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ULTRASONIC DIAGNOSTIC APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based upon and claims the benefit of
priority from prior Japanese Patent Application No. 2004-
304505, filed Oct. 19, 2004, the entire contents of which are
incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an ultrasonic diagnostic
apparatus which is highly operable and efficient in recording
an obtained ultrasonic image or searching for a recorded
ultrasonic image.

2. Description of the Related Art

An ultrasonic diagnostic apparatus is a diagnostic appara-
tus for displaying an image of in vivo information. The ultra-
sonic diagnostic apparatus is less expensive and causes no
exposure, as compared to other image diagnostic apparatuses
such as an X-ray diagnostic apparatus or an X-ray computer-
ized topographic apparatus, and is useful for noninvasive
observation in real time. The ultrasonic diagnostic apparatus
has a wide application range because of its characteristics and
is used to diagnose circulatory organs such as a heart, abdomi-
nal organs such as a liver and kidney, peripheral vessels,
cerebral blood vessels or in diagnosis in obstetrics and gyne-
cology.

Generally, in imaging using an ultrasonic diagnostic appa-
ratus, not only a still image but also a moving image in a
predetermined period must be acquired and saved at a timing
unique to the subject or the imaging method. To do this, a
conventional ultrasonic diagnostic apparatus saves a moving
image in a total imaging time from the start to end of exami-
nation, as shown in FIG. 1A, or a moving image correspond-
ing to a predetermined period by causing the operator to start
and stop recording, as shown in FIG. 1B.

BRIEF SUMMARY OF THE INVENTION

However, the conventional moving image saving methods
have, e.g., the following problems.

When the method of recording all images during examina-
tion is employed, even images unnecessary for diagnosis are
also saved. Hence, areas of recording media are wasted.
When the method of recording images in accordance with the
recording start/stop operation executed by the operator dur-
ing imaging is employed, the operator may forget the start or
end of recording. Hence, images may be missed, or unneces-
sary images may be recorded.

In either method, to call up necessary scenes (still images
and moving images) from the saved moving images, unnec-
essary images must also be browsed. This makes the image
search operation inefficient and increases the load on the
observer.

Even the VHS index search system (VISS) function of a
VCR or file division of an HDD or DVD recorder allows
search based on the recording/stop operation. In this case,
however, the observer still needs to search for a desired scene
by checking recorded images while fast-forwarding them.

The present invention has been made in consideration of
the above situation, and has as its object to provide an ultra-
sonic diagnostic apparatus capable of recording images while
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2

excluding those unnecessary for diagnosis as much as pos-
sible and executing image search with excellent operability
and high efficiency.

According to an aspect of the present invention, there is
provided an ultrasonic diagnostic apparatus comprising an
ultrasonic probe which transmits an ultrasonic wave to a
predetermined part of a subject and receives an echo signal
from the predetermined part, a driving signal generation unit
which generates a driving signal to drive the ultrasonic probe
and supplies the driving signal to the ultrasonic probe, an
image data generation unit which generates ultrasonic image
data of a plurality to frames on the basis of the echo signal
received by the ultrasonic probe, a recording unit which
records the ultrasonic image data of each frame, a signal
generation unit which generates an event signal in response to
a predetermined event as a trigger, and a control unit which
controls at least one of a start and an end of recording of the
ultrasonic image data by the recording unit in response to the
event signal.

According to another aspect of the present invention, there
is provided an ultrasonic diagnostic apparatus comprising an
ultrasonic probe which transmits an ultrasonic wave to a
predetermined part of a subject and receives an echo signal
from the predetermined part, a driving signal generation unit
which generates a driving signal to drive the ultrasonic probe
and supplies the driving signal to the ultrasonic probe, an
image data generation unit which generates ultrasonic image
data of a plurality to frames on the basis of the echo signal
received by the ultrasonic probe, a signal generation unit
which generates an event signal in response to a predeter-
mined event as a trigger, a representative image generation
unit which generates a representative image symbolically
representing an ultrasonic image corresponding to the echo
signal received in a period before or after event signal gen-
eration on the basis of the ultrasonic image data of a frame
corresponding to the event signal generation timing, a record-
ing unit which records the ultrasonic image data of the plu-
rality of frames and also records the representative image in
association with the ultrasonic image data of the correspond-
ing frame, and an image reproduction unit which, when the
representative image is selected, reproduces the ultrasonic
image data on the basis of the frame associated with the
selected representative image.

According to still another aspect of the present invention,
there is provided an ultrasonic diagnostic apparatus compris-
ing an ultrasonic probe which transmits an ultrasonic wave to
a predetermined part of a subject and receives an echo signal
from the predetermined part, a driving signal generation unit
which generates a driving signal to drive the ultrasonic probe
and supplies the driving signal to the ultrasonic probe, an
image data generation unit which generates ultrasonic image
data of a plurality to frames on the basis of the echo signal
received by the ultrasonic probe, a signal generation unit
which generates at least one of a first event signal to instruct
one of a start and an end of image recording and a second
event signal to instruct representative image acquisition in
response to a predetermined event as a trigger, a control unit
which controls one of the start and the end of recording of the
ultrasonic image data in response to the first event signal, a
representative image generation unit which generates a rep-
resentative image symbolically representing an ultrasonic
image corresponding to the echo signal received in a period
before or after event signal generation on the basis of the
ultrasonic image data of a frame corresponding to the second
event signal generation timing, a recording unit which
records the ultrasonic image data of the plurality of frames
and also records the representative image in association with



US 7,883,467 B2

3

the ultrasonic image data of the corresponding frame under
control of the control unit, and an image reproduction unit
which, when the representative image is selected, reproduces
the ultrasonic image data on the basis of the frame associated
with the selected representative image.

According to still another aspect of the present invention,
there is provided an ultrasonic diagnostic apparatus compris-
ing an image data generation unit which transmits an ultra-
sonic wave to a predetermined part of a subject and generates
ultrasonic image data of a plurality to frames on the basis of
an echo signal received from the predetermined part, a signal
generation unit which generates an event signal in response to
a predetermined event as a trigger, a recording unit which
records the ultrasonic image data of each frame together with
event information containing a type and generation timing of
the event signal, and an editing unit which edits the ultrasonic
image data of the plurality of frames on the basis of the event
information.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

FIG. 1A is a view for explaining the image recording
method of a conventional ultrasonic diagnostic apparatus;

FIG. 1B is a view for explaining the image recording
method of another conventional ultrasonic diagnostic appa-
ratus;

FIG. 2 is ablock diagram for explaining the arrangement of
an ultrasonic diagnostic apparatus 10 according to the first
embodiment;

FIG. 3A is a view for explaining recording start processing
by the image recording function of the ultrasonic diagnostic
apparatus 10;

FIG. 3B is a view for explaining recording end processing
by the image recording function of the ultrasonic diagnostic
apparatus 10;

FIG. 4 is a view for explaining Example 1 of the ultrasonic
diagnostic apparatus, in which the image recording start event
is the final image adjustment operation, and the image record-
ing end event is the operation of a freeze button;

FIG. 5 is a view for explaining Example 2 of the ultrasonic
diagnostic apparatus, in which the image recording start event
is the operation of causing the operator to execute predeter-
mined measurement, and the image recording end event is the
operation of a freeze OFF button;

FIG. 6 is a view for explaining Example 3 of the ultrasonic
diagnostic apparatus, in which the image recording start event
is the end instruction operation of measurement using an
ultrasonic image, and the image recording end event is the
operation of the freeze OFF button;

FIG. 7 is a view for explaining Example 4 of the ultrasonic
diagnostic apparatus, in which the image recording start event
is activation of an annotation function, and the image record-
ing end event is the operation of the freeze button;

FIG. 8 is a view for explaining Example 5 of the ultrasonic
diagnostic apparatus, in which the image recording start event
is a completion instruction of annotation input by the anno-
tation function, and the image recording end event is the
operation of the freeze button;

FIG. 9 is a view for explaining Example 6 of the ultrasonic
diagnostic apparatus, in which the image recording start event
is the final image adjustment operation, and the image record-
ing end event is a print instruction operation;

FIG. 10is a view for explaining Example 7 of the ultrasonic
diagnostic apparatus, in which the image recording start event
is the final image adjustment operation, and the image record-
ing end event is a still image saving operation;
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FIG. 11 is a view for explaining Example 8 ofthe ultrasonic
diagnostic apparatus, in which when the image layout is
changed, an image recording start/end event signal is gener-
ated in accordance with the change as an event;

FIG. 12 is a view for explaining processing by the repre-
sentative image acquisition/setting function of the ultrasonic
diagnostic apparatus 10,

FIG. 13 is a view for explaining Example 10 of the ultra-
sonic diagnostic apparatus, in which a representative image is
acquired in accordance with a print execution operation as a
representative image acquisition event;

FIG. 14 is a view for explaining Example 11 of the ultra-
sonic diagnostic apparatus, in which a representative image is
acquired in accordance with the still image saving operation
as the representative image acquisition event;

FIG. 15 is a view for explaining Example 12 of the ultra-
sonic diagnostic apparatus, in which a representative image is
acquired in accordance with a measurement end operation as
the representative image acquisition event;

FIG. 16 is a view for explaining Example 13 of the ultra-
sonic diagnostic apparatus, in which a representative image is
acquired in accordance with a freeze ON operation as the
representative image acquisition event;

FIG. 17 is a view for explaining Example 14 of the ultra-
sonic diagnostic apparatus, in which a representative image is
acquired in accordance with a change in image layout as the
representative image acquisition event;

FIG. 18 is a view for explaining a modification to the
embodiment;

FIG. 19 is a view for explaining processing by the repre-
sentative image acquisition/setting function of the ultrasonic
diagnostic apparatus 10,

FIG. 20 is a block diagram for explaining the arrangement
of an ultrasonic diagnostic apparatus 10 according to the
second embodiment; and

FIG. 21 is a flowchart showing the flow of processing of an
editing function.

DETAILED DESCRIPTION OF THE INVENTION

The first and second embodiments of the present invention
will be described below with reference to the accompanying
drawing. In the following description, the same reference
numerals denote constituent elements having almost the same
function and arrangement, and a repetitive description will be
done only when necessary.

First Embodiment

FIG. 2 is a block diagram of an ultrasonic diagnostic appa-
ratus 10 according to this embodiment. As shown in FIG. 2,
the ultrasonic diagnostic apparatus 10 includes an ultrasonic
probe 12, an apparatus body 11, an external input device 13
which is connected to the apparatus body 11 to input various
kinds of instructions, commands, and information from an
operator to the apparatus body 11, and a monitor 14. The input
device 13 includes a trackball 13a, switch button 135, mouse
13¢, and keyboard 13d to, e.g., set a region of interest (ROI).

The ultrasonic probe 12 has piezoelectric vibrators each
serving as an acoustoelectric reversible conversion element
of, e.g., piezoelectric ceramics. The plurality of piezoelectric
vibrators are juxtaposed and provided at the tip of the probe
12.

The apparatus body 11 has an ultrasonic transmission/
reception unit 21, B mode processing unit 22, Doppler pro-
cessing unit 23, image generation circuit 24, image memory
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circuit 25, recording control unit 26, control processor (CPU)
27, image recording unit 28, internal storage device 29, and
interface unit 30.

The ultrasonic transmission/reception unit 21 reads out
transmission/reception conditions which are stored in the
internal storage device 29 by the control processor 27 and
generates rate pulses in accordance with the transmission/
reception conditions. The ultrasonic transmission/reception
unit 21 gives, to each rate pulse, a delay time necessary for
converging an ultrasonic wave into a beam and determining
the transmission directivity and applies a voltage pulse to the
probe 12 for each channel. The probe 12 transmits an ultra-
sonic beam to a subject.

For a circulatory organ, to collect images by a specific
cardiac time phase, an ECG-gated unit is connected to the
apparatus body 11. An electrocardiographic signal of a
patient is input through the ECG-gated unit. For this electro-
cardiographic signal, information about display or image col-
lection timing is input from the operation panel. The control
processor 27 controls the image collection timing of the trans-
mission/reception unit 21 on the basis of the electrocardio-
graphic signal and information. The electrocardiographic sig-
nal is stored in the image recording unit 28 or external storage
device and combined with another image information or addi-
tional information such as character information by the image
memory circuit 25.

In addition, on the basis of mode selection, ROI setting, or
transmission start/end input by the user through the input
device 13 or another interface, the transmission/reception
conditions and device control program stored in the internal
storage device 29 are read out. In accordance with them, the
control processor 27 controls the transmission/reception unit
21.

The ultrasonic beam sent into the subject to generate an
image is reflected by the discontinuity surface of acoustic
impedance in the subject. The reflected wave is received by
the probe 12. An echo signal output from the probe 12 for each
channel is received by the transmission/reception unit 21. The
echo signal is amplified for each channel, given a delay time
necessary for determining the reception directivity, and added
in the transmission/reception unit 21. By this addition, a
reflection component from a direction corresponding to the
reception directivity is enhanced. The total directivity of
ultrasonic transmission/reception is determined by the trans-
mission directivity and reception directivity. This directivity
is generally called a “scan line”.

The echo signal output from the transmission/reception
unit 21 is sent to the B mode processing unit 22 and Doppler
processing unit 23. The B mode processing unit 22 includes a
logarithmic converter, envelop detection circuit, and analog-
to-digital (A/D) converter, although they are not illustrated.
The logarithmic converter logarithmically converts the echo
signal. The envelop detection circuit detects the envelop of
the output signal from the logarithmic converter. The detec-
tion signal is digitized through the analog-to-digital converter
and output as detection data. The Doppler processing unit 23
extracts a blood flow component by using a result of fre-
quency analysis or a filter and obtains blood information such
as mean velocities, variances, powers, and the like at multiple
points.

The image generation circuit 24 executes frame correlation
processing by using the detection data input from the B mode
processing unit 22 to generate a B mode image. The image
generation circuit 24 also creates a mean velocity image,
variance image, power image. and combined image thereof
by using the blood flow information input from the Doppler
processing unit 23.
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The image memory circuit 25 generates an ultrasonic
image to be displayed on the monitor 14 on the basis of the
image data (also called “raw data”) received from the image
generation circuit 24. The image memory circuit 25 includes
ascan converter, cinememory, frame memory, and video con-
verter. The scan converter converts a scan line signal sequence
of ultrasonic scan, which is input from the image generation
circuit 24, into data of an orthogonal coordinate system based
on spatial information. The cinememory saves, e.g., ultra-
sonic images corresponding to a plurality of frames immedi-
ately before freeze. When images stored in the cinememory
are continuously displayed (cinedisplayed), an ultrasonic
moving image can be displayed. The frame memory stores an
ultrasonic image of one frame. An image currently stored in
the frame memory is displayed on the monitor 14. An over-
write in the frame memory is stopped by, e.g., pressing the
freeze ON button of the operation input device 13. The video
converter executes video format conversion of image data
received from the frame memory.

The recording control unit 26 checks an event signal
received from the control processor 27. If the event signal is
related to a recording start/recording end event (representa-
tive image acquisition event), the image recording start/re-
cording end timing (representative image acquisition timing)
of the image recording unit 28 is controlled on the basis of the
event signal.

The control processor 27 executes programs stored in the
image recording unit 28 or external storage device and read
out from the internal storage device 29 on the basis of infor-
mation input from various kinds of switches or trackball 13a.

The control processor 27 also executes processing by an
image recording function or representative image acquisi-
tion/setting function (to be described later) in accordance
with a predetermined program stored in, e.g., the internal
storage device 29.

The image recording unit 28 records a still image or mov-
ing image under the control of the recording control unit 26.
The image recording unit 28 also forms and records units of
moving images in each period, which are recorded by a series
of imaging sequences, under the control of the recording
control unit 26. The image recording unit 28 also stores a
representative image (to be described later) in association
with a corresponding frame image.

The internal storage device 29 stores the control program
of the apparatus, diagnostic protocols, various kinds of data
such as transmission/reception conditions, and collected
image data. The internal storage device 29 also stores various
kinds of subprograms (activities) to implement each process-
ing of a series of examination procedures and a control pro-
gram to control the apparatus in accordance with the exami-
nation procedures (work flow) including the various kinds of
activities.

The monitor 14 displays, as an image, morphologic infor-
mation or blood flow information in a living body on the basis
of the video signal from the image memory circuit 25. An
image displayed on the monitor 14 is recorded in, e.g., the
image recording unit 28 by using corresponding image data
stored in the frame memory in the image memory circuit 25.

(Image Recording Function)

The image recording function of the ultrasonic diagnostic
apparatus 10 will be described next. In this function, an event
signal is generated by using a specific event as a trigger under
the control of the control processor 27. On the basis of the
event signal, the recording control unit 26 controls the storage
operation (recording start/recording end) of the image record-
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ing unit 28, thereby automatically forming and recording
units of moving image information based on a unified stan-
dard.

Recording start processing by the image recording func-
tion will be described. FIG. 3A is a view for explaining
recording start processing. As shown in FIG. 3A, in response
to a predetermined event as a trigger, the control processor 27
generates an event signal to give a notification of generation
of the event and its type and transmits the event signal to the
recording control unit 26 (step S1). The recording control unit
26 checks the event signal received from the control processor
27 (step S2). If it is determined that the event signal instructs
the start of image recording, the recording control unit 26
requests the image recording unit 28 to start recording (step
S3). The image recording unit 28 confirms the state (recorder
state) of its own (step S4). If the image recording unit 28 is in
a recordable state, recording is started (step S5). The image
recording unit 28 transmits, to the recording control unit 26,
a signal to indicate that the recording start request is received
(step S6). In response to this indication, image data of each
frame is sent from the image memory circuit 25 to the image
recording unit 28 through the recording control unit 26.

Recording end processing by the image recording function
will be described next. FIG. 3B is a view for explaining
recording end processing. As shown in FIG. 3B, almost the
same processing as in recording start processing is executed
in the recording end processing. That is, in response to a
predetermined event as a trigger, the control processor 27
generates an event signal to give a notification of generation
of the event and its type and transmits the event signal to the
recording control unit 26 (step S11). The recording control
unit 26 checks the event signal received from the control
processor 27 (step S12). If it is determined that the event
signal instructs the end of image recording, the recording
control unit 26 requests the image recording unit 28 to end
recording (step S13). The image recording unit 28 confirms
the state (recorder state) of its own (step S14). If the image
recording unit 28 is in a recordable state, recording is ended
(step S15). The image recording unit 28 transmits, to the
recording control unit 26, a signal to indicate that the record-
ing end request is received (step S16), and image recording is
ended.

The contents of predetermined events serving as a trigger
in steps S1 and S11 are not particularly limited. Detailed
examples are an input operation unique to ultrasonic diagno-
sis (e.g., image adjustment operation, freeze ON/OFF opera-
tion, predetermined measurement operation, annotation
operation, still image saving operation, or ultrasonic image
print operation) and device operations (e.g., detection of a
change in image layout on the display screen to display an
ultrasonic image or a change by a predetermined threshold
value or more in luminance of ultrasonic image data of each
frame generated by the image data generation unit). Which
input operation or device operation should be used as the
recording start (end) event is preferably arbitrarily registered.
With this arrangement, the operator can start (end) moving
image recording by using a desired input operation or the like
as a trigger.

Examples of the image recording function of the ultrasonic
diagnostic apparatus 10 will be described below by exempli-
fying an input operation or device operation used as the
recording start/recording end event. When digital imaging
and communications in medicine (DICOM) is used as an
image communication standard, each recording start/record-
ing end event is recorded as group information of a DICOM
tab. The operator can also search for desired image data by
using the recording start/recording end event as an index.
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Example 1

In this example, the image recording start event is the final
image adjustment operation, and the image recording end
event is the operation of a freeze ON button.

FIG. 4 is a view for explaining Example 1 of the ultrasonic
diagnostic apparatus. As shown in FIG. 4, in this example,
image recording is not started even at the examination start
timing. When the operator starts image adjustment while
observing the monitor 14 and completes image adjustment by
the final operation, image recording is triggered by this final
operation. Whether the operation executed by the operator is
the final image adjustment operation is determined in the
following way. For example, of four image adjustment but-
tons including freeze OFF, image mode transition, scale
change, and gain adjustment, input of the button finally oper-
ated (i.e., 4/4th determination) is determined as the image
recording start event. In response to this event, an event signal
to instruct the start of image recording is generated.

To execute image adjustment again after input of the image
adjustment button operated finally, precedingly recorded
moving image data can be erased by executing a predeter-
mined reset operation.

When moving image recording starts in response to the
final image adjustment operation, image data corresponding
to the period until the operator operates the freeze ON button
is formed as a unit and recorded in the image recording unit 28
as a series of moving image data.

Example 2

In this example, the image recording start event is the
operation of causing the operator to execute predetermined
measurement, and the image recording end event is the opera-
tion of a freeze OFF button.

FIG. 5 is a view for explaining Example 2 of the ultrasonic
diagnostic apparatus. As shown in FIG. 5, in this example,
image recording is not started even at the completion of image
adjustment or at the freeze ON switch operation timing.
Image recording is triggered by a button operation of causing
the operator to execute measurement by using an ultrasonic
image displayed on the monitor 14. Which measurement
(e.g., geometrical measurement to measure, e.g., a distance or
luminance change measurement by TIC creation) instructed
by a button operation should be used as the recording start
event can be registered in advance. In this example, when a
button operation of instructing TIC creation is registered as
the recording start event, the control processor 27 generates
an event signal to instruct the start of image recording in
response to the button operation.

To execute a plurality of (e.g., n) measurements, for
example, the final operation of the measurement execution
button (i.e., w/nth determination) may be determined as the
image recording start event.

When moving image recording starts in response to the
operation of the measurement execution button, image data
corresponding to the period until the operator operates the
freeze OFF button is formed as a unit and recorded in the
image recording unit 28 as a series of moving image data.

Example 3

FIG. 6 is a view for explaining Example 3 of the ultrasonic
diagnostic apparatus. In this example, the image recording
start event is the end instruction operation of measurement
using an ultrasonic image, and the image recording end event
is the operation of the freeze OFF button. Which measure-
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ment (e.g., geometrical measurement to measure, e.g., a dis-
tance or luminance change measurement by TIC creation)
whose end is instructed by a button operation should be used
as the recording start event can be registered in advance. In
this example, when a button operation of instructing the end
of TIC creation is registered as the recording start event, the
control processor 27 generates an event signal to instruct the
start of image recording in response to the button operation.

To execute a plurality of (e.g., n) measurements, for
example, the final operation of the measurement end button
(i.e., n/nth determination) may be determined as the image
recording start event.

When moving image recording starts in response to the
operation of the measurement end button, image data corre-
sponding to the period until the operator operates the freeze
OFF button is formed as a unit and recorded in the image
recording unit 28 as a series of moving image data.

Example 4

FIG. 7 is a view for explaining Example 4 of the ultrasonic
diagnostic apparatus. In this example, the image recording
start event is activation of an annotation function, and the
image recording end event is the operation of the freeze
button.

An image to which an annotation is input by the annotation
function is effective for diagnosis at a high probability.
Hence, in this example, ultrasonic images after activation of
the annotation function are recorded, thereby forming and
recording units of moving images during the period from the
frame image as the annotation input target to the freeze OFF
operation in the image recording unit 28 as a series of moving
image data.

Example 5

In this example, the image recording start event is a
completion instruction of annotation input by the annotation
function, and the image recording end event is the operation
of the freeze button.

FIG. 8 is a view for explaining Example 5 of the ultrasonic
diagnostic apparatus. As in Example 4, an image to which an
annotation is input by the annotation function is effective for
diagnosis at a high probability. Hence, in this example, mov-
ing images during the period from the frame image in which
annotation input by the annotation function is completed to
the freeze OFF operation are formed as units and recorded in
the image recording unit 28 as a series of moving image data.

Example 6

FIG. 9 is a view for explaining Example 6 of the ultrasonic
diagnostic apparatus. In this example, the image recording
start event is the final image adjustment operation, and the
image recording end event is a print instruction operation.

More specifically, an ultrasonic image output by printing is
effective for diagnosis at a high probability. Hence, in this
example, moving images during the period from a predeter-
mined recording start event (final image adjustment operation
in this example) to the print instruction are formed as units
and recorded in the image recording unit 28 as a series of
moving image data.

Example 7

FIG.10is a view for explaining Example 7 of the ultrasonic
diagnostic apparatus. In this example, the image recording
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start event is the final image adjustment operation, and the
image recording end event is a still image saving operation.

More specifically, an ultrasonic image saved as a still
image is effective for diagnosis at a high probability. Hence,
in this example, moving images during the period from a
predetermined recording start event (final image adjustment
operation in this example) to the saving instruction as a still
image are formed as units and recorded in the image record-
ing unit 28 as a series of moving image data.

Example 8§

In this example, the image layout displayed on the monitor
14 is monitored. If the image layout is changed, an image
recording start/end event signal is generated in accordance
with the change as an event.

FIG. 11 1s a view for explaining Example 8 ofthe ultrasonic
diagnostic apparatus. As shown in FIG. 11, on the monitor 14,
an ultrasonic image, markers such as a scale marker, ROI
marker, and zero Hz line marker (baseline), character infor-
mation displayed at a specific position, Doppler sound (wave-
form), and the like are displayed by a predetermined image
layout. When such various kinds of information are moni-
tored, the current phase of imaging in the entire sequence can
be determined.

More specifically, in, e.g., imaging in the Doppler mode,
Doppler sound is collected. When the Doppler waveform is
monitored, and the screen changes from a state without any
Doppler waveform to a state with a Doppler waveform, it can
be determined that imaging in the Doppler mode is started.
On the other hand, when the screen changes from the state
with a Doppler waveform to the state without any Doppler
waveform, it can be determined that imaging in the Doppler
mode is ended. Hence, ultrasonic images collected during the
imaging period in the Doppler mode can also be recorded
appropriately by using detection of a Doppler waveform as
the image recording start event and disappearance of the
Doppler waveform as the image recording end event.

When a Doppler waveform is displayed, the zero Hz line
marker is displayed at a predetermined position. For this
reason, the presence/absence of display of a Doppler wave-
form can be determined on the basis of the presence/absence
of display of the zero Hz line marker. Hence, an event signal
is generated in response to the start of display of the zero Hz
line marker (i.e., the start of display of a Doppler waveform)
to start image recording. An event signal is generated in
response to the end of display of the zero Hz line marker (i.e.,
the end of display of the Doppler waveform) to end image
recording.

Monitoring of the image layout has been described above.
In imaging in the Doppler mode. Doppler sound is collected
simultaneously. Hence, the image recording start/end event
may be detection/disappearance of Doppler sound, not a
change in image layout.

Example 9

In contrast echo using a contrast medium, the time phase
when a large luminance change occurs is often effective for
diagnosis because, e.g., the time phase corresponds to the
contrast medium infusion timing. In this example, the lumi-
nance change of acquired ultrasonic images is compared
between adjacent frames. If the change has a predetermined
threshold value or more, an image recording start/end event
signal is generated in response to the change as an event.

The threshold value serving as the reference for determi-
nation of the change is preferably arbitrarily set. The com-
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parison target of luminance change may be a specific region
such as an ROI. When TIC is to be created, the luminance
change may be grasped by using it.

(Function of Acquiring/Setting Representative Image as Still
Image)

The function of acquiring/setting a representative image as
a still image, which is provided in the ultrasonic diagnostic
apparatus 10, will be described. The representative image
acquisition function generates an event signal in response to
a specific event as a trigger, on the basis of the ultrasonic
image data of a frame corresponding to the event signal gen-
eration, automatically generates a representative image (e.g.,
a thumbnail image) as a still image to be used as an index for
search, and records the image in association with the ultra-
sonic image data of the corresponding frame. The represen-
tative image setting function reads out a recorded represen-
tative image, sets the image on the screen, and reproduces
ultrasonic image data on the basis of the frame associated
with the representative image selected by the operator. With
this function, ultrasonic image data can be segmented into
units and recorded on the basis of representative images. In
addition, search of moving image data and search of a prede-
termined scene in each moving image data are facilitated.

FIG. 12 is a view for explaining processing by the repre-
sentative image acquisition/setting function of the ultrasonic
diagnostic apparatus 10. Referring to FIG. 12, the frame of
the one-dot dashed line indicates representative image acqui-
sition processing, and the frame of the two-dot dashed line
indicates representative image setting processing.

Representative image acquisition processing will be
described first. During image recording, when an event indi-
cating representative image acquisition is activated, the con-
trol processor 27 generates an event signal and sends it to the
recording control unit 26 (step S7). The recording control unit
26 checks whether the event signal indicates representative
image acquisition (step S8). When the event signal is an event
indicating representative image acquisition to “acquire, as a
representative image, a frame image currently present on the
frame memory”, a representative image acquisition request is
generated (step S9). In accordance with the representative
image acquisition request, the authoring executes represen-
tative image acquisition processing (generation processing)
on the basis of a frame image corresponding to event signal
generation. The representative image is recorded in associa-
tion with the corresponding frame image (step S10).

Representative image setting processing will be described
next. To search fora desired scene (not always the scene at the
start of recording) of a moving image after the end of image
recording, the control processor 27 generates a signal to
instruct a representative image setting request in response to
an image by the operator and sends it to the recording control
unit 26 (step S17). The recording control unit 26 transmits the
representative image setting instruction to the authoring (step
S18). The authoring executes setting processing of displaying
alist of representative images in response to a predetermined
instruction (step S19).

The contents of a predetermined event serving as a trigger
in step S7 are not particularly limited. As in the image record-
ing start/end event, an input operation or device operation
unique to the ultrasonic diagnostic apparatus can be
employed. Which input operation or device operation should
be used as the representative image acquisition event is pref-
erably arbitrarily registered.

Examples of the representative image acquisition/setting
function of the ultrasonic diagnostic apparatus 10 will be
described below by exemplifying an input operation or device
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operation used as a trigger. As in the recording start/recording
end event, each representative image acquisition event is
recorded as group information of a DICOM tab. The operator
can also search for desired image data by using the recording
start/recording end event as an index.

Example 10

FIG. 13 is a view for explaining Example 10 of the ultra-
sonic diagnostic apparatus. An ultrasonic image printed in
ultrasonic diagnosis is effective for diagnosis at a high prob-
ability. Hence, in this example, a print execution operation is
used as the representative image acquisition event, and a
representative image is acquired in response to this operation
as a trigget, as shown in FIG. 13.

Example 11

FIG. 14 is a view for explaining Example 11 of the ultra-
sonic diagnostic apparatus. An ultrasonic image saved as a
still image in ultrasonic diagnosis is effective for diagnosis at
ahigh probability. Hence, in this example, a still image saving
operation is used as the representative image acquisition
event, and a representative image is acquired in response to
this operation as a trigger, as shown in FIG. 14.

Example 12

FIG. 15 is a view for explaining Example 12 of the ultra-
sonic diagnostic apparatus. An ultrasonic image to be sub-
jected to various kinds of measurements in ultrasonic diag-
nosis 1s effective for diagnosis at a high probability, as in
Examples 10 and 11. Hence, in this example, a measurement
end operation (or the final measurement end operation if a
plurality of measurements are executed) is used as the repre-
sentative image acquisition event, and a representative image
is acquired in response to this operation as a trigger, as shown
in FIG. 15.

Example 13

FIG. 16 is a view for explaining Example 13 of the ultra-
sonic diagnostic apparatus. An ultrasonic image to be sub-
jected to freeze ON in ultrasonic diagnosis is effective for
diagnosis at a high probability, as in Examples 10 to 12.
Hence, in this example, a freeze ON operation is used as the
representative image acquisition event, and a representative
image is acquired in response to this operation as a trigger, as
shown in FIG. 16.

Example 14

In this example, the image layout is monitored, and a
representative image is acquired in accordance with a change
in image layout as the representative image acquisition event.
FIG. 17 is a view for explaining Example 14 of the ultrasonic
diagnostic apparatus. As shown in FIG. 17, when the image
layout has changed in a series of imaging operations, the
change is used as the representative image acquisition event,
and an image (e.g., the first frame image immediately after the
layout change) immediately after the change is acquired as a
representative image. The representative image acquired in
this example is not limited to the image immediately after the
image layout change. For example, an image (e.g., the last
frame image before the layout change) immediately before
the change may be acquired.
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The representative image acquisition method of this
example does not always assume the above-described image
recording function. For example, to reproduce a moving
image recorded for a predetermined period, the moving
image may be reproduced once as internal processing imme-
diately before reproduction on the monitor 14 to monitor the
image layout, and a representative image may be acquired.

(Function of Acquiring/Setting Representative Image as
Moving Image)

The function of acquiring/setting a representative image
(to be referred to as a representative moving image hereinaf-
ter) as a moving image, which is provided in the ultrasonic
diagnostic apparatus 10, will be described next. The repre-
sentative image acquisition function generates the above-
described representative image as a moving image and
records it in association with the ultrasonic image data of a
corresponding frame. With this function, ultrasonic image
data can be segmented into units and recorded on the basis of
representative images. In addition, since a representative
moving image to reproduce, e.g., an image of one heart beat
is used as an index, search of moving image data and search
of a predetermined scene in each moving image data are
further facilitated.

FIG. 19 is a view for explaining processing by the repre-
sentative moving image acquisition/setting function of the
ultrasonic diagnostic apparatus 10. The frame of the one-dot
dashed line in FIG. 19 indicates representative moving image
acquisition processing, and the frame of the two-dot dashed
line indicates representative moving image setting process-
ing. FIG. 19 is different from FI1G. 12 in steps S9' and S10' of
representative image acquisition processing and steps S17' to
S19' of representative image setting processing. Processing in
these steps will be described below.

The recording control unit 26 checks whether the event
signal received from the control processor 27 indicates rep-
resentative image acquisition (step S8). When the event signal
is an event corresponding to a representative moving image
acquisition instruction to “acquire, as a representative mov-
ing image, images corresponding to one heart beat from the
current point”, a representative image acquisition request is
generated (step S9"). In accordance with this representative
image acquisition request, the authoring executes represen-
tative moving image acquisition processing (generation pro-
cessing) to acquire, as arepresentative moving image, images
corresponding to one heart beat from the event signal genera-
tion time on the basis ofa frame image corresponding to event
signal generation. The representative moving image is
recorded in association with the corresponding frame image
(step S10"). The representative moving image generation cor-
responding to one heart beat from the event signal generation
time is executed on the basis of, e.g., an ECG waveform
acquired by an electrocardiograph (not shown).

As the event signal to instruct representative moving image
acquisition, for example, one of Examples 10 to 14 described
above can be employed. In this embodiment, a moving image
corresponding to one heart beat from the event signal genera-
tion time is acquired as a representative moving image. How-
ever, the present invention is not limited to this. A moving
image in any other period can be acquired if the image can
serve as an index for search. The recording period and repro-
duction period of a representative moving image is preferably
arbitrarily set.

In representative moving image setting processing, the
control processor 27 sends a signal to instruct a representative
moving image setting request to the recording control unit 26
(step S17'). The recording control unit 26 transmits the rep-
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resentative moving image setting instruction to the authoring
(step S18'"). The authoring executes setting processing of dis-
playing a list of representative image images in response to a
predetermined instruction (step S19'). When the operator
selects adesired one of the representative images displayed as
a list of moving images, moving image reproduction from,
e.g., a frame image corresponding to the representative image
can be executed.

According to the above-described arrangement, the fol-
lowing effects can be obtained.

According to this ultrasonic diagnostic apparatus, an
operation or action unique to ultrasonic diagnosis is used as
an image recording start event/image recording end event.
The start/end of image recording is controlled on the basis of
the operation or action as a trigger. Hence, recording of
images unnecessary for diagnosis can be reduced as much as
possible, and the finite recording area can effectively be used.
In addition, no special operation for image recording by the
operator is necessary, and image recording is always executed
in accordance with a predetermined standard. Hence, highly
objective diagnostic information can be provided easily and
efficiently.

According to this ultrasonic diagnostic apparatus, since an
operation or action unique to ultrasonic diagnosis is used as
an image recording start event/image recording end event,
moving images can be formed as units and managed by using
an image recording start event/image recording end event as
an index. Hence, even when a plurality of moving image data
are recorded in the image recording unit, desired moving
image data can be searched for quickly and easily by using the
index.

In this ultrasonic diagnostic apparatus, when an operation
or action unique to ultrasonic diagnosis is used as a represen-
tative image acquisition event, an arbitrary frame image in a
moving image can be stored as a representative image. The
representative images are displayed as a list in image search.
When a desired corresponding image is selected, moving
image reproduction from, e.g., a frame image corresponding
to the representative image can be executed. Since image data
can be formed as aunit and managed by using a representative
image as an index, desired moving image data can be
searched for quickly and easily.

When a representative image is created as a moving image,
image data can be formed as a unit and managed by using a
moving image corresponding to, e.g., one heart beat as an
index. Hence, the contents of moving image data can be
grasped more intuitively, and desired image data can be
searched for quickly and easily by using the index.

Second Embodiment

The second embodiment of the present invention will be
described next. An ultrasonic diagnostic apparatus according
to this embodiment automatically forms and records units of
moving image information based on a unified standard by
using ultrasonic image data in a predetermined period, which
is recorded together with event information containing the
type and generation timing of an event signal.

FIG. 20 is a block diagram for explaining the arrangement
of an ultrasonic diagnostic apparatus 10 according to this
embodiment. FIG. 20 is different from FIG. 2 in that the
apparatus further comprises an edited image storage unit 40.

An image recording unit 28 stores ultrasonic image data in
apredetermined period, which is acquired in image diagnosis
of a patient, together with event information about events
which have occurred during the period. In this embodiment,
under the control of a control processor 27, the image record-
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ing unit 28 stores ultrasonic image data (to be referred to as
“whole period ultrasonic image data” hereinafter) which is
acquired in a period (whole period) from the time when input
(to be referred to as “new patient information input” herein-
after) is done in the ultrasonic diagnostic apparatus to instruct
the start of image diagnosis for a new patient to the time when
new patient information input for the next patient is done. In
addition, event information about all events which have
occurred during the period is stored. However, the present
invention is not limited to these. Only event information
about, e.g., an event selected in advance may be stored.

A recording control unit 26 executes editing processing (to
be described later) for whole period ultrasonic image data on
the basis of event information under the control of the control
processor 27.

The edited image storage unit 40 stores the ultrasonic
image data (to be referred to as “edited ultrasonic image data”
hereinafter) edited by the recording control unit 26.

(Editing Function and Processing Using It)

The editing function provided in the ultrasonic diagnostic
apparatus according to this embodiment will be described
next. This function executes editing processing for whole
period ultrasonic image data on the basis of event information
stored in correspondence with the whole period ultrasonic
image data, thereby automatically forming, as a unit, and
recording moving image information after recording.

FIG. 21 1s a flowchart showing the flow of processing ofthe
editing function. Referring to FIG. 21, first, whole period
ultrasonic image data and event information containing the
types of event signals generated in the whole period and their
timings are acquired and stored in the image recording unit 28
(step S21). When DICOM is used as an image communica-
tion standard, event information is recorded as group infor-
mation of a DICOM tab.

The recording control unit 26 searches for a recording start
event and recording end event from the event information
stored in the image recording unit 28 (step S22). The record-
ing control unit 26 generates edited ultrasonic image data by
extracting a frame given a recording start event, a frame given
arecording end event, and ultrasonic image data correspond-
ing to frames between them (step S23).

The recording control unit 26 acquires and sets a represen-
tative image by using the found frame given the found event
signal (step S24). This representative image can be either a
still image or a moving image. The method of acquiring and
setting the representative image is the same as that described
in the first embodiment. The edited image storage unit 40
automatically stores the generated edited ultrasonic image
data and representative image (step S25). The edited ultra-
sonic image data is linked to the representative image. Hence,
when the operator selects a desired representative image,
edited ultrasonic image data can be reproduced from an
image corresponding to the representative image.

According to the above-described arrangement, edited
ultrasonic image data is generated by using whole period
ultrasonic image data and event information added to it.
Hence, moving image information based on a unified stan-
dard can automatically be formed as a unit and recorded after
recording. Processing can be done even in a medical work-
station so that ultrasonic image editing can be easy and
simple.

Note that the present invention is not exactly limited to the
above embodiments, and constituent elements can be modi-
fied in the execution stage without departing from the spirit
and scope of the invention. Detailed modifications are as
follows.
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(1) Bach function according to the embodiments can be
implemented even by installing a program to execute the
processing in a computer such as a workstation and expand-
ing the program on the memory. The program capable of
causing the computer to execute the method may be stored in
a recording medium such as a magnetic disk (e.g., a floppy
disk or hard disk), optical disk (e.g., a CD-ROM or DVD), or
semiconductor memory and distributed.

(2) According to the representative image setting function
described in the above embodiments, when a representative
image as an index is selected, a moving image which starts
from, e.g., a recorded image linked to the representative
image can be accessed at random. To quickly and easily
access each section segmented by representative images, an
interface such as a fast-forward button (rewind button) to skip
reproduced images for each section may be provided.

(3) In the above embodiments, a stored ultrasonic image is
reproduced on the basis of a frame associated with a selected
representative image. The ultrasonic image reproduction
form is not particularly limited. Detailed examples of the
form are reproducing all ultrasonic images from a frame
associated with a representative image, reproducing ultra-
sonic images corresponding to a predetermined period from
(or before) a frame associated with a representative image,
and reproducing ultrasonic images corresponding to a prede-
termined period before and after a frame associated with a
representative image. The form is preferably selected by the
operator arbitrarily.

Various inventions can be formed by properly combining a
plurality of constituent elements disclosed in the above
embodiments. For example, several constituent elements may
be omitted from all the constituent elements described in the
embodiments. In addition, constituent elements throughout
different embodiments may be properly combined.

What is claimed is:

1. An ultrasonic diagnostic apparatus comprising;

an ultrasonic probe which transmits an ultrasonic wave to
a predetermined part of a subject and receives an echo
signal from the predetermined part;

a driving signal generation unit which generates a driving
signal to drive the ultrasonic probe and supplies the
driving signal to the ultrasonic probe;

an image data generation unit which generates ultrasonic
image data of a plurality of frames on the basis of the
echo signal received by the ultrasonic probe;

a control unit which registers at least one of an image
adjustment operation, a predetermined measurement
operation and an annotation operation as a specified
event according to selection by a user;

arecording unit which records the ultrasonic image data of
each frame; and

a signal generation unit which generates an event signal in
response to an operation corresponding to the specified
event,

the control unit controlling at least one of a start and an end
of recording of the ultrasonic image data by the record-
ing unit in response to the event signal.

2. An apparatus according to claim 1, wherein the specified
eventis one of a change in image layout on a display screen on
which an ultrasonic image data is displayed and a change by
not less than a predetermined threshold value in luminance of
the ultrasonic image data of each frame generated by the
image data generation unit.

3. An apparatus according to claim 1, in which

the recording unit records the specified event used as a
trigger as supplementary information of the ultrasonic
image data, and
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the apparatus further comprises a search unit which
searches for desired data from the ultrasonic image data
of each frame on the basis of the supplementary infor-
mation.

4. An ultrasonic diagnostic apparatus comprising: 5

an ultrasonic probe which transmits an ultrasonic wave to
a predetermined part of a subject and receives an echo
signal from the predetermined part;

a driving signal generation unit which generates a driving
signal to drive the ultrasonic probe and supplies the
driving signal to the ultrasonic probe;

an image data generation unit which generates ultrasonic
image data of a plurality of frames on the basis of the
echo signal received by the ultrasonic probe;

a signal generation unit which generates an event signalin 15
response to a predetermined event as a trigger;

a representative image generation unit which generates a
representative image symbolically representing an ultra-
sonic image corresponding to the echo signal received in
a period before or after event signal generation on the
basis of the ultrasonic image data of a frame correspond-
ing to an event signal generation timing;

arecording unit which records the ultrasonic image data of
the plurality of frames and also records the representa-
tive image in association with the ultrasonic image data
of the corresponding frame; and

an image reproduction unit which, when the representative
image is selected, reproduces the ultrasonic image data
on the basis of the frame associated with the selected
representative image;

wherein the predetermined event is at least one of an image
adjustment operation, an ultrasonic image print opera-
tion, a freeze ON/OFF operation, a predetermined mea-
surement operation, an annotation operation, and a still
image saving operation.

5. An apparatus according to claim 4, wherein the prede-

termined event is one of a change in image layout on a display

screen on which an ultrasonic image data is displayed and a

change by not less than a predetermined threshold value in

luminance of the ultrasonic image data of each frame gener-
ated by the image data generation unit.

6. An apparatus according to claim 4, in which the record-

ing unit records the predetermined event used as the trigger as

supplementary information of the ultrasonic image data, and

the apparatus further comprises a search unit which
searches for desired data from the ultrasonic image data
of each frame on the basis of the supplementary infor-
mation.

7. An apparatus according to claim 4, wherein the repre-

sentative image is a still image using the ultrasonic image data

of the frame corresponding to the event signal generation
timing.

8. An apparatus according to claim 4, wherein the repro-

duction unit reproduces the ultrasonic image data corre-

sponding to one of a frame associated with the selected rep-
resentative image and a period after the frame, a frame
associated with the selected representative image and a period

before the frame, a predetermined period before and after a

frame associated with the selected representative image.

9. An apparatus according to claim 4, wherein the repre-

sentative image is a moving image containing the ultrasonic

image data of the frame corresponding to the event signal
generation timing,.

10. An apparatus according to claim 9, wherein the repre-

sentative image is a moving image corresponding to one heart

beat period.
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11. An ultrasonic diagnostic apparatus comprising:

an ultrasonic probe which transmits an ultrasonic wave to
a predetermined part of a subject and receives an echo
signal from the predetermined part;

a driving signal generation unit which generates a driving
signal to drive the ultrasonic probe and supplies the
driving signal to the ultrasonic probe;

an image data generation unit which generates ultrasonic
image data of a plurality of frames on the basis of the
echo signal received by the ultrasonic probe;

a signal generation unit which generates at least one of a
first event signal to instruct one of a start and an end of
image recording and a second event signal to instruct
representative image acquisition in response to a prede-
termined event as a trigger;

a control unit which controls one of the start and the end of
recording of the ultrasonic image data in response to the
first event signal;

a representative image generation unit which generates a
representative image symbolically representing an ultra-
sonic image corresponding to the echo signal received in
a period before or after event signal generation on the
basis of the ultrasonic image data of a frame correspond-
ing to a second event signal generation timing;

arecording unit which records the ultrasonic image data of
the plurality of frames and also records the representa-
tive image in association with the ultrasonic image data
of the corresponding frame under control of the control
unit; and

an image reproduction unit which, when the representative
image is selected, reproduces the ultrasonic image data
on the basis of the frame associated with the selected
representative image,

wherein the predetermined event is at least one of an image
adjustment operation, an ultrasonic image print opera-
tion, a freeze ON/OFF operation, a predetermined mea-
surement operation, an annotation operation, and a still
image saving operation.

12. An apparatus according to claim 11, wherein the pre-
determined event is at least one of an image adjustment opera-
tion and an ultrasonic image print operation.

13. An ultrasonic diagnostic apparatus comprising:

an image data generation unit which transmits an ultra-
sonic wave to a predetermined part of a subject and
generates ultrasonic image data of a plurality of frames
on the basis of an echo signal received from the prede-
termined part;

a signal generation unit which generates an event signal in
response to a predetermined event as a trigger;

arecording unit which records the ultrasonic image data of
each frame together with event information containing a
type and generation timing of the event signal; and

an editing unit which edits the ultrasonic image data of the
plurality of frames on the basis of the event information,

wherein the predetermined event is at least one of an image
adjustment operation, an ultrasonic image print opera-
tion, a freeze ON/OFF operation, a predetermined mea-
surement operation, an annotation operation, and a still
image saving operation.

14. An apparatus according to claim 13, wherein the pre-

determined event is at least one of an image adjustment opera-
tion and an ultrasonic image print operation.
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