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ULTRASONIC DIAGNOSTIC APPARATUS

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation application of
PCT/IP2005/021576 filed on Nov. 24, 2005 and claims the
benefit of Japanese Application No. 2004-341256 filed in
Japan on Nov. 25, 2004, the entire contents of each of which
are incorporated herein by their reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an ultrasonic diag-
nostic apparatus which forms an ultrasonic tomographic
image based on an ultrasonic signal derived from transmis-
sion/reception of the ultrasonic wave to/from inside of a
living body.

[0004] 2. Description of the Related Art

[0005] Recently an ultrasonic diagnostic apparatus has
been increasingly employed to transmit the ultrasonic wave
into the living body, and to receive the reflected wave from
the living body tissue so as to be converted into an electric
signal, based on which the image of the state inside the
living body may be observed on the real-time basis.

[0006] An operator makes a diagnosis by observing the
ultrasonic tomographic image formed by the ultrasonic
diagnostic apparatus while estimating the currently observed
anatomical position, taking the known anatomical correla-
tions among organs and tissues inside the body into consid-
eration. An ultrasonic diagnostic apparatus configured to
display the guide image for indicating the position on the
ultrasonic tomographic image observed by the operator has
been proposed for the purpose of assisting the aforemen-
tioned diagnosis.

[0007] The ultrasonic diagnostic apparatus disclosed in
Japanese Unexamined Patent Application Publication No.
10-151131 is provided with the image positional relation-
ship display means in which a plurality of images which
contain external volume image are input through the image
data input unit, and the ultrasonic wave from the probe
(ultrasonic probe) outside the body is irradiated so as to
obtain the ultrasonic image of a specified diagnostic site.
The 2D image (tomographic image) of the position corre-
sponding to the obtained ultrasonic image is further obtained
from the image input through the image data input unit such
that the tomographic image is laid out or superimposed on
the ultrasonic image, or they are alternately displayed at an
interval. The use of the aforementioned ultrasonic diagnostic
apparatus allows the operator to perform the inspection
while comparing the ultrasonic wave image with the tomo-
graphic images derived from the X-ray CT scanner or the
MRI unit corresponding to the ultrasonic tomographic plane
under the inspection.

[0008] The ultrasonic diagnostic apparatus disclosed in
Japanese Unexamined Patent Application Publication No.
2004-113629 is provided with ultrasonic scan position
detection means that detects the position of the site at which
the ultrasonic wave is transmitted/received, ultrasonic image
forming means that forms an ultrasonic image based on the
ultrasonic signal, and control means which derives the
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anatomical diagram of the site of the subject corresponding
to the position detected by the ultrasonic scan position
detection means from an image data storage means that
contains diagrammatic views of a human body as the guide
image so as to be displayed together with the ultrasonic
image on the same screen. The ultrasonic diagnostic appa-
ratus as disclosed in Japanese Unexamined Patent Applica-
tion Publication No. 2004-113629 includes a thin and long
flexible ultrasonic probe to be inserted into the body of the
subject as means for obtaining the ultrasonic image. The
ultrasonic diagnostic apparatus has been proposed, which is
provided with the electronic radial scan type ultrasonic
endoscope having a group of ultrasonic transducers arranged
like an array around the insertion shaft, an electronic convex
type ultrasonic endoscope having a group of ultrasonic
transducers arranged like a fan at one side of the insertion
shaft, and a mechanical scan type ultrasonic endoscope
having a piece of the ultrasonic transducer rotating around
the insertion shaft as the ultrasonic probes. Each of the
aforementioned ultrasonic endoscopes generally includes an
illumination window through which the illumination light is
irradiated into the body cavity, and an observation window
through which the state inside the body cavity is observed,
both of which are formed at the tip of the flexible portion
inserted into the body cavity.

[0009] The ultrasonic diagnostic apparatus disclosed in
Japanese Unexamined Patent Application Publication No.
10-151131 is configured to obtain the tomographic image at
the position corresponding to the ultrasonic image of the
specific diagnostic site. The operator may refer to the
obtained tomographic image as the guide image of the
ultrasonic image, but is required to estimate the anatomical
position not only on the ultrasonic image but also the guide
image. Therefore, the guide image is considered as being
insufficient to function in guiding the position under obser-
vation with the ultrasonic image.

[0010] The ultrasonic diagnostic apparatus disclosed in
Japanese Unexamined Patent Application Publication No.
2004-113629 is configured to obtain the anatomical graphi-
cal image of the site of the subject corresponding to the
position detected by the ultrasonic scan position detection
means from the image data storage means that contains the
graphical data of the human body such that the ultrasonic
image is displayed together with the graphical image as the
guide image on the same screen. The aforementioned con-
figuration is capable of guiding the position under the
observation with the ultrasonic image. However, the disclo-
sure fails to clarify how the anatomical graphical image is
created. Accordingly, the aforementioned apparatus is still
insufficient to provide the usable guide image.

[0011] With the ultrasonic diagnostic apparatus as dis-
closed in Japanese Unexamined Patent Application Publi-
cation No. 2004-113629 using the thin and long flexible
ultrasonic probe to be inserted into the subject as the
ultrasonic endoscope, the operator is not able to visually
confirm the ultrasonic scan plane compared with the ultra-
sonic diagnostic apparatus as disclosed in Japanese Unex-
amined Patent Application Publication No. 10-151131 using
the ultrasonic probe that irradiates the ultrasonic wave
extracorporeally. Accordingly, it is highly required to solve
the above-identified problem to display the usable guide
image for assisting the diagnosis so as to guide the position
under the observation with the ultrasonic image.
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[0012] In the case where the thin and long flexible ultra-
sonic probe to be inserted into the subject’s body, for
example, the ultrasonic endoscope is inserted into the stom-
ach, duodenum and small intestine to observe the organs
such as pancreas and gallbladder around duct of pancreas
and gallbladder, the organ that exists to the depth of the
gastrointestinal rather than being exposed to the portion
where the probe is inserted cannot be directly observed
through the observation window. When the ultrasonic probe
is inserted to observe the aforementioned organs, the ana-
tomical position of the tomographic image is estimated
while observing the vascular channel as the index, for
example, the aorta, lower great vein, superior mesenteric
vessel, superior mesenteric vein, splenic artery, splenic vein
and the like. The ultrasonic probe is further operated to
change the ultrasonic scan plane for forming the image of
the organ around the duct of pancreas and gallbladder on the
ultrasonic image while estimating the anatomical position of
the tomographic image. Accordingly, the system is espe-
cially required to display the vascular channel as the index
on the guide image to make the guide image easily identi-
fiable so as to guide the user to the position under observa-
tion with the ultrasonic image.

[0013] The invention has been made in consideration with
the aforementioned circumstances, and it is an object of the
present invention to provide an ultrasonic diagnostic appa-
ratus which is capable of displaying the position to be
observed with the ultrasonic image using the comprehen-
sible guide image.

SUMMARY OF THE INVENTION

[0014] For the purpose of realizing the aforementioned
object, an ultrasonic diagnostic apparatus according to the
first invention includes ultrasonic tomographic image form-
ing means that forms an ultrasonic tomographic image based
on an ultrasonic signal obtained by transmission and recep-
tion of an ultrasonic wave to and from inside of a living
body, detection means that detects a position and/or an
orientation of the ultrasonic tomographic image, reference
image data storage means that stores reference image data,
3D guide image forming means that forms a stereoscopic 3D
guide image for guiding an anatomical position and/or
orientation of the ultrasonic tomographic image using the
position and/or orientation detected by the detection means
based on the reference image data stored in the reference
image data storage means, and display means that displays
the 3D guide image formed by the 3D guide image forming
means.

[0015] The ultrasonic diagnostic apparatus of the second
invention according to the first invention is provided with
extraction means that extracts a specific region from the
reference image data stored in the reference image data
storage means. The 3D guide image forming means forms
the 3D guide image by superimposing an ultrasonic tomo-
graphic image marker that indicates a position and an
orientation of the ultrasonic tomographic image on the
stereoscopic image based on the region extracted by the
extraction means.

[0016] The ultrasonic diagnostic apparatus of the third
invention according to the first invention is further provided
with sample point position detection means that detects a
position of a sample point of the living body. The 3D guide
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image forming means forms the 3D guide image by per-
forming a verification between a position of the sample point
detected by the sample point position detection means and a
position of a characteristic point on the reference image data
stored in the reference image data storage means.

[0017] In the ultrasonic diagnostic apparatus of the fourth
invention according to the third invention, the display means
displays at least a portion of the reference image data stored
in the reference image data storage means, and further
includes characteristic point designation means that desig-
nates a position of the characteristic point on the reference
image data displayed by the display means.

[0018] In the ultrasonic diagnostic apparatus of the fifth
invention according to the third invention, the sample point
position detection means includes body cavity sample point
position detection means that detects a position of the
sample point within a body cavity of the living body, and the
body cavity sample point position detection means is dis-
posed at a tip portion of an ultrasonic probe inserted into the
body cavity.

[0019] In the ultrasonic diagnostic apparatus of the sixth
invention according to the fifth invention, the detection
means serves as the body cavity sample point position
detection means.

[0020] In the ultrasonic diagnostic apparatus of the sev-
enth invention according to the sixth invention, the sample
point position detection means is provided separately from
the body cavity sample point position detection means, and
further includes body surface sample point position detec-
tion means that detects a position of the sample point on a
surface of the living body.

[0021] In the ultrasonic diagnostic apparatus of the eighth
invention according to the third invention, the sample points
are set for four points selected from a xiphoid process, a
right end of pelvis, a pylorus, a duodenal papilla and a
cardia.

[0022] The ultrasonic diagnostic apparatus of the ninth
invention according to the third invention is further provided
with posture detection means that detects a position or a
posture of the living body and sample point position cor-
rection means that corrects the position of the sample point
detected by the sample point position detection means using
the position or the posture detected by the posture detection
means. The 3D guide image forming means performs a
verification between a position of the sample point corrected
by the sample point position correction means and a position
of the characteristic point on the reference image data stored
in the reference image data storage means to form the 3D
guide image.

[0023] In the ultrasonic diagnostic apparatus of the tenth
invention according to the ninth invention, the sample point
position detection means includes body cavity sample point
position detection means that detects a position of the
sample point in the body cavity of the living body, and body
surface sample point position detection means that is pro-
vided separately from the body cavity sample point position
detection means to detect a position of the sample point on
a body surface of the living body, wherein the posture
detection means serves as the body surface sample point
position detection means.
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[0024] In the ultrasonic diagnostic apparatus of the elev-
enth invention according to the second invention, the refer-
ence image data stored in the reference image data storage
means are obtained through an image pickup operation
performed by an external image pickup device using a
radio-contrast agent, and the extraction means extracts a
specific region from the reference image data stored in the
reference image data storage means based on a luminance
value of the reference image data obtained by a use of the
radio-contrast agent.

[0025] Inthe ultrasonic diagnostic apparatus of the twelfth
invention according to the second invention, the display
means displays at least a portion of the reference image data
stored in the reference image data storage means, interest
region designation means that designates a portion of the
specific region on the reference image data displayed by the
display means is provided, and the extraction means extracts
the specific region designated by the interest region desig-
nation means.

[0026] In the ultrasonic diagnostic apparatus of the thir-
teenth invention according to the first invention, the ultra-
sonic tomographic image forming means forms an ultrasonic
tomographic image based on an ultrasonic signal output
from an ultrasonic probe including an insertion portion
having a flexibility to be inserted into the body cavity of the
living body, and an ultrasonic transducer that is disposed at
a tip portion of the insertion portion to transmit and receive
the ultrasonic wave to and from inside of the living body.

[0027] In the ultrasonic diagnostic apparatus of the four-
teenth invention according to the thirteenth invention, the
ultrasonic transducer performs a scan operation in a plane
orthogonal to an insertion axis of the ultrasonic probe.

[0028] In the ultrasonic diagnostic apparatus of the fif-
teenth invention according to the thirteenth invention, the
ultrasonic transducer is formed as an ultrasonic transducer
array that electronically performs a scan operation.

[0029] In the ultrasonic diagnostic apparatus of the six-
teenth invention according to the first invention, the refer-
ence image data stored in the reference image data storage
means are image data which are classified by respective
regions.

[0030] In the ultrasonic diagnostic apparatus of the sev-
enteenth invention according to the first invention, commu-
nication means that obtains image data picked up by an
external image pickup device as the reference image data is
further provided, the reference image data storage means
stores reference image data obtained by the communication
means.

[0031] In the ultrasonic diagnostic apparatus of the eigh-
teenth invention according to the seventeenth invention, the
communication means is connected to at least one kind of
the external image pickup devices via a network through
which the reference image data are obtained.

[0032] In the ultrasonic diagnostic apparatus of the nine-
teenth invention according to the seventeenth invention, the
external image pickup device is formed as at least one of an
X-ray CT scanner, an MRI unit, a PET unit, and an ultra-
sonic diagnostic unit.

[0033] In the ultrasonic diagnostic apparatus of the twen-
tieth invention according to the first to the nineteenth
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inventions, the display means displays the ultrasonic tomo-
graphic image formed by the ultrasonic tomographic image
forming means and the 3D guide image formed by the 3D
guide image forming means simultaneously.

[0034] In the ultrasonic diagnostic apparatus of the
twenty-first invention according to the first to the twentieth
inventions, the 3D guide image forming means forms the 3D
guide image on a real time basis together with formation of
the ultrasonic tomographic image performed by the ultra-
sonic tomographic image forming means based on an ultra-
sonic signal obtained by transmission and reception of the
ultrasonic wave to and from inside of the living body.

[0035] The ultrasonic diagnostic apparatus according to
the twenty-second invention is provided with ultrasonic
tomographic image forming means that forms an ultrasonic
tomographic image based on an ultrasonic signal obtained
by transmission and reception of an ultrasonic wave to and
from inside of a living body, detection means that detects a
position and/or an orientation of the ultrasonic tomographic
image, reference image data storage means that stores ref-
erence image data, a position detection probe including
sample point position detection means that detects a position
of a sample point of the living body, an ultrasonic endoscope
provided with a channel which allows the position detection
probe to be inserted therethrough and an optical observation
window for obtaining the ultrasonic signal, guide image
forming means that forms a guide image to guide an
anatomical position and/or orientation of the ultrasonic
tomographic image by performing a verification between a
position of the sample point detected by the sample point
position detection means in a state where the position
detection probe protrudes from the channel to be in an
optical field range of the optical observation window and a
position of a characteristic point on the reference image data
stored in the reference image data storage means using a
position and/or an orientation detected by the detection
means, and display means that displays the guide image
formed by the guide image forming means.

[0036] According to the first, third and twentieth inven-
tions, the observation point with the ultrasonic image may be
displayed using a comprehensible guide image.

[0037] As the 3D image is formed through detection not
only of the position on the scan plane but also its orientation,
the orientation of the radial scan plane changes accompanied
with the change in the orientation of the ultrasonic scan
plane. This makes it possible to form the 3D guide image
further accurately. Therefore, the operator is allowed to
accurately observe the interest region with the 3D guide
image even if the angle of the scan plane of the ultrasonic
endoscope is varied around the interest region while viewing
the 3D guide images.

[0038] According to the fourth invention, the display
means displays at least a portion of reference image data
stored in the image data storage means, and the character-
istic point designation means is provided for designating the
position of the characteristic point on the reference image
data displayed by the display means. For example, assuming
that the pancreas portion is inspected, the cardia may be set
as the characteristic point and a sample point as it is close to
the pancreas portion. In the case where the interest region is
identified before the operation, the characteristic point and
the sample point close to the interest region may be easily
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set. It is predictable that the calculation of the position and
the orientation of the radial scan plane becomes more
accurate as the interest region becomes closer to the sample
point. The space contained in the convex triangular pyramid
defined by the sample points allows further accurate calcu-
lation of the position and orientation on the radial scan plane
compared with the space outside the triangular pyramid.
This makes it possible to form more accurate 3D guide
image adjacent to the interest region.

[0039] According to the fifth and sixth inventions, the
sample point position detection means includes the body
cavity sample point position detection means which is
disposed at the tip of the ultrasonic endoscope to be inserted
into the body cavity and capable of detecting the position of
the sample point in the cavity of the body. This allows the
user to assume that the sample point in the body cavity
follows up the movement of the interest region in the body
cavity accompanied with the movement of the ultrasonic
endoscope, thus forming more accurate 3D guide image.
Moreover, in the case where the pancreas or lung is
inspected, the sample point may be obtained around the
interest region. It is predictable that the calculation of the
position and orientation on the radial scan plane may be
more accurate as the interest region is closer to the sample
point. It is also predictable that the space contained in the
convex triangular pyramid defined by the sample points
allows the accurate calculation of the position and orienta-
tion on the radial scan plane compared with the space
outside the triangular pyramid. Accordingly, the more accu-
rate 3D guide image may be formed around the interest
region by obtaining the sample point at the appropriate
position in the body cavity.

[0040] According to the seventh and tenth inventions, the
work for cleaning the ultrasonic endoscope before the opera-
tion may be reduced compared with the case where the
sample point on the body surface is detected only by the
ultrasonic endoscope.

[0041] According to the ninth and tenth inventions, the
accurate 3D guide image may be formed in spite of the
change in the subject’s posture while obtaining the sample
point or performing the ultrasonic scan.

[0042] Incidentally, with the ultrasonic endoscope
employed in the ultrasonic diagnostic apparatus, which is
formed of the flexible material so as to be inserted into the
subject’s body cavity, the operator is not allowed to directly
view the observation position of the ultrasonic endoscope in
the body cavity. Then the affected area is estimated based on
the intravital information, and formed into the ultrasonic
image so as to be loaded for analysis. The aforementioned
operation requires considerably high skill, which has hin-
dered spread of the use of the ultrasonic endoscope in the
body cavity. In the thirteenth invention, the ultrasonic image
forming means forms the ultrasonic image based on the
ultrasonic signal output from the ultrasonic endoscope
which includes the flexible portion exhibiting sufficient
flexibility to be inserted into the body cavity of the living
body, and the ultrasonic transducer which is disposed at the
tip of the flexible portion for transmitting and receiving the
ultrasonic wave to and from inside of the body. This makes
it possible to obtain the 3D guide image which shows the
accurate observation site. The ultrasonic diagnostic appara-
tus for irradiation from inside of the subject’s body exhibits
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medical usability much higher than the ultrasonic diagnostic
apparatus for external irradiation. Especially the invention
may contribute to the reduction in the inspection time and
the learning time of the inexperienced operator.

[0043] Employment of the mechanical radial scan for
rotating the ultrasonic transducer may cause the flexible
shaft to be twisted. The twist of the flexible shaft may further
cause angular deviation between the angle output from the
rotary encoder and the actual angle of the ultrasonic trans-
ducer. This may result in the positional deviation of twelve
o’clock direction between the ultrasonic tomographic image
and the 3D guide image. In the fifteenth invention, the
ultrasonic transducer is configured as the array of the
ultrasonic transducer for electronically performing the scan,
thus preventing the deviation of twelve o’clock direction.

[0044] According to the sixteenth invention, the reference
image data stored in the image data storage means are
formed of image data classified by the respective areas.
Assuming that the data are coded by colors, and prelimi-
narily color-coded reference image data are used to indicate
such organs as pancreas, pancreatic duct, choledoch duct,
portal so as to be displayed as the 3D guide image, the
organs to be indexes on the 3D guide image can be com-
prehensively observed and the scan plane of the ultrasonic
endoscope in the body cavity may be changed while observ-
ing the 3D guide image. This may expedite the approach to
the interest region such as the lesion, thus contributing to the
reduction in the inspection period.

[0045] According to the seventeenth, eighteenth and nine-
teenth inventions, the image data storage means stores the
reference image data derived from the external image pickup
device, and includes a selector that selects a plurality of
kinds of reference image data. As the 3D guide image may
be formed of data of the subject, further accurate 3D guide
image is expected to be formed. In the present invention, the
X-ray 3D helical CT scanner and 3D MRI unit outside the
ultrasonic diagnostic apparatus are connected to select a
plurality of 2D CT images and 2D MRI images through the
network. This makes it possible to select the clearest data of
the interest region, resulting in easy observation of the 3D
guide image.

[0046] According to the twenty-first invention, the 3D
guide image forming means forms the ultrasonic image
using the ultrasonic signal derived through transmission/
reception of the ultrasonic wave to/from inside of the living
body together with the 3D guide image in real time. This
allows the operator to identify the anatomical site of the
living body corresponding to the ultrasonic tomographic
image under observation, and further to easily access the
intended interest region. Moreover, even if the angle of the
scan plane of the ultrasonic endoscope is varied around the
interest region, the operator is able to accurately observe the
interest region while viewing the 3D guide image.

[0047] According to the twenty-second invention, the
sample points on the surface of the body cavity may be
accurately designated under the visual field of optical image,
thus forming accurate guide images.

BRIEF DESCRIPTION OF THE DRAWINGS

[0048] FIG. 11is block diagram showing a configuration of
an ultrasonic diagnostic apparatus according to embodiment
1 of the present invention.
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[0049] FIG. 2 is a view showing a configuration of a
position detection probe in embodiment 1.

[0050] FIG. 3 is a perspective view showing a configura-
tion of a posture detection plate in embodiment 1.

[0051] FIG. 4 is a perspective view showing a configura-
tion of a marker stick in embodiment 1.

[0052] FIG. 5 is a view schematically showing reference
image data stored in the reference image memory in embodi-
ment 1.

[0053] FIG. 6 is a view schematically showing the voxel
space in embodiment 1.

[0054] FIG. 7is a view showing the orthogonal coordinate
axes O-xyz and the orthogonal bases i, j, k which are defined
on the transmission antenna in embodiment 1.

[0055] FIG. 8 is a flowchart showing a routine for the
general operation performed by the ultrasonic image pro-
cessing unit, mouse, keyboard, and display unit in embodi-
ment 1.

[0056] FIG. 9 is a flowchart showing the detail of interest
organ extraction process executed in step S1 shown in FIG.
8

[0057] FIG. 10 is a view showing designation of the
interest region on the reference image displayed through
loading from the reference image memory in embodiment 1.

[0058] FIG. 11 is a view showing the extracted data
written in the voxel space in embodiment 1.

[0059] FIG. 12 is a flowchart showing the detail of the
characteristic point designation process executed in step S2
shown in FIG. 8.

[0060] FIG. 13 is a view showing designation of the
characteristic point on the reference image displayed
through loading from the reference image memory in
embodiment 1.

[0061] FIG. 14 is a flowchart showing the detail of the
sample point designation process executed in step S3 shown
in FIG. 8.

[0062] FIG.151is a view of an optical image on the display
screen showing the state in which the position detection
probe is to be in contact with the duodenal papilla in
embodiment 1.

[0063] FIG. 16 is a flowchart showing the detail of the 3D
guide image formation and display process executed in step
S4 shown in FIG. 8.

[0064] FIG. 17A and FIG. 17B shows a relationship
between sample points and the radial scan plane, and a
relationship between characteristic points and the ultrasonic
tomographic image marker, respectively in embodiment 1.

[0065] FIG. 18 is a view showing the ultrasonic tomo-
graphic image marker in embodiment 1.

[0066] FIG. 19 is a view showing a synthetic data of the
ultrasonic tomographic image marker and the extracted data
in embodiment 1.

[0067] FIG. 20 is a view showing the state in which the
ultrasonic tomographic image and the 3D guide image are
shown side-by-side on the display screen in embodiment 1.
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[0068] FIG. 21 is a block diagram showing a configuration
of an ultrasonic image processing unit to which an external
device is connected in embodiment 2 according to the
present invention.

[0069] FIG. 22 is a view showing designation of the
interest organ shown on the reference image displayed
through loading from the reference image memory in
embodiment 2.

[0070] FIG. 23 is a block diagram showing a configuration
of an ultrasonic diagnostic apparatus in embodiment 3
according to the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT(S)

[0071] The embodiments of the present invention will be
described referring to the drawings.

Embodiment 1

[0072] FIGS.1 to 20 show embodiment 1 according to the
present invention. FIG. 1 is a block diagram showing a
configuration of an ultrasonic diagnostic apparatus.

[0073] An ultrasonic diagnostic apparatus of embodiment
1 includes an ultrasonic endoscope 1 as the ultrasonic probe,
an optical observation unit 2, an ultrasonic observation unit
3 serving as ultrasonic tomographic image forming means,
a position orientation calculation unit 4 serving as detection
means, a transmission antenna 5, a posture detection plate 6
serving as body surface sample point position detection
means and posture detection means, a marker stick 7 serving
as body surface sample point position detection means, a
position detection probe 8, a display unit 9 serving as display
means, an ultrasonic image processing unit 10, a mouse 11
serving as interest region designation means, and a keyboard
12 serving as interest region designation means, which are
electrically coupled with one another via signal lines to be
described later.

[0074] The ultrasonic endoscope 1 includes a rigid portion
21 provided to the distal-end side and formed of a rigid
material, for example, stainless, a long flexible portion 22
connected to the rear end of the rigid portion 21 and formed
of a flexible material, and an operation portion 23 provided
at the rear end of the flexible portion 22 and formed of a rigid
material. The ultrasonic endoscope 1 functions as an inser-
tion portion having the rigid portion 21 and at least a portion
of the flexible portion 22 of the aforementioned components
inserted into the body cavity.

[0075] The rigid portion 21 includes an optical observa-
tion window 24 which contains a cover glass, a lens 25
arranged inside the optical observation window 24, a CCD
(Charge Coupled Device) camera 26 arranged at the position
where an image is formed by the lens 25, and an illumination
light emitting window not shown for irradiating the illumi-
nation light into the body cavity. The CCD camera 26 is
connected to the optical observation unit 2 via a signal line
27.

[0076] In the aforementioned configuration, when inside
of the body cavity is illuminated with illumination light
irradiated from the illumination light emitting window not
shown, the image on the surface of the body cavity is formed
on the image pickup surface of the CCD camera 26 by the
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lens 25 through the optical observation window 24. A CCD
signal output from the CCD camera 26 is output to the
optical observation unit 2 via the signal line 27.

[0077] The rigid portion 21 further includes an ultrasonic
transducer 31 for transmitting/receiving the ultrasonic wave.
The ultrasonic transducer 31 is fixed to one end of a flexible
shaft 32 which is provided from the operation portion 23 to
the rigid portion 21 via the flexible portion 22. The other end
of the flexible shaft 32 is fixed to a rotary shaft of a motor
33 disposed within the operation portion 23.

[0078] The rotary shaft of the motor 33 within the opera-
tion portion 23 is connected to a rotary encoder 34 that
detects a rotation angle of the motor 33 so as to be output.

[0079] The motor 33 is connected to the ultrasonic obser-
vation unit 3 via a control line 35, and the rotary encoder 34
is connected to the ultrasonic observation unit 3 via a signal
line 36, respectively.

[0080] Inthe aforementioned configuration, rotation of the
motor 33 causes the ultrasonic transducer 31 to rotate via the
flexible shaft 32 in the direction indicated by an outline
arrow shown in FIG. 1 around the insertion axis. As the
ultrasonic transducer 31 repeatedly transmits/receives the
ultrasonic wave while rotating, so-called radial scan is
performed. The ultrasonic transducer 31 generates the ultra-
sonic signal required for forming the ultrasonic tomographic
image along the plane perpendicular to the insertion axis of
the ultrasonic endoscope 1 (hereinafter referred to as the
radial scan plane), and outputs the generated ultrasonic
signal to the ultrasonic observation unit 3 via the flexible
shaft 32, the motor 33, and the rotary encoder 34, respec-
tively.

[0081] The orthogonal bases (unit vector in each direction)
V, V3 and V12 fixed to the rigid portion 21 (using characters
with normal line thickness instead of using the bold chat-
acters hereinafter) are defined as shown in FIG. 1. Specifi-
cally, the code V denotes the normal vector on the radial scan
plane, V3 denotes the 3 o’clock direction vector on the radial
scan plane, and V12 denotes the 12 o’clock direction vector
on the radial scan plane, respectively.

[0082] A position orientation calculation unit 4 is con-
nected to a transmission antenna 5, a posture detection plate
6, a marker stick 7, and a long position detection probe 8 via
the respective signal lines.

[0083] The position detection probe 8 will be described
referring to FIG. 2 which shows the configuration thereof.

[0084] The position detection probe 8 includes an outer
barrel 41 formed of a flexible material. A receiving coil 42
serving as the body cavity sample point position detection
means is fixed at the tip side within the outer barrel 41. A
connector 43 is disposed at the rear end side of the outer
barrel 41. A forceps end marker 44 as the mark along the
circumferential direction of the outer barrel 41 for indicating
the position of the insertion direction and a 12 o’clock
direction marker 45 at the probe side for indicating the
position in the circumferential direction are disposed at the
rear end on the surface of the outer barrel 41.

[0085] The receiving coil 42 is formed by combining three
coils each winding axis set to unit vectors Va, Vb and Vc
which are fixed to the position detection probe 8 and are
orthogonal to one another as shown in FIG. 2. Each of three
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coils has two poles each of which is connected to one signal
line 46 (that is, two signal lines for a single coil). Accord-
ingly, the receiving coil 42 is connected to six signal lines 46
in total. Meanwhile, the connector 43 includes six electrodes
(not shown). Each of six signal lines 46 connected to the
receiving coil 42 at one end side is connected to the
corresponding one of six electrodes at the other end side.
Each of six electrodes at the connector 43 is connected to the
position orientation calculation unit 4 via the cable (not
shown).

[0086] The ultrasonic endoscope 1 includes a tubular
forceps channel 51 that extends from the operation portion
23 to the rigid portion 21 via the flexible portion 22 as shown
in FIG. 1. The forceps channel 51 includes a forceps end 52
as a first opening at the operation portion 23, and a protrud-
ing end 53 as a second opening at the rigid portion 21,
respectively. The position detection probe 8 is inserted into
the forceps channel 51 through the forceps end 52 such that
its tip protrudes from the protruding end 53. The protruding
end 53 has its opening direction defined such that the tip of
the position detection probe 8 protruding from the protrud-
ing end 53 is within the range of the optical field range of the
optical observation window 24.

[0087] The forceps marker 44 is configured such that
positions of the tip of the position detection probe 8 and the
opening surface of the protruding end 53 coincide with a
predetermined positional correlation when the position of
the forceps marker 44 coincides with the position of the
opening surface of the forceps end 52 in the insertion
direction upon insertion of the position detection probe 8
through the forceps end 52 performed by the operator. At
this time, the receiving coil 42 is configured to be disposed
adjacent to the rotational center of the radial scan performed
by the ultrasonic transducer 31. That is, the forceps marker
44 is placed at the position on the surface of the outer barrel
41 such that the receiving coil 42 is placed adjacent to the
ultrasonic transducer 31 on the radial scan plane when it
coincides with the opening surface of the forceps end 52.

[0088] Meanwhile, a 12 o’clock direction marker 55 at the
endoscope side is disposed adjacent to the forceps end 52 of
the operation portion 23 for the purpose of indicating the
position at which the 12 o’clock direction marker 45 at the
probe side is coincided. The 12 o’clock direction markers at
the probe side and the endoscope side 45 and 55, respec-
tively are configured such that the vector V¢ shown in FIG.
2 coincides with the vector V shown in FIG. 1, the vector Va
shown in FIG. 2 coincides with the vector V3 shown in FIG.
1, and the vector Vb shown in FIG. 2 coincides with the
vector V12 shown in FIG. 1, respectively when the position
detection probe 8 is rotated around the vector V¢ shown in
FIG. 2 while being inserted from the forceps end 52 by the
operator until the positions of those markers coincide with
each other.

[0089] A fixture (not shown) is further provided to the
portion around the forceps end 52 of the operation portion 23
for detachably fixing the position detection probe 8 so as not
to move in the direction of the insertion axis and so as not
to rotate within the forceps channel 51.

[0090] The transmission antenna 5 stores a plurality of
transmission coils (not shown) each having differently ori-
entated winding axis integrally in a cylindrical enclosure.
The plurality of transmission coils stored within the trans-
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mission antenna 5 are connected to the position orientation
calculation unit 4, respectively.

[0091] FIG. 3 is a perspective view showing a configura-
tion of the posture detection plate 6.

[0092] The posture detection plate 6 contains three plate
coils each formed of a coil having a single winding axis
(FIG. 3 is a perspective view showing the plate coils 6a, 65
and 6c, respectively). The orthogonal coordinate axes
O"-x"y"z" and orthogonal bases (unit vector in the respec-
tive axial direction) i", j" and k" fixed to the posture
detection plate 6 are defined as shown in FIG. 3. The plate
coils 6a and 65 are fixed within the posture detection plate
6 such that the direction of each winding axis coincides with
the direction of the vector 1", and the other plate coil 6c is
fixed within the posture detection plate 6 such that the
direction of the winding axis coincides with the direction of
the vector j". The reference position [ on the posture
detection plate 6 is defined as the gravity center of those
three plate coils 6a, 65 and 6c.

[0093] The posture detection plate 6 is bound with the
subject’s body such that the back surface of the posture
detection plate 6, which is formed as a body surface contact
portion 6d is brought into contact with the surface of the
subject’s body with an attached belt (not shown).

[0094] FIG. 4 is a perspective view showing a configura-
tion of the marker stick 7.

[0095] The marker stick 7 contains a marker coil 7a
formed of a coil with a single winding axis. The marker coil
7a is fixed to the marker stick 7 such that the winding axis
coincides with the longitudinal axial direction of the marker
stick 7. The tip of the marker stick 7 is defined as the
reference position M thereof.

[0096] The wultrasonic diagnostic apparatus will be
described referring back to FIG. 1.

[0097] An ultrasonic image processing unit 10 includes a
reference image memory 61 as reference image data storage
means, an extraction circuit 62 as extraction means, a 3D
guide image forming circuit 63 serving as 3D guide image
forming means, sample point position correction means and
guide image forming means, a volume memory 64, a mixing
circuit 65, a display circuit 66 and a control circuit 67.

[0098] The display circuit 66 includes a switch 68 that
switches an input. The switch 68 includes three input
terminals, that is, 684, 68 and 68¢, and one output terminal
684. The input terminal 68¢ is connected to an output
terminal (not shown) of the optical observation unit 2. The
input terminals 685 and 68¢ are connected to the reference
image memory unit 61 and the mixing circuit 65, respec-
tively. The output terminal 684 is connected to the display
unit 9.

[0099] The control circuit 67 is connected to the respective
components and the respective circuits of the ultrasonic
image processing unit 10 via the signal lines (not shown)
such that various commands are output. The control circuit
67 is directly connected to the ultrasonic observation unit 3,
the mouse 11 and the keyboard 12 outside the ultrasonic
image processing unit 10 via the control lines, respectively.

[0100] The reference image memory 61 includes a device
capable of storing large-volume data, for example, a hard
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disk drive. The reference image memory 61 stores a plurality
of reference image data 61a as the anatomical image infor-
mation. Referring to FIG. 5, the reference image data 61a
are obtained by classifying each of square photo data (60
cmx60 cm) of the frozen body of a human other than the
subject sliced in parallel at a pitch of 1 mm with respect to
the respective organs by each pixel, which is further color
coded to change the attribute. FIG. 5 is a view schematically
showing the reference image data 61a stored in the reference
image memory 61. Each side of the photo data is set to 60
cm so as to cover substantially the entire transverse section
of the body perpendicular to the body axis from the head to
leg. The reference image data 6la within the reference
image memory 61 as shown in FIG. § are designated with
numbers from 1 to N (=integer above 1). The orthogonal
coordinate axes O'-x'y'z' and the orthogonal bases (umt
vector in the respective axial directions) thereof 1', j' and k'
fixed to the plurality of reference image data 61a are defined
as shown in FIG. 5. That is, an origin O' is defined as the left
lower corner of the first reference image data 61a. Based on
the origin O, the lateral direction of the image is set to X'
axis, the vertical direction of the image is set to y' axis, and
the direction of the depth of the images (slices) is set to 7/
axis. Vectors of the unit length in the respective axial
directions are defined as the orthogonal bases 1, j' and k',
respectively.

[0101] The volume memory 64 is configured to store a
large-volume data, and has at least a portion of storage
region allocated for the voxel space. The voxel space is
formed of memory cells (hereinafter referred to as the voxel)
each having addresses corresponding to the orthogonal
coordinate axes O'-x'y'z' set for the reference image data 61a
as shown in FIG. 6 schematically showing the voxel space.

[0102] Thekeyboard 12 includes display switch keys 12a,
125 and 12¢, an interest organ designation key 12d serving
as interest region designation means, a characteristic point
designation key 12e, a body surface sample point designa-
tion key 12/, a body cavity surface sample point designation
key 12g, and a scan control key 12/. When any one of the
display switch keys 12a, 126 and 12¢ is pressed, the control
circuit 67 outputs the command to the switch 68 of the
display circuit 66 to switch the corresponding input terminal
selected from 68a, 685 and 68c. More specifically, the
switch 68 is configured to switch to the input terminal 68a
when the display switch key 12q is pressed, to switch to the
input terminal 685 when the display switch key 125 is
pressed, and to switch to the input terminal 68¢ when the
display switch key 12¢ is pressed, respectively.

[0103] The operation of the ultrasonic diagnostic appara-
tus will be described hereinafter.

[0104] Referring to FIG. 1, a dotted line indicates the flow
of the signal/data relevant to the optical image (first signal/
data flow), a broken line indicates the flow of the signal/data
relevant to the ultrasonic tomographic image (second signal/
data flow), a solid line indicates the flow of the signal/data
relevant to the position (third signal/data flow), an alternate
long and short dashed line indicates the flow of the signal/
data relevant to the reference image data 6la and data
formed by processing the reference image data 61a (fourth
signal/data flow), a bold solid line indicates the flow of the
signal/data relevant to the final display screen when the 3D
guide image data (to be described later) and the ultrasonic
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tomographic image data (to be described later) are synthe-
sized (fifth signal/data flow), and an alternate long and two
short dashed line indicates the flow of the signal/data
relevant to the control other those described above (sixth
signal/data flow), respectively.

[0105] The operation of the ultrasonic diagnostic appara-
tus of the embodiment will be described referring to the first
signal/data flow relevant to the optical image.

[0106] The illumination light is irradiated to the optical
field range through the light emitting window (not shown) of
the rigid portion 21. The CCD camera 26 picks up the image
of the object in the optical field range, and outputs the
resultant CCD signal to the optical observation unit 2. The
optical observation unit 2 creates the image data in the
optical field range to be displayed on the display unit 9, and
outputs the resultant image data to the input terminal 68a of
the switch 68 in the display circuit 66 within the ultrasonic
image processing unit 10 as the optical image data.

[0107] The operation of the ultrasonic diagnostic appara-
tus of the present embodiment will be described referring to
the second signal/data flow relevant to the ultrasonic tomo-
graphic image.

[0108] When the operator presses the scan control key
124, the control circuit 67 outputs the scan control signal for
commanding the ON/OFF control for radial scanning to the
ultrasonic observation unit 3. Upon reception of the scan
control signal from the control circuit 67, the ultrasonic
observation unit 3 outputs the rotation control signal for
controlling ON/OFF of the rotation to the motor 33. Upon
reception of the rotation control signal, the motor 33 rotates
the rotary shaft to rotate the ultrasonic transducer 31 via the
flexible shaft 32. The ultrasonic transducer 31 repeats trans-
mission of the ultrasonic wave and reception of the reflected
wave while rotating in the body cavity so as to convert the
reflected waves into the electric ultrasonic signals. That is,
the ultrasonic transducer 31 performs radial transmission
and reception of the ultrasonic wave on the plane perpen-
dicular to the insertion axis of the flexible portion 22 and the
rigid portion 21, that is, the radial scanning. The rotary
encoder 34 outputs the angle of the rotary shaft of the motor
33 to the ultrasonic observation unit 3 as the rotation angle
signal.

[0109] The ultrasonic observation unit 3 then drives the
ultrasonic transducer 31 and creates a single digitized ultra-
sonic tomographic image data perpendicular to the insertion
axis of the flexible portion 22 with respect to the radial
scanning at a single rotation of the ultrasonic transducer 31
based on the ultrasonic signal converted by the ultrasonic
transducer 31 from the reflected wave and the rotation angle
signal from the rotary encoder 34. The ultrasonic observa-
tion unit 3 outputs the created ultrasonic tomographic image
data to the mixing circuit 65 of the ultrasonic image pro-
cessing unit 10. The rotation angle signal from the rotary
encoder 34 determines the 12 o’clock direction of the
ultrasonic tomographic image data with respect to the ultra-
sonic endoscope 1 when those data are created. The rotation
angle signal thus determines the normal vector V, the 3
o’clock direction vector V3 and 12 o’clock direction vector
V12 on the radial scan plane.

[0110] The operation of the ultrasonic diagnostic appara-
tus of the present embodiment will be described referring to
the third signal/data flow relevant to the position.
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[0111] The position orientation calculation unit 4 performs
time-shared excitation with respect to the transmission coil
(not shown) of the transmission antenna 5 a plurality of
times. The transmission antenna 5 forms the alternating
magnetic field in the space 7 times in total for three coils that
form the receiving coil 42 each having different winding
axis, and three plate coils 6a, 65 and 6c¢ of the posture
detection plate 6 and the marker coil 7a of the marker stick
7. Meanwhile, the three coils that form the receiving coil 42
each having the different winding axis, three plate coils 64,
6b and 6c, and the marker coil 7a detect the alternating
magnetic field generated by the transmission antenna 5,
respectively such that the detected magnetic field is con-
verted into the position electric signal to be output to the
position orientation calculation unit 4.

[0112] The position orientation calculation unit 4 calcu-
lates the positions and the direction of the winding axis of
three coils whose winding axes are orthogonal to one
another of the receiving coil 42 based on the respective
position electric signals time-shared input, and further cal-
culates the position and orientation of the receiving coil 42
using the calculated values. The detailed explanation with
respect to the calculated values relevant to the position and
orientation of the receiving coil 42 will be described later.

[0113] The position orientation calculation unit 4 calcu-
lates positions of the three plate coils 6a, 65 and 6¢ of the
posture detection plate 6 and the direction of the winding
axis based on the respective time-shared input position
electric signals. The position orientation calculation unit 4
calculates the gravity center of the three plate coils 6a, 6b
and 6c, that is, the reference position L of the posture
detection plate 6 using the calculated values of positions of
the three plate coils 6a, 65 and 6¢. The position orientation
calculation unit 4 calculates the orientation of the posture
detection plate 6 using the calculated values of the direction
of the winding axes of three plate coils 6a, 65 and 6c. The
detailed explanation of the calculated values relevant to the
reference position L and orientation of the posture detection
plate 6 will be described later.

[0114] The position orientation calculation unit 4 calcu-
lates the position of the marker coil 7a of the marker stick
7 and the direction of the winding axis. The distance
between the marker coil 7a and the tip of the marker stick
7 is preliminarily set to a designed value that is stored in the
position orientation calculation unit 4. The position orien-
tation calculation unit 4 calculates the reference position M
of the marker coil 7a based on the calculated position of the
marker coil 7a, the direction of the winding axis, and the
distance between the marker coil 7a and the tip of the marker
stick 7 as the predetermined designed value. The detailed
explanation with respect to the reference position M of the
marker coil 7a will be described later.

[0115] The position orientation calculation unit 4 outputs
the thus calculated position and orientation of the receiving
coil 42, the reference position L and orientation of the
posture detection plate 6, and the reference position M of the
marker coil 7a to the 3D guide image forming circuit 63 of
the ultrasonic image processing unit 10 as the position/
orientation data.

[0116] Inthe embodiment, the origin O is defined to be on
the transmission antenna 5, and the orthogonal coordinate
axes O-xyz, and the orthogonal bases (unit vector in the
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respective axial direction) thereof i, j and k are defined on
the actual space where the subject is inspected by the
operator as shown in FIG. 7. FIG. 7 is a view showing the
orthogonal coordinate axes O-xyz and the orthogonal bases
i, j and k defined on the transmission antenna 5.

[0117] Then, the contents of the position/orientation data
are provided as the function of time t as following compo-
nents (1) to (6).

(1) direction component at a position C(t) of the receiving
coil 42 (position of the receiving coil 42 is set to C) on the

orthogonal coordinate axes O-xyz of the position vector
0C(v);

(2) direction component on the orthogonal coordinate axes
O-xyz of the direction unit vector Ve(t) indicating the first
winding axis direction of the receiving coil 42;

(3) direction component on the orthogonal coordinate axes
O-xyz of the direction unit vector Vb(t) indicating the
second winding axis direction of the receiving coil 42;

(4) direction component on the orthogonal coordinate axes
O-xyz of the position vector OL(t) at the reference position
L(t) of the posture detection plate 6;

(5) a 3x3 rotating matrix T(t) indicating the orientation of
the posture detection plate 6; and

(6) direction component on the orthogonal coordinate axes
O-xyz of the position vector OM(t) at the reference position
M(t) of the marker stick 7.

[0118] As the receiving coil 42, the posture detection plate
6 and the marker stick 7 move within the space, and the
positions and orientations of those elements change with
time t accordingly, the position/orientation data are defined
as the function of time t. The position orientation calculation
unit 4 normalizes each length of Ve(t) and Vb(t) prelimi-
narily to a unit length so as to be output.

[0119] The rotating matrix T(t) within the aforementioned
position/orientation data is formed as the matrix that repre-
sents the orientation of the posture detection plate 6 with
respect to the orthogonal coordinate axes O-xyz shown in
FIG. 7. Strictly, the (m,n) component tmn(t) of the rotating
matrix T(t) is defined by the following formula 1:

[Formula 1]

fnlf)=€ e
9

where the code
product.

[0120] The code “en” in the right side of the formula 1
denotes any one of the base vectors i, j and k of the
orthogonal coordinate axes O-xyz, which is defined by the
following formula 2.

in the right side denotes the inner

i n=1 [Formula 2]

[0121] Moreover, the code "e"m" in the right side of the
formula 1 denotes any one of the base vectors (orthogonal
bases) 1", j" and k" of the orthogonal coordinate axes
O"-x"y"z" fixed to the posture detection plate 6 as shown in
FIG. 3, which is defined by the following formula 3.
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i m=1) [Formula 3]
el =3 j m=2)

¥ om=3

[0122] As described above, the posture detection plate 6 is
supposed to be bound to the subject’s body with the belt.
This means that the orthogonal coordinate axes O"-x"y"z"
are fixed to the body surface of the subject. The position of
the origin O" may be arbitrarily set so long as the positional
relationship with the posture detection plate 6 is fixed. In the
present embodiment, it is set to the reference position L(t) of
the posture detection plate 6. For easy understanding, the
orthogonal coordinate axes O"-x"y"z" and the orthogonal
bases 1", j" and k" thereof are positioned apart from the
posture detection plate 6 as shown in FIG. 3. It is clearly
understood that the time dependency of the rotating matrix
T(t) is attributable to the time dependency of the base
vectors (orthogonal bases) i", " and k".

[0123] The following formula 4 is established by the
definition of T(t).

(ik)=("7"k"T(0) [Formula 4]
[0124] Moreover, the rotating matrix T(t) is formed on the
assumption that the orthogonal coordinate axes O"-x"y"z"
virtually fixed on the posture detection plate 6 coincide with
the orthogonal coordinate axes O-xyz which is subjected to
the rotations at the angle 1 around the z axis, at the angle ¢
around the y axis, and at the angle 8 around the x axis in the
aforementioned order using so-called Euler angles 6, ¢, .
The rotating matrix T(t) may be expressed by the following
formula 5.

cospeosyy cossing —sing [Formula 3]
sinfsingcosyy —  sinfsingsing +  sinfcosg
() = cosfsing

cosfsingcosy + cosfsingsing — cosfcosd

cosfcosy

sinfsing sinfeosy

Here, each of those angles 8, ¢, v is the function of the time
t (0(t), ¢(1), Y(1)) as the posture of the subject changes as
passage of time. The rotating matrix T(t) is the orthogonal
matrix, and the transposed matrix thereof is equivalent to the
inverse matrix.

[0125] The fourth flow of the reference image data 61a
and the data formed by processing the reference image data
6la will be described later together with the detailed
description with respect to the operation of the ultrasonic
image processing unit 10.

[0126] The operation of the ultrasonic diagnostic appara-
tus of the present embodiment will be described referring to
the fifth signal/data flow relevant to the final display screen
where the ultrasonic tomographic image data and the 3D
guide image data (described later) are synthesized.

[0127] The mixing circuit 65 creates mixed data to be
displayed by arranging the ultrasonic tomographic image
data from the ultrasonic observation unit 3 and the 3D guide
image data from the 3D guide image forming circuit 63
(described later).
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[0128] The display circuit 66 converts the mixed data into
the analog video signal.

[0129] Based on the analog video signal, the display unit
9 arranges the ultrasonic tomographic image and the 3D
guide image so as to be displayed side-by-side (the example
is shown in FIG. 20).

[0130] The operation of the ultrasonic diagnostic appara-
tus of the embodiment will be described referring to the sixth
signal/data flow relevant to the control.

[0131] The 3D guide image forming circuit 63, the mixing
circuit 65, the reference image memory 61, and the display
circuit 66 in the ultrasonic image processing unit 10 are
controlled in response to the command from the control
circuit 67. The detailed explanation with respect to the
control will be described together with the explanation of the
operation of the ultrasonic image processing unit 10.

[0132] FIG. 8 is a flowchart showing the routine of the
general operations performed by the ultrasonic image pro-
cessing unit 10, the mouse 11, the keyboard 12 and the
display unit 9.

[0133] Upon start of the routine, the interest organ extrac-
tion process is performed (step S1). Then the characteristic
point designation process (step S2), the sample point des-
ignation process (step S3) and the 3D guide image forma-
tion/display process (step S4) are performed, respectively,
and then the routine ends. The detailed explanations of those
steps from S1 to S4 will be described later referring to FIGS.
9,12, 14 and 16.

[0134] FIG. 9 is a flowchart showing the detail of the
interest organ extraction process performed in step S1
shown in FIG. 8.

[0135] In the present embodiment, the explanation will be
made with respect to extraction of the interest organ, for
example, pancreas, aorta, superior mesenteric vein and
duodenum.

[0136] Upon start of the routine, when the control circuit
67 detects that the operator has pressed the display switch
key 125 on the keyboard 12, the switch 68 of the display
circuit 66 is switched to the input terminal 685 (step S11).

[0137] Next, the control circuit 67 allows the display
circuit 66 to load the reference image data 61la from the
reference image memory 61 (step S12). At this time, the
control circuit 67 controls to load the first reference image
data 61a.

[0138] Subsequently, the display circuit 66 converts the
first reference image data 61a into the analog video signal,
and the converted reference image is output to the display
unit 9. Accordingly, the display unit 9 displays the reference
image (step S13).

[0139] Thereafter, it is confirmed by the operator whether
the interest organ is shown in the reference image on the
display screen of the display unit 9 (step S14).

[0140] If the interest organ is not shown, the operator
presses a predetermined key on the keyboard 12, or clicks
the menu on the screen with the mouse 11 such that the
reference image data 61a to be displayed becomes the other
reference image data 61a (step S15). Here, specifically, the
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operator commands to select the reference image data 61a
designated with the subsequent number.

[0141] Thereafter, the control circuit 67 returns to step $12
where the aforementioned process is repeatedly performed.

[0142] Meanwhile, if the interest organ is shown in step
S14, the operator designates the interest organ on the display
screen of the display unit 9 (step S16). The aforementioned
state will be described referring to FIG. 10. FIG. 10 is a view
in which the interest organ shown in the reference image
loaded from the reference image memory 61 to be displayed
is designated.

[0143] FIG. 10 shows the reference image corresponding
to the nth (n=integer ranging from 1 to N) reference image
data 61a is displayed on the display screen 9a of the display
unit 9. On the display screen 9a, the reference image with
the size that covers substantially entire transverse section of
the human body perpendicular to the body axis is color-
coded by the respective organs at every pixel. In the present
embodiment shown in FIG. 10, the pancreas, aorta, superior
mesenteric vein and duodenum are displayed in light blue,
red, purple and yellow, respectively. A pointer 95 that can be
moved on the screen with the mouse 11 is displayed on the
display screen 9a. The operator moves the pointer 95 to such
interest organs as the pancreas, aorta, superior mesenteric
vein and duodenum sequentially, and presses the interest
organ designation key 12d on the keyboard 12 on those
displayed interest organs so as to be designated.

[0144] The pixel corresponding to the designated interest
organ is extracted from all the reference image data 61a, that
is, from the first to the Nth reference image data 61a by the
extraction circuit 62 (step S17). For example, in the case
where the pancreas, aorta, superior mesenteric vein and
duodenum are designated as the interest organs in step S16,
pixels of such colors as light blue, red, purple and yellow are
extracted from all the reference image data 61a.

[0145] Thereafter, the extraction circuit 62 interpolates the
extracted data at each of the reference image data 61a so as
to allocate the data to all the voxels in the voxel space (step
S18). The data extracted in step S17 and the pixel data
interpolated in step S18 will be referred to as extracted data.

[0146] Then, the extraction circuit 62 writes the extracted
data into the voxel space within the volume memory 64 (step
S19). At this time, the extraction circuit 62 writes the
extracted data to the voxel at the address corresponding to
the coordinates on the orthogonal coordinate axes O'-x'y'z' at
each pixel. The extraction circuit 62 allocates the colored
pixel data for the voxel corresponding to the pixel extracted
in step S17, the data obtained by interpolating the pixel for
the voxel between pixels extracted in step S17, and zero
(transparent) for the rest of the voxels. Thus, the extraction
circuit 62 allocates the data for all the voxels in the volume
space to form the dense data.

[0147] FIG. 11 is a view showing the extracted data
written in the voxel space. In FIG. 11 as the view corre-
sponding to the case where the pancreas, aorta, superior
mesenteric vein, and duodenum are designated as the inter-
est organs, the duodenum is omitted for the purpose of
clarifying shapes of the respective interest organs.

[0148] FIG. 12 is a flowchart showing the detail of the
characteristic point designation process executed in step S2
shown in FIG. 8.



US 2007/0239009 A1

[0149] In the present embodiment, the process for desig-
nating the xiphoid process, right end of pelvis, pylorus and
duodenal papilla as the characteristic points will be
described.

[0150] Firstly steps S21 to S23 which are the same as steps
S11 to S13 shown in FIG. 9 are executed.

[0151] Then the operator confirms whether the character-
istic points are shown in the reference image displayed on
the display screen 9a of the display unit 9 (step S24).

[0152] If the characteristic points are not shown, the
process in step S25 which is the same as step S15 shown in
FIG. 9 is executed.

[0153] If the characteristic points are shown in step S24,
the operator designates the characteristic points shown on
the display screen 9a of the display unit 9 (step S26). The
aforementioned designation will be described referring to
FIG. 13. FIG. 13 is the view showing designation of the
characteristic points on the displayed reference image
loaded from the reference image memory 61.

[0154] FIG. 13 shows the reference image corresponding
to the mth (m=integer ranging from 1 to N) reference image
data 61a displayed on the display screen 9a of the display
unit 9. On the display screen 9a, the reference image with
the size that covers substantially entire transverse section of
the human body perpendicular to the body axis is color-
coded by the respective organs at each pixel. The example
in FIG. 13 shows the xiphoid process at a point P0' (the first
position of the characteristic point is defined as P0', and the
subsequent positions will be defined as P1', P2', P3' and the
like). The display screen 9a displays the pointer 95 moved
on the screen by the mouse 11. The operator moves the
pointer 95 to the interest characteristic point and presses the
characteristic point designation key 12¢ on the keyboard
thereon to designate the characteristic point.

[0155] The extraction circuit 62 writes the direction com-
ponent on the orthogonal coordinate axes O'-x'y'z' of the
position vector of the designated characteristic point in the
volume memory 64 (step S27).

[0156] Thereafter, the control circuit 67 determines
whether designation of four characteristic points has been
finished (step S28). If the designation has not been finished,
the process returns to step S22 where the aforementioned
process is repeatedly executed.

[0157] Meanwhile, if it is determined that the designation
of the four characteristic points has been finished in step
S28, the process returns from the characteristic point des-
ignation process to the process as shown in FIG. 8.

[0158] The characteristic points designated by the opera-
tor will be designated as P0', P1', P2' and P3' in the
designation order, respectively. In the present embodiment,
the xiphoid process, right end of pelvis, pylorus and duode-
nal papilla will be designated as P0', P1', P2' and P3,
respectively.

[0159] The extraction circuit 62 writes the respective
direction components xP0', yP0' and zP0' of the position
vector O'P0' on the orthogonal coordinate axes O'-x'y'z, the
respective direction components xP1', yP1' and zP1' of the
position vector O'P1' on the orthogonal coordinate axes
O'-x'y'z', the respective direction components xP2', yP2' and
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zP2' of the position vector O'P2' on the orthogonal coordi-
nate axes O'-x'y'z, and the respective direction components
xP3', yP3' and 7zP3' on the orthogonal coordinate axes
O'-x'y'z' of the position vector O'P3' in the volume memory
64 at every designation of the characteristic points, respec-
tively by each characteristic point. As described above, each
side of each of the reference image data 61a is set to a
constant value of 60 cm. Those images are aligned in parallel
at the constant pitch of 1 mm. The extraction circuit 62 is
allowed to calculate the respective direction components.

[0160] The following formulae 6 to 9 are established as
the respective direction components on the orthogonal coor-
dinate axes O'x'y'z' may be defined as described above.

O'Py'=xpyi"+ypoj +2po k' [Formula 6]
O'Py=xpi'typrj tzprk’ [Formula 7]
O'Fy'=xpyi"typyjtzprk’ [Formula 8]
O'P3=xpyi"+ypsi +zpak’ [Formula 9]

[0161] FIG. 14 is a flowchart of the sample point desig-
nation process executed in step S3 shown in FIG. 8.

[0162] The “sample points” P0, P1, P2 and P3 are points
on the body surface or the body cavity surface of the subject
anatomically corresponding to the “characteristic points”
PO, P1', P2' and P3', respectively. In the present embodi-
ment, likewise the characteristic points, designation of the
xiphoid process, right end of pelvis, pylorus and duodenal
papilla as the sample points will be described hereinafter.

[0163] As described above, the pairs of the characteristic
point and the sample point of P0' and P0, P1' and P1, P2' and
P2, and P3' and P3 indicate the xiphoid process, right end of
pelvis, pylorus and duodenal papilla, respectively. In this
case, the sample points PO and P1 are on the body surface
of the subject, and the sample points P2 and P3 are on the
body cavity surface of the subject.

[0164] Upon start of the routine, the control circuit 67
detects that the operator has pressed the display switch key
12a on the keyboard 12, and switches the switch 68 of the
display circuit 66 to the input terminal 68a (step S31).

[0165] Next, the display circuit 66 converts the optical
image data from the optical observation unit 2 into the
analog video signal, and outputs the converted optical image
data to the display unit 9. The resultant optical image is
displayed on the display unit 9 (step S32).

[0166] Then the subject is made lying on the left side by
the operator, that is, in the left lateral decubitus position. The
operator puts the posture detection plate 6 on the subject
using the attached belt such that the reference position L of
the posture detection plate 6 is overlapped with the position
of the xiphoid process of the subject’s costs. The operator
further brings the reference position M at the tip of the
marker stick 7 into contact with the right end of pelvis of the
subject (step S33).

[0167] The operator presses the body surface sample point
designation key 12f (step S34). The time when the above
operation is performed is defined as tl.

[0168] Thereafter, the 3D guide image forming circuit 63
loads the position/orientation data from the position orien-
tation calculation unit 4 (step S35).
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[0169] The 3D guide image forming circuit 63 obtains the
respective direction components of the position vector OL
(t1) at the reference position L (t1) of the posture detection
plate 6 on the orthogonal coordinate axes O-xyz, and the
respective direction components of the position vector
OM(11) at the reference position M (t1) of the marker stick
7 on the orthogonal coordinate axes O-xyz.

[0170] As the position vector OP0(z1) of the position P0 of
the xiphoid process (whose direction components are
xP0(z1), yPO(z1), zP0(z1) on the orthogonal coordinate axes
O-xyz) is the same as the OL(t1), the following formula 10
may be expressed.

OPy(11)=xpo(t1)i+ypo (1 )j+zpo(t1 e=OL(11) [Formula 10]

[0171] As the position vector OP1(z1) of the position P1 of
the right end of pelvis (whose direction components are
xP1(#1), yP1(#1), zP1(11) on the orthogonal coordinate axes
O-xyz) is the same as the OM(t1), the following formula 11
may be expressed.

OP (t1)=xp, (11 )i+yp; (t1)j+zp, ((1)k=0OM(11)

[0172] Moreover, the 3D guide image forming circuit 63
simultaneously obtains the rotating matrix T(t1) that indi-
cates the orientation of the posture detection plate 6 from the
position orientation calculation unit 4. The rotating matrix T
is used for correcting the change in each position of the
respective sample points PO, P1, P2 and P3 caused by the
change in the posture of the subject. The process of correct-
ing the sample point will be described later.

[0173] The 3D guide image forming circuit 63 thus has
been able to obtain the respective direction components of
the OPO0(z1) and OP1(z1) on the orthogonal coordinate axes
O-xyz at the time t1, and the rotating matrix T(t1).

[0174] Next, the 3D guide image forming circuit 63 writes
the respective direction components of the OP0(z1) and
OP1(#1) at the time t1 on the orthogonal coordinate axes
O-xyz, and the rotating matrix T(t1) in the volume memory
64 (step S36).

[0175] The operator then inserts the rigid portion 21 and
the flexible portion 22 into the body cavity of the subject,
and searches the sample point while observing the optical
image to move the rigid portion 21 adjacent to the sample
point (pylorus) (step S37).

[0176] Then the operator inserts the position detection
probe 8 from the forceps end 52 while observing the optical
image such that the tip protrudes from the protruding end 53.
The operator brings the tip of the position detection probe 8
into contact with the sample point (pylorus) under the
optical visual field (step 38).

[0177] When the tip of the position detection probe 8
contacts with the sample point (pylorus), the operator
presses the body cavity surface sample point designation key
12g on the keyboard 12 (step S39). The time when the
aforementioned operation is performed is defined as t2.

[0178] Then, the 3D guide image forming circuit 63 loads
the position/orientation data from the position orientation
calculation unit 4 (step S40).

[0179] The 3D guide image forming circuit 63 obtains the
respective direction components of the position vector
OC(t2) at the position C(t2) of the receiving coil 42 at the tip

[Formula 11]
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of the position detection probe 8 on the orthogonal coordi-
nate axes O-xyz from the position/orientation data.

[0180] As the position vector OP2(22) of the position P2 of
the pylorus (whose direction components are xP2(12),
yP2(#2), zP2(#2) on the orthogonal coordinate axes O-xyz) is
the same as the OC(t2), the following formula 12 may be
expressed.

OP(£2)=5p(12)i+ ¥ E2)+Zpo(2)=0C(12)

[0181] At this time, the 3D guide image forming circuit 63
simultaneously obtains the respective direction components
of the position vector OL(12) at the reference position L(t2)
of the posture detection plate 6 on the orthogonal coordinate
axes O-xyz from the position orientation calculation unit 4.
As the reference position L of the posture detection plate 6
is fixed to the xiphoid process, and the position vector
OP0(#2) of the position P0(#2) of the xiphoid process (whose
direction components are xP0(:2), yP0(s2), zP0(r2) on the
orthogonal coordinate axes O-xyz) is the same as the OL(t2),
the following formula 13 may be expressed.

[Formula 12]

OP(£2)=5pg(12)i+Vpo 2+ Zpo(P2=OL(12)

[0182] Moreover, the 3D guide image forming circuit 63
simultaneously obtains the rotating matrix T(t2) that indi-
cates the orientation of the posture detection plate 6 from the
position orientation calculation unit 4. The rotating matrix T
is used for correcting the change in each position of the
sample points P0, P1, P2 and P3 caused by the change in the
posture of the subject as described above. The process for
the correction will be described later.

[0183] Thus, the 3D guide image forming circuit 63 has
been able to obtain the respective direction components at
the time 12 of the OP0(2) and the OP2(:2) on the orthogonal
coordinate axes O-xyz, and the rotating matrix T(t2).

[0184] The 3D guide image forming circuit 63 writes the
respective direction components at the time t2 of the
OP0(z2) and OP2(#2) on the orthogonal coordinate axes
O-xyz, and the rotating matrix T(t2) into the volume
memory 64 (step S41).

[0185] In the process executed from steps S37 to S41, the
pylorus is set as the sample point on the body cavity surface.
In the present embodiment, the same process may further be
executed having the duodenal papilla set as the sample point.
Accordingly, the operations corresponding to the aforemen-
tioned steps from S37 to 841 will be designated as steps S37'
to S41' which are not shown in FIG. 14.

[0186] The operator inserts the rigid portion 21 and the
flexible portion 22 into the body cavity of the subject,
searches the sample point while observing the optical image
such that the rigid portion 21 is moved to be adjacent to the
sample point (duodenal papilla)(step S37").

[0187] Then the operator inserts the position detection
probe 8 from the forceps end 52 while observing the optical
image such that the tip protrudes from the protruding end 53.
Then, the operator brings the tip of the position detection
probe 8 into contact with the sample point (duodenal papilla)
under the optical visual field (step S38").

[0188] The aforementioned operation will be described
referring to FIG. 15. FIG. 15 is a view showing the optical
image on the display screen 9a when the position detection
probe 8 is brought into contact with the duodenal papilla.

[Formula 13]
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Referring to FIG. 15, the tip of the position detection probe
8 is set to be positioned within the optical field range
covered by the optical observation window 24 such that the
duodenal papilla and the position detection probe 8 are
shown on the optical image of the display screen 9a. The
operator brings the tip of the position detection probe 8 into
contact with the duodenal papilla while observing the optical
image.

[0189] When the tip of the position detection probe 8 is
brought into contact with the sample point (duodenal
papilla), the operator presses the body cavity surface sample
point designation key 12¢g on the keyboard 12 (step S39").
The time when the aforementioned operation is performed is
defined as t3.

[0190] Then, the 3D guide image forming circuit 63 loads
the position/orientation data from the position orientation
calculation unit 4 (step S40").

[0191] The 3D guide image forming circuit 63 obtains the
respective direction components of the position vector
OC(1t3) at the position C(t3) of the receiving coil 42 at the tip
of the position detection probe 8 on the orthogonal coordi-
nate axes O-xyz from the position/orientation data.

[0192] As the position vector OP3(¢3) of the position P3 of
the duodenal papilla (whose direction components are
xP3(23), yP3(¢3), zP3(z3) on the orthogonal coordinate axes
O-xyz) is the same as the OC(t3), the following formula 14
may be expressed.

OP3(13)=xp3(13 )i+yp3 (£3)j+2p3(13)k=0C(t3) [Formula 14]
[0193] At this time, the 3D guide image forming circuit 63
simultaneously obtains the respective direction components
of the position vector OL(t3) at the reference position L(t3)
of the posture detection plate 6 on the orthogonal coordinate
axes O-xyz from the position orientation calculation unit 4.
As the reference position L of the posture detection plate 6
is fixed to the xiphoid process, and the position vector
OP0(#3) of the position P0(#3) of the xiphoid process (whose
direction components are xP0(z3), yP0(¢3), zP0(z3) on the
orthogonal coordinate axes O-xyz) is the same as the OL(t3),
the following formula 15 may be expressed.

OPy(13)=xpo (3 )i+ypo (3 )j+2po (13 Ye=OL(13) [Formula 15]
[0194] Moreover, the 3D guide image forming circuit 63
simultaneously obtains the rotating matrix T(t3) that indi-
cates the orientation of the posture detection plate 6 from the
position orientation calculation unit 4. The rotating matrix T
is used for correcting the change in each position of the
respective sample points of P0, P1, P2 and P3 caused by the
change in the posture of the subject. The process for the
correction will be described later.

[0195] Thus, the 3D guide image forming circuit 63 has
been able to obtain the respective direction components of
the OP0(z3) and OP3(z3) on the orthogonal coordinate axes
O-xyz, and the rotating matrix T(t3) at the time t3, respec-
tively.

[0196] Next, the 3D guide image forming circuit 63 writes
the respective direction components of the OP0(z3) and
OP3(#3) on the orthogonal coordinate axes O-xyz, and the
rotating matrix T(t3) at the time t3 into the volume memory
64 (step S41").

[0197] FIG. 16 is a flowchart showing the detail of the 3D
guide image formation/display process executed in step S4
shown in FIG. 8.
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[0198] Upon start of the routine, the operator makes the
position of the forceps marker 44 of the position detection
probe 8 coincided with the position of the open plane of the
forceps end 52. At this time, the position of the tip of the
position detection probe 8 is made coincided with the
position of the open plane of the protruding end 53 to
establish the predetermined positional relationship such that
the receiving coil 42 is arranged considerably adjacent to the
rotating center of the radial scan performed by the ultrasonic
oscillator 31. Further, the operator rotates the position detec-
tion probe 8 until the position of the 12 o’clock direction
marker 45 at the probe side of the position detection probe
8 coincides with the position of the 12 o’clock direction
marker 55 at the endoscope side disposed around the forceps
end 52 of the operation portion 23. At this time, the vector
Ve shown in FIG. 2 coincides with the vector V shown in
FIG. 1, the vector Va shown in FIG. 2 coincides with the
vector V3 shown in FIG. 1, and the vector Vb shown in FIG.
2 coincides with the vector V12 shown in FIG. 1, respec-
tively. The operator fixes the position detection probe 8 so as
not to move within the forceps channel 51 (step S51).

[0199] The aforementioned fixing operation provides the
contents of the position/orientation data as regarded below.

[0200] As the receiving coil 42 is fixed to the portion
adjacent to the ultrasonic transducer 31, the positions vector
OC(t) of the receiving coil 42 may be practically considered
as the position vector at the rotating center of the ultrasonic
transducer 31.

[0201] As the direction unit vector Vc that indicates the
first winding axial direction of the receiving coil 42 coin-
cides with the vector V as shown in FIG. 1, the Vc¢(t) may
be practically regarded as the vector V that indicates the
normal direction of the radial scan plane of the ultrasonic
transducer 31, that is, the normal direction of the ultrasonic
tomographic image data.

[0202] As the direction unit vector Vb(t) that indicates the
second winding axial direction of the receiving coil 42
coincides with the vector V12 as shown in FIG. 1, the Vb(t)
may be practically regarded as the vector V12 that indicates
the 12 o’clock direction on the radial scan plane of the
ultrasonic transducer 31.

[0203] The explanation will be made by defining the
vectors V and V12 as functions of time V(t), V12(¢), and
replacing the Ve(t) and Vb(t) with the V(t) and V12(7),
respectively.

[0204] Subsequently, the control circuit 67 detects that the
operator has pressed the display switch key 12¢ on the
keyboard 12, and allows the switch 68 of the display circuit
66 to be switched to the input terminal 68¢ (step S52).

[0205] The 3D guide image forming circuit 63 loads the
respective direction components of the position vectors of
four characteristic points P0', P1', P2' and P3' on the orthogo-
nal coordinate axes O-x'y'z' from the volume memory 64.
Moreover, the 3D guide image forming circuit 63 loads the
respective direction components of the four sample points
PO, P1, P2 and P3 on the orthogonal coordinate axes O-xyz,
the respective direction components of the position vectors
OPO0(#1), OP0(22) and OP0(z3) of the xiphoid process at the
position PO on the orthogonal coordinate axes O-xyz at the
time when the respective direction components of those
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sample points PO, P1, P2 and P3 are obtained, and the
rotating matrixes T(t1), T(t2) and T(t3) from the volume
memory 64 (step S53).

[0206] Thereafter, when the operator presses the scan
control key 12/ on the keyboard 12, the control circuit 67
detects the aforementioned operation to allow the ultrasonic
transducer 31 to start radial scan (step S54). In response to
the radial scan, the ultrasonic tomographic image data are
successively input to the mixing circuit 65 from the ultra-
sonic observation unit 3.

[0207] Every time when the ultrasonic transducer 31 per-
forms the radial scan to allow the ultrasonic observation unit
3 to form the ultrasonic tomographic image data such that
the ultrasonic tomographic image data are input to the
mixing circuit 65 from the ultrasonic observation unit 3, the
control circuit 67 outputs a command signal to the 3D guide
image forming circuit 63. The 3D guide image forming
circuit 63 loads the position/orientation data from the posi-
tion orientation calculation unit 4 upon reception of the
command (step S55). The time when the aforementioned
operation is performed is defined as ts.

[0208] The 3D guide image forming circuit 63 obtains the
following data (1) to (5) from the loaded position/orientation
data:

(1) the respective direction components of the position
vector OC(ts) of the receiving coil 42 at the position C(ts) on
the orthogonal coordinate axes O-xyz;

(2) the respective direction components of the position
vector V(ts) indicating the first winding axial direction of the
receiving coil 42 on the orthogonal coordinate axes O-xyz;

(3) the respective direction components of the direction
vector V12(¢s) indicating the second winding axial direction
of the receiving coil 42 on the orthogonal coordinate axis
O-xyz;

(4) the respective direction components of the position
vector OL(ts) of the posture detection plate 6 at the reference
position L(ts) on the orthogonal coordinate axes O-xyz; and

(5) the 3x3 rotating matrix T(ts) indicating the orientation of
the posture detection plate 6.

[0209] The OC(ts), V(ts) and V12(zs) are obtained in order
to allow the 3D guide image forming circuit 63 to correct the
position and direction of the radial scan plane correctly
coincided with the current position and direction constantly
as described later.

[0210] The OL(ts) and T(ts) are obtained to constantly
allow the 3D guide image forming circuit 63 to accurately
correct the current positions of the sample points P0, P1, P2
and P3 which are moved in accordance with the change in
the posture of the subject as described later.

[0211] The 3D guide image forming circuit 63 corrects the
current positions of the sample points PO, P1, P2 and P3 at
the time ts moved in accordance with the change in the
posture of the subject using the following formula 16 (step
S56). The formula 16 is established on the assumption that
the positional relationships among the P0, P1, P2 and P3 are
kept unchanged irrespective of time passage without causing
the subject’s body to expand and distort.
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xpy(5) xpo(1s) xpi(ta) — xpolta) [Formula 16]
[ yi(is) ] = [ypo(ls) ] + 'T(IS)T(IH)[ ypilta) — ypolia) ]
2pe(19) zpolts) Zpilta) — zpolta)

where the suffix k denotes any one of 1, 2 and 3, and the time
ta denotes an arbitrarily set value prior to the time ts. The
superscript “t” to the left of the matrix T denotes the
transpose to indicate the transposed matrix of T. As the T is
the orthogonal matrix, the transposed matrix of T is equiva-
lent to the inverse matrix of T. The process for deriving the
aforementioned formula 16 will not be described in detail,
but briefly explained hereinafter. That is, the respective
direction components of the sample point Pk on the orthogo-
nal coordinate axes O-xyz at the time ts is obtained by
adding the respective direction components of the sample
point PO at the time ts on the orthogonal coordinate axes
O-xyz to the respective direction components of the vector
PO Pk at the time ts on the orthogonal coordinate axes O-xyz.
The respective direction components of the vectors PO Pk at
the time ts on the orthogonal coordinate axes O-xyz are
obtained by converting the respective direction components
of the vectors PO Pk at the time ta on the orthogonal
coordinate axes O-xyz into those at the time ta on the
orthogonal coordinate axes O"-x"y"z" so as to be further
converted into those at the time ts on the orthogonal coor-
dinate axes O-xyz. The formula 16, thus, is derived from the
aforementioned operation.

[0212] The 3D guide image forming circuit 63 is allowed
to accurately correct the position vectors of the sample
points PO, P1, P2 and P3, and the respective direction
components on the orthogonal coordinate axes O-xyz
thereof at the time ts as represented by the following formula
using the formula 16 based on the respective direction
components of the position vectors of the four characteristic
points P0', P1', P2' and P3' on the orthogonal coordinate axes
O'-x'y'z', the respective direction components of the four
sample points PO, P1, P2 and P3 on the orthogonal coordi-
nate axes O-xyz, the respective direction components of the
position vectors OPO0(z1), OP0(z2) and OPO0(:3) of the
xiphoid process at the position PO at the time when the
respective direction components of those sample points PO,
P1, P2 and P3 are obtained, and the rotating matrixes T(t1),
T(t2) and T(t3), which are loaded from the volume memory
64 in step S53.

[0213] The 3D guide image forming circuit 63 is allowed
to accurately calculate the position vectors OP0, OP1, OP2
and OP3 of the sample points P0, P1, P2 and P3 at the time
ts, and the respective direction components on the orthogo-
nal coordinate axes O-xyz thereof using the respective
direction components of the position vector OL of the
posture detection plate 6 at the reference position L at the
time ts when they are obtained from the position orientation
calculation unit 4, and the 3x3 rotating matrix T indicating
the orientation of the posture detection plate 6 at the time ts
even if the posture of the subject changes.

[0214] As the position of the sample point PO (xiphoid
process) at the time ts is the same as the reference position
L of the posture detection plate 6 at the time ts, the correction
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of the sample point PO (xiphoid process) is performed as
shown by the following formula 17.

OP (18)=xpo(18)i+Vpo(t8)j+2po(t5)k=OL (1s)

[0215] Next, based on the formula 16, the correction of the
sample point P1 (right end of pelvis) is performed as shown
by the following formulae 18 and 19.

xp (15) Xpo(25) xp1(r]) — xppl(zl) [Formula 18]
[yPl(fS) ] = [ Yrolts) ] + rT(IS)T(ll)[ ypi(el) = ypo(el) ]

2p,(25) Zpo(2s) 2p1(t1) — zpo(rl)

[Formula 17]

OP,(ts) = xpy ()i + yp (15) ] + zp (1)K [Formula 19]

[0216] Moreover, based on the formula 16, the correction
of the sample point P2 (pylorus) is performed as shown by
the following formulae 20 and 21.

xp)(s) Xpo(Ls) xpa(12) — xpo(12) [Formula 20]
[sz(lS) ] = [ yrolis) ] + rT(IS)T(IQ)[ yP2(12) = ypoli2) ]
Zpy 15) Zpo(1s) 2p2(12) = 2po(12)

OP,(15) = xp (18)i + Yo (15) ] + Zpp (t5)k [Formula 21]

[0217] And, based on the formula 16, the correction of the
sample P3 (duodenal papilla) is performed as shown by the
following formulae 22 and 23.

Xp3(Is) Xpo(ts) xp3(13) — xpo(23) [Formula 22]
[yPs(IS) ] = [ Yrolts) ] + rT(IS)T(I3)[ ¥p3(13) = ypoli3) ]
zpa(is) 2Zpo(ts) 7p3(13) = z2po(13)

OP;3(1s) = xps (18)i + Yp3 (25) j + Zps(s)k [Formula 23]

[0218] Thereafter, the 3D guide image forming circuit 63
calculates the position and orientation of the radial scan
plane (step S57). The aforementioned process will be
described referring to FIG. 17A and FIG. 17B. FIG. 17A and
FIG. 17B shows the relationship between the sample points
and the radial scan plane, and the relationship between the
characteristic points and the ultrasonic tomographic image
marker, respectively. FIG. 17A is a view representing the
relationship between the sample points and the radial scan
plane. FIG. 17B is a view representing the relationship
between the characteristic points and the ultrasonic tomo-
graphic image marker.

[0219] The 3D guide image forming circuit 63 calculates
the position and orientation of the index (referred to as the
ultrasonic tomographic image marker) that indicates the
ultrasonic tomographic image in the voxel space as well as
extracts the data to be extracted.

[0220] FIG. 18 is a view showing the ultrasonic tomo-
graphic image marker 71.

[0221] The ultrasonic tomographic image marker 71 is
positioned within the voxel space having its position and
orientation anatomically coincided with those of the ultra-
sonic tomographic image data output from the ultrasonic
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observation unit 3 with respect to the radial scan at one
rotation performed by the ultrasonic transducer 31.

[0222] Referring to FIG. 17B, the center of the ultrasonic
tomographic image marker 71 is defined as the point C'(ts),
the normal vector of the ultrasonic tomographic image
marker 71 is defined as V'(ts), and the 12 o’clock direction
vector is defined as V12'(ts), respectively. The 3 o’clock
direction vector is defined as V12'(ts)xV'(ts) accordingly (as
the exterior product of V12'(¢s) and V'(ts)). The ultrasonic
tomographic image marker 71 becomes a set of points R'(ts)
at which the position vector satisfies the following formula
24 as shown in FIG. 17B (the point R'(ts) corresponds with
the arbitrary point R(ts) on the radial scan plane).

OR(t9)=0"C 1)+ XV L t)x P ts) 4 YV 5 s)

[0223] In the formula 24, the term X' denotes the distance
between the point R'(ts) and the point C'(ts) in 3 o’clock
direction, and Y' denotes the distance between the point
R'(ts) and the point C'(ts) in 12 o’clock direction.

[0224] In the description hereinafter, fundamentals of (a)
correlation between the arbitrary point on the plane of the
ultrasonic tomographic image data and the point on the
ultrasonic tomographic image marker 71, and (b) the process
for calculating the center position, normal direction and 12
o’clock direction of the ultrasonic tomographic image
marker 71 as the position and orientation thereof will be
explained.

[0225] To describe in advance, the 3D guide image form-
ing circuit 63 calculates the position vector O'C'(ts) at the
center position C'(ts) and the respective direction compo-
nents on the orthogonal coordinate axes O'-x'y'z' thereof
using the formulae 41 and 42 based on the following
fundamental. And, the 3D guide image forming circuit 63
calculates the 12 o’clock direction vector V12'(¢s) of the
ultrasonic tomographic image marker 71 and the respective
direction components on the orthogonal coordinate axes
O'-x'y'z' thereof using the formula 48 or the formulae 52 and
53 based on the fundamental to be described below. More-
over, the 3D guide image forming circuit 63 calculates the
normal vector V'(ts) of the ultrasonic tomographic image
marker 71 and the respective direction components on the
orthogonal coordinate axes O'-x'y'z' thereof using the for-
mulae 65 and 66 based on the fundamental to be described
below.

[Formula 24]

[0226] First, the fundamental of (a) the correlation
between arbitrary points on the plane of the ultrasonic
tomographic image data and the points on the ultrasonic
tomographic image marker 71 will be described.

[0227] Assuming that the point R(ts) on the orthogonal
coordinate axes O-xyz is an arbitrary point on the radial scan
plane, the reference position L of the posture detection plate
6, that is, the position vector POR(ts) between the points PO
and R(ts) may be expressed as shown by the following
formula 25 using the appropriate real numbers of a, b and c.

PoR(ts)=aPyP,(ts)+bP P (ts)+cP o Ps(ts)
[0228] Inthe formula 25, all the vectors are considered as
the function of time.

[0229] Meanwhile, the characteristic points P0', P1', P2'
and P3' on the reference image data 61a are correlated with
the sample points PO, P1, P2 and P3 at anatomically the
same positions, respectively. Generally, the human body has

[Formula 25]
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substantially the same anatomical structure. In the case
where the point R(ts) is at the specific position with respect
to the triangular pyramid defined by PO, P1, P2 and P3
having the sample point as the apex, the point R'(ts) at the
corresponding position with respect to the triangular pyra-
mid defined by P0', P1', P2' and P3' having the characteristic
point as apex on the reference image data 61a is assumed to
correspond with the point that is the same as the point R(ts)
on the anatomically same organ, or same tissue. Based on
the assumption, the point anatomically corresponding to the
point R(ts) is determined as the point R'(ts) on the orthogo-
nal coordinate axes O'-x'y'7' that can be similarly expressed
as shown in the following formula 26 using the real numbers
of a, b and c.

PyR(15)=apy'Py '+bPo/Py"+cPy Py’

[0230] Assuming that the respective direction components
of the position vector OR(ts) of the point R(ts) on the
orthogonal coordinate axes O-xyz are defined as xR(ts),
yR(ts) and zR(ts), and the respective direction components
of the position vector O'R'(ts) of the point R'(ts) on the
orthogonal coordinate axes O'-x'y'z' are defined as xR'(ts),
yR(ts) and zR'(ts), respectively, the following formulae 27
and 28 are established.

[Formula 26]

OR(15)=x (15)i+yg (1s)j+2zg (1s)k [Formula 27]

O'R'(ts)=xg'(ts)i"+yr ()] +zg (1)K’

[0231] Hereinbelow, based on the formulae which have
been described so far, the position vector O'R' of the point
R'(ts) anatomically corresponding to the arbitrary point R(ts)
on the radial scan plane on the orthogonal coordinate axes
O-xyz, and the respective direction components xR'(ts),
yR'(ts) and zR'(ts) on the orthogonal coordinate axes
O'-x'y'z' thereof are obtained.

[Formula 28]

[0232] The following formula 29 is established by the
formula 25.

OR(is) - OPy(1s) = a{OPy (ts) — OPy(15)} + [Formula 29]

DIOP(1s) — OPy (is)} + c{OP3 (ts) — OPy(ts)}

[0233] The following formula 30 is established by the
formulae 27, 29 and 17 to 23.

xg(zs) *po(zs)
YRS) | = | ypolis) | =
2R(Is) zpolls)

[ Xpy () — xpo(ts)  Xpa(Is) — xpo(ls) Xp3(is) — Xpolls) ]

[Formula 30]

ypu(ts) = ypo(ts)  ypa(ts) — ypolis)  yps(Es) — ypolts)

zp1(ts) —zpolts)  zpalts) —zpo(ts)  Zp3its) — zpo(ts)
a
¢

[0234] The 3x3 matrix Q(ts) is defined as the following
formula 31 for simplifying the expression of the subsequent
formulae.
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0lts) = [Formula 31]

yrults) = ypolts)  ypa(ts) — ypolts)  ypslts) — ypolis)

[ xpi(ts) —xpo(ts) Xpa(ts) — Xpo(ts) xps(s) — xpolts) ]
zp1 (18) —zpo(1S)  Zpo(28) — Zpolls)  zpslis) — zpolls)

[0235] The formula 30 may be expressed as the following
formula 32 using the formula 31.

xg(1s) xpolls) a
[}R(IS)]—[}’PO(IS) = Q(IS)[b]
c

2r(15) zpo(1s)
[0236] The following formula 33 for obtaining the values
of a, b and c is derived from multiplying the left term of the
formula 32 by the inverse matrix of the matrix Q(ts).

a xg(13) Xpy (15)
[ b ] = Q(IS)I[[ yr(1s) ] - [ ypolis) ]J
c Zrlis) Zpo(is)

[0237] Meanwhile, the following formula 34 like the
formula 29 is derived from the formula 26.

[Formula 32]

[Formula 33]

OR (15)-0'Py'=a(O'P,'-O'Py +b(O'P, "~ O'Py 1+
c(O'P;-0O'Py)
[0238] Likewise the formula 30 derived from the formulae
27, 29, and 17 to 23, the following formula 35 is derived
from the formulae 28, 34, and 6 to 9.

[Formula 34]

Xp(1s) Xpo Xpi=Xpy Xpp = Xpy Xp3 —Xpo Y/ gy [Formula35]
YRUS) [=| ¥po [=]| Yer=Yro Yp2=Ypo Yp3—Yro | b
) ) \Zp ) \Zr=Zpo Zm2=Zm Zps—Zp NC

[0239] The 3x3 mattix Q' is also defined as the following

formula 36 for simplifying the expression of the subsequent
formulae.

, ;o ;o ,

Xpy —Xpy Xpr—Xpy  Xp3 — Xpg [Formula 36]
, ;o s ,

Q =|Yn—Yro Y=Y Yp3—Ypo

"

, , , , ,
Zp1—Zpo Lp2—2p0 Pz Tipo

[0240] The formula 35 may be expressed as the following
formula 37 using the expression of the above formula 36.

[Formula 37]
YRUS) [=| Yo |= Q| &

2(15) Zpo c

XR(15) Xpo [ a
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[0241] As those values of a, b and ¢ are obtained by the
formula 33, they are assigned to the formula 37 to obtain the
following formula 38.

xp(ts) Xpy xg(z5) Xpo(ls)
Yr(s) [ =] ¥po =Q’Q(ts)1{[y;e(m)]—[ym(m

2g(15) Zpo(Is)

] [Formula 38]

Z(s) ) ey

[0242]

Xp(1s) Xpo Xg(15) Xpo(1s)
yRUs) | = ypo [+ Q'Q(IS)I{[ yr(2s) ] - [ Yrolts)
Zplrs) o 2r(t5) )\ zpo(es)

[0243] The position vectors O'R'(ts) of the point R'(ts)
anatomically corresponding to the arbitrary point R(ts) on
the radial scan plane on the orthogonal coordinate axes
O-xyz, and the respective direction components xR'(ts),
yR'(ts) and zR'(ts) on the orthogonal coordinate axes
O'-x'y'z' may be obtained using the formulae 28 and 39. The
ultrasonic tomographic image marker 71 may be determined
as the set of the points R'(ts) with respect to the arbitrary
point R(ts) on the radial scan plane, which are derived from
the formulae 28 and 39 using the respective direction
components of the four characteristic points and the four
sample points and the rotating matrixes loaded by the 3D
guide image forming circuit 63 from the volume memory 64
in step S53.

[0244] Next, the fundamental of (b) process for calculat-
ing the center position, normal direction and 12 o’clock
direction of the ultrasonic tomographic image marker 71
will be described.

[0245] The correlation between the arbitrary points R(ts)
on the radial scan plane on the orthogonal coordinate axes
O-xyz and the anatomically corresponding point R'(ts) on
the orthogonal coordinate axes O'-x'y'z' is derived from the
formula 39.

[0246] The process for calculating the center position
C'(ts), the normal vector V'(ts) and the 12 o’clock direction
vector V12' (ts) of the ultrasonic tomographic image marker
71 will be described hereinafter.

Accordingly, the following formula 39 is obtained.

] [Formula 39]

(b-1) Calculation of Center Position C'(ts) of the Ultrasonic
Tomographic Image Marker 71

[0247] The point anatomically corresponding to the posi-
tion C(ts) of the receiving coil 42 is defined as C'(ts). The
point C(ts) is the rotating center of the ultrasonic transducer
31, and accordingly, it becomes the center on the radial scan
plane. Therefore, the point C'(ts) becomes the center of the
ultrasonic tomographic image marker 71.

[0248] Assuming that the respective direction components
of the OC(ts) on the orthogonal coordinate axes O-xyz are
defined as xC(ts), yC(ts) and zC(ts), the following formula
40 1s established.

OC(ts)=x(t)i+yt8)i+z(ts)k
[0249] Assuming that the respective direction components
of the O'C'(ts) on the orthogonal coordinate axes O'-x'y'z' are

[Formula 40]
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defined as xC'(ts), yC'(ts) and zC'(ts), the following formula
41 is established.

O'C'(15)=x ()i +yc (1) +z )k

[0250] Assuming that the points R(ts) and R'(ts) are deter-
mined as the points C(ts) and C'(ts), respectively, the fol-
lowing formula 42 is derived from the formula 39 where the
point R(ts) is the arbitrary point on the radial scan plane in
the above-described formula 39.

xe(1s) Xpo xc(1s) Xpo(ls)
yels) [ =] yro +Q’Q(ts)‘{[yc(m)]—[ym(m)
2¢(ts) Zpo 2c(1s) Zpo(ts)

[0251] Thus, the center reposition C'(ts) of the ultrasonic
tomographic image marker 71 on the reference image data
61a may be obtained using the formulae 41 and 42.

(b-2): Calculation of 12 0’Clock Direction Vector V12'(zs) of
the Ultrasonic Tomographic Image Marker 71

[0252] Ttis assumed that the point on the radial scan plane
at the unit distance from the center C(ts) on the plane toward
the 12 o’clock direction is R12(#s) (see FIG. 17A, and the
point anatomically corresponding to the point R12(¢s) is
defined as R12'(zs).

[Formula 41]

] [Formula 42]

[0253] Assuming that the respective direction components
of the OR12(zs) on the orthogonal coordinate axes O-xyz are
defined as xR12(#s), yR12(#s) and zR12(¢s), the following
formula 43 is established.

OR 5(t8)=xg 1>(18)i+yg (s y+2R 2 (2)k [Formula 43]

[0254] Assuming that the respective direction components
of the O'R12'(¢s) on the orthogonal coordinate axes O'-x'y'z'

are defined as xR12'(¢s), yR12'(¢s) and zR12'(#s), the fol-
lowing formula 44 is established.

O'R 5'(18)=xg 15" (1) +yg 1o (1) 25 o (ES)K’ [Formula 44]

[0255] Assuming that the point R(ts) and R'(ts) are deter-
mined as the points R12(zs) and R12'(ts), respectively, the

following formula 45 is derived from the formula 39 where
the point R(ts) is an arbitrary point on the radial scan plane.

Xpalts) Xpo Xri12(ts) XpolLs)
Vo) | =] ¥po [+ Q’Q(IS)_I{[ Yr12(ts) ] - [.VPO(IS)

Zpia(15) Zpo ZR12(IS) Zpolls)

J [Formula 45]

[0256] In this way, the point R12'(ss) anatomically corre-
sponding to the point R12(¢s) at the unit distance from the
center C(ts) on the radial scan plane toward 12 o’clock
direction may be derived from the formulae 44 and 45.

[0257] If the 12 o’clock direction vector V12(¢s) of the
ultrasonic tomographic image is used as the position vector
of the point R12(%s), the following formula 46 is established.

OR 5(1)=0C(ts)+V 15 (ts)

[0258] The formula 46 may be rewritten as the following
formula 47.

[Formula 46]

Vi5(ts)=OR 5(1s)-OC\1s) [Formula 47]
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[0259] Therefore, it is obvious that the direction of the
O'R12'(ts) minus O'C'(ts) is set to the direction of the 12
o’clock direction vector V12'(#s) of the ultrasonic tomo-
graphic image marker 71 based on the correlation with the
formula 47. Accordingly, the 12 o’clock direction vector
V12'(1s) of the ultrasonic tomographic image marker 71 may
be obtained by normalizing the vector to have the unit length
as shown by the following formula 48.

O'R)y(15)- 0'C'(1s)
0 Ri(1s) - O'Cs)

la 48
Vs = [Formula 48]

[0260] As the O'C'(ts) and O12'(¢s) have been already
obtained by the formulae 41, 42 and 44, 45, respectively, the
V12'(ts) may be derived from the formula 48.

[0261] The process for obtaining the V12'(ts) more clearly
will be described hereinafter.

[0262] The following formula 49 is established by per-
forming the subtraction between the formulae 42 and 45.

Xgyz '(18) xc'(ts)
[ylm '(zs) ] - [ ye'lis) ] =
ZR12 (25) 2c'(ts)

lez(IS) XC([S)
Q'Qusy ™| yri2s) [ -] yels)
ZR12(15) 2c(ts)

[0263] The left side of the formula 49 denotes the respec-
tive direction components of the O'R12'(¢s)-O'C'(ts) on the
orthogonal coordinate axes O'-x'y'z'. The respective direc-
tion components of the OR12(#s)-OC(ts) on the orthogonal
coordinate axes O-xyz are in {} of the right side of the
formula 49. The respective direction components of the
V12(#s) on the orthogenal coordinate axes O-xyz are in {}
of the right side of the formula 49 in reference to the formula
47. The 3D guide image forming circuit 63 obtains the
respective direction components from the position orienta-
tion calculation unit 4 in step S55.

[0264] Assuming that the respective direction components
of the V12(ts) on the orthogonal coordinate axes O-xyz are
defined as xV12(¢s), yV12(ts) and zV12(¢s), the following
formulae 50 and 51 are derived from the formula 49.

[Formula 49]

Viz(ts) = xyiz(ts)i+ yy12(8s)j + zvi2(Es)k [Formula 5(]

Xp1a (15) xc'(ts) Xy 12(2s) [Formula 51]
[ Yri2'(es) ] - [ ye'(es) ] =Q 'Q(IS)I[ yia(ts) ]

2r12'(ts) 7¢'(ts) Zv12(ts)

[0265] The 12 o’clock direction vector V12'(ts) of the
ultrasonic tomographic image marker 71 may be obtained as
indicated by the following formulae 52 and 53 by normal-
izing the formula 51 in the same way as in the case of the
formula 48.
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Vi2'(ts) = Xy 12 ()i + yy12 (5} + 2y )k [Formula 52]
Xy12(85) [Formula 53]
Xy12'(15) Q'Q(IS)I[ Yyi2(2s) ]
[ym '(ts) ] = v12(15)
2y12'(ts)

Xy12(15)
Q'Qs) Y| yy12(is)
(

Zviz(s)

where the respective direction components of the V12'(ts) on
the orthogonal coordinate axes O'-x'y'z' are defined as
xV12'(ts), yV12'(ts) and zV12'(ts), respectively.

(b-3): Calculation of Normal Vector V'(ts) of The Ultrasonic
Tomographic Image Marker 71

[0266] Assuming that the normal vector of the ultrasonic
tomographic image marker 71 is defined as V'(ts), the V'(ts)
becomes orthogonal to the arbitrary vector on the ultrasonic
tomographic image marker 71. The calculation may be
performed by searching the aforementioned vector.

[0267] The points R1'(¢s) and R2'(ss) are defined as the
arbitrary points on the ultrasonic tomographic image marker
71.

[0268] The points anatomically corresponding to the
aforementioned points R1'(¢s) and R2'(zs) may be defined as
points R1(zs) and R2(#s), respectively. Assuming that the
respective direction components of the point RI (ts) on the
orthogonal coordinate axes O-xyz are defined as xR1(zs),
yR1(zs) and zR1(s), and the respective direction compo-
nents of the point R2(zs) on the orthogonal coordinate axes
O-xyz are defined as xR2(zs), yR2(ts) and zR2(¢s), the
following formulae 54 and 55 are established.

OR | (t8)=xg (1)i+yr, (I8)+zr (1)K [Formula 54]

OR,()s=xg(18)i+ypo(1s)j+zro(19)k [Formula 55]

[0269] Meanwhile, assuming that the respective direction
components of the point R1'(zs) on the orthogonal coordinate
axes O'-x'y'z' are defined as xR1'(ts), yR1'(#s) and zR1'(zs),
and the respective direction components of the point R2'(zs)
on the orthogonal coordinate axes O'-x'y'z' are defined as
xR2'(zs), yR2'(¢s) and zR2'(zs), the following formulae 56
and 57 are established.

OR,'(1s)=xg |'(£8)i +yg ' (19)] "+, )k’
OR,(ts)=wg 5 (18)i+ygy'(25)] +2zg 5 (ts)k'

[0270] Based on the formula 39, the relationship between
the points R1(#s) and R1'(zs) and the relationship between
the points R2(#s) and R2'(¢s) are expressed by the following
formulae 58 and 59, respectively.

xRy '(ts) Xpo' AR1(ts) Xpolts)
[}Rl (zs) ] = [ypc' ] +Q'Qusy™ [)’Rl(’s)] - [ ypolts)
2r1 '(15) Zpo’ Zr1 (25) zpo(Is)

XR2'(75) xpo' XRa(ts) Xpolls)
[)Rz (zs) ] = [yPc' ] + Q'Q(ISII{[ )’Rz(ls)] - [ Ypolis)
Zr2 (t5) Zpo’ ZRa(25) Zpo2s)

[Formula 56]
[Formula 57]

] [Formula 58]

J [Formula 59]
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[0271] The following formula 60 is derived from the
subtraction performed between respective sides of the for-
mulae 58 and 59.

xRy '(t5) Xy '(ts)
YRi'(1) | —| yR2'(8) | =

2R (1) 2p2'(85)

[Formula 60]

Xp1(59) Xra(19)
0'0(s)™ [ymrs)]—[m(rs)]
Zr1 (25) ZRa(2$)

[0272] The following formula 61 is derived from multi-
plication of Q(ts)Q'(-1) by both sides of the formula 60 from
the left (“Q'(~1))” indicates the inverse matrix of Q").

xp (L) XRa(2s) xgy '(1s) Xz (1s) [Formula 61]
[ym(m) ] - [ykz(fs) ] = Q(IS)Q'I[[ Yr1'(ES) ] - [ Yr2'(15) ]]
2R (15) ZRa(ts) Zr1 '(25) 2p '(t5)

[0273] Assuming that the respective direction components
of the normal vector V(ts) on the radial scan plane on the
orthogonal coordinate axes O-xyz are defined as xV(ts),
yV(ts) and zV(ts), the following formula 62 is obtained.

V(ts)=xy (ts)i+yy (ts)j+zy(ts)k [Formula 62]

[0274] As the V(ts) is the normal vector on the radial scan
surface, it becomes orthogonal to the vector R2R1(¢s) with
the point R2(#s) as the starting point and the point R1(zs) as

the end point. Accordingly the following formula 63 is
established.

0=V(s)-RyR (1s) = [Formula 63]

xp1(25) Xpa(25)
(ey (29)yy (18)zy (1) | YR1(55) | = | Yo (E5)
2R (25) 2r2(25)

[0275] The following formula 64 is obtained by assigning
the formula 61 to the {} at the right side of the formula 63.

Xg1 '(15) Xgo '(25) [Formula 64]
(xv(lS)yv(lSJZvUS))Q(IS)Q'1{[ yr'(ts) J - [ykz '(zs) ]J =0

2R '(s) Zr2'(25)

[0276] Assuming that the respective direction components
of the V'(ts) on the orthogonal coordinate axes O'-x'y'z' are
defined as the xV'(ts), yV'(ts) and zV'(ts), the following
formula 65 is obtained.

P (ts)=00, (28)i "y (B3 2y ()

[0277] The respective direction components are defined as
shown in the following formula 66.

[Formula 65]

[ttty (25)2y'(19))=(ov 15y ()23 (1)) Q1) Q" 66]
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[0278] The formula 64 may be rewritten to the following
formula 67 by the use of the definitional equation of the
formula 66.

xpi'(Es)) [ xRe'(8S) [Formula 67]
(xv ')y '(1s)zy '(IS)J{[ Yr1'(25) ] - [ Yre (1) ]J =0

2R1'(15) 2R '(15)

[0279] The formula 67 may further be expressed as shown
by the following formula 68.

P(is)-R> R, (15)=0

[0280] The aforementioned formula 68 indicates that the
V'(ts) is always orthogonal to the vector formed by con-
necting arbitrary two points on the ultrasonic tomographic
image marker 71. The V'(ts) given in the formulae 65 and 66
is the normal vector of the ultrasonic tomographic image
marker 71. In this way, the normal vector V'(ts) of the
ultrasonic tomographic image marker 71 may be obtained
through the formulae 65 and 66.

[0281] In the explanation referring to FIG. 16, the 3D
guide image forming circuit 63 forms the ultrasonic tomo-
graphic image marker 71 which is parallelogram provided
with the 12 o’clock direction marker 71a for the tomo-
graphic image marker shown in FIG. 18 based on the
position and the orientation (center position, normal direc-
tion, 12 o’clock direction) of the ultrasonic tomographic
image marker 71 obtained in step S57. The 3D guide image
forming circuit 63 writes the ultrasonic tomographic image
marker 71 into the voxel corresponding to the voxel space in
the volume memory 64 based on the position and orientation
of the ultrasonic tomographic image marker 71 (step S58).
As the extracted data extracted and interpolated by the
extraction circuit 62 have been already written in the voxel
space, the ultrasonic tomographic image marker 71 and the
extracted data are synthesized into the synthetic data (here-
inafter referred to as the synthetic data). FIG. 19 is a view
showing the synthetic data formed of the ultrasonic tomo-
graphic image marker 71 and the extracted data. In FIG. 11,
the duodenum is not shown. However, in FIG. 19, the index
that indicates the duodenum wall is superimposed on the
ultrasonic tomographic image marker 71.

[Formula 68]

[0282] The 3D guide image forming circuit 63 loads the
synthetic data from the voxel space within the volume
memory 64. The 3D guide image forming circuit 63 deletes
the ultrasonic tomographic image marker 71 from the voxel
space immediately after the loading.

[0283] The 3D guide image forming circuit 63 performs
known 3D image processing, for example, shading, addition
of shadow, coordinate conversion accompanied with visual
line conversion so as to form the 3D guide image data based
on the synthetic data. The 3D guide image forming circuit 63
then outputs the 3D guide image data to the mixing circuit
65 (step S60).

[0284] The mixing circuit 65 aligns the ultrasonic tomo-
graphic image data input from the ultrasonic observation
unit 3, and the 3D guide image data input from the 3D guide
image forming circuit 63 so as to be output to the display
circuit 66 as the mixed data. The display circuit 66 converts
the mixed data into the analog video signal so as to be output
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to the display unit 9. Referring to FIG. 20, the display unit
9 displays the ultrasonic tomographic image 942 and the 3D
guide image 9al side-by-side (step S61). FIG. 20 is a view
showing the display where the ultrasonic tomographic image
9a2 and the 3D guide image 9a1 are laid out side-by-side on
the display screen 9a. The respective organs shown on the
3D guide image are displayed, which are coded with colors
originally coded by the organs in the reference image data
6la. In the present embodiment shown in FIG. 20, the
pancreas, aorta, superior mesenteric vein and duodenal wall
are colored by light blue, red, purple and yellow, respec-
tively.

[0285] The control circuit 67 confirms whether the opera-
tor has commanded to finish the radial scan by pressing the
scan control key 12/ again while executing the process from
steps S55 to S61 (step S62).

[0286] If it is confirmed that the operator has not pressed
the scan control key 124, the process returns to step S55
where the aforementioned process is repeatedly executed.

[0287] Meanwhile, if it is confirmed that the operator has
commanded to finish the radial scan by pressing the scan
control key 12/ again, the control circuit 67 terminates the
process, and outputs the scan control signal for commanding
to finish the radial scan control to the ultrasonic observation
unit 3. In response to reception of the scan control signal, the
ultrasonic observation unit 3 outputs the rotation control
signal to the motor 33 so as to stop the rotation. In response
to reception of the rotation control signal, the motor 33 stops
the rotation of the ultrasonic transducer 31.

[0288] Thus, the process from steps S55 to S61 is repeat-
edly executed as described above to form the new 3D guide
image at each cycle including single radial scan performed
by the ultrasonic transducer 31, formation of the ultrasonic
tomographic image data by the ultrasonic observation unit 3,
and input of the ultrasonic tomographic image data to the
mixing circuit 65 from the ultrasonic observation unit 3. The
3D guide image on the display screen 9a of the display umt
9 is updated together with the newly formed ultrasonic
tomographic image in real time. As the operator manually
operates the flexible portion 22 and the rigid portion 21 to
move the radial scan plane, the ultrasonic tomographic
image marker 71 on the 3D guide image is moved with
respect to the extracted data as indicated by the outline arrow
73 shown in FIG. 20.

[0289] The operator cannot confirm the position of the
components of the ultrasonic diagnostic apparatus, espe-
cially the ultrasonic endoscope 1 in the body cavity. As the
portion to be inserted into the body cavity of the subject is
formed of the flexible material, it is difficult for the operator
to accurately confirm the position on the scan plane. Con-
ventionally with the actual use of the ultrasonic diagnostic
apparatus, the operator estimates the affected site so as to be
displayed as the ultrasonic image. However, reading of the
ultrasonic image on the display for analysis requires sub-
stantially high skills. Accordingly, this has interfered the
wide spread of the ultrasonic endoscope 1.

[0290] In embodiment 1, the observation position of the
ultrasonic tomographic image corrected in reference to the
sample point is superimposed on the 3D guide image formed
from the reference image data 6la using the calculation
formula as the ultrasonic tomographic image marker 71 on
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the assumption that the arrangement of the interest organs on
the reference image data 61a is the same as that of the actual
organs of the subject. This makes it possible to easily
confirm the observation position on the ultrasonic tomo-
graphic image in reference to the 3D guide image.

[0291] The operator is allowed to confirm the anatomical
position of the subject’s body, which corresponds with the
site of the ultrasonic tomographic image currently observed
while operating the ultrasonic endoscope 1 including the
flexible portion 22 in reference to the 3D guide image which
is color coded by the respective organs, for example. This
makes it possible to perform the accurate diagnosis easily,
thus reducing the time for inspection and the time required
for the inexperienced operator to learn the operation of the
ultrasonic diagnostic apparatus including the ultrasonic
endoscope. The medical usability of the ultrasonic diagnos-
tic apparatus of the type where the ultrasonic wave is
irradiated from the subject’s body as described above is
higher than that of the ultrasonic diagnostic apparatus of the
type where the ultrasonic wave is irradiated from outside the
body. The wide-spread use of the ultrasonic diagnostic
apparatus of the type where the ultrasonic wave is irradiated
from inside of the subject’s body contributes to the devel-
opment in the medical field.

[0292] In the present embodiment, if the triangular pyra-
mid defined by the four sample points has the same posi-
tional correlation as that of the triangular pyramid defined by
the four characteristic points, the 3D guide image is formed
on the assumption that the respective points anatomically
correspond. This makes it possible to automatically correct
the change in the subject’s posture and the difference in the
body size, resulting in accurate formation of the 3D guide
image.

[0293] In the present embodiment, the ultrasonic image
and the 3D guide image may be automatically observed
together in real time during the radial scan. This allows the
operator to easily identify the anatomical correlation
between the ultrasonic tomographic image currently
observed and the actual site of the body. Even if the scan
plane of the ultrasonic endoscope 1 is changed at various
angles, the operator is allowed to accurately observe the
interest region in reference to the 3D guide image.

[0294] In the present embodiment, the 3D guide image is
formed by detecting not only the position of the scan plane
but also the orientation thereof. If the orientation of the scan
plane of the radial scan is changed, the orientation of the
ultrasonic tomographic image marker 71 is automatically
changed, thus constantly forming accurate 3D guide image
accurately. Even if the scan plane of the ultrasonic endo-
scope 1 is changed at various angles adjacent to the interest
region, the operator is allowed to observe the interest region
accurately using the 3D guide image.

[0295] Inaddition, in the embodiment, the data having the
respective attributes changed, for example, such organs as
pancreas, pancreatic duct, choledoch duct, portal prelimi-
narily color-coded are used as the reference image data 61a
such that the image having the color-coded organs are
displayed as the 3D guide image. This makes it possible to
comprehensively observe the organ serving as the index on
the 3D guide image. This further makes it possible to change
the scan plane of the ultrasonic endoscope 1 within the body
cavity while viewing the 3D guide image. This may reduce
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the time required for the inspection as the approach to the
interest region such as the affected site is accelerated.

[0296] Also, in the embodiment, the sample points on the
body surface (xiphoid process and right end of pelvis) of the
four sample points are detected using the posture detection
plate 6 and the marker stick 7. The sample points within the
body cavity (pylorus and duodenal papilla) are detected
using the receiving coil 42 attached to the tip of the
ultrasonic endoscope 1. That is, the sample points on the
body surface and the sample points within the body cavity
are detected separately. This may reduce the labor for
cleaning the ultrasonic endoscope 1 before operation com-
pared with the case where the sample points on the body
surface are detected using only the ultrasonic endoscope 1.
The sample points within the body cavity may also be
detected so as to form the accurate 3D guide image on the
assumption that the sample points within the body cavity
moves as the interest region is moved therein accompanied
with the movement of the endoscope 1. Especially in the
case of inspection of pancreas and lung, the sample points
adjacent to the interest region may be obtained. The calcu-
lation of the position and orientation of the ultrasonic
tomographic image marker 71 is assumed to become more
accurate as the sample point becomes closer to the interest
region, and to the space within the triangular pyramid
defined by the sample points compared with the one outside
the triangular pyramid. The mote accurate 3D guide image
may be formed adjacent to the interest region by obtaining
the sample points at the appropriate site within the body
cavity.

[0297] As described above, characteristic points and
sample points are set on the xiphoid process, right end of
pelvis, pylorus and duodenal papilla adjacent to the head of
pancreas intended to be inspected. In the present embodi-
ment, both the characteristic points and the sample points
may be set in accordance with the command through the
mouse 11 and the keyboard 12 and the output through the
position orientation calculation unit 4. Therefore, if the
interest region is identified before the operation, it is easier
to set the characteristic points and sample points adjacent to
the interest region. For example, if the pancreas body is
intended to be inspected, the cardia may be added as the
characteristic point and the sample point adjacent to the
pancreas body. As the interest region becomes adjacent to
the sample point and inside the triangular pyramid defined
by the sample points, the calculation of position and orien-
tation of the ultrasonic topographic image marker 71
becomes accurate, resulting in more accurate 3D guide
image adjacent to the interest region.

[0298] In the embodiment, the posture detection plate 6 is
fixed to the subject such that its reference position is
overlapped with the xiphoid process in order to form the 3D
guide image by obtaining the change in the position and
orientation of the posture detection plate 6 constantly and
correcting the sample points. This makes it possible to form
the accurate 3D guide image irrespective of the change in the
posture of the subject while obtaining the sample points and
performing the radial scan.

[0299] In the generally employed ultrasonic diagnostic
apparatus as disclosed in Japanese Unexamined Patent
Application Publication No. 2004-113629 as described
above, the process for designating the sample points for

Oct. 11, 2007

verifying the position and orientation using the outside
image and the ultrasonic image is not clarified. Especially in
the ultrasonic diagnostic apparatus of the type for inserting
the flexible ultrasonic probe such as the ultrasonic endo-
scope 1 into the body cavity, the operation of the ultrasonic
probe itself may cause the interest organ to move. Accord-
ingly, in the case where the points on the body surface are
only used as the sample points to verify the position in
reference to the reference image, the resultant guide image
becomes inaccurate. In the embodiment, the forceps channel
51 is formed in the ultrasonic endoscope 1 to allow the
position detection probe 8 to be inserted through the forceps
end 52 of the forceps channel 51 and to protrude through the
protruding end 53 such that the tip of the position detection
probe 8 is brought into contact with the sample point under
the optical visual field to designate the sample point on the
body cavity surface. This makes it possible to form the
accurate guide image through accurate designation of the
sample points on the body cavity surface under the optical
visual field.

[0300] In the above-described embodiment 1, the ultra-
sonic diagnostic apparatus is provided with the ultrasonic
endoscope 1 including the forceps channel 51 and the
position detection probe 8 inserted into the forceps channel
51. However, the configuration is not limited to the one as
described above. For example, the ultrasonic endoscope 1
may be configured for the exclusive use where the rigid
portion 21 contains the receiving coil 42 therein without the
forceps channel 51.

[0301] In the above-described embodiment 1, the charac-
teristic points are set in response to the command input
through the mouse 11 and the keyboard 12. In the case where
the interest region or the protocol of the inspection is
predetermined, the set of various types of characteristic
points are stored in the reference image memory 61 as the
factory default values. In response to the command of the
operator input through the mouse 11 and the keyboard 12 via
the control circuit 67, the appropriate set of the characteristic
points may be loaded form the reference image memory 61
before obtaining the sample points.

[0302] Moreover, in the above-described embodiment 1,
as the operator presses the predetermined key on the key-
board 12 or clicks on the menu of the screen with the mouse
11 for setting the characteristic points, the reference image
data 61a designated with the lowest order from the first,
second, third, fourth and the like will be displayed on the
screen of the display unit 9. Alternatively, a plurality of
reference image data 61a are loaded at one time such that the
list of the loaded reference image data 61a is displayed on
the display unit 9.

[0303] In the above-described embodiment 1, the posture
detection plates 6 and the marker sticks 7 are attached to a
plurality of predetermined portions of the subject’s body, for
example, the xiphoid process and the pelvis so as to correct
the change in the subject’s posture or the difference in the
body size, and then the marker stick 7 is removed to leave
one of the posture detection plates 6 to correct the change in
the subject’s posture during the inspection. It is possible to
anesthetize the subject just before the operation, and the
position of the plurality of points may be measured sequen-
tially using the single marker stick 7 in the immobilized state
of the subject. During the inspection, the marker stick 7 is
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always attached as well as the posture detection plate 6 such
that the change in the subject’s posture may be corrected.
The 3D guide image may further be accurate by attaching
the marker stick 7 to the appropriate site of the body of the
subject.

[0304] In addition, in the above-described embodiment 1,
the center position, normal direction and 12 o’clock direc-
tion are calculated, based on which the ultrasonic tomo-
graphic image marker 71 is obtained. Alternatively, each of
four corners of the ultrasonic tomographic image data may
be converted using the formula 39 to obtain the four ana-
tomically corresponding points, based on which the ultra-
sonic tomographic image marker 71 is obtained. The size of
the 3D guide image is not derived from the points of four
corners of the ultrasonic tomographic image data but is
designated by inputting the value of the size through the
keyboard 12 or selecting the menu of the size on the screen
with the mouse 11, taking the display size and display
magnification in account.

[0305] Furthermore, in the above-described embodiment
1, the transmission antenna 5 and the receiving coil 42 are
used as the position detection means for detecting the
position and orientation by the magnetic field. The position
and orientation may be detected based on acceleration or
other means instead of the magnetic field. The receiving coil
42 may be attached to the position detection probe 8 to be
inserted into the body cavity, and the transmission antenna
5 is provided extracorporeally. The configuration may invert
positions of the transmission/reception, that is, the transmis-
sion antenna is attached to the position detection probe 8,
and the receiving coil may be provided extracorporeally.

[0306] Inthe above-described embodiment 1, the origin O
is set at the specific position of the transmission antenna 5.
However, it may be set to the other position so long as the
positional relationship with the transmission antenna 5 is
maintained.

[0307] Moreover, in the above-described embodiment 1,
the ultrasonic endoscope 1 of radial scan type is employed
as the ultrasonic endoscope 1. Alternatively, it is possible to
employ the ultrasonic endoscope of electronic convex type
where a group of the ultrasonic transducers 31 is fan-like
provided at one side of the insertion axis as disclosed in
Japanese Unexamined Patent Application Publication No.
2004-113629. Accordingly, the present invention is not
limited to the scan mode of the ultrasonic wave.

[0308] In the above-described embodiment 1, image data
classified by the organs at each pixel and color-coded to
change the attribute are defined as the reference image data
61a. However, the attributes may be classified by changing
the luminance value instead of the color coding. The data
classified with any other mode may be employed.

[0309] In the above-described embodiment 1, the respec-
tive organs on the 3D image are color-coded to be displayed.
The classification may be made with the luminance, bright-
ness, saturation and other modes instead of the color-coding.

Embodiment 2

[0310] FIGS. 21 and 22 show embodiment 2 according to
the present invention. FIG. 21 is a block diagram showing
the configuration of the ultrasonic image processing unit
connected to the external unit.
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[0311] The same components of embodiment 2 as those of
embodiment 1 will be designated with the same reference
numerals and explanation thereof, thus, will be omitted. The
different feature will only be described hereinafter.

[0312] The ultrasonic image processing unit 10 of the
present embodiment is formed by adding a communication
circuit 69 serving as the communication means to the
ultrasonic image processing unit 10 of embodiment 1 as
shown in FIG. 1. The communication circuit 69 includes a
communication modem that allows the high speed commu-
nication of a large volume data.

[0313] The communication circuit 69 is connected to the
reference image memory 61 and the control circuit 67 for
controlling the communication circuit 69.

[0314] The communication circuit 69 is further connected
to a high-speed network 75, for example, optical commu-
nication, ADSL and the like. The network 75 is connected to
an X-ray 3D helical CT scanner 76 and a 3D MRI unit 77
as the external unit of the ultrasonic diagnostic apparatus.
The communication circuit 69 allows the image data
received from the external units to be stored in the reference
image memory 61 as the reference image data 61a.

[0315] Other configurations are the same as those of
embodiment 1.

[0316] Next, the operation in embodiment 2, which is
different from embodiment 1 will be described. Generally,
the present embodiment is different from embodiment 1 in
the operation for obtaining the reference image data 61a and
the operation for extracting the interest organ.

[0317] The operator preliminarily obtains the reference
image data 61a that cover the entire abdominal area of the
subject using the X-ray 3D helical CT (Computer Tomog-
raphy) scanner and the 3D MRI (Magnetic Resonance
Imaging) unit.

[0318] Thereafter, upon inspection of the subject using the
ultrasonic diagnostic apparatus, the operator presses the
predetermined key on the keyboard 12 or clicks the menu on
the screen of the display unit 9 with the mouse 11 to
command to obtain the reference image data 61a. Simulta-
neously, the operator commands to determine the external
unit that supplies the data. In response to the command, the
control circuit 67 commands the communication circuit 69
to load the reference image data 61a and the external unit
that supplies the data.

[0319] Ifthe X-ray 3D helical CT scanner 76 is selected as
the external unit that supplies the data, for example, the
communication circuit 69 loads a plurality of 2D CT images
from the network 75 so as to be stored in the reference image
memory 61 as the reference image data 61a. When the image
is picked up by the X-ray 3D helical CT scanner 76, the
radio-contrast agent is preliminarily infused through the vein
of the subject such that the blood vessel, for example, aorta,
superior mesenteric vein, and the organ including a large
number of blood vessels are displayed at higher luminance
on the 2D CT image so as to be discriminated from the
peripheral tissue with respect to the luminance.

[0320] Meanwhile, in the case where the 3D MRI unit 77
is selected, for example, the communication circuit 69 loads
a plurality of 2D MRI images from the network 75 so as to
be stored in the reference image memory 61 as the reference
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image data 61a. When the image is picked up by the 3D MRI
unit 77, the radio-contrast agent for MRI which exhibits the
high sensitivity with respect to magnetic nuclear resonance
is preliminarily infused through the vein of the subject such
that the blood vessel, for example, aorta, superior mesenteric
vein, and the organ including a large number of blood
vessels are displayed at higher luminance on the 2D MRI
image so as to be discriminated from the peripheral tissue
with respect to the luminance.

[0321] As the operation resulting from selecting the X-ray
3D helical CT scanner 76 is the same as the one resulting
from selecting the 3D MRI unit 77, the following operation
will be described only in the case where the X-ray 3D helical
CT scanner 76 is selected as the unit for supplying the data,
and the communication circuit 69 loads the plurality of the
2D CT images as the reference image data 61a.

[0322] FIG. 22 is a view showing designation of the
interest organ on the reference image loaded from the
reference image memory 61 to be displayed.

[0323] FIG. 22 is a view of the nth image of the reference
image data 61a displayed on the display screen 9a likewise
embodiment 1. The radio-contrast agent functions in dis-
playing the blood vessel such as the aorta and superior
mesenteric vein with the luminance at the high level, the
organ that includes a large number of peripheral blood
vessels such as pancreas with the luminance at the interme-
diate level, and the duodenum with the luminance at the low
level, respectively.

[0324] The extraction circuit 62 loads all the reference
image data 61a from the first to the Nth images from the
reference image memory 61.

[0325] The extraction circuit 62 allocates the red color to
the blood vessel (aorta, superior mesenteric vein) with the
luminance at the high level, the light blue color to the
pancreas with the luminance at the intermediate level, and
the yellow color to the duodenum with the luminance at the
low level with respect to all the first to the Nth images of the
reference image data 614 in accordance with the luminance
value such that the reference image is independently
extracted.

[0326] The extraction circuit 62 allows the color coded
images to be stored in the reference image memory 61 as the
reference image data 61a again.

[0327] Other operations are the same as those of embodi-
ment 1.
[0328] In embodiment 2, the ultrasonic diagnostic appa-

ratus is connected to such external unit as the X-ray 3D
helical CT scanner 76 and the 3D MRI unit 77 to input the
plurality of the 2D CT images or the plurality of the 2D MRI
images so as to be used as the reference image data 61a. The
3D guide images are formed from the data of the subject.
Accordingly, the 3D guide images are expected to be further
accurate. This makes it possible to select the data showing
interest region most clearly as the reference image data 61a,
and to display the 3D guide image that can be easily
observed.

[0329] Moreover, in the present embodiment, the radio-
contrast agent is preliminarily used to pick up the reference
image data 61a in which the blood vessel or the organ that
contains a large number of blood vessels has luminance at
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the higher level than that of the peripheral tissue. The
extraction circuit 62 allocates different colors to the images
of the reference image data 61a depending on the luminance
value, specifically by different attributes, that is, the blood
vessel (aorta, superior mesenteric vein) with the luminance
at the high level, the pancreas with the luminance at the
intermediate level, and the duodenum with the luminance at
the low level so as to be independently extracted. This makes
it possible to easily extract the data of such organ as the
blood vessel and pancreas. As a result, the 3D guide image
having the boundary between the organs easily identified
may be formed.

[0330] The present embodiment provides the same effects
as those obtained in embodiment 1.

[0331] In the above-described embodiment 2, a plurality
of the 2D CT images are used as the reference image data
61a. Alternatively, a large number of sliced 2D CT images
are superimposed to reconfigure the dense volume data so as
to be used as the reference image data 61a.

[0332] In the above-described embodiment 2, a plurality
of 2D CT images and the 2D MRI images are used as the
reference image data 61a. The 3D image data preliminarily
obtained from data of the subject using the ultrasonic
endoscope 1 which contains the ultrasonic transducer 31 as
described above may be employed as the reference image
data 61a. Further, the 3D image data preliminarily obtained
using other modality, for example, PET (Position Emission
Tomography) may be employed. Additionally, the 3D image
data preliminarily obtained using the extra corporeal ultra-
sonic diagnostic apparatus of the type for irradiating the
ultrasonic wave extracorporeally may be employed.

[0333] Note that, the modified example described in
embodiment 1 may be employed in embodiment 2.

Embodiment 3

[0334] FIG. 23 is a view of embodiment 3 according to the
present invention showing a block diagram of the configu-
ration of the ultrasonic diagnostic apparatus.

[0335] In embodiment 3, the same components as those
shown in embodiments 1 and 2 will be designated with the
same reference numerals, and the explanations thereof will
be omitted. Only the different features will be described
hereinafter.

[0336] Theultrasonic diagnostic apparatus of embodiment
3 is different from the one described in embodiment 1 shown
in FIG. 1 in the points as described below.

[0337] The ultrasonic diagnostic apparatus of embodiment
1 employs the ultrasonic endoscope of mechanical radial
scan type, which is provided with the flexible shaft 32 for the
flexible portion 22, and the motor 33 and the rotary encoder
34 for the operation portion 23. The ultrasonic diagnostic
apparatus of embodiment 3 employs the ultrasonic endo-
scope 1 of electronic radial scan type which is not provided
with the flexible shaft 32, the motor 33 and the rotary
encoder 34.

[0338] Referring to FIG. 23, the rigid portion 21 in the
present embodiment is provided with an ultrasonic trans-
ducer array 81 instead of the ultrasonic transducer 31 shown
in FIG. 1. The ultrasonic transducer array 81 is configured
by arranging the group of tiny ultrasonic transducers each
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cut into a strip shape along the insertion axis annularly
around the insertion axis. The respective ultrasonic trans-
ducers that form the ultrasonic transducer array 81 are
connected to the ultrasonic observation unit 3 through the
signal line 82 via the operation portion 23.

[0339] The other configurations are the same as those of
embodiment 1 as described above.

[0340] The operation in embodiment 3, which is different
from that of embodiment 1 will be described. Generally, the
present embodiment is different from embodiment 1 in the
operation for obtaining the ultrasonic tomographic image,
especially for the radial scan.

[0341] The ultrasonic observation unit 3 transmits the
pulse voltage excitation signal only to the plurality of the
ultrasonic transducers as a part of those forming the ultra-
sonic transducer array 81. In response to reception of the
excitation signal, the ultrasonic transducers convert the
signal into the ultrasonic wave as the compressional wave of
the medium.

[0342] The ultrasonic observation unit 3 delays the respec-
tive excitation signals such that those signals reach the
corresponding ultrasonic transducers at different times.
More specifically, the delay is made to form the beam of the
single ultrasonic wave when the ultrasonic waves excited by
the respective ultrasonic transducers are superimposed
within the body of the subject. The ultrasonic wave formed
as the beam is irradiated into the body of the subject. The
reflected wave from the body resulting from the irradiation
passes on the inverse path on which the irradiation is made
to reach the respective ultrasonic transducers. The respective
ultrasonic transducers convert the reflected wave into the
electric echo signal so as to be transmitted to the ultrasonic
observation unit 3 on the inverse path of the excitation
signal.

[0343] Then, the ultrasonic observation unit 3 selects a
plurality of ultrasonic transducers relevant to formation of
the ultrasonic wave beam so as to radically scan in the plane
(radial scan plane) perpendicular to the insertion axis of the
rigid portion 21 and the flexible portion 22. The excitation
signal is further transmitted to the selected ultrasonic trans-
ducers again. This may change the angle in the direction
where the ultrasonic beam is irradiated. The aforementioned
process is repeatedly executed to perform so-called elec-
tronic radial scan.

[0344] Inembodiment 1, the rotation angle signal from the
rotary encoder 34 determines the direction to which the
ultrasonic tomographic image data in 12 o’clock direction is
orientated with respect to the ultrasonic endoscope 1 for
forming the ultrasonic tomographic image data by the ultra-
sonic observation unit 3. In the present embodiment, the
ultrasonic observation unit 3 re-selects the plurality of
ultrasonic transducers relevant to the formation of the ultra-
sonic wave beam to transmit the excitation signal again. The
12 o’clock direction of the ultrasonic tomographic image
data may be determined depending on the ultrasonic trans-
ducers selected by the ultrasonic observation unit 3 with
respect to the 12 o’clock direction.

[0345] The other operations are the same as those of
embodiment 1 as described above.

[0346] In embodiment 1, the mechanical radial scan for
rotating the ultrasonic transducer 31 is employed, which
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may cause the flexible shaft 32 to be twisted. Owing to the
twisting in the flexible shaft 32, the angle output from the
rotary encoder 34 may deviate from that of the actual
ultrasonic transducer 31. This may further cause the devia-
tion in the 12 o’clock direction between the ultrasonic
tomographic image and the 3D guide image.

[0347] In embodiment 3, the ultrasonic endoscope 1 for
performing the electronic radial scan is employed such that
the 12 o’clock direction of the ultrasonic tomographic image
may be determined depending on the ultrasonic transducer
selected by the ultrasonic observation unit 3 with respect to
the 12 o’clock direction. This may prevent the deviation in
the 12 o’clock deviation. This makes it possible to reduce the
deviation in the 12 o’clock deviation that may occur
between the ultrasonic tomographic image marker 71 on the
3D guide image displayed on the display unit 9 or the 12
o’clock direction marker 71a for the tomographic image
marker, and the ultrasonic tomographic image, thus struc-
turing the accurate 3D guide image.

[0348] The other effects are the same as those obtained in
embodiment 1.

[0349] Note that, in embodiment 3, the ultrasonic trans-
ducer array 81 is attached to the tip of the rigid portion 21
of the ultrasonic endoscope 1. The ultrasonic transducer
array 81 may be provided to cover the entire periphery at
360°, but it may be provided at the smaller angles, for
example, 270° and 180° for covering a part of the circum-
ferential direction of the rigid portion 21.

[0350] Moreover, the modified example described in
embodiment 1 may be employed in embodiment 3.

[0351] It is to be understood that the present invention is
not limited to the aforementioned embodiments, but may be
modified or applied so as not to deviate from the scope of the
present invention.

What is claimed is:
1. An ultrasonic diagnostic apparatus comprising:

ultrasonic tomographic image forming means that forms
an ultrasonic tomographic image based on an ultrasonic
signal obtained by transmission and reception of an
ultrasonic wave to and from inside of a living body;

detection means that detects a position and/or an orien-
tation of the ultrasonic tomographic image;

reference image data storage means that stores reference
image data;

three-dimensional guide image forming means that forms
a stereoscopic three-dimensional guide image for guid-
ing an anatomical position and/or orientation of the
ultrasonic tomographic image using the position and/or
orientation detected by the detection means based on
the reference image data stored in the reference image
data storage means; and

display means that displays the three-dimensional guide

image formed by the three-dimensional guide image
forming means.

2. The ultrasonic diagnostic apparatus according to claim

1, further comprising extraction means that extracts a spe-

cific region from the reference image data stored in the

reference image data storage means, wherein the three-

dimensional guide image forming means forms the three-
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dimensional guide image by superimposing an ultrasonic
tomographic image marker that indicates a position and an
orientation of the ultrasonic tomographic image on the
stereoscopic image based on the region extracted by the
extraction means.

3. The ultrasonic diagnostic apparatus according to claim
1, further comprising sample point position detection means
that detects a position of a sample point of the living body,
wherein the three-dimensional guide image forming means
forms the three-dimensional guide image by performing a
verification between a position of the sample point detected
by the sample point position detection means and a position
of a characteristic point on the reference image data stored
in the reference image data storage means.

4. The ultrasonic diagnostic apparatus according to claim
3, wherein the display means displays at least a portion of
the reference image data stored in the reference image data
storage means, and further includes characteristic point
designation means that designates a position of the charac-
teristic point on the reference image data displayed by the
display means.

5. The ultrasonic diagnostic apparatus according to claim
3, wherein:

the sample point position detection means includes body
cavity sample point position detection means that
detects a position of the sample point within a body
cavity of the living body; and

the body cavity sample point position detection means is
disposed at a tip portion of an ultrasonic probe inserted
into the body cavity.
6. The ultrasonic diagnostic apparatus according to claim
5, wherein the detection means serves as the body cavity
sample point position detection means.
7. The ultrasonic diagnostic apparatus according to claim
6, wherein the sample point position detection means is
provided separately from the body cavity sample point
position detection means, and further includes body surface
sample point position detection means that detects a position
of the sample point on a surface of the living body.
8. The ultrasonic diagnostic apparatus according to claim
3, wherein the sample points are set for four points selected
from a xiphoid process, a right end of pelvis, a pylorus, a
duodenal papilla and a cardia.
9. The ultrasonic diagnostic apparatus according to claim
3, further comprising:

posture detection means that detects a position or a
posture of the living body; and

sample point position correction means that corrects the
position of the sample point detected by the sample
point position detection means using the position or the
posture detected by the posture detection means,
wherein the three-dimensional guide image forming
means performs a verification between a position of the
sample point corrected by the sample point position
correction means and a position of the characteristic
point on the reference image data stored in the refer-
ence image data storage means to form the three-
dimensional guide image.

10. The ultrasonic diagnostic apparatus according to
claim 9, wherein the sample point position detection means
includes body cavity sample point position detection means
that detects a position of the sample point in the body cavity
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of the living body, and body surface sample point position
detection means that is provided separately from the body
cavity sample point position detection means to detect a
position of the sample point on a body surface of the living
body, wherein the posture detection means serves as the
body surface sample point position detection means.

11. The ultrasonic diagnostic apparatus according to claim
2, wherein:

the reference image data stored in the reference image
data storage means are obtained through an image
pickup operation performed by an external image
pickup device using a radio-contrast agent; and

the extraction means extracts a specific region from the
reference image data stored in the reference image data
storage means based on a luminance value of the
reference image data obtained by a use of the radio-
contrast agent.
12. The ultrasonic diagnostic apparatus according to
claim 2, wherein:

the display means displays at least a portion of the
reference image data stored in the reference image data
storage means,

interest region designation means that designates a por-
tion of the specific region on the reference image data
displayed by the display means is provided; and

the extraction means extracts the specific region desig-

nated by the interest region designation means.

13. The ultrasonic diagnostic apparatus according to
claim 1, wherein the ultrasonic tomographic image forming
means forms an ultrasonic tomographic image based on an
ultrasonic signal output from an ultrasonic probe including
an insertion portion having a flexibility to be inserted into
the body cavity of the living body, and an ultrasonic trans-
ducer that 1s disposed at a tip portion of the insertion portion
to transmit and receive the ultrasonic wave to and from the
living body.

14. The ultrasonic diagnostic apparatus according to
claim 13, wherein the ultrasonic transducer performs a scan
operation in a plane orthogonal to an insertion axis of the
ultrasonic probe.

15. The ultrasonic diagnostic apparatus according to
claim 13, wherein the ultrasonic transducer is formed as an
ultrasonic transducer array that electronically performs a
scan operation.

16. The ultrasonic diagnostic apparatus according to
claim 1, wherein the reference image data stored in the
reference image data storage means are image data which
are classified by respective regions.

17. The ultrasonic diagnostic apparatus according to
claim 1, further comprising communication means that
obtains image data picked up by an external image pickup
device as the reference image data, wherein the reference
image data storage means stores reference image data
obtained by the communication means.

18. The ultrasonic diagnostic apparatus according to
claim 17, wherein the communication means is connected to
at least one kind of the external image pickup devices via a
network through which the reference image data are
obtained.

19. The ultrasonic diagnostic apparatus according to
claim 17, wherein the external image pickup device is
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formed as at least one of an X-ray CT scanner, an MRI unit,
a PET unit, and an ultrasonic diagnostic unit.

20. The ultrasonic diagnostic apparatus according to
claim 1, wherein the display means displays the ultrasonic
tomographic image formed by the ultrasonic tomographic
image forming means and the three-dimensional guide
image formed by the three-dimensional guide image form-
ing means simultaneously.

21. The ultrasonic diagnostic apparatus according to
claim 1, wherein the three-dimensional guide image forming
means forms the three-dimensional guide image on a real
time basis together with formation of the ultrasonic tomo-
graphic image performed by the ultrasonic tomographic
image forming means based on an ultrasonic signal obtained
by transmission and reception of the ultrasonic wave to and
from inside of the living body.

22. An ultrasonic diagnostic apparatus comprising:

ultrasonic tomographic image forming means that forms
an ultrasonic tomographic image based on an ultrasonic
signal obtained by transmission and reception of an
ultrasonic wave to and from inside of a living body;

detection means that detects a position and/or an orien-
tation of the ultrasonic tomographic image;

reference image data storage means that stores reference
image data;
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a position detection probe including sample point position
detection means that detects a position of a sample
point of the living body;

an ultrasonic endoscope provided with a channel which
allows the position detection probe to be inserted
therethrough and an optical observation window for
obtaining the ultrasonic signal,

guide image forming means that forms a guide image to
guide an anatomical position and/or orientation of the
ultrasonic tomographic image by performing a verifi-
cation between a position of the sample point detected
by the sample point position detection means in a state
where the position detection probe protrudes from the
channel to be in an optical field range of the optical
observation window and a position of a characteristic
point on the reference image data stored in the refer-
ence image data storage means using a position and/or
an orientation detected by the detection means; and

display means that displays the guide image formed by
the guide image forming means.
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