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(54) Ultrasonic diagnosis apparatus

(57)  Anultrasonic diagnosis apparatus for obtaining
ultrasonic echo signals of a part to be examined from a
probe in a body cavity, includes an ultrasonic probe, a
detector and a voxel data creating circuit. The ultrasonic
probe has at predetermined positions of an inserting ax-
is a plurality of ultrasonic transducers on the circumfer-
ence about the inserting axis for performing ultrasonic
scanning by using the plurality of ultrasonic transducers
on a plane perpendicular to the inserting axis by sending

and receiving ultrasound to and from the plurality of ul-
trasonic transducers. The detector detects the position
or orientation of the scanned plane by the ultrasonic
scanning by the ultrasonic probe. The voxel data creat-
ing circuit creates voxel data based on ultrasonic tomo-
graphic image data from echo signals serially obtained
by the ultrasonic scanning by the ultrasonic probe and
based on the position or orientation data detected by the
detector.
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The presentinvention relates to an ultrasonic diagnosis apparatus and, in particular, to an ultrasonic diagnosis
apparatus for performing three-dimensional image processing.

2. Description of the Related Art

[0002] The observation of the position and/or spread of a tumor in body tissue, the travelling and/or the form of the
blood, the degree of infiltration of the tumor into the blood vessel, and/or the spread of the tumor along the bloodstream
are medically important for diagnosing the degree of progress of the disease and/or the spread, for determining the
operation method and/or for performing prognoses for patients. In this case, the diagnosis based on three-dimensional
images of tissue containing a tumor and/or the bloodstream and tissue containing the bloodstream or the diagnosis
based on ultrasonic tomographic images in multiple directions are clinically effective. In the extracorporeal ultrasonic
diagnosis field for externally irradiating ultrasound, related technologies as disclosed in Japanese Unexamined Patent
Application Publication No. 6-254097 and Japanese Unexamined Patent Application Publication No. 2000-242766
have been known.

[0003] On the other hand, recently, an in-body-cavity ultrasonic diagnosis technology has been proposed for irradi-
ating ultrasound to a target organ in the body cavity from the tube cavity in the body cavity having less influence of the
attenuation, for example due to fat, by using various kinds of ultrasonic probe such as an ultrasonic endoscope. In the
field too, the diagnosis based on three-dimensional images of tissue containing a tumor and/or the bloodstream and
tissue containing the bloodstream or the diagnosis based on ultrasonic tomographic image in multiple directions are
known as being effective in order to diagnose the infiltration of the tumor in the digestive tract, observe an esophagus
varix and observe the bloodstream around a tumor in the digestive tract. The related technologies such as those
disclosed in Japanese Unexamined Patent Application Publication No. 2001-161693, Japanese Unexamined Patent
Application Publication No. 6-261900 and Japanese Unexamined Patent Application Publication No. 11-113913 have
been proposed.

[0004] The ultrasonic diagnosis apparatus disclosed in Japanese Unexamined Patent Application Publication No.
2001-161693 performs spiral scanning combining mechanical radial scanning and mechanical linear scanning. By
performing the spiral scanning, the ultrasonic diagnosis apparatus can obtain data for displaying ultrasonic three-
dimensional images for performing a dual plane reconstruction (DPR) display, and for displaying simultaneously a
radial image and a linear image having different observing directions and for displaying ultrasonic three-dimensional
images.

[0005] The ultrasonic diagnosis apparatus disclosed in Japanese Unexamined Patent Application Publication No.
6-261900 and Japanese Unexamined Patent Application Publication No. 11-113913 has the combination of an ultra-
sonic probe (including an ultrasonic endoscope) for performing mechanical radial scanning and a position detector.
The ultrasonic diagnosis apparatus constructs an ultrasonic three-dimensional image by obtaining data for displaying
the three-dimensional image based on information from the position detector, relating to the position and orientation
of an ultrasonic scanning plane.

[0006] Furthermore, an ultrasonic diagnosis apparatus has been conventionally known for obtaining ultrasonic three-
dimensional image data by using an ultrasonic endoscope for obtaining a tomographic image parallel to the inserting
axis by using an ultrasonic transducer array along the inserting axis and by rotating the endoscope about the inserting
axis. The endoscope may be an ultrasonic endoscope, such as an electronic linear scanning type or electronic convex
scanning type ultrasonic endoscope for obtaining Doppler data.

SUMMARY OF THE INVENTION

[0007] An ultrasonic diagnosis apparatus according to the invention for obtaining ultrasonic echo signals of a part to
be examined from a probe in a body cavity, includes an ultrasonic probe, a detector and a voxel data creating circuit.
The ultrasonic probe has at predetermined positions of an inserting axis a plurality of ultrasonic transducers on the
circumference about the inserting axis for performing ultrasonic scanning by using the plurality of ultrasonic transducers
on a plane perpendicular to the inserting axis by sending and receiving ultrasound to and from the plurality by ultrasonic
transducers. The detector detects the position or orientation of the scanned plane by the ultrasonic scanning by the
ultrasonic probe. The voxel data creating circuit creates voxel data based on ultrasonic tomographic image data from
echo signals serially obtained by the ultrasonic scanning by the ultrasonic probe and based on the position or orientation
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data detected by the detector.
BRIEF DESCRIPTION OF THE DRAWINGS
[0008]

Fig. 1 is a diagram for explaining the entire construction of an ultrasonic diagnosis apparatus according to a first
embodiment of the invention;

Fig. 2 is a diagram for explaining the construction of an electronic radial scanning type ultrasonic endoscope
according to the first embodiment;

Fig. 3 is a block diagram of a sending/receiving circuit according to the first embodiment;

Fig. 4 is a flowchart showing an example of a processing flow for data recording according to the first embodiment;
Fig. 5 is a flowchart showing an example of a processing flow for three-dimensional image creation according to
the first embodiment;

Fig. 6 is a diagram for explaining an operation of a cube data creating circuit according to the first embodiment;
Fig. 7 is a diagram showing an example of monitor screen display according to the first embodiment;

Fig. 8 is a diagram for explaining a relationship of coordinate systems according to the first embodiment;

Fig. 9 is a diagram showing a variation example of the monitor screen display example according to the first
embodiment;

Fig. 10 is a diagram for explaining the entire construction of an ultrasonic diagnosis apparatus according to a
second embodiment of the invention;

Fig. 11 is a flowchart showing an operation flow of the ultrasonic diagnosis apparatus according to the second
embodiment;

Fig. 12 is a diagram showing a monitor screen example according to the second embodiment;

Fig. 13 is a diagram for explaining a variation example of the entire construction according to the second embod-
iment;

Fig. 14 is a diagram showing a variation example of the monitor screen according to the second embodiment;
Fig. 15 is a diagram for explaining the entire construction of an ultrasonic diagnosis apparatus according to a third
embodiment of the invention;

Fig. 16 is a flowchart showing an operation flow of the ultrasonic diagnosis apparatus according to the third em-
bodiment;

Fig. 17 is a diagram showing a monitor screen display example according to the third embodiment;

Fig. 18 is a diagram for explaining the entire construction of an ultrasonic diagnosis apparatus according to a fourth
embodiment of the invention;

Fig. 19 is a flowchart showing an operation flow of an ultrasonic diagnosis apparatus according to the fourth em-
bodiment; and

Fig. 20 is a diagram showing a monitor screen display example according to the fourth embodiment.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
[0009] Embodiments of the present invention will be described below with reference to drawings.
[First Embodiment]

[0010] Figs. 1to 9 are diagrams showing a first embodiment of the invention. Fig. 1 is a diagram for explaining the
entire construction of an ultrasonic diagnosis apparatus according to the first embodiment. Fig. 2 is a diagram for
explaining the construction of an electronic radial scanning type ultrasonic endoscope according to the first embodi-
ment. Fig. 3 is a block diagram of a sending/receiving circuit according to the first embodiment. Fig. 4 is a flowchart
showing an example of a processing flow for data recording according to the first embodiment. Fig. 5 is a flowchart
showing an example of a processing flow for three-dimensional image creation according to the first embodiment. Fig.
6 is a diagram for explaining an operation of a cube data creating circuit according to the first embodiment. Fig. 7 is a
diagram showing an example of monitor screen display according to the first embodiment. Fig. 8 is a diagram for
explaining a relationship of coordinate systems according to the first embodiment. Fig. 9 is a diagram showing a var-
iation example of the monitor screen display example according to the first embodiment.

[0011] First of all the entire construction will be described with reference to Fig. 1.

[0012] Asshownin Fig. 1, an ultrasonic diagnosis apparatus 1 according to this embodiment has an electronic radial
scanning type ultrasonic endoscope 2, a position/orientation detecting portion 3, an ultrasonic processing portion 4, a
keyboard 5 and a monitor 6.
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[0013] InFig. 1, the thick dotted line arrow indicates a signal or data flow relating to a three-dimensional image. The
thick solid line arrow indicates a signal or data flow relating to an original image. A thin dotted line arrow indicates
signal or data flow relating to a position and/or a direction. A thin solid line arrow indicates the other signal, such as a
control signal, or data flow.

[0014] The electronic radial scanning type ultrasonic endoscope 2 has at the distal end a ring-shaped ultrasonic
transducer array 11 and a sending coil 12 for sending a magnetic field. An operating portion 13 is operated such that
an ultrasonic beam is rotated on a section perpendicular to an inserting axis for performing scanning, that is, for per-
forming so-called electronic radial scanning. The position/orientation detecting portion 3 includes multiple receiving
coils 21 being spatially fixed and having different orientations. Based on current output by the receiving coils 21 for
detecting a magnetic field, the position and orientation of the scanned plane by the electronic radial scanning type
ultrasonic endoscope 2 are detected remotely. The ultrasonic processing portion 4 processes ultrasonic echo signals
from the ultrasonic endoscope 2 and position and orientation data from the position/orientation detecting portion 3 and
constructs a desired three-dimensional image. The keyboard 5 includes a scanning control key 22 and a three-dimen-
sional key (called 3D key, hereinafter) 23, which will be described later. The keyboard 5 is used for externally controlling
the ultrasonic processing portion 4. The monitor 6 displays three-dimensional images.

[0015] The ultrasonic processing portion 4 includes an ultrasonic signal processing circuit 24, a synchronous writing
circuit 25, a hard disk (called "HDD" hereinafter) 26, an image processing circuit 27, a display circuit 28 and a control
circuit 29.

[0016] The ultrasonic signal processing circuit 24 creates image data of an ultrasonic tomographic image based on
ultrasonic echo signals. The synchronous writing circuit 25 controls the writing of image data and position and orien-
tation data to the HDD by synchronizing and associating the image data and the position and orientation data. The
image processing circuit 27 constructs three-dimensional images. The display circuit 28 converts image data of the
constructed three-dimensional image to analog video signals and outputs so as to be displayed on the monitor 6. The
control circuit 29 outputs different kinds of control signals for controlling the respective circuits within the ultrasonic
processing portion 4.

[0017] The ultrasonic signal processing circuit 24 includes a sending/receiving circuit 31, a B-mode processing circuit
32, a digital scan converter (simply called "DSC(B)" hereinafter) 33, a Doppler processing circuit 34, digital scan con-
verter (simply called "DSC(D)" hereinafter) 35, and a mapping circuit 36 for performing color flow mapping processing.
[0018] The sending/receiving circuit 31 forms one ultrasonic beam to be sent/received by the ultrasonic transducer
array 11 and outputs a received beam signal created from the obtained ultrasonic echo signal to both of the subsequent
B-mode processing circuit 32 and the Doppler processing circuit 34. Furthermore, the sending/receiving circuit 31
outputs rotational angle information of an ultrasonic beam for radial scanning to the subsequent DSC (B) 33 and DSC
(D) 35 as rotational angle data. The B-mode processing circuit 32 performs publicly known processing, such as loga-
rithmic amplification, envelop detection and A/D conversion, on a received beam signal. Then, the B-mode processing
circuit 32 converts the ultrasonic signal to digital echo data and outputs. The DSC(B) 33 converts the echo data in a
polar coordinate system to the one in an orthogonal coordinate system for outputting to the monitor 6 and outputs. The
Doppler processing circuit 34 performs publicly known processing, such as phase detection, A/D conversion, moving
target indicator (MT]) filtering and self-correlation, on the received beam signal so that a moving component, that is,
a bloodstream component, in tissue can be extracted by using Doppler effect. Then, the Doppler processing circuit 34
creates and outputs color data for coloring the position of the bloodstream in an ultrasonic tomographic image. The
MTI filter removes an unnecessary component based on the slow movement due to various factors such as heartbeats
and peristalses. The DSC(D) 35 converts the color data in the polar coordinate system to the orthogonal coordinate
system for outputting to the monitor 6 and outputs. The mapping circuit 36 superposes color data output by the DSC
(D) 35 on the bloodstream part on the image data of the ultrasonic tomographic image output by the DSC(B) and
outputs image data including the color data.

[0019] The image processing circuit 27 includes a cube data creating circuit 41, a color part extracting circuit 42,
and a three-dimensional constructing circuit 43. The cube data creating circuit 41 reads image data and position and
orientation data written in the HDD 6 and creates voxel data, that is, cube data CD having a three-dimensional grid
address space. The color part extracting circuit 42 extracts the colored part from the cube data CD. The three-dimen-
sional image constructing circuit 43 constructs a three-dimensional image based on the data of the extracted colored
part and outputs three-dimensional image data.

[0020] As shown in Fig. 2, the electronic radial scanning type ultrasonic endoscope 2 according to this embodiment
mainly includes an endoscope operating portion 13 and an endoscope inserting portion 14. The endoscope inserting
portion 14 is inserted to the tube cavity within the body cavity having many curbs, such as the stomach, the gullet and
the colon. Therefore, the endoscope inserting portion 14 contains a flexible material. The endoscope operating portion
13 has a bending knob 15 for performing bending operation. A user changes the direction of the distal end of the
endoscope inserting portion 14 by bending the endoscope inserting portion 14 by moving a wire, not shown, of the
endoscope inserting portion 14 back and forth by rotating the bending knob 15.
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[0021] Furthermore, the distal end of the endoscope inserting portion 14 has an ultrasonic transducer array 55. The
ultrasonic transducer array 55 has a sending coil 51, a lighting window 52 for illuminating inside of the tube cavity, an
optical observation window 53 for observation, and many strip-shaped ultrasonic transducers 54 around the distal end
of the endoscope inserting portion 14 in a ring-shape. More specifically, the multiple ultrasonic transducers 54 are
provided in a ring-shape at a predetermined position of an inserting axis at the distal end of the inserting portion 14
about the inserting axis. A signal line 56 is connected to each of the ultrasonic transducers 54 in the ultrasonic transducer
array 55. The signal lines 56 are connected to the ultrasonic processing portion 4. A pulse-shaped send driving voltage
for driving the ultrasonic transducers 54 and ultrasonic echo signals from the ultrasonic transducers 54 are sent and
received through the signal line 56. Ultrasound is sent and received by the multiple ultrasonic transducers so that the
electronic radial scanning can be performed ultrasonically on a plane perpendicular to the inserting axis, which will be
described later.

[0022] The sending coil 51 includes a complex of multiple solenoid coils in multiple directions therearound. Thus,
when the sending coil 51 is excited, anisotropic magnetic fields, that is, multiple magnetic fields having different direc-
tions from each other can be caused.

[0023] As shown in Fig. 3, the sending/receiving circuit 31 includes a send driving voltage generating circuit 61, a
send delay circuit 62, a send switching circuit 63, a receive switching circuit 64, an amplifying circuit 65, a receive delay
circuit 66, an adding circuit 67 and a send/receive controller 68.

[0024] The send driving voltage generating circuit 61 generates pulse-shaped send driving voltage. The send delay
circuit 62 applies and outputs delays different for each signal line to the send driving voltage. The send switching circuit
63 sequentially selects a predetermined multiple number of ultrasonic transducers 54 involved in the generation of an
ultrasonic send beam and outputs a send driving voltage. The receive switching circuit 64 sequentially selects ultrasonic
echo signals from the multiple ultrasonic transducers 54 involved in the generation of the send beam and outputs the
ultrasonic echo signals to the subsequent amplifying circuit 65. The amplifying circuit 65 amplifies the ultrasonic echo
signals from the receive switching circuit 64. The receive delay circuit 66 outputs the amplified ultrasonic echo signals
by applying the same delay as the delay to the send driving voltage in the send delay circuit 62 thereto. The adding
circuit 67 generates and outputs a receive beam signal corresponding to one sound ray by adding the delayed ultrasonic
echo signals. The send/receive controller 68 outputs switching control signals for controlling circuits within the ultrasonic
signal processing circuit 24 and rotational angle data, which will be described later.

[0025] Next, the operations will be described.

[1] An operation in the sending/receiving circuit 31 will be described for outputting signals and data relating to an original
image (signals and data required for creating image data of an ultrasonic tomographic image on which color data is
superposed) to a synchronous writing circuit.

[0026] First, the operation of the sending/receiving circuit 31 will be described.

[0027] A send driving voltage generated in the send driving voltage generating circuit 61 is delayed properly by the
send delay circuit 62 and is supplied to the multiple ultrasonic transducers 54 selected by the send switching circuit
63. Here, the send delay circuit 62 selects multiple ultrasonic transducers 54 aligned in series by a switching control
signal from the send/receive controller 68. Furthermore, the send delay circuit 62 applies a large delay to a send driving
voltage of the ultrasonic transducer 54 at center in the alignment. The magnitude of the delay to be applied to the send
driving voltage is reduced as the given ultrasonic transducer 54 leaves the center of the alignment. These ultrasonic
transducers 54 convert respective send driving voltages to ultrasound with electroacoustic conversion. Each ultrasound
forms one send beam by using the delay. The send/receive controller 68 causes the send switching circuit 63 to select
the ultrasonic transducers 54 such that ultrasonic beams can rotate in a direction indicated by an arrow RS (in the
direction of radial scanning) sequentially through switching control signals. Thus, a so-called radial scanning, which
scans a section perpendicular to the inserting axis of the ultrasonic endoscope 2, can be performed.

[0028] The ultrasonic transducer array 55 simultaneously sends and receives ultrasound and performs radial scan-
ning. Furthermore, the ultrasonic transducer array 55 converts ultrasonic echo of the scanned plane to electric signals
and supplies the electric signals to the receive switching circuit 64 in the sending/receiving circuit 31 as ultrasonic echo
signals. The receive switching circuit 64 selects the same multiple number of ultrasonic transducers 54 as the number
of those selected by the send switching circuit 63 in response to a switching control signal from the send/receive
controller 68. Then, the receive switching circuit 64 outputs the ultrasonic echo signals from the selected ultrasonic
transducers 54 to the amplifying circuit 65. The ultrasonic echo signals are amplified in the amplifying circuit 65 and
are delayed properly by the receive delaying circuit 66. Then, the ultrasonic echo signals are added in the adding circuit
67, and one ultrasonic receive beam signal can be obtained. The receive beam signal is output to the B-mode process-
ing circuit 32 and the Doppler processing circuit 34.

[0029] The send/receive controller 68 outputs a switching control signal to the send switching circuit 63 and the
receive switching circuit 64 based on information on which ultrasonic transducer to be switched. On the other hand,
the sending/receiving controller 68 outputs as rotational angle data the rotational angle for the radial scanning per-
formed by the ultrasonic transducer array 55 to the DSC(B) 33 and the DSC(D) 35.
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[0030] Next, the operation of the circuits following the sending/receiving circuit 31 will be described.

[0031] The B-mode processing circuit 32 performs publicly known processing such as logarithmic amplification, en-
velop detection and A/D conversion, on a received beam signal in order to convert an ultrasonic signal to digital echo
data.

[0032] Th DSC(B) 33 converts the echo data in the polar coordinate system to the one in the orthogonal coordinate
system for outputting to the monitor 6 based on the rotational angle data and creates and outputs image data of the
ultrasonic tomographic image to the mapping circuit 36.

[0033] The Doppler processing circuit 34 performs publicly known processing, such as phase detection, A/D con-
version, moving target indicator (MTI) filtering and self-correlation, on the received beam signal so that a moving com-
ponent, thatis, a bloodstream component, in tissue can be extracted by using Doppler effect. Then, color data is created
and is output for coloring the position of the bloodstream in the ultrasonic tomographic image. Here, the color data is
a hue corresponding to the speed of the bloodstream part.

[0034] The DSC(D) 35 converts color data in the polar coordinate system to one in the orthogonal coordinate system
for outputting to the monitor 6 based on the rotational angle data and creates and outputs data of the bloodstream
component to the mapping circuit 36.

[0035] The mapping circuit 36 superposes color data output by the DSC(D) 35 onto the bloodstream part on the
image data of the ultrasonic tomographic image output by the DSC(B) 33. Then, the mapping circuit 36 outputs the
image data of the ultrasonic tomographic image superposing color data thereon to the synchronous writing circuit 25.
[2] The operation for outputting signals and data relating to positions and orientations (also called "position/orientation
data, hereinafter) to the synchronous writing circuit 25 will be described.

[0036] The position/orientation detecting portion 3 outputs a coil exciting signal, which is an alternate signal, to the
sending coil 12 at the distal end of the ultrasonic endoscope 2. The frequency of the coil exciting signal is different in
each winding direction of a lead of each solenoid coil of the sending coil 12. Thus, an alternate magnetic field excited
by the frequency different in each direction of each solenoid coil is caused between a part to be examined and the
distal end of the endoscope inserting portion 14.

[0037] Each of the receiving coil 21 outputs current generated by the magnetic field to the position/orientation de-
tecting portion 3.

[0038] The position/orientation detecting portion 3 converts the current to voltage and resolves the frequency. Thus,
the difference in winding direction of the lead of the solenoid coil of the sending coil 12 is resolved based on the magnetic
field. Then, the position/orientation data of the sending coil 12 expressed in the fixed coordinate system of the receiving
coil 21 is calculated and is output to the synchronous writing circuit 25 in the ultrasonic processing portion 4.

[0039] The position and orientation data can be calculated as follows.

[0040] Position and Orientation Data:

Position of Sending Coil 12: (Dx, Dy, Dz)
Orientation of Sending Coil 12: (v, 6, ¢) [Euler Angles]

[3] The operation will be described for displaying a three-dimensional image based on data output to the synchronous
writing circuit 25.

[0041] The synchronous writing circuit 25 writes associated image data and position/orientation data synchronously
to HDD 26.

[0042] The cube data creating circuit 41 reads out image data and position/orientation data written in the HDD 26,
creates cube data CD having a three-dimensional grid address and outputs the cube data CD to the color part extracting
circuit 42. The cube data CD and the method for creating cube data CD will be described in section [4]-2.

[0043] The color part extracting circuit 42 extracts the colored part from the cube data CD and replaces image data
of the other part within the cube data by zero (0), that is, undisplayed data. Then, the processed cube data CD is output
to the three-dimensional image constructing circuit 43.

[0044] The three-dimensional image constructing circuit 43 constructs a three-dimensional image from the extracted
part and outputs the image data to the display circuit 28.

[0045] The display circuit 28 converts image data of the three-dimensional image to analog video signals, which can
be displayed on the monitor 6 and outputs the analog video signals to the monitor 6. The monitor 6 displays the three-
dimensional image.

[4] Practical uses by users will be described.

[4]-1 The recording of signals and data relating to an original image and data relating to positions and or directions
into the HDD 26 will be described with reference to Fig. 4.

[0046] The processing shown in Fig. 4 is started when a user presses a scanning control key 22 on the keyboard 5
and is controlled by the control circuit 29.

[0047] When the control circuit 29 detects that the scanning control key 22 has been pressed, the control circuit 29
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implements radial scanning processing. The ultrasonic transducer array 11 performs radial scanning by ultrasonic
beams in response to the instruction from the control circuit 29 (S11, where S stands for step).

[0048] When the radial scanning is implemented, the receiving coil 21 receives a magnetic-field signal from the
sending coil 12, and the position/orientation detecting portion 3 detects the position and orientation of the scanning
plane and creates position/orientation data (S12). At the same time, the ultrasonic signal processing circuit 24 creates
image data of the ultrasonic tomographic image superposing color data thereon (S13).

[0049] Then, the synchronous writing circuit 25 records the associated position/orientation data and image data of
the ultrasonic tomographic image superposing color data thereon to the HDD 26 synchronously (S14).

[0050] Next, whether the scanning control key 22 has been pressed by the user again or not is determined (S15). If
the user has pressed the scanning control key 22 again, the processing goes to the next step S16 (YES). Otherwise,
the processing jumps to a step S11, and the above-described steps are repeated.

[0051] Ata step S16, the control circuit 29 outputs a command for terminating the radial scanning, and the ultrasonic
transducer array 11 stops the radial scanning by ultrasonic beams in response to the instruction from the control circuit
29.

[0052] Here, when the user moves the radial scanning type ultrasonic endoscope 2 back and forth by hand and/or
changes the scanned plane by using the bending knob 15, the above-described series of steps is repeated. Thus, the
image data of the ultrasonic tomographic image is associated with the position/orientation data, and only the part
required for constructing a three-dimensional image is recorded in the HDD 26 in series.

[4]-2 The three-dimensional image creation from the data written in the HDD 26 will be described with reference to Fig. 5.
[0053] The processing shownin Fig. 5is started when a user presses the 3D key 23 on the keyboard and is controlled
by the control circuit 29.

[0054] When the control circuit 29 detects that the 3D key 23 has been pressed, the cube data creating circuit 41
reads out image data and position/orientation data of an ultrasonic tomographic image stored in the HDD26 as shown
in Fig. 6 in response to the instruction from the control circuit 29 (S21). The cube data creating circuit 41 embeds image
data of the ultrasonic tomographic image superposing every piece of color data thereon in a memory space having a
three-dimensional grid address. The embedding method will be described later. In this way, cube data CD as shown
in Fig. 6 is created (S22). Here, since the ultrasonic tomographic images are not always parallel to each other, the
cube data creating circuit 41 gets the average of the overlapped part and interpolates the loose part. Thus, the data
density can be regular.

[0055] Next, the color part extracting circuit 42 extracts the colored part (bloodstream part) from the cube data CD
and replaces image data of the other part in the cube data by zero (0), that is, by undisplayed data (S23).

[0056] The three-dimensional image constructing circuit 43 performs publicly known three-dimensional image
processing such as coordinate conversion, hidden surface removal and shading and the like and constructs a three-
dimensional image expressing the bloodstream traveling as shown in Fig. 7 from the extracted part (S24).

[0057] The display circuit 28 converts the image data of the three-dimensional image to analog video signals, which
can be displayed on the monitor 6, and outputs (S25). As a result, the monitor 6 displays the three-dimensional image
expressing the bloodstream traveling as shown in Fig. 7. A great vessel 72 and a small vessel 73 are displayed on a
screen 71 of the monitor 6.

[4]-3 The method for creating cube data will be described in detail (which is supplemental description on the step S21
in Fig. 5).

[0058] A user moves the distal end of the endoscope by hand and obtains ultrasonic tomographic images in series.
Thus, cube data CD having three-dimensional addresses can be created. However, in order to do so, the positions of
the ultrasonic tomographic images captured in series in the space must be expressed as coordinates in the coordinate
system fixed into the space by using the data available to the cube data creating circuit 41. The method will be described
below.

[0059] Thereceiving coil 21 is fixed in the space, and the sending coil 12 is fixed near the distal end of the endoscope
2. Here, as shown in Fig. 8, an orthogonal coordinate system O-xyz fixed to the receiving coil 21 and an orthogonal
coordinate system O'-x'y'z' fixed to the sending coil 12 are introduced. The addresses of the cube data CD are expressed
by the coordinates in the orthogonal coordinate system O-xyz.

[0060] The origin, the coordinate axes and the unit vector are plotted as shown in Table 1.



10

15

20

25

30

35

40

45

50

55

EP 1 491 146 A1

Table 1
Names of Orthogonal Plotting of Origin and Unit Vectors Remarks
Coordinate Systems Coordinate Axes
O-xyz O: An arbitrary pointin a space i, j, k Fixed to the receiving coil (fixed
fixed to the receiving coll in the space)

Coordinate Axes: Arbitrary
directions fixed to the receiving

coil

O'-xy'z' O': Afixed pointin the sending ij, k' Fixed to the sending coil (which
coil (which substantially moves when the user moves
coincides with the center of the distal end of the
ultrasonictomographicimages endoscope).

since the sending coil is
provided near the transducers)
Coordinate Axes: The axes X'
and y' are plotted so as to
coincide with the horizontal
and vertical directions,
respectively, of ultrasonic
tomographic images.

[0061] Here, A is an arbitrary point on the ultrasonic tomographic image 78 (for example, a part of the bloodstream
79) in Fig. 8. Now, the method will be described in which the cube data creating circuit 41 uses known data obtained
from the HDD 26 to express the coordinates of the point A in the orthogonal coordinate system O-xyz of the receiving
coil 21 fixed to the space.

[0062] The known data includes a position data (horizontally "a", vertically "b") of the point A within an image, position
data (Dx, Dy, Dz), and orientation data (v, 6, ¢) [Euler angles] on the scanned plane by position O' of the sending coil
12 output by the position/orientation detecting portion 3 in the orthogonal coordinate system O-xyz.

[0063] Therefore, for the above-mentioned expression, the position of the point A may be expressed as the primary
coupling of unit vectors (i, j, k) of the orthogonal coordinate system O-xyz by using these kinds of known data.
[0064] Here, the relationships below are obtained:

r=R+r' Expression 1
r'=ai't+bj’ Expression 2
R=Dxi+Dyj+Dzk Expression 3

where r is the positional vector of the point A in the O-xyz coordinate system, ' is the positional vector of the point A
in the O'-x'y'z' coordinate system, and R is the positional vector of the point O' in the O-xyz coordinate system.
[0065] By substituting Expressions 2 and 3 for Expression 1, the following expression can be obtained:

r=Dxi+Dyj+Dzk+ai'+bj’ Expression 4

According to Expression 4, (i', ', k') (where i', ' and k' are vectors) may be expressed by (i, j, k) (where i, j, k are vectors)
by using known amounts. When the rotational matrix Tx(y), Ty(6) and Tz(¢) defined from the Euler angles (v, 6, ¢) are
used, the following expression 5 can be obtained.

[i'j' k'T=10j, K] Tx(w) Ty(0) Tz(0) Expression 5
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where Tx(y), Ty(6) and Tz(¢) are the rotational matrix defined from the Euler angles (v, 6, ¢).
Here, the rotational matrix is defined by the following expressions:

Expression 6

1 0 0
Tx(y)= [0 cosy -siny
0 siny  cosy

Expression 7

cosf 0 sin@
Ty(8)= [0 1 0
—~sin6 0 cosf

Expression 8
cos¢$ -—sin ¢ 0
Tz($)= |sin ¢ cos y 0
0 0 1

When i' (where i' is a vector) and j' (where j' is a vector) obtained by substituting Expressions 6 to 8 for Expression 5
are substituted for Expression 4, the position r (where r is a vector) of the point A may be expressed by the primary
coupling of unit vectors (i, j, k) (where i, j, and k are vectors) in the O-xyz coordinate system by using the known data
a, b, Dx, Dy, Dz, v, 6 and ¢. That is, the arbitrary point A on the ultrasonic tomographic image can be expressed in the
coordinate system fixed in a space.

[0066] Thus, the cube data creating circuit 41 substitutes the coordinates (a, b) on the ultrasonic tomographic image
and the position/orientation data (Dx, Dy, Dz) and (v, 6, ¢) for Expressions 4 and 5. Then, image data at the points are
filled in the space in cube data, and the averaging of the overlap part and the interpolating of the loose part can be
performed. As a result, cube data can be created.

[0067] Asdescribed above, according to this embodiment, an ultrasonic three-dimensional image can be constructed
easily from voxel data.

[0068] Furthermore, according to this embodiment, for displaying the tissue including a tumor by an ultrasonic three-
dimensional image in the in-body-cavity ultrasonic diagnosis field, an ultrasonic diagnosis apparatus, which can obtain
good image data having no distortion by the easy operation, can be realized.

[0069] Furthermore, according to this embodiment, in the in-body-cavity ultrasonic field, for displaying the blood-
stream and the tissue including the bloodstream, an ultrasonic diagnosis apparatus, which can obtain the bloodstream
information using Doppler effect by the easy operation, can be realized.
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[0070] According to this embodiment, in a case of an esophageal varix, for example, the running of the bloodstream,
which is difficult to represent in a conventional ultrasonic endoscope, can be displayed by coloring by using color data
obtained by slowly retracting an endoscope inserting portion inserted in the gullet by a user. This is effective for diag-
nosis of an esophageal varix requiring the diagnosis of the state of the varix in the bloodstream and/or the traveling of
the bloodstream bypass, for example.

[0071] The associated image data and position/orientation data are recorded in the HDD 26. Therefore, a three-
dimensional image can be constructed for reviews after an examination.

[0072] Next, variation examples will be described.

[0073] A three-dimensional image may be constructed by combining the section 74 and the in-body-cavity organ
surface 75 only by using black-and-white ultrasonic tomographic images, as shown in Fig. 9, instead of color data.
Alternatively, the other kinds of three-dimensional image can be constructed. In Fig. 9, the reference numeral 76 indi-
cates a tumor. Therefore, a three-dimensional image without distortion due to the twist of the flexible shaft can be
observed more easily than the cases using the conventional mechanical radial scanning type ultrasonic endoscope
and the Kolvex scanning type ultrasonic endoscope.

[0074] The synchronous writing circuit 25 records in the HDD 26 image data of an ultrasonic tomographic image
superposing color data thereon, and the color part extracting circuit 42 extracts only the color data. However, in order
to display a three-dimensional image of only the traveling of the bloodstream like in this embodiment, the color data
can be only recorded in the HDD 26 from the beginning.

[0075] Furthermore, the positions of the sending coil 12 and the receiving coil 21 may be reversed. Then, the sending
coil 12 may be spatially fixed while the receiving coil 21 may be provided at the distal end of the endoscope inserting
portion of the radial scanning type ultrasonic endoscope 2. In this case, the address of the cube data may be expressed
in the orthogonal coordinate system O'-x'y'z".

[0076] In addition, in this embodiment, data relating to the orientation output by the position/orientation detecting
portion 3 expresses three angles of Euler angles v, 0, . However, the other kinds of data may be used such as data
on the direction of the axis having a lead of the solenoid coil therearound of the sending coil 12.

[Second Embodiment]

[0077] Figs. 10 to 14 show a second embodiment of the invention. Fig. 10 is a diagram for explaining the entire
construction of an ultrasonic diagnosis apparatus according to the second embodiment of the invention. Fig. 11 is a
flowchart showing an operation flow of the ultrasonic diagnosis apparatus according to the second embodiment. Fig.
12 is a diagram showing a monitor screen example according to the second embodiment. Fig. 13 is a diagram for
explaining a variation example of the entire construction according to the second embodiment. Fig. 14 is a diagram
showing a variation example of the monitor screen according to the second embodiment.

[0078] As shown in Fig. 10, an ultrasonic diagnosis apparatus 1 according to this embodiment has an ultrasonic
processing unit 4. The ultrasonic processing unit 4 includes two switches 81 and 82 switched synchronously (where,
generally, the terminal A side is ON) and a mixer circuit 83. An image processing circuit 27 has a tomographic image
superposing circuit 84 between a color part extracting circuit 42 and a three-dimensional image constructing circuit 43.
Furthermore, a switching control key 85 is provided on the keyboard. Every time a user presses the switching control
key 85, the switches 81 and 82 are switched from one side to the other.

[0079] The other construction is the same as the one of the first embodiment. The same reference numerals are
given to the same components as those of the first embodiment, and the description will be omitted here.

[0080] In Fig. 10, the arrow having a thick dotted line indicates the flow of signals or data relating to a three-dimen-
sional image. The arrow having a thick solid line indicates the flow of signals or data relating to an original image. The
arrow having a thin dotted line indicates the flow of signals or data relating to a position and/or an orientation. The
arrow having a thin solid line indicates the flow of the other signals, such as control signals, or data. The open thick
arrow indicates signals or data of an image in Fig. 12.

[0081] Next, the operation of this embodiment will be described.

[0082] When the switches 81 and 82 are turned to the A-side, the position/orientation data are not input to the tom-
ographic image superposing circuit 84. Therefore, the tomographic image superposing circuit 84 outputs the input cube
data CD to the three-dimensional image constructing circuit 43 as it is. Therefore, the same operation as the one of
the first embodiment is performed.

[0083] The operation different from the one of the first embodiment will be described below with reference to Fig. 11
[0084] First of all, a user presses the scanning control key 22, and the ultrasonic processing portion 4 then records
data in the HDD 26 (S31) like the steps S11 to S15 of the first embodiment. Here, the switches 81 and 82 are turned
to the terminal A side.

[0085] Next, the user presses the 3D key 23 like the first embodiment, and the cube data creating circuit 41 and the
color part extracting circuit 42 perform the same steps (S32) as the step S21 to S23 of the first embodiment.
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[0086] Then, whether the switching control key 85 has been pressed or not is determined (S33). If NO at the Step
S33, that is, if the switching control key 85 has not been pressed, no processing is performed. If YES at the step S33,
that is, if the switching control key 85 has been pressed, the processing goes to a step S34. At the step S34, the
switches 81 and 82 are turned from the terminal A side to the terminal B side.

[0087] Then, whether the scanning control key 22 has been pressed by the user or not is determined (S35). If NO
at the step S35, that is, if the scanning control key 22 has not been pressed, no processing is performed. If YES at the
step S35, that is, if the scanning control key 22 has been pressed, the processing goes to a step S36.

[0088] At the step S36, the ultrasonic transducer array 11 performs radial scanning by an ultrasonic beam again in
response to an instruction from the control circuit 29, and the processing goes to a step S37.

[0089] At the step S37, the tomographic image superposing circuit 84 writes the scanned plane by the electronic
radial scanning type ultrasonic endoscope 2 in the space of cube data CD in real time as a plate-like schematic diagram,
based on serially input position/orientation data. The method for writing the scanned plane will be described later.
[0090] Then, atastep S38, the three dimensionalimage constructing circuit43, which is combining means, constructs
a three-dimensional image (also called "guide image" hereinafter) having a schematic diagram of a scanned plane on
the traveling of the bloodstream based on the bloodstream part and plate-like schematic diagram data in the cube data.
In other words, the three-dimensional image constructing circuit 43, that is combining means, creates a guide image
by combining an ultrasonic three-dimensional image of the bloodstream and the schematic diagram showing the po-
sition or the orientation of the ultrasonic tomographic image. This step is performed in real time.

[0091] At a step S39, the mixer circuit 83 mixes a guide image on the left side and an ultrasonic tomographic image
on the right to create a screen as shown in Fig. 12.

[0092] At a step S40, the display circuit 28 converts image data on a screen mixed by the mixer circuit 83 to analog
video signals to be displayed on the monitor 6 and outputs the analog video signals to the monitor 6. At a step S41,
the monitor 6 displays the guide image and the ultrasonic tomographic image on the left and on the right, respectively,
as shown in Fig. 12.

[0093] Atthe step S41, whether or not the user has pressed the scanning control key 22 again or not is determined.
If YES at the step S41, that is, if the scanning control key 22 has been pressed, the radial scanning using an ultrasonic
beam is terminated in response to an instruction of the control circuit 29, and the processing goes to a next step S42.
Otherwise, thatis, if NO at the step S41, the processing goes to the step S36, where the subsequent steps are performed
again.

[0094] At a step S42, the ultrasonic transducer array 11 stops the radial scanning using an ultrasonic beam in re-
sponse to an instruction from the control circuit 29. At a step S43, the switches 81 and 82 are turned from the terminal
B to the terminal A.

[0095] Here, the series of steps from S31 to S43 is performed while the user is inserting the endoscope inserting
portion 14 into a part to be examined. A guide image 87 on the left side of the monitor screen 86 in Fig. 12 shows a
schematic diagram 88 showing an ultrasonically scanned plane (indicating the position and orientation of a tomographic
image). An ultrasonic tomographic image 89 corresponding to the schematic diagram obtained by the scanned plane
appears on the right side of the monitor screen 86 in Fig. 12. In Fig. 12, the reference numeral 90 indicates blood A,
and the reference numeral 91 indicates blood B. The reference numeral 92 indicates colored blood A. The reference
numeral 93 indicates colored blood B. The reference numeral 94 indicates a tumor, and the reference numeral 95
indicates an infiltration direction. Furthermore, the schematic diagram 88 itself on the left hand side moves within a
three-dimensional image in a direction indicated by an arrow 96 in accordance with (in synchronization with) the move-
ment of the distal end of the ultrasonic endoscope 2 based on position/orientation data serially output by the position/
orientation detecting portion 3. In other words, in accordance with the change in data sequentially output from the
position/orientation detecting portion 3, the combination state of the schematic diagram and the three-dimensional
image changes sequentially. The ultrasonic tomographic image on the right side also changes correspondingly. This
operation is performed in real time.

[0096] The detail of the method for writing a scanned plane into cube data CD at the step S37 will be described below.
[0097] An ultrasonic tomographic image is rectangular, and the schematic diagram of the scanned plane can be
represented by a parallelogram having sides in a unit vector i' direction (where i' is a vector) and j' direction (where j'
is a vector) in the orthogonal coordinate system O'-x'y'z" in the cube data. Therefore, the tomographic image super-
posing circuit 84 substitutes the sequentially input position/orientation data for Expression 5. Here, i' and ' (where '
and j' are vectors) can be expressed as the primary coupling of the unit vectors i, j and k (where i, j and k are vectors)
in the orthogonal coordinate system O-xyz. Therefore, by using this, the schematic diagram of the parallelogram can
be written in the space of the cube data easily.

[0098] The other operation is the same as the one according to the first embodiment.

[0099] Asdescribed above, according to the ultrasonic diagnosis apparatus of this embodiment, a schematic diagram
showing the position or orientation includes superposed ultrasonic tomographic image data. Therefore, the positional
relationship between the lesion such as a tumor and the bloodstream, for example, can be identified more easily.
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[0100] In this way, according to this embodiment, the degree of infiltration to a blood vessel can be diagnosed more
easily by moving the endoscope inserting portion and by, at the same time, selecting the position where the lesion
such as a tumor, for example, and the bloodstream are the closest to each other on the ultrasonic tomographic image
on the right side and by observing the ultrasonic tomographic image.

[0101] The scanned plane is shown on the guide image in real time. Therefore, the scanned plane by the ultrasonic
transducer array for the bloodstream can be identified more easily. Thus, the lesion can be rendered more easily. The
degree of reach in depth toward the bloodstream of the lesion such as a tumor and/or the degree of advance along
the bloodstream can be less missed. This is useful for prognoses regarding a spread, for example.

[0102] Since the guide image displaying the bloodstream three-dimensionally can be easily compared with the ul-
trasonic tomographic image, a cure effect, such as where the reduction of the lesion in size in the change occurs, can
be recognized more easily based on the histological difference in the lesion than the comparison based on volume
measuring, for example. The other advantages are the same as those of the first embodiment.

[0103] Next, the variation examples will be described.

[0104] The schematic diagram is a simple parallelogram in the description above. However, as shown in Fig. 13, the
image data output from the switches 81 and 82 may be output in parallel to the mixer circuit 83 and the tomographic
image superposing circuit 84. Thus, the schematic diagram may be a parallelogram superposing image data of ultra-
sonic tomographic images as shown in Fig. 14, instead of a simple parallelogram. With this construction, the positional
relationship of a lesion such as a tumor and the bloodstream can be clearer. In Fig. 13, the arrow having a thick dotted
line indicates the flow of signals or data relating to a three-dimensional image. The arrow having a thick solid line
indicates the flow of signals or data relating to an original image. The arrow having a thin dotted line indicates the flow
of signals or data relating to a position and/or an orientation. The arrow having a thin solid line indicates the flow of
the other signals, such as control signals, or data. The open thick arrow indicates signals or data of an image in Fig. 14.
[0105] While the schematic diagram is a parallelogram in the description, the schematic diagram may be a line, which
will be described later with reference to Fig. 17.

[Third Embodiment]

[0106] Figs. 15 to 17 show a third embodiment of the invention. Fig. 15 is a diagram for explaining the entire con-
struction of an ultrasonic diagnosis apparatus according to a third embodiment of the invention. Fig. 16 is a flowchart
showing an operation flow of the ultrasonic diagnosis apparatus according to the third embodiment. Fig. 17 is a diagram
showing a monitor screen display example according to the third embodiment.

[0107] As shown in Fig. 15, an ultrasonic diagnosis apparatus 1 according to this embodiment has a reading circuit
101 in an ultrasonic processing unit 4. A trackball 102 is externally provided. A control circuit 29 outputs tomographic
position specifying signals to the reading circuit 101 based on the output of the trackball 102. The reading circuit 101
searches and reads image data and position/orientation data from the HDD 26 based on the tomographic position
specifying signal and outputs image data and position/orientation data to a mixer circuit 83 and a tomographic position
superposing circuit 103, respectively.

[0108] The other construction is the same as those of the first and second embodiments. The same reference nu-
merals are given to the same components as those of the first and second embodiments, and the description will be
omitted.

[0109] In Fig. 15, the arrow having a thick dotted line indicates the flow of signals or data relating to a three-dimen-
sional image. The arrow having a thick solid line indicates the flow of signals or data relating to an original image. The
arrow having a thin dotted line indicates the flow of signals or data relating to a position and/or an orientation. The
arrow having a thin solid line indicates the flow of the other signals, such as control signals, or data. The open thick
arrow indicates signals or data of an image in Fig. 17.

[0110] Next, the operation of this embodiment will be described.

[0111] The operation of this embodiment mainly includes reviews during and after examination of a part to be ex-
amined by an operator.

[1] Operation During Examination

[0112] The operation during examination is the same as that of the second embodiment, and the description will be
omitted here.

[2] Operation After Examination

[0113] The operation after examination will be described with reference to Fig. 16.
[0114] The processing in Fig. 16 is started when a user presses the 3D key 23. First of all, at a step S51, the cube
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data creating circuit 41 and the color part extracting circuit 42 perform the same steps (S51) as the steps S21 to S23
according to the first embodiment. Next, at a step S52, the tomographic position superposing circuit 103 superposes
aline (tomographic position specifying cursor) 111 indicating a scanned plane in which an ultrasonic tomographic image
is obtained on an extracted bloodstream in cube data, that is, on the part where the bloodstream runs, as shown in
the guide image 87 on the left side of Fig. 17. In the beginning of the processing, the line 111 may be superposed on
any position of the bloodstream part.

[0115] Next, at a step S53, the three-dimensional image constructing circuit 43 constructs the guide image 87 su-
perposing the tomographic position specifying cursor 111 thereon. Then, the guide image 87 superposing the tomo-
graphic position specifying cursor 111 thereon is displayed on the monitor 6 through the mixer circuit 83 and the display
circuit 28 (S54). In the beginning of the processing, the ultrasonic tomographic image 89 has not been displayed on
the monitor screen 86 yet.

[0116] The user moves the trackball 102 while watching the tomographic position specifying cursor 111 on the guide
image 87. At a step S55, whether the trackball 102 has been moved or not is detected.

[0117] If NO at the step S55, that is, if the trackball 102 has not been moved, no processing is performed. If YES at
the step S55, that is, if the trackball 102 has been moved, the processing goes to a step S56. The control circuit 29
outputs, as a position specifying signal, information on the direction and distance of the movement of the tomographic
position specifying cursor 111 on the monitor screen 86 based on the output of the trackball 102 to the reading circuit
101 (S56).

[0118] The reading circuit 101 searches the position/orientation data at the position of or near the tomographic po-
sition specifying cursor 111 specified by the tomographic position specifying signal from the HDD 26 and reads the
position/orientation data and image data of the ultrasonic tomographic image associated therewith (S57). The tomo-
graphic position superposing circuit 103 superposes a old tomographic position specifying cursor on the extracted
bloodstream part in the cube data, instead of the old tomographic position specifying cursor, based on the position/
orientation data (S58). The three-dimensional image constructing circuit 43 constructs the guide image 87 superposing
the tomographic position specifying cursor 111 thereon (S59).

[0119] Then, the mixer circuit 83 mixes image data of the guide image 87 and the image data of the ultrasonic
tomographic image 89 associated with the position/orientation data corresponding to the tomographic position speci-
fying cursor 111 (S60). The guide image superposing the new tomographic position specifying cursor thereon instead
of the guide image superposing the old tomographic position specifying cursor thereon and the ultrasonic tomographic
image corresponding thereto are displayed on the monitor 6 through the mixer circuit 83 and the display circuit 28
(S61). At a step S62, whether the user has pressed the 3D key again or not is determined. If YES, the processing is
ended in response to the instruction of the control circuit 29. Otherwise, the processing jumps to the step S55, and the
subsequent steps are performed again.

[0120] Therefore, a user uses the trackball 102 and moves the cursor 111 in a direction indicated by the arrow 112,
for example so as to move the cursor position to the position to be observed on the guide image 87 on the left side of
the monitor screen. Thus, the ultrasonic tomographic image 89 on the right side is changed and is updated in accord-
ance with the movement of the cursor. This state is shown in Fig. 17. The other operation is the same as that of the
second embodiment.

[0121] As described above, according to this embodiment, a user uses a trackball and moves the cursor position to
the position to be observed on the guide image on the left side of the monitor screen so that the ultrasonic tomographic
image on the right side is changed and is updated in accordance with the movement of the cursor. Therefore, the range
of the lesion such as a tumor can be shown more clearly, and the degree of advance can be diagnosed more easily.
Since the processing is performed based on the image data and position/orientation data recorded in the HDD, the
diagnosis can be performed more easily during the case review after the examination. The other advantages are the
same as those of the second embodiment.

[0122] Next, variation examples will be described.

[0123] In the above-described embodiment, the reading circuit 101 searches the position/orientation data at the
position of or near the tomographic position specifying cursor 111 specified by the tomographic position specifying
signal from the HDD 26 and reads the position/orientation data and image data of the ultrasonic tomographic image
89 associated therewith. However, by replacing the reading circuit 101 by an arbitrary tomographic image creating
circuit, an ultrasonic tomographic image having a section perpendicular to the bloodstream direction may be newly
created from image data recorded in the HDD 26. Generally, the diagnosis for the infiltration to the blood vessel de-
termines the distance from the lesion to the blood vessel. Thus, the diagnosis is preferably performed by using an
ultrasonic tomographic image at the section perpendicular to the bloodstream. Therefore, with this construction, the
good observation can be implemented by using an ultrasonic tomographic image at the section perpendicular to the
running direction of the blood vessel instead of an ultrasonic tomographic image at the section diagonal to the running
direction of the blood vessel. Also, in this case, a parallelogram schematic diagram as shown in Fig. 12 may be used
instead of the tomographic position specifying cursor 111. Then, when the schematic diagram is moved by the trackball
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102, the positional relationship between the ultrasonic tomographic image and the bloodstream can be shown more
clearly.

[Fourth Embodiment]

[0124] Figs. 18 to 20 show a fourth embodiment of the present invention. Fig. 18 is a diagram for explaining the
entire construction of an ultrasonic diagnosis apparatus according to the fourth embodiment of the invention. Fig. 19
is a flowchart showing an operation flow of an ultrasonic diagnosis apparatus according to the fourth embodiment. Fig.
20 is a diagram showing a monitor screen display example according to the fourth embodiment.

[0125] As shown in Fig. 18, an ultrasonic diagnosis apparatus 1 according to this embodiment externally has a
trackball 102. Instead of the color part extracting circuit 42 and the three-dimensional image constructing circuit 43, a
multiple-tomographic-image constructing circuit 121 is provided for constructing multiple ultrasonic tomographic imag-
es having different directions from each other. Furthermore, instead of the 3D key 23 on the keyboard 5, a DPR key
122 is provided. A control circuit 29 generates a tomographic position specifying signal based on the output of the
trackball 102 and outputs the tomographic position specifying signal to the multiple-tomographic-image constructing
circuit 121.

[0126] The other construction is the same as the one according to the first embodiment. The same reference numerals
are given to the same components as those of the first embodiment, and the description will be omitted here.

[0127] In Fig. 18, the arrow having a thick dotted line indicates the flow of signals or data relating to a three-dimen-
sional image. The arrow having a thick solid line indicates the flow of signals or data relating to an original image. The
arrow having a thin dotted line indicates the flow of signals or data relating to a position and/or an orientation. The
arrow having a thin solid line indicates the flow of the other signals, such as control signals, or data.

[0128] Next, the operation of this embodiment will be described.

[0129] The operation of this embodiment is the same as that of the first embodiment except for the operations of the
trackball 102, the control circuit 29 and the multiple-tomographic-image constructing circuit 121.

[0130] The operation different from that of the first embodiment will be described below with reference to Fig. 19.
[0131] Image data of ultrasonic tomographic images required for constructing a three-dimensional image is recorded
in the HDD 26 in advance in the same manner as the steps S11 to S16 according to the first embodiment.

[0132] When a user presses the DPR key 122 on the keyboard 5, the processing in Fig. 19 is started.

[0133] When the DPR key 122 is pressed, the cube data creating circuit 41 performs the same steps as the steps
S21 and S22 of the first embodiment to create cube data CD (S71). The multiple-tomographic-image constructing
circuit 121 extracts image data of a plane perpendicular to the x-axis and a plane perpendicular to the y-axis of the
cube data CD shown in Fig. 6 in response to an instruction from the control circuit 29 (S72). The ultrasonic tomographic
image including image data of the plane perpendicular to the x-axis and the ultrasonic tomographic image including
image data of the plane perpendicular to the y-axis are called ultrasonic tomographic image P (131) and ultrasonic
tomographic image Q (132), respectively, here. The positions of the planes of the ultrasonic tomographic image P (131)
and ultrasonic tomographic image Q (132) are set at the center, that is, at x=L/2 and y=D/2, of the cube data shown
in Fig. 6.

[0134] Next, the multiple-tomographic image constructing circuit 121 superposes a crossing line of the plane P and
the plane Q on the ultrasonic tomographic image P (131) (S73). The cut line on the ultrasonic tomographic image P
(131) is called cut line P (133) here. The multiple-tomographic image constructing circuit 121 superposes the crossing
line of the plane P and the plane Q on the ultrasonic tomographic image Q (132) (S74). The cut line on the ultrasonic
tomographic image Q (132) is called cut line Q (134) below.

[0135] Atastep S75,the multiple-tomographic-image constructing circuit 121 outputs to the display circuit 28 multiple
ultrasonic tomographic images having different directions, that is, image data having the aligned ultrasonic tomographic
image P (131) and ultrasonic tomographic image Q (132). The display circuit 28 converts the image data of the multiple
tomographic images to analog video signals, which can be displayed on the monitor 6 and outputs the analog video
signals (S76). The monitor 6 displays multiple tomographic images having the colored bloodstream 135 shown in Fig.
20 (S77). In this way, the multiple-tomographic-image processing circuit 121 creates and displays on the monitor 6
multiple tomographic images having different directions from each other and superposing bloodstream images on
tomographic images based on color data.

[0136] When a user moves the trackball 102, the movement of the trackball 102 is detected. Therefore, YES is
determined at a step S78, and the processing goes to a step S79. If the trackball 102 is not moved, no processing is
performed. At the step S79, the control circuit 29 outputs information on the direction and distance for the movement
on the monitor screen 86 to the multiple-tomographic-image constructing circuit 121 as a tomographic position spec-
ifying signal based on the output of the trackball 102. Next, the multiple-tomographic-image constructing circuit 121
extracts the ultrasonic tomographic image P (131) perpendicular to the x-axis and the ultrasonic tomographic image
Q (132) perpendicular to the y-axis again based on the tomographic position specifying signal included in the instruction
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from the control circuit 29 (S80). The positions of the planes of the ultrasonic tomographic image P (131) and ultrasonic
tomographic image Q (132) are newly determined from the contents of the tomographic position specifying signal
(S80). At a step S81, whether the user has pressed the DPR key 122 again is determined. If the user has pressed,
YES is determined. Then, the processing ends in response to the instruction of the control circuit 29. Otherwise, the
processing jumps to the step S73, and the processing is performed again.

[0137] Therefore, when the bloodstream 135 is checked on the ultrasonic tomographic image P, for example, and
the cutline 133 is placed on the part by using the trackball 102, the ultrasonic tomographic image Q (132) corresponding
to the position of the cut line 133 is displayed on the right side. Thus, the traveling of the bloodstream 135 can be
observed from two directions. The other operation is the same as that of the first embodiment.

[0138] In this way, according to this embodiment, as shown in Fig. 20, the aligned multiple ultrasonic tomographic
images P (131) and Q (132) having different directions are displayed on the monitor screen 86 at the same time as
shown in Fig. 20. Thus, in a case of an esophageal varix, for example, the running of the bloodstream along the gullet
can be displayed more easily and more clearly on the ultrasonic tomographic image P (131) or on the ultrasonic tom-
ographic image Q (132) by slowly retracting an endoscope inserting portion, which has been inserted by a user to the
gullet. Fig. 20 shows a state where the electronic radial scanning type ultrasonic endoscope 2 is retracted in the x-axis
direction of the orthogonal coordinate system to which the receiving coil 21 is fixed. Here, the ultrasonic tomographic
image P and the ultrasonic tomographic image Q correspond to the tomographic images perpendicular and parallel,
respectively, to the endoscope inserting axis. According to this method, the traveling of the bloodstream, which is
difficult to represent in a conventional ultrasonic endoscope, can be displayed by being colored by using color data.
This is effective for diagnosis of an esophageal varix requiring the diagnosis of the state of the varix in the bloodstream
and/or the traveling of the bloodstream bypass, for example. The other advantages are the same as those of the first
embodiment.

[0139] In this way, ultrasonic tomographic images in multiple directions can be constructed easily from voxel data.
[0140] According to this embodiment, for displaying the tissue including a tumor by an ultrasonic three-dimensional
image in the in-body-cavity ultrasonic diagnosis field, an ultrasonic diagnosis apparatus which can obtain good image
data having no distortion by the easy operation can be realized.

[0141] Furthermore, according to this embodiment, in the in-body-cavity ultrasonic field, for displaying the blood-
stream and the tissue including the bloodstream, an ultrasonic diagnosis apparatus which can obtain the bloodstream
information using Doppler effect by the easy operation can be realized.

Next, a variation example will be described.

[0142] This embodiment describes the form of so-called DPR display for displaying two orthogonal ultrasonic tom-
ographic images. However, multi-plane reconstruction (MPR) display may be adopted for displaying more ultrasonic
tomographic images on the screen. The ultrasonic tomographic images do not have to be orthogonal in some cases
and conditions.

[0143] Having described the preferred embodiments of the invention referring to the accompanying drawings, it
should be understood that the present invention is not limited to those precise embodiments and various changes and
modifications thereof could be made by one skilled in the art without departing from the spirit or scope of the invention
as defined in the appended claims.

Claims

1. An ultrasonic diagnosis apparatus for obtaining ultrasonic echo signals of a part to be examined from a probe in
a body cavity, characterized by comprising:

an ultrasonic probe (2) having at predetermined positions of an inserting axis a plurality of ultrasonic trans-
ducers on the circumference about the inserting axis for performing ultrasonic scanning by using the plurality
of ultrasonic transducers on a plane perpendicular to the inserting axis by sending and receiving ultrasound
to and from the plurality of ultrasonic transducers;

detecting means (3) for detecting the position or orientation of the scanned plane by the ultrasonic scanning
by the ultrasonic probe; and

voxel data creating means (27, 41) for creating voxel data based on ultrasonic tomographic image data from
echo signals serially obtained by the ultrasonic scanning by the ultrasonic probe and based on the position or
orientation data detected by the detector.

2. The ultrasonic diagnosis apparatus according to Claim 1, characterized in that the voxel data creating means

(27, 41) has three-dimensional creating means (43) for creating an ultrasonic three-dimensional image based on
the position or orientation data.
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The ultrasonic diagnosis apparatus according to Claim 1, further characterized by comprising Doppler signal
processing means (34) for creating color data of the bloodstream of a part to be examined based on Doppler effect
of the serially obtained echo signals,

characterized in that the voxel data creating means (27, 41) has a three-dimensional image processing
means (42, 43) for creating an ultrasonic three-dimensional image of the bloodstream based on the color data.

The ultrasonic diagnosis apparatus according to Claim 2, further comprising Doppler signal processing means
(34) for creating color data of the bloodstream of a part to be examined based on Doppler effect of the serially
obtained echo signals,

characterized in that the three-dimensional image processing means (42, 43) creates an ultrasonic three-
dimensional image of the bloodstream based on the color data.

The ultrasonic diagnosis apparatus according to Claim 3, further characterized by comprising:

tomographic image processing means (33) for creating an ultrasonic tomographic image from the echo signals;
combining means (43) for creating a three-dimensional guide image (87) by combining the ultrasonic three-
dimensional image of the bloodstream and a diagram (88) showing the position or orientation of the ultrasonic
tomographic image; and

display output means (84, 28) for outputting so as to display the ultrasonic tomographic image (89) created
by the tomographic image processing means (33) and the three-dimensional guide image (87) created by the
combining means (43) on a same screen.

The ultrasonic diagnosis apparatus according to Claim 5, characterized in that the combining means (43) se-
quentially changes the state of the combination in accordance with the change in the position or orientation data
sequentially output from the detecting means (3).

The ultrasonic diagnosis apparatus according to Claim 5, characterized in that a diagram showing the position
or orientation is a planer schematic diagram (88).

The ultrasonic diagnosis apparatus according to Claim 6, characterized in that a diagram showing the position
or orientation is a planer schematic diagram (88).

The ultrasonic diagnosis apparatus according to Claim 7, characterized in that the schematic diagram (88) has
an ultrasonic tomographic image (94) thereon.

The ultrasonic diagnosis apparatus according to Claim 5, characterized in that a diagram showing the position
or orientation is a line (111) superposed on the part where the bloodstream is traveling.

The ultrasonic diagnosis apparatus according to Claim 6, characterized in that a diagram showing the position
or orientation is a line (111) superposed on the part where the bloodstream is traveling.

The ultrasonic diagnosis apparatus according to Claim 2, characterized in that the detecting means (3) detects
remotely the position or orientation of the scanned plane based on the magnetic field.

The ultrasonic diagnosis apparatus according to Claim 1, characterized in that the ultrasonic probe is an ultrasonic
endoscope having an optical observation window at the distal end.

The ultrasonic diagnosis apparatus for obtaining ultrasonic echo signals of an object from a probe in a body cavity,
characterized by comprising:

an ultrasonic probe (2) having at predetermined positions of an inserting axis a plurality of ultrasonic trans-
ducers on the circumference about the inserting axis for performing ultrasonic scanning on a plane perpen-
dicular to the inserting axis by sending and receiving ultrasound to and from the plurality of ultrasonic trans-
ducers; and

multiple-tomographic-image processing (121) for creating multiple ultrasonic tomographic images having dif-
ferent directions from each other, based on ultrasonic tomographic image data from echo signals serially ob-
tained by the ultrasonic scanning of the ultrasonic probe.
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The ultrasonic diagnosis apparatus according to Claim 14, further characterized by comprising detecting means
(3) for detecting the position or orientation of a plane scanned by the ultrasonic probe,

characterized in that the multiple-tomographic-image processing means (121) creates the multiple ultra-
sonic tomographic images having different directions from each other, based on data of the position or orientation.

The ultrasonic diagnosis apparatus according to Claim 14, further characterized by comprising:

Doppler signal processing means (34) for creating color data of the bloodstream by using Doppler effect of
echo signals from the ultrasonic probe,

characterized in that the multiple-tomographic image processing means (121) creates the multiple ultra-
sonic tomographic images having different directions from each other and superposed by an image of the blood-
stream based on the color data thereon.

The ultrasonic diagnosis apparatus according to Claim 15, further characterized by comprising:

Doppler signal processing means (34) for creating color data of the bloodstream by using Doppler effect of
echo signals from the ultrasonic probe,

characterized in that the multiple-tomographic image processing means (121) creates the multiple ultra-
sonic tomographic images having different directions from each other and superposed by an image of the blood-
stream based on the color data thereon.

The ultrasonic diagnosis apparatus according to Claim 15, characterized in that the detector detects the position
or orientation of a scanned plane remotely by the magnetic field.

The ultrasonic diagnosis apparatus according to Claim 14, characterized in that the ultrasonic probe is an ultra-
sonic endoscope having an optical observation window at the distal end.

An ultrasonic diagnosis method, characterized by comprising the steps of:

inserting into a body cavity an ultrasonic probe (2) having at predetermined positions of an inserting axis a
plurality of ultrasonic transducers on the circumference about the inserting axis for performing ultrasonic scan-
ning by using the plurality of ultrasonic transducers on a plane perpendicular to the inserting axis by sending
and receiving ultrasound to and from the plurality of ultrasonic transducers and obtaining ultrasonic echo
signals of a part to be examined;

detecting the position or orientation of the scanned plane by the ultrasonic scanning by the ultrasonic probe;
and

creating voxel data based on ultrasonic tomographic image data from echo signals serially obtained by the
ultrasonic scanning by the ultrasonic probe and based on data of the detected position or orientation.

An ultrasonic diagnosis method, characterized by comprising the steps of:

inserting to a body cavity an ultrasonic probe (2) having at predetermined positions of an inserting axis a
plurality of ultrasonic transducers on the circumference about the inserting axis for performing ultrasonic scan-
ning by using the plurality of ultrasonic transducers on a plane perpendicular to the inserting axis by sending
and receiving ultrasound to and from the plurality of ultrasonic transducers and obtaining ultrasonic echo
signals of a part to be examined; and

creating multiple ultrasonic tomographic images having different images from each other based on ultrasonic
tomographic image data from echo signals serially obtained by the ultrasonic scanning by the ultrasonic probe.

Amended claims in accordance with Rule 86(2) EPC.

9. The ultrasonic diagnosis apparatus according to Claim 7, characterized in that the schematic diagram (88)
has an ultrasonic tomographic image (94) thereon.

10. The ultrasonic diagnosis apparatus according to Claim 5, characterized in that a diagram showing the position
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or orientation is a line (111) superposed on the part where the bloodstream is traveling.

11. The ultrasonic diagnosis apparatus according to Claim 6, characterized in that a diagram showing the position
or orientation is a line (111) superposed on the part where the bloodstream is traveling.

12. The ultrasonic diagnosis apparatus according to Claim 2, characterized in that the detecting means (3) detects
remotely the position or orientation of the scanned plane based on the magnetic field.

13. The ultrasonic diagnosis apparatus according to Claim 1, characterized in that the ultrasonic probe is an
ultrasonic endoscope having an optical observation window at the distal end.
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