correspond with:

Ry, Ry, ved right and left images formed (gt one sequence) simultaneousty on the
right and left halves 1150 and 1133, respectively, of the FPA 330, such as at the first
seguential Heination;

Gg, Gy, green right and left images formed at another sequence, such as at the
second sequential iHlumination to simulianeously form right and leff gresn images on the
right and feft halves 1130 and 11335, respectively, of the FPA 336, and

By, By blue right and lefl images formed at the Iinal sequence o simultaneously
form night and left green images on the right and left halves 1150 and 1155 of the FPA
3300,

Afier three time-sequential fluminations, three (superimposed) right and left
images formed on the right and left halves 1150, V155 of the FPA 330, The three time-
sequential tHuminations provide three iluminations i the followmy three bands RgR,,
GrGi. BeBi in any sequence (GG, ReRy, BBy, or BB, GaGi, ReRyp elc} Of cowrse,
if desived, the fisdl color image may be formed after six sequential tHupunations for

providing light in the six bands sequentially, Ry, Gu, Bg, Ry, G, By, or in any other
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sequance,

It 1s also envisioned that a triangulaior may be provided o adiust an aliznment of
nmaging portions (e.g., lenses, ete.} apparatus such that they may be paraltel or non-parallel
{e.¢.. toed inward) to each other. The wangulator may be controlled by automatically by a
controfier/processor and/or manually by a user.

The imaging systems discassed above may be incorporated mto endoscopes such as
seissor-type retating angle MIS endoscopes as will be discussed below with reference with
FiGs. 12A through 21,

FIG. 124 shows a front parspective view of a stereoscopic imaging system 1200 i
accordance with an embodiment of the present system. The stereoscopic imaging syvstem
1200 may mclude an imaging portion which has two lenses 1214 so as to captore
steregscopic images as described above. [Huminators 1212 may receive hght (z.u., RGB,
or white Hght) from a light source (e.¢., LEDs, Xenon bulbs, efe.} via & hight guida(s) such
as a fiber optic cable(s) 1204, and enut lght for tlluminating a ROI for viewmg andfor
image capture, However, it is also envistoned that the illununators 1212 may include fight
from, for example, one or more light sources situated within the body portion 1202 which
may mclude a lens barrel 1210 attached thereto. The body portion 1202 may be sized
and/or shaped as desired {e.g.. round, square, oval, etc.). An image capture portion, such
as a CCD {(Charge-Coupled Device}, CMOS {Complementary Metal Oxide Senuconductor
device), FPA, elc., andfor an lmage processing portion may be included within the body
portion 1202, The FPA may capture images projected thereon by one or more lenses,
filters, pupils, etc., sttuated within the lens barvel 1210, The processing portion may
process the images for iransmission via, for example, one or more power and signal cables
1206 to be displayed on a display. The lens barrel 1210 may be attached to the body
portion 1202 vig an tmerface 1208 such as g bayonet mount, etc. Accordingly, the lens
barrel may be swapped and/or removable from the body portion 1202,

FIG. 128 shows a rear perspective view of a stercoscopic imaging svstem 1200 of
FIG. 124 i accordance with an emnbodiment of the present system. The hmaging portions
of the present system may be incorporated with endoscopes, robotic arms, ete. such as s
shown eisewhere 1o the deseription. However, i is also envisioned that the stereoscopic
nnaging system 1200 may inclade wireless commumication portions which may wirelessly

receive andfor transmit infhrmation.
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FIG. 13 ilustrates a stereoscopic inaging devicg 1308} in accordance with an
embodiment of the present svatemt. The stereoscopic imaging device 1300 may provide
forward and rearvard views of a RO and way be sumlar MIS tools as deseribed in UK.
Patent Application No. 2009/0187072 the contents of which are incorporated herein by
reference. The stereoscopic mnaging device 1300 may include body portion 1318, handles
1306, a shaft 1310, a hnkage portion 1312, a stereoscopic imaging portion 1302, and a
mirror, & lens portion andiéor imaging systems 1304 (such as including a camera portion
1402, 1802 shown in FIGs. 14-18B). The linkage portion 1312 mayv be coupled 1o one of
the scissor-type handles 1306 sach that movement of the coupled scissor-type handle 1306
may result i displacement of the linkage portion 1312, The stereoscopic imaging portion
1302 may be coupled to the linkage portion 1312 such that displacement of the hinkage
portion 1312 may cause the stereoscopic imaging portion to be rotationally displaced or
otherwise deflecied 30 as to change a viewing divection. The steredscopic imaging portion
1302 may capture images which are reflected off of a reflective portion such as surror
§304 so as to capture images of an RO 115 i a rearward viewmp direction (in refation to
the a longitudingl axis of the shaft 1310) ustrated by arrow 1308 at one of more viewing
angles. The angle of the mirror or bnaging system 1304 may be adjusted and locked in
position so that a desired viewing angle may be obtained. Further, the mirror or other
imaging systems may be removed (or otherwise adjustad) so that the stergoscopic imaging
portion 1302 may captire a forward view as Hlustrated by arrow 1309, As will be
described, instead of or in addition to the mirror 1304, the imaging portion 1302 may
inchade rotary devices to rotate the imaging portion 1302, or parts thereof, m onder to
provide rearward viewing.

FIG. 14 tlustrates an endoscope 1400 in accordasce with an emboediment of the
present systent. The endoscope 1400 may be similar to the endoscope 1300 (FIG. 13} and
may wwlude one or more of a body portion 1418, handles 1406, a shalt 1414, g distal end
portion 1422, cables 1412 mcluding a light guide(s) shown as reference nomerad 1420 in
1706 such that one handle 1406 of the handles 1406 may move refative to the body portion
{418, The shalt 1410 mav be coupled at a proximal end to the body portion 1418 and may
be coupled 1o the distal end portion 1422 at its distal end. The shaft 1410 may clude an

opening for receiving a rod (e.g., see, 1416, FIGs. 15-17) which may be coupled at ¢
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proximal end to one of the handles 1406 and may be coupled at a distal end to a gear rack
1432 {FIG. 17y such that displacement of one handie 1406 relative to the other handle 1406
yoay cause displacement of rod 1416 and the gear rack 1432 in a direction which may be
paralle to the longitudinal axis 1413 of the shaft. The camera portion 1402 may be
rodatably coupled to the distal end portion 1422 at pivot 1423 (FIG. 1¥) such that the
camera portion 1402 may rotate about a pivot axis 1414 as dlustrated by arvow 1417 (FIG.
£4). The rotation may be greater than 120 degrees as indicated by arrow 1419 (FIG. 14).
Accordimgly, the camera portion 1402 may rotate by about £120 degrees honzontally about
its pivol axis 1414,

As shown in FIGs. 14-15 and 17, the camera portion 1402 may inclede a pimion
1430 (FIG. 17) which may engage the gear rack 1432 such that movement of the rod 1416
{e.g.. caused by displacement of the handle portion 1406 coupled therete) in a direction
which is longitudinat o the shaft 1410 may cause the camera to rotate about the pivel axis
f414. Accordingly, when the handle 1406 which is coupled to the shali is displaced
refative to the other handle 1406, the rod 1416 15 displaced m a direction which s relative
o the longitudinat direction of the shaft 1410, The cables 1412 may include a higlt guide
andior transmission reception cables, ete. for transmithing {e.g., tmage information, etc.)
and recetving {e.g., control comumands, power, ete.) various ixformation andior power.
However, 1 is also envisioned that Information may be transmitted and/or recaived using a
wireless communication method. The hight guide 1420 may inclade a fiber optic hine
which may couple an illuminator {e.g., see, 1442, FIG. 16} of the camers portion 140210 a
hight source such as a Xenon, LED, or other light sourca,

FIG. 14 15 a detatled view of the distal end portion 1422 of the endoscope 1400
{shown by a dotted circle labeled 15w FIG. 14} in accordance with an embodiment of the
present systent. The cameryg portion 1402 is shown rotatably displaced such that side
facing inages nwy be captured. The rod 1416 may be held v position against the pinion
{e.g., see, 1430, FIG. 17) by a raif or track 1432,

FIG. 16 15 a detatled view of the distal end portion 1422 of the endoscope 1400
{(FIG. 14) ia accordance with an embodiment of the present systeny. The camera portion
1402 may inchsde a body portion 1436 which may inchude two lugs 1438 which may
engage covresponding opemings 1440 i the distal end portion 1422 which may define the

-

pivot axis 1414 (FIGs. 17-18) about which the camera portion 1402 may rotate.
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In another embodiment, a redatable interface between the hight gwde 1420 and the
camera 1402 provides for easier votation of the camera 1402, The rotatable interfuce
comprises the at least one periscope which may be ased along with at least one fiber optic
cable to direct light from light sources to the distal end of the camera to iluminate the RO
LIS, Ulustratively, one of the lugs 1438 comprises the periscope connected {o the hight
guide 1420, e.g., a fiber optic cable that recerves hight from a hight source{s} and provides
light to one end of the periscope. The periscope comprises angled reflectors e.g., at 48
degrees, for directing Light from one (or entrance’ end o another {or exat) end of the
periscope. The angled reflectors may be one nitrror at the periscope entrance end {0
receive light from the fiber optic 1420 and reflect light to another murror located at the exit
end of the periscope. The second mirror reflects the hight frons the first mirror to exit out
of the periscope exit end and to reflect from a surface, such as the miernal surface of the
camera portion 1402, which is mternally coaled. Light reflected from the miternal surface
of the camera housing is directed to exit from the front surface of the camera to Huminate
the RO 115, For example, the reflected light exits from the periphery of the camera front
surface shown as an dluminator 1442 s FIG 16,

The body portion 1436 may inchude the tluminator 1442, winch may comprise a
diffuser to provide diffused illumination of the ROL, for example, fron: ground the body
periphery. The tluminator 1442 may mclude an optically conductive material {e.g., ulass,
plastic {e.g., polvcarbonate}, nuneral, etc.) and which may have an optically reflective
coating 1446 (FIG. 17) applied o a surfirce thereod] such the internal surface that receives
light from the penscope exit end and reflect the Heht out to fonm the ilumunator 1442,
Accordingly, Heht which enters the optically conductive matesial of the body portion 1736
{e.g.. from the hght source via the light guide 14203 may be directed cotward from a front
side of the Hluminator 1442 as tlustrated by arrow 1448, The tlonunator 1442 may be
coupled to the light guide 1420 ysing any suitable method such as a mirror, an optical ship
ring, divect couphing, etc. An image capture portion 1454 may captwre mages which may
be processed and/or transmitted on a display of the systent. The image capture portion
1454 may inchude a stereoscopic imaging apparatus as disclosed herein, e g an FPA, or
may wmclude a commercial off the shell (COTS) camera(s) such as a wireless PILLCAM™
or the hke.

FiG. 17 Is a detailed view of the camerg portion 1402 of the endoscope 1400 in

L
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accordance with an embodiment of the present svstemi. The pinioa 1436 may be attached
o oy formed integrally with a corresponding oue of the luys 1418 and iy shown engaging
the gear rack 1432, The mage capture portion 1434 may mclode one or more apertures
1450 through which 2D and/or stereoscopic andfor 3D images may be capiured,
Accordingly, for example, two inner apertures niy be located in an interior portion of the
mage capture portion 1454 and may view a RO via the aperture 1450, However, itis also
envisioned that two apertures 1450 spaced apart from each other may also be included. as
described.

FIG. 184 15 a detailed view of g distal end portion 1822 of an endoscope 1806 in
accordance with an embodiment of the present system. The endoscope 1800 may be
simifar to the endoscope 1400 of FIG. 14, However, the camera portion 1802 may include
apertures 1830 (through which images mav be captured) to provide a forward view shown
by arrow 1860 in FIG. 18B. The camera portion 1802 is handedly or rolatebly attached via
the two lugs 1438 which In this case are offset from a ceterhine of the camera portion
§802 such that the camera portion 1802 may be rotated by about 180 deyrees about its
offset prvol axis 1814 1o provide a rearward view, shown by arvow 18635 FIG. 188,
which 1s substantially along a longitudingl axis of o shalt portton 1810 {which 15 similar 1o
shaft 1410 shown in FIG. 14) to which a distal end portion 1822 15 attached. An
iHuminator 1842 may be similar to the illuminator 1442 {shown in FiGs. 14-17) and may
provide iilumination (o an ROL

FIG. 19 shows a How diagram that Hlustrates a process 1900 in accordance with an
embodiment of the present svstem. The process 19640 may be performed using ong or e
computers andi/or processors, e.g., communicaiing over a network. The process 1900 can
mchide one of more of the following acts. Further, one or more of these acts may be
combined and/or separated into sub-acts, i desired. In operation, the process may start
during act 1901 and then proceed to act 1903,

During act 1903, the process may capture images in accordance with an
embodiment of the present system., Accordingly, the process may perform a stereoscopic
image capture process 1o capture & plurality of left andor right images of an ROT 115, as
described, using ithanination from one or move sowrces. Then, the process may continue
10 act 1903,

During act 1903, the provess may digitize snd process the right and lefl images
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captured during act 1903 so as to form corresponding stergoscopic image information, e.g.,
using ISOC (340 in FIG. 3) andéor processori{s¥yoontroller(s) 2010 shown m FIG. 26,
Then, the process may continge 1o act 1907,

During act 1907, the process may display the processed stereoscopic images
nformation, e.g., on a rendering device 2030 (FIG. 209 such as the display 335 shown in
FIG. 5, using a method suttable for displaying stercoscopic images. Then, the process may
continge 1o act 1909,

During act 1909, the process may store the processed siergoscopis image

information in a memory 2020 (FIG. 20 of the system. Then, the process sy end at act
191l

F1G. 20 shows a portion of a system 2000 (e.g., stand alone systam, peer, server,
device interconnected through a network, wived and/tr wireless, eic } in accordance with
an embodument of the present systeny meluding an endoscome unit 2096 connected to a
network 2080 and a user mterface mputioutput device 2070, For example, & portion of the
present system may inchde 3 processor 2010 operationally coupled to a memory 2024, o
display 2030, a camera portion 2040, and a user input device 2076, The memory 2020
may be any type of device for storing application data as well as other data related to the
described operation. Application data, e.g., stored in memory 2020, and other dats are
recetvad by the processor 2010 for configuring {e.g., programming} the processor 2010 o
perform pperation acts in accordance with the present system. The processor 2010 s0
configured becomes a special purpose machine particularly suited for performing in
accordance with the present systeny, such as to correlate right and left sub-imaus
information {0 form a stereoscopic 3D anage mformation for display on the rendering
device, e.g., display 2030

The camera portion 2040 may include one or more lenses 2042, filters 2044,
inage capture portion 2046 {e.p., an FPA  etc ), and an iluminators 2048 and may operate
under the control of the processor 2010, The camera portion 2040 may operte as a still
camera, a video camera, a 3D camera, etc. The processor may conirol or be configured to
cowtrol process the image information front the camera portion, niay form corresponding
image information (such as 313 image information}, and may store the processed image
information in accordance with one or more standards such as, for example, an MPEG4

{Motion Picture Experts Group ~4) standard. The processor may control or also be further
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configured o control Hght sowrces (e.g., EEDs, Xenon bulbs, ete) which may provide fight
such as white light or RGB {e.g., red, green, andior blae) Hght to the tllununators 2048,
The sysiem may further inclade a synchrowizer, andéor the processor may be farther

configured to synchwonize operation {e.g. timing, etc.) of one or more of the light sources,

£

itluminator, optical {ilters, optical image capturing devices {e.p., the FPA), and image
processors 1o operate i synch with each other. Further, the system may inchude an image
correlator, andfor the processor may be further configured to correlate data andfor sub-
images caplured by the image capturing devices {e.g., the FPA) and form therefrom full 3D

andior stereoscopic images, such as by superinposing 3 or 6 sub-images obtained during

O

10 sthowination seqoences, for example, obtained duning 3 or 6 sequences of (lumination with
different color lights, as described.

The operation acts may include requesting, providing, and/nr rendering of content
such as processed image mformation to render inages such as dersoscopio/3D images on a
display of the system. The user input 2070 may include a keyboard, mouse, trackball,

15 scissor mechanism, lever, remote control, or other device, mcluding touch sensitive
displays, which may be stand alone or be a part of a svstem, sueh as part of a personad
computer, personal digital assistant, mobile phone, set top box, television or other device
for commuiicating with the processor 2010 via any operable Hnk. The user input device
2070 may be operable for interacting with the processor 2010 inchuding enabling

20 iteraction within a Ul as described heremn. Clearly the processor 2010, the memory 2020,
display 2030 and/or user input device 2070 may all or partly be a portion of a computer
system ot other device such as a client andfor server as described herein.

The methods of the present system are partioularly sutted to be carmed ot by &
computer software program, such program containing modules corresponding to one or

25  wore of the individug! sieps or acts described and/or envisioned by the present system,

Such program may of course be embodied in a computer-readable medrum, such as an
ntegrated chip, a peripberal device or memory, such as the memory 2320 or other memory
coupled to the processor 2310,
The program and/or program portions contained n the memory 2020 configure the
¢ processor 2010 {0 implement the methods, operational acts, and functions disclosed herein.
The memories may be distributed, for example between the clients andfor servers, or local

and the processor 2010, where additional processors may be provided, may also be
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distributed or may be singular. The menonies may include o nos-transtiory memory. The
memories may be implemented as slecirival, magnetic or optical memory, oy any
combination of these or other types of stovage devices. Moreover, the term "memory”
should be construed broadly enough to encompass any information able to be rend from or
wrilten 1o an address in an addressable space accessible by the processor 2010, With this
definition, information accessible through a network s still within the memory, for
instance, because the processor 2010 may retrieve the information from the network for
opsration in accordance with the present system.

The processor 2010 is operable for providing control signals andfor performing
operalions 1 response to mput signals from the user mput device 2070 as well as in
response 1o other devices of a network and executing instructions stoved in the memory
2020, The processor 2010 may be an apphication-specific or gensral-use hxeyrated
givcuit{s). Further, the processor 2010 may be a dedicated processor for performing in
accordance with the present systent or may be a general-purpose processor wherein only
ong of many functions operates for perfornung i accordance with the present system. The
processor 2010 may operate wilizing a program porbon, multiple program segments, ot
may be a hardware device utithzing a dedicated or multi-purpose inteprated clrouit,

Further variations of the present systems would readily occur to a person of ordinary
skill in the art and are encompassed by the {ollowing clainss, including combination
various elements of different embodiments, such as using a monochrome or a color FPA
with any ong of the embodiments, and combinations thereof, using 3, 6 or different
nunbers of colors/sub-colors for sequential iHumination of the RO and/or fornation of
images on the single FPA, using the entire FPA {0 image one sub-image and/or using FPA
potions to simultaneously image at least 2 sub-images on at least two portions of the FPA.
Through operation of the present system, g virtug! environment solicitation is provided to a
user to enable simple immersion mto a virtual environment and its objects.

Finally, the above-discussion is intended to be merely Hlustrative of the present
system and should not be consirued as linuting the appended claims to any particular
embodiment or group of embodiments. Thus, while the present system has been described
with reference to exemplary embodiments, it should also be appreciated that mumerous
modifications and ablernative embodiments may be devised by those having ordinary skall

in the art without departing from the broader and intended spirit and scope of the presemt
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systen as set forth in the claims that follow. In addition, any section headings included
herein arg infended to faciliate a review bat are not intended to Him the scops of the
present systent. Accordmgly, the specilication and drawings are to be regarded i an
iHustrative manner and are not intended to linut the scope of the gppended claims.

In interpreting the appended claims, it should be understood that:

a) the word "comprising” does not exclude the presence of other elements or
acts than those listed 1n a given claim;

b} the word "a" or "an" preceding an element does not exclude the presence of

a phurabity of such elements;

¢l any reference signs in the clams do not hout thewr scope:;
d) several "means” may be represented by the same item or hardware or

software implemented structure or function;
e) any of the disclosed elemenis may be comprised of hardware portions {e.g.,
mcluding discrete and integrated electronic circunitry), software portions {e.g., computer

programming}. and any combinafion thereof]

£} hardware portions may be comprized of one or both of analog and digitad
portions;
8} any of the disclosed devices or portions thereof may be combined together

or separated into further portions unless specifically stated otherwise;

hy ne specific sequence of acts or steps is intended o be required unless
specifically indicated; and

i} the term "pluralty of" an element includes two or more of the claimed
slement, and does not imply any particular range of munber of glements; that is, a plaralily
of elements may be as few as two elements, and may clude an mymeasarable number of

alements.
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What is claimed 1

1. An endoscope for providing a stereoscopic three dimensional image of a region
of inerest inside of a body, the endoscope conprising:

a housing having a distat end and a proximal end, the distal end being mnsertable
mto a cavity of the body;

an imaging device at the distal end Tor obtaining optical images of the region of

mterest, and processing the optical images for forming video signals; and

a connecling device hetwesn the imaging device and the proximal end for
connecting the imaging device to an dluminanon source and a display, the connecting
device providing the video signals to the display for displaying the oputical images of the
region of mnterest;

whergm the maging device comprises:

a single focal plane detector array at a front end facing the region of interest
for obtaining the optical images, and processing circuits at 8 back end behind the single
focal plane detector array so that the processmng circuits does not enlarge a oross section of
the imaging device, the processing circunts being configored to convert the optical images
into the video signals;

a right pupil for receiving a right image through a right multi-band pass
filter having right three pass bands;

a left pupil for recerving a left image through 8 leftmalt-band pass filier
having left three pass bands, wherein the night nuulii-band pass filter having the right three
pass baads is the complement of the left multt-band pass filter having lefi three pass bands;

a lens system for imaging the nght image and the lefl image divectly on the
single focal plane detector array, and

iymingtors for llominating the region of interest through a mulii-band pass
filter having the right three pass bands and the left three pass bands, wherein the multi-
band pass filter 1s maiched to the right mulii-band pass filter and the left multi-band pass
fifter so that when the right pupil receives hight reflected fron the region of interest then

the left pupii 1s blocked frons receiving the light.

W:
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2. The endoscope of claim |, wherein the right three pass bands are separated by
vight stop bands and the {eft three pass bands are separaied by left stop bands, the right stop
bands nalching the left three pass and the lefi stop bands matching the nght three passg
bands.

3. The endoscope of claim 1, wherein the iHlaminators provide tHhomination
controlied by a controller for sthuminating the maging device through the multi-band pass
filter so that the region of mterest s tHluminated one at a time by hght within one of the

right three pass bands and the lefl three pass bands.

4. The endoscope of claim 1, wherein the night three pass bands and the left three
pass bands are within a visible specirum having three primary colors so that each prumary
color is divided mio a right primary color and a left primary color, the nght primary color

being a metamer of the left primary color.

5. The endoscope of claim 1, wherein the conpecting device comprises a cable
ncluding:

right hight guides for providing a right tHununation at the tHuwminators including
providing one at & time right sub-lights at the right three pass bands from the right nwit-
band pass filigr; and

a left Hght guide for providing a feft iflunuimation at the ilhuminators meluding
providing one at a time lefi sub-lights at the left three pass bands from the lefl multi-band

pass filter.

6. The endoscope of ¢laim §, wherein the vight nwta-band pass filter s
iluminated by a right white light source through a right rotating wheel baving an aperture
for providing a right white bgbt one at g tme to the right multi-band pass filter; and
wheremn and the left multi-baad pass filier s dluminated by a left white light source
through g left rotating wheel having an aperture for providing a lefl white light one at a
time to the {eft muiti-band pass filter; wherein the right and left multi-band pass filters are
located at entrance sides or exat sides of the right bight guides and the a left Heht puide,

respectively,
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7. The endoscope of clatm §, wherein the nght multi-band pass filter is Huminated
by a while hght source through a single rolating wheel having three apertuves for
sequentially providing:

a red light through a red mulii-band pass filter having right-red and lefi-red bands
to the right pupil and the left pupil,

a green light through a green multi-band pass filter having right-green and lefi-
green bands to the right pupii and the left pupd, and

a blue hight throagh a bloe mudti-band pass filter having right-blue and lefi-blue
bands to the nght puptl and the left pupil;

wherein a full color image is collected after three sequential illuminations through

the three apertures of the single rotating wheel.

8. The endoscope of claim 1, wherein the connecting device comprises lght guides
Hlununated by three right white light sources for providing a right tHumination including
providing one at a time right sub-lights at the right three pass bands from the right multi-
band pass filter; the Hght guides being further (Hhuminated by three left white light sources
for providing a lefl itlumination including providing one at a tinse lefl sub-hights at the left

three pass bands from the left multi-band pass filter.

9. The endoscope of claim 8, wheremn the three right white light sowrces each have
a bandpass [ilter having one of the right three pass bands, and the three left white light

sources each have a bandpass {ilier having one of the left three pass bands.

10, The endoscope of claim 1, wherein the lens svstem comprises a lens configured
o image the right image and the lefl image, one 8t a time, on substantially an entire area of

the single focal plane detector array.

11. The endoscope of claim 10, whereint a cross section of the imaging device is

substantially circular.

=)
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12, The endoscope of claim {0, further comprising a controlier for time-
multiplexmng the vight image and the Jefl mmage mmaged sequentially on the smgle foeal

plane detector array,

13, The endoscope of claim 1, whergin the lens svstem comprises two lenses
configured to image the right image on a first portion of the single focal plane detector

array, and image the lefl image on a second portion of the single focal plane detector array.

14, The endoscope of claim 13, wherein a cross section of the nnaging device Is

substantially oval.

15, The endoscope of claim 1, wheramn a footprint of the imaging device 15

substantiatly dentical to a foolprint of the single focal plane detector array.

16, The endoscope of claim 1, wherein the imagmg device 13 formed from stacked
favers stacked axially along a longitudinal axiz of the endoscope, the imaging device
having the single focal plane detector array at the front end and the processing circuits
formed on at least one laver stacked at the back end of the imaging device over the single
focal plane detector array, the at least one layer being connecied to the single focal plane

detector array through connection unps.

17. The endoscope of claim 1, wherem the inmaging device comprises a folded
substrate having the single focal plane detector areay at the front end and the procassing

cireuits at the back end of the imaging device.

18, A dual objective endoscope for insertion mio a cavity of a body for providing a
stereoscopic three-dimensional image of a region of interest inside of the body comprising:

a first bore having a first lens for receiving first image rays from the region of
nyerest;

a second bore baving a second lens for receiving second image rays from the region

of nterest:
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iluminators for sequentially Hununating the region of interest with red, green and
blue Halds: and

a single focal point array for sinaltaneously imaging the first image rays and the
second image rays on different first and second areas of the aray,

wherein a full color image is collected afler three sequential thaminations with the

red, green and blue hghis, respectively.

19, The dual objective enduscope of clanm 18, wherein the dluminators arg
coupled through at feast one light guide to at least ove light source external 1o the body for

providing the red, green and blue lights.

20. The dual objective endoscope of elatny 19, wherein the ot least one hight source
comprises a white Hght source and a rotating color wheel with three openings covered with
red, green and blue filiers, respectively, for sequentially providing the red, green and blue

hights upon rotation of the color wheel.

21. The dual objective endoscope of claim 19, wherein the at Jeast one hght source
comprises red, green aird blue LEDs and a controller for sequentially turning the red, green

and blue light sources one at a ime.

22, The dual objective endoscope of claim 19, wherein

the at least one light guide comprises three light guides having rad, green and blue
{iliers, respectively;

the at least one hight source comprises a white hight source and a wheel; and

the wheel has gn opening that, apon alignment with one light guide of the three
fight puddes when the wheel rotates, allows the white fight 1o pass through the one hght
guide, for providing sequential tHumimation of the three Hght gwides due 1o rotation of the

wheel,

23, A medical imaging system comprising

i3
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a rigd shaft having proximal and distal ends and an opening situated between the
proximal and distal ends, the shafi defining 2 longiindinal first axis extending between the
proximal and distal ends;

a rod having proximal and disial ends and situated within the openiag;

n

first and second handles coupled to the shaft at the proximal end of the shaft, one of
the first or second handles coupled to the rod a proximal end of the rod;

an imaging portion situated at the distal end of the shaft and coupled to a distal end
of the rod such that displacement of one of the first and second handles towards the other

of the first and second handles rotates the imaging portion about 8 second axis.

O

24. The medical imaging systent of claim 23, further comprising 8 camera coupled
1o the imaging portion, the camera being a two- dimensional camera o 3 tlree-dimensional

CAmera.

15 25, The medical imaging system of claim 24, wheram the tmaging portion further

comprises an Honunation source for providing lwmemation in g direction of the camera.

26. The medical imaging systent of claim 25, wherein the imaging portion further
comprises a periscope between the illumination source and the camera,
20
27, The medical imaging system of claim 23, further comprising a rack coupled to
the distal end of the rod, wherein the inaging portion further comprizes a pinion coupled ©

the rack and having an axis which 15 parailel to the second axis.

28 28, The medical imaging system of claira 23, wherein the camers has a viewing

direction: which can rotate more than 120 degrees about the second axis.

29. The medical imaging system of claim 23, wherein the camera has g viewing
direction projects substantially forvard or rearward along the longitudinal first axis of the

& rigd shaft.
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31 An endoscope systent for obtaining three dimension (3D} mnages, the

gidoscope system compising:
a multi-bandpass filter which sequentially passes a different color spectrum of hight
of a plurality of color spectrums of light during an image illunmnation interval such that a

different color of light is passed during each mage ilumination sterval of a plurality of

mmage dlamination intervals which form an image ithanination pertod;
an image capture portion which sequentially captures a plurality of images each
corresponding with a different color spectrum of hight which passes through the mwlis-
bandpass filter during a comresponding image ihunination interval of the plurality of inwage
10 illumination intervals;
an image processing portion wiich processes the sequentially captured plurahity of

images for each image Hlumination mterval of and forms corresponding 3D tmaus
wmformation corresponding with a plurality of the sequentially capiured pluralily of images;

and
a three dimenstonal display which renders the 3D image mformation,

&
31. The endoscope system of claim 30, forther comprising an ithunination source
configured to sequentially cutput the different color spectrun of light dunng each mmage
iHumination interval such that different color specirums of light are cutput during any two
20 successive mage dhonination intervals of the plurality of image illomination intervals.

32. The endoscope system of claim 30, wherein the multi-bandpass filter further

COTRPTISes:
a motor; and
a disk having one or more opemings and coupled 1o the motor, wherein the molor

rotates the disk at a rotational frequency which 1s mversely related {0 inage hununation

25
period.
33, A medical endoscope system for obtamning three-dimensional images, the
3 medical endoscope svstem comprising:
a multi-bandpass optical filter which sequentially passes a different color spectram

of light, of a plurality of color spectrums of light, during an tmage ilhunination interval;
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an image capture portion which sequentially captures a plurality of images each
corresponding with a different color spectrum of light which pasaes through the multi-
bandpass optical filter; and

an image processing portion which processes the sequentially captured plurality of
tmages for each image dlomination interval and forms corresponding 3D image

mformation.

34, The medical endoscope systeny of claim 33, further comprising:

an ilomiination scawee configured to sequentially outpt different color specirums
of bght; and

a three dimensional display whuch renders the 3D image nfonmation

35, The medical endoscope system of clan 33, wherain the pudi-bandpass oplical

filter further compnises disk having one or more openings forming pupils.

36, The medical endoscops system of claim 33, wherein the malti-bandpass filiar

is located at a distal end of the endoscope.

37, A methed to obtai three dimensional images from an endoscope, the method
comypirising acts off

sequentially passing a different color spectrom of hight of a plurality of color
spectrums of light through a nuulti-bandpass filter during an image iumination interval
such that a different color of light 15 passed through the multt-bandpasy filter duwing each
ymage iHumination interval of a plurahty of image Hlunination itervals which form an
image Hhamination period;

sequentiglly capturing § plurality of images sach corresponding with a different
color spectrom of Hight which passes through the multi-bandpass filter during a
corresponding unage dHlumination interval of the plurahity of image llumination intervals
using an image capture portion; and

processing the sequentially captured plarality of images for zach fmage
ithonination interval and forming corresponding 3D image wformation corresponding with

the sequentially captured plurality of fimages using an image processing portion.

=)
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38, The method of clatm 37, further comprising acts of

sequentially oulputiing the different color spectrim of light during each image
iHumination interval such that different color spectroms of hight ave cutpuwt during sy two
successive hinage hanination intervals of the plurahity of image itHumination intervals; and

renderimg the 3D image information on a display of the system configured o
display three dimensional images.

7
!

3%, The method of claim 37, further comprising an act of selectively controlling
the multi-bandpass optical filter to pass only currently selected spectrum of Hght of the

plurality of color spectrums of Hght each different from each other.

40, The method of claim 37, further comprising an act of synchronzing two or
more of an Hlunmiator, a multi-bandpass optical filter, and an image capture portion 1o

operate substantially syachronously with each other.

41. A method to obtain three dimensional mages from an endoscope, the method
comprising acts of)

sequentially passing a different color spectrum of Hght, of a plurality of color
spectrums of lght, during an image Hlumination imterval using 8 melti-bandpass optical
filter;

sequentially capturing a plurality of images each corresponding with a different
codor spectriom of hght which passes through the multi-bandpass optical filter using an
mage capture portion;

processing the sequentially captured plurality of imuges for each image
itlumination interval and forming corresponding 3D mage information ysing an image
processing poriton; and

rendering the 3D muage information on a display of the system configured to

display three dimensional images.

42. The method of claim 41, further comprising siteating an optical leng portion of

the endoscope between the multi-bandpass optical filter sand the image processing portion
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at a distal end of the endoscope at an end of the endosvope and within a body barvel of the

gndoscope.

43. The method of claim 41, further comprising an act of forming the main body

barrel of the endoscope to have proximal and distal ends and an outside diameter less than

£

& mum at the distal end.

44, The method of claim 41, finther comprising an st of siuating the nuli-
bandpass filer ata distal end of the endoscope.

16
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