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TITLE OF INVENTION
Endoscopic Imaging with Indication of Gravity Direction
FIELD OF THE INVENTION

The present invention rel'ates to endoscopic imaging, and in particular, to
endoscopic image orientation and its relationship to the direction of gravity and the

viewer's reference frame.
BACKGROUND OF THE INVENTION

An endoscope is an elongated tubular structure which is inserted into body
cavities to examine them. The endoscope includes a telescope with an objective lens
at its distal end. The telescope usually includes an image-forwarding system. In rigid
endoscopes, it is a series of spaced-apart lenses. In flexible endoscopes it is a
bundle of tiny optical fibers assembled coherently to forward the image. Some
endoscopes include a camera means, such as a CCD or CMOS image sensor, in the
distal portion and forward the image electronically. This invention is applicable to all

types of image forwarding systems.

Many endoscopes view only directly forward. Others feature fixed or movable
reflectors in the distal portion to allow off-axis viewing. Some, most commonly
flexible types, feature actuated bending portions at the distal end. This invention is

applicable to all types of axial, non-axial, and variable direction of view endoscopes.
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At the proximal end of the image-forwarding system, some endoscopes
include an ocular lens which creates a virtual image for direct human visualization.
Often a camera means, such as a CCD or CMOS chip, is connected to the
endoscope. It receives the image and produces a signal for a video display. Some

endoscopes have a camera means built directly into the endoscope.

While surgeons can, and often do, look directly into the endoscope through an
ocular lens, it has become more common for them to use an attached video camera
and observe an image on a video screen. in a surgical or diagnostic procedure, the
surgeon manipulates the endoscope. He may cause it to pitch about a lateral axis or
roll about a longitudinal axis. As these manipulations occur to an endoscope with an
attached camera, the camera faithfully relates what it sees, with its own upright axis
displayed as the upright axis of the image on the display. This often results in

rotation of the viewed image.

That is the very problem. As the image rotates, the surgeon loses track of
what is actually up and down inside the endoscopic cavity. This disorientation is one
of endoscopy’s greatest enemies and has lead to severe mistakes such as the
snipping of optical nerves which, during a procedure, were believed to be a different
part of the anatomy. When surgical procedures where open rather than endoscopic,
the surgeon could see the anatomy directly and therefore did not have a
disorientation problem. However, during an endoscopic procedure the surgeon’s
viewpoint is different from the viewpoint of the endoscope, and the surgeon must

continuously try to correlate his own mental picture of the anatomy with the
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endoscopic pictﬁre on the display. In doing this, the need to know what is up and
down inside the endoscopic cavity is so strong that it has become common for
surgeons to observe the flow direction of fluid droplets on the endoscope cover
window or search for pooling blood in order to get a sense of direction ihside the
cavity. Aside from being important for distinguishing anatomical features which may
lock similar, knowing the up-direction also helps in understanding the endoscope’s
position relative to the surrounding anatomy. Ideally, the surgecn would be able. o

relate to the endoscopic cavity as if his own eyes were actually inside the cavity.

An attempted solution to this problem is proposed in USPN 5,307,804 to
Bonnet (1994), which is incorporated herein by reference in its entirety. An oﬁject of
this invention was to maintain the orientation of an endoscopic image without the use
of electronic sensing and positioning devices. A pendulum fixed to ‘a camera is
rotatably attached to an endoscope. The pendulum maintains an orientation with
respect to gravity around the endoscope longitudinal axis. As the endoscope rotates,
the pendulum causes the camera to rotate in the opposite direction relative to the

endoscope. This is intended to maintain the image in a proper orientation.

An endoscope with rotational orientation correction is also suggested in USPN
5,899,851 to Koninckx (1999), which is incorporated herein by reference in its
entirety. Aﬁ electronic rotation pick-up means responsive to gravity senses rotation
of a camera around the endoscope longitudinal axis. An image rotator rotates the

camera image according to the rotation signal from the rotation pick-up means.

Another endoscope and camera system with rotational orientation correction
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is disclosed in USPN 6,097,423 to Mattsson-Boze, et al. (2000), which is
incorporated herein by reference in its entirety. Electronic sensing and positioning
devices combine to sense and correct the rotation of a camera rotatably attached to
an endoscope. An accelerometer fixed to the camera serves as an electronic rotation
pick-up means responsive to gravity. A motor rotates the camera according to
signals from the accelerometer. This accelerometer and motor system is functionally
equivalent to the pendulum described by Bonnet. While the pendulum relies on the
force of gravity to rotate, the accelerometer sensitively measures gravity and the
motor rotates the assembly accordingly. The system can therefore be thought of as
an electro mechanical pendulum. Mattsson-Boze also recognizes rotation of the
image by electronic manipulation to correct the image orientation, but actively

discourages this practice for several reasons.

USPN 6,471,637 to Green, et al. (2002), which is incorporated herein by
reference in its entirety, discloses the same apparatus as disclosed in Mattsson-
Boze, and suggests two alternative methods for image rotation. in the first method,
an optical image rotator is used instead of a rotating camera. In the second method,
electronic manipulation is used to correct the image orientation. Also, one or more

gyroscopes are suggested as alternative electronic rotation pick-up means.

U.S. Patent Application No. 2002/0161280 by Chatenever, et al., which is
incorporated herein by reference in its entirety, discloses the same apparatus as
disclosed in Mattsson-Boze and in Green, and suggests two alternative methods for
electronic rotation pick-up. In the first method, image analysis is used to compute a

rotational signal. In the second method, a machine vision system is used to compute
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a rotation signal.

U.S. Patent Application Nos. 2005/0228230 and 2005/0154260 by Schara et
al., which are incorporated herein by reference in their entirety, teach general
solutions to the image orientation problem. Unlike the above disclosures, these
disclosures can provide a gravity-leveled endoscopic image for all scope types and
configurations, regardless of endoscope pitch and roll and any line of sight oﬁsét

from the axis of the endoscope.

All of the above solutions teach only automatic reorienting and leveling of the
endoscopic image. From market surveys and discussions with surgeons in different
disciplines it has become apparent that even just an indicator of vertical without
reorientation of the endoscopic image would be very useful. Surgeons have become
accustomed to recrienting the endoscopic camera manually during a proceduré and
do not necessarily require or even want the image automatically corrected for them.
Simply providing an indicator of vertical would allow the Surgeons to keep the
practice of adjusting the camera themselves and at the same time give a visual key
of how much the camera must be rotated in order to achieve a truly upright image.
Alternately, the surgeon could elect to maintain a current camera orientation but
would with an indicator at least be able to see which direction was up. This is
especially relevant with the latest chip-in-tip endoscopes which have a distal camera

that cannot be rotated.

Also, except for U.S. Patent Application Nos. 2005/0228230 and

2005/0154260 by Schara et al., all of the above solutions compensate only for roll
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about the longitudinal axis, and provide a rotationally corrected image only for axial
viewing endoscopes. They provide an approximation of the correct orientation for
slightly oblique viewing endoscopes held near horizontal, but only Schara et al, teach
a solution that is correct for straight, oblique, side, retro, and variable direction of
view endoscopes. The current practice in endoscopy is for the surgeon to try to keep
the image vertical by rotating the proximal camera head such that its roll about the
endoscope axis stays level with the horizon. This is done regardless of the type of
scope being used, whether straight, oblique, or flexible. The widespread
misunderstanding here is that this practice keeps the image leveled. It in fact only
provides a leveled image in the case of a rigid straight viewing endoscope. For any
other scope type, this practice does not provide a leveled image and is misleading

because what is believed to be a leveled image actually is not.

Thus, it is an object of this invention to provide an indicator of the correct

~ upright orientation (with respect to the viewer) of a viewed image from an

endoscope. It is an additional object of this invention to be applicable to any axial,
oblique, side, or retro viewing endoscope, as well as any endoscope with a variable

direction of view.
BRIEF SUMMARY OF THE INVENTION

According to a feature of this invention, an electronic rotation pick-up means
is fixed to the housing of an endoscope. The electronic rotation pick-up means
produces signals indicating rotations of the endoscope. A microprocessor uses these

signals to calculate a rotational indicator for the endoscopic view orientation. The
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calculation includes factors to account for endoscope roll, endoscope pitch, and
endoscope viewing direction. The indicator is displayed on a video display device.
With thié arrangement the indicator shows which direction is up and how much the
current image orientation is off from vertical or how much the user must rotate the
camera in order to make the image "upright” on the display, as though viewed by a

surgeon standing or sitting in an upright position.

The invention includes a method for indicating the proper upright crientation
{with respect to the viewer) of an image from an endoscope comprising calculating
the upright direction, wherein said calculating comprises accounting for the effects

on image orientation caused by endoscope pitch, endoscope roll, and endoscope

direction of view; and presenting an indication of said proper upright orientation.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic view of an endoscope useful with this invention;
Fig. 2 illustrates endoscope attitude; and

Fig. 3 shows the angular amount by which the endoscopic image is off the

gravity upright direction.

Fig. 4 shows a displayed endoscopic image with an indicator of the upright
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direction;

Figs 5A and 5B illustrate a displayed endoscopic image including additional

indicators providing information about the endoscope attitude.
DETAILED DESCRIPTION OF THE INVENTION

Fig. 1 schematically shows an endoscope. The endoscope includes a shaft 10
that contains elements that are conventionally provided. The shaft has a longitudinal

axis 12.

An objective optical system is provided at the distal end of the shaft to give
the endoscope a view vector 14 and a field of view 16. The objective optical system
comprises components such as lenses, prisms, reflectors, etc. The objective optical
system may be adjustable or mounted adjustably to provide a variable direction of

view.

A housing 18 is provided at the proximal end of the shaft 10. An image
sensing device or camera 20 is mounted in the housing 18. It is configured to receive
images 22 from the objective optical system. The housing 18 encases an electronic

microprocessor 23 for performing calculations.

Electronic rotation pick-up means, in the preferred embodiment three
accelerometers 24, 26, 28 responsive to gravity, are mounted to the housing 18.

Each accelerometer measures a component of gravity along a particular
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measurement axis. The accelerometers provide pulse-width-modulated signals to
the processor which can convert each signal into a gravitational force measurement.
Changes in the gravitational force measurements from the accelerometers are

related to rotations of the endoscope.

In order to adequately describe the method of the current invention, an

appropriate mathematical framework needs to be defined.

The housing 18 has a longitudinal axis 30 and a lateral axis 32 which are
horizontal when the housing is in its upright position, and an upright axis 34 which is
vertical when the housing is in its upright position. These axes 30, 32, 34 are
orthogonal. Each accelerometer axis is aligned with an axis of the housing 18. The
first accelerometer 24 measures a component of gravity along the longitudinal axis
30. The second accelerometer 26 measures a component of gravity along the lateral
axis 32. The third accelerometer 28 measures a component of gravity along the
upright axis 34. The force from the longitudinal accelerometer 24 is Z. The force from

the late'ral accelerometer 26 is X. The force from the upright accelerometer 28 is Y.

The endoscope has a view vector 14, The camera upright projection 36 is the
projection of the default upright axis 38 of the camera 20 through the optics and

along the view vector 14,

A view vector pivot axis 40 is defined at the distal end of the endoscope,
initially aligned with the housing upright axis 34. The pivot axis 40 may or may not

exist in the actual implementation of the endoscope, but is defined as part of the
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mathematical framewark. The pivot axis 40 may be realigned by rotating it about the
longitudinal axis 12. The variable theta is used to describe the angle of the pivot axis
40 relative to the upright axis 34 as rotated about thé longitudinal axis 12. The
variable phi is used to describe the angle of the view vector 14 relative to the
longitudinal axis 12 as rotated about the pivot axis 40. The variable zeta is used to
describe the angle of the camera upright projection 36 relative to the pivot axis 40 as
rotated about the view vector 14. It should be noted that the above parameterizétion
uses ZYZ Euler angles, which are commonly used to describe three dimensional

rotations.

For simple oblique, side, or retro viewing endoscopes, the above
parameterization variables theta, phi, and zeta will be fixed constants defined for
each endoscope. Variable direction of view endoscopes require that one or more of

the variables change during operation to reflect the changing direction of view.

During use, the endoscope will be positioned with an attitude as shown in Fig
2. The attitude is parameterized as pitch and roll. The variable alpha is used to
describe the pitch ahgle of the Jongitudinal axis 12 relative to horizontal 42. The
variable beta is used to describe the roll angle of the endoscope about its

longitudinal axis 12. Both pitch and roll may be adjusted during use.

The microprocessor calculates pitch and roll from the accelerometer outputs

according to the formulas:

X
= arctan —
A Y
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a=ar0tan}’/cosﬁ
As shown if Fig 3, the camera upright projection 36 is offset from gravity
upright 43 by a correction angle. The variable gamma is used to describe the
correction angle as a rotatioh about the view vector 14. The microprocessor
calculates gamma according to the formula:

-sin ¢ sin g + cos @ cos g sin(F + &)
cosa cos(f +6)

¥ =—¢ —arctan

A video display 44 is used to provide the endoscobic image 45 along with an
upright direction indicator 46 fo the user, as shown in Fig. 4. The indicator 46 is in
this embodiment a direction arrow, but it could be any type of graphic olbject such as
a dot or a line. An optional vertical stripe 48 indicates the physical top of the display
44 and provides a reference point for rotating the camera. If the user wants to
arrange the endoscopic image 45 such that its up-direction is aligned with the up-
direction of the display 44, he can rotate the camera {or image itself if the system
has some other means of image rotation) until the indicator 46 lines up with the
stripe 48. The video display 44 may be any device suitable for displaying images

from the endoscope.

Along with the image orientation indicator 46, an additional set of indicators 50
could be used to give the user a sense of the endoscope’s orientation, as shown in
Fig 5A. In this case these indicators 50, which slide along the perimeter of the image
44, indicate whether the endoscope is pointing away from the user or towards the

user. Alternately, a 3D arrow indicator 52 can used (Fig. 5B).
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In an alternative embodiment, one or more gyroscopes can be used as the
electronic rotation pick-up means. The gyroscope output is used to determine the
attitude of the endoscope. A gyroscope creates a signal representative of a force
proportional to the angular displacement relative to its axis of rotation. Methods of
determining attitude using gyroscopes are described in Chatenever, but the details of

these methods are not necessary for an understanding of this invention.

In a further embodiment of the present invention, a machine vision system is
used to compute the attitude of the endoscope. In such a system, the endoscope
has thereon or therein at least one signal emitting element which emits some form of
energy which is received by a receiver located at some location remote from the
endoscope, such is in the ceiling of the operating room, mounted on a tripod or the
like, or in & wall. By analyzing the energy received from the signal emitting elerﬁents,
the receiver calculates the attitude of the endoscope. The signal emitting elements
may themselves generate the energy, such as in the case of light emitting diodes,
magnets, or the like, or may comprise reflectors for reflecting energy emitted from
some transmitting source located at some location remote from the endoscope, such
is in the ceiling of the operating room, mounted on a tripod or the like, or in a wall.
The transmitting source thus transmits energy, which is reflected off the signal |
emitting elements, and is received by the receiver. The energy may comprise, for

example, infrared energy, light in the visual spectrum, magnetic energy, or the like.

The present invention has been described ébove in terms of a presently

preferred embodiment so that an understanding of the present invention can be
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conveyed. However, there are many alternative arrangements for a method for
providing gravity referenced endoscopic imaging not specifically described herein but
with which the present invention is applicable. For example, an alternative
mathematical framework describing the endoscope will lead to an alternétive formula
for the upright orientation calculation. Also, there are many different ways to indicate
the upright direction. In addition, while the examples were given with respect to
endoscopes for use in surgical procedures, the present invention is equally
applicable with respect to borescopes or the like for use within various mechanical
structures. Therefore, the term “endoscope” as used herein, refers to an endoscope
(used for medical procedures) or any similar device such as a borescope, a

fiberscope, etc.

This invention is not to be limited by the embodiments shown in the drawings
and described in the description, which are given by way of example and not of

limitation, but only in accordance with the scope of the appended claims.
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We claim:
1. A method for indicating the proper upright orientation of an image from an

endoscope, comprising:

calculating an image upright direction, wherein said calculating comprises
accounting for the effects on image orientation caused by endoscope pitch, roll, and
viewing direction; and

presenting an indicator of said upright direction, wherein said presenting

comprises displaying said indicator along with said image on a display device.

2. The method of claim 1, wherein said indicator comprises at least one marker

around the edge of said endoscopic image.

3. The method of claim 1, wherein said indicator comprises a pointer adjacent to

said endoscopic image.

4, A method for indicating the inclination of a view vector of an endoscope
comprising;

calculating a view vector inclination, wherein said calculating comprises
accounting for the effects on image orientation caused by endoscope pitch, roll, and
viewing direction; and

presenting an indicator of said view vector inclination, wherein said presenting

comprises displaying said indicator along with said image on a display device.
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5. The method of claim 4, wherein said indicator comprises at least one marker

around the edge of said endoscopic image.

6. The method of claim 4, wherein said indicator comprises a pointer adjacent to

said endoscopic image.

7. A method for indicating the attitude of an endoscope having at least one

rotation pickup means comprising:
monitoring said attitude with said rotation pick-up means; and

presenting an indicator of said attitude, wherein said presenting comiprises

displaying said indicator along with an endoscopic image on a display device.

8. The method of claim 7, wherein said indicator comprises at least one marker

around the edge of said endoscopic image.
9. The method of claim 7, wherein said indicator comprises a pointer.

10, A system for indicating the proper upright orientation of images, comprising:
a scope for acquiring images;

a rotation sensor for monitoring rotation of said scope and generating signals

therefor;
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a processor connected to said rotation sensor that receives the signals and

calculates an image upright direction based thereon; and

a display device connected to said scope for displaying the acquired images,
wherein the display device displays an indicator of the calculated image upright

direction along with the images.

11.  The system of claim 10, wherein the rotation sensor comprises three rotation
pick-up devices for monitoring rotation of said scope about three substantially

orthogonal axes.

12.  The system of claim 11, wherein said rotation pick-up devices comprise

accelerometers.

13.  The system of claim 10, wherein said rotation sensor comprises at least one

gyroscope.

14.  The system of claim 10, wherein said scope includes a view vector, a
longitudinal axis, and a view vector pivot axis angularly offset from the longitudinal
axis about which the view vector pivots, wherein the calculated upright direction is

further based thereon.
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Abstract

ABSTRACT OF THE DISCLOSURE

A method is disclosed in for presenting an indicator of the upright orientation
of an endoscopic image. An electronic rotation pick-up means is fixed to the housing
of an endoscope. The electronic rotation pick-up means produces signals indicating
rotations of the endoscope. A microprocessor uses these signals to calculate the
difference between the upright image orientation and the actual image orientation.
The calculation includes factors to account for endoscope roll, endoscope pitch, and
endoscope viewing direction. The upright indicator is displayed on a video display

device along with the endoscopic image.

2 Representative Drawing
Fig. 4
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Fig. 58

Fig. 5A




THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

FRI&R BB A

EHA

IPCH %S

FIn¥kS

F-TERMZ S

RIBA (1)

H b 237 32k
S\EReERE

BEG®)

EFRRNAE  BE-METEH  ZETFHFREMNNAETARNE G
BREESE (EANTEE ). AF 7T -HEINAREERGHESRG
MNERAFNEE. EFRRENEEBREINARENTA L, BFEK
RRREFEETATRRERNGES, BLEREAXLEESRITEE
EEGLFAMXGRERGAEZEANER. ZHESBFEZRRNARRY ,

ARV ATMEARSANRR. EEETFEARAEEKERNE
KE

TEME Rig& £,

patsnap
NEERGER T EEREEN S ENETR
JP2007275257A NI (»&E)B 2007-10-25
JP2006104578 HiE A 2006-04-05
FREBERELRAF
+/RSutotsuFfF &2 A
Ny XFAEY Rik—4
TUYOIIANAIL
RARTZAVANT

NDXFAEY RFR—=YT
TUY T ITIAALL
AR 23 ANT

A61B1/04 G02B23/24

A61B1/04.370 G02B23/24.A G02B23/24.B A61B1/00.300.D A61B1/00.550 A61B1/04 A61B1/045.610
A61B1/045.622

2H040/BA23 2H040/GA02 2H040/GA11 4C061/AA00 4C061/BB02 4C061/CC06 4C061/DD00 4C061
/FF41 4C061/HH51 4C061/JJ11 4C061/JJ17 4C061/NNO5 4C061/WW13 4C161/AA00 4C161/BB02
4C161/CC06 4C161/DD00 4C161/FF41 4C161/HH51 4C161/JJ11 4C161/JJ17 4C161/NN0O5 4C161
/WW13

i

Mz

JP4607043B2

Espacenet



https://share-analytics.zhihuiya.com/view/3b32a2a7-1713-4ed5-8596-628e2e23fb4a
https://worldwide.espacenet.com/patent/search/family/038677407/publication/JP2007275257A?q=JP2007275257A

