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(57) ABSTRACT

An optimal value calculator calculates, based on angle infor-
mation obtained from a first angle sensor provided in an
ultrasound probe, the direction of transmission of an ultra-
sonic beam transmitted from the ultrasound probe, and the
radiation source optimal angle of a radiation source at which
the direction of radiation from the radiation source is substan-
tially parallel to the calculated direction of transmission of the
ultrasonic beam and the optimal detection angle of a radio-
graphic image generator at which the normal of a detection
surface of the radiographic image generator is substantially
parallel to the calculated direction of transmission of the
ultrasonic beam.
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COMPLEX DIAGNOSTIC APPARATUS,
COMPLEX DIAGNOSTIC SYSTEM,
ULTRASOUND DIAGNOSTIC APPARATUS,
X-RAY DIAGNOSTIC APPARATUS AND
COMPLEX DIAGNOSTIC
IMAGE-GENERATING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority under 35
U.S.C. §119 to Japanese Patent Application No. 2013-
200121, filed on Sep. 26, 2013 and Japanese Patent Applica-
tion No. 2014-62177, filed on Mar. 25, 2014. Each of the
above application(s) is hereby expressly incorporated by ref-
erence, in its entirety, into the present application.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to a complex diagnos-
tic apparatus, a complex diagnostic system, an ultrasound
diagnostic apparatus, an X-ray diagnostic apparatus and a
complex diagnostic image-generating method. The present
invention more specifically relates to a complex diagnostic
apparatus, a complex diagnostic system, an ultrasound diag-
nostic apparatus, an X-ray diagnostic apparatus and a com-
plex diagnostic image-generating method which perform
ultrasound diagnosis using ultrasound images and radiation
diagnosis using radiographic images in combination.

[0003] Ultrasound diagnostic apparatuses using ultrasound
images and radiation diagnostic apparatuses using radio-
graphic images such as X-ray images have conventionally
been put to practical use in the medical field.

[0004] In general, an ultrasound diagnostic apparatus
includes an ultrasound probe having a built-in transducer
array and an apparatus body connected to the ultrasound
probe. The ultrasound probe transmits ultrasonic waves
toward a subject and receives ultrasonic echoes from the
subject in its respective channels, and the apparatus body
electrically processes the reception signals to generate an
ultrasound image.

[0005] In a radiation diagnostic apparatus, a radiation
source and a radiographic image generator are disposed so as
to interpose a subject therebetween. Radiation emitted from
the radiation source is detected in the radiographic image
generator via the subject and a radiographic image is formed
in the radiographic image generator according to the detected
radiation dose.

[0006] Ultrasound images and radiographic images gener-
ated by combining an ultrasound diagnostic apparatus and a
radiation diagnostic apparatus with each other have recently
been used in diagnosis. For example, mutually different infor-
mation can be obtained from ultrasound images and radio-
graphic images. More specifically, ultrasound images can
clarify muscle, cartilage and other soft tissues in a subject’s
body, whereas radiographic images can clarify bone and other
hard tissues. Therefore, diagnostic accuracy and efficiency
can be enhanced by generating an ultrasound image and a
radiographic image corresponding to the same section in a
subject’s body by combining an ultrasound diagnostic appa-
ratus with a radiation diagnostic apparatus.

[0007] Itisalso possible to combine an ultrasound diagnos-
tic apparatus with a radiation diagnostic apparatus so as to
obtain a radiographic image including a lesion area by search-
ing for the lesion area generated in a subject’s body using an
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ultrasound image and irradiating the lesion area with radia-
tion. In this process, by generating an X-ray image on a
section perpendicular to a specific section in the subject’s
body corresponding to the ultrasound image, the X-ray image
that can be obtained reliably includes the lesion area.

[0008] An ultrasound image and an X-ray image are thus
required to be generated so as to accurately correspond to
each other in orientation of sections in a subject’s body
according to the diagnosis.

[0009] A catheter which is inserted into a blood vessel or
the like in a subject’s body is known as a diagnostic apparatus
making use of both an ultrasound image and a radiographic
image. For example, JP 2010-057910 A discloses acquiring a
static X-ray image and a real-time ultrasound image upon
insertion of a guide wire for guiding a catheter into a subject’s
body and displaying the movement of the guide wire as
detected by the ultrasound image on the X-ray image showing
ablood vessel enhanced by contrast medium. The guide wire
can be thus smoothly inserted into the blood vessel by track-
ing the movement of the guide wire using the ultrasound
image and the X-ray image.

[0010] However, the apparatus for tracking the movement
of a guide wire as described in JP 2010-057910 A uses an
ultrasound image and an X-ray image to improve the effi-
ciency of the operation for inserting the guide wire into a
subject’s body, and is not used to make the ultrasound image
and the X-ray image accurately correspond to each other.
[0011] In order to generate an ultrasound image and an
X-ray image which accurately correspond to each other in
orientation of sections in a subject’s body, the direction of
transmission of an ultrasonic beam transmitted from an ultra-
sound probe is required to be substantially parallel to the
direction of radiation emitted from a radiation source. How-
ever, the ultrasound probe is used as it is moved in various
directions so that the diagnostic site ina subject’s body can be
clearly displayed, and it is difficult to accurately recognize the
direction of ultrasonic beam transmission from the position of
the ultrasound probe. Therefore, it is difficult to make an
adjustment so that the direction of ultrasonic beam transmis-
sion may be parallel to the direction of radiation, and there is
aproblem that generated ultrasound images and radiographic
images cannot accurately correspond to each other.

SUMMARY OF THE INVENTION

[0012] The present invention has been made to solve the
above-described prior art problems and an object of the
present invention is to provide a complex diagnostic appara-
tus and a complex diagnostic image-generating method
capable of generating an ultrasound image and a radiographic
image so that they may accurately correspond to each other in
orientation of sections in a subject’s body according to the
diagnosis.

[0013] The complex diagnostic apparatus according to the
present invention comprises: an ultrasound probe configured
to transmit and receive an ultrasonic beam toward and from a
subject; an ultrasound image generator configured to generate
an ultrasound image based on reception signals outputted
from the ultrasound probe; a radiation source disposed so that
its placement angle is variable and configured to emit radia-
tion toward the subject; a radiographic image generator which
is disposed on a side of the subject opposite from the radiation
source so that its placement angle is variable, which has a
planar detection surface detecting the radiation emitted from
the radiation source and which is configured to form a radio-
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graphic image according to a dose of a radiation detected on
the detection surface; a first angle sensor provided in the
ultrasound probe to detect a placement angle of the ultra-
sound probe; a second angle sensor provided in the radiation
source to detect a placement angle of the radiation source; a
third angle sensor provided in the radiographic image gen-
erator to detect a placement angle of the radiographic image
generator; and an optimal value calculator configured to cal-
culate, based on angle information obtained from the first
angle sensor, a direction of transmission of the ultrasonic
beam transmitted from the ultrasound probe, and a radiation
source optimal angle of the radiation source at which a direc-
tion of radiation emitted from the radiation source is substan-
tially parallel to the calculated direction of transmission of the
ultrasonic beam and an optimal detection angle of the radio-
graphic image generator at which a normal of the detection
surface of the radiographic image generator is substantially
parallel to the calculated direction of transmission of the
ultrasonic beam, wherein the placement angle ofthe radiation
source is adjusted to the radiation source optimal angle based
on angle information obtained from the second angle sensor
to emit the radiation and an placement angle of the detection
surface of the radiographic image generator is adjusted to the
optimal detection angle based on angle information obtained
from the third angle sensor to detect the radiation from the
radiation source.

[0014] Preferably, the ultrasound image generator gener-
ates the ultrasound image in a direction along a scanning
surface of the ultrasonic beam, and the radiographic image
generator generates the radiographic image in a direction
orthogonal to the scanning surface of the ultrasonic beam.
Preferably, the radiation source emits the radiation to an area
restricted to a region of interest on the ultrasound image.
[0015] Preferably, the ultrasound image generator gener-
ates the ultrasound image in a direction orthogonal to a scan-
ning surface of the ultrasonic beam, and the radiographic
image generator generates the radiographic image in the
direction orthogonal to the scanning surface of the ultrasonic
beam, and wherein the ultrasound image is generated based
on a plurality of ultrasound images obtained by transmission
and reception of the ultrasonic beam from and in the ultra-
sound probe as the scanning surface is successively shifted.
[0016] The complex diagnostic apparatus can further com-
prise at least one of a radiation source drive controller con-
figured to adjust the placement angle of the radiation source
based on the radiation source optimal angle and a detection
surface drive controller configured to adjust the placement
angle of the radiographic image generator based on the opti-
mal detection angle.

[0017] The complex diagnostic apparatus can further com-
prise an optimal value monitor configured to display the
radiation source optimal angle and the optimal detection
angle.

[0018] The complex diagnostic apparatus can further com-
prise position sensors provided in the ultrasound probe, the
radiation source and the radiographic image generator to
detect positions of the ultrasound probe, the radiation source
and the radiographic image generator, respectively, wherein
the radiation source and the radiographic image generator are
disposed so that positional movement is possible, and
wherein the optimal value calculator calculates, based on
position information obtained from the position sensors, a
position of transmission of the ultrasonic beam transmitted
from the ultrasound probe, and a radiation source optimal
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positionat which an irradiation axis extending in the direction
of radiation emitted from the radiation source and a transmis-
sion axis extending in the direction of transmission of the
ultrasonic beam overlap each other, and an optimal detection
position at which the normal of the detection surface of the
radiographic image generator and the transmission axis over-
lap each other.

[0019] The complex diagnostic apparatus can further com-
prise at least one of a radiation source drive controller con-
figured to adjust a position of the radiation source based on
the radiation source optimal position and a detection surface
drive controller configured to adjust a position of the radio-
graphic image generator based on the optimal detection posi-
tion.

[0020] The complex diagnostic apparatus can further com-
prise an optimal value monitor configured to display the
radiation source optimal position and the optimal detection
position.

[0021] The complex diagnostic apparatus can further com-
prise an image monitor configured to simultaneously display
the ultrasound image generated in the ultrasound image gen-
erator and the radiographic image generated in the radio-
graphic image generator.

[0022] The image monitor can display the ultrasound
image and the radiographic image on an identical scale.
[0023] The method of generating a complex diagnostic
image according to the present invention comprises the steps
of: performing transmission and reception of an ultrasonic
beam between an ultrasound probe and a subject; generating
an ultrasound image in an ultrasound image generator based
on reception signals outputted from the ultrasound probe;
calculating in an optimal value calculator, based on angle
information obtained from a first angle sensor provided in the
ultrasound probe to detect a placement angle of the ultra-
sound probe, a direction of transmission of the ultrasonic
beam transmitted from the ultrasound probe, and a radiation
source optimal angle of aradiation source at which a direction
of radiation emitted from the radiation source is substantially
parallel to the calculated direction of transmission of the
ultrasonic beam and an optimal detection angle of a radio-
graphic image generator at which a normal of a detection
surface of the radiographic image generator is substantially
parallel to the calculated direction of transmission of the
ultrasonic beam; adjusting an placement angle of the radia-
tion source to the radiation source optimal angle based on
angle information obtained from a second angle sensor pro-
vided in the radiation source to emit the radiation; adjusting
an placement angle of the detection surface of the radio-
graphic image generator disposed on a side of the subject
opposite from the radiation source to the optimal detection
angle based on angle information obtained from a third angle
sensor provided in the radiographic image generator to detect
the radiation from the radiation source; and generating a
radiographic image in the radiographic image generator
according to a dose of a radiation detected on the detection
surface.

[0024] The complex diagnostic system according to the
present invention operates in combination with an ultrasound
diagnostic apparatus comprising an ultrasound probe config-
ured to transmit and receive an ultrasonic beam toward and
from a subject and an ultrasound image generator configured
to generate an ultrasound image based on reception signals
outputted from the ultrasound probe; and a radiation diagnos-
tic apparatus comprising a radiation source disposed so that
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its placement angle is variable and configured to emit radia-
tion toward the subject, and a radiographic image generator
which is disposed on a side of the subject opposite from the
radiation source so that its placement angle is variable, which
has a planar detection surface detecting the radiation emitted
from the radiation source and which is configured to generate
a radiographic image according to a dose of a radiation
detected on the detection surface; the complex diagnostic
system comprising: a first angle sensor for attaching to the
ultrasound probe to detect a placement angle of the ultra-
sound probe; a second angle sensor for attaching to the radia-
tion source to detect a placement angle of the radiation
source; a third angle sensor for attaching to the radiographic
image generator to detect a placement angle of the radio-
graphic image generator; and an optimal value calculator
configured to calculate, based on angle information obtained
from the first angle sensor, a direction of transmission of the
ultrasonic beam transmitted from the ultrasound probe, and a
radiation source optimal angle of the radiation source at
which a direction of radiation emitted from the radiation
source is substantially parallel to the calculated direction of
transmission of the ultrasonic beam and an optimal detection
angle of the radiographic image generator at which a normal
ofthe detection surface of the radiographic image generator is
substantially parallel to the calculated direction of transmis-
sion of the ultrasonic beam, wherein the placement angle of
the radiation source is adjusted to the radiation source optimal
angle based on angle information obtained from the second
angle sensor to emit the radiation and an placement angle of
the detection surface of the radiographic image generator is
adjusted to the optimal detection angle based on angle infor-
mation obtained from the third angle sensor to detect the
radiation from the radiation source.

[0025] The ultrasound diagnostic apparatus according to
the present invention operates in combination with a radiation
diagnostic apparatus comprising a radiation source disposed
so that its placement angle is variable and configured to emit
radiation toward a subject, a radiographic image generator
which is disposed on a side of the subject opposite from the
radiation source so that its placement angle is variable, which
has a planar detection surface detecting the radiation emitted
from the radiation source and which is configured to form a
radiographic image according to a dose of a radiation
detected on the detection surface, a first angle sensor provided
in the radiation source to detect a placement angle of the
radiation source, and a second angle sensor provided in the
radiographic image generator to detect a placement angle of
the radiographic image generator, the ultrasound diagnostic
apparatus comprising: an ultrasound probe configured to
transmit and receive an ultrasonic beam toward and from the
subject; an ultrasound image generator configured to generate
an ultrasound image based on reception signals outputted
from the ultrasound probe; a third angle sensor provided in
the ultrasound probe; an optimal value calculator configured
to calculate, based on angle information obtained from the
third angle sensor, a direction of transmission of the ultra-
sonic beam transmitted from the ultrasound probe to detect a
placement angle of the ultrasound probe, and a radiation
source optimal angle of the radiation source at which a direc-
tion of radiation emitted from the radiation source is substan-
tially parallel to the calculated direction of transmission of the
ultrasonic beam and an optimal detection angle of the radio-
graphic image generator at which a normal of the detection
surface of the radiographic image generator is substantially
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parallel to the calculated direction of transmission of the
ultrasonic beam; and a transmitter configured to transmit the
radiation source optimal angle and the optimal detection
angle calculated in the optimal value calculator to the radia-
tion diagnostic apparatus, wherein the placement angle of the
radiation source is adjusted to the radiation source optimal
angle based on angle information obtained from the first
angle sensor to emit the radiation and an placement angle of
the detection surface of the radiographic image generator is
adjusted to the optimal detection angle based on angle infor-
mation obtained from the second angle sensor to detect the
radiation from the radiation source.

[0026] The radiation diagnostic apparatus according to the
present invention operates in combination with an ultrasound
diagnostic apparatus comprising an ultrasound probe config-
ured to transmit and receive an ultrasonic beam toward and
from a subject, an ultrasound image generator configured to
generate an ultrasound image based on reception signals out-
putted from the ultrasound probe and a first angle sensor
provided in the ultrasound probe to detect a placement angle
of the ultrasound probe, the radiation diagnostic apparatus
comprising: a radiation source disposed so that its placement
angle is variable and configured to emit radiation toward the
subject; a radiographic image generator which is disposed on
aside of the subject opposite from the radiation source so that
its placement angle is variable, which has a planar detection
surface detecting the radiation emitted from the radiation
source and which is configured to generate a radiographic
image according to a radiation dose detected on the detection
surface; a second angle sensor provided in the radiation
source to detect a placement angle of the radiation source; a
third angle sensor provided in the radiographic image gen-
erator to detect a placement angle of the radiographic image
generator; a receiver connected to the ultrasound diagnostic
apparatus to receive angle information from the first angle
sensor; and an optimal value calculator configured to calcu-
late, based on the angle information from the first angle
sensor received by the receiver, a direction of transmission of
the ultrasonic beam transmitted from the ultrasound probe,
and a radiation source optimal angle of the radiation source at
which a direction of radiation emitted from the radiation
source is substantially parallel to the calculated direction of
transmission of the ultrasonic beam and an optimal detection
angle of the radiographic image generator at which a normal
of the detection surface of the radiographic image generator is
substantially parallel to the calculated direction of transmis-
sion of the ultrasonic beam; wherein the placement angle of
the radiation source is adjusted to the radiation source optimal
angle based on angle information obtained from the second
angle sensor to emit the radiation and an placement angle of
the detection surface of the radiographic image generator is
adjusted to the optimal detection angle based on angle infor-
mation obtained from the third angle sensor to detect the
radiation from the radiation source.

[0027] According to the present invention, the radiation
source optimal angle of the radiation source at which the
direction of radiation emitted from the radiation source is
substantially parallel to the direction of ultrasonic beam
transmission and the optimal detection angle of the radio-
graphic image generator at which the normal of the detection
surface of the radiographic image generator is substantially
parallel to the direction of ultrasonic beam transmission are
calculated, respectively, which makes it possible to generate
an ultrasound image and a radiographic image so that they
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may accurately correspond to each other in orientation of
sections in a subject’s body according to the diagnosis.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] FIG.1isablock diagram showing the configuration
of a complex diagnostic apparatus according to Embodiment
1 of the invention.

[0029] FIG. 2is a block diagram showing the configuration
of an ultrasound probe.

[0030] FIG. 3 is a diagram showing scanning surfaces of
ultrasonic beams.

[0031] FIG. 4 is a diagram showing how images are dis-
played on an image monitor.

[0032] FIG.5isablockdiagram showing the configuration
of an essential part of a complex diagnostic apparatus accord-
ing to Embodiment 2 of the invention.

[0033] FIG. 6 is a diagram showing how a marker is dis-
played on an X-ray image at a position corresponding to an
ultrasound image.

[0034] FIG.7isablock diagram showing the configuration
of an essential part of a complex diagnostic apparatus accord-
ing to Embodiment 3 of the invention.

[0035] FIG. 8is a block diagram showing the configuration
of an essential part of a complex diagnostic apparatus accord-
ing to Embodiment 5 of the invention.

[0036] FIG.9isablock diagram showing the configuration
of an essential part of a complex diagnostic apparatus accord-
ing to Embodiment 6 of the invention.

[0037] FIG. 10 is a block diagram showing the configura-
tion of an essential part of a complex diagnostic apparatus
according to Embodiment 7 of the invention.

[0038] FIG. 11 is a block diagram showing the configura-
tion of a complex diagnostic system according to Embodi-
ment 8 of the invention.

[0039] FIG. 12 is a block diagram showing the configura-
tion of an ultrasound diagnostic apparatus according to
Embodiment 9 of the invention.

[0040] FIG. 13 is a block diagram showing the configura-
tion of an X-ray diagnostic apparatus according to Embodi-
ment 10 of the invention.

DETAILED DESCRIPTION OF THE INVENTION

Embodiment 1

[0041] Embodiment 1 of the present invention is described
below based on the accompanying drawings.

[0042] FIG. 1 shows the configuration of a complex diag-
nostic apparatus according to Embodiment 1 of the invention.
The complex diagnostic apparatus includes an ultrasound
probe 1 for transmitting ultrasonic beams in a predetermined
direction toward a subject H, an X-ray source 2 for emitting
X-rays toward the subject H and an X-ray image generator 3
disposed on the side of the subject opposite from the X-ray
source 2. The ultrasound probe 1, the X-ray source 2 and the
X-ray image generator 3 have built-in angle sensors 4a to 4c,
respectively. The angle sensor 4a is provided in the ultra-
sound probe 1 to detect a placement angle of the ultrasound
probe 1. The angle sensor 4b is provided in the X-ray source
2 to detect a placement angle of the X-ray source 2. The angle
sensor 4c is provided in the X-ray image generator 3 to detect
a placement angle of the X-ray image generator 3.

[0043] The ultrasound probe 1 is connected to an ultra-
sound image generator 6 via a probe controller 5, the X-ray
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source 2 to an irradiation switch 8 via an X-ray irradiation
controller 7, and the X-ray image generator 3 to an X-ray
detection controller 9. The ultrasound image generator 6 is
connected to an image memory 6a. The ultrasound image
generator 6 and the X-ray detection controller9 are connected
to a display controller 10, which in turn is connected to an
image monitor 11. In addition, the X-ray irradiation control-
ler 7 and the X-ray detection controller 9 are connected to
each other.

[0044] The angle sensor 4a incorporated into the ultra-
sound probe 1 is connected to an optimal value calculator 12,
which in turn is connected to a radiation source drive control-
ler 13 and a detection surface drive controller 14. In addition,
the radiation source drive controller 13 is connected to the
angle sensor 45 incorporated into the X-ray source 2 and the
detection surface drive controller 14 is connected to the angle
sensor dc¢ incorporated into the X-ray image generator 3.
[0045] The probe controller 5, the ultrasound image gen-
erator 6, the X-ray detection controller 9 and the optimal
value calculator 12 are connected to a controller 15, which in
turn is connected to an operating unit 16.

[0046] As shown in FIG. 2, the ultrasound probe 1 includes
a one-dimensional or two-dimensional array of ultrasound
transducers 17, which are connected to a transmission circuit
18 and a reception circuit 19. A transmission/reception sur-
face 20 for use in transmission and reception of ultrasonic
beams is formed at the front end of the ultrasound probe 1 in
such a shape as to correspond to the array of transducers 17.
[0047] The transmission circuit 18 adjusts the delay
amounts for transmission signals based on a transmission
delay pattern selected by the probe controller 5 so that the
ultrasonic waves transmitted from the transducers 17 via the
transmission/reception surface 20 form ultrasonic beams, and
supplies the transducers 17 with delay-adjusted transmission
signals.

[0048] The reception circuit 19 amplifies and A/D converts
the reception signals outputted from the corresponding trans-
ducers 17 to generate reception data and outputs the gener-
ated reception data to the probe controller 5.

[0049] The probe controller 5 controls the respective com-
ponents of the ultrasound probe 1 based on various control
signals transmitted from the controller 15. More specifically,
as shown in FIG. 3, the probe controller 5 controls the trans-
mission circuit 18 and the reception circuit 19 so that scan-
ning surfaces E of ultrasound beams are successively formed
in a direction D orthogonal to the scanning surfaces E. For
example, in cases where the ultrasound probe 1 having a
two-dimensional array of ultrasound transducers 17 is used,
the scanning surfaces E arranged in the direction D can be
formed by transmitting and receiving ultrasonic beams so that
the scanning surfaces E of the ultrasonic beams are succes-
sively shifted in the direction D orthogonal to the scanning
surfaces E. In cases where the ultrasound probe 1 having a
one-dimensional array of ultrasound transducers 17 is used,
the scanning surfaces E arranged in the direction D can be
formed, for example. by transmitting and receiving ultrasonic
beams as the ultrasound probe 1 is successively shifted in the
direction D by an operator. In this way, ultrasonic beams are
suiccessively transmitted and received along a plurality of
cross-sections within a subject’s body. The probe controller 5
preferably controls so that the scanning surfaces E of ultra-
sonic beams are parallel to each other.

[0050] The ultrasound image generator 6 generates a plu-
rality of two-dimensional image data which are cross-sec-
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tional image information of the plurality of cross-sections
within the subject’s body based on the reception data gener-
ated in the reception circuit 19 of the ultrasound probe 1 and
stores the generated plurality of two-dimensional image data
in the image memory 6a. Ultrasound image data which is on
a longitudinal section orthogonal to the cross-sections asso-
ciated with the predetermined two-dimensional image data,
namely which is in a direction orthogonal to the predeter-
mined scanning surfaces E of ultrasonic beams is generated
based on the plurality of two-dimensional image data stored
in the image memory 6a. For example, as shown in FIG. 3, it
is preferable to generate ultrasound image data Ga in a direc-
tion orthogonal to a scanning surface Fa positioned in the
middle of the plurality of scanning surfaces E. The ultrasound
image generator 6 outputs the generated ultrasound image
data to the display controller 10 and stores it in the image
memory 6a.

[0051] Itshould be noted that the ultrasound image genera-
tor 6 can also generate each two-dimensional image data
through spatial compounding. More specifically, the ultra-
sound image generator 6 generates a plurality of partially
overlapping image data based on reception data obtained by
transmission and reception of ultrasonic beams in a plurality
of directions from and to the respective ultrasound transduc-
ers 17 of the ultrasound probe 1, and converts and synthesizes
the space coordinates in the plurality of image data to gener-
ate a piece of two-dimensional image data. In this way, the
image quality of each two-dimensional image data and that of
ultrasound image data can be improved.

[0052] On the other hand, the X-ray source 2 is disposed so
that the placement angle is variable, and is provided with, for
example, an X-ray tube for generating X-rays and a collima-
tor for limiting the X-ray irradiation field to emit X-rays
toward the subject. The X-ray source 2 is preferably disposed
so that positional movement is possible.

[0053] Theirradiation switch 8 s, for example, a two-stage
push switch operated by an operator. A warm-up start signal
for causing the X-ray source 2 to start warm-up is generated
by pressing the switch once and an irradiation start signal for
causing the X-ray source 2 to start irradiation is generated by
pressing the switch twice. These signals are inputted to the
X-ray irradiation controller 7.

[0054] The X-ray irradiation controller 7 is provided with a
high voltage generator for supplying the X-ray source 2 with
electric power. In response to input of an irradiation start
signal from the irradiation switch 8, supply of electric power
from the high voltage generator to the X-ray source 2 is
started to cause the X-ray source 2 to emit X-rays. Inresponse
to anotice given via the X-ray detection controller 9 to inform
that a sufficient dose of X-rays has reached the X-ray image
generator 3, supply of electric power from the high voltage
generator to the X-ray source 2 is stopped to terminate X-ray
irradiation from the X-ray source 2.

[0055] The X-ray image generator 3 is disposed on the side
of the subject H opposite from the X-ray source 2 so that the
angle is placement variable. The X-ray image generator 3 has
a planar detection surface 21 for detecting X-rays emitted
from the X-ray source 2 and forms an X-ray image according
to the dose of the X-rays detected on the detection surface 21.
[0056] More specifically, the X-ray image generator 3 has a
DR flat panel detector. The flat panel detector includes a TFT
active matrix substrate. The detection surface 21 in which a
plurality of pixels for accumulating charges according to the
X-ray dose reached are arrayed in a matrix is formed on the
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substrate. The X-rays having reached the detection surface 21
are converted into visible light by a scintillator (not shown)
and the visible light obtained as a result of the conversion is
subjected to photoelectric conversion in the plurality of pix-
els, whereby charges corresponding to the X-ray dose
reached are accumulated in the respective pixels. The charges
accumulated in the respective pixels are inputted to a signal
processing circuit of the X-ray image generator 3 to form
X-ray image data representing an X-ray image.

[0057] The X-ray image generator 3 outputs the thus
formed X-ray image data to the X-ray detection controller 9.
The X-ray image generator 3 is preferably disposed so that
positional movement is possible.

[0058] TheX-ray detection controller 9 controls the respec-
tive components of the X-ray image generator 3 based on
various control signals transmitted from the controller 15.
The X-ray detection generator 9 outputs the X-ray image data
inputted from the X-ray image generator 3 to the display
controller 10 and stores it in an image memory (not shown).
[0059] The display controller 10 causes the image monitor
11 to display an ultrasound image based on the ultrasound
image data inputted from the ultrasound image generator 6.
The display controller 10 also causes the image monitor 11 to
display an X-ray image based on the X-ray image data input-
ted from the X-ray detection controller 9.

[0060] The image monitor 11 includes, for example, a dis-
play device such as an LCD, and displays the ultrasound
image and the X-ray image under the control of the display
controller 10.

[0061] Based on angle information obtained from at least
the angle sensor 4a among the angle sensors 4a to 4c, the
optimal value calculator 12 calculates the direction S of trans-
mission of an ultrasonic beam transmitted from the ultra-
sound probe 1 and also calculates the radiation source optimal
angle o of the X-ray source 2 at which the direction R of
X-ray irradiation from the X-ray source 2 is substantially
parallel to the calculated direction S of ultrasonic beam trans-
mission and the optimal detection angle [ of the X-ray image
generator 3 at which the normal N of the detection surface 21
of the X-ray image generator 3 (central axis of the detection
surface 21) is substantially parallel to the calculated direction
S of ultrasonic beam transmission. The normal N of the detec-
tion surface 21 is preferably set on the central axis of the
detection surface 21. The optimal value calculator 12 outputs
the calculated radiation source optimal angle . to the radia-
tion source drive controller 13 and the calculated optimal
detection angle f3 to the detection surface drive controller 14.
[0062] Thedirection S of ultrasonic beam transmission can
be set to the direction of a scanning line in any one of ultra-
sonic beams transmitted from the ultrasound probe 1 toward
the subject H. For example, in cases where ultrasonic beams
are transmitted from the two-dimensional array of ultrasound
transducers 17, the direction S of ultrasonic beam transmis-
sion is preferably set, as shown in FIG. 2, on the central axis
L of ahousing of the ultrasound probe 1 (on the transmission
axis L set along the central scanning line). In other words, the
direction S of ultrasonic beam transmission is preferably set,
as shown in FIG. 3, on the scanning line passing through the
center of the scanning surface Ea positioned in the middle of
the plurality of ultrasonic beam scanning surfaces E. In cases
where two-dimensional image data corresponding to the
scanning surface Ea is generated by spatial compounding, a
plurality of partially overlapping scanning surfaces Ea are
formed along a direction orthogonal to the direction D but the
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direction S of ultrasonic beam transmission can be set on the
scanning line passing through the center of the scanning
surface Ea positioned in the middle of the plurality of scan-
ning surfaces Ea.

[0063] ThedirectionR of X-ray irradiation can be set on an
optical axis M of any one of X-rays emitted from the X-ray
source 2 toward the subject H, and is preferably set, for
example as shown in FIG. 1, on the optical axis M positioned
in the center of the X-ray irradiation area.

[0064] Theexpression “the direction R of X-ray irradiation
from the X-ray source 2 is substantially parallel to the direc-
tion S of ultrasonic beam transmission” means that the radia-
tion source optimal angle o of the X-ray source 2 is set in an
angle range of £10° with respect to the direction S of ultra-
sonic beam transmission. The expression “the normal N of
the detection surface 21 of the X-ray image generator 3 is
substantially parallel to the direction S of ultrasonic beam
transmission” means that the optimal detection angle f§ of the
X-ray image generator 3 is set in an angle range of +10° with
respect to the direction S of ultrasonic beam transmission.

[0065] The radiation source optimal angle o is preferably
set in a minimum unit range where the angle adjustment of the
X-ray source 2 is possible, for example in an angle range of
+1° if the angle adjustment of the X-ray source 2 on a one-
degree basis is possible, so that the direction R of X-ray
irradiation from the X-ray source 2 is substantially parallel to
the direction S of ultrasonic beam transmission. Likewise, the
optimal detection angle f} is preferably set in a minimum unit
range where the angle adjustment of the X-ray image genera-
tor 3 is possible, so that the normal N of the detection surface
21 of the X-ray image generator 3 is substantially parallel to
the direction S of ultrasonic beam transmission.

[0066] In cases where sections in the subject’s body corre-
sponding to an ultrasound image and an X-ray image gener-
ated in the ultrasound image generator 6 and the X-ray image
generator 3, respectively, are deviated from each other at an
angle equal to or larger than a predetermined value, it is
preferable for the controller 15 to calculate the angle devia-
tion between the sections corresponding to the ultrasound
image and the X-ray image and for the ultrasound image
generator 6 to generate again, from a plurality of two-dimen-
sional image data, an ultrasound image of the section parallel
to the section corresponding to the X-ray image based on the
calculated angle deviation and angle information from the
angle sensors 4a to 4¢. In this way, for example, even in cases
where the angles cannot be finely adjusted with respect to the
direction S of ultrasonic beam transmission because the mini-
mum unit enabling the angle adjustment of the X-ray source
2 and the X-ray image generator 3 is large, the angles can be
adjusted with high accuracy by performing image processing
so that the sections corresponding to the ultrasound image
and the X-ray image are parallel to each other.

[0067] Theradiationsource drive controller 13 refers to the
angle sensor 45 to adjust the placement angle of the X-ray
source 2 to the radiation source optimal angle o based on the
radiation source optimal angle ¢ calculated in the optimal
value calculator 12. The detection surface drive controller 14
refers to the angle sensor 4¢ to adjust the placement angle of
the X-ray image generator 3 to the optimal detection angle 3
based on the optimal detection angle B calculated in the
optimal value calculator 12.

[0068] The operating unit 16 is provided for an operator to
perform input operations of information such as imaging
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conditions, and may be composed of, for example, a key-
board, a mouse, a trackball, and/or a touch panel.

[0069] The controller 15 controls the respective compo-
nents in the complex diagnostic apparatus based on various
instruction signals and the like inputted by the operator using
the operating unit 16.

[0070] The probe controller 5, the ultrasound image gen-
erator 6, the X-ray irradiation controller 7, the X-ray detec-
tion controller 9, the display controller 10, the radiation
source drive controller 13, the detection surface drive con-
troller 14 and the controller 15 are each composed of a CPU
and an operation program for causing the CPU to perform
various kinds of processing; however they may be each com-
posed of a digital circuit. In addition to a built-in hard disk, a
flexible disk, an MO, an MT, a RAM, a CD-ROM, a DVD-
ROM or the like may be used as the recording medium to store
the operation program.

[0071]

[0072] First, as shown in FIG. 1, the ultrasound probe 1 is
disposed on abody surface of the subject H. Transmission and
reception of ultrasonic beams between the transducers 17
arrayed, for example, in a two-dimensional manner and the
subject are performed as the scanning surface E is succes-
sively shifted parallel, and reception signals from the trans-
ducers 17 are inputted to the ultrasound image generator 6 via
the probe controller 5.

[0073] Subsequently. the ultrasound image generator 6
generates, based on the reception signals, a plurality of two-
dimensional image data corresponding to the scanning sur-
faces E parallel to each other, i.e., the plurality of two-dimen-
sional image data corresponding to the cross-sections parallel
to each other in the subject’s body, and the plurality of two-
dimensional image data are stored in the image memory 6a.
Subsequently, the ultrasound image generator 6 generates an
ultrasound image Ga in a direction orthogonal to the scanning
surfaces E of ultrasonic beams from the plurality of two-
dimensional image data stored in the image memory 6a. For
example, the ultrasound image generator 6 can generate
three-dimensional image data from the plurality of two-di-
mensional image data stored in the image memory 6a and
generate the ultrasound image Ga in the direction orthogonal
to the scanning surfaces E of ultrasonic beams based on the
generated three-dimensional image data. Then, the thus gen-
erated ultrasound image is displayed on the image monitor 11
by the display controller 10 and is successively stored in the
image memory 6a.

[0074] The operator moves the ultrasound probe 1 in vari-
ous directions while checking an ultrasound image displayed
on the image monitor 11, and performs a freeze operation or
other operation via the operating unit 16 at a point in time
when a desired ultrasound image is obtained, thereby deter-
mining an ultrasound image for use in diagnosis. In general,
the operator may transmit ultrasonic beams with the ultra-
sound probe 1 tilted in order to obtain an ultrasound image
clearly showing a diagnosis site in the subject’s body, and it is
difficult to determine the direction of transmission of ultra-
sonic beams from this position of the ultrasound probe 1.
Therefore, evenif X-rays are emitted from the X-ray source 2
based on the position of the ultrasound probe 1, the direction
of X-ray irradiation is not parallel to the direction of ultra-
sonic beam transmission to generate an ultrasound image and
an X-ray image different in orientation of sections in the
subject’s body.

Next, the operation of Embodiment 1 is described.
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[0075] Then, the optimal value calculator 12 acquires, from
the angle sensor 4a provided in the ultrasound probe 1, the
placement angle of the ultrasound probe 1 at which a desired
ultrasound image was obtained, for example, the placement
angle of the ultrasound probe 1 upon execution of the freeze
operation. Subsequently, the optimal value calculator 12 cal-
culates, based on the angle information acquired from the
angle sensor 4a, the direction S of ultrasonic beam transmis-
sion at a point in time when the desired ultrasound image was
obtained.

[0076] Here, the direction S of ultrasonic beam transmis-
sion is deemed to be set on the central axis L of the ultrasound
probe 1, as shown in FIG. 2.

[0077] The optimal value calculator 12 calculates the radia-
tion source optimal angle o of the X-ray source 2 at which the
direction R of X-ray irradiation from the X-ray source 2 is
substantially parallel to the direction S of ultrasonic beam
transmission and also calculates the optimal detection angle 3
of the X-ray image generator 3 at which the normal N of the
detection surface 21 of the X-ray image generator 3 is sub-
stantially parallel to the direction S of ultrasonic beam trans-
mission.

[0078] The optimal value calculator 12 outputs the calcu-
lated radiation source optimal angle o to the radiation source
drive controller 13 and the calculated optimal detection angle
[ to the detection surface drive controller 14.

[0079] The radiation source drive controller 13 adjusts the
placement angle of the X-ray source 2 to the radiation source
optimal angle o. while referring to the angle sensor 45 pro-
vided in the X-ray source 2, and the detection surface drive
controller 14 adjusts the placement angle of the X-ray image
generator 3 to the optimal detection angle § while referring to
the angle sensor 4¢ provided in the X-ray image generator 3.
[0080] Inthisway,the direction R of X-ray irradiation from
the X-ray source 2 is made substantially parallel to the direc-
tion S ofultrasonic beam transmission and, with respect to the
previously obtained ultrasound image in a direction orthogo-
nal to the scanning surfaces E of ultrasonic beams, an X-ray
image in a direction which is likewise orthogonal to the
scanning surfaces E of ultrasonic beams can be generated,
and the ultrasound image and the X-ray image that can be
generated correspond to the sections parallel to each other in
the subject’s body. In addition, the normal N of the detection
surface 21 of the X-ray image generator 3 is made substan-
tially parallel to the direction R of X-ray irradiation, and the
X-ray image generator 3 can receive X-rays from the X-ray
source 2 in a direction orthogonal to the detection surface 21
and reliably reflect the X-rays having reached the detection
surface 21 on the X-ray image.

[0081] The radiation source drive controller 13 preferably
moves the position of the X-ray source 2 based on the trans-
mission position of the ultrasound probe 1 so that an irradia-
tion axis M extending in the direction R of irradiation from
the X-ray source and the transmission axis L extending in the
direction S of ultrasonic beam transmission overlap each
other. In this way, the paths of ultrasonic beams and X-rays in
the subject’s body can be made to coincide with each other to
generate an ultrasound image and an X-ray image which are
parallel to each other in the subject’s body and correspond to
a section at the same position.

[0082] The detection surface drive controller 14 preferably
moves the position of the X-ray image generator 3 based on
the transmission position of the ultrasound probe 1 so that the
normal N of the detection surface 21 in the X-ray image
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generator 3 and the transmission axis L extending in the
direction S of ultrasonic beam transmission overlap each
other. In this way, X-rays having passed through the subject’s
body can be detected in the central portion of the detection
surface 21 and the X-rays having reached the detection sur-
face 21 can be reliably reflected on the X-ray image.

[0083] Subsequently. upon pressing the irradiation switch
8, electric power suitable to the imaging conditions is sup-
plied from the X-ray irradiation controller 7 to the X-ray
source 2 after the end of warm-up of the X-ray source 2 and
X-rays are emitted in the direction R of irradiation from the
X-ray source 2 whose angle is adjusted to the radiation source
optimal angle a.

[0084] The X-rays emitted from the X-ray source 2 pass
through the subject’s body along the same path as ultrasonic
beams, and are made to be incident on the detection surface 21
of the X-ray image generator 3 whose angle is adjusted to the
optimal detection angle f§ in a direction perpendicular to the
detection surface 21. When the X-rays having passed through
the subject’s body are thus detected in the X-ray image gen-
erator 3, the X-ray image generator 3 accumulates signal
charges according to the detected X -ray dose to form an X-ray
image.

[0085] The X-ray image formed in the X-ray image gen-
erator 3 is outputted to the display controller 10 via the X-ray
detection controller 9 and is displayed on the image monitor
11 by the display controller 10.

[0086] Inthe thus obtained X-ray image, position deviation
or the like in the previously obtained ultrasound image is
suppressed, which enables a detailed comparison between the
ultrasound image superior in clarifying a soft tissue in the
subject’s body and the X-ray image superior in clarifying a
hard tissue in the subject’s body.

[0087] Forexample, by imaging a peripheral portion of the
heart in the subject’s body and comparing an ultrasound
image clearly showing the heart and blood vessels and an
X-ray image clearly showing the ribs and the like present on
the periphery of the heart, a complex phenomenon as in a case
where a heart disorder is caused by vascular compression due
to bone fracture can be examined in detail.

[0088] Symptoms such as muscle strain and bone fracture
that are observable on only one of an ultrasound image and an
X-ray image can be observed at a time and the cause of the
symptoms can be accurately determined.

[0089] As shown in FIG. 4, the display controller 10 pref-
erably causes the image monitor 11 to simultaneously display
an ultrasound image Ga generated in the ultrasound image
generator 6 and an X-ray image Gb generated in the X-ray
image generator 3 side by side. A more detailed diagnosis can
be made by thus displaying the ultrasound image Ga and the
X-ray image Gb simultaneously.

[0090] Furthermore, the display controller 10 preferably
causes the image monitor 11 to display the ultrasound image
Ga and the X-ray image Gb on the same scale. The ultrasound
image Ga can be thereby more accurately compared with the
X-ray image Gb, thus enabling a more detailed diagnosis.
[0091] According to the embodiment under consideration,
by making the direction of X-ray irradiation substantially
parallel to the direction S of ultrasonic beam transmission and
also making the normal of the detection surface of the X-ray
image generator 3 substantially parallel to the direction S of
ultrasonic beam transmission, an ultrasound image and an
X-ray image corresponding to sections which are parallel to
each other in the subject’s body can be generated. Occurrence
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of directional deviation in the sections in the subject’s body
corresponding to the ultrasound image and the X-ray image is
thereby suppressed and hence the diagnosis accuracy can be
enhanced by comparing in detail the ultrasound image and the
X-ray image having information different from each other.

Embodiment 2

[0092] According to Embodiment 1, the sections in the
subject’s body corresponding to an ultrasound image and an
X-ray image were positioned so as to be oriented parallel to
each other by making the direction of X-ray irradiation sub-
stantially parallel to the direction of ultrasonic beam trans-
mission and also making the normal of the detection surface
of the X-ray image generator substantially parallel to the
direction of ultrasonic beam transmission. However, posi-
tioning is not limited to this as long as an ultrasound image
and an X-ray image can be generated so as to accurately
correspond to each other in orientation of sections in the
subject’s body according to the diagnosis. For example, the
sections in the subject’s body corresponding to the ultrasound
image and the X-ray image may also be positioned so as to be
oriented orthogonal to each other.

[0093] For example in the complex diagnostic apparatus
according to Embodiment 1, the probe controller 5 may be
replaced by a probe controller 22 and the ultrasound image
generator 6 by an ultrasound image generator 23, as shown in
FIG. 5.

[0094] The probe controller 22 controls a transmission cir-
cuit 18 and a reception circuit 19 so as to perform transmis-
sion and reception of ultrasonic waves to and from the sub-
ject’s body.

[0095] The ultrasound image generator 23 generates two-
dimensional image data which is sectional image information
of cross-sections in the subject’s body, namely, ultrasound
image data in a direction along the ultrasonic beam scanning
surface E based on reception data generated in the reception
circuit 19 of the ultrasound probe 1. The ultrasound image
generator 23 outputs the generated ultrasound image data to
the display controller 10 and stores it in the image memory
6a.

[0096] Next, the operation of Embodiment 2 is described.
[0097] Transmission and reception of ultrasonic beams
between the transducers 17 of the ultrasound probe 1 dis-
posed on a body surface of the subject H and the subject’s
body are performed, and the ultrasound image generator 23
generates an ultrasound image in the direction along the ultra-
sonic beam scanning surface E based on reception signals
from the transducers 17.

[0098] An operator moves the ultrasound probe 1 in various
directions while checking an ultrasound image displayed on
the image monitor 11, and performs a freeze operation or
other operation via the operating unit 16 at a point in time
when a desired ultrasound image is obtained, thereby deter-
mining an ultrasound image for use in diagnosis. For
example, the operator can determine an image in which a
lesion area was found, as an ultrasound image for use in
diagnosis.

[0099] Subsequently, as in Embodiment 1, the optimal
value calculator 12 acquires, from the angle sensor 4a pro-
vided in the ultrasound probe 1, the placement angle of the
ultrasound probe 1 at which the desired ultrasound image was
obtained, and calculates the direction S of ultrasonic beam
transmission at a point in time when the desired ultrasound
image was obtained.
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[0100] Thedirection S of ultrasonic beam transmission can
be set to the direction of a scanning line in any one of ultra-
sonic beams transmitted from the ultrasound probe 1 toward
the subject H, and is preferably set on the central axis L of the
housing of the ultrasound probe 1 (on the transmission axis L.
set along the central scanning line), for example as shown in
FIG. 2. In cases where two-dimensional image data is gener-
ated by spatial compounding, a plurality of partially overlap-
ping scanning surfaces are formed but the direction S of
ultrasonic beam transmission can be set on the scanning line
passing through the center of the scanning surface positioned
in the middle of the plurality of scanning surfaces.

[0101] Theoptimal value calculator 12 calculates the radia-
tion source optimal angle o of the X-ray source 2 at which the
direction R of X-ray irradiation from the X-ray source 2 is
substantially parallel to the direction S of ultrasonic beam
transmission and also calculates the optimal detection angle f3
of the X-ray image generator 3 at which the normal N of the
detection surface 21 of the X-ray image generator 3 is sub-
stantially parallel to the direction S of ultrasonic beam trans-
mission.

[0102] The calculated radiation source optimal angle a is
inputted to the radiation source drive controller 13. The radia-
tion source drive controller 13 adjusts the placement angle of
the X-ray source 2 to the radiation source optimal angle .
The optimal detection angle [ is inputted to the detection
surface drive controller 14. The detection surface drive con-
troller 14 adjusts the placement angle of the X-ray image
generator 3 to the optimal detection angle f3.

[0103] The direction R of X-ray irradiation from the X-ray
source 21s thereby made substantially parallel to the direction
S of ultrasonic beam transmission to generate an X-ray image
in a direction orthogonal to the ultrasonic beam scanning
surfaces E and the sections in the subject’s body correspond-
ing to the ultrasound image and the X-ray image can be
positioned so as to be oriented orthogonal to each other. In
addition, the normal N of the detection surface 21 of the X-ray
image generator 3 is made substantially parallel to the direc-
tion R of X-ray irradiation, and the X-ray image generator 3
can receive X-rays from the X-ray source 2 in a direction
orthogonal to the detection surface 21 and reliably reflect the
X-rays having reached the detection surface 21 on the X-ray
image.

[0104] According to the embodiment under consideration,
the sections in the subject’s body corresponding to the ultra-
sound image and the X-ray image can be positioned so as to
be oriented orthogonal to each other by making the direction
of X-ray irradiation substantially parallel to the direction S of
ultrasonic beam transmission and also making the normal of
the detection surface of the X-ray image generator substan-
tially parallel to the direction S of ultrasonic beam transmis-
sion. The X-ray image that can be thus generated reliably
contains the lesion area taken on the ultrasound image and the
dose of radiation to which the subject’s body is exposed can
be prevented from increasing due to X-ray irradiation toward
a direction where there is no lesion area.

[0105] The complex diagnostic apparatus according to the
embodiment under consideration can be advantageously used
in subjects in whom the X-ray irradiation is desirably reduced
to the minimum possible level, as exemplified by pregnant
women, newborns and infants.

[0106] In addition, according to the embodiment under
consideration, an X-ray image is generated so as to reliably
include a lesion area after the lesion area has been checked on
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an ultrasound image and hence the number of times the sub-
ject’s body is exposed to X-rays can be suppressed as com-
pared with a case where only an X-ray image is generated to
search for the lesion area. Therefore, effects of X-rays on
people living on the periphery of an examination area in
clinical examinations performed, for example, in a disaster
site and a temporary dispensary can be suppressed. In cases
where a portable X-ray apparatus is used to generate X-ray
images, its battery can also be saved.

[0107] In addition, according to the embodiment under
consideration, an ultrasound image is used to obtain informa-
tion on the cross-section of a subject’s body and an X-ray
image is used to obtain information on the longitudinal sec-
tion of the subject’s body, and hence a complex diagnosis
using the ultrasound image and the X-ray image is made
possible without generating a three-dimensional image using,
for example, computed tomography (CT) and magnetic reso-
nance imaging (MR). Therefore, the complex diagnostic
apparatus can be advantageously used in cases where low cost
is required in clinical examinations as in animal hospitals and
small-sized clinics.

[0108] Furthermore, according to the embodiment under
consideration, the placement angle of the X-ray source is
adjusted based on angle information of the ultrasound probe
1 so that a lesion area is adequately exposed to X-rays, and
henceeven in cases where it is difficult to perform positioning
of the direction of X-ray irradiation with respect to patients
including, for example, patients to be radiographed in an
oblique position and ICU patients, the lesion area can be
adequately exposed to X-rays. In this process, a reference
angle sensor which serves as a reference of the angle sensors
4a to 4c is preferably attached to the subject’s body. The
orientations of the ultrasound probe 1, the X-ray source 2 and
the detection surface 21 can be adjusted with high accuracy
based on angle information of the subject’s body obtained
from the reference angle sensor.

[0109] The X-ray source 2 preferably emits X-rays toward
an area restricted to a region of interest on an ultrasound
image. For example, an operator sets a region of interest in a
lesion area found on an ultrasound image. The controller 15
outputs information on the set region of interest to the X-ray
irradiation controller 7 and the X-ray detection controller 9.
Subsequently, the X-ray irradiation controller 7 controls the
X-ray source 2 so that X-rays are emitted to an area restricted
to the region of interest, and the X-rays having passed through
the lesion area in the subject’s body are detected on the
detection surface 21 of the X-ray image generator 3 con-
trolled by the X-ray detection controller 9.

[0110] The exposure dose of the subject’s body can be thus
further reduced by restricting X-ray irradiation to the lesion
area in the subject’s body.

[0111] As shown in FIG. 6, the controller 15 preferably
displays a marker K showing a cross-section in the subject’s
body corresponding to the previously obtained ultrasound
image on an X-ray image Gb displayed on the image monitor
11 based on angle information of the ultrasound probe 1
obtained from the optimal value calculator 12. The position of
the lesion area found on the ultrasound image can be thereby
easily seen to make a detailed diagnosis using the X-ray
image. Information on the X-ray image and the marker K is
preferably stored in, for example, a console (not shown) as
complex information so as to be utilized in the subsequent
diagnosis.
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Embodiment 3

[0112] According to Embodiments 1 and 2 as described
above, the optimal value calculator 12 sets the direction S of
ultrasonic beam transmission on the central axis of the ultra-
sound probe 1. However, for example in cases where an
ultrasonic beam to be transmitted is steered in an oblique
direction with respect to the transmission/reception surface
20 of the ultrasound probe 1 as shown in FIG. 7, the direction
of transmission of the steered ultrasonic beam is preferably
set as the direction S of ultrasonic beam transmission.
[0113] Theoptimal value calculator 12 calculates the direc-
tion S of transmission of the steered ultrasonic beam based on
angle information from the angle sensor 4a provided in the
ultrasound probe 1 and the direction of steering of the ultra-
sonic beam set in the controller 15. Subsequently, the optimal
value calculator 12 calculates the radiation source optimal
angle o of the X-ray source 2 at which the direction R of
X-ray irradiation from the X-ray source 2 is substantially
parallel to the direction S of transmission of the steered ultra-
sonic beam and also calculates the optimal detection angle {3
of the X-ray image generator 3 at which the normal N of the
detection surface 21 of the X-ray image generator 3 is sub-
stantially parallel to the direction S of transmission of the
steered ultrasonic beam. The radiation source drive controller
13 adjusts the placement angle of the X-ray source 2 to the
radiation source optimal angle o, and the detection surface
drive controller 14 adjusts the placement angle of the X-ray
image generator 3 to the optimal detection angle p.

[0114] In this way, the direction S of transmission of the
steered ultrasonic beam, the direction R of X-ray irradiation
from the X-ray source 2, and the normal N of the detection
surface 21 of the X-ray image generator 3 can be made sub-
stantially parallel to each other, whereby an ultrasound image
and an X-ray image can be generated so as to accurately
correspond to each other in orientation of sections in the
subject’s body according to the diagnosis.

Embodiment 4

[0115] According to Embodiments 1 to 3 as described
above, the radiation source drive controller 13 and the detec-
tion surface drive controller 14 are used to adjust the place-
ment angles of the X-ray source 2 and the X-ray image gen-
erator 3. However, the complex diagnostic apparatus may
also be configured to include one of the radiation source drive
controller 13 and the detection surface drive controller 14.
[0116] The complex diagnostic apparatus preferably
includes an optimal value monitor which displays the radia-
tion source optimal angle o and the optimal detection angle 3
calculated in the optimal value calculator 12.

[0117] Forexample, ifthe detection surface drive controller
14 is excluded while providing the optimal value monitor for
displaying the optimal detection angle f, an operator can
adjust the placement angle of the X-ray image generator 3 by
checking the optimal detection angle f§ on the optimal value
monitor.

Embodiment 5

[0118] An essential part of the configuration of a complex
diagnostic apparatus according to Embodiment 5 is shown in
FIG. 8. This complex diagnostic apparatus is obtained by
replacing the radiation source drive controller 13 in the com-
plex diagnostic apparatuses according to Embodiments 1 to 4
with a radiation source optimal value monitor 31 and the
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detection surface drive controller 14 with a detection surface
optimal value monitor 32. The radiation source optimal value
monitor 31 and the detection surface optimal value monitor
32 constitute the optimal value monitors in the present inven-
tion.

[0119] Theoptimal value calculator 12 calculates the direc-
tion S of ultrasonic beam transmission based on angle infor-
mation from the angle sensor 4a provided in the ultrasound
probe 1 and also calculates the radiation source optimal angle
. of the X-ray source 2 and the optimal detection angle f of
the X-ray image generator 3. The optimal value calculator 12
outputs the radiation source optimal angle ¢. to the radiation
source optimal value monitor 31 and the optimal detection
angle f to the detection surface optimal value monitor 32.
Angle information from the angle sensor 45 provided in the
X-ray source 2 is inputted to the radiation source optimal
value monitor 31, whereas angle information from the angle
sensor 4¢ provided in the X-ray image generator 3 is inputted
to the detection surface optimal value monitor 32.

[0120] The radiation source optimal angle c. and the place-
ment angle of the X-ray source 2 are thus displayed on the
radiation source optimal value monitor 31 so that the operator
can adjust the placement angle of the X-ray source 2 to the
radiation source optimal angle a based on the display. Like-
wise, the optimal detection angle [} and the placement angle
of the X-ray image generator 3 are displayed on the detection
surface optimal value monitor 32 so that the operator can
adjust the placement angle of the X-ray image generator 3 to
the optimal detection angle [3 based on the display.

[0121] The complex diagnostic apparatus can be down-
sized by excluding the radiation source drive controller 13
and the detection surface drive controller 14 in this way and,
for example, a transportable complex diagnostic apparatus in
which the placement angles and the positions of the X-ray
source 2 and the X-ray image generator 3 are changeable
freehand can be provided.

[0122] According to the embodiment under consideration,
in the case of the transportable complex diagnostic apparatus,
the exclusion of the radiation source drive controller 13 and
the detection surface drive controller 14 as described above
makes it difficult to have the direction S of ultrasonic beam
transmission and the direction R of X-ray irradiation coincide
with each other but these directions may easily coincide with
each other by providing the optimal value monitors, whereby
an ultrasound image and an X-ray image can be generated so
as to accurately correspond to each other in orientation of
sections in the subject’s body according to the diagnosis.

Embodiment 6

[0123] An essential part of the configuration of a complex
diagnostic apparatus according to Embodiment 6 is shown in
FIG. 9. This complex diagnostic apparatus is obtained by
newly providing the ultrasound probe 1, the X-ray source 2
and the X-ray image generator 3 in the complex diagnostic
apparatuses in Embodiments 1 to 4 with position sensors 414
to 41¢, respectively, and connecting the position sensors 41a
to 41c¢ to an optimal value calculator 42, a radiation source
drive controller 43 and a detection surface drive controller 44,
respectively. The X-ray source 2 and the X-ray image gen-
erator 3 are assumed to be disposed so that the placement
angles and the positions are variable.

[0124] The position sensors 41a to 41c¢ are provided in the
ultrasound probe 1, the X-ray source 2 and the X-ray image
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generator 3 to detect positions of the ultrasound probe 1, the
X-ray source 2 and the X-ray image generator 3, respectively.
[0125] Based on position information from the position
sensor 41a provided in the ultrasound probe 1, the optimal
value calculator 42 calculates the position of transmission of
an ultrasonic beam transmitted from the ultrasound probe 1
and also calculates the radiation source optimal position at
which the irradiation axis M extending in the direction R of
irradiation from the X-ray source 2 and the transmission axis
L extending in the direction of ultrasonic beam transmission
overlap each other, and the optimal detection position at
which the normal N of the detection surface 21 of the X-ray
image generator 3 and the transmission axis [, overlap each
other. Subsequently, the optimal value calculator 42 outputs
the calculated radiation source optimal position to the radia-
tion source drive controller 43 and the calculated optimal
detection position to the detection surface drive controller 44.
[0126] The radiation source drive controller 43 adjusts the
placement angle of the X-ray source 2 to the radiation source
optimal angle o and the position of the X-ray source 2 to the
radiation source optimal position while referring to the angle
sensor 45 and the position sensor 415 provided in the X-ray
source 2. The detection surface drive controller 44 adjusts the
placement angle of the X-ray image generator 3 to the optimal
detection angle f} and the position of the X-ray image genera-
tor 3 to the optimal detection position while referring to the
angle sensor 4¢ and the position sensor 41¢ provided in the
X-ray image generator 3.

[0127] According to the embodiment under consideration,
it is possible to make the irradiation axis M of X-rays and the
normal N of the detection surface 21 of the X-ray image
generator 3 exactly coincident with the transmission axis L of
an ultrasonic beam, whereby an ultrasound image and an
X-ray image can be generated so as to accurately correspond
to each other in orientation of sections in the subject’s body
according to the diagnosis.

[0128] The complex diagnostic apparatus may also be con-
figured to include one of the radiation source drive controller
43 and the detection surface drive controller 44.

[0129] In cases where sections in the subject’s body corre-
sponding to an ultrasound image and an X-ray image gener-
ated in the ultrasound image generator 6 and the X-ray image
generator 3, respectively, are deviated in position from each
other at a distance equal to or larger than a predetermined
value, it is preferable for the controller 15 to calculate the
position deviation between the sections corresponding to the
ultrasound image and the X-ray image and for the ultrasound
image generator 6 to generate again, from a plurality of two-
dimensional image data, an ultrasound image of the section
coincident in position with the section corresponding to the
X-ray image based on the calculated position deviation and
position information from the position sensors 41a to 41c.

Embodiment 7

[0130] An essential part of the configuration of a complex
diagnostic apparatus according to Embodiment 7 is shown in
FIG. 10. This complex diagnostic apparatus is obtained by
replacing the radiation source drive controller 43 in the com-
plex diagnostic apparatus according to Embodiment 6 with a
radiation source optimal value monitor 45 and the detection
surface drive controller 44 with a detection surface optimal
value monitor 46. The radiation source optimal value monitor
45 and the detection surface optimal value monitor 46 con-
stitute the optimal value monitors in the present invention.
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[0131] The radiation source optimal value monitor 45 dis-
plays the radiation source optimal angle o. and the radiation
source optimal position outputted from the optimal value
calculator 42 and also displays angle information and posi-
tion information respectively derived from the angle sensor
4b and the position sensor 415 provided in the X -ray source 2.
The detection surface optimal value monitor 46 displays the
optimal detection angle [3 and the optimal detection position
outputted from the optimal value calculator 42 and also dis-
plays angle information and position information respec-
tively derived from the angle sensor 4¢ and the position sensor
41¢ provided in the X-ray image generator 3.

[0132] An operatorthereby adjusts the placement angle and
the position of the X-ray source 2 and the placement angle and
the position of the X-ray image generator 3 based on the
display on the radiation source optimal value monitor 45 and
the detection surface optimal value monitor 46.

[0133] According to the embodiment under consideration,
as in the above-described Embodiment 5, the complex diag-
nostic apparatus can be downsized by excluding the radiation
source drive controller 43 and the detection surface drive
controller 44 and, for example, a transportable complex diag-
nostic apparatus in which the placement angles and the posi-
tions of the X-ray source 2 and the X-ray image generator 3
are changeable freechand can be provided.

Embodiment 8

[0134] Embodiments 1 to 7 are configured from the com-
plex diagnostic apparatuses each including the ultrasound
probe 1, the ultrasound image generator 6, the X-ray source 2
and the X-ray image generator 3. However, the present inven-
tion may also be configured from a complex diagnostic sys-
tem which operates in combination with an ultrasound diag-
nostic apparatus including an ultrasound probe 1 and an
ultrasound image generator 6 with an X-ray diagnostic appa-
ratus including an X-ray source 2 and an X-ray image gen-
erator 3.

[0135] In other words, the complex diagnostic system
includes angle sensors for attaching to an ultrasound probe,
an X-ray source and an X-ray image generator, respectively,
and an optimal value calculator for calculating, based on
angle information obtained from the angle sensors, the direc-
tion of transmission of an ultrasonic beam transmitted from
the ultrasound probe, and the radiation source optimal angle
of the X-ray source at which the direction of X-ray irradiation
from the X-ray source is substantially parallel to the calcu-
lated direction of ultrasonic beam transmission and the opti-
mal detection angle of the X-ray image generator at which the
normal of a detection surface of the X-ray image generator is
substantially parallel to the calculated direction of ultrasonic
beam transmission.

[0136] For example, the complex diagnostic system
includes, as shown in FIG. 11, angle sensors 51a to 51c, a
radiation source optimal value monitor 52 connected to the
angle sensor 514, a detection surface optimal value monitor
53 connected to the angle sensor 51¢, and an optimal value
calculator 54 connected to the angle sensor 514, the radiation
source optimal value monitor 52 and the detection surface
optimal value monitor 53.

[0137] When combining an ultrasound diagnostic appara-
tus and an X-ray diagnostic apparatus using the complex
diagnostic system, the angle sensor 5la is attached to an
ultrasound probe P provided in the ultrasound diagnostic
apparatus and the angle sensors 515 and 51¢ are attached to an
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X-ray source Ta and an X-ray image generator Th provided in
the X-ray diagnostic apparatus.

[0138] Based onangle information obtained from the angle
sensor 51a, the optimal value calculator 54 calculates the
direction S of transmission of an ultrasonic beam transmitted
from the ultrasound probe P and also calculates the radiation
source optimal angle o of the X-ray source Ta at which the
direction R of X-ray irradiation from the X-ray source Ta is
substantially parallel to the calculated direction S of ultra-
sonic beam transmission and the optimal detection angle f of
the X-ray image generator Tb at which the normal of a detec-
tion surface Tc of the X-ray image generator Tb is substan-
tially parallel to the calculated direction S of ultrasonic beam
transmission.

[0139] The radiation source optimal angle ¢ and the place-
ment angle of the X-ray source Ta are displayed on the radia-
tion source optimal value monitor 52 so that an operator
adjusts the placement angle of the X-ray source Ta to the
radiation source optimal angle o based on the display. The
optimal detection angle § and the placement angle of the
X-ray image generator Tb are likewise displayed on the
detection surface optimal value monitor 53 so that the opera-
tor adjusts the placement angle of the X-ray image generator
Tb to the optimal detection angle f§ based on the display.
[0140] By thus combining an ultrasound diagnostic appa-
ratus and an X-ray diagnostic apparatus using the complex
diagnostic system, diagnosis can be carried out in the same
manner as with the complex diagnostic apparatus according
to Embodiment 5.

[0141] According to the embodiment under consideration,
an ultrasound image and an X-ray image can be generated so
as to accurately correspond to each other in orientation of
sections in the subject’s body according to the diagnosis.
Particularly in cases where a transportable ultrasound diag-
nostic apparatus is combined with a transportable X-ray diag-
nostic apparatus, it is difficult to make the direction S of
ultrasonic beam transmission coincident with the direction R
of X-ray irradiation but these directions can be easily made
coincident with each other by using the complex diagnostic
system of the present invention.

Embodiment 9

[0142] Embodiments 1 to 7 are configured from the com-
plex diagnostic apparatuses each including the ultrasound
probe 1, the ultrasound image generator 6, the X-ray source 2
and the X-ray image generator 3 in an integrated form. How-
ever, the present invention may also be configured from an
ultrasound diagnostic apparatus which operates in combina-
tion with an X-ray diagnostic apparatus including an X-ray
source, an X-ray image generator, a first angle sensor pro-
vided in the X-ray source and a second angle sensor provided
in the X-ray image generator.

[0143] In other words, the ultrasound diagnostic apparatus
according to the embodiment under consideration includes an
ultrasound probe, an ultrasound image generator, a third
angle sensor provided in the ultrasound probe, an optimal
value calculator for calculating, based on angle information
obtained from the third angle sensor, the direction of trans-
mission of an ultrasonic beam transmitted from the ultra-
sound probe, and the radiation source optimal angle of the
X-ray source at which the direction of X-ray irradiation from
the X-ray source is substantially parallel to the calculated
direction of ultrasonic beam transmission and the optimal
detection angle of the X-ray image generator at which the
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normal of a detection surface of the X-ray image generator is
substantially parallel to the calculated direction of ultrasonic
beam transmission, and a transmitter for transmitting the
radiation source optimal angle and the optimal detection
angle calculated in the optimal value calculator to the X-ray
diagnostic apparatus.

[0144] For example, the ultrasound diagnostic apparatus
includes, as shown in FIG. 12, an ultrasound probe 1, an
ultrasound image generator (not shown), an angle sensor 61
provided in the ultrasound probe 1, an optimal value calcula-
tor 62 connected to the angle sensor 61, and a transmitter 63
connected to the optimal value calculator 62. The transmitter
63 is connected to a receiver V of the X-ray diagnostic appa-
ratus.

[0145] When combining the ultrasound diagnostic appara-
tus with the X-ray diagnostic apparatus, the optimal value
calculator 62 calculates the radiation source optimal angle of
an X-ray source Ta at which the direction of X-ray irradiation
from the X-ray source Ta is substantially parallel to the direc-
tion of transmission of an ultrasonic beam transmitted from
the ultrasound probe 1 and the optimal detection angle of an
X-ray image generator Tb at which the normal of a detection
surface Tc of the X-ray image generator Tb is substantially
parallel to the direction of ultrasonic beam transmission
based on angle information obtained from the angle sensor
61. Then, the optimal value calculator 62 transmits the thus
calculated radiation source optimal angle and optimal detec-
tion angle to the receiver V of the X-ray diagnostic apparatus
via the transmitter 63.

[0146] In the X-ray diagnostic apparatus, upon receipt of
the radiation source optimal angle and the optimal detection
angle, the receiver V outputs the radiation source optimal
angle to a radiation source optimal value monitor Pa and the
optimal detection angle to a detection surface optimal value
monitor Pb. The radiation source optimal value monitor Pa
displays the radiation source optimal angle inputted from the
receiver V and the placement angle of the X-ray source Ta
inputted from an angle sensor Aa provided in the X-ray source
Ta, and an operator adjusts the placement angle of the X-ray
source Ta to the radiation source optimal angle based on this
display. In the same manner as above, the detection surface
optimal value monitor Pb displays the optimal detection
angle inputted from the receptor V and the placement angle of
the detection surface Tc of the X-ray image generator Th
inputted from an angle sensor Ab provided in the X-ray image
generator Tb, and the placement angle of the detection sur-
face Tcis adjusted to the optimal detection angle based on this
display.

[0147] According to the embodiment under consideration,
an ultrasound image and an X-ray image can be generated so
as to accurately correspond to each other in orientation of
sections in the subject’s body according to the diagnosis.

Embodiment 10

[0148] Embodiments 1 to 7 are configured from the com-
plex diagnostic apparatuses each including the ultrasound
probe 1, the ultrasound image generator 6, the X-ray source 2
and the X-ray image generator 3 in an integrated form. How-
ever, the present invention may also be configured from an
X-ray diagnostic apparatus which operates in combination
with an ultrasound diagnostic apparatus including an ultra-
sound probe, an ultrasound image generator and a first angle
sensor provided in the ultrasound probe.
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[0149] 1In other words, the X-ray diagnostic apparatus
according to the embodiment under consideration includes an
X-ray source, an X-ray image generator, a second angle sen-
sor provided in the X-ray source, a third angle sensor pro-
vided in the X-ray image generator, a receiver connected to
the ultrasound diagnostic apparatus to receive angle informa-
tion from the first angle sensor and an optimal value calcula-
tor for calculating, based on the angle information from the
first angle sensor received by the receiver, the direction of
transmission of an ultrasonic beam transmitted from the ultra-
sound probe, and the radiation source optimal angle of the
X-ray source at which the direction of X-ray irradiation from
the X-ray source is substantially parallel to the calculated
direction of ultrasonic beam transmission and the optimal
detection angle of the X-ray image generator at which the
normal of a detection surface of the X-ray image generator is
substantially parallel to the calculated direction of ultrasonic
beam transmission.

[0150] For example, as shown in FIG. 13, the X-ray diag-
nostic apparatus includes an X-ray source 71 and an X-ray
image generator 73 having a detection surface 72, and the
X-ray source 71 and the X-ray image generator 73 are pro-
vided with angle sensors 74 and 75, respectively. The angle
sensors 74 and 75 are connected to a radiation source optimal
value monitor 76 and a detection surface optimal value moni-
tor 77, respectively. The radiation source optimal value moni-
tor 76 and the detection surface optimal value monitor 77 are
connected to a receiver 79 via an optimal value calculator 78.

[0151] When combining the X-ray diagnostic apparatus
with the ultrasound diagnostic apparatus, angle information
of an ultrasound probe P is transmitted from an angle sensor
A provided in the ultrasound probe P of the ultrasound diag-
nostic apparatus to the receiver 79 of the X-ray diagnostic
apparatus via a transmitter W. In the X-ray diagnostic appa-
ratus, the angle information received by the receiver 79 is
outputted to the optimal value calculator 78. The optimal
value calculator 78 calculates, based on angle information
from the angle sensor A, the direction of transmission of an
ultrasonic beam transmitted from the ultrasound probe P, and
the radiation source optimal angle of the X-ray source 71 at
which the direction of X-ray irradiation from the X-ray
source 71 is substantially parallel to the calculated direction
of ultrasonic beam transmission and the optimal detection
angle of the X-ray image generator 73 at which the normal of
the detection surface 72 of the X-ray image generator 73 is
substantially parallel to the calculated direction of ultrasonic
beam transmission. The optimal value calculator 78 outputs
the calculated radiation source optimal angle to the radiation
source optimal value monitor 76 and the calculated optimal
detection angle to the detection surface optimal value monitor
71.

[0152] The radiation source optimal value monitor 76 dis-
plays the radiation source optimal angle inputted from the
optimal value calculator 78 and the placement angle of the
X-ray source 71 inputted from the angle sensor 74, and an
operator adjusts the placement angle of the X-ray source 71 to
the radiation source optimal angle based on this display. In the
same manner as above, the detection surface optimal value
monitor 77 displays the optimal detection angle inputted from
the optimal value calculator 78 and the placement angle of the
detection surface 72 of the X-ray image generator 73 inputted
from the angle sensor 75, and the placement angle of the
detection surface 72 is adjusted to the optimal detection angle
based on this display.



US 2015/0087978 A1l
13

[0153] According to the embodiment under consideration,
an ultrasound image and an X-ray image can be generated so
as to accurately correspond to each other in orientation of
sections in the subject’s body according to the diagnosis.

What is claimed is:

1. A complex diagnostic apparatus comprising:

an ultrasound probe configured to transmit and receive an
ultrasonic beam toward and front a subject;

an ultrasound image generator configured to generate an
ultrasound image based on reception signals outputted
from the ultrasound probe;

a radiation source disposed so that its placement angle is
variable and configured to emit radiation toward the
subject;

aradiographic image generator which is disposed on a side
of the subject opposite from the radiation source so that
its placement angle is variable, which has a planar detec-
tion surface detecting the radiation emitted from the
radiation source and which is configured to form a radio-
graphic image according to a dose of a radiation detected
on the detection surface;

a first angle sensor provided in the ultrasound probe to
detect a placement angle of the ultrasound probe;

a second angle sensor provided in the radiation source to
detect a placement angle of the radiation source;

a third angle sensor provided in the radiographic image
generator to detect a placement angle of the radiographic
image generator; and

an optimal value calculator configured to calculate, based
on angle information obtained from the first angle sen-
sor, a direction of transmission of the ultrasonic beam
transmitted from the ultrasound probe, and a radiation
source optimal angle of the radiation source at which a
direction of radiation emitted from the radiation source
is substantially parallel to the calculated direction of
transmission of the ultrasonic beam and an optimal
detection angle of the radiographic image generator at
which a normal of the detection surface of the radio-
graphic image generator is substantially parallel to the
calculated direction of transmission of the ultrasonic
beam,

wherein the placement angle of the radiation source is
adjusted to the radiation source optimal angle based on
angle information obtained from the second angle sen-
sor to emit the radiation and an placement angle of the
detection surface of the radiographic image generator is
adjusted to the optimal detection angle based on angle
information obtained from the third angle sensor to
detect the radiation, from the radiation source.

2. The complex diagnostic apparatus according to claim 1,
wherein the ultrasound linage generator generates the ultra-
sound image in a direction along a scanning surface of the
ultrasonic beam, and the radiographic image generator gen-
erates the radiographic image in a direction orthogonal to the
scanning surface of the ultrasonic beam.

3. The complex diagnostic apparatus according to claim 2,
wherein the radiation source emits the radiation to an area
restricted to a region of interest on the ultrasound image.

4. The complex diagnostic apparatus according to claim 1,

wherein the ultrasound image generator generates the
ultrasound image in a direction orthogonal to a scanning
surface of the ultrasonic beam, and the radiographic
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image generator generates the radiographic image in the
direction orthogonal to the scanning surface of the ultra-
sonic beam, and

wherein the ultrasound image is generated based on a plu-

rality of ultrasound images obtained by transmission and
reception of the ultrasonic beam from and in the ultra-
sound probe as the scanning surface is successively
shifted.

5. The coniplex diagnostic apparatus according to claim 1,
further comprising at least one of a radiation source drive
controller configured to adjust the placement angle of the
radiation source based on the radiation source optimal angle
and a detection surface drive controller configured to adjust
the placement angle of the radiographic image generator
based on the optical detection angle.

6. The complex diagnostic apparatus according to claim 1,
further comprising an optimal value monitor configured to
display the radiation source optimal angle and the optimal
detection angle.

7. The complex diagnostic apparatus according to claim 1,
further comprising position censors provided in the ultra-
sound probe, the radiation source and the radiographic image
generator to detect positions of the ultrasound probe, the
radiation source and the radiographic image generator,
respectively,

wherein the radiation source and the radiographic image

generator are disposed so that positional movement is
possible, and

wherein the optimal value calculator calculates, based on

position information obtained from, the position sen-
sors, a position of transmission of the ultrasonic beam,
transmitted from the ultrasound probe, and a radiation
source optimal position at which an irradiation axis
extending in the direction of radiation emitted from the
radiation source and a transmission axis extending in the
direction of transmission of the ultrasonic beam overlap
each other, and an optimal detection position at which
the normal of the defection surface of the radiographic
image generator and the transmission axis overlap each
other.

8. The complex diagnostic apparatus according to claim 2,
further comprising position sensors provided in the ultra-
sound probe, the radiation source and the radiographic image
generator to detect positions of the ultrasound probe, the
radiation source and the radiographic image generator,
respectively,

wherein the radiation source and the radiographic image

generator are disposed so that positional movement is
possible, and

wherein the optimal value calculator calculates, based on

position information obtained from the position sensors,
a position of transmission of the ultrasonic beam trans-
mitted from the ultrasound probe, and a radiation source
optimal position at which an irradiation axis extending
in the direction of radiation emitted from the radiation
source and a transmission axis extending in the direction
of transmission of the ultrasonic beam overlap each
other, and an optimal detection position at which the
normal of the detection surface of the radiographic
image generator and the transmission axis overlap each
other.

9. The complex diagnostic apparatus according to claim 4,
further comprising position sensors provided in the ultra-
sound probe, the radiation source and the radiographic image
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generator to detect positions of the ultrasound probe, the
radiation source and the radiographic image generator,
respectively,
wherein the radiation source and the radiographic image
generator are disposed so that positional movement is
possible, and
wherein the optimal value calculator calculates, based on
position information obtained from the position sensors,
a position of transmission of the ultrasonic beam, trans-
mitted from the ultrasound probe, and a radiation source
optimal position at which an irradiation axis extending
in the direction of radiation emitted from the radiation
source and a transmission axis extending in the direction
of transmission of the ultrasonic beam overlap each
other, and an optimal detection position at which the
normal of the detection surface of the radiographic
image generator and the transmission axis overlap each
other.
10. The complex diagnostic apparatus according to claim
6, further comprising position sensors provided in the ultra-
sound probe, the radiation source and the radiographic image
generator to detect positions of the ultrasound probe, the
radiation source and the radiographic image generator,
respectively,
wherein the radiation source and the radiographic image
generator are disposed so that positional movement is
possible, and
wherein the optimal value calculator calculates, based on
position information obtained from the position sensors,
a position of transmission of the ultrasonic beam, trans-
mitted from the ultrasound probe, and a radiation source
optimal position at which an irradiation axis extending
in the direction of radiation emitted from the radiation
source and a transmission axis extending in the direction
of transmission of the ultrasonic beam overlap each
other, and an optimal detection position at which the
normal of the detection surface of the radiographic
image generator and the transmission axis overlap each
other.
11. The complex diagnostic apparatus according to claim
7, further comprising at least one of a radiation source drive
controller configured to adjust a position of the radiation
source based on the radiation source optimal position and a
detection surface drive controller configured to adjust a posi-
tion of the radiographic image generator based on the optimal
detection position.
12. The complex diagnostic apparatus according to claim
7, further comprising an optimal value monitor configured to
display the radiation source optimal position and the optimal
detection position.
13. The complex diagnostic apparatus according to claim
8, further comprising an optimal value monitor configured to
display the radiation source optimal position and the optimal
detection position.

14. The complex diagnostic apparatus according to claim
10, further comprising an optimal value monitor configured,
to display the radiation source optimal position and the opti-
mal detection position.

15. The complex diagnostic apparatus according to claim
1, further comprising an image monitor configured to simul-
taneously display the ultrasound image generated, in the
ultrasound image generator and the radiographic image gen-
erated in the radiographic image generator.
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16. The complex diagnostic apparatus according to claim
15, wherein the image monitor displays the ultrasound image
and the radiographic image on an identical scale.
17. A method of generating a complex diagnostic image
comprising the steps of:
performing transmission and reception of an ultrasonic
beam between an ultrasound probe and a subject;

generating an ultrasound image in an ultrasound image
generator based on reception signals outputted from the
ultrasound probe;

calculating in an optimal value calculator, based on angle

information obtained from a first angle sensor provided
in the ultrasound probe to detect a placement angle of the
ultrasound probe, a direction of transmission of the
ultrasonic beam transmitted from the ultrasound probe,
and a radiation source optimal angle of a radiation
source at which a direction of radiation emitted from the
radiation source is substantially parallel to the calculated
direction of transmission of the ultrasonic beam and an
optimal detection angle of a radiographic image genera-
tor at which a normal of a detection surface of the radio-
graphic image generator is substantially parallel to the
calculated direction of transmission of the ultrasonic
beam;

adjusting an placement angle of the radiation source to the

radiation source optimal angle based on angle informa-
tion obtained from a second angle sensor provided in the
radiation source to emit the radiation,

adjusting an placement angle of the detection surface of the

radiographic image generator disposed on a side of the
subject opposite frost the radiation source to the optimal
detection angle based on angle information obtained
from a third angle sensor provided in the radiographic
image generator to detect the radiation from the radia-
tion source; and

generating a radiographic image in the radiographic image

generator according to a dose of a radiation detected on
the detection surface.

18. A complex diagnostic system operating in combination
with an ultrasound diagnostic apparatus comprising an ultra-
sound probe configured to transmit and receive an ultrasonic
beam toward and from a subject and an ultrasound image
generator configured to generate an ultrasound image based
on reception signals outputted from the ultrasound probe; and
a radiation diagnostic apparatus comprising a radiation
source disposed so that its placement angle is variable and
configured to emit radiation toward the subject, and a radio-
graphic image generator which is disposed on a side of the
subject opposite from the radiation source so that its place-
ment angle is variable, which has a planar detection surface
detecting the radiation emitted from the radiation source and
which is configured to generate a radiographic image accord-
ing to a dose of a radiation detected on the detection surface;

the complex diagnostic system comprising;

a first angle sensor for attaching to the ultrasound probe to

detect a placement angle of the ultrasound probe;
a second angle sensor for attaching to the radiation source
to detect a placement angle of the radiation source;

athird angle sensor for attaching to the radiographic image
generator to detect a placement angle of the radiographic
image generator; and

an optimal value calculator configured to calculate, based

on angle information obtained from the first angle sen-
sor, a direction of transmission of the ultrasonic beam
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transmitted from the ultrasound probe, and a radiation
source optimal angle of the radiation source at which a
direction of radiation emitted from the radiation source
is substantially parallel to the calculated direction of
transmission of the ultrasonic beam and an optimal
detection angle of the radiographic image generator at
which a normal of the detection surface of the radio-
graphic image generator is substantially parallel to the
calculated direction of transmission of the ultrasonic
beam,

wherein the placement angle of the radiation source is

adjusted to the radiation source optimal angle based on
angle information obtained from the second angle sen-
sor to emit the radiation and an placement angle of the
detection surface of the radiographic image generator is
adjusted to the optimal detection angle based on angle
information obtained from the third angle sensor to
detect the radiation from the radiation source.

19. A ultrasound diagnostic apparatus operating in combi-
nation with a radiation diagnostic apparatus comprising a
radiation source disposed so that its placement angle is vari-
able and configured to emit radiation toward a subject, a
radiographic image generator which is disposed on a side of
the subject opposite from the radiation source so that its
placement angle is variable, which has a planar detection
surface detecting the radiation emitted from the radiation
source and which is configured to form a radiographic image
according to a dose of a radiation detected on the detection
surface, a first angle sensor provided in the radiation source to
detect a placement angle of the radiation source, and a second
angle sensor provided in the radiographic image generator to
detect a placement angle of the radiographic image generator,

the ultrasound diagnostic apparatus comprising:

an ultrasound probe configured to transmit and receive an

ultrasonic beam toward and from the subject;

an ultrasound image generator configured to generate an

ultrasound image based on reception signals outputted
from the ultrasound probe;

a third angle sensor provided in the ultrasound probe to

detect a placement angle of the ultrasound probe;

an optimal value calculator configured to calculate, based

on angle information obtained from the third angle sen-
sor, a direction of transmission of the ultrasonic beam
transmitted from the ultrasound probe, and a radiation
source optimal angle of the radiation source at which a
direction of radiation emitted from the radiation source
is substantially parallel to the calculated direction of
transmission of the ultrasonic beam and an optimal
detection angle of the radiographic image generator at
which a normal of the detection surface of the radio-
graphic image generator is substantially parallel to the
calculated direction of transmission of the ultrasonic
beam; and

a transmitter configured to transmit the radiation source

optimal angle and the optimal detection angle calculated
in the optimal value calculator to the radiation diagnostic
apparatus,
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wherein the placement angle of the radiation source is
adjusted to the radiation source optimal angle based on
angle information obtained from the first angle sensor to
emit the radiation and an placement angle of the detec-
tion surface of the radiographic image generator is
adjusted to the optimal detection angle based on angle
information obtained from the second angle sensor to
detect the radiation from the radiation source.

20. A radiation diagnostic apparatus operating in combi-
nation with an ultrasound diagnostic apparatus comprising an
ultrasound probe configured to transmit and receive an ultra-
sonic beam toward and from a subject, an ultrasound image
generator configured to generate an ultrasound image based
on reception signals outputted from the ultrasound probe and
a first angle sensor provided in the ultrasound, probe to detect
a placement angle of the ultrasound probe,

the radiation diagnostic apparatus comprising:

a radiation source disposed so that its placement angle is
variable and configured to emit radiation toward the
subject;

aradiographic image generator which is disposed on a side
of the subject opposite from the radiation source so that
its placement angle is variable, which has a planar detec-
tion surface detecting the radiation emitted from the
radiation source and which is configured to generate a
radiographic image according to a radiation dose
detected on the detect ion surface;

a second angle sensor provided in the radiation source to
detect a placement angle of the radiation source;

a third angle sensor provided in the radiographic image
generator to detect a placement angle of the radiographic
image generator;

areceiver connected to the ultrasound diagnostic apparatus
to receive angle information from the first angle sensor;
and

an optimal value calculator configured to calculate, based
on the angle information from the first angle sensor
received by the receiver, a direction of transmission of
the ultrasonic beam transmitted from the ultrasound
probe, and a radiation source optimal angle of the radia-
tion source at which a direction of radiation emitted
from the radiation source is substantially parallel to the
calculated direction of transmission of the ultrasonic
beam and an optimal detection angle of the radiographic
image generator at which a normal of the detection sur-
face of the radiographic image generator is substantially
parallel to the calculated direction of transmission of the
ultrasonic beam;

wherein the placement angle of the radiation, source is
adjusted to the radiation source optimal angle based on
angle information obtained from the second angle sen-
sor to omit the radiation and an placement angle of the
detection surface of the radiographic image generator is
adjusted to the optimal detection angle based on angle
information obtained from the third angle sensor to
detect the radiation, from the radiation source.
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