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Description
Technical Field

[0001] The present invention relates to a tomographic
image generation device that generates a tomographic
image using an ultrasonic wave and a tomographicimage
using interference light.

Background Art

[0002] In the related art, an imaging apparatus for di-
agnosis that generates a tomographic image is widely
used for arteriosclerosis diagnosis, for surgery diagnosis
at the time of treatment in a blood vessel by a high-per-
formance catheter such as a balloon catheter, or stent,
or for confirmation of a surgery result. As an imaging
apparatus for diagnosis described above, an ultrasonic
diagnostic apparatus (Intra Vascular Ultra Sound: IVUS),
an optical interference tomography diagnostic apparatus
(Optical Coherence Tomography: OCT), or the like is
used in the blood vessel, and the apparatuses have char-
acteristics different from each other.

[0003] Additionally, recently, an imaging apparatus for
diagnosis combining the IVUS function and the OCT
function has been suggested (For example, see JP-A-
11-56752 and JP-A-2002-153472).

[0004] Theimaging apparatus for diagnosis described
above can generate a tomographic image that encour-
ages both of the characteristic of the IVUS that can meas-
ure a high depth region and the characteristic of the OCT
that can measure an area at a high resolution. By en-
couraging advantages of both of the IVUS and the OCT,
itis possible to effectively observe a state of, forexample,
a plaque or the like.

[0005] JP2008-142454 Adiscloses a probe for inspec-
tion inside a body cavity, the probe being covered by a
flexible sheath, wherein an ultrasonic transducer array
for performing radial electronic scanning is provided on
a distal end of the sheath and radially to the center of the
sheath, and an optical system of an optical tomographic
image acquisition unit is provided inside the sheath. Ul-
trasonic scanning by the ultrasonic transducer array and
optical scanning by the optical system may be performed
simultaneously, or separately at different times. The ar-
ticle by Jiawen Lli et al., "Miniature integrated optical co-
herence tomography (OCT) - ultrasound (US)probe for
intravascular imaging", Photonic Therapeutics and Diag-
nostics VIII, Proc. of SPIE Vol. 8207, 2012, 82073X, dis-
closes a miniature OCT-US probe, wherein the OCT
probe and US transducer are arranged sequentially, and
which is connected to an integrated OCT-US system via
a rotary joint.
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Summary of Invention
Technical Problem

[0006] As described above, in order to observe tomo-
graphic images from both the IVUS and the OCT, it is
preferable that the observation directions of both the
IVUS and the OCT be the same direction. However, if
light is radiated to a medium to which an ultrasonic wave
is radiated, the light is modulated, and a negative influ-
ence is caused in the optical interference tomographic
image generated by the OCT. This is because arefractive
index of a structure becomes sparse or dense, an original
optical path changes, or a frequency is modulated, due
to the ultrasonic wave (acousto-optic effect). Therefore,
as described above, if the observation directions of both
of the IVUS and the OCT are matched or approximated,
the image quality of the OCT is deteriorated due to the
acousto-optic effect.

[0007] While taking the problems described above into
consideration, an object of the present invention is to
decrease or remove the influence of the acousto-optic
effect, when a tomographic image using an ultrasonic
wave and a tomographic image using light interference
are acquired.

Solution to Problem

[0008] In order to achieve the object described above,
the tomographic image generation device according to
claim 1 is provided. Preferred embodiments are defined
in the dependent claims.

Advantageous Effects of Invention

[0009] According to the presentinvention, itis possible
to decrease or remove the influence of the acousto-optic
effect, when a tomographic image using an ultrasonic
wave and a tomographic image using light interference
are acquired.

[0010] Other characteristics or advantages of the
present invention are as described below with reference
to the accompanied drawings. In addition, in the accom-
panied drawings, the same or similar configurations are
denoted by the same reference numerals.

Brief Description of Drawings
[0011]

[Fig. 1] Fig. 1 is adiagram illustrating a configuration
of an external appearance of an imaging apparatus
for diagnosis 100 according to an embodiment.
[Fig. 2] Fig. 2 is a diagram illustrating an entire con-
figuration and a cross-sectional configuration of a
distal end portion of a probe unit.

[Fig. 3] Fig. 3 is a diagram illustrating a cross-sec-
tional configuration of an imaging core and disposi-
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tions of an ultrasonic wave transmitting and receiving
unit and an optical transmitting and receiving unit.
[Fig. 4] Fig 4 is a diagram illustrating an exemplary
functional configuration of the imaging apparatus for
diagnosis 100 according to the embodiment.

[Fig. 5] Fig. 5 is a block diagram illustrating an ex-
emplary configuration of a timing control unit.

[Fig. 6] Fig. 6 is a block diagram illustrating an ex-
emplary configuration of a signal processing unit ac-
cording to the embodiment.

[Fig. 7] Fig. 7 is a timing chart illustrating timing con-
trol performed by the timing control unit.

[Fig. 8] Fig. 8 is a timing chart illustrating timing con-
trol performed by the timing control unit.

[Fig. 9] Fig. 9 is a timing chart illustrating timing con-
trol performed by the timing control unit.

[Fig. 10] Fig. 10 is a timing chart illustrating timing
control performed by the timing control unit.

Description of Embodiments

[0012] Hereinafter, exemplary embodiments of the
present invention are described with reference to the
drawings.

[First embodiment]

<1. Configuration of external appearance of imaging ap-
paratus for diagnosis >

[0013] Fig. 1is adiagram illustrating a configuration of
an external appearance of an imaging apparatus for di-
agnosis (imaging apparatus for diagnosis including an
IVUS function and an OCT function) 100 as a tomograph-
ic image generation device according to an embodiment
of the present invention.

[0014] As illustrated in Fig. 1, the imaging apparatus
for diagnosis 100 includes a probe unit 101, a scanner
& pull-back unit 102, and an operation control apparatus
103. The scanner & pull-back unit 102 and the operation
control apparatus 103 are connected to each other
through a signal line 104 (including an optical fiber and
an electrical signal line) so that various signals can be
transmitted.

[0015] The probe unit 101 is directly inserted to the
inside of a body cavity such as a blood vessel to be used.
An imaging core including an ultrasonic wave transmit-
ting and receiving unit and an optical transmitting and
receiving unit is inserted into the probe unit 101. The
ultrasonic wave transmitting and receiving unit transmits
an ultrasonic wave to the body cavity based on a pulse
signal, and receives a reflected wave from the inside of
the body cavity. Additionally, the optical transmitting and
receiving unit continuously transmits transmitted light
(measurement light) to the inside of the body cavity and
continuously receives reflected light from the inside of
the body cavity. The imaging apparatus for diagnosis 100
obtains the tomographic image of the inside portion of
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the body cavity by using the imaging core.

[0016] The scanner & pull-back unit 102 is detachably
provided with the probe unit 101, and regulates a radial
movement (a movement in an axial direction and a move-
ment in a rotation direction inside the body cavity) of the
imaging core inserted into the probe unit 101 by driving
a built-in motor. Additionally, the scanner & pull-back unit
102 transmits an ultrasonic wave echo signal based on
the reflected wave received in the ultrasonic wave trans-
mitting and receiving unit and the reflected light received
in the optical transmitting and receiving unit, to the oper-
ation control apparatus 103 through the signal line 104.
[0017] The operationcontrolapparatus 103 has afunc-
tion of inputting various set values when performing the
measurement and a function of processing data obtained
by the measurement and displaying the data as tomo-
graphic images of the inside of the body cavity. In the
operation control apparatus 103, reference number 111
denotes a main body control unit, and the main body
control unit generates ultrasonic wave data based on a
reflected wave obtained by the measurement and proc-
esses line data generated based on the ultrasonic wave
data so as to generate an ultrasonic tomographic image.
Further, the main body control unit generates interfer-
ence light data by interfering with the reflected light ob-
tained by the measurement and reference light obtained
by being separated from light from a light source and
generates an optical tomographic image by processing
line data generated based on the interference light data.
Here, the line data are defined as, for example, data ar-
rays that form lines from the center to the end of the
tomographic image.

[0018] Reference number 111-1 denotes a printer &
DVD recorder, and the printer & DVD recorder prints
process results in the main body control unit 111 or stores
the process results as data. Reference number 112 de-
notes an operation panel, and a user inputs various set
values and instructions through the operation panel 112.
Reference number 113 is an LCD monitor as a display
device, and the LCD monitor displays the tomographic
image generated in the main body control unit 111.

<2. Entire configuration of probe unit and cross-sectional
configuration of distal end portion thereof>

[0019] Next, the entire configuration of the probe unit
101 and a cross-sectional configuration of a distal end
portion thereof are described with reference to Fig. 2. As
illustrated in Fig. 2, the probe unit 101 includes a long
catheter sheath 201 to be inserted to the inside of the
body cavity such as a blood vessel, and a connector unit
202 that is not inserted into the body cavity such as a
blood vessel, and is disposed near the user’s hand side
so as to be operated by the user. A tube for guide wire
lumen 203 that configures a guide wire lumen is provided
on the distal end of the catheter sheath 201. The catheter
sheath 201 forms a lumen that continues from the con-
nection section with the tube for guide wire lumen 203 to
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the connection section with the connector unit 202.
[0020] Animaging core 220 thatincludes atransmitting
and receiving unit 221 in which the ultrasonic wave trans-
mitting and receiving unit for transmitting and receiving
an ultrasonic wave and the optical transmitting and re-
ceiving unit for transmitting and receiving light are dis-
posed, and a coil-shaped drive shaft 222 that includes
an electric signal cable and an optical fiber cable in the
inside portion and that transfers rotary drive force for ro-
tating the cables is inserted into the inside portion of the
lumen of the catheter sheath 201 throughout almost the
entire length of the catheter sheath 201.

[0021] The connector unit 202 includes a sheath con-
nector 202a that is configured on a proximal end of the
catheter sheath 201 in an integrated manner and a drive
shaft connector 202b that is configured on a proximal
end of the drive shaft 222 in a manner of rotatably fixing
the drive shaft 222. An anti-kink protector 211 is provided
on the boundary portion between the sheath connector
202a and the catheter sheath 201. According to this, pre-
determined rigidity is maintained, and bending (kinks)
caused by the change of the rapid physical property can
be prevented. The proximal end of the drive shaft con-
nector 202b is detachably attached to the scanner & pull-
back unit 102.

[0022] Next, the cross-sectional configuration of the
distal end portion of the probe unit 101 is described. The
imaging core 220 including a housing 223 that has the
transmitting and receiving unit 221 in which the ultrasonic
wave transmitting and receiving unit that transmits and
receives the ultrasonic wave and the optical transmitting
and receiving unit that transmits and receives light are
disposed, and the drive shaft 222 that transfers rotary
drive force for rotating the housing 223 is inserted into
the inside portion of the lumen of the catheter sheath
201, throughout the entire length, so as to form the probe
unit 101.

[0023] The transmitting and receiving unit 221 trans-
mits an ultrasonic wave and light to a tissue in the body
cavity, and receives a reflected wave and reflected light
from the tissue in the body cavity. The drive shaft 222 is
formed in a coil shape, and an electric signal cable and
an optical fiber cable (an optical fiber cable in a single
mode) are provided in the inside portion of the drive shaft
222.

[0024] The housing 223 has a shape having notches
in a portion of a short cylindrical metal pipe, and is formed
by performing carving a metal ingot or metal powder in-
jection molding (MIM) . The housing 223 has the ultra-
sonic wave transmitting and receiving unit and the optical
transmitting and receiving unit in the inside portion as the
transmitting and receiving unit 221 and is connected to
the drive shaft 222 on the proximal side. Additionally, a
short coil-shaped elastic member 231 is provided on the
distal side.

[0025] Since the elastic member 231 is a stainless
steel wire formed into a coil shape and the elastic member
231 is provided on the distal side, when the imaging core
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220 is moved back and forth, the imaging core 220 is
prevented from being caught in the catheter sheath 201.
Reference number 232 denotes a reinforcement coil, and
the reinforcement coil is provided for the purpose of pre-
venting the distal end portion of the catheter sheath 201
from being drastically bended.

[0026] The tube for guide wire lumen 203 has a lumen
for a guide wire into which the guide wire can be inserted.
The tube for guide wire lumen 203 is used for receiving
the guide wire inserted into the body cavity such as the
blood vessel in advance, and for causing the guide wire
to guide the catheter sheath 201 to a target lesion.
[0027] The drive shaft 222 is able to cause the trans-
mitting and receiving unit 221 to rotate and move in the
axis direction with respect to the catheter sheath 201,
and is configured with a multiplex and multilayer contact
coil which has a characteristic of being flexible and ca-
pable of effectively transferring rotation and is made with,
for example, a metal wire such as stainless steel.

<3. Cross-sectional configuration of imaging core>

[0028] Next, the cross-sectional configuration of the
imaging core 220 and disposition of the ultrasonic wave
transmitting and receiving unit and the optical transmit-
ting and receiving unit are described. Fig. 3 is a diagram
illustrating the cross-sectional configuration of the imag-
ing core and dispositions of the ultrasonic wave trans-
mitting and receiving unit and the optical transmitting and
receiving unit.

[0029] Asillustratedin Fig. 3a of Fig. 3, the transmitting
and receiving unit 221 provided in the housing 223 in-
cludes an ultrasonic wave transmitting and receiving unit
310 and an optical transmitting and receiving unit 320,
and the ultrasonic wave transmitting and receiving unit
310 and the optical transmitting and receiving unit 320
each are disposed along the axis direction on the rotary
central axis of the drive shaft 222 (on the alternate long
and short dash line in Fig. 3a).

[0030] Among them, the ultrasonic wave transmitting
and receiving unit 310 is disposed on the distal side of
the probe unit 101 and the optical transmitting and re-
ceiving unit 320 is disposed on the proximal side of the
probe unit 101, the ultrasonic wave transmitting and re-
ceiving unit 310 and the optical transmitting and receiving
unit 320 are disposed in the housing 223 so that a dis-
tance between an ultrasonic wave transmission and re-
ception position of the ultrasonic wave transmitting and
receiving unit 310 and a light transmission and reception
position of the optical transmitting and receiving unit 320
is L.

[0031] Additionally, the ultrasonic wave transmitting
and receiving unit 310 and the optical transmitting and
receiving unit 320 are attached in the housing 223 so that
the ultrasonic wave transmission direction (elevation an-
gle direction) of the ultrasonic wave transmitting and re-
ceiving unit 310 and the light transmission direction (el-
evation angle direction) of the optical transmitting and
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receiving unit 320 respectively form at about 90° with
respect to the axis direction of the drive shaft 222.
[0032] Electric signal cables 311 connected to the ul-
trasonic wave transmitting and receiving unit 310 and an
optical fiber cable 321 connected to the optical transmit-
ting and receiving unit 320 are disposed in the inside
portion of the drive shaft 222, and the electric signal ca-
bles 311 are wound around the optical fiber cable 321 in
a spiral shape.

[0033] Fig. 3b of Fig. 3 is a cross-sectional view when
the ultrasonic wave reception position is cut along a sur-
face approximately orthogonal to the rotary central axis.
Additionally, Fig. 3c of Fig. 3 is a cross-sectional view
when the light transmission and reception position is cut
along a surface approximately orthogonal to the rotary
central axis. As illustrated in Figs. 3b and 3c of Fig. 3,
the ultrasonic wave transmission direction of the ultra-
sonic wave transmitting and receiving unit 310 and the
light transmission direction of the optical transmitting and
receiving unit 320 are identical with respect to the rotary
direction.

[0034] In addition, in Fig. 3a of Fig. 3, it is configured
that the ultrasonic wave transmitting and receiving unit
310 is disposed on the distal side, and the optical trans-
mitting and receiving unit 320 is disposed on the proximal
side. However, the presentinvention is not limited there-
to, and it may be configured that the optical transmitting
and receiving unit 320 is disposed on the distal side and
the ultrasonic wave transmitting and receiving unit 310
is disposed on the proximal side. Additionally, the ultra-
sonic wave transmission direction (elevation angle direc-
tion) of the ultrasonic wave transmitting and receiving
unit 310 and the light transmission direction (elevation
angle direction) of the optical transmitting and receiving
unit 320 are approximately 90°, but the present invention
is not limited thereto. The elevation angle directions
thereof may be deviated from 90° by several degrees in
order to decrease the influence of the reflection from an
inner surface of the catheter sheath 201. Additionally, in
Figs. 3band 3cof Fig. 3, the ultrasonic wave transmission
direction ofthe ultrasonic wave transmitting and receiving
unit 310 and the light transmission direction of the optical
transmitting and receiving unit 320 are identical with re-
spect to the rotary direction. However, the presentinven-
tion is not limited thereto, and as illustrated in Fig. 3b with
a broken line, the ultrasonic wave transmission direction
and the light transmission direction may be disposed to
form a predetermined angle 6 with respect to the rotary
direction. Further, in Figs. 3ato 3c of Fig. 3, the ultrasonic
wave transmitting and receiving unit 310 and the optical
transmitting and receiving unit 320 are disposed on the
rotary central axis, but the present invention is not limited
thereto. For example, the ultrasonic wave transmitting
and receiving unit 310 and the optical transmitting and
receiving unit 320 may be disposed at positions separate
from the rotary central axis by a certain distance. Addi-
tionally, at this point, the ultrasonic wave transmission
direction (rotary angle direction) and the light transmis-
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sion direction (rotary angle direction) may be arranged
so that the angle difference between the ultrasonic wave
transmission direction and the light transmission direc-
tion with respect to the rotary direction is 6.

<4. Functional configuration of imaging apparatus for di-
agnosis>

[0035] Next, a functional configuration of the imaging
apparatus for diagnosis 100 as a tomographic image
generation device according to the present embodiment
is described. Fig. 4 is a diagram illustrating the functional
configuration of the imaging apparatus for diagnosis 100
combining the IVUS function and the OCT (here, wave-
length sweeping-type OCT as an example) function. In
addition, since the imaging apparatus for diagnosis com-
bining the IVUS function and another scheme of the OCT
function also has the same functional configuration, the
description thereof is omitted here.

(1) IVUS function

[0036] The ultrasonic wave transmitting and receiving
unit 310 of the imaging core 220 transmits an ultrasonic
wave to a biological tissue based on a pulse wave trans-
mitted from an ultrasonic wave signal transmitter and re-
ceiver 452, receives areflected wave (echo) thereof, and
transmits the reflected wave to the ultrasonic wave signal
transmitter and receiver 452 as an ultrasonic wave echo.
The transmission of the pulse wave and the ultrasonic
wave echo between the ultrasonic wave signal transmit-
ter and receiver 452 and the ultrasonic wave transmitting
and receiving unit 310 is performed through an adaptor
402, a slip ring 451, and the electric signal cables 311.
[0037] In addition, a rotary drive unit side of the slip
ring 451 is rotatably driven by a radial scanning motor
405 of a rotary drive apparatus 404. Additionally, a rota-
tion angle of the radial scanning motor 405 is detected
by an encoder unit 406. Further, the scanner & pull-back
unit 102 includes a linear drive apparatus 407, and reg-
ulates a movement of the imaging core 220 in an axial
direction based on a signal from a signal processing unit
428.

[0038] Additionally, the ultrasonic wave signal trans-
mitter and receiver 452 transmits a pulse wave based on
an ultrasonic wave oscillation timing signal from a timing
control unit 480 for performing oscillation driving on the
ultrasonic wave transmitting and receiving unit 310 in the
imaging core 220. The ultrasonic wave transmitting and
receiving unit 310 oscillates the ultrasonic wave accord-
ing to the pulse wave and transmits the ultrasonic wave
echo signal based on the reflected wave to the ultrasonic
wave signal transmitter and receiver 452. The ultrasonic
wave signal transmitter and receiver 452 outputs the ul-
trasonic wave echo signal received from the ultrasonic
wave transmitting and receiving unit 310 to an amplifier
453, and the ultrasonic wave echo signal amplified by
the amplifier 453 is input into a wave detector 454 to be
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detected.

[0039] Further, in an A/D converter 455 which is ultra-
sonic wave data acquisition means, sampling is per-
formed on an ultrasonic wave echo signal output from
the wave detector 454 at 30.6 MHz to generate digital
data. In addition, here, the sampling frequency is set to
be 30.6 MHz, but the frequency is calculated on an as-
sumption that when the speed of sound is 1530 m/sec,
sampling 200 points is performed with respect to the
depth of 5 mm. Accordingly, the sampling frequency is
not particularly limited thereto.

[0040] The digital data based on the ultrasonic wave
echo signal generated from the A/D converter 455 are
input into the signal processing unit 428. In the signal
processing unit 428, the digital data input from the A/D
converter 455 are extracted by sampling 200 points syn-
chronized with the ultrasonic wave oscillation timing sig-
nal generated by the timing control unit 480, and 1 line
of the digital data (ultrasonic wave data) of the tomo-
graphic image is generated, and stored. Then, the signal
processing unit 428 generates line data by converting
the ultrasonic wave data into grayscale, collects the data
for one tomographic image, forms an ultrasonic tomo-
graphic image at each position in the body cavity such
as the blood vessel, and outputs the ultrasonic tomo-
graphic image at a predetermined frame rate to the LCD
monitor 113.

[0041] Further, the signal processing unit 428 is con-
nected to a motor control circuit429, and receives a video
synchronization signal of the motor control circuit 429. In
the signal processing unit428, the ultrasonic tomograph-
ic image is constructed in synchronization with the re-
ceived video synchronization signal. In addition, the op-
erations of the timing control unit 480 and the signal
processing unit 428 are described below. Additionally,
the video synchronization signal of the motor control cir-
cuit 429 is also transmitted to the rotary drive apparatus
404, and the rotary drive apparatus 404 outputs a drive
signal synchronized with the video synchronization sig-
nal.

(2) Wavelength sweeping-type OCT function

[0042] Reference number 408 denotes a wavelength
swept light source (Swept Laser), and the wavelength
swept light source is a kind of Extended-cavity Laser in-
cluding a light source unit (408a) having the SOA 415
(Semiconductor Optical Amplifier) and an optical fiber
416 coupled in a ring shape, and a polygon scanning
filter (408b).

[0043] The light output from the SOA 415 progresses
through the optical fiber 416, and enters the polygon
scanning filter 408b through the optical circulator 413.
The light subjected to wavelength selection in the poly-
gon scanning filter 408b is caused to return to the light
source unit 408a through the optical circulator 413, am-
plified in the SOA 415, and finally output from a coupler
414.
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[0044] In the polygon scanning filter 408b, the wave-
length is selected by the combination of a diffraction grat-
ing 412 light-splitting light and a polygon mirror 409. Spe-
cifically, the light light-split by the diffraction grating 412
is converged on a surface of the polygon mirror 409 by
two lenses (410 and 411). According to this, only the light
in a wavelength that is orthogonal to the polygon mirror
409 returns to the same optical path, and is output from
the polygon scanning filter 408b. That is, time sweeping
of the wavelength can be performed by rotating the pol-
ygon mirror 409.

[0045] The polygon mirror 409 uses, for example, a
32-sided mirror, and the number of rotations is about
50000 rpm. The high-speed and high-output wavelength
sweeping can be performed by the wavelength sweeping
scheme combining the polygon mirror 409 and the dif-
fraction grating 412.

[0046] The light of the wavelength swept light source
408 output from the coupler 414 is incident on an end of
the first single mode fiber 440, and output to the distal
side. A first single mode fiber 440 is optically coupled to
a second single mode fiber 445 and a third single mode
fiber 444 in a photo coupler unit 441 positioned in the
middle. The light incident on the first single mode fiber
440 is divided and transmitted into the optical path of the
first single mode fiber 440 connected to an optical rotary
joint 403 and the optical path of the third single mode
fiber 444 by the photo coupler unit 441.

[0047] On the distal side of the first single mode fiber
440 which is farther than the photo coupler unit 441, the
optical rotary joint (optical coupling unit) 403 that couples
between a non-rotation section (fixed section) and a ro-
tation section (rotary drive section) and transmits light is
provided in the rotary drive apparatus 404.

[0048] Further, a fifth single mode fiber 443 (the optical
fiber cable 321) of the probe unit 101 is freely detachably
connected to the distal side of a fourth single mode fiber
442 in the optical rotary joint (optical coupling unit) 403
through the adaptor 402. According to this, the light from
the wavelength swept light source 408 is transmitted to
the fifth single mode fiber 443 that is inserted to the im-
aging core 220 and rotatably driven.

[0049] The light transmitted to the fifth single mode fib-
er 443 is radiated from the optical transmitting and re-
ceiving unit 320 of the imaging core 220 while performing
radial scanning on the biological tissue in the biological
lumen. Then, a portion of the reflected light dispersed on
a surface or in the inside portion of the biological tissue
is captured by the optical transmitting and receiving unit
320 of the imaging core 220, and returns to the first single
mode fiber 440 side through a reverse optical path. Fur-
ther, a portion of the reflected light returned to the first
single mode fiber 440 is transferred to the second single
mode fiber 445 side by the photo coupler unit 441.
[0050] In addition, the rotary drive unit side of the op-
tical rotary joint 403 is rotatably driven by the radial scan-
ning motor 405 of the rotary drive apparatus 404 in the
same manner as the IVUS configuration.
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[0051] Meanwhile, an optical path adjustment mecha-
nism 432 that fine-adjusts an optical path length of the
reference light is provided on the distal end on the oppo-
site side of the photo coupler unit 441 of the third single
mode fiber 444. When the probe units 101 are exchanged
and used, so thatlength variations of the respective probe
units 101 can be absorbed, the optical path adjustment
mechanism 432 has an optical path length changing sec-
tion that changes the length of the optical path corre-
sponding to the length variations.

[0052] The third single mode fiber 444 and a collimat-
ing lens 418 are provided in an one-axis stage 422 that
is freely moved in the optical axial direction as indicated
by an arrow 423, and forms the optical path length chang-
ing section. Specifically, when the probe units 101 are
exchanged, the one-axis stage 422 functions as an op-
tical path length changing mechanism having a variable
range of the length of the optical path as wide as the
length variations of the optical paths of the probe unit 101
can be absorbed. Further, the one-axis stage 422 also
includes an adjustment function for adjusting an offset.
For example, even if the distal end of the probe unit 101
is not in close contact with a surface of the biological
tissue, it is possible to set the probe unit 101 to be in a
state of interfering with the reflected light from the surface
position of the biological tissue by finely changing the
length of the optical path by the one-axis stage.

[0053] The length of the optical path is fine-adjusted
by the one-axis stage 422, and the light (reference light)
reflected by a mirror 421 through a grating 419 and a
lens 420 is mixed with the light (reflected light) that is
incident from the first single mode fiber 440 side by the
photo coupler unit 441 provided in the middle of the third
single mode fiber 444, and the light is received by a pho-
todiode 424 as interference light.

[0054] In this manner, the interference light received
by the photodiode 424 is subjected to the photoelectric
conversion, amplified by an amplifier 425, and input into
a demodulator 426. The demodulator 426 performs a de-
modulation process of extracting only a signal portion of
the interfered light, and the output is input into an A/D
converter 427 as an interference light signal.

[0055] The A/D converter 427 which is interference
light data acquisition means generates digital data of the
interference light signal by sampling the interference light
signal at, for example, 180 MHz. In addition, the sampling
frequency is set to be 180 MHz on an assumption that
when the repetition frequency of the wavelength sweep-
ing is set to be 80 kHz, and about 90% of the wavelength
sweeping cycle (12.5 psec) is extracted as 2048 points
of digital data. The sampling frequency is not limited par-
ticularly thereto.

[0056] Thedigitaldatabasedon theinterference signal
generated by the A/D converter 427 are input into the
signal processing unit 428. The signal processing unit
428 performs sampling of 2048 points from the input dig-
ital data according to the sampling start timing generated
by the timing control unit 480, and generates and stores
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1 line of digital data (interference light data). Then, the
signal processing unit 428 generates data (line data) in
the depth direction by performing frequency decomposi-
tion on the interference light data by Fast Fourier Trans-
form (FFT), constructs an optical tomographic image at
respective positions in the body cavity such as the blood
vessels by performing coordinate transformation on the
data, and outputs the optical tomographic image to the
LCD monitor 113 at a predetermined frame rate.

[0057] Inaddition, the signal processing unit428 is fur-
ther connected to an optical path length adjusting mech-
anism controlling apparatus 430. The signal processing
unit 428 controls the position of the one-axis stage 422
through the optical path length adjusting mechanism con-
trolling apparatus 430.

(3) With respect to configuration of generating signal for
controlling timing

[0058] As described above, the light from the wave-
length swept light source 408 output from the coupler
414 is incident on one end of the first single mode fiber
440. The first single mode fiber 440 is diverged into two
at a photo coupler unit 460, and one end is guided to a
Fiber Bragg Grating (FBG) 461. The FBG 461 according
to the present embodiment is set to reflect only light hav-
ing a specific wavelength among wavelengths (sweeping
wavelength) ofthe outputlight from the wavelength swept
light source 408. The reflected light is supplied to a photo
detector (forexample, photodiode) 462 through the photo
coupler unit 460, and a trigger signal is generated as an
electrical signal, and supplied to the timing control unit
480. As described above, the FBG 461 and the photo
detector 462 generate the trigger signal by detecting light
having a predetermined wavelength set in advance in
during a single wavelength sweeping by the wavelength
swept light source 408.

[0059] Accordingto the trigger signal received from the
photo detector 462, the timing control unit 480 generates
and outputs an ultrasonic wave oscillation timing signal,
a sampling starting signal for acquiring the interference
light data and an SOA "ON" signal for regulating SOA
lighting time. The SOA 415 is switched on when the SOA
"ON" signal is ON, and switched off when the SOA "ON"
signal is OFF. Additionally, the ultrasonic wave signal
transmitter and receiver 452 transmits a signal for out-
putting an ultrasonic wave according to the ultrasonic
wave oscillation timing signal to the ultrasonic wave
transmitting and receiving unit 310. Additionally, the sig-
nal processing unit 428 performs sampling on the ultra-
sonic wave data at the timing based on the ultrasonic
wave oscillation timing signal and performs sampling on
the interference light data at the timing based on the sam-
pling starting signal.

<5. Configuration of timing control unit 480>

[0060] Fig. 5 is a block diagram illustrating an exem-
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plary configuration of the timing control unit 480. The trig-
ger signal output from the photo detector 462 is input into
afirstdelaying unit 501, delayed for a first predetermined
time, and output from the first delaying unit 501. The trig-
ger signal output from the first delaying unit 501 is shaped
into a pulse having a predetermined width by a pulse
shaper 504, and output as the ultrasonic wave oscillation
timing signal.

[0061] The trigger signal delayed by the first delaying
unit is input into a second delaying unit 502, and further
delayed for a second delay time. The trigger signal de-
layed for the first and second delay times is shaped into
a pulse having a time width corresponding to a period for
setting the SOA 415 to be in the ON state in a pulse
shaper 505, and is output as the SOA "ON" signal. In
addition, as described below, when the SOA 415 is con-
tinuously switched on, the configuration may be omitted.
[0062] Further, the trigger signal delayed by the first
delaying unit is also input into a third delaying unit 503,
and delayed for a third delay time. The trigger signal de-
layed for the first and third delay times is input into a pulse
shaper 506, and output as the sampling starting signal
for extracting the interference light data. According to the
third delay time, the interference light data can be ob-
tained by avoiding the influence of the acousto-optic ef-
fect generated by the ultrasonic wave transmitted by the
ultrasonic wave transmitting and receiving unit 310.
[0063] The relationship between respective signals
generated by the timing control unit 480 and the opera-
tions of respective sections of the wavelength swept light
source 408, the ultrasonic wave signal transmitter and
receiver 452, and the signal processing unit 428 is de-
scribed with reference to a timing chart.

<6. Functional configuration of signal processing unit>

[0064] Next, the functional configuration for construct-
ing a tomographic image in the signal processing unit
428 of the imaging apparatus for diagnosis 100 is de-
scribed with reference to Fig. 6. In addition, the construct-
ing process described below may be realized by using
dedicated hardware, or may be realized by using soft-
ware (by executing a program by a computer).

[0065] Fig. 6 is a diagram illustrating functional config-
urations and associated function blocks for realizing a
construction process in the signal processing unit 428 of
the imaging apparatus for diagnosis 100.

[0066] As illustrated in Fig. 6, digital data 621 of the
interference light signal generated in the A/D converter
427 are supplied to a line data generating unit 601 in the
signal processing unit 428. The line data generating unit
601 starts sampling according to a sampling starting sig-
nal 651 from the timing control unit 480, performs sam-
pling of 2048 points from the input digital data 621, and
stores the data as one line of the interference light data
in the line memory. The line data generating unit 601 is
provided with, for example, a line memory for three lines,
the line memories are sequentially used, and one line of
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the interference light data generated according to the
sampling starting signal 651 is stored.

[0067] Then, the line data generating unit 601 gener-
ates the line data by using a signal of the encoder unit
406 of the radial scanning motor 405 output from the
motor control circuit 429 so that the number of lines for
one rotation of the radial scanning is 512. More specifi-
cally, if the timing for obtaining the line data based on the
signal of the encoder unit 406 is detected, the line data
generating unit 601 reads the interference light data from
the line memory in which the storage of the interference
lightdata is lastly completed at thattime, among the three
line memories, and generates the data (line data) in the
depth direction by performing frequency decomposition
on the interference light data by Fast Fourier Transfor-
mation (FFT). The generated line data are stored in a
line data memory 602. In this manner, the line data based
on the interference light signals in the respective rotation
positions of the transmitting and receiving unit 221 are
stored in the line data memory 602.

[0068] In addition, here, for example, the optical tom-
ographic image is constructed of 512 lines, but the
present invention is not limited to the number of lines.
[0069] Line data 622 output from the line data gener-
ating unit 601 are stored in the line data memory 602 for
one rotation (for 512 lines) of the radial scanning based
on an instruction from a control unit 605. At this point, a
pulse signal 641 output from a movement amount detec-
tor of the linear drive apparatus 407 is counted, and when
the line data 622 are stored in the line data memory 602,
the control unit 605 stores the line data in association
with the count rates at the time of generating the respec-
tive line data 622.

[0070] After various processes (line addition-averag-
ing process, filtering process, or the like) are performed
in an optical tomographic image construction unit 603
based on the instruction from the control unit 605, line
data 623 stored in association with the count rates are
subjected to R6 conversion so that the line data are se-
quentially output as an optical tomographic image 624.
[0071] Further, after the image process for displaying
an image on the LCD monitor 113 is performed, animage
processing unit 604 outputs the image to the LCD monitor
113 as an optical tomographic image 625.

[0072] Inthe same manner, digital data 631 generated
by the A/D converter 455 is input into a line data gener-
ating unit611 in the signal processing unit428. According
to an ultrasonic wave oscillation timing signal 652 from
the timing control unit 480, the line data generating unit
611 performs sampling on the input digital data 631 of
200 points and stores the input digital data 631 in the line
memory as 1 line of the ultrasonic wave data. The line
data generating unit 611 is provided with, for example,
line memories for 3 lines, the line memories are sequen-
tially used, and 1 line of the ultrasonic wave data gener-
ated according to the ultrasonic wave oscillation timing
signal 652 is stored.

[0073] Further, the line data generating unit 611 gen-
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erates line data by using signals from the encoder unit
406 of the radial scanning motor 405 output from the
motor control circuit 429 so that the number of lines for
one rotation of radial scanning becomes 512. The line
data generating unit 611 generates line data by using
signals from the encoder unit 406 of the radial scanning
motor 405 output from the motor control circuit 429 and
processes ultrasonic wave data so that the number of
lines for one rotation of radial scanning becomes 512.
More specifically, if timing for acquiring line data is de-
tected based on the signal of the encoder unit 406, the
ultrasonic wave data is read from the line memory in
which the storage of the ultrasonic wave data is lastly
completed at that time, among the three line memories,
and data (line data) in the depth direction is generated
by performing grayscale conversion or the like on the
ultrasonic wave data. The generated line data is stored
in a line data memory 612. In this manner, the line data
based on the ultrasonic wave echo signal with respect
to the respective rotary positions of the transmitting and
receiving unit 221 are stored in the line data memory 602.
[0074] Line data 632 output from the line data gener-
ating unit 611 are stored in the line data memory 612 for
one rotation of the radial scanning based on the instruc-
tion from the control unit 605. At this point, the pulse
signal 641 output from a movement amount detector of
the linear drive apparatus 407 is counted, and when the
line data 632 are stored in the line data memory 612, the
control unit 605 stores the line data in association with
the count rates at the time of generating the respective
line data 632.

[0075] Inthis manner, after various processes (line ad-
dition-averaging process, filtering process, or the like)
are performed in an ultrasonic tomographic image con-
struction unit 613 based on the instruction from the con-
trol unit 605, line data 633 stored in association with the
count rates are subjected to RO conversion so that the
line data are output as an ultrasonic tomographic image
634.

[0076] Further, after the image process for displaying
animage on the LCD monitor 113 is performed, an image
processing unit 604 outputs the image to the LCD monitor
113 as an ultrasonic tomographic image 635.

<7. Description of timing control by timing control unit
480>

[0077] Fig.7 is a diagram illustrating operation timings
of respective sections according to timing signals gener-
ated from the timing control unit 480.

[0078] Wavelength swept light 701 is output from the
wavelength swept light source 408 when the SOA 415
is switched on, and the wavelength changes froma wave-
length As to a wavelength \e as indicated by a wave-
length change 702. When the wavelength sweptlight 701
is output, interference light 703 is obtained. According to
the presentembodiment, the line data of the interference
light 703 in a period for 1 line and the line data by an
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ultrasonic wave receiving signal 705 are generated, and
ultrasonic transmission and reception periods and inter-
ference light data sampling periods are not overlapped
so that the influence of the acousto-optic effect on the
image is avoided. Further, in an example of Fig. 7, the
SOA"ON" signal is set so as to prohibit the optical output
of the wavelength swept light source 408 during the ul-
trasonic wave transmission and reception is performed
(in the present example, the SOA 415 is switched off).
Therefore, the influence of the light on the sound is also
avoided.

[0079] As illustrated in Fig. 7, when the FBG 461 ex-
tracts light having a certain wavelength Aa from the output
lightof the wavelength swept light source 408 and outputs
the light as extracted light 711, the photo detector 462
detects the extracted light and outputs a trigger signal
712. The trigger signal 712 is supplied to the timing con-
trol unit 480, delayed for a first delay time 721 by the first
delaying unit 501, and output as an ultrasonic wave os-
cillation timing signal 722. The ultrasonic wave signal
transmitter and receiver 452 performs ultrasonic wave
oscillation 704 and ultrasonic wave reception 705 by out-
putting the pulse wave for driving the ultrasonic wave
transmitting and receiving unit 310 according to the ul-
trasonic wave oscillation timing signal 722. The firstdelay
time 721 is used for generating the ultrasonic wave os-
cillation timing signal 722 for the next 1 line from the trig-
ger signal 712, and set so that the ultrasonic wave oscil-
lation timing signal 722 is generated during the unnec-
essary optical interference signal being generated. In this
manner, the ultrasonic wave transmitting and receiving
unit 310 starts the ultrasonic wave transmission and re-
ception after the first delay time 721 passes from the
generation of the trigger signal 712.

[0080] On the other hand, the trigger signal 712 de-
layed for the first delay time 721 is input into the second
delaying unit 502, is further delayed for a second delay
time 723, and is supplied to the pulse shaper 505 so that
an SOA "ON" signal 724 is generated. The SOA 415 is
switched on only when the SOA "ON" signal 724 is ON
so that the wavelength swept light 701 is output from the
wavelength swept light source 408. The second delay
time 723 is set to be longer than the time assumed to be
required for the ultrasonic wave transmission and recep-
tion, so that the wavelength swept light is not radiated
during the ultrasonic wave transmission and reception.

[0081] Additionally, the trigger signal 712 delayed for
the first delay time is input into the third delaying unit 503,
and is delayed for a third delay time 725 here, so as to
be a sampling starting signal 726 with respect to the sig-
nal processing unit 428. The line data generating unit
601 performs sampling 727 for storing interference light
datato the line memory according to the sampling starting
signal 726. The third delay time 725 is also set to include
the time assumed to be required for the ultrasonic wave
transmission and reception, so that optical interference
signal sampling is not performed during the ultrasonic
wave transmission and reception. Additionally, it is pos-
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sible to avoid sampling in a transient state when the SOA
is switched on, by setting the third delay time 725 to be
longer than the second delay time 723. However, if such
avoidance is not required, the second and third delay
times may be identical (output signals from the same
delay unit may be used) . As described above, timing is
controlled by the third delay time 725, so that a sampling
period 727 for performing sampling on the interference
light signal for one line and a certain period from the driv-
ing of the ultrasonic wave transmitting and receiving unit
310 for the ultrasonic wave oscillation are not overlapped
(=third delay time).

[0082] In addition, in Fig. 7, though the light emission
from the light source is stopped by switching off the SOA
415 at the time of the ultrasonic wave transmission and
reception, since the influence of the light on the image
formation by the ultrasonic wave is not so great, the SOA
415 may be continuously switched on. The timing chart
for the case is illustrated in Fig. 8. In this case, the SOA
"ON" signal 724 generated by the second delay time 723
is not required, and the second delaying unit 502 and the
pulse shaper 505 of the timing control unit 480 can be
omitted.

[0083] Further, the first delay time and the second de-
lay time are not limited to the description above. For ex-
ample, the strength of the sweeping light becomes weak
near the maximum value and the minimum value of the
wavelength sweeping. Then, if the SOA 415 is continu-
ously switched on, the first delay time 721 may be set as
illustrated in Fig. 9 so that a period in which the strength
of wavelength swept light decreases is more effectively
allocated to the ultrasonic wave reception. In this case,
if sampling is performed on the optical interference signal
at the same timing as in Fig. 8, the third delay time 725
may be set as illustrated in Fig. 9.

[0084] Additionally, delay times greater than the time
assumed to be required for the ultrasonic wave transmis-
sion and reception are set as the second delay time 723
and the third delay time 725 in Figs. 8 and 9, but the delay
times are not limited thereto. The power of the reception
signal of the ultrasonic wave is extremely small compared
to the power of the transmission signal, and the acousto-
optic effect at the time of the ultrasonic wave reception
is small. Then, the second delay time may be set so that
the optical interference signal sampling is not performed
during the ultrasonic wave transmission having great
power. That is, the influence of the acousto-optic effect
can be decreased by setting the third delay time so as
to include the transmission time in which at least the ul-
trasonic wave oscillation (transmission) is performed.
[0085] Additionally, the ultrasonic wave oscillation and
the reflected wave reception for one line are performed
as one set in Figs. 8 and 9, but plural sets may be per-
formed for one line. The configuration is illustrated in Fig.
10. In Fig. 10, two sets of the ultrasonic wave oscillation
704 and the ultrasonic wave reception 705 are per-
formed. Additionally, in the example of Fig. 10, since the
influence of the reflected wave of the ultrasonic wave is
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small as described above, the switching-on of the SOA
and the sampling of the interference light are started at
the timing when the last ultrasonic wave transmission is
completed.

[0086] In addition, if the timing as described above for
at least the ultrasonic wave oscillation and sampling can
be secured with respect to the wavelength sweeping, the
configuration of the delaying unit in the timing control unit
480 or the like is not limited to the description above. For
example, the third delaying unit 503 may be connected
so as to delay the signal of the second delaying unit 502.
[0087] Additionally, the second delay time 723 or the
third delay time 725 may be set in consideration of, for
example, the time (reaching time of reflected wave from
inside of observation range) required for the ultrasonic
wave signal to reciprocate the observation range. Addi-
tionally, in this case, according to the observation range
assumed for each measuring object, the second delay
time 723 or the third delay time 725 may be set by the
user.

[0088] Additionally, in the above embodiment, if the
lightfrom the wavelength sweptlight source 408 is started
or stopped, the SOA 415 is switched on and off, but the
invention is not limited thereto. For example, the light
from the wavelength swept light source 408 may be
switched on and off by providing a shutter to the output
unit of the wavelength sweptlight source 408 or providing
a light switch such as a Pockels cell to the outlet of the
polygon scanning filter 408b. Additionally, the switching
may be realized by adjusting a concentration angle and
a scan angle of the light to the scanner and causing the
duty ratio of the wavelength sweeping to be less than
100% in the wavelength filter using the polygon scanner
such as the polygon scanning filter 408b. In that case,
since the timing for switching on and off the light source
is automatically determined, the first delay time 721 is
matched so that the ultrasonic wave transmission and
reception are performed at the timing at which the light
source is switched off.

[0089] Additionally, according to the above embodi-
ment, display modes of the constructed ultrasonic tom-
ographic image and the constructed optical tomographic
image are not particularly described, but the ultrasonic
tomographic image and the optical tomographic image
may be configured so that respective tomographic imag-
es corresponding to respective positions of the body cav-
ity such as the blood vessel in the axial direction are
displayed in parallel, or may be configured so that the
respective tomographic images are displayed so as to
be superimposed so that the image centers are matched.
Additionally, according to the above embodiment, the
A/D converter which is the ultrasonic wave data acquisi-
tion means and the A/D converter which is the interfer-
ence light data acquisition means are configured to be
different members, but one member can be configured
to be used for both functions.

[0090] The invention is not limited to the above em-
bodiments, and various changes or modifications can be
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performed without departing from the scope of the
present invention as defined in the appended claims.

determined wavelength by the detecting means,
and the sampling of the interference light signal

transmitting and receiving unit (310)is subjected
to oscillation driving after a first delay time pass-
es from the detection of the light having the pre-

1"

is started after the predetermined period passes
from the driving.

Claims 5
The tomographic image generation device (100) ac-
A tomographic image generation device (100) com- cording to Claims 1 or 2, wherein the predetermined
prising: period includes a period for ultrasonic wave trans-
mission by the ultrasonic wave transmitting and re-
a probe unit (101) including a catheter sheath 70 ceiving unit.
(201) configured to be inserted to the inside of
abody cavity such as a blood vessel, and adrive The tomographic image generation device (100) ac-
shaft (222), the probe unit further including a cording to
transmitting and receiving unit (221) in which an Claims 1 or 2, wherein the predetermined period in-
ultrasonic wave transmitting and receiving unit 15 cludes an assumed period from a time at which the
(310) that performs ultrasonic wave transmis- ultrasonic wave transmitting and receiving unit (310)
sion and reception and an optical transmitting oscillates an ultrasonic wave to a time at which a
and receiving unit (320) that performs light trans- reflected wave of the ultrasonic wave in an observa-
mission and reception are disposed along the tion range returns.
axis direction on the rotary central axis of the 20
drive shaft (222); The tomographic image generation device (100) ac-
ultrasonic wave data acquisition means (455) cording to anyone of Claims 1 to 4, further compris-
for acquiring ultrasonic wave data to be used for ing:
generating a tomographic image for one line in setting means for causing a user to set the prede-
respective rotation positions of the transmitting 25 termined period.
and receiving unit (221) by performing sampling
on an ultrasonic wave echo signal obtained from The tomographic image generation device (100) ac-
the ultrasonic wave transmitting and receiving cording to Claim 2, further comprising:
unit (310) caused to be driven while rotating; stopping means for stopping an output of wavelength
interference light data acquisition means (427) 30 swept light by the light source (408) in a period other
for acquiring interference light data to be used than the sampling period.
for generating a tomographic image for one line
by performing sampling on an interference light The tomographic image generation device (100) ac-
signal obtained from the optical transmitting and cording to Claim 6,
receiving unit (320) caused to be driven while 35 wherein the stopping means stops an output of
rotating; and wavelength swept light by the light source (408) dur-
timing control means (480) adapted to control ing at least the period for the ultrasonic wave trans-
operation timing of the acquisition means so that mission.
asampling period (727) for performing sampling
on the interference light signal for one line and 40
a predetermined period from driving of the ultra- Patentanspriiche
sonic wave transmitting and receiving unit (310)
for ultrasonic wave oscillation are not over- Tomografische Bilderzeugungsvorrichtung (100),
lapped. umfassend:
45
2. Thetomographicimage generation device (100) ac- eine Sondeneinheit (101), die eine Katheterhil-
cording to Claim 1, further comprising: le (201), welche konfiguriertist, umin das Innere
eines Korperhohlraums, wie beispielsweise ei-
alight source (408) that generates a wavelength nes Blutgefalies, eingefiihrt zu werden, und ei-
swept light to be transmitted by the optical trans- 50 ne Antriebswelle (222) umfasst, wobei die Son-
mitting and receiving unit; and detecting means deneinheit ferner eine Sende- und Empfangs-
for detecting light having a predetermined wave- einheit (221) umfasst, in der eine Ultraschallwel-
length from the wavelength swept light, len-Sende- und Empfangseinheit (310), die das
wherein the timing control means controls the Senden und Empfangen von Ultraschallwellen
acquisition means so that the ultrasonic wave 55 durchflihrt, und eine optische Sende- und Emp-

fangseinheit (320), die das Senden und Emp-
fangen von Licht durchfiihrt, entlang der Ach-
senrichtung auf der Drehmittelachse der An-
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triebswelle (222) angeordnet sind;

eine  Ultraschallwellen-Datenerfassungsein-
richtung (455) zum Erfassen von Ultraschallwel-
lendaten, die zum Erzeugen eines tomographi-
schen Bildes fiir eine Zeile in entsprechenden
Drehpositionen der Sende- und Empfangsein-
heit (221) zu verwenden sind, durch das Durch-
fihren einer Abtastung eines Ultraschallwellen-
echosignals, das von der Ultraschallwellen-
Sende- und Empfangseinheit (310), die wah-
rend der Drehung angetrieben wird, erhalten
wird;

eine Interferenzlicht-Datenerfassungseinrich-
tung (427) zum Erfassen von Interferenzlichtda-
ten, die zum Erzeugen eines tomographischen
Bildes fiir eine Zeile zu verwenden sind, durch
das Durchfiihren einer Abtastung eines Interfe-
renzlichtsignals, das von der optischen Sende-
und Empfangseinheit (320), die wahrend der
Drehung angetrieben wird, erhalten wird; und
eine Zeitsteuerungseinrichtung (480), die ein-
gerichtet ist, um den Betriebszeitpunkt der Er-
fassungseinrichtung so zu steuern, dass eine
Abtastperiode (727) zum Durchflihren einer Ab-
tastung des Interferenzlichtsignals flr eine Zeile
und eine vorbestimmte Zeitspanne von dem An-
treiben der Ultraschallwellen-Sende- und -Emp-
fangseinheit (310) fir die Ultraschallwellen-
schwingung nicht iberlappt werden.

(100)
nach Anspruch 1, ferner umfassend:

eine Lichtquelle (408), die ein wellenlangenva-
riables Licht erzeugt, das von der optischen
Sende- und Empfangseinheit zu tbertragen ist;
und eine Erfassungseinrichtung zum Erfassen
von Licht, das eine vorbestimmte Wellenlange
aus dem wellenlangenvariablen Licht aufweist,
wobei die Zeitsteuerungseinrichtung die Erfas-
sungseinrichtung so steuert, dass die Ultra-
schallwellen-Sende- und -Empfangseinheit
(310), nachdem eine erste Verzdgerungszeit
von der Erfassung des Lichts, das die vorbe-
stimmte Wellenlange aufweist, durch die Erfas-
sungseinrichtung verstrichen ist, dem Antreiben
der Schwingung unterworfen wird und das Ab-
tasten des Interferenzlichtsignals gestartet wird,
nachdem die vorbestimmte Zeitspanne von dem
Antreiben verstrichen ist.

Tomografische Bilderzeugungsvorrichtung (100)
nach Anspruch 1 oder 2, wobei die vorbestimmte
Zeitspanne eine Zeitspanne zur Ubertragung von Ul-
traschallwellen durch die Ultraschallwellen Sende-
und Empfangseinheit umfasst.

Tomografische Bilderzeugungsvorrichtung (100)
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nach Anspruch 1 oder 2, wobei die vorbestimmte
Zeitspanne eine angenommene Zeitspanne von ei-
nem Zeitpunkt, an dem die Ultraschallwellen-Sende-
und -Empfangseinheit (310) eine Ultraschallwelle
schwingt, bis zu einem Zeitpunkt, an dem eine re-
flektierte Welle der Ultraschallwelle in einen Beob-
achtungsbereich zuriickkehrt, umfasst.

Tomografische Bilderzeugungsvorrichtung (100)
nach einem der Anspriiche 1 bis 4, ferner umfas-
send:

eine Einstelleinrichtung, um einen Benutzer zu ver-
anlassen, die vorbestimmte Zeitspanne einzustel-
len.

Tomografische Bilderzeugungsvorrichtung (100)
nach Anspruch 2, ferner umfassend:

eine Stoppeinrichtung zum Stoppen einer Ausgabe
von wellenldngenvariablem Licht durch die Licht-
quelle (408) in einer anderen Zeitspanne als der Ab-
tastzeitspanne.

Tomografische Bilderzeugungsvorrichtung (100)
nach Anspruch 6,

wobei die Stoppeinrichtung eine Ausgabe von wel-
lenlangenvariablem Licht durch die Lichtquelle (408)
wahrend mindestens der Zeitspanne fir die Ultra-
schallwelleniibertragung stoppt.

Revendications

Dispositif de génération d’image tomographique
(100) comprenant :

une unité de sonde (101) comportant une gaine
de cathéter (201) configurée pour étre insérée
a l'intérieur d’'une cavité corporelle telle qu’un
vaisseau sanguin, et un arbre d’entrainement
(222), I'unité de sonde comportant en outre une
unité d’émission et de réception (221) dans la-
quelle une unité d’émission et de réception d’on-
de ultrasonore (310) qui effectue une émission
et une réception d’onde ultrasonore et une unité
d’émission et de réception optique (320) qui ef-
fectue une émission et une réception de lumiere
sont disposées le long de la direction axiale sur
I'axe central de rotation de I'arbre d’entraine-
ment (222) ;

un moyen d’acquisition de données d'onde ul-
trasonore (455) pour acquérir des données
d’'onde ultrasonore destinées a étre utilisées
pour la génération d’une image tomographique
pour une ligne dans des positions de rotation
respectives de I'unité d’émission et de réception
(221) par réalisation d’un échantillonnage sur
un signal d’écho d’onde ultrasonore obtenu
auprés de l'unité d’émission et de réception
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d’onde ultrasonore (310) amenée a étre atta-
quée tout en tournant ;

un moyen d’acquisition de données de lumiére
d’interférence (427) pour acquérir des données
de lumiére d’interférence destinées a étre utili-
sées pour la génération d’'une image tomogra-
phique pour une ligne par réalisation d’un
échantillonnage sur un signal de lumiére d’inter-
férence obtenu aupres de I'unité d’émission et
de réception optique (320) amenée a étre atta-
quée tout en tournant ; et

un moyen de commande de cadencement (480)
congu pour commander le cadencement de
fonctionnement des moyens d’acquisition de
maniére qu’une période d’échantillonnage (727)
pour la réalisation d’'un échantillonnage sur le
signal de lumiére d’interférence pour une ligne
et une période prédéterminée depuis l'attaque
de l'unité d’émission et de réception d’onde ul-
trasonore (310) pour une oscillation d’'onde ul-
trasonore ne se chevauchent pas.

2. Dispositif de génération d’image tomographique

(100) selonlarevendication 1, comprenantenoutre :

une source de lumiére (408) qui génére une lu-
miére a balayage de longueur d’'onde destinée
a étre émise par I'unité d’émission et de récep-
tion optique ; et un moyen de détection pour dé-
tecter de la lumiére ayant une longueur d’'onde
prédéterminée provenant de la lumiére a ba-
layage de longueur d’onde,

dans lequel le moyen de commande de caden-
cement commande les moyens d’acquisition de
maniére que l'unité d’émission et de réception
d’onde ultrasonore (310) soit soumise a une at-
taque d’oscillation aprés qu’un premier délai
s’est écoulé depuis la détection de la lumiére
ayant la longueur d’'onde prédéterminée par le
moyen de détection, et que I'échantillonnage du
signal de lumiére d’interférence soit commencé
aprés que la période prédéterminée s’est écou-
|ée depuis l'attaque.

Dispositif de génération d'image tomographique
(100) selon la revendication 1 ou 2, dans lequel la
période prédéterminée comprend une période pour
une émission d’'onde ultrasonore par I'unité d’émis-
sion et de réception d’'onde ultrasonore.

Dispositif de génération d'image tomographique
(100) selon la revendication 1 ou 2, dans lequel la
période prédéterminée comprend une période pré-
sumée allant d'un instant auquel l'unité d’émission
et de réception d’'onde ultrasonore (310) fait osciller
une onde ultrasonore a un instant auquel une onde
réfléchie de I'onde ultrasonore dans une plage d’ob-
servation est de retour.
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5.

Dispositif de génération d’image tomographique
(100) selon I'une quelconque des revendications 1
a 4, comprenant en outre :

un moyen de réglage pour amener un utilisateur a
régler la période prédéterminée.

Dispositif de génération d’image tomographique
(100) selonlarevendication 2, comprenant en outre :
un moyen d’arrét pour arréter une sortie de lalumiére
a balayage de longueur d’onde par la source de lu-
miére (408) dans une période autre que la période
d’échantillonnage.

Dispositif de génération d’image tomographique
(100) selon la revendication 6,
dans lequel le moyen d’arrét arréte une sortie de la
lumiéere a balayage de longueur d’'onde par la source
de lumiere (408) durant au moins la période pour
I’émission d’onde ultrasonore.
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[FIG. 3]
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