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ABSTRACT
A surgery assistance system including a rigid endoscope having a position-orientation detection marker, 3-dimensional
(3D) shape measurement device for obtaining data corresponding to a 3D surface of a patient and data corresponding
to a 3D surface of the position-orientation detection marker,
and computation unit for aligning pre-stored tomographical
data of the patient and the data corresponding to the 3D
surface of the patient, computing an optical axis of the rigid
endoscope on the basis of the data corresponding to the 3D
surface of the position-orientation detection marker and a
pre-obtained 3D relative position relationship between an
actual optical axis of the rigid endoscope and the positionorientation detection marker, for computing a tissue wall in
the patient from the 3D tomographical data, and for computing an intersection of the tissue wall and the computed optical
axis of the rigid endoscope.
16 Claims, 11 Drawing Sheets
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SURGERY ASSISTANCE SYSTEM AND
OPTICAL AXIS POSITION MEASUREMENT
DEVICE
TECHNICAL FIELD
The present invention relates to a surgery assistance system
for providing information relating to an image captured by a
rigid endoscope to a surgeon or another user.
BACKGROUND ART
Surgical navigation (surgery assistance information display) has been performed in the past for displaying the proper
position of the distal end of the surgical instrument on a CT
(computed tomography) or MRI (magnetic resonance imaging) image to assist a surgeon when an endoscope or another
surgical instrument is inserted into a patient's body. For
example, Patent Document 1 describes a surgery assistance
system proposed by the present inventors, which is a technique for aligning a 3-dimensional surface shape of a patient
measured by a 3-dimensional shape measurement device
with 3-dimensional tomographical data imaged in advance. A
technique is also described whereby a 3-dimensional shape
measurement device for measuring the 3-dimensional surface
shape of a patient is used to measure an indicator part (sphere
12 in FIG. 1) for position and orientation detection that is
attached to the surgical instrument, and the position and orientation of the surgical instrument is computed. However,
these methods are merely for displaying the position of the
distal end of a surgical instrument, pointer, or another instrument, and do not indicate the portion of a preoperative CT or
MRI image to which a site imaged by an endoscope corresponds.
If it were possible to confirm the area of a preoperative CT
or another image to which a site imaged by an endoscope
(surgical area displayed on the monitor of an endoscope)
corresponds, then, for example, a surgeon could freely take
any surgical instrument in the right hand and continuously
operate while using an endoscope held in the left hand to
confirm the operated area by direct visual observation and
recognize which area of a preoperative CT or another image
is being observed.
Patent Documents 2 and 3 describe such conventional techniques whereby a site imaged by an endoscope is displayed on
an image. Techniques proposed in the past by the present
inventors include Japanese Patent Application No. 200722077 (not yet disclosed). Patent Document 2 describes a
technique whereby the direction of the optical axis of a rigid
endoscope in use is displayed on a 3-dimensional tomographic image in a surgery navigation device.
Patent Document 3 describes a technique whereby the
location observed by an endoscope is determined and displayed on a preoperative CT/MRI through the use of an endoscope having distance measurement means (triangulation or
ultrasonic sensor or the like using spotlight irradiation) for
measuring the distance from the distal end of an insertion part
of an endoscope inserted into a patient's body to an operation
site within the patient's body.
In Patent Documents 2 and 3, a luminescent element or
another marker and a position sensor for detecting the marker
are used to detect the position and orientation of the endoscope, but these systems require that some type of marker be
attached to the patient, or that a device be separately provided
for measuring the shape of the patient in order to align the
3-dimensional tomographical data with a coordinate system

2
for the patient, thus inconveniencing the patient and increasing the complexity of the system.
However, in the conventional technique of the present
inventors described in Japanese Patent Application No. 20075 22077 (not yet disclosed), a 3-dimensional shape measurement device for measuring the 3-dimensional surface shape
of the patient is used to detect the position and orientation of
a rigid endoscope, and it is possible to prevent inconvenience
to the patient and increased complexity of the system.
10
However, in Japanese Patent Application No. 2007-22077,
the optical axis of the endoscope is assumed to be a nominal
value, the same as in the techniques of Patent Documents 2
and 3, and calibration of the optical axis of the endoscope is
15 not addressed. In a straight-view endoscope, for example, the
optical axis information of the endoscope is displayed under
the assumption that the optical axis of the endoscope passes
through the center of the endoscope barrel, i.e., the optical
axis has a nominal value such that the angle formed by the
20 endoscope optical axis and a line through the center of the
endoscope barrel is 0 degrees.
Since the objects viewed by an endoscope are usually
relatively close to the lens, no consideration has been given to
calibrating the optical axis of the endoscope, although cali25 bration of lens position and other factors has been considered.
In Patent Document 4, for example, a device is described for
calibrating the lens position and field of view of an endoscope
having a long shaft and a distal-end lens. However, the field of
view of the endoscope is adjusted by displaying an existing
30 image in the endoscope and adjusting the displayed image,
and no description or suggestion is given of calibrating the
optical axis of the endoscope.
[Patent Document 1] Publication of Unexamined Japanese
Patent Application No. 2007-209531
35 [Patent Document 2] Publication of Unexamined Japanese
Patent Application No. 2001-293006
[Patent Document 3] Publication of Unexamined Japanese
Patent Application No. 2001-204738
[Patent Document 4] PCT (WO) 2003-528688
40
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Since the objects viewed by an endoscope are usually
relatively close to the lens, misalignment of the actual optical
axis from the nominal value rarely leads to significant effects,
but in cases in which a straight line extended from the optical
axis is displayed in order to navigate the movement of the
endoscope, such as in a surgery assistance system, a difference between the actual optical axis (real optical axis) and the
optical axis direction displayed in the navigation image
becomes significant. The inventors have discovered that the
misalignment of the actual optical axis from the nominal
value is a value which cannot be ignored in developing a
surgery assistance system. The inventors learned as a result of
studying the optical axis positions of numerous endoscopes
that in the case of an endoscope having a 120-degree angle of
field, the misalignment of the actual optical axis from the
nominal value is at most approximately 6 degrees (5% of the
angle of field). Since surgery is a precision operation, an error
of even a few millimeters can have adverse effects.
The present invention was developed to overcome the
problems described above, and an object of the present invention is to provide a surgery assistance system for measuring
an actual optical axis position of a rigid endoscope in advance
and performing surgery navigation which takes into account
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the actual optical axis position even when the actual optical
axis is offset from the nominal value.
Means for Solving the Problem
The present invention is configured as described below.
The present invention provides a surgery assistance system
comprising 3-dimensional shape measurement means for
measuring a 3-dimensional surface shape of a patient; a rigid
endoscope to be inserted into the body of the patient; computation means; and display means; wherein
the rigid endoscope has a position-orientation detection
marker in a portion not inserted into the body, the positionorientation detection marker being measurable by the 3-dimensional shape measurement means;
3-dimensional tomographical data of the patient imaged in
advance, and a 3-dimensional relative position relationship
between the position-orientation detection marker and the
real optical axis of the rigid endoscope measured in advance
are stored in the computation means;
the computation means includes means for aligning the
3-dimensional tomographical data and the 3-dimensional surface shape of the patient measured by the 3-dimensional
shape measurement means;
means for computing the position and orientation of the
rigid endoscope on the basis of the position-orientation
detection marker measured by the 3-dimensional shape
measurement means;
means for computing the optical axis of the rigid endoscope on the basis of the position-orientation detection
marker measured by the 3-dimensional shape measurement means and the 3-dimensional relative position relationship between the stored real optical axis of the rigid
endoscope and the position-orientation detection
marker;
means for computing a tissue wall in the patient from the
3-dimensional tomographical data; and
intersection computation means for computing an intersection of the tissue wall and the real optical axis of the rigid
endoscope; and
the display means displays at least the aligned 3-dimensional tomographical data, the real optical axis of the rigid
endoscope, and the intersection of the tissue wall and the real
optical axis of the rigid endoscope.
The present invention also provides a surgery assistance
system comprising 3-dimensional shape measurement means
for measuring a 3-dimensional surface shape of a patient; a
rigid endoscope to be inserted into the body of the patient;
computation means; and display means; wherein
the rigid endoscope has a position-orientation detection
marker in a portion not inserted into the body, the positionorientation detection marker being measurable by the 3-dimensional shape measurement means;
3-dimensional tomographical data of the patient imaged in
advance, and a 3-dimensional relative position relationship
between the position-orientation detection marker and the
real optical axis of the rigid endoscope measured in advance
are stored in the computation means; the computation means
includes
means for aligning the 3-dimensional tomographical data
and the 3-dimensional surface shape of the patient measured by the 3-dimensional shape measurement means;
means for computing the position and orientation of the
rigid endoscope on the basis of the position-orientation
detection marker measured by the 3-dimensional shape
measurement means; and

4
means for computing the real optical axis of the rigid
endoscope on the basis of the position-orientation detection marker measured by the 3-dimensional shape measurement means and the 3-dimensional relative position
5
relationship between the stored optical axis of the rigid
endoscope and the position-orientation detection
marker; and
the display means displays at least the aligned 3-dimensional tomographical data and the real optical axis of the rigid
io
endoscope.
The present invention also provides a surgery assistance
method for computing an intersection of a tissue wall of a
patient and the real optical axis of a rigid endoscope in a
15 surgery assistance system comprising 3-dimensional shape
measurement means for measuring a 3-dimensional surface
shape of the patient; a rigid endoscope having a positionorientation detection marker measurable by the 3-dimensional shape measurement means; computation means; and
20 display means; wherein
3-dimensional tomographical data of the patient imaged in
advance, and a 3-dimensional relative position relationship
between the real optical axis of the rigid endoscope measured
in advance and the position-orientation detection marker are
25 stored; and the surgery assistance method comprises
a step of aligning the 3-dimensional tomographical data
and the 3-dimensional surface shape of the patient measured by the 3-dimensional shape measurement means;
a step of computing the position and orientation of therigid
30
endoscope on the basis ofthe position-orientation detection marker measured by the 3-dimensional shape measurement means;
a step of computing the real optical axis of the rigid endo35
scope on the basis of the position-orientation detection
marker measured by the 3-dimensional shape measurement means and the 3-dimensional relative position relationship between the stored real optical axis of the rigid
endoscope and the position-orientation detection
marker;
40
a step of computing a tissue wall in the patient from the
3-dimensional tomographical data;
an intersection computation step of computing an intersection of the tissue wall and the real optical axis of the rigid
45
endoscope; and
a step of displaying in the display means at least the aligned
3-dimensional tomographical data, the real optical axis
of the rigid endoscope, and the intersection of the tissue
wall and the real optical axis of the rigid endoscope.
50
The present invention also provides a surgery assistance
program for computing an intersection of a tissue wall of a
patient and the real optical axis of a rigid endoscope in a
surgery assistance system comprising 3-dimensional shape
measurement means for measuring a 3-dimensional surface
55
shape of the patient; a rigid endoscope having a positionorientation detection marker measurable by the 3-dimensional shape measurement means; computation means; and
display means; wherein
60
3-dimensional tomographical data of the patient imaged in
advance, and a 3-dimensional relative position relationship
between the real optical axis of the rigid endoscope measured
in advance and the position-orientation detection marker are
stored; and the surgery assistance program comprises
65
a step of aligning the 3-dimensional tomographical data
and the 3-dimensional surface shape of the patient measured by the 3-dimensional shape measurement means;
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a step of computing the position and orientation of the rigid
rigid endoscope into contact with a center of the target, and
endoscope on the basis of theposition-orientation detecmeasuring the fixing means, the target, and the marker of the
tion marker measured by the 3-dimensional shape mearigid endoscope through the use of the 3-dimensional shape
surement means;
measurement means to compute 3-dimensional coordinates
a step of computing the real optical axis of the rigid endo- 5 of each of the fixing means, the target, and the marker of the
scope on the basis of the position-orientation detection
rigid endoscope;
marker measured by the 3-dimensional shape measurea step of separating the distal end portion of the rigid
ment means and the 3-dimensional relative position relaendoscope from the target and fixing the distal end portionship between the stored real optical axis of the rigid
tion to the fixing means, and moving the target so that the
endoscope and the position-orientation detection
io
center of the field of view of the rigid endoscope coinmarker;
cides with the center of the target;
a step of computing a tissue wall in the patient from the
a second position measurement step of measuring the tar3-dimensional tomographical data;
get and the marker of the rigid endoscope through the
an intersection computation step of computing an intersecuse of the 3-dimensional shape measurement means and
tion of the tissue wall and the real optical axis of the rigid 15
computing 3-dimensional coordinates of each of the
endoscope; and
target and the marker of the rigid endoscope; and
a step of displaying in the display means at least the aligned
a step of computing the 3-dimensional relative positions of
3-dimensional tomographical data, the real optical axis
the real optical axis of the rigid endoscope and the posiof the rigid endoscope, and the intersection of the tissue
tion-orientation detection marker on the basis of the
wall and the real optical axis of the rigid endoscope.
20
3-dimensional coordinates of each of the fixing means,
The present invention has the preferred embodiments
described below. The surgery assistance system further comthe target, and the marker of the rigid endoscope meaprises an optical axis position measurement device used
sured in the first position measurement step and the
within the range of measurement of the 3-dimensional shape
second position measurement step.
measurement means; the optical axis position measurement 25
device has an optical axis position measurement marker meaEffect of the Invention
surable by the 3 -dimensional shape measurement means; and
the computation means computes and stores the 3-dimenThe present invention is configured as described above,
sional relative position relationship between the real optical
and is therefore capable of measuring an actual optical axis
axis of the rigid endoscope and theposition-orientation detec- 30 position of a rigid endoscope in advance and performing
tion marker on the basis of the position-orientation detection
surgery navigation which takes into account the actual optical
marker and the optical axis position measurement marker
axis position even when the actual optical axis is offset from
measured by the 3-dimensional shape measurement means
the nominal value (hereinafter, referred to as offset of the
The optical axis position measurement device has fixing
optical axis). Specifically, since data obtained by measuring
means for fixing at least a distal end portion of the rigid 35
the actual optical axis position are used rather than the conendoscope; and a target in the optical axis direction of the
ventional method of moving and adjusting the display image
rigid endoscope;
of the endoscope to adjust the offset of the optical axis, the
the optical axis position measurement marker is provided
optical axis of the rigid endoscope and the intersection of the
to each of the fixing means and the target;
the optical axis position measurement marker is measured 40 optical axis with the body cavity can be displayed on a surgery
navigation screen. The system is also simplified by using the
by the 3-dimensional shape measurement means, whereby
3-dimensional shape measurement device for measuring the
coordinates of the distal end of the rigid endoscope and coor3-dimensional surface shape of the patient without modificadinates of the target are measured; and
tion to measure the actual optical axis position. Since the
the position of the real optical axis of the rigid endoscope is
computed from the coordinates of the distal end of the rigid 45 actual optical axis position can be measured immediately
endoscope and the coordinates of the target.
prior to surgery, even when the amount of misalignment of the
The intersection computation means converts a tissue wall
optical axis changes with each surgical operation as repeated
in the patient into polygon data and computes intersections of
disinfections take place for use in surgery, using the data of
the real optical axis of the rigid endoscope with each surface
the actual optical axis position obtained immediately prior to
constituting the polygon data.
50 surgery enables surgery navigation to be made more precise.
The display means further displays an image captured by
Moreover, by measuring the exact position of the actual
the rigid endoscope.
optical axis (real optical axis), it is possible to assist surgery
The method for measuring the real optical axis of the rigid
by displaying the point at which the optical axis is centered on
endoscope has the preferred embodiments described below.
the endoscope screen (the true center of the observation
The surgery assistance system further comprises an optical 55 screen), as well as displaying which region of the image of the
axis position measurement device used within the range of
navigation device (preoperative CT or another image) in
measurement of the 3-dimensional shape measurement
which the true center of the observation screen is positioned.
means;
the optical axis position measurement device has fixing
BRIEF DESCRIPTION OF THE DRAWINGS
means for fixing at least a distal end portion of the rigid 60
endoscope; and a target in the optical axis direction of the
FIG. 1 is a view showing the configuration of the surgery
rigid endoscope;
assistance system according to an embodiment of the present
the optical axis position measurement marker is provided
invention;
to each of the fixing means and the target, and the fixing
FIG. 2 is a view showing the offset of the optical axis of the
means and the target are positioned apart from each other; and 65 rigid endoscope (straight-view endoscope);
the surgery assistance method comprises a first position
FIG. 3 is a view showing the offset of the optical axis of the
measurement step of bringing the distal end portion of the
rigid endoscope (straight-view endoscope);
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FIG. 4 is a flowchart showing the processing in the surgery
rigid endoscope 11 described above to have a specialized
assistance system according to an embodiment of the present
structure; a conventional rigid endoscope can be used.
invention;
The ball markers 12 are objects capable of defining three or
FIG. 5 is a view showing the intersection of a triangle
more fixed points fixedly provided at positions in a relative
forming a surface (tissue wall) of the patient and the vector of 5 position relationship that is set in advance with respect to the
the imaging direction of the endoscope;
imaging direction of the rigid endoscope 11. The ball markers
FIG. 6 is a view showing an example of the display of the
12 are scanned by the 3-dimensional shape measurement
intersection and the optical axis of the rigid endoscope;
device 20, 3-dimensional coordinates of a plurality of points
FIG. 7 is an image view showing the overall configuration
on the surface are calculated from the scan data, and the
of the optical axis position measurement device;
10 coordinates of the center of each ball are calculated from the
FIG. 8 is a schematic view showing the optical axis posisets of 3-dimensional coordinates calculated from the scan
tion measurement device of the rigid endoscope (straightdata. Specifically, the ball markers 12 are spherical members
view endoscope);
each having different sizes that are fixed to the rigid endoFIG. 9 is a schematic view showing the optical axis posi15 scope 11 via rod members 13. The ball markers 12 are formed
tion measurement device of the rigid endoscope (30-degree
in different sizes so that each ball is separately detected by
oblique-viewing endoscope);
calculating the diameter of each ball from the data scanned by
FIG. 10 is a schematic view showing the optical axis posithe
3-dimensional shape measurement device 20.
tion measurement device of the rigid endoscope (70-degree
The ball markers 12 are provided to the rigid endoscope 11
oblique-viewing endoscope; and
FIG. 11 is a view showing the distal end portion of the 20 at a position behind the portion inserted into the patient 60,
and are positioned at a portion of the rigid endoscope 11 not
endoscope in contact with the center of the target.
inserted into the patient 60. The portion of the rigid endoscope
BEST MODE FOR CARRYING OUT THE
11 extending from the portion inserted into the patient 60 to
INVENTION
the portion to which the ball markers 12 are provided is
25 formed from a rigid, non-bendable material so that a constant
Preferred embodiments of the surgery assistance system of
positional relationship is established between the ball markthe present invention will be described in detail with referers 12 and the imaging directionA from the distal end portion
ence to the drawings. Reference symbols are used consisof the rigid endoscope 11.
tently to refer to the same elements in the drawings, and no
It is sufficient insofar as the objects capable of defining
redundant description thereof will be given. The embodi- 30 three or more fixed points provided to the rigid endoscope 11
ments described are also not necessarily shown to scale in the
are in positions in a constant relative position relationship to
drawings.
the imaging direction from the distal end portion of the rigid
FIG. 1 is a view showing the overall configuration of an
endoscope 11, and that the coordinates of three or more fixed
embodiment of the surgery assistance system 1 of the present
points are calculated separately from the data scanned by the
invention. The surgery assistance system 1 is a device for 35 3-dimensional shape measurement device 20. The objects are
providing a surgeon or another user with information relating
therefore not limited to being spheres such as the ball markers
to an image captured by an endoscope during surgery on a
12 of the present embodiment.
patient 60. The surgery assistance system 1 according to the
The 3-dimensional shape measurement device 20 is a
present embodiment is used for surgery that involves imaging
device for 3-dimensionally scanning the ball markers 12 and
by a rigid endoscope, such as endoscopic surgery on the 40 the surface of the patient 60 when the rigid endoscope 11 is
paranasal sinus in otorhinolaryngology.
inserted into the patient 60. As shown in FIG. 1, in a case in
As shown in FIG. 1, the surgery assistance system 1 is
which the rigid endoscope 11 is inserted from a nostril of the
composed of a rigid endoscope 11, ball markers 12, a 3-dipatient 60 and the head of the patient 60 is imaged by the rigid
mensional shape measurement device 20, a CT device 30, a
endoscope 11, the 3-dimensional shape measurement device
PC (personal computer) 40, and a monitor 50. By placing an 45 20 is provided in a position such that the ball markers 12 and
optical axis position measurement device 80 within the range
the face of the patient 60 can be imaged. The 3-dimensional
of measurement of the 3-dimensional shape measurement
shape measurement device 20 is connected to the PC 40, and
device 20, a 3-dimensional relative position relationship can
transmits scanned information to the PC 40.
be measured between the ball markers 12 of the rigid endoThe data scanned by the 3-dimensional shape measurescope 11 and the real optical axis. Measurement of the optical 50 ment device 20 are used for computing 3-dimensional cooraxis position will be described in detail hereinafter.
dinates (3-dimensional position information) of a plurality of
The rigid endoscope 11 is a device operated by a surgeon
points on the surface of the scanned object. The phase shift
and inserted into the patient 60 to image the inside of the
device described in Japanese Laid-open Patent Publication
patient. The rigid endoscope 11 has a long, narrow shape to
No. 2003-254732, for example, can be used as the 3-dimenenable insertion into the body of the patient, and a mechanism 55 sional shape measurement device 20. In this device, a grid
for imaging the inside of the patient 60 is provided to the distal
pattern of white light similar to natural sunlight is projected
end portion of the rigid endoscope 11. This mechanism
from xenon lights, and a 3-dimensional scan is produced.
includes a lens provided in a position facing the imaged
When an Fscan phase-shift 3-dimensional shape measureportion, and a CCD image sensor (charge coupled device
ment device manufactured by Pulstec Industrial Co., Ltd. is
image sensor) or another imaging element that is provided at 60 used, an image can be captured from a distance of 90±10 cm
the imaging position of the lens, for example. The imaging
in a measurement time of one second. The imaging resolution
direction A of the rigid endoscope 11 is determined by the
in this case is 0.1 to 0.6 mm. Specifically, a high-resolution
positioning of the mechanism described above. The imaging
color image having 3-dimensional position information can
direction A of the rigid endoscope 11 is usually the optical
be acquired in one second. Since white light having a lumiaxis direction of the lens. Information of an image captured 65 nance approximately 28% of that of a cloudy day (outdoors)
by the rigid endoscope 11 is outputted to the PC 40 connected
is used, and a laser or the like is not used, 3-dimensional
to the rigid endoscope 11 by a cable. There is no need for the
position information of a human body can be safely acquired.
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The CT device 30 acquires 3-dimensional tomographical
sional shape acquired by the surface shape computation unit
data of the patient 60 into which the rigid endoscope 11 is
43 are computed as coordinate data in a coordinate system set
inserted. The 3 -dimensional tomographical data of the patient
by the 3-dimensional shape measurement device 20, for
60 acquired by the CT device 30 are data according to a first
example. This coordinate system differs from the first coorcoordinate system.
5 dinate system mentioned above, and is a second coordinate
The CT device 30 scans an object using radiation or the like
system. Specifically, the plurality of coordinate data repreand uses information indicating the 3-dimensional shape of
senting the 3-dimensional shape of the patient 60 according to
the patient 60 to form an image (CT image) in which an
the data scanned by the 3-dimensional shape measurement
internal structure processed using a computer is divided into
device 20 are data in a second coordinate system. The surface
circular cross-sections at equal intervals (1 mm, for example), io shape computation unit 43 outputs the computed data indiand an existing CT device can be used as the CT device 30.
cating the 3 -dimensional shape of the surface of the patient 60
The CT device 30 is connected to the PC 40, and transmits the
to the coordinate axis matching unit 44.
acquired 3-dimensional tomographical data of the patient 60
The coordinate axis matching unit 44 is a coordinate axis
to the PC 40. The CT device 30 also need not be placed at the
matching means for applying coordinate conversion to any
same location as the 3-dimensional shape measurement 15 one or both of the 3-dimensional tomographical data of the
device 20, and scanning by the 3-dimensional shape measurepatient 60 acquired by the patient shape acquiring unit 41 and
ment device 20 and acquiring of 3-dimensional tomographithe data indicating the 3-dimensional shape of the surface of
cal data by the CT device 30 are usually performed separately.
the patient 60 computed by the surface shape computation
The method described in Japanese Laid-open Patent Publicaunit 43, and converting the data of the first coordinate system
tion No. 2005-278992, for example, maybe used to form the 20 and the data of the second coordinate system into data having
information indicating the 3-dimensional shape from the CT
matching coordinate axes. Specifically, the coordinate axis
image.
matching unit 44 is means for enabling the 3-dimensional
In the surgery assistance system 1, since it is sufficient if
tomographical data of the CT device 30 and the data indicatinformation indicating a 3-dimensional shape that includes
ing the 3-dimensional shape computed from the data scanned
the inside of the patient 60 can be acquired, the means for 25 by the 3-dimensional shape measurement device 20 to be
acquiring the patient shape is not necessarily limited to the CT
processed as data of the same coordinate system.
device 30, and an MRI device or ultrasound diagnostic
Specifically, the coordinate axis matching unit 44 matches
device, for example, may be used.
the coordinate axes by aligning the positions on the face of the
The PC 40 is a device for receiving the data scanned by the
patient 60 that are common to both the 3-dimensional tomo3-dimensional shape measurement device 20 and the 3-di- 30 graphical data obtained by the CT device 30 and the data
mensional tomographical data of the patient 60 acquired by
indicating the 3-dimensional shape that are computed from
the CT device 30, and processing this data information. The
the data scanned by the 3-dimensional shape measurement
PC 40 is composed specifically of a CPU (central processing
device 20. The processing for matching the coordinate axes is
unit), memory, and other hardware, and the functions of the
accomplished through the use of a pattern matching method,
PC 40 described below are realized by the operation of these 35 for example, and as a result of this processing, a coordinate
information processing devices. As shown in FIG. 1, the PC
conversion function is computed for converting the coordi40 is provided with a patient shape acquiring unit 41, a capnates of any one of the coordinate system data of the first
tured image acquiring unit 42, a surface shape computation
coordinate system and the second coordinate system to the
unit 43, a coordinate axis matching unit 44, an endoscope
data of the other coordinate system. The coordinate axis
vector computation unit 45, an intersection computation unit 40 matching unit 44 outputs the computed coordinate conversion
46, and an output unit 47 as functional constituent elements.
function or the like to the endoscope vector computation unit
The patient shape acquiring unit 41 is means for receiving
45, the intersection computation unit 46, the output unit 47,
3-dimensional tomographical data of the patient 60 which are
and other components as needed. After the processing
transmitted from the CT device 30. The patient shape acquirdescribed above for matching the coordinate axes, the cooring unit 41 outputs the received 3-dimensional tomographical 45 dinate conversion function or the like is applied to the data
data of the patient 60 to the coordinate axis matching unit 44,
indicating the 3-dimensional shape in the endoscope vector
the intersection computation unit 46, and other components
computation unit 45, the intersection computation unit 46, the
as needed. In the surgery assistance system 1, it is not necesoutput unit 47, and other components, and the 3-dimensional
sarily required that the CT device 30 be provided as the
tomographical data obtained by the CT device 30 and the data
patient shape acquiring means, as in the present embodiment; 50 indicating the 3-dimensional shape computed from the data
it is sufficient insofar as 3-dimensional tomographical data of
scanned by the 3-dimensional shape measurement device 20
the patient 60 (imaged or otherwise obtained by a CT device
are thereby processed in the same coordinate system.
not included in the surgery assistance system 1) are received
The endoscope vector computation unit 45 is endoscope
by the patient shape acquiring unit 41.
vector computation means for computing the central coordiThe captured image acquiring unit 42 is means for receiv- 55 nates of the ball markers 12 from the plurality of coordinate
ing the data scanned and transmitted by the 3-dimensional
data of the ball markers 12 scanned by the 3-dimensional
shape measurement device 20. The captured image acquiring
shape measurement device 20, converting the coordinates
unit 42 outputs the received data to the surface shape computhrough the use of the coordinate conversion function for
tation unit 43, the endoscope vector computation unit 45, and
producing data in accordance with the matched coordinate
other components.
60 system computed by the coordinate axis matching unit 44,
The surface shape computation unit 43 is surface shape
and computing the imaging direction vector A of the rigid
computation means for computing a plurality of coordinate
endoscope 11 according to the matched coordinate system
data representing the 3-dimensional shape of a surface of the
computed by the coordinate axis matching unit 44 from the
patient 60 from the data scanned by the 3-dimensional shape
coordinate-converted central coordinates of the ball markers
measurement device 20. The surface of the patient 60 is the 65 12 and the pre-stored position relationship between the cenface of the patient 60 in the case of the present embodiment.
ters of the ball markers 12 and the imaging direction from the
The plurality of coordinate data representing the 3-dimendistal end portion of the rigid endoscope 11. The position of
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the vector origin is included in the imaging direction vectorA
puted by the endoscope vector computation unit 45 and a
referred to herein. Specifically, the vector of the imaging
surface constituting the inside of the patient 60 according to
direction A of the rigid endoscope 11 indicates from which
the information indicating the 3-dimensional shape acquired
direction and from which point an image is captured (that is,
by the patient shape acquiring unit 41. This intersection is a
a 3D position of the image direction vetorA or a 3D position 5 point (center point) at which the rigid endoscope 11 captures
of the optical axis of the rigid endoscope 11). The endoscope
an image in the information indicating the 3-dimensional
vector computation unit 45 stores in advance information
shape obtained by the CT device 30. Specifically, the interindicating the position relationship between the centers of the
section computation unit 46 converts the surfaces constituting
ball markers 12 and the imaging direction vectorA of the rigid
the inside of the patient 60 into polygon data and computes
endoscope 11. Specific examples of the information indicat- 10
the coordinates of an intersection of the imaging direction
ing the position relationship include the coordinates of the
vector A of the rigid endoscope 11 with each surface constidistal end portion of the rigid endoscope 11, the coordinates
tuting the polygon data. Computation of the intersection coorof the target at which the optical axis (imaging direction
dinates will be described hereinafter in further detail. The
vectorA) of the rigid endoscope 11 coincides, and the central
coordinates of the ball markers 12 in the same coordinate 15 intersection computation unit 46 outputs the data of the computed intersection coordinates to the output unit 47.
system. The endoscope vector computation unit 45 outputs
The output unit 47 is output means for superposing the data
the data of the computed imaging direction vector A to the
of
the intersection coordinates computed by the intersection
intersection computation unit 46.
computation unit 46 onto the CT image data information
No problems occur when the optical axis (straight line
indicating the imaging center in the imaging direction) of the 20 indicating the surfaces constituting the inside of the patient 60
acquired by the patient shape acquiring unit 41, and outputrigid endoscope 11 is according to the nominal value declared
by the manufacturer, but in actual practice, the optical axis is
ting the superposed data to the monitor 50. The output unit 47
offset from the nominal value. For example, in the case of an
may also output to the monitor 50 the endoscope image data
endoscope having a 120-degree angle of field, the misaligncaptured by the rigid endoscope 11 and inputted to the PC 40.
ment of the optical axis direction is at most approximately 6 25
The monitor 50 displays information inputted from the PC
degrees (5% of the angle of field). Consequently, when the
40. By referencing the monitor 50, the surgeon can know
imaging direction vector A is determined under the assumpwhat portion of the inside of the patient 60 is being imaged by
tion that the optical axis is at the nominal value, inconsistency
the rigid endoscope 11. The surgery assistance system 1 is
occurs between the actual field of view of the endoscope and
configured as described above.
the navigation information. The position relationship 30
The operation of the surgery assistance system 1 will next
between the centers of the ball markers 12 and the imaging
be described with reference to the flowchart of FIG. 4. This
direction vectorA of the rigid endoscope 11 stored in advance
operation is performed when the rigid endoscope 11 is
must therefore be based on measuring the actual optical axis
inserted for treatment or the like during surgery on the patient
position (imaging direction vector A) in the same coordinate
60. The following description is of the process prior to sursystem as the central coordinates of the ball markers 12.
35 gery and the process during surgery.
An example of optical axis offset in a case in which the
First, prior to surgery, a CT scan image of the patient 60 is
rigid endoscope 11 is a straight-view endoscope will be
captured using the CT device 30 (S01). This CT scan imaging
described using FIGS. 2 and 3. In a straight-view endoscope,
is of the site of the patient 60 at which the rigid endoscope 11
the optical axis (straight line indicating the imaging center in
is inserted. Information is thereby acquired indicating the
the imaging direction) is expected to coincide with the center 40 3-dimensional shape of the face as the surface of the patient
line of the endoscope barrel, but the optical axis is actually
60 and the surface constituting the inside of the patient 60 into
slightly offset for a variety of reasons. FIG. 2 shows an
which the rigid endoscope 11 is inserted. The information
example in which an angle offset occurs at the distal end
indicating the 3-dimensional shape of the patient 60 acquired
portion of the endoscope barrel due to the objective or another
by CT scan imaging by the CT device 30 is transmitted to the
component. In the example shown in FIG. 2, the optical axis 45 PC 40. The information is acquired by the patient shape
is offset 0 degrees from the barrel center (FIG. 2(A)), and the
acquiring unit 41 in the PC 40 and stored in the PC 40 (S02).
direction of the offset is degrees from the zenith direction
The above operation is performed prior to surgery, e.g., at a
(FIG. 2(B)). In the example shown in FIG. 2, it is assumed that
time such as the day before surgery.
the optical axis offset occurs from the intersection of the distal
The process during surgery will next be described. The
end surface of the endoscope barrel and the barrel center, but 50 patient 60 is first brought into the operating room and placed
the optical axis offset is not necessarily limited to occurring
face-up on an operating table 70 so that the rigid endoscope
from this point. The offset can also begin closer to the eye11 can be inserted into a nostril. After the patient 60 is situpiece, as shown in FIG. 3(A), and the optical axis (straight
ated, the patient 60 is scanned by the 3-dimensional shape
line indicating the imaging center in the imaging direction)
measurement device 20 before the rigid endoscope 11 is
may sometimes not pass through the intersection of the distal 55 inserted (S03). The scan data are transmitted to the PC 40
end surface of the endoscope barrel and the barrel center, as
from the 3-dimensional shape measurement device 20 and
shown in FIG. 3(B). The optical axis position may be meareceived by the captured image acquiring unit 42 in the PC 40.
sured by any method, but the optical axis position is preferThe received data are outputted from the captured image
ably measured by the optical axis position measurement
acquiring unit 42 to the surface shape computation unit 43.
device described hereinafter as using the 3-dimensional 60
In the surface shape computation unit 43, data indicating
shape measurement device 20. FIGS. 2 and 3 show examples
the 3-dimensional shape of the face as the surface of the
using a straight-view endoscope, but it is apparent that the
patient 60 are computed from the data received by the surface
same optical axis offset can occur in an oblique-view endoshape computation unit 43 (SO4). The computed data indicatscope or a side-view endoscope.
ing the 3-dimensional shape of the face of the patient 60 are
The intersection computation unit 46 is an intersection 65 outputted from the surface shape computation unit 43 to the
computation means for computing an intersection of the
coordinate axis matching unit 44. At the same time, the data
imaging direction vector A of the rigid endoscope 11 comindicating the 3-dimensional shape of the patient 60 obtained
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by the CT device 30 and stored in the PC 40 are outputted
from the patient shape acquiring unit 41 to the coordinate axis
matching unit 44.
At this time, the coordinate axes of the respective coordinate systems are not the same in the data indicating the 3-dimensional shape of the patient 60 obtained by the CT device
30 and the data indicating the 3-dimensional shape of the face
as the surface of the patient 60 computed from the data of the
3-dimensional shape measurement device 20. The data of the
CT device 30 and the data of the 3-dimensional shape measurement device 20 are in a non-aligned state.
The shape of the face in the two sets of data are matched by
the coordinate axis matching unit 44 to compute the coordinate conversion function, the data are subjected to coordinate
conversion, and data are obtained in a coordinate axis in
which the two sets of data are matched (S05). The shape of the
face is matched by a pattern matching method such as
described above. The entire face or the nose, cheeks, and
other feature sites of the face are stored in advance as the sites
to be matched. The coordinate conversion function for obtaining data having matching coordinate axes is outputted from
the coordinate axis matching unit 44 to the endoscope vector
computation unit 45, the intersection computation unit 46,
and the output unit 47, the data are subjected to coordinate
conversion or other processing, and information processing
of the 3-dimensional shape is then performed based on the
data having matching coordinate axes. The processing
described above is performed by the time surgery is started.
The actual optical axis position of the rigid endoscope 11 is
also measured and stored by the optical axis position measurement device described hereinafter prior to the start of
surgery.
Surgery is then initiated, and the rigid endoscope 11 is
inserted by the surgeon into the patient 60. The head of the
patient 60 at this time has been kept immobile since the time
that steps S03 through S05 were performed. This is to prevent
misalignment of the coordinate axes. After the rigid endoscope 11 is inserted into the patient 60, the 3-dimensional
shape measurement device 20 continues to scan the patient 60
and the ball markers 12 (S06). The scan data are transmitted
from the 3-dimensional shape measurement device 20 to the
PC 40 and received by the captured image acquiring unit 42 in
the PC 40. The received data are outputted from the captured
image acquiring unit 42 to the endoscope vector computation
unit 45.
The 3-dimensional coordinates of the centers of the ball
markers 12 are then computed by the endoscope vector computation unit 45 (S07). The imaging direction vector A of the
rigid endoscope 11 is then computed as data in matched
coordinate axes by the endoscope vector computation unit 45
from the computed 3-dimensional coordinates of the centers
of the ball markers 12 on the basis of the position relationship
between the central coordinates of the ball markers 12 and the
imaging direction vectorA of therigid endoscope 11 stored in
advance (S08). At this time, the imaging direction vectorA of
the rigid endoscope 11 is computed by using a position relationship between the central coordinates of the ball markers
12 and the actual optical axis position (imaging direction
vector A) for each endoscope.
Information of the computed imaging direction vectorA is
outputted from the endoscope vector computation unit 45 to
the intersection computation unit 46. At the same time, the
information stored in the PC 40 indicating the 3-dimensional
shape of the patient 60 obtained by the CT device 30 is
outputted from the patient shape acquiring unit 41 to the
intersection computation unit 46. An intersection of the imaging direction vector A of the endoscope 11 and a surface

constituting the inside of the patient 60 is then computed by
the intersection computation unit 46 (S09).
The intersection is computed as described below. First, the
information indicating the 3-dimensional shape of the patient
60 obtained by the CT device 30 is converted into polygon
data by the intersection computation unit 46. The conversion
to polygon data may be performed prior to surgery and stored
in the PC 40 in advance. Throughthis conversion, the surfaces
constituting the (inside of the) patient 60 are made to form
numerous triangles, for example. An intersection of the triangles and the imaging direction vector A of the rigid endoscope 11 is then computed.
This computation of an intersection will be described using
FIG. 5. The triangle can be expressed by the equation below,
where PT is a reference point of the triangle constituting a
polygon, vecA and vecB are the vectors of two sides of the
triangle, and a and (3 are two parameters.

5

10

15

P1=PT+avecA+PvecB
20

25

The imaging direction A of the rigid endoscope 11 can be
expressed by the equation below, where PL is a reference
point (e.g., a point at the distal end of the rigid endoscope 11)
for the imaging direction vectorA of the rigid endoscope 11,
vecC is a vector, and y is a parameter.
P2=PL+yvecC

When both equations intersect, then P1=P2. Under conditions in which the point such that P1=P2 exists within the
triangle, the parameters satisfy the conditions below.
30

35
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60

65

0<a, 0 <P

Condition 1

0<a+<1

Condition 2

y>0

Condition 3

The points that satisfy these conditions are derived for all
of the triangles constituting the polygon data, and the distance
between all of these points and the point at the distal end of the
rigid endoscope 11 is calculated. The intersection at which
this distance is shortest is the intersection of the imaging
direction vector A of the rigid endoscope 11 and the surface
constituting the inside of the patient 60.
Information of the coordinates of the computed intersection is outputted from the intersection computation unit 46 to
the output unit 47. At this time, the CT image is outputted
from the patient shape acquiring unit 41 to the output unit 47
as information indicating the surface constituting the inside
of the patient 60. The information of the intersection is superposed by the output unit 47 on the location corresponding to
the coordinates of the intersection on the CT image, which is
the information indicating the surface constituting the inside
of the patient 60, and inputted to the monitor 50. The inputted
image is displayed by the monitor 50 (S10). The intersection
information is displayed along with the optical axis of the
rigid endoscope 11 on the 3-dimensional tomographical data
and the image captured by the endoscope, as shown in FIG. 6,
for example. By referencing the displayed image, the surgeon
can know what portion of the inside of the patient 60 is being
imaged by the rigid endoscope 11.
A configuration is preferably adopted in which the image
captured by the rigid endoscope 11 is also received by the PC
40 and outputted to the monitor 50 from the output unit 47,
and the location imaged by the rigid endoscope 11 is displayed along with a display indicating the position of the
imaged portion.
The processing from S06 through S10 is repeated at regular
intervals of one second, for example. The processing of S03
through S05 in the PC 40 differs from the processing of S06
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through S10, but a configuration maybe adopted in which the
end fixing means 81 is spherical and also serves as a ball
processing following S06 is performed automatically after
marker for measurement by the 3-dimensional shape meathe processing of S05 for matching the coordinate axes, for
surement device 20. The rotating means 84 may be automated
example. The surgeon or another user may also manually
or manual.
switch the processing.
5
A target movement means 85 is also provided. Adjusting
Head movement by the patient 60 can also be allowed by
the target movement means 85 enables the target 82 to be
repeating the processing of S03 through 510 at regular intermoved by minute amounts at least in two dimensions parallel
vals after the initial alignment by the processing of S03
to the target surface. As described hereinafter, alignment can
through S05. The processing of S03 through S05 may also be
be performed by using the target movement means 85 to move
performed again for realignment when the head of the patient io the target 82 during the process of placing the distal end
60 is moved. Realignment may be performed by an operation
portion of the rigid endoscope 11 and the center of the target
of the surgeon or another user, for example, or may be trigin contact, and aligning the center of the field of view of the
gered by comparing the aligned image with a subsequent
rigid endoscope 11 fixed to the endoscope distal end fixing
image to detect head movement.
means with the center of the target.
In the surgery assistance system 1 of the present embodi- 15
An example will next be described of the procedure
ment as described above, information indicating the 3 -dimenwhereby the optical axis position measurement device 80 is
sional shape of the surface of the patient and a surface conused to measure the optical axis position of the rigid endostituting the inside of the patient 60 as imaged by the CT
scope 11.
device 30, and data obtained by scanning the patient 60 from
(Step 1) The optical axis position measurement device 80 is
the outside using the 3-dimensional shape measurement 20
placed within the range of measurement of the 3-dimendevice 20 can be used to display the site of the patient 60 to
sional shape measurement device 20.
which a portion imaged by the rigid endoscope 11 corre(Step 2) The rigid endoscope 11, the position of the optical
sponds. Consequently, the surgery assistance system 1 of the
axis of which is to be measured, is set in the optical axis
present embodiment enables the display described above to
position measurement device 80.
be produced without the use of a new specialized endoscope. 25 (Step 3) The distal end portion of the rigid endoscope 11 is
Through the surgery assistance system 1 of the present
placed in contact with the target 82 and adjusted by the
embodiment, since the display described above is unaffected
target movement means 85 so that the distal end portion of
by such fluids as cerebro spinal fluid in the body of the patient,
the rigid endoscope 11 and the center of the target 82
the display described above can be produced accurately. Use
coincide. The barrel portion of the rigid endoscope 11 at
of the surgery assistance system 1 of the present embodiment 30
this time is caused to pass through the endoscope distal end
therefore enables safe and precise surgery to be performed.
fixing means 81 (see FIG. 11). Once adjustment has been
Convenience is further provided by the fact that there is no
made by the target movement means 85 so that the distal
need of marking the patient 60 during CT scan imaging (S01),
end portion of the rigid endoscope 11 coincides with the
and the CT scan image can be captured in the usual manner.
center of the target 82, the rigid endoscope 11 is withdrawn
There is also no need to fix the patient 60 with pins or the like 35
without changing the position of the target 82, and the rigid
for alignment. Even if the patient 60 moves during surgery,
endoscope 11 is fixed so that the distal end portion of the
alignment can easily be performed. The constituent elements
rigid endoscope 11 is positioned at the end of the endoof the surgery assistance system 1 described above are relascope distal end fixing means 81.
tively inexpensive, and the present invention can be imple(Step 4) The target ball markers 83, the endoscope distal end
mented at low cost.
40
fixing means 81, and the endoscope ball markers 12 are
Adopting a configuration in which the 3-dimensional
measured by the 3-dimensional shape measurement device
information of the patient 60 obtained by the CT device 30 is
20, 3-dimensional shape data are extracted for each, and
converted to polygon data to calculate an intersection as in the
the data are processed to compute the central coordinates
present embodiment enables intersections to be reliably comof the target 82, the central coordinates of the endoscope
puted, and the present invention to be reliably implemented. 45
distal end fixing means 81, and the central coordinates of
By adopting a configuration in which the image captured
the ball markers 12.
by the rigid endoscope 11 is displayed along with the infor(Step 5) Without moving the rigid endoscope 11 from the
mation relating to the site of the patient 60 to which the
imaging position of step 4, the target 82 is moved by the
portion imaged by the rigid endoscope 11 corresponds, the
target movement means 85 until the center of the field of
surgeon or the other user can simultaneously confirm both the 50
view of the rigid endoscope 11 and the center of the target
details imaged by the rigid endoscope 11 and the information
82 coincide while the target 82 is observed from the eyerelating to the site of the patient 60 to which the portion
piece of the rigid endoscope 11.
imaged by the endoscope 11 corresponds. Surgery can there(Step 6) The endoscope distal end fixing means 81, the target
fore be assisted with greater convenience.
ball markers 83, and the ball markers 12 are measured
The optical axis position measurement device will be 55
using the 3-dimensional shape measurement device 20,
described hereinafter using the drawings. FIG. 7 is a sche3-dimensional shape data are extracted for each, and the
matic view showing the optical axis position measurement
data are processed to compute the central coordinates of
device, and FIG. 8 is an outline view thereof. In FIG. 7, the
the target 82, the central coordinates of the endoscope
ball markers 12 and the rod members 13 are omitted for
distal end fixing means 81, and the central coordinates of
convenience of view. The optical axis position measurement 60
the ball markers 12.
device 80 is composed of endoscope distal end fixing means
(Step 7) The 3-dimensional relative position relationship
81 for fixing the distal end portion of the rigid endoscope 11;
between the ball markers 12 and the optical axis position
a target 82 for detecting a point observed by the rigid endo(real optical axis) of the rigid endoscope 11 is computed
scope 11; target ball markers 83 (i.e., optical axis position
based on the central coordinates of the target 82 and central
measurement markers 83) attached to the target 82; and rotat- 65
coordinates of the endoscope distal end fixing means 81
ing means 84 for rotating the target 82 in a predetermined
calculated in step 4, and the central coordinates of the ball
direction. In the present embodiment, the endoscope distal
markers 12, the central coordinates of the target 82, and the
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central coordinates of the endoscope distal end fixing
means 81 calculated in step 7.
(Step 8) The computed 3-dimensional relative position relationship between the ball markers 12 and the optical axis
position (including the coordinates ofthe distal end portion 5
of the rigid endoscope 11) of the rigid endoscope 11 is
stored in the PC 40.
The central coordinates of the target 82 are computed in
steps 4 and 6 as described below. The central coordinates of
the target 82 are calculated according to a separate coordinate io
system from the central coordinates of the target ball markers
83 and stored in advance in the PC 40. These central coordinates can be calculated by attaching a pin having a sphere at
the head thereof perpendicular to the center of the target 82,
measuring along with the target ball markers 83 through the 15
use of the 3-dimensional shape measurement device 20, and
processing the 3-dimensional shape data. Specifically, the
central coordinates of each sphere and the plane expression
for the surface of the target 82 are calculated by extracting
each set of 3-dimensional shape data and processing the data, 20
and the intersection coordinates are calculated as the central
coordinates of the target 82 from the plane expression for the
surface of the target 82 and the expression for the straight line
computed from the central coordinates of the sphere at the
head of the pin and the normal-line vector from the surface of 25
the target 82. A coordinate conversion coefficient is then
calculated from the central coordinates of the target ball
markers 83 stored in advance and the central coordinates of
the target ball markers 83 calculated by measurement by the
3-dimensional shape measurement device 20 and processing 30
of the measurement data in steps 4 and 7, and the stored
central coordinates of the target 82 are converted by the
computed coordinate conversion coefficient. The central
coordinates of the target 82 can thereby be calculated in the
same coordinate system as the 3-dimensional shape data 35
obtained by measurement by the 3-dimensional shape measurement device 20.
The 3-dimensional relationship between the ball markers 12
and the optical axis position (real optical axis) of the rigid
endoscope 11 is computed in step 7 as described below. In a 40
mechanism in which the central coordinates of the endoscope
distal end fixing means 81 are the same as those of the distal
end portion of the rigid endoscope 11, the computed central
coordinates of the endoscope distal end fixing means 81 are
the coordinates of the distal end portion of the rigid endo- 45
scope 11, and are also the coordinates of the origin of the
imaging direction vector A. However, because such a mechanism is difficult to obtain, and the central coordinates of the
endoscope distal end fixing means 81 and the coordinates of
the distal end portion ofthe rigid endoscope 11 are sometimes 50
offset from each other, the coordinates of the distal end portion of the rigid endoscope 11 can be computed from the size
and direction of the offset. The size of the offset can easily be
found by measuring the distance from the surface of the
endoscope distal end fixing means 81 to the distal end portion 55
ofthe rigid endoscope 11 when the rigid endoscope 11 is fixed
to the endoscope distal end fixing means 81. This value is
measured in advance and stored in the PC 40. The direction of
the offset may be considered to be the vector that connects the
central coordinates of the endoscope distal end fixing means 60
81 computed in step 4 and the central coordinates of the target
82. The direction of this vector is the direction of the offset.
The component of the vector oriented toward the distal end
portion ofthe rigid endoscope 11 from the central coordinates
of the endoscope distal end fixing means 81 is computed from 65
the direction of the vector and the stored size of the offset, and
this vector component is added to the central coordinates of
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the endoscope distal end fixing means 81. The coordinates of
the distal end portion of the rigid endoscope 11 are thereby
computed.
The position vector connecting the computed coordinates
of the distal end portion of the rigid endoscope 11 (coordinates of the origin of the imaging direction vector A) and the
central coordinates of the target 82 computed in step 7 is the
optical axis position (imaging direction vector A) of the rigid
endoscope 11. To acquire this vector component and the
origin coordinates of the vector, which are the coordinates of
the distal end portion of the rigid endoscope 11, together with
the central coordinates of the ball markers 12 is to acquire the
3-dimensional relationship between the ball markers 12 and
the optical axis position of the rigid endoscope 11.
A case is described above in which the rigid endoscope 11
is a straight-view endoscope, but the optical axis position can
be measured by the optical axis position measurement device
80 in the same manner in an oblique-view endoscope or a
side-view endoscope. FIG. 9 shows an example of measuring
the optical axis position in a 30-degree oblique view endoscope, and FIG. 10 shows an example of measuring the optical axis position in a 70-degree oblique view endoscope. As
shown in these drawings, the rotating means 84 is rotated in
accordance with the field of view direction (optical axis position) of the rigid endoscope 11 and adjusted so that the target
82 is within the field of view of the rigid endoscope 11. Even
in the case of a side-view endoscope, the field of view of the
rigid endoscope 11 can be maintained by placing the rigid
endoscope 11 so that a portion of the objective at the distal end
portion of the rigid endoscope 11 protrudes from the endoscope distal end fixing means 81, and the optical axis position
of the rigid endoscope 11 can be measured without the endoscope distal end fixing means 81 obstructing the field of view.
The embodiment described above is an example in which
the optical axis position can be measured when the optical
axis is offset by the amounts corresponding to 6 and c in FIG.
2 by enabling the target 82 to move in two directions independently. It is also apparent that the optical axis position can
be measured even when offset in dimensions corresponding
to AX, AY, and AZ as shown in FIG. 3 by adding such configurations as moving or rotating the barrel of the rigid endoscope 11, moving the endoscope distal end fixing means 81,
or providing another target in front of the target 82 and on a
transparent substrate capable of moving independently of the
target 82, so as to provide more measurement points or
acquire more measurement data. Examples of these specific
configurations are not described, but these configurations can
be implemented by one having ordinary skill in the art, and
are thus included in the scope of the present invention.
An example of an embodiment ofthe present invention was
described above, but the present invention is not limited by
this example; various modifications thereof are possible
within the category of the technical idea described by the
claims.
[Key to Symbols]
1: surgery assistance system, 11: rigid endoscope, 12: ball
markers, 20: 3-dimensional shape measurement device, 30:
CT device, 40: PC, 41: patient shape acquiring unit, 42:
captured image acquiring unit, 43: surface shape computation
unit, 44: coordinate axis matching unit, 45: endoscope vector
computation unit, 46: intersection computation unit, 47: output unit, 50: monitor, 60: patient, 70: operating table, 80:
optical axis position measurement device, 81: endoscope distal end fixing means, 82: target, 83: target ball markers, 84:
rotating means, 85: target movement means

US 8,849,374 B2
19
The invention claimed is:
1. A surgery assistance system, comprising:
a rigid endoscope having a position-orientation detection
marker;
3-dimensional (3D) shape measurement means for obtain- 5
ing data corresponding to a 3D surface of a patient, and
data corresponding to a 3D surface of the position-orientation detection marker;
computation means including
means for aligning pre-stored tomographical data of the io
patient and the data corresponding to the 3D surface
of said patient measured by said 3D shape measurement means;
means for computing a 3D position of an optical axis of
said rigid endoscope on the basis of first data corre- 15
sponding to the 3D surface of said position-orientation detection marker measured by said 3D shape
measurement means after the rigid endoscope is
inserted into the patient and a pre-obtained 3D relative
position relationship between an actual optical axis of 20
said rigid endoscope and said position-orientation
detection marker;
means for identifying a tissue wall in the patient from
said 3D tomographical data; and
intersection computation means for computing an inter- 25
section of said tissue wall and the optical axis of said
rigid endoscope of which the 3D position is computed; and
display means for displaying said 3D tomographical data,
the optical axis of said rigid endoscope of which the 3D 30
position is computed, and the intersection of said tissue
wall and the optical axis of said rigid endoscope of
which the 3D position is computed.
2. The surgery assistance system according to claim 1,
further comprising:
35
an optical axis position measurement device including an
optical axis position measurement marker, wherein
the 3D shape measurement means is configured to obtain
data corresponding to a 3D surface of the optical axis
position measurement marker; and
40
said computation means is configured to compute a 3D
relative position relationship between the actual optical
axis of said rigid endoscope and said position-orientation detection marker on the basis of second data corresponding to the 3D surface of said position-orientation 45
detection marker measured by the 3D shape measurement means before the rigid endoscope is inserted into
the patient and the data corresponding to the 3D surface
of said optical axis position measurement marker, and to
use the 3D relative position relationship as the pre-ob- 50
tamed 3D relative position relationship.
3. The surgery assistance system according to claim 2,
wherein
said optical axis position measurement device includes
fixing means for fixing a distal end portion of said rigid 55
endoscope, and a target; and
the computing means is configured to obtain coordinates of
the distal end portion of said rigid endoscope and coordinates of said target using the data corresponding to the
3D surface of said optical axis position measurement 60
marker, and to compute a 3D position of the actual
optical axis of said rigid endoscope from the coordinates
of the distal end portion of said rigid endoscope and the
coordinates of said target.
4. The surgery assistance system according to claim 3, 65
wherein said intersection computation means is configured to
convert a data representation of the tissue wall in said patient
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into a data representation of a polygon, and to compute intersections of the optical axis of said rigid endoscope of which
the 3D position is computed with surfaces of said polygon as
the intersection of said tissue wall and the optical axis of
which the 3D position is computed.
5. The surgery assistance system according to claim 4,
wherein said display means is configured to further display an
image captured by said rigid endoscope.
6. The surgery assistance system according to claim 3,
wherein said display means is configured to further display an
image captured by said rigid endoscope.
7. The surgery assistance system according to claim 2,
wherein said intersection computation means is configured to
convert a data representation of the tissue wall in said patient
into a data representation of a polygon, and to compute intersections of the optical axis of said rigid endoscope of which
the 3D position is computed with surfaces of said polygon as
the intersection of said tissue wall and the optical axis of
which the 3D position is computed.
8. The surgery assistance system according to claim 7,
wherein said display means is configured to further display an
image captured by said rigid endoscope.
9. The surgery assistance system according to claim 2,
wherein said display means is configured to further display an
image captured by said rigid endoscope.
10. The surgery assistance system according to claim 1,
wherein said intersection computation means is configured to
convert a data representation of the tissue wall in said patient
into a data representation of a polygon, and to compute intersections of the optical axis of said rigid endoscope of which
the 3D position is computed with surfaces of said polygon as
the intersection of said tissue wall and the optical axis of
which the 3D position is computed.
11. The surgery assistance system according to claim 10,
wherein said display means is configured to further display an
image captured by said rigid endoscope.
12. The surgery assistance system according to claim 1,
wherein said display means is configured to further display an
image captured by said rigid endoscope.
13. A surgery assistance system, comprising:
a rigid endoscope having a position-orientation detection
marker;
3-dimensional (3D) shape measurement means for obtaining data corresponding to a 3D surface of a patient and
data corresponding to a 3D surface of the position-orientation detection marker;
computation means including
means for aligning pre-stored tomographical data of the
patient and the data corresponding to the 3D surface
of said patient measured by said 3D shape measurement means;
means for computing a 3D position of an optical axis of
said rigid endoscope on the basis of the data corresponding to the 3D surface of said position-orientation detection marker measured by said 3D shape
measurement means after the rigid endoscope is
inserted into the patient and a pre-obtained 3D relative
position relationship between an actual optical axis of
said rigid endoscope and said position-orientation
detection marker; and
display means for displaying said 3D tomographical data
and the optical axis of said rigid endoscope of which the
3D position is computed.
14. A surgery assistance method for a surgery assistance
system including 3-dimensional (3D) shape measurement
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means, a rigid endoscope having a position-orientation detection marker, computation means and display means, the
method comprising:
receiving 3D tomographical data of said patient, and
obtaining a 3D relative position relationship between an
actual optical axis of said rigid endoscope and said position-orientation detection marker;
obtaining, using the 3D shape measurement means, data
corresponding to the 3D surface of a patient before the
rigid endoscope is inserted into the patient;
aligning, by the computing means, said 3D tomographical
data and the data corresponding to the 3D surface of said
patient; and
obtaining, using the 3D shape measurement means, data
corresponding to the 3D surface of said position-orientation detection marker after the rigid endoscope is
inserted into the patient;
computing, by the computing means, a 3D position of an
optical axis of said rigid endoscope on the basis of the
obtained data corresponding to the 3D surface of said
position-orientation detection marker and the 3D relative position relationship between said actual optical
axis of said rigid endoscope and said position-orientation detection marker;
identifying, by the computing means, a tissue wall in the
patient from said 3D tomographical data;
computing, by the computing means, an intersection of
said tissue wall and the optical axis of said rigid endoscope of which the 3D position is computed; and
displaying, by the display means, said 3D tomographical
data, the optical axis of said rigid endoscope of which
the 3D position is computed, and the intersection of said
tissue wall and the optical axis of saidrigid endoscope of
which the 3D position is computed.
15. The surgery assistance method according to claim 14,
wherein said surgery assistance system further comprises an
optical axis position measurement device including fixing
means for fixing a distal end portion of said rigid endoscope,
and a target said fixing means and said target being positioned
apart from each other; and
said surgery assistance method comprises, before the rigid
endoscope is inserted into the patient,
a first position measurement step of bringing the distal
end portion of said rigid endoscope into contact with
a center of said target, measuring said fixing means,
said target, and the position-orientation detection
marker of said rigid endoscope using said 3D shape
measurement means, and computing 3D coordinates
of each of said fixing means, said target, and the
position-orientation detection marker of said rigid
endoscope;
a step of separating the distal end portion of said rigid
endoscope from said target and fixing the distal end
portion to said fixing means, and moving said target
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so that the center of the field of view of said rigid
endoscope coincides with the center of said target;
a second position measurement step of measuring said
target and the position-orientation detection marker
5
of said rigid endoscope using said 3D shape measurement means and computing 3D coordinates of each of
said target and the position-orientation detection
marker of said rigid endoscope; and
a step of computing and storing the 3D relative relationship of the actual optical axis of said rigid endoscope
10
and said position-orientation detection marker on the
basis of the 3D coordinates of each of said fixing
means, said target, and the position-orientation detection marker of said rigid endoscope measured in said
15
first position measurement step and said second position measurement step.
16. A non-transitory computer readable medium containing program instructions for a surgery assistance method in a
surgery assistance system including a rigid endoscope having
20 a position-orientation detection marker, and 3-dimensional
(3D) shape measurement means for obtaining data corresponding to a 3D surface of a patient and data corresponding
to a 3D surface of the position-orientation detection marker,
execution of the program instructions causing one or more
25 computer processors to perform the steps of:
receiving 3D tomographical data of said patient, and
obtaining a 3D relative position relationship between an
actual optical axis of said rigid endoscope and said position-orientation detection marker;
obtaining the data corresponding to the 3D surface of the
30
patient measured by the 3D shape measurement means;
aligning said 3D tomographical data and the obtained data
corresponding to the 3D surface of said patient;
obtaining the data corresponding to the 3D surface of said
35
position-orientation detection marker measured by the
3D shape measurement means after the rigid endoscope
is inserted into the patient;
computing a 3D position of an optical axis of said rigid
endoscope on the basis of the obtained data corresponding to the 3D surface of said position-orientation detec40
tion and the 3D relative position relationship between
said actual optical axis of said rigid endoscope and said
position-orientation detection marker;
identifying a tissue wall in the patient from said 3D tomographical data;
45
computing an intersection of said tissue wall and the optical axis of said rigid endoscope of which the 3D position
is computed; and
causing display means to display said 3D tomographical
data, the optical axis of said rigid endoscope of which
50
the 3Dposition is computed, and the intersection of said
tissue wall andthe optical axis of saidrigid endoscope of
which the 3D position is computed.

