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Video Endoscopic Device

The invention relates to a video endoscopic device, comprising an endoscope shaft and a
camera head, in which two separate stereoscopic partial images are projected onto a
common image sensor or two image sensors. These partial images can be converted into
a stereoscopic image by means of an image processor and depicted on a stereoscopic

5 screen.

Conventionally, stereoscopic surgical microscopes are used during surgery. In minimally
invasive surgery, these instruments cannot be used and the operating medical practitio-
ner can observe the operating site situated in a body opening only by means of an endo-
scope or other special aids. When performing such operations, stereo endoscopes pro-
10 vide additional depth information compared to conventional mono-endoscopes. Stereo-
scopic video endoscopes moreover enable image observation on a screen or on multiple

screens and the storage of videos.

A stereoscopic video endoscope can be designed according to the principle of the rigid
endoscope with two parallel beam paths. Here, two objectives arranged next to one
15 another generate two intermediate images, which depict an object situated in front of the
endoscope from different viewing angles. There is image transmission to the proximal

end of the endoscope shaft by means of two parallel transmission optical units. There,
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images can be projected onto one or more image sensors, such as e.g. CCD- or CMOS-

type image sensors.

US 5,295,477 discloses a rigid stereo endoscope and a tube-like stereo endoscope made
out of collar elements. The endoscope contains a guide or lenses in order to transmit an
optical image from the end of the endoscope to a microscope connected to the endo-
scope. An optical waveguide contained in the endoscope transmits light from a light
source into a biological specimen. A movable prism is attached to the end of the endo-

scope.

US 5,527,263 discloses a rigid visual stereo endoscope with rod lenses. The endoscope
contains two deflection prism pairs comprising a respective first prism coaxially with the
respective optical system and a respective second prism which re-aligns the viewing axis
in parallel with the optical axis. Transparent protection elements are arranged in the beam

paths.

US 4,651,201 combines a stereo endoscope containing rigid rod lenses with two cameras.
The cameras transmit two stereoscopic images to two screens which are attached to a

head-worn implement in front of the eyes of the user.

US 4,862,873 discloses a video endoscope containing rigid rod lenses, comprising two
image sensors, which contains an optical waveguide and an image guide. A stereoscopic

image is generated by a change in the functions of the guides.

A rigid stereoscopic video endoscope with rod lens systems for image transmission is
disclosed in US 5,577,991. The video endoscope contains two parallel beam paths, in
which there is image transmission by means of rod lens systems. At the proximal end of
the endoscope shaft, plane mirrors direct the respective beam onto two image sensors.
At the proximal end of the optical arrangement, a visual field stop is attached in the re-
spective beam path. The visual field stops and plane mirrors can be adjusted in order to

set the position of the images on the screen.

US 6,139,490 discloses a stereo endoscope and virtual reality glasses which can be

connected therewith.

US 5,751,341 discloses a stereo endoscope comprising a plurality of shaft parts, as a

result of which the shaft is rotatable.
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US 6,108,130 discloses a stereoscopic lens system and a stereoscopic image sensor
with a pair of fields. A reduced distance between the images on the image sensor is
obtained by an image redirection of the image information by means of the gradient lens

from the image collection systems to the fields of the image sensor.

US 6,582,358 discloses a stereo endoscope with a third beam path. The third beam path
contains an optical device with a larger viewing angle than the optical devices used for

stereoscopy.

US 7,671,888 discloses a stereo endoscopic screen control device with a masking sys-
tem.

US 5,776,049 discloses a stereo endoscope with an adjustment control loop.

WO 2011/014687 A2 discloses a stereoscopic video endoscope with parallel image
transmission. The image is obtained through light openings at the distal end of an endo-
scope shaft and transmitted in two stereoscopic partial images through the endoscope
shaft to one or two outlet optical units, which project the image onto an image sensor of a

camera.

The basic design of a rigid monoscopic endoscope with rod lenses emerges from the
patent document US 3,257,902. In an elongate tube, an objective and rod lens systems
are arranged in succession along a common optical axis. The rod lenses serve for image
guidance to the proximal end of the tube. An eyepiece, which generates a virtual image
visible to the human eye, is arranged behind the proximal end of the tube. The image

generated by the eyepiece can also be recorded by a suitable camera.

The invention is based on the object of developing a stereoscopic video endoscope,
according to the principle of the rigid endoscope with two parallel beam paths and rod
lens systems for image guidance, in such a way that adjustment-sensitive components
are avoided and simple production is made possible. Convenient handling of the endo-
scope and use of high-resolution image sensors are to be made possible in the case of a

small diameter of the endoscope shaft.

According to the invention, this is achieved by a video endoscopic device comprising two
parallel optical arrangements, which, together, are arranged at least in part in the interior

of an endoscope shaft, and a camera head arranged adjacent to or adjoining the proximal
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ends of the optical arrangements. The optical arrangements each comprise optical com-
ponents, arranged coaxially with one another along a respective common first optical axis
of the optical components of a respective optical arrangement. Each optical arrangement
is configured to transmit an optical image from a distal end of the respective optical
arrangement to a proximal end of the respective optical arrangement. The camera head
comprises at least one image sensor comprising at least one recording plane and at least
two projection objectives. By way of example, the image sensor can be a CCD colour
sensor, a CMOS colour sensor or the like. Here, each one of the projection objectives has
a respective second optical axis and is arranged and configured to project an image onto
the image sensor. The optical arrangements each comprise a collimating optical unit,
arranged at the respective proximal end thereof, for generating an at least approximately
parallel beam path at the outlet of the respective optical arrangement. The collimating
optical unit has a third optical axis that is arranged coaxially with the optical components
of the optical arrangement or laterally offset by at most half a diameter of the collimating
optical unit from the respective common first optical axis of the optical components of the
optical arrangement. Each one of the at least two projection objectives is arranged and
configured to image the parallel beam path, generated by a respective collimating optical
unit, on at least one focus in the at least one recording plane of the at least one image
sensor. At least one of the projection objectives is arranged so that the respective second
optical axis has a lateral distance, measuring at most half a diameter of the projection
objective, from the respective third optical axis of the collimating optical unit which gener-
ates the parallel beam path, the projection objective being arranged and configured for
imaging said parallel beam path on the at least one focus. As result of this, the parallel
beam path enters the at least one projection objective with a lateral distance from the
second optical axis of the at least one projection objective. The latter means that a central
ray propagating along the third optical axis of the collimating optical unit enters the projec-

tion objective with a lateral offset to the second optical axis thereof.

In this text, the optical axis should be understood to mean that straight line which corre-
sponds to the axis of symmetry of an optical component. Furthermore, the common
optical axis of an arrangement of optical components is to be understood to mean that
line which is formed by the optical axis of the individual optical components. This means
the common first optical axis elongates along the optical axes of each of the optical
components of each one of the two parallel optical arrangements. Each second optical
axis elongates along each one objective and the third optical axis elongates along each
one collimating optical unit. The third optical axis is aligned with the first optical axis of

one of the two parallel optical arrangements, when the collimating optical unit is arranged
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coaxially with the optical components of the optical arrangement such that the third opti-

cal axis forms part of the first optical axis.

Each one of the parallel optical arrangements transmits an image — a so-called stereo-
scopic partial image — from the distal end of the optical arrangement to the proximal end
of the optical arrangement. A collimating optical unit, which generates a parallel beam
path, is arranged at the distal end of the optical arrangement. Each one of the parallel
beam paths containing the stereoscopic partial image is incident on a projection objective
and enters the latter with a lateral distance from the second optical axis of the projection
objective. As a result of this, the two stereoscopic partial images are deflected in such a
way with respect to one another that the lateral distance between the two stereoscopic
partial images is modified. By way of example, if the lateral distance between the two
stereoscopic partial images is increased, this renders it possible to separate the stereo-
scopic partial images so far from one another that they can be imaged on the recording
plane of the image sensor in such a way that the two stereoscopic partial images can be
output as a stereoscopic image signal on a stereoscopic screen. The respective stereo-
scopic partial image corresponds to a view of an object, for example a cavity, an organ,
parts thereof or a combination thereof, situated in an object plane. The two stereoscopic
partial images are brought together by the video endoscopic device in such a way that a
stereoscopic image, which imparts a spatial impression with depth information of the

object observed with the video endoscopic device, is generated.

Here, an endoscope or stereo endoscope is to be understood to mean the endoscope

shaft with all optical components comprised by the endoscope shaft.

An advantage comprised by the invention is that the usual adaptation at size and location
of the outlet pupil to the human eye with respect to the eyepieces used in the prior art is
dispensed with. By way of example, the collimation can be achieved by rod lenses or rod
lens systems at the light outlet of the elongate shaft of the stereo endoscope. Further-
more, compared to other lens systems, an advantage offered by rod lenses or rod lens
system is that the transmission of a substantially brighter image with higher image quality
is made possible. The assembly in the endoscope shaft is also simplified due to the
elongate geometry of the rod lenses. The arrangement of two parallel beam paths ex-
tending closely next to one another is also possible for small shaft diameters. A deteriora-
tion in the image quality at the edge can also be avoided well. It is possible to correct the
off-axis image aberrations such as coma and astigmatism by means of the video endo-

scopic device according to the invention. A further advantage of the invention consists of
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the fact that a lateral distance between the stereoscopic partial images in the recording
plane can be set virtually arbitrarily, even if the distance between the stereoscopic partial
images is very small in the objectives at the distal end. As a result, it is possible to con-
struct a versatile stereo endoscopic system. In accordance with a respective medical
application, a respective camera head can be connected to different interchangeable
endoscopes, each with a different stereoscopic base length. Moreover, the optical system
according to the invention has a lower sensitivity towards tolerances. As a result of this,
the demands on the mechanical accuracy of a connection of the camera head are re-

duced compared to stereo endoscopes from the prior art.

In a preferred configuration, the optical arrangements are arranged in a rigid endoscope
shaft; in this case, the optical components arranged coaxially with one another are ar-
ranged along a longitudinal axis of the endoscope shaft. Alternatively, the endoscope
shaft can also have a flexible configuration, for example as a tube, as a collar-surrounded
tube or the like. For a flexible endoscope shaft, the optical components arranged coaxially
with one another are arranged along the rigid straight longitudinal axis of the endoscope
shaft in a rigid straight state of the endoscope shaft. By generating curvature along the
endoscope shaft, for example by insertion into a lumen and bending of the endoscope
shaft, the optical components are displaced in accordance with the curvature of the

endoscope shaft.

The at least approximately parallel beam path at the outlet of the respective optical ar-
rangement can have a deviation from the ideal collimation of up to +/-10 dioptre without
this impairing the stereoscopic display. Both the beam path from each one of the collimat-
ing optical units and the beam paths of the collimating optical units may be only approxi-
mately and not completely parallel to one another, i.e. have a deviation, for example due
to manufacturing tolerances. By way of example, the resulting tolerance in the collimation
between the left-hand and right-hand beam path can be compensated for when focusing
the camera head. Alternatively or additionally, there can also be tuning of the collimation
of both approximately parallel beam paths by adjusting the axial distances between two

or more optical components, e.g. rod lens systems.

The optical components arranged coaxially with one another are preferably rod lens
systems. The rod lens systems may be rod lenses cemented to one another. It is also
feasible to cement rod lenses with other lenses for producing a rod lens system. The
optical components arranged coaxially with one another can also be rod lenses. Alterna-

tively or additionally, the optical components may have other lenses or optical elements.
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In a preferred configuration, all optical components of the optical arrangement, the colli-
mating optical unit, the objectives and the projection objectives or a projection optical unit
have the same external diameter, as a result of which there is a simpler mechanical
design for the endoscope. Two parallel tubes, the internal diameter of which can be
selected to match the external diameter of the optical components, objectives and colli-
mating optical unit, can be arranged in the interior of the endoscope shaft, as a result of
which the objective and the optical components for image guidance and collimation can
be arranged in each one of these tubes according to the principle of the filling holder. The
axial distances between the optical components, if present, can be filled by a gas mixture,
a gas, a liquid, a solid or a different filling medium. Preferably, this is a gas mixture or a
gas, which is delimited by spacer tubes arranged axially between the optical components.
The optical characteristics of the filling medium can be optimized for the optical compo-
nents or the beam path produced thereby. The tubes formed by spacer tubes and optical
components moreover support the centring of the two parallel beam paths arranged in the
shaft, as a result of which further components, for example light sources, optical
waveguides, work channels for surgical operating tools or for transporting fluids, or the
like, can be arranged in the interior of the endoscope shaft, parallel to the two tubes. In a
further configuration, the two tubes can also be unified to form a common component with

two parallel cylindrical passage holes for holding the optical components.

The video endoscopic device can have one or more mechanical interfaces for releasable
or permanent attachment of the video endoscopic device to stand systems, robot arms,
trocars, sleeves or the like. The mechanical interface or interfaces can be arranged e.g.
on the endoscope shaft, on other components or component parts of the endoscope
and/or on the camera head. Such mechanical interfaces are known to a person skilled in
the art from the prior art. By way of example, these include bayonet connectors, screw-in

connections, clamping connections with a spring release or the like.

The collimating optical units for generating an at least approximately parallel beam path
at the outlet of the optical arrangements are preferably rod lens systems, which comprise
cemented rod lenses and/or other lenses. A rod lens system preferably contains a rod

lens cemented to other lenses. The collimating optical units can also be rod lenses.

The collimating optical units, preferably rod lens systems or rod lenses, can be designed
according to a design conventional for endoscopic image guidance systems. Preferably,
the rod lens systems for the purposes of collimation are of the same design as rod lens

systems employed for image transmission. In this context, of the same design may mean
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that the image guiding and collimating rod lens systems for example each have two
plano-convex lenses and a rod lens cemented to these, i.e. the rod lens system contains
an equal number of different lenses for collimating and image guiding rod lens systems.
The dimensions, such as e.g. diameter, focal lengths or the like, of the rod lens systems
of the same design can be selected to be different from one another for the image guiding
and collimating rod lens systems. The rod lenses for collimation and image transmission

can have dimensions identical to one another or dimensions different from one another.

In a preferred configuration, the at least two projection objectives are respectively ar-
ranged such that the second optical axis is arranged offset laterally by at most half a
diameter of the respective projection objective to the respective optical axis of the respec-

tive optical component.

In a preferred configuration, at least one of the parallel optical arrangements comprises a
resilience element arranged between two successive optical components. It is also possi-
ble for both parallel optical arrangements to comprise one or more resilience elements,
for example between all successive optical components, such that one or more resilience
elements are arranged in each case between two optical components. The respective
resilience element may be a gas mixture, a gas, a liquid, a solid or a different type of
resilience element which is situated in the axial distance between the two successive
optical components. It is also possible to combine two resilience elements, for example a
gas and a solid. Preferably, the resilience element is a solid in the form of a mechanical
spring. By way of example, the mechanical spring can be arranged in a gas or a liquid
which can be situated as a further resilience element in the axial distance between the
two successive optical components. The resilience element is preferably configured to
ensure an axial distance between the two successive optical components such that
mechanical play between the optical components is reduced or prevented. Here, me-
chanical play is prevented or at least reduced by the spring action of the resilience ele-

ment.

In a particularly preferred configuration, the resilience element is arranged between an
optical component, arranged closest to the collimating optical unit, of the at least one of
the parallel optical arrangements and the collimating optical unit. In this case, the colli-

mating optical unit is preferably a collimating rod lens system.

The axial freedom of movement of the optical component arranged closest to the proxi-

mal end of the parallel optical arrangement, for example the collimating optical unit in the
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form of a collimating rod lens system, is preferably restricted by a termination cap in the
direction of the spring effect. The termination cap can also enclose the collimating optical
unit. The termination cap preferably has a cylindrical external surface with a one-sided
flattening along a longitudinal axis of the termination cap such that a flattened or cut
cylindrical shape, which does not completely extend around the circular circumference, is
generated. The termination cap can have a projection at a termination cap end, which
projection reduces an internal diameter of the termination cap at the termination cap end
s0 as to restrict the axial freedom of movement of the collimating optical unit. To this end,
the projection preferably extending along the termination cap end in circular form serves
to restrict a movement of the collimating optical unit at the proximal end of the parallel
optical arrangement. Alternatively or additionally, the collimating optical unit can also be
fastened permanently, for example adhesively bonded, to the termination cap and/or the

termination cap end.

In a preferred configuration, the video endoscopic device comprises a holding device at
the proximal end of the parallel optical arrangements. The holding device is preferably
configured to hold the collimating optical units of the parallel optical arrangements in such
a way that, in a locked state of the holding device, an axial and/or lateral movement of the
collimating optical units is prevented. By way of example, the holding device can be
configured in the form of a clamping device, which surrounds the collimating optical units
or the termination caps surrounding the collimating optical units and exerts a pressure
force on the latter such that an axial and/or lateral movement is prevented or reduced.
The holding device can comprise one or more setting units, for example set screws,
which can be adjusted continuously so as to set a pressure force which prevents the
movement of the parallel optical arrangements. If the setting unit sets the holding device
in a holding state or a locked state, the proximal ends of the parallel optical arrangements
or the termination cap ends are held at a fixed axial distance from the tubes surrounding
the parallel optical arrangements. In a loosened or an open state of the holding device, it
is possible to set the axial distance between the proximal ends of the parallel optical
arrangements, or the termination cap ends, and the tubes in which the parallel optical
arrangements are arranged. In a particularly preferred configuration of the holding device,
the holding device comprises a slotted block with a set screw and a slot for holding the
termination caps. If there is a sufficient distance between the two parallel optical ar-
rangements, the video endoscopic device can also comprise two separate parallel optical

arrangements in two round holes with a slot and separate holding devices.
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The termination cap preferably comprises an optical window transparent to visible radia-
tion or light, or a radiation-transmissive opening. The termination cap can be hermetically
sealed with the aid of a seal, as a result of which the parallel optical arrangements can
also be hermetically sealed. Preferably, the proximal end of the parallel optical arrange-
ments is hermetically sealed by the termination cap with the optical window. To this end,
the termination cap can also be surrounded by a protective cap. In one configuration, the
protective cap is configured to be screwed onto the termination cap or the termination

caps which surround the proximal end of the parallel optical arrangements.

One aspect of the configuration of the invention with a resilience element is that the video
endoscopic device is neither damaged nor defocussed or decollimated in the case of
thermal expansion, such as, for example, during vapour sterilization. At the same time,
the configuration of the invention renders an adjustment of focus and/or collimation pos-
sible during the production of the video endoscopic device, which adjustment enables a
sufficient correspondence of the image locations of the two parallel optical arrangements

in order to generate a stereoscopic image.

In a preferred configuration, the endoscope shaft contains an illumination device for
illuminating an object plane and/or said endoscope shaft is connected to an illumination
device. Light from a light source can be transmitted in an optical waveguide from the
proximal shaft end via an illumination-light inlet arranged in the vicinity of, or at, the
proximal end of the endoscope shaft to an illumination-light outlet arranged in the vicinity
of, or at, the distal end of the endoscope shaft in order to illuminate an object. It is also
possible to transmit the light from a plurality of light sources. The light source can be
contained in the camera head and/or connected to the endoscope shaft in either a re-
leasable and re-lockable or rigid manner by a flexible optical waveguide, for example an

optical fibre cable or the like.

Preferably, the video endoscopic device contains an image processor which can convert
two stereoscopic partial images projected onto the image sensor into an image signal
which can be displayed on stereoscopic screens. The image processor can be arranged
within or outside of the video endoscopic device and comprise electronic components
and/or software components. Moreover, stereoscopic partial images projected onto a
plurality of image sensors can also be converted by the image processor or processors
into image signals which can be depicted on stereoscopic screens and these image
signals can be output on stereoscopic screens, for example on screens based on the

polarization-glasses principle, on screens based on the shutter-glasses principle or the
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like. The image processor can preferably perform image-improving measures, for exam-
ple adaptation of contrast, colour display, improvements in the focus, correction of distor-
tion, image-position deviations, instances of masking, adaptation of the stereoscopic
vergence and/or compensation of tolerances in the image scale, by means of image

processing.

The components, for example camera head, projection objective, endoscope shaft,
optical components and/or optical arrangements, may be interchangeable. By way of
example, a projection objective in or on a camera head may be replaced by a different
projection objective or by a plurality of projection objectives. It is also possible to inter-
change the whole camera head. It is also possible to interchange an endoscope shaft
with the optical components contained therein. It is also possible only to interchange
individual optical components of the endoscope arranged in the endoscope shaft, in
particular the collimating optical unit. To this end, the interchangeable components are
preferably connected to one another in a releasable and re-lockable manner, for example
by mechanical coupling, as a result of which the sterilization of the components of the
video endoscopic device is simplified. The newly connected components can be cali-

brated with respect to one another.

In a preferred configuration, the video endoscopic device contains a memory unit which
can contain, for example, a stored set of predetermined calibration data. The calibration
data can be saved in an unchanging manner in unwritable memory and/or the calibration
data can be saved in writable memory by calibration at any time. Here, a calibration
iteration can be used to produce a set of new calibration data, which can be saved in the
memory unit. The memory unit can also contain and/or save other data, e.g. history data
about the use of the endoscope and/or the light source, in order to establish when it is
necessary to renew the device and/or light source, or data from sensors, for example

temperature sensors, hygrometer sensors or the like, which can be used for calibration.

The calibration data from the memory unit of the video endoscopic device can particularly
preferably be used to calibrate newly connected components with respect to one another
by a saved set of predetermined calibration data. Here, the calibration data can originate
in a pre-saved manner from the factory or can be generated in a calibration iteration, as a
result of which an individual selection of the employed components in an endoscope is
possible without having to carry out a new calibration during each use. Moreover, the
video endoscopic device can comprise one or more sensor devices, e.g. RFID transceiv-

ers, which can read and process readable markings, e.g. RFID transponders or the like,
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on the components. As a result of this, calibration data may be loaded automatically. To
this end, the sensor devices can identify the respective connected components on the
basis of their sensor-readable marking and select, from the saved calibration data the
calibration data, or the calibration data with the best fit for the newly connected compo-
nents and calibrate the video endoscopic device using these calibration data. The sensor

device is preferably on or in the camera head.

The video endoscopic device can contain one or more transparent protective windows
which are provided for protection against environmental influences. By way of example,
the protective windows can be arranged at the distal end of the endoscope shaft for
protecting the objectives, in the endoscope shaft, at the proximal end of the endoscope
shaft for protecting the collimating optical unit, on the light inlet of the projection objective
or on the light inlet of the camera head for protecting the projection objectives and/or

between projection objectives and image sensor for protecting the image sensor.

In a further configuration, the video endoscopic device can comprise one or more visual
field stops. The visual field stops are preferably arranged in or at the proximal end of one
or both parallel optical arrangements in order to block and/or limit one or both beam paths

of the parallel optical arrangement in a temporary or permanent manner.

The camera head of the video endoscopic device can comprise a focusing device. The
focusing device can be operated manually by a user or automatically by means of a
control loop or by means of a program or a piece of software running on a computer or
the like. The focusing device can enable focusing of the images of the image signal by
virtue of the focusing device shifting the projection objective or the projection objectives,
which may have a fixed or variable focal length, or components of the projection objective
or of the projection objectives in the axial direction. In particular, a left-hand and a right-
hand stereoscopic partial image can be focussed independently from one another by the
focusing device. The partial images generated in the plane of the image sensors can
overlap in part without the stereoscopic display being impaired as long as the overlap
does not capture the regions detected in the image of the image signal. Moreover, the

partial images can be focussed on different image sensors or on one image sensor.

The camera head can be connected to the endoscope, in particular to the endoscope
shaft, via a releasable and re-lockable coupling. The releasable and re-lockable coupling
can use locking mechanisms known from the prior art, for example in the form of a screw-

in connection, a self-triggering spring mechanism, a clamping jaw, an eccentric tappet or
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the like. The endoscope shaft and the camera head can have coupling surfaces matched
to one another such that a coupling half of the endoscope shaft can be inserted in an
interlocking manner into a coupling half of the camera head. The coupling surfaces can
be configured to prevent rotation between the endoscope shaft and the camera head. To
this end, the coupling surfaces can have corresponding anti-rotation device elements, for
example slots, bolts, pins or the like. A number of solutions of such anti-rotation devices
are known to a person skilled in the art from the prior art. The anti-rotation device ele-
ments can be configured in such a way that they only allow a restricted number of con-
figurations of the camera head relative to the endoscope shaft, for example only a fixed
configuration, two configurations rotated by a rotation angle of 180°, or similar configura-
tions. The anti-rotation device elements render it possible to prevent unwanted relative

rotation of camera head and endoscope shaft.

Anti-rotation couplings for the releasable and re-lockable coupling of stereo endoscopes
with stereoscopic camera heads are known from e.g. the German utility model G 93 00
529.6. In this application, dowel pegs and holes are shown for the repeatable axial align-
ment between the two light outlets of the stereo endoscope and the two light inlets of the

camera head.

The endoscope shaft and the camera head are preferably connected to one another via
the coupling in such a way that a stereoscopic horizon of the endoscope is aligned sub-
stantially parallel to the horizontal lines on the image sensor or the image sensors of the
camera head. Alternatively, the stereoscopic partial images can be rotated into the cor-

rect orientation by the image processor.

Furthermore, the endoscope shaft is preferably arranged relative to the camera head in
such a way that a horizontal connection line between the two projection objectives is
arranged substantially parallel to the stereoscopic horizon of the endoscope. However, a
precise axial alignment between the respective collimating optical unit and the respective

projection objective is not mandatory due to the low tolerance sensitivity of the invention.

Lateral changes in the focal points in the recording plane of the stereoscopic partial
images, resulting from mechanical play, tolerances or the like, can be compensated for by

the image processor or imaging electronics.

As a result of the low tolerance sensitivity of the video endoscopic device, the mechanical

design of the camera head is simple and can be brought about analogously to a me-



10

15

20

25

30

(51) JP 2014-230788 A 2014.12.11

chanical design in the case of known microscopic endoscopy systems. To this end,
several solutions are known from the prior art, which can be transferred to the mechanical

design of the camera head of the video endoscopic device in an obvious manner.

Examples of such mechanisms for commercially available camera heads are described in
US 4,781,448 and US 6,113,533. In the sleeve structure described therein, the coupling
can be combined with an operating element for manual or electric motor-driven focusing
of the projection objectives which are arranged to be movable in the longitudinal direction
in the camera head. Here, a cylindrical objective carrier, which has a pin or bolt as pickup
and anti-rotation device for the projection optical unit, is guided within a fixed external
cylindrical sleeve. In the case of a rotational movement of an outer focusing sleeve pro-
vided with a helical groove, there is a translational focusing movement of the objective
carrier. Transparent protective windows or optical filters can be arranged in the vicinity of
the distal and proximal end of the sleeve. The coupling is arranged at the distal end of the

fixed sleeve.

It is also possible to arrange two parallel projection objectives in such an objective carrier.
By way of example, the holder for the projection objectives can be realized by two bores
which are parallel to one another and horizontally offset from one another. Such a stereo-
scopic adapter with common focusing of the projection objectives in the coupling adapter
is known from e.g. US 6,582,385. Both stereoscopic partial images can be focussed
together by rotating the focusing ring. During the assembly, the projection objectives are

preferably set to a common focus location along the axis thereof.

The illumination device can also be designed analogously to a monoscopic endoscopy
system. The radiation source, preferably a light source, can be arranged e.g. in and/or on
the endoscope or in and/or on the camera head. The endoscope shaft can comprise
optical waveguides which are configured to transmit the light generated by the light
source to the distal end of the endoscope shaft. By way of example, the optical
waveguide or optical waveguides can comprise glass cones, optical fibre cones, lenses,

mirrors or the like for beam shaping.

Alternatively or additionally, a light inlet can also be arranged at the coupling site between
endoscope shaft and camera head such that an optical connection of the illumination

device is also established when coupling an endoscope to a camera head.
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One aspect of a configuration of the video endoscopic device according to the invention is
that, in the endoscope shaft, a large cross section can be filled with optical waveguides,
for example optical fibres. Optical waveguides which largely fill the cross section of the
endoscope shaft can be arranged in the endoscope shaft. Only the cross section as-
sumed by the tubes which comprise the parallel optical arrangements used for image

guidance is not available for optical waveguides.

In a further configuration, prisms behind or in the projection objectives can generate a
directional change of the objective beam paths, wherein, as a result of this, the viewing
direction of the video endoscopic device is not parallel to the axis of the endoscope shaft
and therefore also not parallel to the respective optical axis of the respective arrangement
of the optical components. The viewing direction can be re-oriented parallel to the axis by
means of further prisms arranged in the beam path. The prisms or the respective prism
can be an achromatic prism or a reflection prism; alternatively, it is also possible to use a
mirror arrangement with an angular deflection of less than 30°. It is also possible to
arrange a plurality of prisms and/or mirror arrangements in parallel and/or in series. In a
preferred configuration, the prisms or mirror arrangements are cemented to other optical
components. By way of example, the prisms can be cemented to other prisms, lenses or

other optical elements.

The distal end of the endoscope shaft can also be angled. Moreover, objectives with
lateral viewing direction, arranged at the distal end of the endoscope shaft can be used,
as result of which it is possible to obtain a stereo endoscope in which the viewing direc-
tion is at an angle to the axis of the endoscope shaft. Alternatively or additionally, it is also
possible to realize a lateral viewing direction by prisms or mirrors arranged distally to the

objectives.

The projection objectives can also be rod lenses or rod lens systems, as result of which

the design of the optical unit can be simplified.

A projection objective can be arranged or displaced laterally to an optical axis of another
projection objective or of a plurality of other projection objectives, and laterally to the
optical axis of the collimating optical unit, as a result of which it is possible to enable good
matching between the dimensions of the image sensor and the dimensions of the endo-
scope. Alternatively or additionally, the optical components, the collimating optical units
and/or the image sensors can have a lateral offset from one another, as a result of which

it is possible to generate a change in the lateral offset between the two stereoscopic
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partial images. Vignetting of the image can be avoided in the case of such displacement

of the projection objective if the following condition is satisfied:

where s is the path of the lateral displacement, Dp is the diameter of the free opening of

the projection objective and D, is the diameter of the emerging parallel beam path at the

location of the projection objective.

The invention is now intended to be explained in more detail on the basis of exemplary

embodiments depicted schematically in the figures. In detail:

Figure 1 shows a schematic illustration of a first exemplary embodiment of a video
endoscopic device with a lateral distance between the stereoscopic partial images which

has been increased by a projection objective arranged off centre;

Figure 2 shows, in the longitudinal section, a schematic illustration of a second exem-
plary embodiment of a video endoscopic device with a lateral distance between the
stereoscopic partial images which has been increased by a projection objective arranged

off centre;

Figure 3 shows a respectively exemplary beam path of exemplary collimating rod lens

systems with projection objectives not arranged coaxially therewith;

Figure 4 shows a schematic illustration of a third exemplary embodiment of a video
endoscopic device with a mechanical spring for setting an axial distance between adja-

cent optical components;

Figure 5 shows a schematic illustration of a section of the third exemplary embodi-
ment of the video endoscopic device with a protective cap at the proximal end of the

video endoscopic device;

Figure 6 shows a schematic illustration of a cylindrical termination cap with a flatten-

ing on one side;
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Figure 7 shows a schematic illustration of an exemplary embodiment of a clamping

device with cylindrical termination caps;

Figure 8 shows a schematic illustration of an exemplary embodiment of an endo-

scope in a side view;

Figure 9 shows a schematic illustration of a distal end of the exemplary embodiment

of the endoscope;

Figure 10 shows a schematic illustration of an exemplary embodiment of a camera

head; and

Figure 11 shows a schematic sectional view of part of the exemplary embodiment of

the camera head.

Figure 1 shows a schematic illustration of a first exemplary embodiment of a video endo-
scopic device 10 with two parallel beam paths 12 which extend through the interior of an
endoscope shaft 14 and are collimated by a respective collimating rod lens system 16 at

the proximal end 18 of the endoscope shaft 14.

An object 22 situated in front of the distal end 20 of the endoscope shaft 14 is imaged by
means of two parallel objectives 24. The image generated near the distal end 20 of the
endoscope shaft 14 by the objectives 24 is transmitted, by means of two image guiding
rod lens system arrangements which are arranged in parallel and made of a plurality of
rod lens systems 26 arranged coaxially with one another, in the direction of the proximal
end 18 of the endoscope shaft 14 and is collimated there by the collimating rod lens
systems 16. The rod lens systems 16, 26 can consist of cemented rod lenses 17, 27

and/or of other lenses cemented therewith.

The proximal end 18 of the endoscope shaft 14 is connected to a camera head 28, in
which the beam paths 12 extending parallel from the collimating rod lens systems 16 are
projected by a respective projection objective 30 onto a recording plane 32 of a sensor 34.
By focusing on a focus 36 in the recording plane 32 of the image sensor 34, it is possible
to generate a respective stereoscopic partial image 38 which has an overlap 40. Perpen-
dicular to a third optical axis of the collimating rod lens systems 16, which generate the
respective parallel beam path 12, the respective projection objective 30 is offset by a

small lateral offset 42 such that a second optical axis of the respective projection objec-
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tive 30 is offset by a small lateral offset 42, i.e. the lateral distance between the projection
objectives 30 is greater than the lateral distance between the collimating rod lens systems
16, as a result of which the distance between the two stereoscopic partial images 38 can
be increased. The respective projection objective 30 is preferably arranged such that the
second optical axis is arranged laterally offset to the respective rod lens system 16 by at
most half a diameter of the projection objective 30 to the third optical axis of said respec-
tive rod lens system 16. The respective projection objective 30 can also be arranged

coaxially with the respective rod lens system 16.

The respective collimating rod lens system 16 can also be arranged such that the third
optical axis is laterally offset from a common first optical axis of the respective image
guiding rod lens system 26; here, the collimating rod lens system 16 is preferably ar-
ranged such that the third optical axis is offset (not shown here) by at most half a diame-
ter of the collimating rod lens system 16 from the common first optical axis of the image
guiding rod lens system 26. In place of a rod lens system 16, the optical unit used for
collimating the beam path 12 can also be a rod lens 17. Preferably, the rod lens systems
16 used for the collimation are of the same design as the rod lens systems 26 used for
image guidance or image transmission. The rod lenses 17, 27 used in the rod lens sys-
tems 16, 26 can have dimensions which are identical to one another or differ from one
another.

In an exemplary embodiment (not shown here), prisms at the distal end 20 of the endo-
scope shaft 14 can be arranged distally from the other optical components. Moreover, the

prisms can be cemented to the other optical components.

Figure 2 shows, in the longitudinal section, a schematic illustration of a second exemplary
embodiment of a video endoscopic device 10 with a similar design as the first exemplary
embodiment. The respective optical components of the parallel optical arrangements, i.e.
the objectives 24, the image guiding rod lens systems 26 and the collimating rod lens
systems 16, are enclosed by two tubes 44 arranged in parallel, which are arranged in the

endoscope shaft 14.

Additionally, an illumination device 46 is connected to the endoscope shaft 14, which
illumination device contains an optical waveguide 48 which, via an illumination-light inlet
50, transmits light from a light source 52 in the distal direction along the endoscope shaft
14, which light illuminates the object plane 22 by an illumination-light outlet 54. The

optical waveguide 48 can be connected to the endoscope shaft 14 in either a releasable
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and re-lockable or rigid manner. The illumination-light inlet 50 can also be connected to a
light source 52 by means of a flexible optical fibre cable (not shown here). Moreover, the
light source 52 and the illumination-light inlet 50 of an optical waveguide 48 can also be

arranged in the camera head 28 (not shown here).

From the object plane 22, an image is transmitted to the objectives 24 through a trans-
parent protective window 56 arranged at the distal end 20 of the endoscope shaft 14,
from which objectives the image is guided, as described for the first exemplary embodi-
ment, through the tubes 44 arranged in parallel from the distal end 20 to the proximal end
18 of the endoscope shaft 14. At the proximal end 18 of the endoscope shaft 14, the
image, in a parallel beam path 12, reaches the camera head 28 through a light inlet 56,
wherein further transparent protective windows 56 are arranged at the proximal end 18 of
the endoscope shaft 14 and on the light inlet 58 of the camera head 28. In the camera
head, the parallel beam path 12 is projected by the projection objective 30 through a
further transparent protective window 56 onto the recording plane 32 of the image sensor
34, wherein a larger lateral offset 42 leads to an increased distance between the stereo-
scopic partial images 38 on the recording plane 32 of the image sensor 34.

In this exemplary embodiment, the camera head 28 is connected to the endoscope shaft
14 by means of a releasable and re-lockable coupling 60. By means of an operating
element 62 arranged in the direction of the endoscope shaft, a focusing device 64 con-
nected to the projection objectives 30 can focus the stereoscopic partial images 38 onto
the recording plane 32 of the image sensor 34. To this end, the operating element 62 can
e.g. be rotated, as a result of which the focusing device 64 can be displaced axially, i.e.
along the axis of the beam path 12, in this case along the respective second optical axis
of the respective projection objective 30. The focusing device 64 can also be configured
in such a way that the individual projection objectives 30 can be displaced axially (not
shown here). Alternatively or additionally, other optical components can also be displaced

axially with respect to one another (not shown here).

Arranged proximally behind the camera head 28 is a cable 66, which can be used for
power supply and data transfer. An image processor 68 and a memory unit 70 are con-

nected to the cable 66 in this exemplary embodiment.

The image processor 68 can convert the two stereoscopic partial images 38 projected
onto the image sensor 34 into an image signal which can be depicted on stereoscopic

screens, for example according to the polarization principle, shutter-glasses principle or
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the like. One of the objects of the image processor 68 can be to improve the image signal
by means of image processing; in particular, an image improvement can be achieved by
image-improving measures such as, for example, adaptation of contrast, colour display,
improvements in the focus, correction of distortion, image-position deviations, instances
of masking, adaptation of the stereoscopic vergence and/or compensation of tolerances
in the image scale. Moreover, the image processor 68 can also be arranged within the
video endoscopic device 10 (not shown here), for example in the camera head 28 or in

the endoscope shaft 14.

The memory unit 70 can save calibration data for calibrating the video endoscopic device
10. When interchanging components, such as for example the endoscope shaft 14 and/or
the camera head 28, a recalibration can be performed and the calibration data for the
new component arrangement can be saved. Alternatively or additionally, calibration data
can be loaded for parts of or the whole component arrangement from the memory unit 70
in order to re-establish the readiness for use of the video endoscopic device 10. The
memory unit 70 can also be arranged in the camera head 28 or in the endoscope shaft 14
(not shown here).

In this exemplary embodiment, the camera head 28 additionally contains a sensor device
76, for example an RFID transceiver or the like, and the endoscope shaft 14 contains a
marking 78, for example an RFID transponder or the like, situated in the vicinity of, or on,
the proximal end 18 of the endoscope shaft 14, readable by the sensor device 76. When
the camera head 28 is connected to a new endoscope shaft 14, the sensor device 76 can
identify the readable marking 78 on the endoscope shaft 14 and transmit a signal to the
memory unit 70 via the cable 66. Stored sets of predetermined calibration data for the
various arrangements of the optical components can be saved in the memory unit 70,
which calibration data emerge from the connection of endoscope shaft 14 and camera
head 28. Due to the signal from the sensor device 76, the memory unit 70 can select the
calibration data or the calibration data with the best fit for the newly connected compo-

nents and use these data to calibrate the video endoscopic device 10.

Figure 3 shows two exemplary parallel beam paths 12 through two exemplary, collimating
rod lens systems 16 with projection objectives 30 not arranged coaxially therewith. An
image point at the respective focus 72 of the respective collimating rod lens system 16 is
imaged on an imaging focus 36 situated in the recording plane 32 of the image sensor 34
by means of the collimating rod lens systems 16 and the projection objectives 30 ar-

ranged proximally therefrom. The lateral distance between the stereoscopic partial im-
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ages 38 has increased as a result of the lateral offset 42 which emerges from the larger
lateral distance between the projection objectives 30 compared to the collimating rod lens
systems 16; this, in particular, becomes clear on the basis of an image point in the focus

36 in the recording plane 32 of the image sensor 34.

The incident parallel beam paths 12 enter into a respective projection objective 30 with
the lateral distance 42 and emerge at different angles from the respective projection
objective 30. The lateral distance 42 between the third optical axis of the respective
collimating rod lens system 16 and the second optical axis of a respective projection
objective 30 therefore generates a directional deflection of the respective collimated
parallel beam paths 12, as a result of which these are projected onto one or more foci 36
in the recording plane 32 of the image sensor 34 as two coaxially offset stereoscopic

partial images 38 by the respective projection objective 30.

In one exemplary embodiment (not shown here), one or more image field stops can be
arranged in, or in the vicinity of, one of the intermediate image planes of the video endo-
scopic device 10. These image field stops can have such a form that a visual field is
imaged as an in-focus dark edge into the recording plane 32 and/or it is rendered possi-
ble, or made easier, to identify size and location of an image field and/or identify an
employed endoscope shaft 14 or endoscope type by means of imaging electronics, for
example the image sensor 34. In a further exemplary embodiment (not shown here), such
an image field stop is arranged in each case in the image field plane situated closest to
the collimating optical units 16. Furthermore, respectively one such image field stop can
be arranged in the image field plane situated closest to the objectives 24 arranged at the

distal end 20 the endoscope shaft 14 (not shown here).

In one exemplary embodiment (not shown here), a displaceable visual field stop can be
arranged in one of the parallel beam paths 12, as a result of which the parallel beam path
12 can be blocked and/or delimited temporarily or permanently. The visual field stop can
be displaced between the two parallel beam paths 12 and thus in each case block or
delimit one of the stereoscopic partial images 38. It is also possible for a plurality of
different visual field stops to be arranged in the video endoscopic device 10 (not shown

here).

In a further exemplary embodiment (not shown here), it is also possible for prisms and/or
mirror arrangements to be arranged behind and/or in a respective projection objective 30

(not shown here).
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Figure 4 shows a schematic illustration of a third exemplary embodiment of a video
endoscopic device 10 with a mechanical spring 74 for setting an axial distance between
the successive optical components 26’ and 16. Instead of the mechanical spring 74, use
can also be made of e.g. a gas spring or a different resilience element. A combination of
the mechanical spring 74 with a different resilience element, for example a gas mixture, a
gas, a liquid or a solid, is also conceivable. In the shown exemplary embodiment, the
mechanical spring 74 is arranged in an air atmosphere, i.e. in a gas mixture. The me-
chanical spring 74 serves to set an axial distance between the two successive optical
components 26’ and 16 such that mechanical play between the components is prevented.
Here, mechanical play is prevented, or at least reduced, by the spring effect of the me-
chanical spring 74. It is also possible for a plurality of mechanical springs 74 or combina-
tions of resilience elements to be arranged between a plurality of successive optical
components along the endoscope shaft 14 (not shown here), for example between all
optical components of a respective parallel arrangement. Figure 5 shows a magnified
section of the third exemplary embodiment of the video endoscopic device 10 with a

mechanical spring 74.

The design of the third exemplary embodiment of the video endoscopic device 10 is
similar to the design of the second exemplary embodiment of the video endoscopic
device 10 shown in Figure 2. The design substantially differs by the mechanical spring 74
and by a clamping device 80 which is arranged proximally toward the proximal end 18 of
the endoscope shaft 14. The clamping device 80 surrounds the collimating rod lens
systems 16, partially arranged in the tubes 44, and part of the tubes 44. The clamping
device 80 connects the endoscope shaft 14 with the camera head 28 and contains set
screws 82 in order to set a pressure force on a termination cap 84 which surrounds part
of the respective collimating rod lens system 16. The set screws 82 are continuously
adjustable in order to set a pressure force on the termination cap 84, which renders it
possible to restrict the freedom of movement of the collimating rod lens system 16, par-
ticularly in the direction of the spring effect. By means of this, a holding state or locked
state of the clamping device 80 can be set by means of the set screw 82, which state is
reached when the pressure force on the termination cap 84 is sufficient to prevent an
axial and lateral movement of the collimating rod lens systems 16. In the locked state, the
proximal ends of the collimating rod lens systems 16 or the proximal ends of the termina-
tion caps 84 are held at a fixed axial distance to the tubes 44 surrounding the optical
components. In a loosened or open state of the clamping device 80, it is possible to set

the axial distance between the proximal ends of the collimating rod lens systems 16, or
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the proximal ends of the termination caps 84, and the tubes 44, in which the optical

components are arranged.

Figure 6 shows an exemplary embodiment of a termination cap 84. The termination cap
84 has a cylindrical outer surface 86 with a one-sided flattening 88 along a longitudinal
axis of the termination cap 84 and thus forms a hollow cylinder-shaped tube with an
internal diameter 90. As a result of the hollow cylinder shape, the termination cap 84 can
surround a collimating rod lens system 16 (see Figure 5). Moreover, the termination cap
84 has a projection 92, which, in a circular shape, surrounds an opening 94 along a
proximal end of the termination cap 84 and is provided to delimit the freedom of move-
ment of the surrounded collimating rod lens system 16. Alternatively or additionally, the
respective collimating rod lens system 16 can also be permanently fastened, for example
adhesively bonded, to the termination cap 84 and/or the proximal end of the termination
cap 84. The opening 94 allows the parallel beam path 12 generated by the collimating rod

lens system 16 to pass the termination cap 84.

In an alternative exemplary embodiment (not shown here), an optical window transparent
to visible radiation or light is arranged in the opening 94. The termination cap 84 can be
hermetically sealed with the aid of a seal, as a result of which the tubes 44, in which the
collimating rod lens systems 16 are situated, are also hermetically sealed. To this end, in
particular, the proximal end of the termination cap 84 with the window is hermetically
sealed. By way of example, a hermetic seal can alternatively also be achieved by virtue of
the termination cap 84 with the opening 94 without a window being surrounded by a
hermetically sealed protective cap with a window (not shown here). In one exemplary
embodiment (not shown here), the protective cap is configured to be screwed onto the
termination cap 84 or the termination caps 84, which surround the proximal end of the

collimating rod lens systems 16.

Figure 7 shows a further exemplary embodiment of the clamping device 80. The clamping
device 80 has a slotted block 98 with a set screw 82 and a slot 96 for holding the termina-
tion caps 84. The termination caps 84 are arranged in the slot 96 and contact one another
at the flattenings 88 thereof. In the case of sufficient distance between the parallel ar-
rangements of the optical components, the video endoscopic device 10 can also com-
prise two separate parallel arrangements of the optical components in two round holes
with the slot and separate clamping devices 80 (not shown here). In this case, the termi-

nation caps 84 do not have a flattening 88 (not shown here).
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The clamping device 80 can form part of the endoscope shaft 14 or part of the camera
head 28 or can be an independent component of the video endoscopic device 10. The
clamping device 80 can comprise (not shown here) one or more sensor devices, for
example an RFID transceiver or the like, and/or a marking, for example an RFID trans-
ponder or the like, which can be read by another sensor device. The sensor devices and
readable markings can be arranged in such a way that when the clamping device 80 is
connected to an endoscope shaft 14 and/or to a camera head 28, the respective sensor
devices of the components of the video endoscopic device 10 identify the readable mark-
ing on the respective other component such that, when the components are brought
together, there is automatic identification of the components of the video endoscopic

device 10.

Figure 8 shows an exemplary embodiment of an endoscope 116 in a side view. The
proximal end of the endoscope 116 has a coupling half 118, which is provided for con-
necting the endoscope 116 to the camera head 28, or for locking it on the latter, by
means of a second coupling half 118’ of the camera head 28 (see Figure 10). The light
inlet 50 is configured in such a way that flexible optical waveguides can be connected

thereto. For clarity, the endoscope shaft 14 is depicted in a shortened form.

Figure 9 shows a schematic illustration with a view of the distal end of the exemplary
embodiment of the endoscope 116 from Figure 8. The two objectives 24 arranged in the
endoscope shaft 14 are surrounded by the tubes 44. The free cross section within the
opening of the endoscope shaft 14 is filled with bundles of optical waveguides 48. The
objectives 24 are arranged in such a way that a stereoscopic horizon 106 of the endo-
scope 116, which is formed by a line connecting the two objectives 24, is arranged hori-
zontally. An anti-rotation device 100, which is a slot in the depicted exemplary embodi-
ment of Figure 9, is situated in the vicinity of the proximal end of the endoscope 116. The
anti-rotation device 100 interacts with a second anti-rotation device 100’, which is situated
on the camera head 28 and is a pin in the exemplary embodiment shown in Figure 10.
The anti-rotation devices 100 and 100’ can have anti-rotation device elements which can
be inserted into one another in an interlocking manner, for example boreholes, slots, bolts,
pins or the like, and combinations thereof. The anti-rotation device 100 is situated at a
fixed location with respect to the stereoscopic horizon 106 of the endoscope 116 and
prevents changes in the alignment of the stereoscopic partial images when locking the

endoscope 116 on the camera head 28 (Figure 10).
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Figure 10 shows an exemplary embodiment of a camera head 28. The camera head 28
has a coupling half 118’ which comprises an anti-rotation device 100’ in the form of a pin
and a screw 102. The coupling half 118’ is arranged distally from an operating element 62
which surrounds an objective carrier 120 with projection objectives 30. A camera housing
104, which is connected to a stereoscopic screen (not shown here) via a cable 66, is
situated proximally from the projection objectives 30. Alternatively or additionally, the

camera head 28 can also be connected to e.g. a computer or another evaluation unit.

The coupling half 118’ serves for connecting an endoscope 116. To this end, the coupling
half 118’ is connected to the coupling half 118 of the endoscope 116. The screw 102
serves as a releasable locking element for locking the coupling half 118 of the endoscope
116. The anti-rotation device 100’ in the form of a pin serves to prevent changes in the
alignment of the stereoscopic partial images. In the case of a rotation of the operating
element 62, there is a common axial translation of the projection objectives 30 arranged
in the objective carrier 120. As a result of this, a user can focus the video endoscopic

device 10 manually by the operating element 62.

Figure 11 shows a section through part of the exemplary embodiment of the camera head
28 shown in Figure 10. The camera head 28 has a coupling half 118’ with an anti-rotation
device 100’ for connecting the camera head 28 to an endoscope 116. It is possible to
connect various endoscopes 116 to the camera head 28, which endoscopes can be
selected in accordance with a specific application, in particular a medical application. The
anti-rotation device 100’ interacts with a second anti-rotation device 100 on the endo-
scope 116, and so a rotation of the endoscope 116 with respect to the camera head 28 is
prevented. A screw 102 serves to lock a corresponding coupling half 118 of the endo-

scope 116 (see Figure 8).

A light inlet 58 of the camera head 28 with a transparent protective window 56 is arranged
proximally from the coupling half 118’, which light inlet is surrounded by a camera tube
114. Light from an endoscope 116 connected to the camera head 28 (not shown here) is
incident through the light inlet 58 on an objective carrier 120, which carries the projection

objectives 30.

The objective carrier 120 is securely connected to a pickup 112, which projects through
the camera tube 114 and into a helix-shaped slot 122 of a focusing ring 110. The pickup
112 is functionally connected to the operating element 62 by means of the helix-shaped

slot 122 of the focusing ring 110. The focusing ring 110 is mounted rotatably in the cam-
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era tube 114 and securely connected to the operating element 62 such that the focusing
ring 110 is rotated when the operating element 62 is rotated. By means of the helix-
shaped slot 122, the pickup 112 is driven when the focusing ring 110 is rotated, and so

the objective carrier 120 is not co-rotated when the focusing ring 110 is rotated.

The camera head 28 has a sealing element 108, which is arranged between operating

element 62 and camera tube 114 and serves to hermetically seal the camera head 28.

The camera head 28 has further components or component parts (not depicted here),
which are arranged in or on the camera head 28. By way of example, these include the
camera housing 104, a plurality of protective windows, the image sensor or sensors and

further components or component parts with mechanical and electronic functions.
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Claims:

1.

Video endoscopic device (10) comprising

- two parallel optical arrangements (16, 24, 26), which, together, are arranged
at least in part in the interior of an endoscope shaft (14) and each comprise
optical components (16, 17, 24, 26, 27), arranged coaxially with one another
along a common first optical axis of the optical components (16, 17, 24, 26,
27) of a respective optical arrangement (16, 24, 26), each optical arrange-
ment (16, 24, 26) being configured to transmit an optical image (38) from a
distal end (20) of the respective optical arrangement (16, 24, 26) to a proxi-

mal end (18) of the respective optical arrangement (16, 24, 26),

- said video endoscopic device (10) further comprising a camera head (28),
which is arranged adjacent to or adjoining the proximal ends (18) of the opti-

cal arrangements (16, 24, 26) and which comprises:

- at least one image sensor (34) having at least one recording plane (32), said
camera head (28) further comprising at least two projection objectives (30),
of which each one has a second optical axis and is arranged and configured

to project an image (38) onto the image sensor (34),

wherein the optical arrangements (16, 24, 26) each comprise a collimating optical
unit (16), arranged at the respective proximal end (18) thereof, for generating an at
least approximately parallel beam path (12) at the outlet (18) of the respective opti-

cal arrangement (16, 24, 26),

wherein the respective collimating optical unit (16) has a third optical axis that is ar-
ranged coaxially with the optical components (24, 26, 27) of the optical arrange-
ments (16, 24, 26) or laterally offset by at most half a diameter of the collimating
optical unit (16) from the common first optical axis of the optical components (24,
26, 27) of the optical arrangements (16, 24, 26), and each one of the at least two
projection objectives (30) is arranged and configured to image the parallel beam
path (12), generated by a respective collimating optical unit (16), on at least one
focus (36) in the at least one recording plane (32) of the at least one image sensor
(34) and
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wherein at least one of the projection objectives (30) is arranged so that the re-
spective second optical axis has a lateral distance (42), measuring at most half a
diameter of the projection objective (30), from the third optical axis of the collimat-
ing optical unit (16) which generates the parallel beam path (12), the at least one
projection objective (30) being arranged and configured for imaging said parallel
beam path on the at least one focus (36), as a result of which the parallel beam
path (12) enters the at least one projection objective (30) with a lateral distance

(42) from the second optical axis of the at least one projection objective (30).

Video endoscopic device (10) according to Claim 1, wherein the optical compo-
nents (16, 17, 24, 26, 27), respectively arranged coaxially with one another, com-

prise rod lenses (17, 27).

Video endoscopic device (10) according to Claim 1 and/or 2, wherein the collimat-
ing optical units (16) for generating an at least approximately parallel beam path
(12) comprise rod lenses (17) at the outlet (18) of the optical arrangements (16, 24,
26).

Video endoscopic device (10) according to at least one of Claims 1 to 3, wherein
the collimating optical units (16) for generating an at least approximately parallel
beam path (12) at the outlet (18) of the optical arrangements (16, 24, 26) are rod
lens systems (16) comprising at least two cemented lenses, wherein at least one of
the lenses of the rod lens system (16) comprising two cemented lenses is a rod
lens (17).

Video endoscopic device (10) according to at least one of Claims 1 to 4, wherein
the video endoscopic device (10) comprises rod lens systems (16) for the purposes
of collimation, which are of the same design as the rod lens systems (26) employed

for image transmission.

Video endoscopic device (10) according to at least one of Claims 1 to 5, wherein
each one of the at least two projection objectives (30) is arranged such that the
second optical axis is arranged offset laterally by at most half a diameter of the pro-
jection objective (30) to the optical axis of the optical components (16, 17, 24, 26,

27) of the respective optical arrangement (16, 24, 26).
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Video endoscopic device (10) according to at least one of Claims 1 to 6, wherein at
least one of the parallel optical arrangements (16, 24, 26) comprises a resilience
element (74) arranged between two successive optical components (16, 24, 26)
and wherein the resilience element (74) is configured to ensure an axial distance
between the two successive optical components (16, 24, 26) such that mechanical

play between the optical components (16, 24, 26) is reduced.

Video endoscopic device (10) according to Claim 7, wherein the resilience element
(74) is arranged between an optical component (26), arranged closest to the colli-
mating optical unit (16), of the at least one of the parallel optical arrangements (16,
24, 26) and the collimating optical unit (16).

Video endoscopic device (10) according to Claim 7 or 8, wherein the video endo-
scopic device (10) comprises a holding device (80) at the proximal end (18) of the
parallel optical arrangements (16, 24, 26) and wherein the holding device (80) is
configured to hold the collimating optical units (16) of the parallel optical arrange-
ments (16, 24, 26) in such a way that, in a locked state of the holding device (80),

an axial and/or lateral movement of the collimating optical units (16) is prevented.

Video endoscopic device (10) according to Claim 9, wherein the endoscope shaft
(14) comprises an illumination device (46) for illuminating an object plane (22) and
wherein the illumination device (46) comprises optical waveguides (48), which
transmit the light from at least one light source (52) from an illumination-light inlet
(50) arranged in the vicinity of, or at, the proximal end (18) of the endoscope shaft
(14) to an illumination-light outlet (54) arranged in the vicinity of, or at, the distal
end (20) of the endoscope shaft (14), wherein the at least one light source (52) is
contained in the camera head (28) and/or connected to the endoscope shaft (14) in
either a releasable and re-lockable or rigid manner by a flexible optical waveguide
(48).

Video endoscopic device (10) according to at least one of Claims 1 to 10, wherein
an image processor (68) is arranged within or outside of the video endoscopic de-
vice (10) and configured to convert two stereoscopic partial images (38) projected
onto the at least one image sensor (34) into an image signal which can be depicted

on stereoscopic screens.
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Video endoscopic device (10) according to Claim 11, wherein the image processor
(68) is configured to perform image-improving measures by means of image proc-

essing.

Video endoscopic device (10) according to at least one of Claims 1 to 12, wherein
the video endoscopic device (10) comprises at least one interchangeable compo-
nent (14, 16, 17, 24, 26, 27, 30, 28, 34, 46, 48, 52).

Video endoscopic device (10) according to Claim 13, wherein, when interchanging
at least one component (14, 16, 17, 24, 26, 27, 30, 28, 34, 46, 48, 52), the newly
connected components (14, 16, 17, 24, 26, 27, 30, 28, 34, 46, 48, 52) can be cali-
brated with respect to one another by a set of predetermined calibration data
stored in a memory unit (70) and wherein the video endoscopic device (10) com-
prises at least one sensor device (76) which can read and process at least one
readable marking (78) on at least one of the components (14, 16, 17, 24, 26, 27, 30,
28, 34, 46, 48, 52) in order to select, from a number of items of predetermined cali-
bration data in the memory unit (70), the calibration data or the calibration data with
the best fit for the newly connected components (14, 16, 17, 24, 26, 27, 30, 28, 34,
46, 48, 52).

Video endoscopic device (10) according to at least one of Claims 1 to 14, wherein
the distal end (20) of the endoscope shaft (14), the proximal end (18) of the endo-
scope shaft (14) and/or a light inlet (58) of the camera head (28) has at least one

optically transparent protective window (56).
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Abstract

The invention relates to a video endoscopic device (10) comprising a camera head (28)
and two parallel optical arrangements (16, 24, 26), each made of optical components (16,
17, 24, 26, 27), which are arranged coaxially with one another along a common first
optical axis of the optical components (16, 17, 24, 26, 27) of a respective optical ar-
rangement (16, 24, 26) and in the interior of an endoscope shaft (14). The optical compo-
nents (16, 17, 24, 26, 27) transmit an optical image (38) from a distal end (20) of the
respective optical arrangement (16, 24, 26) to a proximal end (18) of the respective
optical arrangement (16, 24, 26). The camera head (28) is arranged adjacent to or adjoin-
ing the proximal ends (18) of the optical arrangements (16, 24, 26). The camera head
(28) contains at least one image sensor (34) comprising a recording plane (32) and at
least two projection objectives (30) of which each one has a second optical axis and is
arranged and configured to project an image (38) onto the image sensor (34). The optical
arrangements (16, 24, 26) each comprise a collimating optical unit (16), arranged at the
respective proximal end (18) thereof, for generating an at least approximately parallel
beam path (12) at the outlet (18) of the respective optical arrangement (16, 24, 26). The
respective collimating optical unit (16) has a third optical axis that is arranged coaxially
with the optical components (24, 26, 27) of the optical arrangements (16, 24, 26) or
laterally offset by at most half a diameter of the collimating optical unit (16) from the
common first optical axis of the optical components (24, 26, 27) of the optical arrange-
ments (16, 24, 26). Each one of the at least two projection objectives (30) is arranged and
configured to image the parallel beam path (12), generated by a respective collimating
optical unit (16), on at least one focus (36) in the at least one recording plane (32) of the
at least one image sensor (34). At least one of the projection objectives (30) is arranged
so that the respective second optical axis has a lateral distance (42), measuring at most
half a diameter of the projection objective (30), from the third optical axis of the collimat-
ing optical unit (16) which generates the parallel beam path (12), the at least one projec-
tion objective (30) being arranged and configured for imaging said parallel beam path on
the at least one focus (36). As a result of which the parallel beam path (12) enters the at
least one projection objective (30) with a lateral distance (42) from the second optical axis

of the at least one projection objective (30).

Figure 1
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