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(57) ABSTRACT

An imaging apparatus is disclosed for diagnosis, which gen-
erates multiple horizontal cross-sectional images inside a
body lumen, and a vertical cross-sectional image suitable for
use by using the generated horizontal cross-sectional image.
The imaging apparatus for diagnosis includes first extraction
means for extracting a pixel corresponding to a cut position
when a body lumen wall is cut by a plane substantially par-
allel to an axial direction, from a first horizontal cross-sec-
tional image, second extraction means for extracting a pixel
corresponding to a lumen surface when the body lumen wall
is cut by the plane, from a second horizontal cross-sectional
image, generation means for generating a vertical lumen
image in such a way that a pixel obtained by projecting the
pixel extracted by the second extraction means at the cut
position is superimposed on the pixel extracted by the first
extraction means, and display means for displaying the ver-
tical lumen image.
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IMAGING APPARATUS FOR DIAGNOSIS AND
IMAGE PROCESSING METHOD

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] This application is a continuation of International
Application No. PCT/TP2012/006056 filed on Sep. 24, 2012,
the entire content of which is incorporated herein by refer-
ence.

TECHNICAL FIELD

[0002] Thedisclosure generally relates to an imaging appa-
ratus for diagnosis and an image processing method.

BACKGROUND DISCUSSION

[0003] An imaging apparatus for diagnosis has been used
for diagnosis of arteriosclerosis, preoperative diagnosis in
performing endovascular treatment using a high-perfor-
mance catheter such as a balloon catheter, a stent or the like,
or for confirmation of postoperative results.

[0004] The imaging apparatus for diagnosis includes an
intravascular ultrasound (IVUS) diagnosis apparatus and an
optical coherence tomography (OCT) diagnosis apparatus,
which respectively have different characteristics.

[0005] In addition, in recent years, an imaging apparatus
for diagnosis (imaging apparatus for diagnosis which
includes an ultrasound transceiver capable of transmitting
and receiving ultrasound waves and an optical transceiver
capable of transmitting and receiving light) which has an
IVUS function and an OCT function in combination has also
been proposed (for example, refer to JP-A-11-56752 and
JP-T-2010-508973). According to this imaging apparatus for
diagnosis, single scanning can generate both a cross-sectional
image utilizing IVUS characteristics, which can enable mea-
surement for a deep region, and a cross-sectional image uti-
lizing OCT characteristics with a high resolution measure-
ment.

[0006] Furthermore, if this imaging apparatus for diagnosis
is applied, multiple cross-sectional images generated in the
axial direction (cross-sectional image in a direction substan-
tially orthogonal to an axis of a body lumen, hereinafter,
referred to as a horizontal cross-sectional image) are pro-
cessed. In this manner, it is possible to respectively generate
and display a cross-sectional image in the vertical direction
(axial direction of the body lumen) by using the IVUS func-
tion and a cross-sectional image in the vertical direction by
using the QCT function. A cross-sectional image in a direc-
tion substantially parallel to the axis of the body lumen (here-
inafter, referred to as a vertical cross-sectional image) which
is generated and displayed in this way is effectively used in
grasping an axial position or the like of a stent indwelled
inside a blood vessel.

SUMMARY

[0007] In accordance with an exemplary embodiment, it
can be desirable to use a vertical cross-sectional image not
only to grasp an axial position of a stent indwelled inside a
blood vessel but also to perform more detailed analysis, for
example, an analysis when the blood vessel is viewed just
sideways. For example, a positional relationship between a
gap of meshes of the stent and a bifurcated portion of the
blood vessel can be analyzed by using the vertical cross-
sectional image.
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[0008] However, according to the conventional imaging
apparatus for diagnosis, the vertical cross-sectional image is
configured to display a cut surface when the blood vessel is
vertically cut using a flat plane. Consequently, the above-
described analysis cannot be performed since in order to
perform the above-described analysis, both a cut surface of a
blood vessel outer wall and a lumen surface of the blood
vessel need to be displayed when the blood vessel is vertically
cut using the flat plane.

[0009] For this reason, when the vertical cross-sectional
image is generated and displayed, it can become relatively
important to provide the vertical cross-sectional image by
using an image mode suitable for various uses.

[0010] In accordance with an exemplary embodiment, an
imaging apparatus for diagnosis is disclosed, which can gen-
erate multiple horizontal cross-sectional images inside a body
lumen to generate a vertical cross-sectional image suitable for
use by using the generated horizontal cross-sectional image.
[0011] In accordance with an exemplary embodiment, an
imaging apparatus for diagnosis is disclosed, which can gen-
erate multiple first horizontal cross-sectional images and
multiple second horizontal cross-sectional images which are
cross-sectional images on a surface substantially orthogonal
to an axial direction inside a body lumen, respectively in the
axial direction by repeatedly transmitting and receiving a first
signal and a second signal respectively while moving inside
the body lumen in the axial direction. The imaging apparatus
for diagnosis can include first extraction means for extracting
a pixel corresponding to a cut position when a body lumen
wall is cut by a plane substantially parallel to the axial direc-
tion, from the first horizontal cross-sectional image, second
extraction means for extracting a pixel corresponding to a
lumen surface when the body lumen wall is cut by the plane,
from the second horizontal cross-sectional image, generation
means for generating a vertical lumen image which is a lumen
image when the body lumen wall is cut by the plane in such a
way that a pixel obtained by projecting the pixel extracted by
the second extraction means at the cut position is superim-
posed on the pixel extracted by the first extraction means, and
display means for displaying the vertical lumen image gen-
erated by the generation means.

[0012] In accordance with an exemplary embodiment, an
imaging apparatus for diagnosis is disclosed, which can gen-
erate multiple horizontal cross-sectional images inside a body
lumen can be enabled to generate a vertical cross-sectional
image suitable for use by using the generated horizontal
cross-sectional image.

[0013] An image processing method of an imaging appa-
ratus is disclosed for diagnosis which generates multiple first
horizontal cross-sectional images and multiple second hori-
zontal cross-sectional images which are cross-sectional
images on a surface substantially orthogonal to an axial direc-
tion inside a body lumen, respectively in the axial direction by
repeatedly transmitting and receiving a first signal and a
second signal respectively while moving inside the body
lumen in the axial direction, the method comprising: a first
extraction step of extracting a pixel corresponding to a cut
position when a body lumen wall is cut by a plane substan-
tially parallel to the axial direction, from the first horizontal
cross-sectional image; a second extraction step of extracting
a pixel corresponding to a lumen surface when the body
lumen wall is cut by the plane, from the second horizontal
cross-sectional image; a generation step of generating a ver-
tical lumen image which is a lumen image when the body
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lumen wall is cut by the plane in such a way that a pixel
obtained by projecting the pixel extracted in the second
extraction step at the cut position is superimposed on the pixel
extracted in the first extraction step; and a display step of
displaying the vertical lumen image generated in the genera-
tion step.

[0014] A non-transitory computer-readable recording
medium with a program stored therein which causes a com-
puter to execute each process of the image processing method
as disclosed herein.

[0015] An imaging apparatus is disclosed for diagnosis
which generates multiple first horizontal cross-sectional
images and multiple second horizontal cross-sectional
images which are cross-sectional images on a surface sub-
stantially orthogonal to an axial direction inside a body
lumen, respectively in the axial direction by repeatedly trans-
mitting and receiving a first signal and a second signal respec-
tively while moving inside the body lumen in the axial direc-
tion, the apparatus comprising: first generation means for
generating a planar image of a body lumen wall at a cut
position when the body lumen wall is cut by a plane substan-
tially parallel to the axis direction inside the body lumen,
based on the multiple first horizontal cross-sectional images;
second generation means for generating a three-dimensional
image of a lumen surface of the body lumen which is inter-
posed between the planar images, based on the multiple sec-
ond horizontal cross-sectional images; and synthesis display
means for displaying by synthesizing the planar image and
the three-dimensional image.

[0016] Other characteristics and advantages of the disclo-
sure will become apparent from the following description
made with reference to the accompanying drawings. In the
accompanying drawings, the same reference numerals are
given to the same or similar configuration elements.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Theaccompanying drawings are incorporated in the
description, configure a part of the description, represent
embodiments of the imaging apparatus for diagnosis and an
image processing method, and are used to describe principles
of the imaging apparatus for diagnosis and an image process-
ing method together with the description.

[0018] FIG. 1 is a view illustrating an external configura-
tion of an imaging apparatus for diagnosis according to an
exemplary embodiment of the disclosure.

[0019] FIG.2is a view illustrating an overall configuration
of a probe unit and a cross-sectional configuration of a distal
end portion.

[0020] FIG. 3A is a diagram illustrating a cross-sectional
configuration of an imaging core.

[0021] FIG.3Bisacross-sectional view takenalong aplane
substantially orthogonal to the rotation center axis as an ultra-
sonic transmitting and receiving position.

[0022] FIG.3Cisacross-sectional view takenalong aplane
substantially orthogonal to the rotation center axis at an opti-
cal transmitting and receiving position.

[0023] FIG. 4is a diagram illustrating a functional configu-
ration of the imaging apparatus for diagnosis.

[0024] FIG.5is a diagram illustrating an example of a user
interface of the imaging apparatus for diagnosis.

[0025] FIG. 6is a view illustrating a generation process of
a vertical cross-sectional image.

[0026] FIG.7is a view illustrating a generation process of
a vertical lumen image.
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[0027] FIG. 8 is a view illustrating the generation process
of the vertical lumen image.

[0028] FIG. 9 is a flowchart illustrating flow in the genera-
tion process of the vertical lumen image.

[0029] FIG. 10A is a flowchart illustrating flow in a process
of extracting a pixel for generating the vertical lumen image
from an TVUS horizontal cross-sectional image.

[0030] FIG. 10B is a flowchart illustrating flow in a process
of extracting a pixel for generating the vertical lumen image
from an OCT horizontal cross-sectional image.

[0031] FIG. 11A is a view illustrating an example of the
vertical lumen image.

[0032] FIG. 11B is a view illustrating an example of the
vertical lumen image.

[0033] FIG. 12 is a view illustrating an example of the
vertical lumen image.

[0034] FIG. 13 is a view illustrating a generation process of
the vertical lumen image.

[0035] FIG. 14 is a view illustrating a generation process of
the vertical lumen image.

DETAILED DESCRIPTION

[0036] Hereinafter, each embodiment will be described in
detail with reference to the accompanying drawings, when
necessary.

[0037] 1.External Configuration of Imaging Apparatus for
Diagnosis

[0038] FIG. 1 is a view illustrating an external configura-
tion of an imaging apparatus for diagnosis (imaging appara-
tus for diagnosis which includes an IVUS function and an
OCT function) 100 according to an exemplary embodiment
of the present disclosure.

[0039] As illustrated in FIG. 1, the imaging apparatus for
diagnosis 100 can include a probe unit 101, a scanner and
pull-back unit 102, and an operation control device 103. The
scanner and pull-back unit 102 and the operation control
device 103 can be connected to each other by a signal line 104
so that various signals can be transmitted.

[0040] The probe unit 101 has an internally inserted imag-
ing core directly inserted into a body lumen and can include
an ultrasound transceiver which transmits ultrasound waves
into the body lumen based on a pulse signal and which
receives reflected waves from the inside of the body lumen
and an optical transceiver which continuously transmits
transmitted light (measurement light) into the body lumen
and which continuously receives reflected light from the
inside of the body lumen. The imaging apparatus for diagno-
sis 100 measures a state inside the body lumen by using the
imaging core.

[0041] Theprobe unit 101 can be detachably attached to the
scanner and pull-back unit 102. A motor incorporated in the
scanner and pull-back unit 102 is driven, thereby regulating
an operation inside the body lumen in the axial direction and
an operation inside the body lumen in the rotation direction of
the imaging core, which is internally inserted into the probe
unit 101, In addition, the scanner and pull-back unit 102
acquires the reflected wave received by the ultrasound trans-
ceiver and the reflected light received by the optical trans-
ceiver, and transmits the reflected wave and the reflected light
to the operation control device 103.

[0042] Theoperationcontrol device 103 caninclude a func-
tion for inputting various setting values upon each measure-
ment, and a function for processing data obtained by the
measurement and for displaying a cross-sectional image
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inside the body lumen (horizontal cross-sectional image and
vertical cross-sectional image).

[0043] In the operation control device 103, the reference
numeral 111 represents a main body control unit which gen-
erates ultrasound data based on the reflected waves obtained
by the measurement, and which generates an ultrasound
cross-sectional image by processing line data generated
based on the ultrasound data. Furthermore, the main body
control unit 111 generates interference light data by causing
the reflected light obtained by the measurement to interfere
with reference light obtained by separating the light from a
light source, and generates an optical cross-sectional image
by processing the generated line data based on the interfer-
ence light data.

[0044] The reference numeral 111-1 represents a printer
and DVD recorder, which prints a processing result in the
main body control unit 111 or stores the processing result as
data. The reference numeral 112 represents an operation
panel, and a user inputs various setting values and instructions
via the operation panel 112. The reference numeral 113 rep-
resents an LCD monitor as a display device, which displays a
cross-sectional image generated in the main body control unit
111.

[0045] 2. Overall Configuration of Probe Unit and Cross-
Sectional Configuration of Distal End Portion

[0046] Next, an overall configuration of the probe unit 101
and a cross-sectional configuration of a distal end portion will
be described with reference 1o F1G. 2. As illustrated in FIG. 2,
the probe unit 101 is configured to include a long catheter
sheath 201 to be inserted into the body lumen and a connector
unit 202 to be arranged on the front side of a user, and which
can be operated by the user without being inserted into the
body lumen. The distal end of the catheter sheath 201 includes
a tube 203 possessing a guide wire lumen configured to
receive a guide wire. The catheter sheath 201 has a lumen,
which is continuously formed from a connection portion with
the guidewire lumen tube 203 to a connection portion with the
connector unit 202.

[0047] An imaging core 220 which internally includes a
transceiver 221 in which the ultrasound transceiver for trans-
mitting and receiving the ultrasound waves and the optical
transceiver for transmitting and receiving the light are
arranged, and which includes a coil-shaped drive shaft 222
internally including an electrical signal cable and an optical
fiber cable and transmitting rotary drive power for rotating the
transceiver 221, which is inserted into the lumen of the cath-
eter sheath 201 over substantially the entire length of the
catheter sheath 201.

[0048] The connector unit 202 can include a sheath con-
nector 202a configured to be integral with a proximal end of
the catheter sheath 201, and a drive shaft connector 2025
which is configured to rotatably fix the drive shaft 222 to the
proximal end of the drive shaft 222.

[0049] An anti-kink protector 211 is disposed in a boundary
section between the sheath connector 202a and the catheter
sheath 201, which can help maintain a predetermined rigidity,
and can help prevent bending (kinking) caused by a rapid
change in physical properties.

[0050] The proximal end of the drive shaft connector 2025
is detachably attached to the scanner and pull-back unit 102.
[0051] Next, the cross-sectional configuration of the distal
end portion of the probe unit 101 will be described. The
imaging core 220 can include a housing 223 having the trans-
ceiver 221 in which the ultrasound transceiver for transmit-
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ting and receiving the ultrasound waves and the optical trans-
ceiver for transmitting and receiving the light are arranged,
and includes the drive shaft 222 for transmitting the rotary
drive power for rotating the housing 223, which is inserted
into the lumen of the catheter sheath 201 over substantially
the entire length, thereby forming the probe unit 101.

[0052] The drive shaft 222 can cause the transceiver 221 to
perform a rotary operation and an axial operation with respect
to the catheter sheath 201, and has a property, which is flex-
ible and can transmit rotation well. For example, the drive
shaft 222 can be configured to have a multiplex and multilayer
contact coil or the like formed of a metal wire such as a
stainless steel wire or the like. Then, an electric signal cable
and an optical fiber cable (optical fiber cable in a single mode)
can be arranged inside the drive shaft 222.

[0053] Thehousing 223 has a shape in which a short cylin-
drical metal pipe partially has a cutout portion, and is formed
by being cut out from a metal ingot, or is molded by means of
metal powder injection molding (MIM), for example. In addi-
tion, an elastic member 231 having a short coil shape can be
disposed on the distal end side of the housing 223.

[0054] The elastic member 231 is obtained by forming a
stainless steel wire in a coil shape. The elastic member 231 is
arranged on the distal end side, thereby help preventing the
imaging core 220 from being caught on the inside of the
catheter sheath 201 when the imaging core 220 is moved
forward and rearward.

[0055] The reference numeral 232 represents a reinforce-
ment coil, which is disposed in order to help prevent rapid
bending of the distal end portion of the catheter sheath 201.
[0056] The guidewire lumen tube 203 has a guidewire
lumen into which a guidewire can be inserted. The guidewire
lumen tube 203 is used in receiving the guidewire inserted
into the body lumen in advance and allowing the guidewire to
guide the catheter sheath 201 to a lesion.

[0057] 3. Cross-Sectional Configuration of Imaging Core
[0058] Next, a cross-sectional configuration of the imaging
core 220 and an arrangement for the ultrasound transceiver
and the optical transceiver will be described. FIGS. 3A-3C
are diagrams illustrating the cross-sectional configuration of
the imaging core, the arrangement for the ultrasound trans-
ceiver, and the optical transceiver, respectively.

[0059] As illustrated in FIG. 3A, the transceiver 221
arranged inside the housing 223 comprise an ultrasound
transceiver 310 and an optical transceiver 320. The ultra-
sound transceiver 310 and the optical transceiver 320 are
respectively arranged along the axial direction on the rotation
center axis (on the one-dot chain line in FIG. 3A) of the drive
shaft 222.

[0060] In accordance with an exemplary embodiment, the
ultrasound transceiver 310 can be arranged on the distal end
side of the probe unit 101, and the optical transceiver 320 can
be arranged on the proximal end side of the probe unit 101.

[0061] In addition, the ultrasound transceiver 310 and the
optical transceiver 320 are attached inside the housing 223 so
that an ultrasound transmitting direction (elevation angle
direction) of the ultrasound transceiver 310 and a light trans-
mitting direction (elevation angle direction) of the optical
transceiver 320 are respectively, for example, approximately
90° with respect to the axial direction of the drive shaft 222.
In accordance with an exemplary embodiment, the ultrasound
transceiver 310 can be attached to the optical transceiver 320
by causing each transmitting direction to be slightly deviated
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from 90° s0 as not to receive the reflection on a surface inside
the lumen of the catheter sheath 201.

[0062] An electric signal cable 311 connected to the ultra-
sound transceiver 310 and an optical fiber cable 321 con-
nected to the optical transceiver 320 are arranged inside the
drive shaft 222. The electric signal cable 311 can be wound
around the optical fiber cable 321 in a spiral shape.

[0063] FIG.3Bisacross-sectional view takenalong aplane
substantially orthogonal to the rotation center axis at an ultra-
sound transmitting and receiving position. As illustrated in
FIG. 3B, when a downward direction from the paper surface
is zero degrees, the ultrasound transmitting and receiving
direction (rotation angle direction (also referred to as an azi-
muth angle direction)) of the ultrasound transceiver 310 is 0
degrees.

[0064] FIG.3Cisacross-sectional view takenalong aplane
substantially orthogonal to the rotation center axis at an opti-
cal transmitting and receiving position. As illustrated in FIG.
3C, when the downward direction from the paper surface is
zero degrees, the light transmitting and receiving direction
(rotation angle direction) of the optical transceiver 320 is zero
degrees. That is, the ultrasound transceiver 310 and the opti-
cal transceiver 320 are arranged so that the ultrasound trans-
mitting and receiving direction (rotation angle direction) of
the ultrasound transceiver 310 and the light transmitting and
receiving direction (rotation angle direction) of the optical
transceiver 320 are deviated from each other by 0 degrees.

[0065] 4. Functional Configuration of Imaging Apparatus
for Diagnosis
[0066] Next, a functional configuration of the imaging

apparatus for diagnosis 100 will be described. FIG. 4 is a
diagram illustrating the functional configuration of the imag-
ing apparatus for diagnosis 100 which includes an IVUS
function and an OCT function (here, a wavelength sweeping-
type OCT as an example) in combination. An imaging appa-
ratus for diagnosis including the IVUS function and other
OCT functions in combination also has the same functional
configuration. Therefore, description thereof will be omitted
herein.

[0067] (1) IVUS Function

[0068] The imaging core 220 can include the ultrasound
transceiver 310 inside the distal end of the imaging core 220.
The ultrasound transceiver 310 can transmit ultrasound
waves to biological tissues inside the body lumen while per-
forming the rotary operation and the axial operation, based on
pulse waves transmitted by an ultrasound signal transceiver
452, receives reflected waves (echoes) of the ultrasonic
waves, and transmits the reflected waves to the ultrasound
signal transceiver 452 as an ultrasound signal via an adapter
402 and a slip ring 451.

[0069] Inthe scanner and pull-back unit 102, a rotary drive
portion side of the slip ring 451 is rotatably driven by a radial
scanning motor 405 of a rotary drive device 404. Further-
more, a rotation angle of the radial scanning motor 405 is
detected by an encoder unit 406. In addition, a linear drive
device 407 can be arranged in the scanning and pull-back unit
102, and can regulate the axial operation of the imaging core
220 based on a signal from a signal processing unit 428.
[0070] The ultrasound signal transceiver 452 can include a
transmitting wave circuit and a receiving wave circuit (not
illustrated). The transmitting wave circuit transmits the pulse
waves to the ultrasound transceiver 310 inside the imaging
core 220 based on a control signal transmitted from the signal
processing unit 428.
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[0071] 1In addition, the receiving wave circuit receives an
ultrasound signal from the ultrasound transceiver 310 inside
the imaging core 220. The received ultrasound signal can be
amplified by an amplifier 453, and then is input to and
detected by a wave detector 454.

[0072] Furthermore, anA/D converter 455 generates digital
data (ultrasound data) of one line by sampling the ultrasound
signal output from the wave detector 454, for example, at 30.6
MHz by an amount of 200 points. Although 30.6 MHz is used
here, this is calculated on the assumption that the sampling of
200 points is performed for a depth of 5 mm when sound
velocity is set to 1530 m/sec. Therefore, the sampling fre-
quency is not particularly limited thereto. Therefore, the sam-
pling frequency is not particularly limited thereto.

[0073] The ultrasound data in units of lines, which is gen-
erated by the A/D converter 455 is input to the signal process-
ing unit 428. The signal processing unit 428 converts the
ultrasound data into a gray scale, thereby generating an IVUS
horizontal cross-sectional image at each position in the axial
direction inside the body lumen and outputting the ultrasound
cross-sectional image to an LCD monitor 113 at a predeter-
mined frame rate.

[0074] The signal processing unit 428 is connected to a
motor control circuit 429, and receives a video synchroniza-
tion signal of the motor control circuit 429. The signal pro-
cessing unit 428 generates the [VUS horizontal cross-sec-
tional image in synchronization with the received video
synchronization signal.

[0075] In addition, the video synchronization signal of the
motor control circuit 429 is also transmitted to the rotary drive
device 404, and the rotary drive device 404 outputs a drive
signal synchronized with the video synchronization signal.

[0076] The above-described processing in the signal pro-
cessing unit 428 and image processing relating to a user
interface in the imaging apparatus for diagnosis 100 (to be
described later with reference to FIGS. 5 to 13) can be real-
ized in such a way that a predetermined program causes a
computer to execute the processing in the signal processing
unit 428.

[0077] (2) Function of Wavelength Sweeping-Type OCT

[0078] Next, a functional configuration of wavelength
sweeping-type OCT will be described with reference to the
same drawings. The reference numeral 408 represents a
wavelength sweeping light source (swept laser), and is one
type of an extended-cavity laser which can include an optical
fiber 416 which is coupled to a semiconductor optical ampli-
fier (SOA) 415 in a ring shape and a polygon scanning filter
(4085).

[0079] Light output from the SOA 415 proceeds to the
optical fiber 416, and enters the polygon scanning filter 4085.
The light whose wavelength is selected here is amplified by
the SOA 415, and is finally output from a coupler 414.

[0080] The polygon scanning filter 4085 selects the wave-
length in combination with a diffraction grating 412 for dif-
fracting the light and a polygon mirror 409. In accordance
with an exemplary embodiment, the light diffracted by the
diffraction grating 412 can be concentrated on a surface ofthe
polygon mirror 409 by two lenses (410 and 411). In this
manner, only the light having a wavelength orthogonal to the
polygonmirror 409 returns through the same optical path, and
is output from the polygon scanning filter 4085. That is, time
sweeping of the wavelength can be performed by rotating the
polygon mirror 409.
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[0081] For example, a 48-sided mirror can be used for the
polygon mirror 409 whose rotation speed, can be, for
example, approximately 50000 rpm. A wavelength sweeping
system in which the polygon mirror 409 and the diffraction
grating 412 can be combined with each other, which can
enable high speed and high output wavelength sweeping.
[0082] Thelight ofa wavelength sweeping light source 408
which 1s output from the coupler 414 is incident on one end
(proximal end) of a first single mode fiber 440, and is trans-
mitted to the distal end side of the first single mode fiber 440.
The first single mode fiber 440 can be optically coupled to a
second single mode fiber 445 and a third single mode fiber
444 in an optical coupler 441 located in the middle therebe-
tween.

[0083] In accordance with an exemplary embodiment, on
the further distal end side than the optical coupler 441 of the
first single mode fiber 440, an optical rotary joint 403, which
can transmit the light by coupling a fixed portion and a rotary
drive unit to each other is disposed inside the rotary drive
device 404.

[0084] Furthermore, a fifth single mode fiber 443 of the
probe unit 101 can be detachably connected via the adapter
402 to the distal end side of a fourth single mode fiber 442
inside the optical rotary joint 403. In this manner, the light
from the wavelength sweeping light source 408 can be trans-
mitted to the fifth single mode fiber 443, which can be
inserted into the imaging core 220 and can be rotatably
driven.

[0085] The transmitted light is emitted from the optical
transceiver 320 of the imaging core 220 to the biological
tissues inside the body lumen while a rotary operation and an
axial operation are performed. Then, the reflected light scat-
tered on a surface or inside the biological tissues is partially
captured by the optical transceiver 320 of the imaging core
220, and returns to the first single mode fiber 440 side through
a rearward optical path. Furthermore, the light is partially
transferred to the second single mode fiber 445 side by the
optical coupler 441, and is emitted from one end of the second
single mode fiber 445. Thereafter, the light is received by an
optical detector (for example, a photodiode 424).

[0086] The rotary drive unit side of the optical rotary joint
403 isrotatably driven by the radial scanning motor 405 of the
rotary drive device 404.

[0087] In accordance with an exemplary embodiment, a
variable mechanism 432 having an optical path length for
finely adjusting an optical path length of reference light can
be disposed in the distal end opposite to the optical coupler
441 of the third single mode fiber 444.

[0088] In order for variations in the length of an individual
probe unit 101 to be absorbed when the probe unit 101 is
replaced and newly used, the variable mechanism 432 having
this optical path length comprises optical path length chang-
ing means for changing an optical path length corresponding
to the variations in the length.

[0089] The third single mode fiber 444 and a collimating
lens 418 can be disposed on a one-axis stage 422 which is
movable in an optical axis direction thereof as illustrated by
an arrow 423, thereby forming the optical path length chang-
ing means.

[0090] In accordance with an exemplary embodiment, the
one-axis stage 422 functions as the optical path length chang-
ing means having a variable enough range of the optical path
length to absorb the variations in the optical path length of the
probe unit 101 when the probe unit 101 is replaced. Further-
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more, the one-axis stage 422 can also include an adjusting
means for adjusting an offset. For example, even when the
distal end of the probe unit 101 is not in close contact with the
surface of the biological tissues, the one-axis stage can finely
change the optical path length. In this manner, the optical path
length can be set in a state of interfering with the reflected
light from the surface position of the biological tissues.
[0091] The optical path length is finely adjusted by the
one-axis stage 422. The light reflected on a mirror 421 via a
grating 419 and a lens 420 is mixed with the light obtained
from the first single mode fiber 440 side by the optical coupler
441 disposed in the middle of the third single mode fiber 444,
and then is received by the photodiode 424.

[0092] Interference light received by the photodiode 424 in
this way can be photoelectrically converted, and can be input
to a demodulator 426 after being amplified by the amplifier
425. The demodulator 426 performs demodulation process-
ing for extracting only a signal portion of the interference
light, and an output therefrom is input to the A/D converter
427 as an interference light signal.

[0093] The A/D converter 427 performs sampling on the
interference light signal, for example, at 90 MHz by an
amount of 2048 points, and generates digital data (interfer-
ence light data) of one line. In accordance with an exemplary
embodiment, the reason for setting the sampling frequency to
90 MHz is on the assumption that approximately 90% of
wavelength sweeping cycles (25.0 psec) is extracted as the
digital data of 2048 points, when a repetition frequency of the
wavelength sweeping is set to 40 kHz. However, the sampling
frequency is not particularly limited thereto.

[0094] The interference light data in the units of lines,
which is generated by the A/D converter 427, is input to the
signal processing unit 428. The signal processing unit 428
generates data in a depth direction (line data) by performing
frequency resolution on the interference light data using the
fast Fourier transform (FFT), and the data is subjected to
coordinate transformation. In this manner, an OCT horizontal
cross-sectional image is constructed at each position in the
axial direction inside the body lumen, and is output to the
LCD monitor 113 at a predetermined frame rate.

[0095] The signal processing unit 428 is further connected
to acontrol device of optical path length adjusting means 430.
The signal processing unit 428 controls a position of the
one-axis stage 422 via the control device of optical path
length adjusting means 430.

[0096] The processing related to a function of the wave-
length sweeping-type OCT in the signal processing unit 428
can also be realized in such a way that a predetermined
program causes a computer to execute the processing.
[0097] 5. Description of User Interface

[0098] Next, auserinterface displayed on the LCD monitor
113 will be described. FIG. 5 is a diagram illustrating an
example of an exemplary user interface displayed on the LCD
monitor 113. A cross-sectional image displayed on the user
interface can include a horizontal cross-sectional image and a
vertical cross-sectional image. However, hereinafter, a dis-
play of the vertical cross-sectional image (vertical cross-sec-
tional image display screen 500) will be mainly described.
[0099] As illustrated in FIG. 5, the vertical cross-sectional
image display screen 500 of the user interface can include an
OCT vertical cross-sectional image display region 510 for
displaying an OCT vertical cross-sectional image generated
based on multiple OCT horizontal cross-sectional images
generated in the axial direction inside the body lumen in the
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signal processing unit 428, an IVUS vertical cross-sectional
image display region 520 for displaying an IVUS vertical
cross-sectional image generated based on multiple TVUS
horizontal cross-sectional images generated in the axial
direction inside the body lumen in the signal processing unit
428, and a vertical cross-sectional image operation region
540 for operating the OCT vertical cross-sectional image and
the IVUS vertical cross-sectional image.

[0100] Ifan “indicator display” button 541 is pressed down
in the vertical cross-sectional image operation region 540,
indicators 511 and 521 are respectively displayed in the OCT
vertical cross-sectional image display region 510 and the
IVUS vertical cross-sectional image display region 520. A
user can move the displayed indicators 511 and 521 in the
rightward direction or in the leftward direction of the vertical
cross-sectional image display screen 500 by using an opera-
tion device, for example, a mouse, or a trackball on the opera-
tion panel 112. In this manner, the user can recognize each
position (distance) in the axial direction inside the body
lumen.

[0101] Inaddition,ifa “length measurement” button 542 is
pressed down in the vertical cross-sectional image operation
region 540, length measurement instruments 512 and 522 for
measuring any desired length are respectively displayed in
the OCT vertical cross-sectional image display region 510
and the IVUS vertical cross-sectional image display region
520. The user can measure the length of a measurement target
length by aligning an end point of the length measurement
instruments 512 and 522 with the measurement target using
the operation device such as the mouse, or the trackball on the
operation panel 112.

[0102] Furthermore, a vertical lumen image display region
530 for displaying a vertical lumen image (details to be
described later) generated based on the multiple OCT hori-
zontal cross-sectional images and the multiple IVUS horizon-
tal cross-sectional images which are generated in the axial
direction inside the body lumen, and a vertical lumen image
operation region 550 for operating the vertical lumen image
are displayed on the vertical cross-sectional image display
screen 500 of the user interface.

[0103] Inthe vertical lumen image operation region 550, an
“indicator display” button 551 and a “length measurement”
button 552 are the same as the “indicator display” button 541
and the “length measurement” button 542 in the vertical
cross-sectional image operation region 540. Thus, here,
description thereof will be omitted.

[0104] TIfan“observationdirection designation” button 553
is pressed down in the vertical lumen image operation region
550, the user can change an observation direction of the
vertical lumen image displayed in the vertical lumen image
display region 530.

[0105] The reference number 554 is a view illustrating the
observation direction of the vertical lumen image, and the
reference numeral 555 schematically illustrates the horizon-
tal cross-sectional image of the body lumen. In addition, the
reference numeral 556 schematically illustrates an observa-
tion position. In an example of FIG. 5, the vertical lumen
image when viewed in the direction indicated by a dotted
arrow is displayed in the vertical lumen image display region
530. The observation position 556 can be changed along a
thick arrow (that is, along a horizontal cross-sectional image
555, in the circumferential direction). The observation posi-
tion 556 can be moved in the circumferential direction,
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thereby reconstructing the vertical lumen image to be dis-
played in the vertical lumen image display region 530.
[0106] In accordance with an exemplary embodiment, in
this way, various types of vertical cross-sectional images can
be displayed on the vertical cross-sectional image display
screen 500. Accordingly, the user can perform various analy-
ses by using the respective vertical cross-sectional images.
Forexample, when the imaging apparatus for diagnosis 100 is
used in diagnosing conditions inside the blood vessel, the
blood vessel outer wall (body lumen wall) can be drawn on
the IVUS vertical cross-sectional image. Accordingly, a
shape change in the blood vessel outer wall in the axial
direction can be grasped or understood. In addition, an upper
cross section and a lower cross section of the stent can be
drawn on the OCT vertical cross-sectional image. Accord-
ingly, whether the stent is arranged along the blood vessel
outer wall in the axial direction or is arranged at a suitable
position in the axial direction can be grasped or understood.
[0107] Furthermore, in a case of the vertical lumen image,
meshes of the stent and a bifurcated portion of the blood
vessel can be drawn on the vertical lumen image. Accord-
ingly, a relationship between a position of a gap in the meshes
of the stent and a position of the bifurcated portion of the
blood vessel can be grasped or understood.

[0108] That is, according to the imaging apparatus for diag-
nosis 100, it is possible to generate and display the vertical
cross-sectional image by using a display mode suitable for
respective uses.

[0109] 6. Description of Vertical Cross-Sectional Image

[0110] Next, a generation method of the OCT vertical
cross-sectional image, the IVUS wvertical cross-sectional
image, and the vertical lumen image which are displayed on
the vertical cross-sectional image display screen 500 will be
described. Hereinafter, a case will be described where the
imaging apparatus for diagnosis 100 is used in diagnosing
conditions inside the blood vessel.

[0111] 6.1 Generation Method of OCT Vertical Cross-Sec-
tional Image and IVUS Vertical Cross-Sectional Image

[0112] First, the generation method of the OCT vertical
cross-sectional image and the IVUS vertical cross-sectional
image will be described. The generation method of the OCT
vertical cross-sectional image and the generation method of
the IVUS vertical cross-sectional image are basically the
same as each other. Thus, here, the generation method of the
OCT vertical cross-sectional image will be described.

[0113] FIG. 6 is a view for illustrating the generation
method of the OCT vertical cross-sectional image. The ref-
erence numeral 601 in FIG. 6 illustrates multiple OCT hori-
zontal cross-sectional image groups generated in the axial
direction inside the body lumen in the signal processing umt
428. The reference numeral 602 illustrates a cut position for
generating the OCT vertical cross-sectional image. The cut
position 602 is a position indicating a cut surface when the
blood vessel outer wall is cut by a plane substantially parallel
to the axial direction, and is regulated by a straight line
passing through the image center of the OCT horizontal
cross-sectional image. In an example of FIG. 6, the cut posi-
tion 602 is regulated to be located at a position, which is
rotated by a predetermined angle around the axis in the ver-
tical direction of the OCT horizontal cross-sectional image.
[0114] The reference numeral 610 is the OCT vertical
cross-sectional image, and each pixel vertically arrayed at
each position in the axial direction corresponds to each pixel
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vertically arrayed on the cut position 602 of the OCT hori-
zontal cross-sectional image at the corresponding position.
[0115] In accordance with an exemplary embodiment, the
OCT vertical cross-sectional image can be generated by read-
ing out the OCT horizontal cross-sectional image group 601
included in a predetermined range in the axial direction, by
extracting each pixel at the cutting position 602 from each
OCT horizontal cross-sectional image, and by arranging each
pixel at the corresponding position in the axial direction.
[0116] 6.2 Description of Vertical Lumen Image

[0117] Next, the generation method of the vertical lumen
image will be described. FIG. 7 is a view for illustrating the
generation method of the vertical lumen image. In FIG. 7, the
left side of the FIG. 7 illustrates the IVUS horizontal cross-
sectional image generated in the signal processing unit 428,
and the right side of FIG. 7 illustrates the OCT horizontal
cross-sectional image generated in the signal processing unit
428.

[0118] An IVUS horizontal cross-sectional image 701 and
an OCT horizontal cross-sectional image 711 are configured
to respectively have the same position in the axial direction.
First, position alignment for both images is performed.

[0119] Subsequently, an extraction process for extracting
the blood vessel outer wall is performed on the IVUS hori-
zontal cross-sectional image 701. The reference numeral 702
illustrates the blood vessel outer wall extracted from the
IVUS horizontal cross-sectional image 701.

[0120] Next, the cut position 703 is superimposed on the
IVUS horizontal cross-sectional image 701 from which the
blood vessel outer wall is extracted so as to obtain an inter-
section point 704 between the cut position 703 and the blood
vessel outer wall 702. The cut position 703 is a position
indicating a cut surface when the blood vessel outer wall is cut
by a plane substantially parallel to the axial direction, and is
a straight line which has an angle substantially orthogonal to
an angle around the axis which is designated by the observa-
tion position 556 in the vertical lumen image operation region
550, and which passes through the image center of the IVUS
horizontal cross-sectional image 701. The intersection point
704 is used when the OCT horizontal cross-sectional image
711 is processed.

[0121] Next, each pixel included in a predetermined width
region 705 including the cut position 703 is extracted from the
IVUS horizontal cross-sectional image 701 on which the cut
position 703 is specified. Furthermore, each extracted pixel is
projected to the cut position 703, thereby extracting each
pixel 706 at the cut position 703 to which the pixel is pro-
jected.

[0122] In accordance with an exemplary embodiment, an
extraction process for extracting a stent position is first per-
formed on the OCT horizontal cross-sectional image 711.
The reference numeral 712 illustrates the stent position
extracted from the OCT horizontal cross-sectional image
711.

[0123] Next, the cut position 703 and the intersection point
704 are superimposed on the OCT horizontal cross-sectional
image 711 from which a stent position 712 is extracted. A
predetermined width semicircle region 713 in which a dis-
tance between the intersection points 704 serves as a diameter
and the intersection point 704 serves as an end point, and
which includes the stent position is generated, thereby
extracting each pixel included in the semicircle region 713.
Furthermore, each extracted pixel is projected to the cut posi-
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tion 703, thereby extracting each pixel 714 at the cut position
703 to which the pixel is projected.

[0124] Finally, each pixel 714 extracted from the OCT hori-
zontal cross-sectional image 711 is superimposed on each
pixel 706 extracted from the IVUS horizontal cross-sectional
image 701, thereby generating a pixel 721 for generating the
vertical lumen image.

[0125] FIG. 8 is a view for illustrating a method of gener-
ating the vertical lumen image, based on the IVUS horizontal
cross-sectional image 701 and the OCT horizontal cross-
sectional image 711. In FIG. 8, the reference numeral 801
illustrates a group of the IVUS horizontal cross-sectional
images 701 in which each pixel 706 is projected at the cut
position. In addition, the reference numeral 811 illustrates a
group of the OCT horizontal cross-sectional images 711 in
which each pixel 714 is projected at the cut position.

[0126] The reference numeral 820 is a vertical lumen
image, and each pixel vertically arrayed at each position in the
axial direction is generated by superimposing each pixel 714
vertically arrayed at the cut position 703 of the OCT horizon-
tal cross-sectional images 711 at the corresponding position
on each pixel 706 vertically arrayed at the cut position 703 of
the IVUS horizontal cross-sectional images 701 at the corre-
sponding position (that is, generated by arranging the pixel
721 at the corresponding position in the axial direction).

[0127] 7. Flow in Generation Process of Vertical Lumen
Image
[0128] Next, flow in the generation process of the vertical

lumen image will be described with reference to FIGS. 9 to
11B.

[0129] 7.1 Overall Flow in Generation Process of Vertical
Lumen Image
[0130] FIG. 9 is a view illustrating overall flow in the gen-

eration process of the vertical lumen image, and the genera-
tion process is performed in the signal processing unit 428.
[0131] In Step S901, the IVUS horizontal cross-sectional
image and the OCT horizontal cross-sectional image, which
are located at the same position in the axial direction, are
acquired from multiple horizontal cross-sectional images
included in a predetermined range in the axial direction inside
the body Iumen.

[0132] In Step S902, a conversion process is performed on
the IVUS horizontal cross-sectional image and the OCT hori-
zontal cross-sectional image, thereby causing both images to
have aligned scales, positions, and angles.

[0133] In Step S903, the pixel 706 for generating the ver-
tical lumen image is extracted from the TVUS horizontal
cross-sectional image. In Step S904, the pixel 714 for gener-
ating the vertical lumen image is extracted from the OCT
horizontal cross-sectional image. Processes in Steps S903
and S904 will be described in detail later.

[0134] In Step S905, a synthesis process for generating the
pixel 721 is performed by superimposing the pixel 714
extracted in Step S904 on the pixel 706 extracted in Step
S903. In Step 53906, a color is allocated to the pixel 721
generated in Step S905. The color allocation is performed on
a region to be emphasized depending on use of the vertical
lumen image. For example, if a user wants to grasp a position
of meshes of the stent, the position is emphasized by allocat-
ing a predetermined color (for example, a red color) to the
position. Alternatively, if the user wants to grasp a position of
the bifurcated portion of the blood vessel, the position can be
emphasized by allocating a predetermined color (for
example, a black color) to the position.
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[0135] 1In Step S907, it is determined whether or not the
above-described process is performed for all of the horizontal
cross-sectional images included in a predetermined range in
the axial direction inside the body lumen. When it is deter-
mined that the process is not performed, the procedure returns
to Step S901 to continue the process.

[0136] In accordance with an exemplary embodiment,
when it is determined that the above-described process is
performed for all of the horizontal cross-sectional images in
Step S907, the procedure proceeds to Step S908. In Step
S908, it can be determined whether or not an instruction to
change an observation angle is input on the vertical cross-
sectional image display screen 500.

[0137] In Step S908, when it is determined that the instruc-
tion to change the observation angle is not input, the proce-
dure proceeds to Step S909 so as to display the vertical lumen
image which is generated by the processes in Steps S901 to
S907 and to which the color is allocated. Thereafter, the
generation process of the vertical lumen image ends.

[0138] In accordance with an exemplary embodiment, in
Step S908, when it is determined that the instruction to
change the observation angle is input, the cut position
orthogonal to the changed observation angle is calculated.
Then, the processes in Steps S901 to S907 can be performed
by using the calculated cut position. Then, the vertical lumen
image display region 530 is updated from the vertical lumen
image which is generated by the processes in Steps S901 to
S907 and to which the color is allocated. Thereafter, the
generation process of the vertical lumen image ends.

[0139] 7.2 Details of Process of Extracting Pixel for Gen-
erating Vertical Lumen Image

[0140] FIG. 10A is a flowchart illustrating flow in the pro-
cess of extracting the pixel 706 for generating the vertical
lumen image from the IVUS horizontal cross-sectional image
701. In Step S1001, the blood vessel outer wall is extracted
from the IVUS horizontal cross-sectional image 701.

[0141] In Step S1002, an observation angle set in the ver-
tical lumen image operation region 550 is read. In Step
S1003, the cut position 703 is calculated based on the obser-
vation angle read in Step S1002. Furthermore, coordinates of
the intersection point 704 with the blood vessel outer wall
extracted in Step S1001 are calculated.

[0142] In Step S1004, the predetermined width region 705
including the cut position 703 is extracted. In Step S1005, a
pixel included in the extracted predetermined width region is
extracted, and is projected to the cut position 703, thereby
extracting the pixel 706 at the cut position 703.

[0143] Inaccordance with an exemplary embodiment, FIG.
10B is a flowchart illustrating flow in the process of extracting
the pixel 714 for generating the vertical lumen image from the
OCT horizontal cross-sectional image 711. In Step S1011,
the stent position is extracted from the OCT horizontal cross-
sectional image 711.

[0144] In Step S1012, the observation angle set in the ver-
tical lumen image operation region 550 is read. In Step
S1013, the coordinates of the intersection point 704, which
are calculated in Step S1003, are acquired.

[0145] In Step S1014, the semicircle region 713 including
the stent position is calculated by causing the coordinates of
the intersection point 704, which are acquired in Step S1013
to serve as end points. In Step S1015, a pixel included in the
calculated semicircle region 713 is extracted, and is projected
to the cut position 703, thereby extracting the pixel 714 at the
cut position 703.
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[0146] 8. Example

[0147] Next, an example of a generation process of a ver-
tical lumen image (refer to FIG. 9) will be described. FIG.
11A illustrates a state where the vertical cross-sectional
image is generated based on the pixel 706 extracted by per-
forming Step S903 in the generation process of a vertical
lumen image (refer to FIG. 9).

[0148] In addition, FIG. 11B is a view illustrating the ver-
tical lumen image generated by performing a color allocation
process by superimposing the pixel 714 extracted by perform-
ing Step S904 thereon. An example of FIG. 11 B illustrates a
state where a white color is allocated to the portion of the stent
and a black color is allocated to the bifurcated portion of the
blood vessel.

[0149] Asillustrated in FIG. 11B, according to the imaging
apparatus for diagnosis 100 of the present embodiment, in a
case of the further inner side from the blood vessel outer wall,
alumen surface ofthe blood vessel is displayed on the vertical
cross-sectional image on a predetermined cut surface.
Accordingly, for example a relationship between aposition of
agap in the meshes of the stent and a position of the bifurcated
portion of the blood vessel can be grasped or understood.
[0150] Asisapparent from the above description, the imag-
ing apparatus for diagnosis 100 according to the present
embodiment adopts a configuration in which the IVUS ver-
tical cross-sectional image, the OCT vertical cross-sectional
image, and the vertical lumen image can be generated and
displayed, based on the IVUS horizontal cross-sectional
image and the OCT horizontal cross-sectional image, which
can help enable a user to separately use the vertical cross-
sectional image depending on respective uses.

[0151] In addition, a configuration is adopted so that the
observation position can be changed on the vertical lumen
image, which can help enable the user to observe the lumen
surface using various observation angles. As a result, the
usability of the vertical cross-sectional image can be
expanded.

[0152] According to the first exemplary embodiment, the
same process is performed on all of the horizontal cross-
sectional images included in the predetermined range in the
axial direction inside the body lumen. However, the present
disclosure is not limited thereto. For example, a configuration
may be adopted so that the process (refer to FIG. 10B) of
extracting the pixel for generating the vertical lumen image
with regard to a range from which the stent is extracted is
performed on the OCT horizontal cross-sectional image.
[0153] In this case, each pixel 706 for generating the verti-
cal lumen image extracted from the IVUS horizontal cross-
sectional image can be used with regard to a range from which
the stent is not extracted in the axial direction within the
vertical lumen image (refer to FIG. 12).

[0154] In addition, the above-described first exemplary
embodiment adopts a configuration in which the pixel for
generating the vertical lumen image which is extracted from
the OCT horizontal cross-sectional image can be superim-
posed on the pixel for generating the vertical lumen image
which is extracted from the IVUS horizontal cross-sectional
image. However, the present disclosure is not limited thereto.
For example, when extracting the pixel for generating the
vertical lumen image from the IVUS horizontal cross-sec-
tional image, a configuration may be made so as to extract the
pixel by excluding the pixel between the intersection points
704 (refer to FIGS. 13 and 14). In this case, the pixel extracted
from the IVUS horizontal cross-sectional image is connected
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to the pixel extracted from the OCT horizontal cross-sectional
image at the intersection point position, thereby generating
the vertical lumen image.
[0155] In addition, the above-described first embodiment
adopts a configuration in which colors are allocated to the
stent portion and the bifurcated portion of the blood vessel.
However, the present disclosure is not limited thereto. The
colors may be allocated to other portions as a target.
[0156] In addition, the above-described first embodiment
adopts a configuration in which the vertical lumen image is
displayed by also including the portion other than the stent
portion in the axial direction inside the body lumen. However,
the present disclosure is not limited thereto. A configuration
may be adopted so as to extract and display only the stent
portion.
[0157] In addition, the above-described first embodiment
adopts a configuration in which based on the imaging appa-
ratus for diagnosis comprising the IVUS function and the
OCT furction, the vertical lumen image is generated by using
the IVUS horizontal cross-sectional image and the OCT hori-
zontal cross-sectional image. However, the present disclosure
is not limited thereto.
[0158] For example, a configuration may be adopted in
which based on the imaging apparatus for diagnosis compris-
ing two OCT functions, the vertical lumen image is generated
by using two OCT horizontal cross-sectional images. Alter-
natively, a configuration may be adopted in which based on
the imaging apparatus for diagnosis comprising two IVUS
functions, the vertical lumen image is generated by using two
IVUS horizontal cross-sectional images.
[0159] In addition, the above-described first embodiment
adopts a configuration in which the “observation direction
designation” button 553 is arranged in only the vertical lumen
image operation region 550. However, the present disclosure
is not limited thereto. For example, the same button may also
be arranged in the vertical cross-sectional image operation
region 540. Alternatively, a configuration may be adopted in
which the OCT vertical cross-sectional image and the IVUS
vertical cross-sectional image are updated in conjunction
with the observation angle set by pressing down the “obser-
vation direction designation” button 553 arranged in the ver-
tical lumen image operation region 550.
[0160] In addition, a configuration may be adopted in
which an observation cross section can be optionally changed
by displaying the observation cross section on the horizontal
cross-sectional image, and by selecting and rotating the
observation cross section using an instruction unit such as a
mouse, a trackball or the like.
[0161] In addition, in the above-described first embodi-
ment, the vertical lumen image including the stent is gener-
ated. However, the vertical lumen image excluding the stent
may be generated.
[0162] The detailed description above describes imaging
apparatus for diagnosis and an image processing method. The
invention is not limited, however, to the precise embodiments
and variations described. Various changes, modifications and
equivalents can be effected by one skilled in the art without
departing from the spirit and scope of the invention as defined
in the accompanying claims. It is expressly intended that all
such changes, modifications and equivalents which fall
within the scope of the claims are embraced by the claims.

What is claimed is:

1. An imaging apparatus for diagnosis which generates
multiple first horizontal cross-sectional images and multiple
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second horizontal cross-sectional images which are cross-
sectional images on a surface substantially orthogonal to an
axial direction inside a body lumen, respectively in the axial
direction by repeatedly transmitting and receiving a first sig-
nal and a second signal respectively while moving inside the
body lumen in the axial direction, the apparatus comprising:
first extraction means for extracting a pixel corresponding
to acut position when abody lumenwallis cutby aplane
substantially parallel to the axial direction, from the first
horizontal cross-sectional image;
second extraction means for extracting a pixel correspond-
ing to a lumen surface when the body lumen wall is cut
by the plane, from the second horizontal cross-sectional
image;
generation means for generating a vertical lumen image
which is a lumen image when the body lumen wall is cut
by the plane in such a way that a pixel obtained by
projecting the pixel extracted by the second extraction
means at the cut position is superimposed on the pixel
extracted by the first extraction means; and
display means for displaying the vertical lumen image
generated by the generation means.
2. The imaging apparatus for diagnosis according to claim
1, wherein the generation means generates the vertical lumen
image by using the first horizontal cross-sectional image and
the second horizontal cross-sectional image whose positions
in the axial direction correspond to each other, within the
multiple first horizontal cross-sectional images and the mul-
tiple second horizontal cross-sectional images.
3. The imaging apparatus for diagnosis according to claim
1, comprising:
setting means for setting an angle formed around the axis of
the plane;
the first extraction means extracts a pixel corresponding to
a cut position when the body lumen wallis cut by a plane
substantially orthogonal to the angle set by the setting
means; and
the second extraction means extracts a pixel corresponding
to a lumen surface when the body lumen is cut by the
plane substantially orthogonal to the angle set by the
setting means.
4. The imaging apparatus for diagnosis according to claim
3, wherein the display means updates the display by using a
vertical lumen image newly generated by the generation
means, in response to a change in the angle set by the setting
means.
5. The imaging apparatus for diagnosis according to claim
1, wherein the second extraction means further extracts a
pixel corresponding to a cut position when the body lumen
wall is cut by the plane;
the generation means further generates:

a first vertical cross-sectional image which is a cross-
sectional image when the body lumen wall is cut by
the plane, by using the pixel extracted by the first
extraction means; and

asecond vertical cross-sectional image which is a cross-
sectional image when the body lumen wall is cut by
the plane, by using the pixel which is extracted by the
second extraction means and corresponds to the cut
position when the body lumen wall is cut by the plane;
and

the display means further displays the first vertical cross-
sectional image and the second vertical cross-sectional
image.
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6. The imaging apparatus for diagnosis according to claim
1, wherein the first signal is an ultrasound signal, and the
second signal is an optical signal.

7. The imaging apparatus for diagnosis according to claim
6, wherein the first extraction means extracts a pixel corre-
sponding to a cut position when a blood vessel outer wall is
cut by a plane substantially parallel to the axial direction, and
the second extraction means extracts a pixel corresponding to
aposition of a stent when the blood vessel outer wall is cut by
the plane.

8. The imaging apparatus for diagnosis according to claim
7, wherein the generation means generates the vertical lumen
image by using the second horizontal cross-sectional image
from which the stent is detected, among the multiple second
horizontal cross-sectional images.

9. The imaging apparatus for diagnosis according to claim
7, comprising:
allocation means for allocating a color to the pixel corre-
sponding to the position of the stent, within the genet-
ated vertical lumen image.

10. An image processing method of an imaging apparatus
for diagnosis which generates multiple first horizontal cross-
sectional images and multiple second horizontal cross-sec-
tional images which are cross-sectional images on a surface
substantially orthogonal to an axial direction inside a body
lumen, respectively in the axial direction by repeatedly trans-
mitting and receiving a first signal and a second signal respec-
tively while moving inside the body lumen in the axial direc-
tion, the method comprising:

a first extraction step of extracting a pixel corresponding to
a cut position when a body lumen wall is cut by a plane
substantially parallel to the axial direction, from the first
horizontal cross-sectional image;

asecond extraction step of extracting a pixel corresponding
to a lumen surface when the body lumen wall is cut by
the plane, from the second horizontal cross-sectional
image;

a generation step of generating a vertical lumen image
which is a lumen image when the body lumen wall is cut
by the plane in such a way that a pixel obtained by
projecting the pixel extracted in the second extraction
step at the cut position is superimposed on the pixel
extracted in the first extraction step; and

a display step of displaying the vertical lumen image gen-
erated in the generation step.

11. The image processing method according to claim 10,

comprising:

generating the vertical lumen image by using the first hori-
zontal cross-sectional image and the second horizontal
cross-sectional image whose positions in the axial direc-
tion correspond to each other, within the multiple first
horizontal cross-sectional images and the multiple sec-
ond horizontal cross-sectional images.

12. The image processing method according to claim 10,
comprising:
asetting step for setting an angle formed around the axis of
the plane;

the first extraction step extracts a pixel corresponding to a
cut position when the body lumen wall is cut by a plane
substantially orthogonal to the angle set by the setting
means; and
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the second extraction step extracts a pixel corresponding to

alumen surface when the body lumen is cut by the plane

substantially orthogonal to the angle set by the setting
means.

13. The image processing method according to claim 12,
comprising:

updating the display step by using a vertical lumen image

newly generated by the generation step, in response to a

change in the angle set by the setting step.

14. The imaging apparatus for diagnosis according to claim
10, wherein the second extraction step further extracts a pixel
corresponding to a cut position when the body lumen wall is
cut by the plane;

the generation step further generates:

a first vertical cross-sectional image which is a cross-
sectional image when the body lumen wall is cut by
the plane, by using the pixel extracted by the first
extraction step; and

asecond vertical cross-sectional image which is a cross-
sectional image when the body lumen wall is cut by
the plane, by using the pixel which is extracted by the
second extraction step and corresponds to the cut
position when the body lumen wall is cut by the plane;
and

the display step further displays the first vertical cross-

sectional image and the second vertical cross-sectional

image.

15. The image processing method according to claim 10,
wherein the first signal is an ultrasound signal, and the second
signal is an optical signal.

16. The image processing method according to claim 15,
wherein the first extraction step extracts a pixel correspond-
ing to a cut position when a blood vessel outer wall is cut by
a plane substantially parallel to the axial direction, and the
second extraction step extracts a pixel corresponding to a
position of a stent when the blood vessel outer wall is cut by
the plane; and

wherein the generation step generates the vertical lumen

image by using the second horizontal cross-sectional

image from which the stent is detected, among the mul-
tiple second horizontal cross-sectional images.

17. A non-transitory computer-readable recording medium
with a program stored therein which causes a computer to
execute each process of the image processing method accord-
ing to claim 10.

18. An imaging apparatus for diagnosis which generates
multiple first horizontal cross-sectional images and multiple
second horizontal cross-sectional images which are cross-
sectional images on a surface substantially orthogonal to an
axial direction inside a body lumen, respectively in the axial
direction by repeatedly transmitting and receiving a first sig-
nal and a second signal respectively while moving inside the
body lumen in the axial direction, the apparatus comprising:

first generation means for generating a planar image of a

body lumen wall at a cut position when the body lumen

wall is cut by a plane substantially parallel to the axis
direction inside the body lumen, based on the multiple
first horizontal cross-sectional images;

second generation means for generating a three-dimen-

sional image of'a lumen surface of the body lumen which

is interposed between the planar images, based on the
multiple second horizontal cross-sectional images; and

synthesis display means for displaying by synthesizing the
planar image and the three-dimensional image.
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19. The imaging apparatus for diagnosis according to claim
18, wherein
the first signal is an ultrasound signal, and the second signal
is an optical signal.
20. The imaging apparatus for diagnosis according to claim
18, wherein
the synthesis display means displays by synthesizing a
projection image obtained by projecting the three-di-
mensional image at the cut position and the planar
image.
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