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METHOD FOR DEALING WITH SINGULARITIES [N GRAVITY REFERENCED ENDOSCOPIC
IMAGING

Prior Application

0001]  Applicants claim priority benefits under 35 U.8.C. §119(e) of
U.S. Provisional Patent Application Serial No. 80/626,122 filed November 9,

2004.

Field Of The Invention

{00021 The present invention relates 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

[0003] As a surgeon or an assistant manipulates 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. 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. In open
procedures, the surgeon can see the anatomy directly and therefore does 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 endoscopic picture 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
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on the endoscope cover window or search for pooling blood in order to get a
sense of direction inside the cavity. Aside from being important for
distinguishing anatomical features which may look similar, knowing the up
direction helps in understanding the endoscope’s position relative to the
surrounding anatomy. ldeally, the surgeon would be able to refate to the

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

[0004] Attempted solutions to this problem have been proposed in
USPN 5307,804 to Bonnet (1994), USPN 5,899,851 to Koninckx (1999},
USPN 6,007 423 to Mattsson-Boze, et al. (2000), USPN 6,471,637 to Green,
et al. (2002), U.S. patent application 10/093,650 by Chatenever, et al. (2002),
and U.S. patent applications 10/829,767 and 60/560,172 by Schara et al.
(2004), which are incorporated herein by reference in their entireties. The
objects of these inventions are to provide schemes which can maintain the
proper upright gravity-leveled orientation of the endoscopic image regardless

of how the endoscope is being manipulated.

{000s] None of these solutions address the problem of so-called
viewing singularities (poles). In a singular viewing configuration there is no
unique upright image orientation. This occurs when the viewing direction
(described as a view vector) is parallel to the direction of gravity. Although a
mathematical discontinuity exists only at a singularity itself, the effect of the
singularity is nearly everywhere and decreases as one moves away from it.

[0006] A viewing singularity is similar to standing on the North Pole
and having to define which direction is south. In gravity-leveled endoscopic
systems singularities cause the endoscopic image to suddenly flip or spin
rapidly. This is obviously confusing and annoying to the user. Until now, it has
not been clear how one should deal with situations where there is no defined

up or down in the endoscopic image.
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[007] Thus, it is an object of this invention to provide a method for
dealing with singularities in gravity-leveled endoscopic imaging systems such
that the endoscopic image does not unexpectedly flip or spin during the
endoscopic viewing process. It is an additional object of this inventian 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

[0oos] In a gravity leveled endoscopic imaging system, when the
user moves the view vector towards a singular configuration, a warning flag is
shown. The current image crientation is also maintained when the view vector
is in the neighborhood of a singular configuration, thus avoiding sudden
flipping or spinning of the image. Also, an option for the user to interactively
control the flip or spin of the image when in such a neighborhood is provided.

[0oo9] In certain embodiments, the invention includes a method for
dealing with viewing singularities for a gravity-leveled endoscopic imaging
system comprising monitoring the endoscopic viewing direction; specifying a
neighborhood of a singularity; determining when the view vector is in said
neighborhood; and maintaining a certain image orientation while said view
vector is in said neighborhood indicating said singular configuration to the
user. Further claims include warning the user about a singularity, and letting
the user interactively specify a neighborhood of a singularity and a viewing

orientation within a neighborhood.

Brief Description Of The Drawings

[00010] Figs 1A-B illustrate viewing singularities;
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[ood1] Figs. 2A-D illustrate the concept of singular viewing

configurations as they relate to humans.

[00012] Figs. 3A-D show a theoretical endoscopic viewing sphere and

the issue of how to define the view-up vector in an endoscopic view.

{00013] Fig. 4 shows the indication of a pole and the maintained up-

vector as the endoscopic view swings towards a pole and through a pole to its

pther side.

[00014] Fig. 5 illustrates a neighborhood of a viewing singularity.
[00015] Figs. 6A-D illustrate the maintenance of the image up vector.

[00016] Figs. 7A-B illustrate the concept of maintaining an image
orientation as the endoscopic view swings through a pole and exits in a

direction different from the entry direction.

[00017] Fig. 8 shows how the endoscopic information might be

displayed.

Detailed Description Of The Invention

[00018] Figs 1A-B schematically show singular configurations for
endoscopes 10 which include the sensing means required for leveling the
endoscopic image. The sensing means could be housed anywhere in an
endoscope depending on the type of scope; for a rigid endoscope it is
typically more practical to put the sensing means in the proximal portion, while
for flexible endoscopes it is generally necessary to put the sensing means
near the tip. The endoscopic line of sight is represented by a view vector 12.
When the view vector 12 is parallel to the direction of gravity 14, whether
pointing up or down, it is in a singular configuration where the endoscopic
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image has no inherent up-direction. For rigid straight-viewing endoscopes
where the view vector 12 is aligned with the longitudinal axis 16 of the
endoscope 10, the singular configuration occurs when the endoscope 10 is
vertical (Fig. 1A). For oblique viewing endoscopes the attitude of the
endoscope 10 when in a singular configuration depends on the angular offset
18 between the scope longitudinal axis 16 and the view vector 12 (Fig. 1B).

This is also true for fiexible and rigid variable direction of view endoscopes

which have a variable offset 18.

[poots] Figs 2A, 2B, 2C, and 2D illustrate the human viewing process
in relation to the vertical orientation of our view field. When looking straight
ahead 20 or slightly above 22 or below 24 an imagined equator (not shown)
centered on a viewer's 26 head, the up-direction is obvious and the image 27
seen by the viewer 26 is correctly oriented (Fig. 2A). It is indicated by an up-
vector 28 which is a projection of the gravity direction 16 onto the view field.
The up-vector 28 is normal to the line of sight. As the viewer 26 tilts her head
further upward along an imaginary arc 29, she finally reaches a configuration
where her line of sight is parallel to the direction of gravity 16 and is looking
straight up 30. In this configuration the up-vector is horizontal and there no
longer exists an obvious up-direction. This is very much like standing at the
North Pole and being asked to decide which way is south. A viewing pole 31
can be defined as the intersection between the arc 29 and the direction of
gravity 16. As the viewer 26 tilts her head further she actually starts looking
behind 32 herself and the image she now sees 27 is flipped both up to down
and left to right (Fig. 2B) with the up-vector 28 having been reflected about the
gravity axis 16. For a human the brain and equilibrium senses help with the
interpretation of such a situation such that the viewer 26 is never confused as
to her orientation in space. Our environment also gives us strong visual clues
like vertical and horizontal lines to aid our orientational understanding.
However, an endoscope does not provide information processing like the

human brain, and a typical endoscopic environment does not have inherent
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directional clues. Thus, as an endoscopic view vector is swung past a pole
(and into a different hemisphere), it is not clear how the image should be
displayed. Displaying the endoscopic image reversed up to down and left to
right is consistent with the human viewing configuration 32, but arguably the
image should be displayed is if viewed from the configuration of Fig 2C where
instead of having tilted her head beyond the singular configuration 30, the
viewer 26 has turned her entire body around and tilted her head up 34. A
similar discussion is relevant when the viewer 26 swings her line of sight
through the downward singular configuration 36 (Fig. 2D) to another
backwards viewing configuration 38. The present invention lets the user
interactively select how she would like the endoscopic counterpart to the

image 27 displayed.

[pooz0] Figs 3A, 3B, 3C, and 3D lllustrate these orientation issues
further. A theoretical viewing sphere 40 (a three dimensional version of the
viewing arc 29 in Fig. 2) is centered on the tip of an endoscope 10, as shown
in Fig. 3A (The orientation of the endoscope 10 is not relevant). As the tip of
the view vector 12 is moved along a longitudinal arc 29 the up-directions of
points within the endoscopic view field 42 are continuously changing. When
looking below the equator 44 lines of longitude 29, 46, 47 diverge (Fig. 3B),
and when looking above the equator 44 lines of longitude 29, 46, 47 {Fig. 3C)
converge. Thus, the up-direction 28 varies throughout the view field 42. The
severity of this variation depends on the position of the view vector 12 in the
viewing sphere 40 and the size of the view field 42. As the poles 31 are
approached, this variation gets worse, and different points within a view field
42 can have diametrically opposite up-vectors. At the poles 31 there is
mathematically no up-direction and in the neighborhood of the poles 31 the
up-vector varies rapidly because the lines of longitude radially diverge or

converge (Fig. 3D).
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[00021] This rapid up-vector variation at the poles and in the
neighborhood of the poles is what causes problems for the current gravity-
leveled endoscopic systems. When the user manipulates the endoscope and
moves the view vector in the vicinity of a pole 31, the image rotates rapidly.
This is illustrated in Fig. 4, which shows a set of trajectories 48, 49, 50 swept
out by the tip of the endoscopic view vector (not shown). The closer a
trajectory is to the pole 31, the more severe the variation in the up-vector 28.
Thus, near the pole 31 even small movements of the endoscope can cause a
rapid image reversal. At the pole 31 itself the image will suddenly flip without
warning. This problem is severe even for rigid straight viewing endoscopes
where the user has a chance of predicting image rotations and flips based on
the attitude of the endoscope. It is completely unmanageable for oblique or
variable direction endoscopes where the relationship between the endoscope

axis and the hidden view vector direction is not obvious.

[00022] These singularities are inherent to the physical universe and
can not be removed. They can however be arfificially masked or altered with
mathematics and electronic processing. As shown in Fig. 5, the most effective
way to deal with the image spin is to mathematically define a neighborhood 52
around a singular configuration in which the image spin is reduced or
eliminated by electronic processing. Using the mathematical framework
disclosed in U.S. patent application to 10/829,767 Schara et al., the angle that

the view vector 12 makes with the direction of gravity 16, £ is given by

equation 1:

Be _[ cosacos¢—sinasin¢sin(ﬂ+9) ] (1)

1 cos?(B + @)sin’ & + (cosar sin g + cos gsin a sin(# + 8))°

5<¢ (2)
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[00023] Equation 2 defines a neighborhood 52 around a singularity.
When the position of the endoscope is such that the view vector angle f

satisfies this equation, where € can be selected according to preference, the
view vector 12 is said to be in the neighborhood 52 of a singularity. This
neighborhood 52 can be though of as a cone centered on the direction of
gravity 16. Any time the view vector 12 falls within this cone 52, Equation 2 is
satisfied (This applies to both the south and north poles. Depending on
implementations and definitions, the neighborhood around the north pole
could be defined with (180-¢) substituted for g). Other definitions of a

neighborhood of a singularity can also be used.

[00024] The attitude of the view vector is continuously monitored by
the rotation pick-up sensors and a processor compares its configuration to the
set of configurations contained within a neighborhood of a singularity. As
shown in Fig. BA, when the view vector is within the neighborhood 52, the
user can either specify a desired image up-vector, or the processor can
instruct the automatic leveling system to maintain the former up-vector 28
which existed when the view vector moved into the neighborhood 52. For a
particular viewing position on the surface of the theoretical viewing sphere
near the south pole 31 the endoscopic image would thus be kept in an
artificially imposed orientation 28 instead of following the natural up-direction
54 which would exist at any point within the neighborhood 52 (It would be the
same for the north pole except that the up-direction would be towards rather
than away from the pole). For example, if a user pivots an endoscope 10
about its patient entry point 56 such that the view vector 12 and view 42 swing
to the other side of the pole 31 (Figs 6B, 6C, 6D), it will often be desirable to
maintain the up-direction 28 that existed before the pole 31 was traversed
rather than using the theoretically correct up-direction 54 for the new viewing
configuration. This scenario is analogous to the situation in Fig. 2D. When the
viewer 26 looks down past her feet and behind herself, she is still inclined to

think of up as the direction in which her feet are pointing.
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[00025] Fig. 7A shows the result of the present invention as the view
vector enters a neighborhood 52 along a trajectory 48. The image leveling
system maintains the up-direction which existed at the time the view vector
crossed over the boundary of the neighborhood 52. Alternate view vector
trajectories associated with various scope manipulations are shown in Figs.
7A-B. It shouid be noted that as the view vector leaves the neighborhood 52,
the image will again be leveled according to the gravity leveling system, and
for certain trajectories the image orientation may suddenly adjust itself a
significant amount depending on the definition of the neighborhood. If the
neighborhood has a definite boundary, there will be a discontinuity at the
boundary, but if it is defined with a soft boundary, the image orientation may
follow a smooth and slow varying function. In essence, what the neighborhood
does is artificially mask the singularity, and this mask can be defined by any
appropriate mathematical function. For example, the neighborhocod can be set
up such that the endoscopic viewing process is gravity leveled in certain
regions and traditional in other regions. The neighborhood can be tailored
according to the endoscopic procedure. For instance, if the user simply
expects to swing the endoscope past a pole and then back out in a direction
generally parallel to the entry direction, then the neighborhood 52 could be
small because the exit path is close to the entry path and thus will not cause a
drastic change in image orientaton as the view vector leaves the
neighborhood 52. The neighborhood 52 can also be changed or disabled by
the user. In this way the user can dynamically select how she wants to view
the environment according to personal preference. This is important because
different users have different ways of thinking about the endoscopic space.
For example, when a scope is swung back towards the user, some Users may
think of this as looking down and backwards, while others may think of this as

standing on the other side and looking down and forwards.

[0co26] Fig. 8 shows a display 60, with an endoscopic image 62 of a

certain anatomical feature 64. The boundary of the neighborhood is indicated
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by a line of latitude. An indicator of the image center 66 can be selectively
enabled to provide information about the relative location of a pole, indicated
by a dot 68. The display €0 includes a graphical model of the global viewing
configuration, including graphical models of the endoscope 10, view vector 12,
gravity direction 16, singularity neighborhood boundary 78, and viewing
sphere 40. This graphical modei aids the viewing process by providing the
user with information about the relative arrangement of the view vector and
the singular configuration. Buttons 70 are provided for the user to interactively
manage image orientation and neighborhood settings. For example, the user
may select to toggle the image crientation between the current upright image
orientation maintained within the neighborhood and the natural upright
orientation which would exist without the neighborhood setting. Also, the user
can select to display the pole 68, and alternately a full coordinate grid. The
interface also features an optional warning flag 72 which shows up when the

endoscopic view vector passes a pole.

[00027] Methods for leveling the endoscopic image are described in
the above disclosures, but the details of these methods are not necessary for

an understanding of this invention.

[00028] The present invention has been described above in terms of a
presently preferred embodiment so that an understanding of the present
invention can be conveyed. However, there are many alternative
arrangements for a method for providing gravity referenced endoscopic
imaging not specifically described herein but for which the present invention is
applicable. For example, an alternative mathematical framework describing
the endoscope and its configurations would lead to an alternative formula for
the view vector orientation and the neighborhood around a singularity. Also,
there are many different ways to display the imaging information. 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



L T e T s T e T e T e T e B e |
L T e T e T e Y e B e |
L T e T s T e T e T s T e Y e T e T s Y e, O e O e R e I s T e T e O e T e IO e R e B e |
L T e T e T e T e T e T e T e |

[

(26) JP 2006-136722 A 2006.6.1

borescopes or the like for use within various mechanical structures. Therefore,

the term “endoscope” as used herein, refers to an endoscope or any similar

device such as a borescope, a fiberscope, etc.

[00029] 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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What is claimed is:

1. A method for avoiding rapid or sudden image rotation in a gravity
leveled endoscopic imaging system, comprising:
monitoring the attitude of a view vector;
specifying a neighborhood of a viewing singularity,
relating said view vector attitude to said neighborhood; and
providing a certain image orientation whenever said view vector is

within said neighborhood.

2. The method of claim 1, wherein said certain image orientation is the
image orientation which existed as said view vector entered into said
neighborhood.

3. The mathod of claim 1, wherein said image orientation is specified by a
user.
4. The method of claim 1, further comprising issuing a warning to a user

whenever said view vector enters said neighborhood.

5. A methad for avoiding rapid or sudden image rotation in a gravity
leveled endoscopic imaging system, comprising:

monitoring the attitude of a view vector,

specifying a neighborhood of a viewing singularity; and

issuing a warning to a user whenever said view vector enters said

neighborhood.
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: A method for avoiding rapid or sudden image rotation in a gravity
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C leveled endoscopic imaging system is disclosed generally comprising the

[ steps of monitoring the attitude of the view vector, specifying a neighborhood
[

[ of a viewing singularity, relating the view vector attitude to the neighborhood,
[ and providing a certain image orientation whenever the view vector is within
E the neighborhood. In some embodiments, the image orientation is the one

[ that existed when the view vector entered the neighborhood, while in some

[ embodiments, the image orientation is specified by the user. in some

[

[ embodiments, a warning is issued to the user when the view vector enters the
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2 Representative Drawing

Fig. 3A
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Fig. 5

Flg. 6A




G

JP 2006-136722 A 2006.6.1

0 Fig. 8

o>

WARNING:
PAST POLE
4

\68

Neighborhood

Toggle

Orientation

(O Display Grid

@  Display Pole




[ i (S RIR) A ()

RF(EFR)AGE)

FRI&R BB A

EHA

F-TERMZ %S

REA(F)

L 54X

S\EReERE

BE@®F)

EMRANAID  EH-PLBEEANS L, ENAEEREEED , &
ABRBRTT , BISEES , EABRERYPTEREBNNREN
BER:, ZSOLUTION : MEBMHKE (12) WARE , HEEAREES
WHDEME , FEARREN T ESHIELEMRXEK , HERGW A @
BAREEN UMM XBREEMIEENNIBHN B, Z

patsnap
SEENEARERYPEANTRESNGZE

JP2006136722A NI (»&E)B 2006-06-01

JP2005323913 RiEH 2005-11-08

FREEBERBLARELT
+/RSutotsuFF KA T

TUYOTIAAIL
NAFAEY RiIk—Y
XA AVAND

IUY T ITIAALIL
NDXFAEY RFKR—YT
AR 23 ANT

A61B1/04 G02B23/24
A61B5/065 A61B1/0005 A61B1/00055 A61B1/05 G02B23/2484
A61B1/04.370 G02B23/24.A A61B1/04 A61B1/045.610

2H040/BA04 2H040/BA14 2H040/BA23 2H040/FA06 2H040/FA10 2H040/FA13 2H040/GA02 2H040
/GA11 4C061/AA00 4C061/BB07 4C061/CC06 4C061/DD00 4C061/JJ17 4C061/NNO1 4C061/NNO5
4C061/RR24 4C061/WWO06 4C061/XX01 4C161/AA00 4C161/BB07 4C161/CC06 4C161/DD00 4C161
/JJ17 4C161/NNO1 4C161/NNO5 4C161/RR24 4C161/WWO06 4C161/XX01

b
HE

60/626122 2004-11-09 US
11/055445 2005-02-10 US

Espacenet



https://share-analytics.zhihuiya.com/view/cb75b924-564c-455b-83a0-72076b6a1cf9
https://worldwide.espacenet.com/patent/search/family/035744764/publication/JP2006136722A?q=JP2006136722A

