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Description
Technical Field

[0001] The present invention relates to reference-im-
age display methods for ultrasonography and ultrasonic
diagnosis apparatuses using the methods. More specif-
ically, the present invention relates to a technology pref-
erably used for reconstructing, using multi-slice-image
data of a patient obtained by a diagnostic imaging appa-
ratus, a reference image of the same cross section as
an ultrasonic scan plane in real time and for displaying
the reference image and an ultrasonicimage on the same
screen. Examples of the diagnostic imaging apparatus
include an ultrasonic diagnosis apparatus, a magnetic
resonance imaging (MRI) apparatus, and an X-ray com-
puted tomography (X-ray CT) apparatus.

Background Art

[0002] Ultrasonic diagnosis apparatuses, which are
one type of diagnostic imaging apparatuses, are fre-
quently used for diagnosis, since they are easy to handle
and are capable of performing noninvasive observation
of arbitrary cross sections in real time. On the other hand,
ultrasonic images captured by the ultrasonic diagnosis
apparatuses are generally inferior in image quality to to-
mographic images captured by X-ray CT apparatuses or
the like. Thus, comprehensive diagnosis may be per-
formed while performing comparison with a tomographic
image captured by another diagnostic imaging appara-
tus, such as an X-ray CT apparatus or an MRI apparatus
(the tomographic image will hereinafter be referred to as
a "reference image"). For example, when hepatophyma
orthe like is treated by radiofrequency ablation under the
guidance of an ultrasonic image, it is conceived that a
treatment portion is pre-located by CT diagnosis and a
CTimage thereofis used as areference image to perform
the guidance with the ultrasonic image.

[0003] However, when a CT image or MR image is
merely rendered as the reference image, to recognize
an association relationship between the images is a great
burden on the operator. This is because the reference
image provided by a CT image or MR image is typically
a tomographic image of a cross section perpendicular to
a body axis, whereas the ultrasonic image is a tomo-
graphic image of an arbitrary cross section specified by
the operator.

[0004] Non-patentDocument 1 describes anapproach
to facilitate the recognition of an association relationship
between a reference image and an ultrasonic image. In
the approach, a position sensor is attached to an ultra-
sonic probe to determine an ultrasonic scan plane and a
reference image of the same cross section as the ultra-
sonic scan plane is reconstructed from multi-slice image
data (hereinafter referred to as "volume image data") of
a CT image or MR image and is rendered on a display
screen. Similarly, Patent Document 1 also proposes a
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technology in which a reference image of the same cross
section as an ultrasonic scan plane is reconstructed from
the volume image data of a CT image or MR image and
the reference image and an ultrasonic image are ren-
dered on a display screen in an aligned or superimposed
manner or in an alternately switched manner.

[0005] Patent Document 2 proposes a technology to
aid manipulation for introducing a puncture needle into
a body. That is, an ultrasonic scan plane is controlled so
as toinclude the puncture needle and a reference image
corresponding to the ultrasonic scan plane is cut out and
is displayed. In the technology, two markers are attached
to a body surface at a position corresponding to a pa-
tient's diseased area, into which the puncture needle is
to be inserted, to obtain the volume image data of a ref-
erence image. Further, an ultrasonic probe is provided
with an introducing portion for the puncture needle, so
that the position and the angle of the puncture needle
relative to the probe is fixed, and a sensor for detecting
the position and the angle of the probe is attached to the
probe to determine the ultrasonic scan plane. In this man-
ner, a coordinate system for the volume image data and
a coordinate system for the ultrasonic scan plane are
associated with each other and a reference image cor-
responding to the ultrasonic scan plane is cut out and is
displayed.

Non-patent Document 1: "Radiology" RNSA issued
in 1996, page 517, K. Oshio

Patent Document 1: Japanese Unexamined Patent
Application Publication No. 10-151131

Patent Document 2: Japanese Unexamined Patent
Application Publication No. 2002-112998

[0006] WO 01/01845 A1 discloses a medical appara-
tus with the features in the preamble of present claim 1.
[0007] Roch M. Comeau: "Integrated MR and ultra-
sound imaging for improved image guidance in neuro-
surgery", Proceedings of SPIE, vol. 3338, 1 January 1998
(1998-01-01), pages 747-754, DOI: 10.1117/12.310954,
and DAVIDG GOBBI ET AL: "Ultrasound/MRI Overlay
with Image Warping for Neurosurgery", (2004-02-11),
MEDICAL IMAGE COMPUTING AND COMPUTER-AS-
SISTED INTERVENTION.MICCAI. INTERNATIONAL
CONFERENCE. PROCEEDINGS, pages 106-114, IS-
BN: 978-3-540-41189-5, disclose the display of intra-op-
erative ultrasound with coplanar CT or MRI data.

Disclosure of Invention

[0008] However, in the prior art, although a reference
image of a cross section corresponding to the scan plane
of an ultrasonic image is cut out and is displayed on the
same screen, no consideration is given to a scheme for
matching display regions and the magnifications of a ref-
erence image and an ultrasonic image. For example, an
ultrasonic image is a fan-shaped image obtained by cap-
turing one part of a living body of a patient, whereas a
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CT image or MR image is typically a circular image ob-
tained by capturing the entire body of the patient. Thus,
when the reference image and the ultrasonic image are
merely displayed in an aligned manner, there is also a
problem in that it is difficult to recognize an association
relationship of portions he or she desires to observe.
[0009] In addition, in order to obtain an ultrasonic im-
age of aregion including a target (e.g., a diseased area)
arbitrary specified on a reference image by the operator,
he or she must manipulate the ultrasonic probe to search
the region including the target. However, in the prior art,
there is a problem in that no consideration is given to a
scheme for facilitating the recognition of the positional
relationship between the current ultrasonic scan plane
and the target.

[0010] Accordingly, it is desired to facilitate the recog-
nition of an association relationship between an ultrason-
ic image and a reference image which are displayed on
the same screen, the reference image being obtained by
another diagnosis apparatus.

[0011] Theobjectofthe presentinventionis to facilitate
the recognition of the positional relationship between the
patient or a target specified on an arbitrary reference im-
age by an operator and the current ultrasonic scan plane.
[0012] The object is met by the apparatus definied in
claim 1.

[0013] An ultrasonic diagnosis apparatus includes ul-
trasonic image generating means for reconstructing an
ultrasonicimage from reflection echo signals output from
an ultrasonic probe, storing means for storing volume
image data pre-obtained by a diagnostic imaging appa-
ratus; reference-image generating means for extracting
tomographic image data corresponding to a scan plane
of the ultrasonic wave from the volume image data stored
in the storing means and reconstructing a reference im-
age, controlling means for causing the reference image
and the ultrasonic image to be displayed on a screen,
and displaying means for displaying the reference image
and the ultrasonic image. In accordance with the tomo-
graphicimage data and a positional relationship between
the ultrasonic probe and a patient, the reference-image
generating means extracts tomographic image data of a
portion corresponding to a view area of the ultrasonic
image to generate the reference image.

[0014] Thus, since the reference image of the same
region corresponding to the fan-shaped view-area of the
ultrasonic image is displayed as a fan-shaped image, it
is possible to easily recognize an association relationship
between both the images. In this case, it is preferable
that, of the reference image, the region corresponding to
the view area be displayed with the same magnification
as the ultrasonic image, since the recognition of an as-
sociation relationship between both the images is further
facilitated. It is also preferable that, of the reference im-
age, brightness of a portion out of the view area of the
ultrasonicimage be reduced to perform display. With this
arrangement, it is possible to perform comparison and
observation without losing information of the reference
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image.

[0015] Further, displaying an acoustic shadow of the
ultrasonic image on the reference image in a simulated
manner further facilitates the recognition of an associa-
tion relationship between both the images. Also, the ul-
trasonicimage and the reference image can be displayed
on the screenin an aligned manner, but the configuration
is not limited thereto. A composite image of the ultrasonic
image and the reference image can be displayed on the
screen. The composite image can be an image obtained
by superimposing a transparent image of the reference
image on the ultrasonic image. Also, the composite im-
age can be a difference image between the reference
image and the ultrasonic image.

[0016] Itis preferable that the reference-image gener-
ating means change an image size of the reference im-
age in accordance with a speed of movement of the ul-
trasonic probe. This makes it possible to display the ref-
erence image according to a quick movement of the ul-
trasonic image, thus enhancing the freedom of manipu-
lating the probe during the comparison and observation.
[0017] The ultrasonic diagnosis apparatus of the
present invention includes a 3D body-mark determining
unit for determining a positional relationship between the
scan plane and a target set in the volume image data to
cause a direction and a distance of the target relative to
the scan plane to be displayed on the screen.

[0018] Additionally, the ultrasonic diagnosis apparatus
may further include a cine-memory for storing the ultra-
sonic image reconstructed by the ultrasonic-image gen-
erating means, a position sensor for detecting a position
and an inclination of the ultrasonic probe, scan-plane-
coordinate determining means for determining scan-
plane coordinates of the ultrasonic image in accordance
with an output from the position sensor, and scan-plane-
coordinate-system storing means for storing the deter-
mined scan-plane coordinates. The reference-image
generating means reads the scan-plane coordinates of
the ultrasonic image from the scan-plane-coordinate-
system storing means, reads the tomographic-image da-
ta corresponding to the read scan-plane coordinates, and
reconstructs the reference image. The image processing
means reads the ultrasonic image from the cine-memory
and causes the reference image corresponding to the
read ultrasonic image, the reference image being output
from the reference-image generating means, to be dis-
played. With this arrangement, since ultrasonic images
are sequentially read from the cine-memory and dis-
played and reference images corresponding to the ultra-
sonic images are sequentially cut out and displayed,
comparison and observation can be performed using
moving images.

[0019] Itis also preferable that the ultrasonic diagnosis
further includes at least one of a posture sensor for de-
tecting achange in the posture of the patient and a sensor
for detecting breathing and further has correcting means
for correcting the scan-plane coordinates in accordance
with an amount of internal-organ movement caused by
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a posture change or the breathing of the patient during
ultrasonic diagnosis. With this arrangement, a displace-
ment between the reference-image coordinate system
and the ultrasonic-image coordinate system, the dis-
placement being resulting from internal-organ movement
caused by the breathing or a posture change of the pa-
tient, can be corrected. Thus, the accuracy of comparison
and observation of both the images can be improved.
[0020] In addition or instead, the configuration can be
such that, after the scan plane of the ultrasonic probe is
scanned and one of an ultrasonic image and a reference
image which has a distinctive point is searched for and
frozen, the ultrasonic probe is manipulated, an image
thatis other than the frozen ultrasonicimage or reference
image and that matches the frozen one of the images is
displayed and frozen, and a coordinate difference be-
tween scan-plane coordinates for the frozen one of the
images and the other image is determined, so that the
scan plane coordinates can be corrected based on the
determined coordinate difference.

[0021] Further, in addition to the above-described con-
figuration, the ultrasonic diagnosis apparatus can in-
clude: a position sensor for detecting a position and an
inclination of the ultrasonic probe in association with a
reference coordinate system; scan-plane-coordinate de-
termining means for determining scan-plane coordinates
of an ultrasonic image captured by the ultrasonic probe
in association with the reference coordinate system, in
accordance with an output from the position sensor; ref-
erence-pointinputting means for setting a reference point
on a reference image displayed on the screen based on
the volume image data obtained in association with the
reference coordinate system; volume-data-coordinate
determining means for determining coordinates of tom-
ographic data of the volume image data associated with
the scan-plane coordinates, by determining a coordinate
relationship between the position of the ultrasonic probe
and a region that corresponds to the reference point and
that exists on an ultrasonic image obtained by bringing
the ultrasonic probe in contact with a body surface of the
patient; and volume-data-coordinate storing means for
storing the tomographic-image-data coordinates deter-
mined by the volume-data-coordinate determining
means. The reference-image reconstructing means can
read the coordinates of the tomographic image data, as-
sociated with the scan-plane coordinates determined by
the scan-plane-coordinate determining means, from the
volume-data-coordinate storing means and can extract
the reference image. With this arrangement, the refer-
ence point for aligning the coordinate systems can be set
inside the body of the patient. Thus, compared to the
prior art in which a reference point is set on the body
surface, the freedom of setting the reference point is in-
creased and thus the accuracy of comparison and ob-
servation can be further improved.
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Brief Description of the Drawings
[0022]

[FIG.1]FIG.1isablock diagram of a basic diagnostic
imaging system to which an ultrasonic diagnosis ap-
paratus useful to understand the present invention
is applied.

[FIG. 2] FIG. 2 is a block diagram of a specific diag-
nostic imaging system to which an ultrasonic diag-
nosis apparatus of an embodiment of the present
invention is applied.

[FIG. 3] FIG. 3 is a flow chart showing a sequence
of a drawing procedure for an ultrasonic image and
areference image in one embodiment of the present
invention.

[FIG. 4] FIG. 4 is a view showing a display example
of an ultrasonic image, a reference image, a com-
posite image, and a 3D body mark according to a
feature of the present invention.

[FIG. 5] FIG. 5 is a view showing a display example
of an ultrasonic image, a reference image, a com-
posite image, and a 3D body mark which are pref-
erable for navigation according to a feature of the
present invention.

[FIG. 6] FIG. 6 is a block diagram of a specific diag-
nostic imaging system to which an ultrasonic diag-
nosis apparatus of another embodiment of the
present invention is applied.

[FIGS. 7] FIGS. 7 are block diagrams of a position-
sensor-equipped probe in one embodiment accord-
ing to the present invention.

[FIGS. 8] FIGS. 8 show the configuration and the
processing procedure of breathing-amount deter-
mining means according to the present invention.
[FIG. 9] FIG. 9is a detailed block diagram of a scan-
plane-coordinate determining unit and a scan-plane-
coordinate storing unit in the embodiment shown in
FIG. 2.

[FIG. 10] FIG. 10 is a flow chart of initialization
processing for coordinate associating processing in
the embodiment shown in FIG. 6.

[FIG. 11] FIG. 11 is a flow chart of embodiment of a
reference-image display processing, during ultra-
sonic diagnosis, in the embodiment shown in FIG. 6.
[FIGS. 12] FIGS. 12 are diagrams illustrating an as-
sociation relationship between volume image data
and a scan-plane coordinate system.

[FIG. 13] FIG. 13 is a flow chart of one embodiment
for correcting a reference-coordinate-system dis-
placement caused by breathing or the like of a pa-
tient.

[FIG. 14] FIG. 14 shows one example of a coordinate
adjustment screen for assisting processing for cor-
recting scan plane coordinates.

[FIG. 15] FIG. 15 is a view illustrating a method for
correcting a coordinate-system displacement result-
ing from internal-organ movement caused by the
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breathing of the patient.
Best Mode for Carrying Out the Invention

[0023] Preferred embodiments of the presentinvention
and an illustrative example will be described bellow with
reference to the accompanying drawings.

(lllustrative example)

[0024] FIG. 1 is block diagram of a basic diagnostic
imaging system to which an ultrasonic diagnosis appa-
ratus of an example useful to understand the present
invention is applied. As shown, the diagnostic imaging
system includes an ultrasonic diagnosis apparatus 101
and a medical diagnostic imaging apparatus 102 for ob-
taining volume image data that provides as a reference
image. The volume image data refers to the data of multi-
slice images obtained by capturing the inside of the body
of a patient along multiple slice planes. The data of the
volume images captured by the medical diagnostic im-
aging apparatus 102 is input to the ultrasonic diagnosis
apparatus 101. A computed tomography apparatus (X-
ray CT apparatus) or a magnetic resonance imaging ap-
paratus (MRI apparatus) can be used as the medical di-
agnostic imaging apparatus 102. CT images and MR im-
ages have higher image qualities than ultrasonic images,
as is known, and thus are suitable as reference images
for ultrasonic images, which are inferior in image quality.
However, when a temporal change in tissues of a patient
is diagnosed with ultrasonic waves, the volume image
data of a pre-obtained ultrasonic image can be drawn as
the reference image.

[0025] In FIG. 1, descriptions of functions commonly
included in the ultrasonic diagnosis apparatus 101 are
omitted to avoid complexity, and only the functions of
major units associated with displaying the reference im-
age according to a feature of the present invention are
described. As shown, the ultrasonic diagnosis apparatus
101 can broadly be divided into a section for reconstruct-
ing an ultrasonic image and a section for reconstructing
the reference image. The former ultrasonic-image recon-
structing section has a probe 104 and an ultrasonic-im-
age determining unit 105. The latter reference-image re-
constructing section has a volume-data storing unit 107
and a reference-image determining unit 111.

[0026] The ultrasonic-image determining unit 105 pro-
vides ultrasonic-image generating means for recon-
structing an ultrasonic image in accordance with a reflec-
tion echo signal output from the probe 104. The ultrason-
ic-image determining unit 105 is adapted to associate
signals output from a position sensor 108 with the recon-
structed ultrasonic image. On the other hand, a control-
ling unit 120 is adapted to determine the scan-plane co-
ordinates of the probe 104 in accordance with signals
output from the position sensor 108 and to output the
determined scan-plane coordinates to the reference-im-
age determining unit 111. The reference-image deter-
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mining unit 111 provides a reference-image generating
means for extracting tomographic image data, corre-
sponding to the scan-plane coordinates input from the
controlling unit 120, from the volume-data storing unit
107 and reconstructing the reference image. Thus, the
ultrasonic image reconstructed by the ultrasonic-image
determining unit 105 and the reference image recon-
structed by the reference-image determining unit 111 are
adapted to be displayed on a monitor 114.

[0027] In particular, the reference-image determining
unit 111 is configured such that it extracts tomographic-
image data of a region corresponding to the view area
of an ultrasonic image, in accordance with the scan-plane
coordinates that are input from the controlling unit 120
and that are based on the positional relationship between
the probe 104 and the patient, and generates a reference
image.

[0028] According to the present example configured
as described above and shown in FIG. 1, a reference
image corresponding to the fan-shaped view area of an
ultrasonic image, the reference image and the ultrasonic
image captured from the same region, is displayed as a
fan-shaped image. This makes it possible to easily rec-
ognize an association relationship between both the im-
ages. In this case, displaying, of the reference image, a
region corresponding to the view area of the ultrasonic
image with the same magnification as the ultrasonic im-
age can further facilitate the recognition of an association
relationship between both the images. Also, displaying,
of the reference image, a region that is out of the view
area of the ultrasonic image, with reduced brightness,
allows comparison and observation without loosing the
information of the reference image.

(First Embodiment)

[0029] FIG. 2 shows the configuration of a specific di-
agnosticimaging system to which an ultrasonic diagnosis
apparatus of the present invention is applied. In the fig-
ure, means having the same functional configurations as
those in FIG. 1 are denoted with the same reference nu-
merals and the descriptions thereof are omitted. In FIG.
2, a scan-plane-coordinate determining unit 109 and a
scan-plane-coordinate storing unit 110 correspond to the
configuration of the major unit of the controlling unit 120.
A cine-memory 106 stores an ultrasonic image recon-
structed by the ultrasonic-image determining unit 105. A
3D body-mark determining unit 112 is provided in con-
nection with the reference-image determining unit 111.
An adder 113 is configured as image processing means
for appropriately combining images generated by the
cine-memory 106, the reference-image determining unit
111, and the 3D body-mark determining unit 112. The
monitor 114 is adapted to display images generated by
the cine-memory 106, the reference-image determining
unit 111, and the 3D body-mark determining unit 112 and
the image processed by the adder 113.

[0030] The probe 104 transmits/receives ultrasonic
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waves to/from a patient 103 and has built-in multiple
transducers that generate ultrasonic waves and that re-
ceive reflection echoes. The ultrasonic-image determin-
ing unit 105 receives reflection echo signals output from
the probe 104 and converts the received signals into dig-
ital signals to create an ultrasonic image 302, such as a
tomographic image (B-mode image) or a color flow map-
pingimage (CFMimage), of a diagnosis region, as shown
in FIG. 3 and so on. The cine-memory 106 receives ul-
trasonic images created by the ultrasonic-image deter-
mining unit 105 and stores ultrasonic images for multiple
frames.

[0031] The volume-data storing unit 107 receives the
volume image data of a reference image, captured by
the medical diagnostic imaging apparatus 102, through
a network or via a portable storage (MO) medium, such
as a magneto-optical disk, and stores the volume image
data in the ultrasonic diagnosis apparatus 101.

[0032] Thepositionsensor 108 is attached to the probe
104 to detect the three-dimensional position and inclina-
tion of the probe. A source 116 for a coordinate system
including the patient 103 is placed in the vicinity of a bed
115 on which the patient 103 lies. The principle of de-
tecting the three-dimensional position and inclination of
the probe 104 is that magnetic signals generated in a
three-dimensional space by the source 116 is detected
by the position sensor 108 and the three-dimensional
position and inclination in a reference coordinate system
formed by the source 116 are detected. A position sensor
system, constituted by the position sensor 108 and the
source 116, is not only limited to a magnet-based system
but also may employ, for example, a known position sen-
sor system, such as a system utilizing light.

[0033] In accordance with signals output from the po-
sition sensor 108 and the source 116, the scan-plane-
coordinate determining unit 109 obtains the position and
inclination information of the probe 104 in the reference
coordinate system to determine scan-plane coordinates
including the position and the inclination of a ultrasonic
scan plane relative to the patient 103. The scan-plane-
coordinate determining unit 109 is also adapted to cal-
culate scan-plane coordinates in a reference-image co-
ordinate system, in accordance with the determined
scan-plane coordinates. That is, the scan-plane-coordi-
nate determining unit 109 is adapted to determine scan-
plane coordinate data including, for example, x, y, and z
coordinate data of one corner of a scan plane and rotation
angles about x, y, and Z axes of the scan plane in a
volume-image-data coordinate system. The scan-plane-
coordinate data determined by the scan-plane-coordi-
nate determining unit 109 is input to the scan-plane-co-
ordinate storing unit 110 and scan plane coordinates for
multiple frames are stored therein. In this case, it is pref-
erable that the number of frames for scan plane coordi-
nates stored be substantially the same as the number of
frames of ultrasonic images captured in real time and
stored in the cine-memory 106. The reference-image de-
termining unit 111 provides reference-image reconstruct-
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ing means, and receives scan-plane coordinate data and
reconstructs a reference image of the same cross section
as an ultrasonic scan image.

[0034] Next, a detailed configuration of the ultrasonic
diagnosis apparatus 101 according to the present em-
bodiment will be described in conjunction with the oper-
ation thereof. FIG. 3 is a flow chart for rendering an ul-
trasonic image and a reference image of the same cross
section. The drawing processing is broadly classified into
an ultrasonic-image processing sequence 201 for ren-
dering an ultrasonic image and storing the scan-plane
coordinates in a storage unit and a reference-image
processing sequence 202. These two sequences 201
and 202 are executed in such a manner that starts and
freezes are synchronized.

[0035] First, when an operator starts the two sequenc-
es 201 and 202, a determination is made as to whether
a freeze instruction is input (S1). When freeze is not per-
formed, the ultrasonic-image processing sequence 201
drives the probe 104 to transmit/receive ultrasonic waves
to/from the patient 103 (S2). The ultrasonic-image deter-
mining unit 105 reconstructs an ultrasonic image in ac-
cordance with the reflection echo signals output from the
probe 104 (S3). The reconstructed ultrasonic image is
stored in the cine-memory 106 (S4) and is drawn on the
monitor 114 (S5).

[0036] At this point, the position sensor 108 obtains
the position and inclination of the probe 104 in synchro-
nization with the transmission/reception of the ultrasonic
waves (S12). In accordance with the position and incli-
nation information input from the position sensor 108, the
scan-plane-coordinate determining unit 109 determines
scan-plane coordinates (S13). The determined scan-
plane coordinates are sequentially written to the scan-
plane-coordinate storing unit 110 (S14). In this case, the
processing of steps S1 to S5 in the ultrasonic-image
processing sequence 201 and the processing of steps
S12 to S14 are executed in synchronization with each
other.

[0037] On the other hand, in the reference-image
processing sequence 202, a determination about freez-
ingis made (S21). When freezing is not performed, scan-
plane coordinates are read from the scan-plane-coordi-
nate storing unit 110 (S22). Based on volume image data,
the reference-image determining unit 111 reconstructs a
reference image of the same cross section as the ultra-
sonic image (S25). The reconstructed reference image
is drawn on the monitor 114 (S26). The processing of
steps S23 and S24 will be described below.

[0038] Next, when the operator inputs an instruction
for freezing the processing, the ultrasonic-image
processing sequence 201 and the reference-image
processing sequence 202 are adapted to execute cine
playbacks in S31 and S32, respectively, based on the
determination in steps S1 and S21. The cine playback
of an ultrasonic image is executed by referring to the
ultrasonic image data stored in the cine-memory 106. In
contrast, the cine playback of a reference image is exe-
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cuted by using the scan-plane coordinate data stored in
the scan-plane-coordinate storing unit 110 and by recon-
structing a reference image corresponding to the scan
plane based on the volume image data. The ultrasonic
image data stored in the cine-memory 106 and the scan-
plane coordinate data stored in the scan-plane-coordi-
nate storing unit 110 are stored in synchronization with
each other, it is possible to render an ultrasonic image
and a reference image whose time phases are the same.
The cine playback of an ultrasonic image is performed
by referring to the ultrasonic-image data stored in the
cine-memory 106, whereas the cine-playback of a refer-
ence image is performed by referring to the scan-plane-
coordinate data stored in the scan-plane-coordinate stor-
ing unit 110. Thus, it is sufficient for the memory of the
scan-plane-coordinate storing unit 110 to store only
scan-plane-coordinate data, the memory capacity can
be reduced. Similarly, for storing a moving image, merely
storing scan-plane coordinates corresponding to volume
image data makes it possible to play back the moving
picture while reconstructing it from the volume image da-
ta. Thus, a moving-image file having a small file size can
be created.

[0039] Now, an image-display processing method ac-
cording to a feature of the present invention will be de-
scribed with reference to FIG. 4. First, in accordance with
the enlargement factor (magnification) of the ultrasonic
image 302, the reference-image determining unit 111 en-
larges or reduces a reference image and displays it at
the same magnification, as shown in a reference image
301 shown in FIG. 4. The reference-image determining
unit 111 also extracts an out-of-view area 312 corre-
sponding to a fan-shaped viewing angle 311 of the ultra-
sonic image 302 and reduces the brightness of a refer-
ence image corresponding to the region 312. As a result,
the reference image is displayed in the same display for-
mat and with the same magnification as those of the ul-
trasonic image 302, thus making it easy to recognize an
association relationship between the ultrasonic image
302 and the reference image. This arrangement also
makes it possible to perform display without losing the
information of a reference image in the out-of-view area
of the ultrasonic image. Also, an acoustic shadow 307,
such as a bone 313 (or air), appears on the ultrasonic
image 302. It is preferable that a region corresponding
to the acoustic shadow 307 be extracted based on de-
termination, for example, using CT values ofa CT image,
and the brightness of an area 308 that is deeper than
that region be reduced. Similarly, an area 310 is extract-
ed, using CT values, from a region where a blood vessel
exists and the region is displayed, for example, in red,
like an ultrasonic CFM (color flow mapping) image 309.
This makes it possible to display the reference image
301, which allows easy comparison with the ultrasonic
image 302.

[0040] On the other hand, the 3D body-mark determin-
ing unit 112 extracts a three-dimension visualized image,
such as a 3D body mark 304 in FIG. 4, by using volume
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image data, superimposes a scan plane 314 in a trans-
lucent color on the three-dimension visualized image,
and displays the resulting image. As the three-dimen-
sional visualized image, for example, a known method,
such as volume rendering or surface rendering, can be
used. Displaying the 3D body mark 304 allows the posi-
tional relationship between the patient 103 and the scan
plane 314 to be recognized in three dimensions. The 3D
body-mark determining unit 112 may be provided with a
function for extracting a region of interest, specified by
the operator, from the volume image data and determin-
ing the distance and the direction from the scan plane to
the region of interest.

[0041] The adder 113, which provides the image
processing means, is intended to determine a composite
image 303 of the reference image 301 and the ultrasonic
image 302. The adder 113, for example, converts the
reference image 301 into a translucent-color image and
superimposes it on the ultrasonic image 302. Instead, a
difference image between the reference image 301 and
the ultrasonic image 302 may be obtained and drawn.
This can facilitate that the reference image 301 and the
ultrasonic image 302 are compared with each other using
one image. With the difference image, for example, when
an ultrasonic volume image data obtained in advance is
used as the reference image, it is useful to diagnose a
temporal change in living-body tissues of the patient.
[0042] Thus, as shown in FIG. 4, the ultrasonic image
302, the reference image 301, the composite image 303,
and the 3D body-mark 304 of the same cross section are
drawn on the monitor 114. This allows the operator to
perform effective diagnosis while comparing those imag-
es.

[0043] For example, using the medical diagnostic im-
aging apparatus 102 to obtain volume image data center-
ing at a treatment region before medical treatment, caus-
ing the ultrasonic diagnosis apparatus 101 to capture an
image of the treatment region after the medical treatment,
and displaying a reference image before the medical
treatment and an ultrasonic image after the medical treat-
ment, for example, in an aligned manner can facilitate
determination of the effect of the medical treatment. Also,
synthesizing an image of a difference between the ref-
erence image before the medical treatment and the ul-
trasonicimage after the medical treatmentand displaying
the difference image further facilitates the determination
of the effect of the medical treatment. In particular, per-
forming display in added color according to the degree
of the difference can further facilitate viewing.

[0044] By reducing the image size and changing the
frame rate, the reference-image determining unit 111 can
increase the speed of reconstructing a reference image
in accordance with the motion of the probe 104. That is,
thereference-image determining unit 111 determines the
movement speed and the rotation speed of the scan
plane, based on the scan-plane coordinate data. When
the speed is greater than a certain threshold, the refer-
ence-image determining unit 111 reduces the image size
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to reconstruct the reference image at a high speed. That
is, when the movement of the probe 104 is fast, priority
is given to the frame rate over the image quality to draw
the reference image at a high speed, and when the move-
ment of the probe 104 is slow, priority is given to the
image quality over the frame rate to reconstruct and draw
the reference image. This makes it possible to draw the
reference image so as to correspond to the ultrasonic
image that varies according to the motion of the probe
104.

[0045] An image-display processing method with a
navigation function will further be described with refer-
ence to FIG. 5. This ultrasonic diagnosis apparatus is
adapted to allow navigation for guiding the scan plane of
the probe 104 to a target 405 that the operator pre-set
on a reference image in the volume image data. The tar-
get 405 can be set by designating a region with a mouse,
for example, on an axial image, sagittal image, coronal
image, and three-dimensional visualized image. The 3D
body-mark determining unit 112 calculates the distance
and direction from the current scan plane to the center
of the target 405 and displays a three-dimensional arrow
image and numeric values in a display region 407 on the
screen of a 3D body mark404. The boundary of the region
of the target 405 is also rendered in a reference image
401 and an ultrasonicimage 402. This allows the operator
to visually recognize the distance from the current ultra-
sonic scan plane 314 to the target 405. When the target
405 enters the scan plane 314, a boundary determined
from the reference image 401 is also displayed in the
ultrasonic image 402. Consequently, it is easy to recog-
nize an association relationship between the reference
image 401 and the ultrasonic image 402.

[0046] Additionally, a region of interest (ROI) 406 that
the operator set on any of the ultrasonic image 402, the
reference image 401, and a composite image 403 is dis-
played on all the images. This facilitates the recognition
of an association relationship of the region of interest.

(Second Embodiment)

[0047] FIG. 6 shows the configuration of a diagnostic
imaging system to which an ultrasonic diagnosis appa-
ratus of another embodiment of the present invention is
applied. InFIG. 6, what are different from the embodiment
shown in FIG. 2 are that a breathing sensor 117 for de-
tecting the amount of breathing of the patient 103 and a
posture sensor 118 for detecting the body movement are
provided and outputs of the detections are input.to the
scan-plane-coordinate determining unit 109. Although
processing for associating a volume-image-data coordi-
nate system with a scan-plane coordinate system was
omitted in the embodiment in FIG. 2, details thereof will
be described.

[0048] In the present embodiment, as shown in FIG.
7A, the position sensor 108 is attached to one surface of
the probe 104 to make it possible to detect the position
and inclination of the probe 104, i.e., the position and
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inclination of the ultrasonic scan plane, in a coordinate
systemformed by the source 116.InFIG. 7A, transducers
are arranged on a circular arc surface of the probe 104
and the distance between a center point 201 of the trans-
ducers and a center point 202 of the position sensor 108
has been accurately determined. The relationship be-
tween the probe 104 and the position sensor 108 is not
limited to what is shown in the figure and can be config-
ured as shown in FIG. 7B. That is, the arrangement can
be such that a bar-shaped pointer 203 is detachably at-
tached in association with the position sensor 108 and
an end point 204 of the pointer 203 is used as a reference
point relative to the center point 202. With this arrange-
ment, the probe 104 of the present embodiment can also
be utilized as a pointing device.

[0049] Inthe same manner as the position sensor 108,
the posture sensor 118 is attached to the body surface
of the patient 103 so as to measure the position and in-
clination of the patient 103 in the reference coordinate
system formed by the source 116. The breathing sensor
117 measures the amount of breathing of the patient 103.
For example, as shown in FIG. 8A, the breathing sensor
117 having a function similar to the position sensor 108
is attached to the body surface of the patient 103, lying
on the bed 115, so as to detect the amount of body-sur-
face movement caused by the breathing. As shown in
FIG. 8B, the measured amount of movement can be con-
verted into an amount of breathing.

[0050] While the scan-plane-coordinate determining
unit 109 and the scan-plane-coordinate storing unit 110
are configured to be essentially the same as those in the
firstembodiment, features and functions according to the
present embodiment will be specifically described. The
scan-plane-coordinate determining unit 109 has a func-
tion for correcting scan-plane coordinates in accordance
with the posture information of the patient 103 and the
amount of breathing of the patient 103. The scan-plane
coordinates as used herein refer to the coordinates of an
ultrasonic scan planeimaged by the probe 104. As shown
in FIG. 9, the scan-plane-coordinate determining unit 109
and the scan-plane-coordinate storing unit 110 include
a scan-plane coordinate-system storing unit 211 a vol-
ume-image-data coordinate-system storing unit 212, a
posture-change-amount determining unit 213, an inter-
nal-organ-movement-amount determining unit 214, a
correcting unit 215, and a corrected-scan-plane-coordi-
nate determining unit 216. As in the embodiment shown
in FIG. 2, the reference-image determining unit 111 re-
ceives the scan-plane coordinates, extracts same-cross-
section image data corresponding to the scan-plane co-
ordinates from the volume-data storing unit 107, and re-
constructs a reference image. The adder 113 then draws
a reference image, output from the reference-image de-
termining unit 111, and an ultrasonic image, read from
the cine-memory 106, on the monitor 114. The ultrasonic
image and the reference image are typically displayed
on the same screen in an aligned manner, but instead,
can be displayed in a superimposed manner. When they
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are displayed in a superimposed manner, it is desired
that the reference image be translucent.

[0051] Now, processing for associating volume-im-
age-data coordinates with scan-plane coordinates will be
described with reference to FIGS. 10, 11, and 12. The
coordinate association processing in the presentembod-
iment can be broadly classified into an initialization stage
shown in FIG. 10 and a diagnosis stage shown in FIG. 11.
[0052] First, a description is given of the initialization
stage shown in FIG. 10, i.e., processing during the im-
aging of volume image data. In step S101, as shown in
FIG. 12B, the x axis of the source 116 for the position
sensor is oriented in the lateral direction of the bed 115,
the y axis is oriented in the longitudinal direction of the
bed 115, and the z axis is oriented in the vertical direction
of the bed 115 to thereby place the source. Thus, the x,
y, and z axes of a source coordinate system that has the
origin at, for example, a center 224 of the source 116 are
aligned parallel to the x, y, and z axes of a coordinate
system having an original 225 at one corner of volume
image data shown in FIG. 12A. That is, volume data 221
shown in FIG. 12A is obtained by typically laying the pa-
tient 103 on the bed 115 and capturing a tomographic
image perpendicular to the body axis (the y-axis direc-
tion) of the patient 103. Placing the source 116 so as to
be aligned with the bed 115 allows the x, y, and z axes
of the reference coordinate system of the source 116 and
the coordinate system of the volume data 221 to be sub-
stantially parallel to each other.

[0053] Next, in step S102, a reference point 223 is set
in the volume data 221. The reference point 223 is set
on an operation screen by using a pointing device, such
as a mouse. The operation screen is displayed with a
reference image obtained by imaging volume image da-
ta. The operation screen may include an axial image,
sagittal image, coronal image, or three-dimensional vis-
ualized image. Designating the reference point 223 on
any of the images makes it possible to set the reference
point 223 on the body surface or inside the body in the
volume image data.

[0054] In contrast, in step S103, a reference point 222
in the scan-plane coordinate system is set, for example,
by locating the probe 104 with the position sensor 108
at a position corresponding to the reference point 223 of
the volume data 221 and holding the probe 104. For ex-
ample, when the reference point 222 of the volume data
is, designated on the body surface, the contact point 201
of the probe 104 is placed at a body-surface position of
the actual patient 103, the body-surface position corre-
sponding to the reference point 222, to set the reference
point 222 in the scan-plane coordinate system. In this
case, since the position of the reference point 222 and
the position of the reference point 223 match each other,
it is possible to match the coordinate system of the vol-
ume image data and the coordinate system of the scan
plane. In this case, the probe 104 is used as a pointing
device. Here, in order to facilitate the work of placing the
probe at the body-surface position of the actual patient,
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the body-surface position being corresponding to the po-
sition of the reference point specified in the volume image
data, itis preferable that a distinctive point (e.g., a xiphoid
process or a blood vessel branch) that can be easily
found on the body surface from the external view be se-
lected as the reference point 223 specified in the volume
image data.

[0055] On the other hand, when the reference point in
the volume image data is specified inside the body, the
probe is manipulated, an ultrasonic image containing a
region containing the in-vivo reference image 223 is dis-
played, and a region corresponding to the in-vivo refer-
ence point 223 is specified on the ultrasonic image by
using a pointing device, such as a mouse. Then, the dis-
tance between the specified point and the center 202 or
the contact point 201 of the probe 104 is determined and
the coordinates of the two reference points 222 and 223
are associated with each other. In this case, in order to
easily identify the in-vivo reference point 223 on the ul-
trasonic image, it is preferable that an easy-to-find dis-
tinctive point on the ultrasonic image be selected as the
reference point specified in the volume image data, as
described above.

[0056] Next, in step S104, relationship data for asso-
ciating the scan-plane coordinate system with the refer-
ence coordinate system of the source 116 is determined.
First, the origin of the patient 103 in the real space is set
at the reference point 222. The coordinate axes of the
scan plane coordinate system are set parallel to the co-
ordinate axes of the source coordinate system. Then, the
position (X, Y, and Z) of the reference point 222 of the
probe 104, the position being detected by the position
sensor 108, is determined, the scan-plane coordinate
system and the source coordinate system are associated
with each other, and the resulting association data is
stored in the scan-plane coordinate-system storing unit
211 shown in FIG. 9. In this manner, the volume-image-
data-coordinate system and the scan-plane coordinate
system can be associated with each other via the refer-
ence coordinate system of the source 116. In step S105,
data for associating the volume-image-data coordinate
system with the scan-plane coordinate system is created
and is stored in the volume-image-data coordinate-sys-
tem storing unit 212 shown in FIG. 9.

[0057] Since the source 116 is placed in step S101
such that the coordinate axes of the volume-image-data
coordinate system are parallel to the coordinate axes of
the source coordinate system. Setting only one reference
point 223 in the volume-image-data coordinate system
can facilitate that those two coordinate systems are as-
sociated. Thatis, placing the source 116in an appropriate
direction according to the direction of the body axis of
the patient can readily align the coordinate systems.
However, inthe presentinvention, three reference points
223 can also be set. In this case, the accuracy of asso-
ciating the coordinate systems can be improved. For ex-
ample, when the coordinate systems are determined with
three reference points, one of the three points is desig-
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nated as the origin of the coordinate system, vectors from
the origin to the remaining two points are designated as
an X axis and a Y axis, and an axis perpendicular to the
x andy axes is designated as a Z axis to thereby achieve
the alignment. This makes it possible to associate the
coordinate systems without caring about the direction of
the placed source 116. The remaining two points can be
automatically set on the screen by causing a measure-
ment tool for performing measurement on image data to
perform the above-described processing.

[0058] The association data between the volume-im-
age-data coordinate system and the scan-plate coordi-
nate system, the association data being created as de-
scribed above, is used during ultrasonic diagnosis to de-
termine scan-plane coordinates according to a proce-
dure shown in FIG. 11. The scan-plane-coordinate de-
termining unit 109 determines the scan plane coordi-
nates, in accordance with the position and inclination of
the probe 104 which are detected by the position sensor
108 attached to the probe 104 (step S106). Next, the
reference-image determining unit 111 cuts a reference
image, corresponding to the scan-plane coordinates, out
from the volume image data and causes the reference
image to be displayed on the monitor 114 via the adder
113 (step S107). This allows the operator to draw a ref-
erence image that matches an ultrasonic image corre-
sponding to an arbitrary set position and direction of the
probe, thereby improving the accuracy of diagnosis.
[0059] Next, a feature and a function of the present
embodiment for correcting the scan plane coordinates in
accordance with a change in the posture and so on will
be described. Thatis, as diagnosis proceeds, a displace-
ment may occur between the coordinate systems of the
volume image data and the scan plane, due to factors,
such as a change in the posture of the patient and inter-
nal-organ movement caused by the breathing of the pa-
tient. Such a displacement may make it impossible to
draw a reference image that matches the ultrasonic scan
plane. Accordingly, in the present embodiment, in a di-
agnosis stage, the scan plane-coordinate determining
unit 109 is adapted to correct a displacement in the scan-
plane coordinate system.

[0060] Correction for a change in the posture of the
patient will be described first. The posture of the patient
can be detected with the posture sensor 118 shown in
FIG. 6. Thus, a difference between the posture during
initialization and the posture during diagnosis is deter-
mined by the posture-change-amount determining unit
213, and in accordance with difference, the scan-plane
coordinate system is shifted and rotated to perform cor-
rection.

[0061] Next, means for correcting a coordinate-system
displacement due to internal-organ movement caused
by the breathing of the patient will be described with ref-
erence to FIG. 13. The operator performs this correction
processing, while viewing a rendered reference image
and ultrasonic image. The operator first pays attention
to the reference image. The operator displays, for exam-
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ple, a distinctive cross section, including the patient’
blood vessel such as a portal vein or superior mesenteric
artery, and performs freezing, while manipulating the
probe 104 (step S201). Next, the operator pays attention
to the ultrasonic image, and renders the same cross sec-
tion as the frozen image of the reference image and per-
forms adjustment, while performing visual comparison
with the frozen image (step S202). Here, a difference
(the amount of change) between the scan-plane coordi-
nates during the freezing and the scan plane-coordinates
during the adjustment corresponds to the amount of in-
ternal-organ movement. Thus, the scan-plane-coordi-
nate determining unit 109 determines a difference (the
amount of change) between the scan-plane coordinates
during the freezing and the scan-plane coordinates dur-
ing the adjustment (step S203). The scan-plane coordi-
nate system is shifted and rotated by an amount corre-
sponding to the difference to thereby perform correction
(step S204). Consequently, even when the depth of
breathing of the patient differs from thatin the initialization
stage, the scan-plane coordinates and the volume-im-
age-date coordinate system can be correctly associated
with each other.

[0062] During the correction processing in FIG. 13, a
coordinate adjustment screen 231 shown in FIG. 14 is
displayed so as to allow a freeze key 232 and an adjust
key 234 to be operated on the screen. Also, the amount
of movement and the amountof rotation which are related
to the correction can also be displayed in parameter edit
boxes 232. The operator can perform correction by di-
rectly inputting numeric values to the edit boxes 232.
[0063] In addition, an input amount of breathing is
measured by the breathing sensor 117, the correction is
repeated at multiple depths of breathing, and the corre-
lation between the amount of breathing and the amount
of internal-organ movement is determined. With this ap-
proach, a displacement caused by internal-organ move-
ment can be automatically corrected in accordance with
an input from the breathing sensor.

[0064] Hereinabove, a volume-image-data reference
image having a distinctive point is frozen and an ultra-
sonic scan plate corresponding to the reference image
has been determined. Conversely, the arrangement may
also be such that an ultrasonic scan plane having a dis-
tinctive pointis frozen and image processingis performed
to automatically determine a reference image corre-
sponding to the ultrasonic scan plane. Specifically, an
ultrasonic scan plane displaying a distinctive point of the
patientis frozen and the ultrasonic scan planeisrecorded
in a storage medium, such as the cine-memory 106. By
using a known pattern matching method, the reference-
image determining unit 111 extracts a reference image
corresponding to the distinctive point of the frozen ultra-
sonic scan plane from the volume image data stored in
the volume-data storing unit 107. The reference image
extracted as a result of matching is displayed on the mon-
itor 114. In the reference-image matching processing,
there is no need to search all the volume image data.
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Thus, only data regarding the scan-plane side, viewed
in the scan direction of the ultrasonic probe 104, may be
extracted to match distinctive regions. Magnification may
also be adjusted such that a distinctive point on the ul-
trasonic scan plane and a distinctive point on the refer-
ence image have the same magnification. In this manner,
extracting areference image fromimage information hav-
ing a distinctive point can enhance the accuracy of align-
ing the ultrasonic scan plane and the reference image.

[0065] In addition, another example of the means for
correcting a coordinate-system displacement due to in-
ternal-organ movement caused by the breathing of the
patient will be described with reference to FIG. 15. As in
the case of FIG. 13, the operator performs this correction
processing while viewing a rendered reference image
and an ultrasonic image. First, the probe 104 is placed
on the patient so that cross sections perpendicular to a
direction in which the internal organs move due to breath-
ing are displayed. The direction in which the internal or-
gans move due to breathing is typically the body axis
direction of the patient. The probe 104 placed on the pa-
tient is then moved in the internal-organ movement di-
rection, and distinctive ultrasonic tomographic images,
including a blood vessel such a portal vein or superior
mesenteric artery, are rendered. At this point, due to the
occurrence of a displacement between the volume-im-
age-data coordinate system and the scan-plate coordi-
nate system, a cross-section displacement in the body
axis direction occurs between the ultrasonic image and
the reference image. In this state, the ultrasonic image
and the reference image are frozen, cine playback is per-
formed, and the operator specifies a corresponding com-
bination of a reference image and an ultrasonic image.
For example, in the example shown in FIG. 15, since
blood vessels can be most clearly rendered on a refer-
enceimage 1displayed attime t1 and an ultrasonicimage
2 displayed at time t2, it is determined that they are cor-
responding images. It can be understood from this that,
although the reference image 1 corresponding to the ul-
trasonic image 2 is supposed to be displayed at the po-
sition of time t2, the corresponding reference image is
displayed attime t1. Atthis point, a difference (the amount
of change) between scan-plane coordinates 1 and scan-
plane coordinates 2 which are stored in the scan-plane-
coordinate storing unit 110 corresponds to the amount
of internal-organ movement. Accordingly, determining
the difference between the scan-plane coordinates 1 and
the scan-plane coordinates 2 and correcting the scan
plane coordinates makes it possible to correct a coordi-
nate-system displacement caused by the internal-organ
movement.

Claims
1. Anultrasonic diagnosis apparatus (101) comprising:

ultrasonic image generating means (105) for re-
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constructing an ultrasonic image (402) from re-
flection echo signals output from an ultrasonic
probe (104);

storing means (107) for storing volume image
data pre-obtained by a diagnostic imaging ap-
paratus (102);

reference-image generatingmeans (111) forex-
tracting tomographic image data corresponding
to ascan plane (314) of the ultrasonic wave from
the volume image data stored in the storing
means (107) and reconstructing a reference im-
age (401);

controlling means (120) for causing the refer-
enceimage (401) and the ultrasonicimage (402)
to be displayed on a screen; and

displaying means (114) for displaying the refer-
ence image (401) and the ultrasonic image
(402),

wherein, in accordance with the tomographicim-
age data and a positional relationship between
the ultrasonic probe (104) and a patient (103),
the reference-image generating means (111) is
adapted to extract tomographic image data of a
portion corresponding to a view area (311) of
the ultrasonic image (402) to generate the ref-
erence image (401), and

wherein, of the reference image (401), the re-
gion corresponding to the view area (311) is dis-
played with the same magnification as the ultra-
sonic image (402);

the ultrasonic diagnostic apparatus (102) further
comprising

a 3D body-mark determining unit (112) for ex-
tracting a three-dimensional visualized image
(404) from the volume image data stored in the
storing means (107) and superimposing the
scan plane (314) in translucent color on the
three-dimensional visualized image (404) to be
displayed on the displaying means (114),
wherein the reference-image generating means
(111) is adapted to reconstruct the reference im-
age (401) of the same cross section as the scan
plane (314) of the ultrasonic image (402) which
scan plane (314) is also superimposed on the
three-dimensional visualized image (404);
wherein

characterized in that the 3D body-mark deter-
mining unit (112) is adapted to determine a po-
sitional relationship between the scan plane
(314) and a target (405) set on the reference
image (401) in the volume image data to cause
a direction and a distance of the target (405)
relative to the scan plane (314) to be displayed
on the screen.

2. The ultrasonic diagnosis apparatus according to
claim 1, adapted to reduce, of the reference image
(401), brightness of a portion (312) out of the view
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area (311) of the ultrasonic image (402) to perform
display.

The ultrasonic diagnosis apparatus according to
claim 1, adapted to display an acoustic shadow (307)
of the ultrasonic image (402) on the reference image
(401) in a simulated manner.

The ultrasonic diagnosis apparatus according to
claim 1, adapted to display the ultrasonic image
(402) and the reference image (401) on the screen
in an aligned manner.

The ultrasonic diagnosis apparatus according to
claim 1, adapted to display a composite image (403)
of the ultrasonic image (402) and the reference im-
age (401) on the screen.

The ultrasonic diagnosis apparatus according to
claim 5, wherein the composite image (403) is an
image obtained by superimposing a transparent im-
age of the reference image (401) on the ultrasonic
image (402).

The ultrasonic diagnosis apparatus according to
claim 5, wherein the composite image (403) is a dif-
ference image between the reference image (401)
and the ultrasonic image (402).

The ultrasonic diagnosis apparatus according to
claim 1, wherein the reference-image generating
means (111) is adapted to change an image size of
the reference image (401) in accordance with a
speed of movement of the ultrasonic probe (104).

The ultrasonic diagnosis apparatus according to
claim 1, wherein the 3D body-mark determining unit
(112) is adapted to

display the direction and the distance of the target
(405) relative to the scan plane (314) by a three-
dimensional arrow and numeric values in a display
region (407) on the screen, and

display, when the target (405) enters the scan plane
(314), a boundary of the region of the target (405)
determined from the reference image (401) also in
the ultrasonic image (402).

The ultrasonic diagnosis apparatus according to
claim 1, further comprising:

a cine-memory (106) for storing the ultrasonic
image (402) reconstructed by the ultrasonic-im-
age generating means (105);

a position sensor (108) for detecting a position
and an inclination of the ultrasonic probe (104);
scan-plane-coordinate  determining means
(109) for determining scan-plane coordinates of
the ultrasonic image (402) in accordance with
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an output from the position sensor (108); and
scan-plane-coordinate-system storing means
(110) for storing the determined scan-plane co-
ordinates,

wherein the reference-image generating means
(111) is adapted to read the scan-plane coordi-
nates of the ultrasonic image (402) from the
scan-plane-coordinate-system storing means
(110), read the tomographic-image data corre-
sponding to the read scan-plane coordinates,
and reconstruct the reference image (401), and
the image processing means is adapted to read
the ultrasonic image (402) from the cine-mem-
ory (106) and cause the reference image (401)
corresponding to the read ultrasonic image
(402), the reference image (401) being output
from the reference-image generating means
(111), to be displayed.

11. The ultrasonic diagnosis apparatus according to

claim 1, further comprising:

scan-plane-coordinate determining means
(109) for determining scan-plane coordinates of
the ultrasonic image (402) captured by the ul-
trasonic probe (104), in association with a ref-
erence coordinate system; and
volume-data-coordinate determining means for
determining tomographicplane coordinates as-
sociated with the scan-plane coordinates, based
on the volume image data obtained in associa-
tion with the reference coordinate system,
wherein the reference-image reconstructing
means is adapted to read the tomographic-
plane coordinates, associated with the scan-
plane coordinates determined by the scan-
plane-coordinate determining means (109),
from the volume-data-coordinate storing means
(212) and extract the reference image (401).

12. The ultrasonic diagnosis apparatus according to

claim 1, further comprising:

a position sensor (108) for detecting a position
and an inclination of the ultrasonic probe (104)
in association with a reference coordinate sys-
tem;

scan-plane-coordinate determining means
(109) for determining scan-plane coordinates of
the ultrasonic image (402) captured by the ul-
trasonic probe (104) in association with the ref-
erence coordinate system, in accordance with
an output from the position sensor (108);
reference-pointinputting means for setting a ref-
erence point on the reference image (401) dis-
played on the screen based on the volume im-
age data obtained in association with the refer-
ence coordinate system;
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volume-data-coordinate determining means for
determining coordinates of the volume image
data associated with the scan-plane coordi-
nates, by determining a coordinate relationship
between the position of the ultrasonic probe
(104) and a region that corresponds to the ref-
erence point and that exists on the ultrasonic
image (402) obtained by bringing the ultrasonic
probe (104) in contact with a body surface of the
patient (103); and

volume-data-coordinate storing means (212) for
storing the volume-image-data coordinates de-
termined by the volume-data-coordinate deter-
mining means,

wherein the reference-image reconstructing
means is adapted to read the coordinates of the
volume image data, associated with the scan-
plane coordinates determined by the scan-
plane-coordinate determining means (109),
from the volume-data-coordinate storing means
(212) and extract the reference image (401).

13. The ultrasonic diagnosis apparatus according to

claim 10 or 12, further comprising:

atleast one of a posture sensor (118) for detect-
ing a change in the posture of the patient (103)
and a sensor (117) for detecting breathing; and
correcting means (215) for correcting the scan-
plane coordinatesin accordance with an amount
of internal-organ movement caused by a pos-
ture change or the breathing of the patient (103)
during ultrasonic diagnosis.

Patentanspriiche

1.

Ultraschalldiagnosegerat (101) mit

einer Ultraschallbild-Erzeugungseinrichtung (105)
zum Rekonstruieren eines Ultraschallbildes (402)
aus von einer Ultraschallsonde (104) ausgegebenen
Reflexionsechosignalen,

einer Speichereinrichtung (107) zum Speichern von
Volumenbilddaten, die zuvor durch ein Diagnoseab-
bildungsgerat (102) erhalten wurden,

einer Referenzbild-Erzeugungseinrichtung (111)
zum Extrahieren von Tomographie-Bilddaten, die ei-
ner Scanebene (314) der Ultraschallwelle entspre-
chen, aus den in der Speichereinrichtung (107) ge-
speicherten Volumenbilddaten und zum Rekonstru-
ieren eines Referenzbildes (401),

einer Steuereinrichtung (120), um die Anzeige des
Referenzbildes (401) und des Ultraschallbildes
(402) auf einem Bildschirm zu veranlassen, und
einer Anzeigeeinrichtung (114) zum Anzeigen des
Referenzbildes (401) und des Ultraschallbildes
(402),

wobei die Referenzbild-Erzeugungseinrichtung
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(111) dazu ausgelegt ist, gemafl den Tomographie-
Bilddaten und einer Positionsbeziehung zwischen
der Ultraschallsonde (104) und einem Patienten
(103) Tomographie-Bilddaten eines Abschnitts zu
extrahieren, der einem Sichtbereich (311) des Ultra-
schallbildes (402) entspricht, um das Referenzbild
(401) zu erzeugen, und

wobei aus dem Referenzbild (401) die dem Sicht-
breich (311) entsprechende Region mit der gleichen
Vergroferung wie das Ultraschallbild (402) ange-
zeigt wird,

wobei das Ultraschalldiagnosegerat (101) ferner ei-
ne 3D-Kdrpermarkierungs-Bestimmungseinheit
(112) aufweist, um ein dreidimensionales Visualisa-
tionsbild (404) aus den in der Speichereinrichtung
(107) gespeicherten Volumenbilddaten zu extrahie-
ren und die Scanebene (314) in durchscheinender
Farbe auf dem dreidimensionalen Visualisationsbild
(404) zur Anzeige auf der Anzeigeeinrichtung (114)
zu Uberlagern,

wobei die Referenzbild-Erzeugungseinrichtung
(111) dazu ausgelegtist, das Referenzbild (401) des
gleichen Querschnitts wie die Scanebene (314) des
Ultraschallbildes (402) zu rekonstruieren, wobei die
Scanebene (314) auch auf dem dreidimensionalen
Visualisationsbild (404) Gberlagert ist,

dadurch gekennzeichnet, dass

die  3D-Koérpermarkierungs-Bestimmungseinheit
(112) dazu ausgelegt ist, eine Positionsbeziehung
zwischen der Scanebene (314) und einem auf dem
Referenzbild (401) in den Volumenbilddaten einge-
stellten Zielobjekt (405) zu bestimmen, um die An-
zeige einer Richtung und eines Abstands des Ziel-
objekts (405) relativ zu der Scanebene (314) aufdem
Bildschirm zu veranlassen.

Ultraschalldiagnosegerat nach Anspruch 1, das da-
zu ausgelegt ist, in dem Referenzbild (401) die Hel-
ligkeit eines Abschnitts (312) aulRerhalb des Sicht-
bereichs (311) des Ultraschallbildes (402) beim
Durchfliihren der Anzeige zu reduzieren.

Ultraschalldiagnosegerat nach Anspruch 1, das da-
zu ausgelegt ist, einen akustischen Schatten (307)
des Ultraschallbildes (402) auf dem Referenzbild
(401) in simulierter Weise anzuzeigen.

Ultraschalldiagnosegerat nach Anspruch 1, das da-
zu ausgelegt ist, das Ultraschallbild (402) und das
Referenzbild (401) zueinander ausgerichtet anzu-
zeigen.

Ultraschalldiagnosegerat nach Anspruch 1, das da-
zu ausgelegt ist, ein zusammengesetztes Bild (403)
des Ultraschallbildes (402) und des Referenzbildes
(401) auf dem Bildschirm anzuzeigen.

Ultraschalldiagnosegerat nach Anspruch 5, wobei
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das zusammengesetzte Bild (403) ein Bild ist, das
durch Uberlagerung eines transparenten Bildes des
Referenzbildes (401) auf dem Ultraschallbild (402)
erhalten ist.

Ultraschalldiagnosegerat nach Anspruch 5, wobei
das zusammengesetzte Bild (403) ein Differenzbild
zwischen dem Referenzbild (401) und dem Ultra-
schallbild (402) ist.

Ultraschalldiagnosegerat nach Anspruch 1, wobei
die Referenzbild-Erzeugungseinrichtung (111) dazu
ausgelegt ist, eine BildgroRe des Referenzbildes
(401) gemaR einer Bewegungsgeschwindigkeit der
Ultraschallsonde (104) zu andern.

Ultraschalldiagnosegerat nach Anspruch 1, wobei
die  3D-Koérpermarkierungs-Bestimmungseinheit
(112) dazu ausgelegt ist,

die Richtung und den Abstand des Zielobjekts (405)
relativ zu der Scanebene (314) durch einen dreidi-
mensionalen Pfeil und numerische Werte in einer
Anzeigeregion (407) auf dem Bildschirm anzuzei-
gen, und

wenn das Zielobjekt (405) in die Scanebene (314)
eintritt, eine aus dem Referenzbild (401) bestimmte
Grenze der Region des Zielobjekts (405) auch in
dem Ultraschallbild (402) anzuzeigen.

Ultraschalldiagnosegerat nach Anspruch 1, ferner
mit

einem Filmspeicher (106) zum Speichern des durch
die Ultraschallbild-Erzeugungseinrichtung (105) re-
konstruierten Ultraschallbildes (402),

einem Positionssensor (108) zum Erfassen einer
Position und einer Neigung der Ultraschallsonde
(104),

einer  Scanebenenkoordinaten-Bestimmungsein-
richtung (109) zum Bestimmen von Scanebenenko-
ordinaten des Ultraschallbildes (402) gemaR einem
Ausgabesignal aus dem Positionssensor (108), und
einer Scanebenenkoordinatensystem-Speicherein-
richtung (110) zum Speichern der bestimmten Sca-
nebenenkoordinaten,

wobei die Referenzbild-Erzeugungseinrichtung
(111) dazu ausgelegt ist, die Scanebenenkoordina-
ten des Ultraschallbildes (402) aus der Scanebenen-
koordinatensystem-Speichereinrichtung (110) zu le-
sen, die Tomographie-Bilddaten zu lesen, die den
ausgelesenen Scanebenenkoordinaten entspre-
chen, und das Referenzbild (401) zu rekonstruieren,
und

die Bildverarbeitungseinrichtung dazu ausgelegt ist,
das Ultraschallbild (402) aus dem Filmspeicher
(106) auszulesen und die Anzeige des dem ausge-
lesenen Ultraschallbild (402) entsprechenden Refe-
renzbildes (401) zu veranlassen, wobei das Refe-
renzbild (401) aus der Referenzbild-Erzeugungsein-

10

15

20

25

30

35

40

45

50

55

14

EP 1 623 674 B1

1.

12.

26
richtung (111) ausgegeben wird.

Ultraschalldiagnosegerat nach Anspruch 1, ferner
mit

einer  Scanebenenkoordinaten-Bestimmungsein-
richtung (109) zum Bestimmen von Scanebenenko-
ordinaten des durch die Ultraschallsonde (104) auf-
genommenen Ultraschallbildes (402) in Zuordnung
zu einem Referenzkoordinatensystem, und

einer Volumendatenkoordinaten-Bestimmungsein-
richtung zum Bestimmen von den Scanebenenko-
ordinaten zugeordneten Tomographieebenenkoor-
dinaten auf Grundlage der Volumenbilddaten, die in
Zuordnung zu dem Referenzkoordinatensystem er-
halten wurden,

wobei die Referenzbildrekonstruktionseinrichtung
dazu ausgelegt ist, die Tomographieebenenkoordi-
naten in Zuordnung zu den durch die Scanebenen-
koordinaten-Bestimmungseinrichtung (109) be-
stimmten Scanebenenkoordinaten aus der Volu-
mendatenkoordinaten-Speichereinrichtung  (212)
auszulesen und das Referenzbild (401) zu extrahie-
ren.

Ultraschalldiagnosegerat nach Anspruch 1, ferner
mit

einem Positionssensor (108) zum Erfassen einer
Position und einer Neigung der Ultraschallsonde
(104) in Zuordnung zu einem Referenzkoordinaten-
system,

einer  Scanebenenkoordinaten-Bestimmungsein-
richtung (109) zum Bestimmen von Scanebenenko-
ordinaten des durch die Ultraschallsonde (104) auf-
genommenen Ultraschallbildes (402) in Zuordnung
zu dem Referenzkoordinatensystem gemaf einem
Ausgabesignal des Positionssensors (108),

einer Referenzpunkteingabeeinrichtung zum Ein-
stellen eines Referenzpunktes auf dem auf dem Bild-
schirm angezeigten Referenzbild (401) auf Grund-
lage der Volumenbilddaten, die in Zuordnung zu dem
Referenzkoordinatensystem erhalten wurden,
einer Volumendatenkoordinaten-Bestimmungsein-
richtung zum Bestimmen von den Scanebenenko-
ordinaten zugeordneten Koordinaten der Volumen-
bilddaten, indem eine Koordinatenbeziehung zwi-
schen der Position der Ultraschallsonde (104) und
einer Region bestimmt wird, die dem Referenzpunkt
entspricht und die auf dem Ultraschallbild (402) exis-
tiert, das dadurch erhalten wird, dass die Ultraschall-
sonde (104) in Kontakt mit einer Kdrperflache des
Patienten (103) gebracht wird, und

einer Volumendatenkoordinaten-Speichereinrich-
tung (212) zum Speichern der Volumenbilddatenko-
ordinaten, die durch die Volumendatenkoordinaten-
Bestimmungseinrichtung bestimmt wurden,

wobei die Referenzbildrekonstruktionseinrichtung
dazu ausgelegt ist, die Koordinaten der Volumen-
bilddaten, die den durch die Scanebenenkoordina-
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ten-Bestimmungseinrichtung (109) bestimmten
Scanebenenkoordinaten zugeordnet sind, aus der
Volumendatenkoordinaten-Speichereinrichtung
(212) auszulesen, und das Referenzbild (401) zu ex-
trahieren.

Ultraschalldiagnosegerat nach Anspruch 10 oder
12, ferner mit

einem Stellungssensor (118) zum Erfassen einer
Anderung in der Stellung des Patienten (103)
und/oder einem Sensor (117) zum Erfassen der At-
mung, und

einer Korrektureinrichtung (215) zum Korrigieren der
Scanebenenkoordinaten geman einem Ausmal der
Bewegung innerer Organe, das durch eine Stel-
lungsanderung oder die Atmung des Patienten (103)
wahrend der Ultraschalldiagnose verursacht ist.

Revendications

1.

Appareil de diagnostic par ultrasons

comprenant :

(101)

un moyen générant une image échographique
(105) pour reconstruire une image échographi-
que (402) a partir de signaux d’écho délivrés par
une sonde a ultrasons (104) ;

un moyen de stockage (107) pour stocker des
données d’'image en volume obtenues au préa-
lable par un appareil d'imagerie de diagnostic
(102) ;

un moyen générant une image de référence
(111) pour extraire des données d’'image tomo-
graphique correspondant a un plan de balayage
(314) de 'onde ultrasonore des données d’ima-
ge en volume stockées dans le moyen de stoc-
kage (107) et reconstruire une image de réfé-
rence (401) ;

un moyen de commande (120) pour provoquer
I'affichage de I'image de référence (401) et de
l'image échographique (402) sur un écran ; et
un moyen d’affichage (114) pour afficher 'image
de référence (401) et I'image échographique
(402),

dans lequel, en fonction des données d'image
tomographique et d’une relation de position en-
tre lasonde a ultrasons (104) etun patient (103),
le moyen générant une image de référence
(111) est adapté pour extraire des données
d’'image tomographique d’une partie correspon-
dant aune zone de vision (311) de 'image écho-
graphique (402) pour générer I'image de réfé-
rence (401), et

dans lequel, dans I'image de référence (401), la
région correspondant a la zone de vision (311)
est affichée avec le méme agrandissement que
l'image échographique (402) ;
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I'appareil de diagnostic par ultrasons (101) com-
prenant en outre :

une unité de détermination de repére cor-
porel tridimensionnel (112) pour extraire
une image visualisée ftridimensionnelle
(404) des données d'image en volume stoc-
kées dans le moyen de stockage (107) et
pour superposer le plan de balayage (314)
en couleur translucide sur I'image visuali-
sée tridimensionnelle (404) a afficher sur le
moyen d’affichage (114),

dans lequel le moyen générant une image de
référence (111) est adapté pour reconstruire
I'image de référence (401) de la méme section
transversale que le plan de balayage (314) de
I'image échographique (402), lequel plan de ba-
layage (314) est aussi superposé sur I'image
visualisée tridimensionnelle (404) ;
caractérisé en ce que

I'unité de détermination de repere corporel tridi-
mensionnel (112) est adaptée pour déterminer
une relation de position entre le plan de balaya-
ge (314) et une cible (405) placée sur I'image
de référence (401) dans les données d'image
en volume pour faire afficher sur I'écran une di-
rection et une distance de la cible (405) par rap-
port au plan de balayage (314).

Appareil de diagnostic par ultrasons selon la reven-
dication 1, adapté pour réduire, dans I'image de ré-
férence (401), la luminosité d’'une partie (312) de la
zone de vision (311) de 'image échographique (402)
pour exécuter I'affichage.

Appareil de diagnostic par ultrasons selon la reven-
dication 1, adapté pour afficher une ombre acousti-
que (307) de 'image échographique (402) sur 'ima-
ge de référence (401) de maniére simulée.

Appareil de diagnostic par ultrasons selon la reven-
dication 1, adapté pour afficher I'image échographi-
que (402) et 'image de référence (401) sur I'écran
de maniére alignée.

Appareil de diagnostic par ultrasons selon la reven-
dication 1, adapté pour afficheruneimage composite
(403) de I'image échographique (402) et de I'image
de référence (401) sur I'écran.

Appareil de diagnostic par ultrasons selon la reven-
dication 5, dans lequel 'image composite (403) est
uneimage obtenue en superposantune image trans-
parente de I'image de référence (401) sur I'image
échographique (402).

Appareil de diagnostic par ultrasons selon la reven-
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dication 5, dans lequel 'image composite (403) est
une image de différence entre 'image de référence
(401) et 'image échographique (402).

8. Appareil de diagnostic par ultrasons selon la reven-
dication 1, dans lequel le moyen générant une image
deréférence (111) estadapté pour modifier une taille
d'image de l'image de référence (401) en fonction
d’'une vitesse de déplacement de la sonde a ultra-
sons (104).

9. Appareil de diagnostic par ultrasons selon la reven-
dication 1, dans lequel l'unité de détermination de
repére corporel tridimensionnel (112) est adaptée
pour :

afficher la direction et la distance de la cible
(405) par rapport au plan de balayage (314) au
moyen d’'une fleche tridimensionnelle et de va-
leurs numériques dans une région d’affichage
(407) sur I'écran, et

afficher, quand la cible (405) entre dans le plan
de balayage (314), une frontiere de la région de
la cible (405) déterminée a partir de 'image de
référence (401) aussi dans I'image échographi-
que (402).

10. Appareil de diagnostic par ultrasons selon la reven-
dication 1, comprenant en outre :

une mémoire cinématique (106) pour stocker
l'image échographique (402) reconstruite par le
moyen générant une image échographique
(105) ;

un capteur de position (108) pour détecter une
position et une inclinaison de la sonde a ultra-
sons (104) ;

un moyen déterminant des coordonnées de plan
de balayage (109) pour déterminer des coor-
données de plan de balayage de I'image écho-
graphique (402) en fonction d’une sortie du cap-
teur de position (108) ; et

un moyen de stockage de systéme de coordon-
nées de plan de balayage (110) pour stocker les
coordonnées de plan de balayage déterminées,
dans lequel le moyen générant une image de
référence (111) est adapté pour lire les coordon-
nées de plan de balayage de 'image échogra-
phique (402) dans le moyen de stockage de sys-
teme de coordonnées de plan de balayage
(110), lire les données d'image tomographique
correspondant aux coordonnées de plan de ba-
layage lues, et reconstruire I'image de référence
(401), et

le moyen de traitement d'image est adapté pour
lire 'image échographique (402) dans la mémoi-
re cinématique (106) et pour faire afficher I'ima-
ge de référence (401) correspondant a 'image
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30

échographique lue (402), I'image de référence
(401) étant extraite du moyen générant une ima-
ge de référence (111).

11. Appareil de diagnostic par ultrasons selon la reven-
dication 1, comprenant en outre :

un moyen déterminant des coordonnées de plan
de balayage (109) pour déterminer des coor-
données de plan de balayage de 'image écho-
graphique (402) capturée par la sonde a ultra-
sons (104), en association avec un systeme de
coordonnées de référence ; et

un moyen déterminant des coordonnées de
données en volume pour déterminer des coor-
données de plan tomographique associées aux
coordonnées de plan de balayage, en se basant
sur les données d’image en volume obtenues
en association avec le systéeme de coordonnées
de référence,

dans lequel le moyen reconstruisant I'image de
référence est adapté pour lire les coordonnées
de plantomographique, associées aux coordon-
nées de plan de balayage déterminées par le
moyen déterminant des coordonnées de plan
de balayage (109), dans le moyen de stockage
de coordonnées de données en volume (212)
et pour extraire I'image de référence (401).

12. Appareil de diagnostic par ultrasons selon la reven-
dication 1, comprenant en outre :

un capteur de position (108) pour détecter une
position et une inclinaison de la sonde a ultra-
sons (104) en association avec un systéme de
coordonnées de référence ;

un moyen déterminant des coordonnées de plan
de balayage (109) pour déterminer des coor-
données de plan de balayage de 'image écho-
graphique (402) capturée par la sonde a ultra-
sons (104) en association avec le systéeme de
coordonnées de référence, en fonction d’'une
sortie du capteur de position (108) ;

un moyen d’entrée de point de référence pour
établir un point de référence sur 'image de ré-
férence (401) affichée sur I'écran en se basant
sur les données d’image en volume obtenues
en association avec le systéeme de coordonnées
de référence ;

un moyen déterminant des coordonnées de
données en volume pour déterminer des coor-
données des données d'image en volume as-
sociées aux coordonnées de plan de balayage,
en déterminant une relation de coordonnées en-
tre la position de la sonde a ultrasons (104) et
une région qui correspond au point de référence
et qui existe sur I'image échographique (402)
obtenue en mettant la sonde a ultrasons (104)
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en contact avec une surface corporelle du pa-
tient (103) ; et

un moyen de stockage de coordonnées de don-
nées en volume (212) pour stocker les coordon-
nées de données d’'image en volume détermi- 5
nées par le moyen déterminant des coordon-
nées de données en volume,

dans lequel le moyen reconstruisant I'image de
référence est adapté pour lire les coordonnées

des données d’'image en volume, associéesaux 10
coordonnées de plan de balayage déterminées

par le moyen déterminant des coordonnées de
plan de balayage (109), dans le moyen de stoc-
kage de coordonnées de données en volume
(212) et pour extraire 'image de référence (401). 15

13. Appareil de diagnostic par ultrasons selon la reven-
dication 10 ou 12, comprenant en outre :

au moins un élément parmi un capteur de pos- 20
ture (118) pour détecter un changement de la
posture du patient (103) et un capteur (117) pour
détecter la respiration ; et

un moyen de correction (215) pour corriger les
coordonnées de plan de balayage en fonction 25
d’'un degré de déplacement d’organes internes
provoqué par un changement de posture ou par

la respiration du patient (103) pendant le dia-

gnostic par ultrasons.
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FIG. 10
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FIG 11,
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FIG. 13
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