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(57) ABSTRACT

To solve the above problem, a first technology is an image
processing device configured to estimate an approximate
center of rotation of an endoscopic device based on motion
detection in response to a movement of an objective lens at
a distal portion of the endoscopic device by manipulating a
proximal portion of the endoscopic device.
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FIG. 4
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FIG. 9
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ENDOSCOPIC SYSTEM, IMAGE
PROCESSING DEVICE, IMAGE
PROCESSING METHOD, AND PROGRAM

TECHNICAL FIELD

[0001] The present disclosure relates to an endoscopic
system, an image processing device, an image processing
method, and a program, and particularly, for example, to an
endoscopic system, an image processing device, an image
processing method, and a program adapted to correct image
shake in an image taken by an endoscopic device which is
used in laparoscopic operations and the like.

CROSS REFERENCE TO RELATED
APPLICATIONS

[0002] This application claims the benefit of Japanese
Priority Patent Application JP 2014-015575 filed Jan. 30,
2014, the entire contents of which are incorporated herein by
reference.

BACKGROUND ART

[0003] In recent years, in medical practice, laparoscopic
operations may be performed instead of laparotomies in the
related art.

[0004] FIG. 1 shows an outline of a laparoscopic opera-
tion. In the laparoscopic operation, for example, when an
abdominal operation is performed, several opening tools,
called trocars 2, are attached to an abdominal wall instead of
performing a laparotomy, which has been hitherto per-
formed, by cutting the abdominal wall 1, and a laparoscope
(hereinafter, also referred to as an endoscopic device or an
endoscope) 3 and a processing tool 4 are inserted into a body
from holes provided in the trocars 2. While viewing an
image of an affected part (a tumor or the like) 5 taken by the
endoscope 3, a process such as excising the affected part 5
using the processing tool 4 is performed.

[0005] Since image shake may occur in the image taken by
the endoscope 3, it is necessary to provide a mechanism for
correcting the image shake.

[0006] For example, PTL 1 discloses an endoscope
capable of adjusting an image taking position by bending a
tip end part, and also discloses that a bending direction and
a bending angular velocity of the tip end part are detected to
correct shake based on the bending direction and the bend-
ing angular velocity.

CITATION LIST
Patent Literature

PTL 1. Japanese Unexamined Patent Application

Publication No. 5-49599
SUMMARY OF INVENTION

Technical Problem

[0007] In the endoscope 3 having a linear rod shape as
shown in FIG. 1, a head part 6 is held by an operator, an
assistant, a scopist, a robot, or the like. However, when a
hand or the like holding the head part 6 is shaken, the motion
of the shake is transmitted to an objective lens 7 with the
trocar 2 acting as a support (rotation center), and thus image
shake may occur due to the shake of the hand holding the
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head part 6. In the related art, a gyro has been built in the
head part 6 to detect a moving angular velocity thereof, but
this moving angular velocity is used to detect a direction of
a camera necessary for realizing, for example, three-dimen-
sional display, and is not used in the correction of the image
shake.

[0008] Tt is desirable to correct an image based on an
angular velocity of a head part.

Solution to Problem

[0009] To solve the above problem, a first technology is an
image processing device configured to estimate an approxi-
mate center of rotation of an endoscopic device based on
motion detection in response to a movement of an objective
lens at a distal portion of the endoscopic device by manipu-
lating a proximal portion of the endoscopic device.

Advantageous Effects of Invention

[0010] According to the first and second embodiments of
the present disclosure, it is possible to correct an image
taken by the endoscopic device based on the angular veloc-
ity of the head part of the endoscopic device.

BRIEF DESCRIPTION OF DRAWINGS

[0011] FIG. 1 is a diagram showing an outline of a
laparoscopic operation.

[0012] FIG. 2 is a block diagram showing an example of
a configuration of an endoscopic system to which the present
disclosure is applied.

[0013] FIG. 3 is a block diagram showing another
example of a configuration of an endoscopic device of FIG.
2.

[0014] FIG. 4 is a diagram illustrating an outline of a
correction process of an image correction device.

[0015] FIG. 5 is a block diagram showing an example of
a configuration of the image correction device.

[0016] FIG. 6 is a block diagram showing an example of
a configuration of a global motion vector calculation part.

[0017] FIG. 7 is a diagram showing a positional relation-
ship between an objective lens, a rotation center, and a gyro
part in the endoscopic device.

[0018] FIG. 81is a diagram showing a relationship between
an angular velocity of the gyro part and a moving amount of
the objective lens.

[0019] FIG. 9 is a flowchart illustrating the image correc-
tion process.
[0020] FIG. 10 is a diagram illustrating stitching compo-

sition using an image after hand shake correction.
[0021] FIG. 11 is a block diagram showing an example of
a configuration of a computer.

DESCRIPTION OF EMBODIMENT

[0022] Hereinafter, the best modes for carrying out the
present disclosure (hereinafter, referred to as embodiments)
will be described in detail with reference to the drawings.

Example of Configuration of Endoscopic System

[0023] FIG. 2 shows an example of a configuration of an
endoscopic system according to an embodiment of the
present disclosure. This endoscopic system 10 includes an
endoscopic device 11, an image correction device (image
processing device) 12, and a display device 13.
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[0024] The endoscopic device 11 and the image correction
device 12 may be connected to each other through a cable or
wirelessly. In addition, the image correction device 12 may
be disposed at a position separated from an operating room
and be connected through a network such as local LAN or
the Internet. The image correction device 12 and the display
device 13 are connected to each other in the same manner.
[0025] The endoscopic device 11 includes a tube part 21
having a linear rod shape and a head part 24. The tube part
21 is also referred to as an optical visual tube or a hard tube,
and the length thereof is approximately several tens of cm.
At one end on the body insertion side thereof, an objective
lens 22 is provided, and the other end is connected to the
head part 24. An optical lens part 23 of arelay optical system
is provided inside the tube part 21. The shape of the tube part
21 is not limited to the linear rod shape.

[0026] The head part 24 has an image taking part 25 and
a gyro part 26 built therein. The image taking part 25 has an
image taking element such as a CMOS and converts an
optical image of an affected part input from the tube part 21
into an image signal at a predetermined frame rate.

[0027] The gyro part 26 detects an angular velocity at the
time when the head part 24 is moved (a Yaw angular velocity
w,, with respect to a Yaw rotation axis and a Pitch angular
velocity w, with respect to a Pitch rotation axis), and outputs
the result of the detection to the downstream image correc-
tion device 12.

[0028] In the endoscopic device 11, the optical image of
the affected part converged by the objective lens 22 enters
the image taking part 25 of the head part 24 through the
optical lens part 23, is converted into an image signal of a
predetermined frame rate by the image taking part 25, and
is output to the downstream image correction device 12. In
addition, in the endoscopic device 11, the gyro part 26
detects a moving angular velocity of the head part 24, and
outputs the result of the detection to the downstream image
correction device 12,

[0029] FIG. 3 shows another example of the configuration
of the endoscopic device 11. As shown in FIG. 3, the image
taking part 25 may be disposed immediately after the
objective lens 22 and the optical lens part 23 inside the tube
part 21 may be omitted.

[0030] Next, FIG. 4 shows an outline of a correction
process of the image correction device 12. The image
correction device 12 outputs, to the downstream display
device 13, an image signal which is obtained by cutting,
from an entire region (effective pixel area) of an image
signal input at a predetermined frame rate from the image
taking part 25 of the endoscopic device 11, a cutting area
having a smaller size than the effective pixel area. At this
time, hand shake can be corrected by moving the position of
the cutting area by a shift amount corresponding to the hand
shake. In addition, when a shutter mechanism of the image
taking part 25 of the endoscopic device 11 is a rolling
shutter, a rolling shutter distortion occurring due to this can
be removed.

[0031] FIG. 5 shows an example of a configuration of the
image correction device 12. The image correction device 12
includes a global motion vector calculation part 31, a
rotation center position estimation part 32, a rotation center
position leveling part 33, an angular velocity leveling part
34, a shift amount determination part 35, an image cutting
part 36, a distortion removing part 37, and an image output
part 38.
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[0032] The global motion vector calculation part 31 cal-
culates, based on an image signal of a predetermined frame
rate input from the image taking part 25 of the endoscopic
device 11, a motion vector of the whole image (hereinafter,
referred to as a global motion vector) and a reliability
thereof, and outputs the result of the calculation to the
rotation center position estimation part 32.

[0033] FIG. 6 shows an example of a configuration of the
global motion vector calculation part 31. The global motion
vector calculation part 31 includes a local motion detection
part 41 and a global motion leveling part 42.

[0034] The local motion detection part 41 divides an
image of an image signal input from the image taking part
25 into blocks having a predetermined size and performs
comparison with an image signal before one frame per block
to output a motion vector in a block unit (hereinafter, also
referred to as a local motion vector) and a reliability thereof
to the global motion leveling part 42.

[0035] The global motion leveling part 42 integrates a
high-reliability local motion vector among the local motion
vectors of the blocks of the respective frames to determine
a global motion vector of the corresponding frame. Further-
more, the global motion leveling part 42 removes an instan-
taneous error by leveling global motion vectors of several
frames before the corresponding frame. When a frequency
of estimation of a rotation center position in the downstream
rotation center position estimation part 32 is lower than the
frame rate of the image signal, the leveling may be per-
formed using the global motion vectors of several frames
after the corresponding frame together.

[0036] Returning to FIG. 5, the rotation center position
estimation part 32 estimates, based on the angular velocity
of the head part 24 detected by the gyro part 26 of the
endoscopic device 11, the global motion vector, and the
reliability thereof, the position of the rotation center (sup-
port) at the time when the objective lens 22 is moved by
moving the head part 24 of the endoscopic device 11, and
outputs the result of the estimation with a reliability thereof
to the rotation center position leveling part 33. The rotation
center position is continuously estimated at predetermined
time intervals.

[0037] The rotation center position leveling part 33 per-
forms leveling by integrating the estimated rotation center
position in a time direction, and outputs, to the shift amount
determination part 35, the rotation center position from
which the instantaneous error has been removed.

[0038] The angular velocity leveling part 34 performs
leveling by integrating the angular velocity of the head part
24 detected by the gyro part 26 of the endoscopic device 11
in the time direction, and outputs, to the shift amount
determination part 35 and the distortion removing part 37,
the angular velocity from which the instantaneous error has
been removed.

[0039] The shift amount determination part 35 calculates
a moving amount of the objective lens 22 based on the
leveled rotation center position and the leveled angular
velocity, determines a shift amount of the image cutting area
from the calculated moving amount of the objective lens 22,
and notifies the image cutting part 36 of the result of the
determination. The shift amount of the image cutting area
corresponding to the moving amount of the objective lens 22
varies with the magnification of the objective lens 22.
Therefore, in the shift amount determination part 35, a
function for calculating the shift amount from the magnifi-
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cation and the moving amount of the objective lens 22 is
held, or a table indicating the correspondence between these
elements is previously held.

[0040] The image cutting part 36 cuts the pixels of the
cutting area, of which the position is adjusted according to
the shift amount from the shift amount determination part
35, from an image signal of a predetermined frame rate
sequentially input from the image taking part 25 of the
endoscopic device 11, and outputs, to the distortion remov-
ing part 37, a hand shake correction image signal obtained
as a result.

[0041] When a rolling shutter distortion (which may occur
when the shutter mechanism of the image taking part 25 is
a rolling shutter) occurs in the hand shake correction image
signal from the image cutting part 36, the distortion remov-
ing part 37 removes the distortion to output the resulting
signal to the image output part 38. An existing arbitrary
method may be applied to remove the rolling shutter dis-
tortion.

[0042] The image output part 38 outputs, to the down-
stream (in this case, the display device 13), the hand shake
correction image signal input through the distortion remov-
ing part 37.

[0043] Next, the estimation of the rotation center position
and the shift amount of the position of the cutting area will
be described in detail with reference to FIGS. 7 and 8.
[0044] FIG. 7 shows a relationship between the objective
lens 22 of the endoscopic device 11, the gyro part 26, and the
rotation center position. FIG. 8 shows a relationship between
the moving amount of the objective lens 22 and the angular
velocity of the gyro part 26.

[0045] As shown in FIG. 7, a distance between the objec-
tive lens 22 and the gyro part 26 is represented by d, a
distance between the objective lens 22 and the rotation
center is represented by a, and a distance between the
rotation center and the gyro part 26 is represented by b.
When the endoscopic device 11 is used in a laparoscopic
operation in the state shown in FIG. 1, the trocar 2 becomes
a rotation center.

[0046] The relationship between the moving amount (DX,
Dy, Dz) of the objective lens 22 and the angular velocity
(Yaw angular velocity w, Pitch angular velocity w,) of the
gyro part 26 is as the following expression (1) (approximate
expression).

Dx=a degree sin(w,?)
Dy=a degree sin(w,)

Dz=a(1-cos(w,2))(1-cos(w,1)) H

t represents a one-frame time.

[0047] In addition, the relationship between the detected
global motion vector (VX, Vy) and the angular velocity (Yaw
angular velocity w, Pitch angular velocity w,) of the gyro
part 26 is as the following expression (2) (approximate
expression).

Vx=a degree sin(w,?)

Fy=a degree sin(w,1) (2)

t represents a one-frame time.

[0048] In the rotation center position estimation part 32,
the sequentially input angular velocity and the leveled global
motion vector are applied to the expression (2) to calculate
a value of the position a of the rotation center.
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[0049] 1In the shift amount determination part 35, the
leveled rotation center position a and the leveled angular
velocity are applied to the expression (1) to calculate the
moving amounts Dx, Dy, and Dz of the objective lens 22 and
to determine a shift amount of the cutting area based on
these moving amounts.

[0050] (Description of Operation)

[0051] Next, FIG. 9 is a flowchart illustrating the image
correction process of the image correction device 12.
[0052] In Step S1, the input of an image signal of a
predetermined frame rate and the input of an angular veloc-
ity signal indicating the motion of the head part 24 are
started from the endoscopic device 11 to the image correc-
tion device 12. The image signal is input to the global
motion vector calculation part 31 and the image cutting part
36, and the angular velocity signal is input to the rotation
center position estimation part 32 and the angular velocity
leveling part 34.

[0053] In Step S2, in the global motion vector calculation
part 31, the local motion detection part 41 divides an image
of an image signal input from the upstream into blocks
having a predetermined size and performs comparison with
an image signal before one frame per block to calculate a
local motion vector in a block unit and a reliability thereof.
In Step S3, the global motion leveling part 42 of the global
motion vector calculation part 31 integrates a high-reliability
local motion vector among the local motion vectors of the
blocks of the respective frames to determine a global motion
vector of the corresponding frame, and levels global motion
vectors of several frames before the corresponding frame to
output the result of the leveling to the rotation center
position estimation part 32.

[0054] In Step S4, in the rotation center position estima-
tion part 32, the sequentially input angular velocity and the
leveled global motion vector are applied to the expression
(2) to calculate a value of the position a of the rotation
center. In Step S5, the rotation center position leveling part
33 performs leveling by integrating the estimated rotation
center position in the time direction, and outputs the result
of the leveling to the shift amount determination part 35.
[0055] In the angular velocity leveling part 34, in Step S6,
the leveling is performed by integrating the angular velocity
of the head part 24 detected by the gyro part 26 of the
endoscopic device 11 in the time direction, and the result of
the leveling is output to the shift amount determination part
35 and the distortion removing part 37. In Step S7, the shift
amount determination part 35 calculates the moving amount
of the objective lens 22 based on the leveled rotation center
position and the leveled angular velocity, and determines a
shift amount of the image cutting area from the calculated
moving amount of the objective lens 22 to notify the image
cutting part 36 of the result of the determination.

[0056] In Step S8, the image cutting part 36 cuts the pixels
of the cutting area, of which the position is adjusted accord-
ing to the shift amount from the shift amount determination
part 35, from the image signal of a predetermined frame rate
sequentially input from the endoscopic device 11, and out-
puts, to the distortion removing part 37, a hand shake
correction image signal obtained as a result.

[0057] In Step S9, when a rolling shutter distortion occurs
in the hand shake correction image signal from the image
cutting part 36, the distortion removing part 37 removes the
distortion to output the resulting signal to the image output
part 38. The image output part 38 outputs, to the display
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device 13, the hand shake correction image signal input
through the distortion removing part 37. The description of
the image correction process is finished.

[0058] As described above, the endoscopic system 10
according to this embodiment can correct hand shake which
may occur in a video image taken by the endoscopic device
11.

[0059] In addition, the endoscopic system 10 according to
this embodiment can notify a user such as a doctor of, for
example, the value of the the estimated position a of the
rotation center (trocar). Accordingly, the user can grasp the
length of the part which is inserted into the abdominal
cavity.

[0060] In addition, for example, when a 3D measurement
functions is applied to the endoscopic device 11, the posi-
tional relationship between the affected part which is a
subject and the rotation center (trocar) can be easily calcu-
lated.

[0061] Furthermore, for example, when a plurality of
images obtained as a result of taking the images by moving
the endoscopic device 11 with the trocar acting as a rotation
center are subjected to stitching composition based on the
rotation center position and the angular velocity as shown in
FIG. 10, a wide-viewing angle image with high accuracy can
be obtained with a relatively small processing amount.
[0062] The above-described series of processes of the
image correction device 12 can be executed by hardware or
software. When executing the series of processes by soft-
ware, a program constituting the software is installed in a
computer. Here, the computer includes a computer incorpo-
rated in dedicated hardware, and a computer such as a
general-purpose personal computer which can execute vari-
ous functions through installation of various programs.
[0063] FIG. 11 is a block diagram showing an example of
a configuration of hardware of the computer which executes
the above-described series of processes using a program.
[0064] Inacomputer 100, a central processing unit (CPU)
101, a read only memory (ROM) 102, and a random access
memory (RAM) 103 are connected to each other through a
bus 104.

[0065] Furthermore, an input/output interface 105 is con-
nected to the bus 104. An input part 106, an output part 107,
a storage part 108, a communication part 109, and a drive
110 are connected to the input/output interface 105.

[0066] The input part 106 is composed of a keyboard, a
mouse, a microphone, or the like. The output part 107 is
composed of a display, a speaker, or the like. The storage
part 108 is composed of a hard disk, a nonvolatile memory,
or the like. The communication part 109 is composed of a
network interface or the like. The drive 110 drives a remov-
able medium 111 such as a magnetic disk, an optical disk, a
magneto-optical disk, or a semiconductor memory.

[0067] Inthe computer 100 configured as described above,
the CPU 101 executes, for example, a program stored in the
storage part 108 by loading the program to the RAM 103
through the input/output interface 105 and the bus 104, and
thus the above-described series of processes are performed.
[0068] The program which is executed by the computer
100 (CPU 101) can be provided by being recorded on, for
example, the removable medium 111 as a package medium
or the like. In addition, the program can be provided through
a wired or wireless transmission medium such as local area
network, the Internet, or digital satellite broadcasting.
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[0069] The program which is executed by the computer
100 may be a program for performing the processes chrono-
logically along the order described in the present descrip-
tion, or a program for performing the processes in parallel or
at necessary timings such as when there is a call.

[0070] The embodiments of the present disclosure are not
limited to the above-described embodiments, and various
modifications can be made without departing from the gist
of the present disclosure.

[0071] Further, the present technology may employ the
following configurations.

[0072] (1) An image processing device that processes
images obtained by an endoscopic device including: cir-
cuitry configured to estimate an approximate center of
rotation of the endoscopic device based on motion detection
in response to a movement of an objective lens at a distal
portion of the endoscopic device by manipulating a proximal
portion of the endoscopic device.

[0073] (2) The image processing device of (1), wherein the
motion detection includes determining an angular velocity.
[0074] (3) The image processing device of any of (1) to
(2), wherein determining the motion detection includes
analysis of relative motion of multiple images obtained by
the endoscopic device.

[0075] (4) The image processing device of (3), wherein the
analysis of relative motion of multiple images includes
determining a motion vector of whole images obtained by
the objective lens.

[0076] (5) The image processing device of any of (1) to
(4), wherein the motion detection includes obtaining an
angular velocity of the proximal portion of the endoscopic
device.

[0077] (6) The image processing device of (5), wherein the
angular velocity of the proximal portion of the endoscopic
device is detected by a motion sensor at the proximal portion
of the endoscopic device.

[0078] (7) The image processing device of any of (1) to
(6), wherein the circuitry removes instantaneous error values
in the estimated approximate center of rotation based on an
integration of estimated approximate center of rotation val-
ues over time.

[0079] (8) The image processing device of (2), wherein the
circuitry removes instantaneous error values in the angular
velocity based on an integration of detected angular velocity
values over time.

[0080] (9) The image processing device of any of (1) to
(8), wherein the circuitry removes rolling shutter distortion
in images obtained by the endoscopic device.

[0081] (10) The image processing device of any of (1) to
(9), wherein the circuitry corrects hand shake in images
obtained by the endoscopic device based on the approximate
center of rotation of the endoscopic device.

[0082] (11) The image processing device of any of (1) to
(10), wherein the circuitry combines a plurality of images
obtained by moving the endoscopic device based on the
approximate center of rotation of the endoscopic device.
[0083] (12) The image processing device of any of (1) to
(11), wherein the circuitry determines a length of insertion
of the treatment device based on the approximate center of
rotation of the endoscopic device.

[0084] (13) The image processing device of any of (1) to
(12), wherein the circuitry determines a positional relation-
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ship between a target treatment site and the treatment device
based on the approximate center of rotation of the endo-
scopic device.

[0085] (14) An endoscopic system, including: an endo-
scopic device that includes an objective lens at a distal
portion thereof; and an image processing device that
includes circuitry configured to estimate an approximate
center of rotation of the endoscopic device based on motion
detection in response to a movement of an objective lens at
a distal portion of the endoscopic device by manipulating a
proximal portion of the endoscopic device.

[0086] (15) The endoscopic system of (14), wherein the
motion detection includes determining an angular velocity.
[0087] (16) The endoscopic system of any of (14) to (15),
wherein determining the motion detection includes analysis
of relative motion of multiple images obtained by the
endoscopic device.

[0088] (17) The endoscopic system of any of (14) to (16),
wherein the image processing device corrects hand shake in
images obtained by the endoscopic device.

[0089] (18) The endoscopic system of any of (14) to (17),
wherein the image processing device produces a wide-
viewing angle image by combining a plurality of images
based on the approximate center of rotation of the endo-
scopic device.

[0090] (19) The endoscopic system of (18), wherein the
image processing device produces the wide-viewing angle
image by combining the plurality of images based on a
detected angular velocity of the endoscopic device.

[0091] (20) The endoscopic system of any of (14) to (19),
wherein the endoscopic device is a rigid endoscope.
[0092] (21) A method of processing images obtained by an
endoscopic device, comprising: estimating, based on motion
detection, an approximate center of rotation of the endo-
scopic device in response to a movement of an objective lens
at a distal portion of the endoscopic device by manipulating
a proximal portion of the endoscopic device.

[0093] (22) An method of performing a laparoscopic pro-
cedure, comprising: inserting a treatment device through a
trocar positioned in a patient; and obtaining, based on
motion detection, information regarding an approximate
center of rotation of the treatment device in response to a
movement of an objective lens at a distal portion of the
endoscopic device by manipulating a proximal portion of the
endoscopic device.

[0094] (23) The method of performing a laparoscopic
procedure according to (22), wherein the treatment device is
a rigid endoscope.

[0095] (24) The method of performing a laparoscopic
procedure according to any of (22) to (23), further including
determining a length of insertion of the treatment device
based on the approximate center of rotation.

[0096] (25) The method of performing a laparoscopic
procedure according to any of (22) to (24), further compris-
ing determining a positional relationship between a target
treatment site and the treatment device based on the approxi-
mate center of rotation.

[0097] (26) The method of performing a laparoscopic
procedure according to (25), wherein the determining the
positional relationship between the target treatment site and
the treatment device includes measuring the target treatment
site in three dimensions.

[0098] (27) An endoscopic system includes: an endo-
scopic device in which an objective lens is provided at a tip

Feb. 2, 2017

end of an insertion part which is inserted into a body cavity,
a head part is provided at a base end, and a gyro part which
detects a moving angular velocity of the head part is
provided in the head part; and an image processing device
including a global motion calculation part which calculates,
from an image signal which is input from the endoscopic
device and corresponds to an optical image converged by the
objective lens, a motion of the entire image corresponding to
the image signal, and an estimation part which estimates,
based on the calculated motion of the entire image and the
detected angular velocity, a position of a rotation center
when the objective lens is moved according to the motion of
the head part.

[0099] (28) The endoscopic system according to (27), in
which the image processing device is further provided with
a correction part which corrects hand shake of the image
signal by cutting a cutting area from an effective pixel area
of the image signal input from the endoscopic device, and
the cutting area is determined based on the estimated posi-
tion of the rotation center and the detected angular velocity.
[0100] (29) The endoscopic system according to (27) or
(28), in which the image processing device is further pro-
vided with an objective lens moving amount calculation part
which calculates a moving amount of the objective lens
based on the estimated position of the rotation center and the
detected angular velocity.

[0101] (30) The endoscopic system according to (29), in
which the objective lens moving amount calculation part
further determines a shift amount of the cutting area based
on the calculated moving amount of the objective lens, and
the correction part corrects the hand shake of the image
signal by adjusting a position of the cutting area according
to the determined shift amount.

[0102] (31) The endoscopic system according to any one
of (28) to (30), in which the correction part corrects the hand
shake of each image signal input at a predetermined frame
rate from the endoscopic device, and the estimation part
estimates the position of the rotation center at a frequency
which is equal to or lower than the predetermined frame rate.
[0103] (32) The endoscopic system according to any one
of (27) to (31), in which the image processing device is
further provided with a rotation center position leveling part
which levels the estimated position of the rotation center in
a time direction.

[0104] (33) The endoscopic system according to any one
of (27) to (32), in which the image processing device is
further provided with an angular velocity leveling part
which levels the detected angular velocity in a time direc-
tion.

[0105] (34) The endoscopic system according to any one
of (28) to (33), in which the image processing device is
further provided with a distortion removing part which
removes a rolling shutter distortion of the image signal
subjected to the hand shake correction.

[0106] (35) An image processing device includes: a global
motion calculation part which calculates, from an image
signal which is input from an endoscopic device in which an
objective lens is provided at a tip end of an insertion part
which is inserted into a body cavity, a head part is provided
at a base end, and a gyro part which detects a moving
angular velocity of the head part is provided in the head part,
and corresponds to an optical image converged by the
objective lens, a motion of the entire image corresponding to
the image signal; and an estimation part which estimates,
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based on the calculated motion of the entire image and the
angular velocity input from the endoscopic device, a posi-
tion of a rotation center when the objective lens is moved
according to the motion of the head part.

[0107] (36) An image processing method which is per-
formed by an image processing device which processes an
image signal which is input from an endoscopic device in
which an objective lens is provided at a tip end of an
insertion part which is inserted into a body cavity, a head
part is provided at a base end, and a gyro part which detects
amoving angular velocity of the head part is provided in the
head part, and corresponds to an optical image converged by
the objective lens, includes: calculating a motion of the
entire image corresponding to the image signal; and esti-
mating, based on the calculated motion of the entire image
and the angular velocity input from the endoscopic device,
a position of a rotation center when the objective lens is
moved according to the motion of the head part.

[0108] (37) A program which causes a computer to func-
tion as: a global motion calculation part which calculates,
from an image signal which is input from an endoscopic
device in which an objective lens is provided at a tip end of
an insertion part which is inserted into a body cavity, a head
part is provided at a base end, and a gyro part which detects
amoving angular velocity of the head part is provided in the
head part, and corresponds to an optical image converged by
the objective lens, a motion of the entire image correspond-
ing to the image signal; and an estimation part which
estimates, based on the calculated motion of the entire image
and the angular velocity input from the endoscopic device,
a position of a rotation center when the objective lens is
moved according to the motion of the head part.

[0109] It should be understood by those skilled in the art
that various modifications, combinations, sub-combinations
and alterations may occur depending on design requirements
and other factors insofar as they are within the scope of the
appended claims or the equivalents thereof.
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[0110] 2 Trocar

[0111] 10 Endoscopic system

[0112] 11 Endoscopic device

[0113] 12 Image correction device

[0114] 13 Display device

[0115] 21 Tube part

[0116] 22 Objective lens

[0117] 23 Optical lens part

[0118] 24 Head part

[0119] 25 Image taking part

[0120] 26 Gyro part

[0121] 31 Global motion vector calculation part
[0122] 32 Rotation center position estimation part
[0123] 33 Rotation center position leveling part
[0124] 34 Angular velocity leveling Part

[0125] 35 Shift amount determination part
[0126] 36 Image cutting part

[0127] 37 Distortion removing part

[0128] 38 Image output part

[0129] 41 Local motion detection part

[0130] 42 Global motion leveling part

[0131] 100 Computer

[0132] 101 CPU

1. An image processing device that processes images
obtained by an endoscopic device, comprising:
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circuitry configured to estimate an approximate center of
rotation of the endoscopic device based on motion
detection in response to a movement of an objective
lens at a distal portion of the endoscopic device by
manipulating a proximal portion of the endoscopic
device.

2. The image processing device of claim 1, wherein the
motion detection includes determining an angular velocity.

3. The image processing device of claim 1, wherein
determining the motion detection includes analysis of rela-
tive motion of multiple images obtained by the endoscopic
device.

4. The image processing device of claim 3, wherein the
analysis of relative motion of multiple images includes
determining a motion vector of whole images obtained by
the objective lens.

5. The image processing device of claim 1, wherein the
motion detection includes obtaining an angular velocity of
the proximal portion of the endoscopic device.

6. The image processing device of claim 5, wherein the
angular velocity of the proximal portion of the endoscopic
device is detected by a motion sensor at the proximal portion
of the endoscopic device.

7. The image processing device of claim 1, wherein the
circuitry removes instantaneous error values in the estimated
approximate center of rotation based on an integration of
estimated approximate center of rotation values over time.

8. The image processing device of claim 2, wherein the
circuitry removes instantaneous error values in the angular
velocity based on an integration of detected angular velocity
values over time.

9. The image processing device of claim 1, wherein the
circuitry removes rolling shutter distortion in images
obtained by the endoscopic device.

10. The image processing device of claim 1, wherein the
circuitry corrects hand shake in images obtained by the
endoscopic device based on the approximate center of
rotation of the endoscopic device.

11. The image processing device of claim 1, wherein the
circuitry combines a plurality of images obtained by moving
the endoscopic device based on the approximate center of
rotation of the endoscopic device.

12. The image processing device of claim 1, wherein the
circuitry determines a length of insertion of the treatment
device based on the approximate center of rotation of the
endoscopic device.

13. The image processing device of claim 1, wherein the
circuitry determines a positional relationship between a
target treatment site and the treatment device based on the
approximate center of rotation of the endoscopic device.

14. An endoscopic system, comprising:

an endoscopic device that includes an objective lens at a
distal portion thereof; and

an image processing device that includes circuitry con-
figured to estimate an approximate center of rotation of
the endoscopic device based on motion detection in
response to a movement of an objective lens at a distal
portion of the endoscopic device by manipulating a
proximal portion of the endoscopic device.

15. The endoscopic system of claim 14, wherein the
motion detection includes determining an angular velocity.
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16. The endoscopic system of claim 14, wherein deter-
mining the motion detection includes analysis of relative
motion of multiple images obtained by the endoscopic
device.

17. The endoscopic system of claim 14, wherein the
image processing device corrects hand shake in images
obtained by the endoscopic device.

18. The endoscopic system of claim 14, wherein the
image processing device produces a wide-viewing angle
image by combining a plurality of images based on the
approximate center of rotation of the endoscopic device.

19. The endoscopic system of claim 18, wherein the
image processing device produces the wide-viewing angle
image by combining the plurality of images based on a
detected angular velocity of the endoscopic device.

20. The endoscopic system of claim 14, wherein the
endoscopic device is a rigid endoscope.

21. A method of processing images obtained by an endo-
scopic device, comprising:

estimating, based on motion detection, an approximate

center of rotation of the endoscopic device in response
to a movement of an objective lens at a distal portion
of the endoscopic device by manipulating a proximal
portion of the endoscopic device.

22. A method of performing a laparoscopic procedure,
comptrising:
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inserting a treatment device through a trocar positioned in
a patient; and

obtaining, based on motion detection, information regard-
ing an approximate center of rotation of the treatment
device in response to a movement of an objective lens
at a distal portion of the endoscopic device by manipu-
lating a proximal portion of the endoscopic device.

23. The method of performing a laparoscopic procedure
according to claim 22, wherein the treatment device is a
rigid endoscope.

24. The method of performing a laparoscopic procedure
according to claim 22, further comprising determining a
length of insertion of the treatment device based on the
approximate center of rotation.

25. The method of performing a laparoscopic procedure
according to claim 22, further comprising determining a
positional relationship between a target treatment site and
the treatment device based on the approximate center of
rotation.

26. The method of performing a laparoscopic procedure
according to claim 25, wherein the determining the posi-
tional relationship between the target treatment site and the
treatment device includes measuring the target treatment site
in three dimensions.
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