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ULTRASOUND DIAGNOSIS APPARATUS

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an ultrasound
diagnosis apparatus and in particular to display of a body
mark and a probe mark.

[0003]

[0004] An ultrasound diagnosis apparatus has a function to
display, on a screen of a display device, a “body mark (body
symbol)” and a “probe mark (probe symbol)” as reference
images along with an ultrasound image (image of living
tissue, or a living body image). The body mark is typically
a simple, two-dimensional figure schematically representing
a partial shape within a living body. A user may operate the
device to select a specific body mark corresponding to a
body part to be diagnosed using ultrasound from among a
plurality of body marks which are prepared in advance. The
body mark is displayed near the living body image. In order
to identify a position and direction of the probe during
ultrasound diagnosis, a probe mark is displayed overlapping
the body mark. The probe mark is typically a figure of a
simple line or simple box. The user can freely set the
position and direction of the probe mark on the body mark.
These marks are important information for identifying the
part for which the living body image is obtained, on the
display screen or in an examination report.

[0005] In the related art, when a body mark and a probe
mark are to be displayed along with currently obtained
living body image, user operations such as mark selection
and mark positioning are necessary. In the related art, it is
possible to replay and display a static image or animation
image by reading received data from a cine-memory storing
the received data. In this configuration also, it is necessary
that user operations such as mark selection and mark posi-
tioning be repeated. These operations are complicated for
the users. Moreover, there is a disadvantage that it is difficult
to appropriately set the probe mark.

[0006] Japanese Patent Laid-Open Publication No. 2000-
201926 discloses an apparatus in which a three-dimensional
body mark and a three-dimensional probe mark are dis-
played. In this apparatus, when a user changes a position of
a probe mark, display content of a body mark is automati-
cally changed so that the position of the probe mark is at a
center position of the body mark. Japanese Patent Laid-
Open Publication No. 2001-017433 also discloses an appa-
ratus in which a three-dimensional body mark and a three-
dimensional probe mark are displayed. In this apparatus, a
body mark and a probe mark seen from a viewing direction
designated by the user using an input unit are generated. A
probe mark is displayed on an appropriate position on a body
mark based on an actual positional relationship between a
living body and the probe. In this case, the actual positional
relationship is measured using a magnetic sensor (refer to
paragraph 0025 of Japanese Patent Laid-Open Publication
No. 2001-017433).

[0007] None of the references, however, discloses a tech-
nique for automatically displaying the body mark and the
probe mark when received data is replayed. Moreover, none
of the references discloses automatic determination of the
orientation of the probe mark in addition to the position of
the probe mark.

2. Description of the Related Art
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SUMMARY OF THE INVENTION

[0008] The present invention advantageously provides an
ultrasound diagnosis apparatus in which a reference image
representing a measurement condition when received data is
obtained can be automatically generated during replay of the
received data.

[0009] The present invention advantageously provides an
ultrasound diagnosis apparatus in which the burden on the
user can be reduced during display of a body mark and a
probe mark.

[0010] The present invention advantageously provides an
ultrasound diagnosis apparatus in which a body mark and a
probe mark accurately reflecting actual measurement con-
ditions can be displayed.

[0011] (1) According to one aspect of the present inven-
tion, there is provided an ultrasound diagnosis apparatus
comprising a probe which transmits and receives ultrasound
and outputs received data, a coordinate measuring unit
which measures at least one of a spatial position and
orientation of the probe and outputs coordinate data repre-
senting a result of measurement, a storage unit which stores
the received data and the coordinate data correlated to the
received data, a read controller unit which reads, from the
storage unit, the received data and the coordinate data
correlated to the received data, a living body image genera-
tor unit which generates a living body image based on the
read received data, a reference image generator unit which
generates a reference image based on the read coordinate
data, and a display unit which displays the living body image
and the reference image.

[0012] With this configuration, coordinate data which rep-
resents at least one of the spatial position and orientation of
the probe is obtained. The coordinate data is preferably data
which represents both the spatial position of the probe and
the orientation of the probe. When the received data is
stored, coordinate data to be correlated to the received data
is also stored. When the received data is read, corresponding
coordinate data correlated to the received data is also read.
When a living body image is replayed and displayed, a
reference image generated based on the coordinate data is
displayed along with the living body image. By observing
the reference image, it is possible to easily identify contents
of the coordinate data, that is, measurement conditions when
the received data is obtained (for example, probe position
and probe orientation with respect to the living body). In this
manner, because a reference image can be displayed during
replay of the received data without a complicated setting, it
is possible to reduce or remove the burden on the user, and
to accurately know the measurement conditions.

[0013] In the above-described configuration, the probe
may be, for example, a probe for measuring two-dimen-
sional data or a probe for measuring three-dimensional data.
As the coordinate measuring unit, it is preferable to use a
magnetic field measurement system as will be described
below. Alternatively, it is also possible to use, as the coor-
dinate measuring unit, a mechanical measurement system,
an optical measurement system, a measurement system
which uses electric waves, or a measurement system which
uses ultrasound, for example. The living body image is
preferably a two-dimensional or three-dimensional ultra-
sound image. The reference image is preferably a two-
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dimensional or three-dimensional graphical image. The ref-
erence image may be a digital photographic image. The
living body image and the reference image are preferably
displayed on a single screen. Alternatively, it is also possible
to display one of the living body image and the reference
image on a main display and the other image on an auxiliary
display. The received data is typically managed in units of
beams, frames, or volumes. In general, one set of coordinate
data is correlated to one set of received data. Alternatively,
it is also possible to correlate one set of coordinate data to
a plurality of received data sets, or to correlate a plurality of
coordinate data sets to one set of received data. The storage
unit is preferably a high capacity storage device such as a
semiconductor memory and a hard disk drive. The storage
unit preferably has a function as a cine-memory. The storage
unit stored received data before the received data is con-
verted to a video signal for display.

[0014] According to another aspect of the present inven-
tion, it is preferable that, in the ultrasound diagnosis appa-
ratus, the reference image contains a body mark (body
symbol) and a probe mark (probe symbol) displayed over-
lapping the body mark. According to another aspect of the
present invention, it is preferable that, in the ultrasound
diagnosis apparatus, the body mark is a three-dimensional
body mark and the probe mark is a three-dimensional probe
mark. The three-dimensional body mark is a three-dimen-
sional image schematically representing a portion of a living
body. The three-dimensional probe mark is a three-dimen-
sional image schematically representing the probe. As a
method of generating the marks (body mark and probe
mark), various methods can be employed such as, for
example, a method in which one of a plurality of marks
which are prepared in advance is selected, a method in
which a mark is generated at a necessary time through
software processing, or a combination of these methods.
Alternatively, it is possible to employ a configuration in
which the probe position is automatically identified and the
probe orientation is manually set or a configuration in which
the probe position is manually set and the probe orientation
is automatically identified. Each mark may be either a
monochrome image or a color image.

[0015] The body mark may be a two-dimensional image,
in which case it may also be a line drawing. The probe mark
may be represented as a model which simulates an approxi-
mate shape of the probe or may be a symbol such as an arrow
or a box representing a position (and/or orientation) where
the probe contacts. Alternatively, the probe mark may be a
three-dimensional image which accurately represents the
actual probe. It is possible to select a type of the probe mark
based on the type of probe which is actually used.

[0016] According to another aspect of the present inven-
tion, it is preferable that, in the ultrasound diagnosis appa-
ratus, the three-dimensional probe mark is displayed on the
three-dimensional body mark at a position determined
according to the coordinate data. According to another
aspect of the present invention, it is preferable that, in the
ultrasound diagnosis apparatus, the three-dimensional probe
mark is displayed on the three-dimensional body mark with
an orientation based on the coordinate data.

[0017] According to another aspect of the present inven-
tion, it is preferable that, in the ultrasound diagnosis appa-
ratus, the storage unit further stores body mark type infor-
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mation which is information of type of body mark and probe
mark type information which is information of type of probe
mark, and the body mark type information and the probe
mark type information are referred to during generation of
the reference image and the reference image is generated
based on this information. With this structure, the type of the
body mark and the type of the probe mark are automatically
identified during reading (replay) of received data and
suitable body mark and probe mark can be generated (or
selected). The body mark type may be selected by the user
when the received data is obtained or may be automatically
identified from diagnosis items. Similarly, the probe type
may be selected by the user when the received data is
obtained or may be automatically identified based on
obtained probe type data. It is also possible to allow the user
to select the body mark type and the probe mark type when
the image is replayed, as necessary.

[0018] According to another aspect of the present inven-
tion, it is preferable that, in the ultrasound diagnosis appa-
ratus, the coordinate measuring unit comprises a magnetic
field generator provided at one of the probe and a predeter-
mined fixed location, a magnetic sensor provided at another
one of the probe and the predetermined fixed location, and
a coordinate data calculator which calculates the coordinate
data based on an output signal of the magnetic sensor.
Generally, a magnetic sensor of a relatively small size is
provided within the probe or external to the probe and a
magnetic field generator having a relatively large size is
provided at a predetermined fixed location near a bed.

[0019] According to another aspect of the present inven-
tion, it is preferable that the ultrasound diagnosis apparatus
further comprises an image recording unit which records an
image containing the living body image and the reference
image. As the recording unit, it is possible to employ, for
example, a system in which an image is recorded to an
electronic recording medium such as VIR and CD-ROM, a
system in which an image is recorded through photography,
and a system in which an image is recorded through printing
on paper.

[0020] Tt is preferable to execute calibration before coor-
dinate measurement in order to define a coordinate system
which reflects the size and orientation of the subject. In the
calibration, an operation is performed to adjust the size and
scale of the body mark to conform with the actual size and
scale of the subject. As a result of this process, it is possible
to generate a reference image which accurately reflects the
position of the probe (actual measurement part) on the
subject. In the calibration, a method is preferably used in
which a center position on the transmission/reception sur-
face of the probe is sequentially contacted with a plurality of
parts on the subject for calibration which are set in advance,
and the size of the subject is measured (alternatively, it is
also possible to use a method as described in Japanese Patent
Application No. 2002-218497 which is not made public at
the time of filing of a Japanese patent application for the
present invention).

[0021] (2) According to another aspect of the present
invention, there is provided an ultrasound diagnosis appa-
ratus comprising a transportable probe which outputs
received data of each frame by contacting a subject and
repeatedly scanning with an ultrasound beam; a coordinate
measuring unit comprising a magnetic sensor provided on



US 2005/0090746 Al

the probe and a magnetic field generator provided at a
predetermined fixed location near the subject, wherein the
coordinate measuring unit measures a spatial position and
orientation of the probe in real time and outputs coordinate
data representing a result of the measurement;, a cine-
memory which stores the received data; a coordinate data
table which stores coordinate data correlated to the received
data; a read controller unit which reads received data from
the cine-memory when data is replayed and which reads,
from the coordinate data table, the coordinate data correlated
to the read received data when data is replayed; a living body
image generator unit which generates a living body image
based on the read received data; a reference image generator
unit which generates a reference image including a body
mark and a probe mark based on the read coordinate data;
and a display unit which simultaneously displays the living
body image and the reference image.

[0022] According to another aspect of the present inven-
tion, it is preferable that, in the ultrasound diagnosis appa-
ratus, a sequence of received data is sequentially read from
the cine-memory to display a sequence of living body
images as an animation image, and a sequence of coordinate
data corresponding to the sequence of the received data is
sequentially read from the coordinate data table to display a
sequence of reference images as an animation image along
with the sequence of living body images.

[0023] Ina preferred embodiment of the present invention
which will be described below, it is possible to automatically
display a reference image (body mark and probe mark)
which schematically represents the actual past measurement
conditions, when a still image or an animation image from
the cine-memory is replayed. With this configuration, no
complicated user operations are required. In addition,
because the actual measurement condition when the living
body image is obtained can be accurately re-created, it is
possible to provide information useful for diagnosis of
discases from the living body image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] A preferred embodiment of the present invention
will be described in detail based on the following figures,
wherein:

[0025] FIG. 1 is a block diagram showing an overall
structure of an ultrasound diagnosis apparatus according to
a preferred embodiment of the present invention;

[0026] FIG. 2 is a diagram showing an example of a
specific structure of a coordinate data table shown in FIG.
1

[0027] FIG. 3 is a conceptual diagram for explaining a
generation process of a reference image;

[0028] FIG. 4 is a diagram for explaining a coordinate
system defined through calibration; and

[0029] FIG. 5 is a diagram for explaining simultaneous
display of a reference image and a living body image.

DESCRIPTION OF PREFERRED EMBODIMENT

[0030] A preferred embodiment (hereinafter referred to
simply as “embodiment”) of the present invention will now
be described.
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[0031] FIG. 1 is a block diagram showing an overall
structure of an ultrasound diagnosis apparatus according to
a preferred embodiment of the present invention.

[0032] A probe 10 is a transportable device for transmit-
ting and receiving ultrasound. The probe 10 has a transducer
array including a plurality of transducer elements in the
structure exemplified in FIG. 1. The transducer array gen-
erates an ultrasound beam B. By electronically scanning
with the ultrasound beam B, a two-dimensional scanning
plane S is generated. As a method of electronic scanning, it
is possible to employ, for example, an electronic sector
scanning system or an electronic linear scanning system. It
is also possible to provide a 2D (two-dimensional) trans-
ducer array in the probe 10 to form a 3D (three-dimensional)
data obtaining space.

[0033] An ultrasound diagnosis apparatus according to the
embodiment comprises, as means for measuring coordi-
nates, a magnetic field generator 14, a magnetic sensor 12,
and a coordinate calculator unit 16. In the configuration
shown in FIG. 1, the magnetic field generator 14 is provided
at a predetermined fixed location, such as a position near a
bed (not shown) on which a patient is located. The magnetic
sensor 12, on the other hand, is provided on the probe 10 in
the example configuration of FIG. 1. More specifically, the
magnetic sensor 12 is stored and located within a resin case
in the probe 10. Various devices may be used as the magnetic
field generator 14 and the magnetic sensor 12, as long as
these devices can measure a three-dimensional position and
a three-dimensional orientation of the probe 10. The mag-
netic field generator 14 has, for example, three magnetic
field generator coils provided corresponding to three axes
which are perpendicular to each other. These three coils are
driven in a time divisional manner. The magnetic sensor 12
comprises, for example, three magnetic filed detector coils
provided corresponding to three axes which are perpendicu-
lar to each other. The coordinate calculator unit 16 calculates
a spatial position (X, ¥, z) of the probe 10 and a rotational
angle (a, B, v) of the probe 10 with respect to the axes based
on output signals of the coils output from the magnetic
sensor 14. The coordinate measurement technique itself is a
known technique. The definition of the components of the
coordinate system may be other than those described above.

[0034] The probe 10 is connected to a main system of the
apparatus through a cable 18. That is, the probe 10 in the
embodiment is transportable and is, in general, used in
contact with a surface of the body of the subject. Alterna-
tively, it is also possible to use a probe 10 which is inserted
into a body orifice, such the esophagus.

[0035] Astructure of the main system of the apparatus will
now be described. A transmitter unit 20 functions as a
transmission beam former. The transmitter unit 20 supplies,
to the plurality of transducer elements, a plurality of trans-
mission signals to which a delay process is applied, under
the control of a controller unit 38. A receiver unit 22
functions as a reception beam former. The receiver 22
applies a phase adjusting and summing process to a plurality
of reception signals output from the plurality of transducer
elements under a control of the controller unit 38.

[0036] A signal processor unit 24 applies processes such
as detection and logarithmic compression to the phase
adjusted and summed reception signal output from the
receiver unit 22. These processes may alternatively be
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applied downstream of a storage unit 26 which will be
described below. In this configuration, an RF signal is stored
in the storage unit 26. The storage unit 26 stores reception
signal (received data) before coordinates are converted.
Alternatively, it is also possible to store, in the storage unit
26, received data after coordinates are converted.

[0037] In the embodiment, the storage unit 26 has a
cine-memory 28 and a coordinate data table 30. The cine-
memory 28 stores received data of a plurality of frames
which are input in time series. The cine-memory 28 has a
storage structure similar to a ring buffer. The cine-memory
28 always stores a sequence of received data from a most
recent frame to a frame of a predetermined time before. As
is known, when a user applies a freeze operation, transmis-
sion and reception of the ultrasound is terminated. At this
point, the stored content in the cine-memory 28 is frozen.
When an ultrasound image is to be displayed in real time, it
is possible to employ a configuration in which received data
output from the signal processor unit 24 is temporarily
stored in the cine-memory 28 and the received data is
immediately read from the cine-memory 28. Alternatively, it
is also possible to output the received data output from the
signal processor unit 24 directly to an image generator unit
32 which will be described later and, at the same time, store
the received data in the cine-memory 28.

[0038] The coordinate data table 30 is a table which stores
a plurality of coordinate data correlated to a plurality of
received data stored in the cine-memory 28. When certain
received data is stored in the cine-memory 28, coordinate
data correlated to the received data is stored in the coordi-
nate data table 30. The coordinate data represents a position
and an orientation of the probe 10 at the time when the
received data is obtained. In the present embodiment, one
item of coordinate data is correlated to and stored with one
item of received data. Therefore, similar to the cine-memory
28, the coordinate data table 30 also has a storage structure
similar to a ring buffer.

[0039] The management unit of the received data in the
cine-memory 28 may be, for example, beams, frames, or
volumes. The management unit of coordinate data in the
coordinate data table 30 may also be a unit such as beams,
frames, or volumes, similar to the management unit of the
received data. In the present embodiment, the correlation
between the received data and the coordinate data is man-
aged with one frame composed of a plurality of beams as the
management unit, Alternatively, in this configuration, one
coordinate data may be correlated to a plurality of received
data. Alternatively, a plurality of coordinate data may be
correlated to one received data. In the present embodiment,
the coordinate data is formed as a set of parameter values of
X, ¥, Z, O, P, and vy, as already described above. Among these
parameters, measurement and storage of, for example,
known values or constant values may be omitted. Alterna-
tively, it is also possible to form the coordinate data with
only parameter values, among the six parameter values,
necessary for generation of the reference image. In any case,
because the coordinate data is correlated to and stored with
the received data, it is possible to use the coordinate data
correlated to the received data when the received data is
replayed, as will be described later. In other words, the
present embodiment has an advantage that the body mark
and the probe mark can be automatically generated and
displayed using the coordinate data. Control to write data
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and control to read data to and from the storage unit 26 are
executed by the controller unit 38 which will be described
later. Tt is also possible to store an electrocardiographic
signal in the cine-memory 28 along with the received data.

[0040] The image generator unit 32 is means for generat-
ing an ultrasound image as a living body image based on the
received data and has, for example, a digital scan converter
(DSQ). In the present embodiment, a two-dimensional ultra-
sound image (image of tissue and image of blood stream,
etc.) are generated. Alternatively, a three-dimensional image
may be generated or an M mode image or a Doppler
waveform image may be generated.

[0041] Adisplay processor unit 34 synthesizes image data
as living body image output from the image generator unit
32 and graphical data output from a graphics generator unit
42 which will be described below and outputs data which
represents a synthesized image. The image data output from
the display processor unit 34 is sent to a display unit 36. A
synthesized image including the living body image and the
graphical image is displayed on a screen of a display unit 36.

[0042] The display unit 36 may alternatively be formed
with two display devices (main display device and auxiliary
display device). In this configuration, the living body image
may be displayed on one of the two display devices and the
graphical image may be displayed on the other of the two
display devices. The synthesized image can be recorded on
a recording medium such as a VIR or CD-ROM, printed on
paper, or captured as a photograph. Because the synthesized
image contains the reference image, it is possible to record
the reference image along with the living body image.

[0043] The controller unit 38 has a CPU for executing
software instructions. The controller unit 38 controls opera-
tions of the structures shown in FIG. 1 and, in particular,
supplies a graphics generation condition to the graphics
generator unit 42 which is substantially formed by a soft-
ware.

[0044] The controller unit 38 has a calibration function,
here embodied within a calibration execution unit 40. A
calibration process is executed before measurement in order
to correlate (conform) a scale or a size in the body mark to
a real scale or a real size in the subject by identifying a
coordinate system in the subject.

[0045] A specific example of calibration will now be
described. In the present embodiment, with an operation by
the user, a center position of a transmission/reception sur-
face of the probe 10 is contacted to a plurality of specific
positions for calibration defined on the subject and coordi-
nate data of the probe is obtained at each of the specific
positions. A coordinate system in the subject is then iden-
tified based on the plurality of coordinate data corresponding
to the plurality of specific positions. According to this
identification, it is possible to conform the coordinate sys-
tem with respect to the body mark to the coordinate system
with respect to the subject. The conforming of coordinate
systems includes matching of origins, matching of the scales
or sizes, etc. When mismatch of coordinate systems between
the subject and the body mark does not pose a problem, it is
not necessary to apply the calibration process.

[0046] When the calibration process as described above is
executed, a result of the calibration is supplied from the
controller unit 38 to the coordinate calculator unit 16. In an
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ultrasound diagnosis after the calibration, the coordinate
calculator unit 16 calculates the probe coordinates based on
an output signal of the magnetic sensor 12 and according to
a coordinate system based on the subject defined through the
calibration. The coordinate calculator unit 16 outputs the
coordinate data, which is the result of the calculation, to the
coordinate data table 30 of the storage unit 26 and also to the
controller unit 38. The controller unit 38 receives the coor-
dinate data output from the coordinate calculator unit 16
when the ultrasound image is to be displayed in real time.
When, on the other hand, an image is to be replayed using
the cine-memory 28, the controller unit 38 receives coordi-
nate data read from the coordinate data table 30. The
controller unit 38 controls generation of the body mark and
generation of the probe mark based on the received coordi-
nate data, as will be described below. In the present embodi-
ment, the three-dimensional body mark and the three-di-
mensional probe mark can be automatically displayed both
in a configuration in which the ultrasound image is to be
displayed in real time (real time display mode) and in a
configuration in which the ultrasound image is to be
replayed and displayed using received data which is stored
in the cine-memory functioning as a storage device (replay
display mode).

[0047] In the example of the present embodiment, the
graphics generator unit 42 comprises a body mark generator
unit 44 and a probe mark generator unit 46. These generator
units 44 and 46 are substantially realized by software in the
present embodiment. In the generator units 44 and 46, a
mark corresponding to the condition output by the controller
unit 38 is selected from among a plurality of marks which
are provided in advance or a mark is generated based on the
condition output by the controller unit 38 when the control-
ler unit 38 outputs the condition. In the present embodiment,
the body mark generator unit 44 generates a monochrome or
color three-dimensional body mark and the probe mark
generator unit 46 generates a monochrome or color three-
dimensional probe mark. The body mark and the probe mark
may alternatively be digital images captured by a digital
camera.

[0048] In the present embodiment, the graphics generator
unit 42 functions both in the real time display mode and
replay display mode. In other words, in both display modes,
the body mark and the probe mark can be automatically
generated according to a display condition output from the
controller unit 38. Graphical data containing these marks is
supplied to the display processor unit 34. The display
processor unit 34 executes a process to synthesize the living
body image data and the graphical data and supplies the data
of the synthesized image generated in this process to the
display unit 36.

[0049] More specifically, the body mark generator unit 44
can generate a plurality of types of body marks. More
specifically, the body mark generator unit 44 can generate a
three-dimensional body mark having a suitable form corre-
sponding to the diagnosis item, diagnosis part, type of
patient, and size of patient. Information indicating the type
of body mark is stored in the coordinate data table 30 as will
be described below. The probe mark generator unit 46, on
the other hand, can generate a plurality of types of probe
marks. More specifically, the probe mark generator unit 46
can generate a three-dimensional probe mark having a shape
corresponding to the type of probe. Information indicating
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the type of the probe mark is stored in the coordinate data
table 30 as will be described later. It is also possible to allow
the direction for displaying the body mark (direction of view
line) to be variable. The position and orientation of the probe
mark is adaptively set based on the actual position and
orientation of the probe. On the display screen, the probe
mark is displayed overlapping the body mark. In this man-
ner, the actual usage state of the probe is simulated and
re-created on the display screen. In order to automatically
generate a three-dimensional mark, it is possible to employ
a known three-dimensional image constructing method such
as, for example, volume rendering and surfacing method.

[0050] An external storage device 50 is connected to the
controller unit 38 and stores various data necessary for
control of operations by the controller unit 38. In addition,
an operation panel 48 is connected to the controller unit 38.
A user can set and input various parameters using the
operation panel 48.

[0051] FIG. 2 shows a specific example structure of the
coordinate data table 30 shown in FIG. 1. In the structure
exemplified in FIG. 2, the received data is managed in units
of frames. Specific coordinate data 30A is correlated to the
frame number. The coordinate data is made of data x, y, and
z representing the spatial position of the probe and data ¢,
f, and y representing the orientation of the probe. This
configuration, however, is only exemplary, and coordinate
data of various forms may be used as long as the coordinate
data allows appropriate display of the marks.

[0052] In the present embodiment, the coordinate data
table 30 stores body mark type information 30B and probe
mark type information 30C in addition to the coordinate
data. The type of the body mark is automatically selected
based on medical information and patient information or is
selected by the user. The type of the probe mark is auto-
matically identified or is registered by the user. Because the
information 30B and 30C are stored in the coordinate data
table, the types of marks can be automatically selected using
the information 30B and 30C both in the real time display
mode and in the replay display mode. Alternatively, it is also
possible to employ a configuration in which the user des-
ignates one or both of the body mark type and the probe
mark type after the freeze operation as necessary.

[0053] FIG. 3 is a conceptual diagram showing a process
for generating a reference image. In step S10, calibration as
described above is executed. Either prior to or following the
calibration, in step S12, a body mark type is designated and,
in step S14, a probe mark type is designated. The mark types
are designated automatically or by the user. In step $16, a
body mark is generated and, in step S18, a probe mark is
generated. With this configuration, in a real time display
mode, coordinate data which is currently obtained is used
and a probe mark is displayed at an appropriate position with
an appropriate orientation on the body mark. In other words,
a situation reflecting the actual measurement state is sche-
matically re-created. This is similar in the replay display
mode using the cine-memory. That is, in the replay display
mode, coordinate data stored in the coordinate data table is
read and a probe mark is displayed at an appropriate position
with an appropriate orientation on the body mark based on
the read coordinate data.

[0054] In the above-described step S18, the probe mark is
generated according to a probe mark type designated in step
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S14. In this process, a result of execution of the calibration
is considered. Similarly, in the above-described step S16, the
body mark is genecrated based on the body mark type
designated in step S12. In this process, a result of execution
of the calibration is considered and the coordinate data is
considered as necessary. For example, a specific body mark
is selected from among a plurality of body marks belonging
to the designated body mark type, according to the coordi-
nate data.

[0055] In step S20, a graphical image (reference image) is
generated by synthesizing the body mark (graphical data)
and the probe mark (graphical data). More specifically, the
reference image is generated according to the display con-
dition. For example, a color coding process of skin color
may be applied to the body mark and a color coding process
reflecting the actual color of the probe may be applied to the
probe mark. In step S22, a graphical image (that is, a
reference image) is displayed on the screen along with the
living body image according to the display condition which
is set by the controller unit.

[0056] The above-described processes are executed for
each frame. For example, when the received data from the
cine-memory is to be displayed as an animation image, the
movement of the probe when the received data is obtained
is re-created as the movement of the probe mark.

[0057] FIG. 4 shows a coordinate system 60 defined
regarding the body mark (or the subject). The coordinate
system 60 is defined in the calibration process described
above. FIG. 4 shows a typical body mark 62. The coordinate
system 60 has three perpendicular axes X, Y, and Z which
pass though a coordinate origin 0. The position and orien-
tation of the probe in such coordinate system 60 is measured
in real time by the above-described coordinate measuring
means. The probe mark is displayed on the body mark
according to the coordinate data obtained through the mea-
surement, as shown in FIG. 5.

[0058] FIG. 5 shows an example of a display screen 64. A
living body image 66 and a reference image 68 are shown on
the display screen 64. As described above, the reference
image 68 includes a body mark 70 and a probe mark 72.
These marks are three-dimensional images having a per-
ceived depth. When the probe is moved on the surface of the
living body in the real time display mode, the probe mark 72
on the body mark 70 also moves accordingly. This is similar
in the replay display mode. In the related art, selection
operation and positioning operation by the user is necessary
for displaying the body mark 70 and the probe mark 72 in
the replay display mode. With the present embodiment,
however, such special operations are not necessary. More
specifically, because the coordinate data is stored correlated
to the received data, it is possible to read and use the
coordinate data correlated to the received data when the
received data is read. As a result, it is possible to automati-
cally display the probe mark 72 at an appropriate position
with an appropriate orientation on the body mark 70. With
this structure, it is possible to schematically re-create the
situation of the ultrasound diagnosis as the data is actually
obtained. In particular, in the present embodiment, because
the three-dimensional body mark and the three-dimensional
probe mark are displayed, it is possible to provide a display
which allows intuitive recognition of the body part being
imaged and the direction from which it is being imaged.
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[0059] A display position of the reference image 68 on the
display screen 64 can be arbitrarily set by the user. It is
desirable to allow the user to arbitrarily set the size of the
reference image. Alternatively, it is also possible to prepare
a plurality of body marks representing the same part and
having different directions and to automatically select the
body mark to be displayed according to the position of the
probe. It is also possible to allow generation of a plurality of
body marks which can represents the state of a patient lying
on a bed.

What is claimed is:
1. An ultrasound diagnosis apparatus comprising:

a probe which transmits and receives ultrasound and
outputs received data;

a coordinate measuring unit which measures at least one
of a spatial position and orientation of the probe and
outputs coordinate data representing a result of mea-
surement;

a storage unit which stores the received data and the
coordinate data correlated to the received data;

a read controller unit which reads, from the storage unit,
the received data and the coordinate data correlated to
the received data;

a living body image generator unit which generates a
living body image based on the read received data;

a reference image generator unit which generates a ref-
erence image based on the read coordinate data; and

a display unit which displays the living body image and
the reference image.
2. An ultrasound diagnosis apparatus according to claim
1, wherein

the reference image contains a body mark and a probe
mark displayed overlapping the body mark.
3. An ultrasound diagnosis apparatus according to claim
2, wherein

the body mark is a three-dimensional body mark, and

the probe mark is a three-dimensional probe mark.
4. An ultrasound diagnosis apparatus according to claim
3, wherein

the three-dimensional probe mark is displayed on the
three-dimensional body mark at a position determined
according to the coordinate data.
5. An ultrasound diagnosis apparatus according to claim
4, wherein

the three-dimensional probe mark is displayed on the
three-dimensional body mark with an orientation deter-
mined according to the coordinate data.
6. An ultrasound diagnosis apparatus according to claim
1, wherein

the storage unit further stores body mark type information
which is information regarding body mark type and
probe mark type information which is information
regarding probe mark type, and

the body mark type information and the probe mark type
information are referred to during generation of the
reference image and the reference image is generated
based on these information.
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7. An ultrasound diagnosis apparatus according to claim
1, wherein

the coordinate measuring unit comprises:

a magnetic filed generator provided at one of either the
probe or a predetermined fixed location;

a magnetic sensor provided at the other one of the probe
or the predetermined fixed location; and

a coordinate data calculator which calculates the coordi-
nate data based on an output signal of the magnetic
Sensor.

8. An ultrasound diagnosis apparatus according to claim

1, further comprising:

an image recording unit which records an image contain-
ing the living body image and the reference image.
9. An ultrasound diagnosis apparatus, comprising:

a transportable probe which outputs received data of each
frame by contacting a subject and repeatedly scanning
with an ultrasound beam;

a coordinate measuring unit comprising a magnetic sensor
provided on the probe and a magnetic field generator
provided at a predetermined fixed location near the
subject, wherein the coordinate measuring unit mea-
sures a spatial position and orientation of the probe in
real time and outputs coordinate data representing a
result of the measurement;

a cine-memory which stores the received data;
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a coordinate data table which stores coordinate data
correlated to the received data;

a read controller unit which reads the received data from
the cine-memory when data is replayed and which
reads, from the coordinate data table, the coordinate
data correlated to the read received data when data is
replayed;

a living body image generator unit which generates a
living body image based on the read received data;

a reference image generator unit which generates a ref-
erence image having a body mark and a probe mark
based on the read coordinate data; and

a display unit which simultaneously displays the living
body image and the reference image.

10. An ultrasound diagnosis apparatus according to claim

9, wherein

a sequence of received data is sequentially read from the
cine-memory to display a sequence of living images as
an animation image, and

a sequence of coordinate data corresponding to the
sequence of the received data is sequentially read from
the coordinate data table to display a sequence of
reference images as an animation image along with the
sequence of living body images.
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