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1
ULTRASOUND DIAGNOSTIC APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an ultrasound diagnostic
apparatus, and more particularly to a technique for storing
data in a memory section.

2. Description of Related Art

Most ultrasound (ultrasonic) diagnostic apparatuses used
in the medical field include a cine-memory which is formed as
a ring buffer or a temporary storage. A cine-memory stores
data obtained through the transmission and reception of ultra-
sound. An ultrasound image is formed based on the data read
from the cine-memory and the ultrasonic image is then dis-
played on a display device. Normally, the cine-memory stores
data in units of one frame or one line. Here, one line corre-
sponds to one ultrasound beam and one frame corresponds to
one scan plane or one ultrasound image. A cine-memory
generally has a storage capacity allowing storage of multiple
numbers of frames obtained in time sequence. In a cine-
memory, the newest input data overwrites the oldest data
which is already stored in the memory, and this process is
repeated.

When a freeze operation is performed by a user during
real-time diagnosis, transmission and reception of ultrasound
are stopped. In such a frozen state, it is possible to read data
stored in the cine-memory and reproduce the data as a still
image or a moving image. Because a cine-memory is genet-
ally stored on a volatile storage medium, the data content of
the cine-memory is lost when the power of an ultrasound
diagnosis apparatus is turned off. Further, due to the data
overwriting as described above, data on the cine-memory is
also lost sequentially. It is therefore necessary to save impor-
tant data stored in the cine-memory. Accordingly, the data
stored in a cine-memory is transferred to a non-volatile stor-
age medium such as a hard disk or the like.

In a stress echo test, a patient is subjected to increasing
stress in a series of steps by a physical or pharmaceutical
method. Specifically, a test which is performed for one patient
at one time includes a plurality of “stages”, and ultrasound
diagnosis 1s performed from a plurality of “views” in each
stage. More specifically, a “scene” is determined by a com-
bination of a stage and a view, and a moving image obtained
in ultrasound diagnosis (namely, in a capturing process)
which is performed for each scene is stored. In this case, the
image is stored in units of one heart beat, for example. After
moving images for all the necessary scenes are captured and
stored, the user selects a plurality of scenes for which images
are to be reproduced. Then, a plurality of moving images
corresponding to a plurality of scenes which are selected by
the user are simultaneously reproduced in parallel to each
other. The user can then compare and observe these moving
images, whereby diagnosis of a disease concerning an organ
such as the heart can be performed.

Japanese Patent Laid-Open Publication No. Hei 6-269455
describes an ultrasound diagnosis apparatus in which data
obtained over a plurality of successive heart beats is trans-
ferred from a memory section to an external storage device.
Japanese Patent Laid-Open Publication No. Hei 2-63447
describes an ultrasound diagnosis apparatus including a
memory section which functions as a cine-memory. The stor-
age region of the memory section is divided into two regions,
each of which is used as a ring-buffer. Japanese Patent Laid-
Open Publication No. Hei 2-63447, however, does not
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describe that the number into which the storage region is
divided is variable in accordance with different ultrasound
tests or a diagnostic states.

In each capturing process in a stress echo test, when a
plurality of frames which are obtained are sequentially stored
in a cine-memory, the stored data which was obtained in the
past is to be erased by overwriting by new data, unless over-
writing is prohibited with respect to the stored data. However,
if prohibition of overwrite is set with regard to a great amount
of data stored on the cine-memory in the preceding capturing
processes, sufficient storage region cannot be secured in the
subsequent capturing processes, thereby impairing comple-
tion of all processes of'the stress echo test. Stated simply, the
cine-memory runs out of a free space. On the other hand,
when the amount of data stored in the preceding capturing
process is reduced so as to secure a sufficient free space for the
subsequent capturing processes, it is not possible to make
effective use of the overall storage capacity over the entire
stress echo test. In each capturing process, it is desirable to
store, in addition to a moving image for a specific heart beat
which is to be actually used for evaluation, a moving image
for other heart beats as backup. However, conventionally, it is
not possible for a user to appropriately determine the number
of heart beats as the units of moving images to be stored in
each capturing process. In a stress echo test, it is difficult to
strictly predict the data amount to be obtained at the start of
the test, because the heart rate changes with the change of
stages.

SUMMARY OF THE INVENTION

The present invention advantageously enables appropriate
storage of data obtained in each capturing process.

Another advantage of the present invention is effective use
of the storage capacity of a whole cine-memory.

A still further advantage of the present invention is the
ability to provide a user with a reference value of the data
amount which can be captured in each capturing process.

(1) Inaccordance with one aspect, an ultrasound diagnosis
apparatus of the present invention comprises a memory sec-
tion for temporarily storing a plurality of frames obtained by
transmitting and receiving ultrasound; a setting section for
setting the number of capturing processes in a predetermined
ultrasound test; a dividing section for dividing a storage
region of the memory section into a plurality of segments; and
a control section for performing control to cause each of the
plurality of segments to function as a ring-buffer, thereby
allowing one or a plurality of frame blocks obtained in each
capturing process in the predetermined ultrasound test to be
stored in a corresponding one of the segments.

With the above structure, the storage region of the memory
section is divided into a plurality of segments, and one or a
plurality of frame blocks (corresponding to one or a plurality
of moving images) obtained in each capturing process are
stored in each segment. In this manner, the storage region
exclusively used for each capturing process is secured in
advance as a ring-buffer (a temporary storage), so that one or
aplurality of frame blocks obtained in each capturing process
can be stored reliably. With this process, the conventional
problems of the memory running out of free space, or an
undesirably large free storage space being leftin the capturing
process at the final stage of the predetermined ultrasound test,
can be avoided.

Preferably, the memory section is a cine-memory, which is
physically composed of one or a plurality of storage devices.
The memory section may alternatively be formed by a high
speed accessible non-volatile storage device (for example, a
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hard disk). The memory section may be provided before or
after, or upstream or downstream of, (or inside) a scan con-
verter. Namely, each frame constituting the frame block may
be either a transmitting/receiving frame or a display frame.
The predetermined ultrasound test is preferably a stress echo
test. While the number of capturing processes is generally
determined by a user, it may be provided as external infor-
mation or determined automatically as a default value. The
number of segments is determined in accordance with the
number of capturing processes which is variably set. Namely,
the storage capacity of each segment basically depends on the
number of capturing processes. While each segment prefer-
ably has the same storage capacity (a fixed length method),
the storage capacity of the respective segments may be varied
in accordance with the predicted change in the cardiac cycle
(a variable length method). In any case, it is desirable to
divide and control the segments so that shortage or excess of
a free storage region is not caused toward the end of a test and
also moving images which were already captured can be
reliably maintained. When a plurality of frame blocks (a
plurality of moving images) to be stored are specified in each
capturing process, these frame blocks are preferably arranged
in time sequence, but they may also exist discretely on the
time axis. Because each segment has a ring-buffer structure,
typically, the newest input frame overwrites the oldest frame
which is already stored. When one or a plurality of frame
blocks are specified by a capturing command such as a freeze
operation, writing of data with respect to the segment as a
whole which stores these specified frame blocks is subse-
quently prohibited. Alternatively, overwriting may be prohib-
ited only with respect to the one or plurality of frame blocks
which are specified. While an ultrasound diagnosis apparatus
of the present invention is particularly preferable for use in a
stress echo test, it may also be used for other ultrasound tests.

Preferably, the ultrasound diagnosis apparatus may further
comprise an estimation section for estimating information
concerning the number of frame blocks which can be stored in
each of the segments, and a providing section for providing
the information concerning the number of frame blocks
which can be stored in each of the segments to a user. With this
structure, by providing the above-described information to a
user, the user can obtain a reference value indicating how
many number of frame blocks can be stored in each capturing
process. Consequently, the user can select one or a plurality of
frame blocks which are more important or have higher degree
of priority from the clinical viewpoint, while recognizing the
above-described reference value. It is also possible to use the
provided information to determine whether or not the number
of capturing processes should be reset. Preferably, each frame
block corresponds to moving images for one heart beat (or
several heart beats), and in this case, the number of heart beats
which can be stored in each segment is supplied as the above-
described information.

Preferably, the ultrasound diagnosis apparatus may further
comprise a detection section for detecting a biological signal
indicative of the cardiac cycle, and each of the frame blocks is
specified based on the biological signal and corresponds to
moving images for n heart beats, where n=1, 2,3, . .. (where
n is an integer greater than or equal to 1), and the estimation
section estimates, as the information concerning the number
of frame blocks which can be stored in each of the segments,
the number of heart beats which can be captured, based on the
storage capacity of each of the segments and a predicted data
amount for the n heart beats. With this structure, the amount
of moving images, i.e. the number of heart beats, which can
be captured in each segment can be predicted from the rela-
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tionship between the storage capacity of each segment and the
predicted data amount for n heart beats. Preferably, n=1.

Preferably, the storage capacity of each of the segments is
specified by dividing a whole storage capacity in the memory
section by the number of capturing processes, the predicted
size or volume of the data for n heart beats is specified based
on a heart rate, a frame rate, and a data amount per frame
which are obtained from the biological signal, and the number
of heart beats which can be captured is specified by dividing
the storage capacity of each of the segments by the predicted
data volume for n heart beats. The frame rate is either a
transmitting/receiving frame rate or a display frame rate. The
whole storage capacity of the memory section corresponds to
the whole storage region which can be allocated to a plurality
of capturing processes, and the memory section may further
include a storage region other than that can be allocated to a
plurality of capturing processes as described above.

Preferably, the predetermined ultrasound test is a stress
echo test in which ultrasound diagnostic is performed with a
plurality of views in each of stages while a level of load
(stress) with respect to a living body is being switched step-
wise, and the number of capturing process is defined by the
number of stages and the number of views. Namely, the
number of capturing processes corresponds to the number of
scenes.

Preferably, the size of each segment is uniformly set. Pref-
erably, the size of each segment is variably set. When the
storage capacity of each segment is uniform, segment divid-
ing and data control is facilitated. When the storage capacity
of each segment is individually set, on the other hand, allo-
cation of the storage capacity can be performed reasonably in
accordance with a variation of the heart rate. Preferably, each
frame stored in the memory section is a display frame. Pref-
erably, each frame stored in the memory section is a trans-
mitting/receiving frame.

Here, the whole storage region in the memory section may
be divided into a plurality of segments, or the entire storage
region of the memory section is first segmented into a main
storage region and a margin storage region and then the main
storage region may be divided into a plurality of segments.
When a certain segment runs out of a free region as an excep-
tional case, the shortage may be compensated by the margin
storage region. The division of the segment may be a physical
dividing of the memory or a logical dividing. When the
memory is logically divided, in a physical sense, one segment
is defined as a set of a plurality of partial regions provided
discretely on the memory.

(2) In accordance with another aspect, an ultrasound diag-
nosis apparatus which can be used in a stress echo test, of the
present invention comprises a memory section for tempo-
rarily storing a plurality of frames obtained by transmitting
and receiving ultrasound; a process number setting section for
setting the number of capturing processes in the stress echo
test; a segment setting section for setting a plurality of seg-
ments with respect to the memory section in accordance with
the number of capturing processes; a storage control section
for storing data obtained in each of the capturing processes in
the stress echo test with respect to each of the segments; and
a providing section for providing information concerning a
data amount which can be stored in each of the segments to a
user. It is desirable that the information concerning the data
amount which can be stored in each segment is provided to a
user prior to execution of a plurality of capturing process.

Preferably, the information concerning a data amount
which can be stored in each of the segments is the number of
heart beats. Preferably, the number of heart beats is calculated
using, as a basis, the cardiac cycle of a living body at rest or



US 7,635,333 B2

5

before being stressed. Namely, a reference value is calculated
using, as a basis, the cardiac cycle where the heart beats at a
low rate. Consequently, even when the load (stress) of a living
body is increased to thereby shorten the cardiac cycle, data
corresponding to a greater number of heart beats than in the
above-described reference value can be stored.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the present invention will be
described in detail with reference to the following drawings,
wherein:

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

FIG. 2 is a view for explaining storage of a frame line with
respect to a cine-memory provided in the ultrasound diagno-
sis apparatus shown in F1G. 1;

FIG. 3 is a view showing a storage state of a plurality of
segments which are set on the cine-memory;

FIG. 4 is a flowchart showing an example operation of the
ultrasound diagnosis apparatus shown in FIG. 1; and

FIG. 5 is a block diagram showing a structure of an ultra-
sound diagnosis apparatus according to another embodiment
of the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Preferred embodiments of the present invention will be
described in detail with reference to the drawings. FIG. 1
shows a first preferred embodiment of an ultrasound diagno-
sis apparatus according to the present invention. Referring to
FIG. 1, a whole structure of the ultrasound diagnosis appara-
tus is shown. While this ultrasound diagnosis apparatus is
particularly suitable for use in a stress echo test, the apparatus
may also be used for other tests.

A probe 10 transmits and receives ultrasound. More spe-
cifically, the probe 10 includes an array transducer (not
shown) which is composed of a plurality of transducer ele-
ments, and generates an ultrasound beam by means of the
array transducer. The ultrasound beam is electronically
scanned. The electronic scanning methods include, for
example, an electronic linear scanning method, an electronic
sector scanning method, and so on. A 2D array transducer
may be provided in the probe 10. A 2D array transducer is
composed of a plurality of transducer elements arranged two-
dimensionally, and can be used for capturing three-dimen-
sional echo data. The probe 10 may be used in contact with a
surface of a living body or may be inserted into a body cavity
of a living body.

A transmitting section 12 functions as a transmitting beam
former, and supplies a plurality of transmitting signals to a
plurality of transducer elements within the probe. A receiving
section 14 functions as a receiving beam former and performs
processes such as phase adjustment and summation with
respect to a plurality of receiving signals output from a plu-
rality of transducer elements within the probe 10. The receiv-
ing signals thus processed (echo data) are output to a DSC
(digital scan converter) 16 via a signal processor which is not
shown.

The DSC 16 has a coordinate conversion function, a data
interpolation function, or the like. The DSC 16 forms a B
mode image (a two-dimensional tomographic image) as an
ultrasound image based on the echo data. More specifically, a
frame line (a frame data line) obtained by transmitting and
receiving ultrasound is input to the DSC 16 in time sequence.
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Bach of frames constituting the frame line is a transmitting/
receiving frame which is composed of a plurality of beam
data items. The DSC 16 performs an image forming process
based on the input frame line, and outputs a frame line con-
stituting a moving image, that is a display frame line, in time
sequence. The frame line thus output is then supplied to a
display processing section 18. Here, the frame line may be
transferred from the DSC 16 to the display processing section
18 via a cine-memory 60 which will be described below.

The display processing section 18 has an image synthesiz-
ing function or the like. The display processing section 18
processes input image data and outputs the processed result to
a display unit 20, where a moving image (or a still image) is
displayed. An ultrasound image includes, for example, a two-
dimensional tomographic image, a two-dimensional blood
flow image, and a three-dimensional image.

In the example shown in FIG. 1, the cine-memory 60 is
provided downstream of or after the DSC 16. In the present
embodiment, the cine-memory 16 is composed of one or a
plurality of memory devices, and temporarily stores the frame
line output from the DSC 16 in time sequence. In a normal
operation mode, as in the conventional art, the cine-memory
60 as a whole functions as a single ring buffer. Therefore, the
cine-memory 60 continuously stores a series of frames start-
ing from the frame which was stored at a time point prede-
termined time before the current time to the newest frame.
When a new frame is input to the cine-memory 60, the new
frame overwrites the oldest frame, and this process is
repeated.

According to the present embodiment, in a stress echo test,
prior to execution of the first capturing process, the cine-
memory 60 is divided into a plurality of segments 62 (see
FIG. 1) in accordance with the number of capturing pro-
cesses, namely the number of scenes, which is required for a
stress echo test with regard to a specific patient. Specifically,
the whole storage region in the cine-memory 60 is divided
into a plurality of storage sub-regions, each of which func-
tions as a temporary storage or a ring buffer. Each segment 62
stores one or a plurality of frame blocks obtained in the
corresponding capturing process. As will be described below,
when the last capturing process of a stress echo test is com-
pleted, one or a plurality of frame blocks obtained in each
capturing process are stored in each segment 62 on the cine-
memory 60.

More specifically, in a stress echo test, 1 stages are set and
j views are further set in each stage. Here, i is an integer
number which is 2 or greater, andj is an integer number which
is 1 or greater, preferably 2 or greater. The values of i and j are
designated manually or set automatically depending on a
patient and a purpose of the test. The stage indicates a load
(stress) level placed to a patient or a state of load (stress). The
view indicates an observation direction with respect to an
organ such as the heart, for example. With the change of the
position and direction of the probe 10 on a living body sur-
face, the observation direction also changes. For a whole
stress echo test, ix] scenes are defined and a capturing process
is performed for each scene. When 1 is 4 and j is 4, for
example, 16 scenes are to be defined. In this case, the whole
storage region of the cine-memory 60 is divided into sixteen
corresponding to the number of scenes (i.e. the number of
capturing processes ), and each divided region constitutes the
above-described segment 62.

Alternatively, it is also possible that the whole storage
region of the cine-memory 60 is segmented into a main stor-
age region and a storage sub-region, of which only the main
storage region is further divided into a plurality of segments
62, rather than dividing the whole storage region of the cine-
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memory 60 into a plurality of segments 62 as described
above. In this case, the storage sub-region functions as a
margin region which compensates for a shortage of the free
space of a segment. While in the present embodiment, the
segments 62 have the same storage capacity, the segment
storage capacity may be variable for each stage as necessary,
taking consideration of the fact that the heart rate (the number
of heart beats within a predetermined time period) varies for
each stage.

A host processor 22 performs operation control of each of
the elements shown in FIG. 1. In particular, the host processor
22 controls writing and reading of data in the cine-memory
60, and also performs segment diving and segment control
with respect to the cine-memory 60 in a stress echo test. As
will be described below, prior to a stress echo test, once the
number of scenes is specified, the host processor 22 performs
a process for providing information (the heart rate in the
present embodiment) indicative of the amount of moving
images which can be stored in each segment to a user.

A memory device 34, in addition to the cine-memory 60
described above, is also connected to the host processor 22.
The memory device 34 is formed by a non-volatile memory
device such as a hard disk, for example. The cine-memory 60
is composed of one or a plurality of volatile memory devices
(RAMs, for example), as described above. Inorder to save the
data stored in the cine-memory 60, the host processor 22
operates such that the data stored in each segment 62 on the
cine-memory 60 is read and transferred to the memory device
34, as indicated by numeral 35. Here, data is transferred in
units of one frame block corresponding to one heart rate.

With such a configuration, it is possible that a rank indica-
tiveof the degree of significance or priority is assigned to each
frame block and the transfer timing (or overwrite permission
timing) of frame blocks is controlled in accordance with the
rank. For example, it may be configured that a frame block
with high degree of significance is transferred immediately
whereas a frame block with low degree of significance is
transferred when a plurality of capturing processes are com-
pleted and consequently the load of the host processor 22 is
reduced.

An operation panel 26 is connected to the host processor
22. The operation panel 26 includes a keyboard, a track ball,
or the like. A user can use the operation panel 26 to set the
number of stages i and the number of views j as desired, in
accordance with a patient, a symptom, a purpose of the test,
and so on. A user can also use the operation panel 26 to input
a capturing command for fixing one or a plurality of frame
blocks on each segment 62. The capturing command is gen-
erated by operation of a freeze switch, for example.

An electrocardiograph 28 is a device for measuring an
electrocardiographic signal concerning a living body as a
patient. An electrocardiographic signal output from the elec-
trocardiograph 28 is supplied to an R wave detector 30. The R
wave detector 30 detects an R wave in an electrocardio-
graphic signal and outputs the detected signal to the host
processor 22. The host processor 22 then recognizes each
heart beat, and also specifies and controls the frame blocks,
based on the detected signal. A communication section 32 is
a module for performing data communication between the
host processor 22 and an external device. For example, the
apparatus may be configured such that the data stored in the
cine-memory 60 or the memory device 34 is transferred, via
the host processor 22 and the communication section 32, and
further via the network, to an external device (such as an
image processing device and an image server, for example).

As described above, a frame line output from the DSC 16 is
supplied in time sequence and sequentially stored in the cine-
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memory as indicated by numeral 23. In a stress echo test, a
frame line (a moving image) obtained in each capturing pro-
cess is stored in each segment 62. More specifically, one or a
plurality of frame blocks are stored in each segment 62. Inthe
present embodiment, one frame block corresponds to one
heart beat. Alternatively, one frame block corresponds to two
or other number of heart beats. The moving image stored in
the cine-memory 60 is transferred from the cine-memory 60
to the display processing section 18 for display in the display
unit 20 as required, as indicated by numeral 25. In this case,
the R wave can be used as a synchronization signal to achieve
simultaneous and parallel loop reproduction of a plurality of
moving images. For example, when image diagnosis is per-
formed in the last stage of a stress echo test, a plurality of
scenes are designated and loop reproduction of a plurality of
moving images concerning the plurality of scenes which are
designated is simultaneously performed, so that diagnosis
can be performed while these moving images are being com-
pared and observed. Here, of a plurality of frame blocks (i.e.
aplurality of moving images) stored in each segment 62, one
moving image having the highest rank assigned becomes the
object of loop reproduction. However, a plurality of moving
images stored in each segment 62 as a whole may be sub-
jected to loop reproduction.

FIG. 2 shows an operation of the cine-memory 60 in a
stress echo test. Specifically, Indicator(A) shows an electro-
cardiographic signal, particularly one heart beat defined by an
R wave interval 100. Indicator(B) shows a frame line 104 to
be input to the cine-memory. The frame line 104 is composed
of a plurality of frames 102 arranged in time sequence. Indi-
cator(C) shows the content of a single segment 62 in the
cine-memory. As described above, the segment 62 constitutes
asingle ring buffer and stores each frame sequentially input in
the order of address in the segment 62. When writing with
regard to the last address is completed, writing is performed
from the first address. In this case, the newest frame ovet-
writes the oldest frame in the segment 62.

In the process of sequentially storing a plurality of frames
in the segment 62, when a capturing command 101 is supplied
by a freeze operation of a user or the like, one or a plurality of
frameblocks are frozen (specifically, fixed) on the segment 62
with the timing at which the capturing command is input
being used as a start point. In FIG. 2, numeral 106 represents
a block set. In the shown example, the block set 106 is com-
posed of a plurality of frame blocks indicated by #1 to #4
which are arranged in time sequence. In this example, each
frame set 107 corresponds to a moving image for one heart
beat. For example, during execution of a certain capturing
process, when the content which should be noted clinically is
recognized in the process of observation of a B mode image
(moving image) displayed on a display screen, a capturing
command 101 is supplied by a user. Then, using this timing as
astart point, the content of the segment 62 associated with the
capturing process is fixed. More specifically, further writing
with respect to the segment 62 is prohibited, whereby the
clinically important image is preserved.

As described above, according to the present embodiment,
prior to execution of a plurality of capturing processes, a
plurality of segments corresponding to a plurality of captur-
ing processes are established. Then, a plurality of capturing
processes are sequentially performed in order. In each cap-
turing process, a plurality of frames are sequentially written
with respect to a corresponding segment which is previously
provided. When a capturing command is input by a user, with
the input timing being used as a start point, the content of the
corresponding segment is fixed. In such a state, one or a
plurality of moving images which should be saved remain



US 7,635,333 B2

9

stored in the corresponding segment and further writing with
respect to the corresponding segment is prohibited. Conse-
quently, one or a plurality of moving images which should be
saved can reliably be stored in each capturing process.
Accordingly, it is possible to prevent the problem of the
memory running out of a free memory space for storing a
moving image which should be captured or that the storage
region allocated to each capturing process is reduced due to
an excess free space. Thus, efficient data storage with regard
to a cine-memory can be achieved.

In the present embodiment, at the point in time where a
plurality of frame blocks 107 are fixed on the segment 62
shown in FIG. 2, a rank is assigned to each frame block by a
user. Each frame block 107 is processed according to the
priority corresponding to the assigned rank. For example, a
frameblock to which the highest rank is assigned is controlled
such that it is displayed first at the time of loop reproduction.
Consequently, loop reproduction of this frame block is
repeated unless the reproduction target is switched.

FIG. 3 illustrates the content of the cine-memory 60. A
plurality of segments 62 are logically set in the cine-memory
60, and a plurality of frame blocks 107 are stored in the
corresponding segment in each capturing process. In the
example shownin FIG. 3, 16 scenes are defined as the number
of stages is 4 and the number of views is 4. In this example, at
least (or normally speaking) 4 frame blocks 107 or moving
images #1 to #4 corresponding to 4 heart beats can be stored
for each scene. In each segment 62, the storage content is
frozen with the timing at which a capturing command as a
freeze operation is supplied being used as a start point. Con-
sequently, the sequence of the moving images #1 to #4 (par-
ticularly the position of the first moving image #1) varies
among different segments.

As shown in FIG. 3, a margin region 100 may be set in the
cine-memory 60. Specifically, when the moving images cor-
responding to 4 heart beats cannot be stored in any segment,
apart or all of the margin region 100 may be additionally used
as a part of the storage region of the segment. Incidentally,
because the number of heart beats per unit time, namely the
heart rate, increases as the load (stress) placed on a living
body increases, the data size of the frame block varies for
different stages.

Referring to FIG. 4, the operation of the structure shown in
FIG. 1 will be described. FIG. 4 shows the process content in
astress echo test. First, the number [ of segments is specified
at step S301. More specifically, the number i of stages and the
number j of views are specified by a user, whereby the number
L of segments is defined by calculating L=ixj. The number L
of segments is 16, for example. Then, as shown in FIGS. 1 and
3, the cine-memory 60 is divided into L segments at step
S302. Such dividing of segments makes it possible to secure
the memory space for each capturing process or each scene in
advance.

At step S303, the data capacity gs per segment is calcu-
lated. Specifically. the data capacity gs is obtained as a result
of dividing the whole data capacity Q of the cine-memory by
the number L of segments, and it is possible to pre-exclude a
predetermined margin capacity qm as described above and
then calculate the data capacity gs for each segment.

At step S304, the current heart rate Rh is calculated based
onan electrocardiographic signal, and the frame rate Rfunder
the current operating conditions is also recognized. Here, the
frame rate Rf refers to a frame rate concerning the frame line
output from the DSC. However, when the cine-memory is
provided upstream of or before the DSC 16 as will be
described below with reference to FIG. 5, the frame rate Rf
corresponds to the transmitting/receiving frame rate. Further,

10

20

25

40

45

60

65

10

the data amount gf for each frame is also specified at step
S304. By calculating RhxRfxqf, the volume of data captured
corresponding to one heart beat or the data volume constitut-
ing one frame block is specified.

At step S305, a reference value o of the number of heart
beats (the number of beats) which can be captured in one
segment is calculated based on the calculation results at steps
S303 and S304. More specifically, the value o can be obtained
as an integer in the solution obtained by dividing the data
capacity gs in one segment by the data amount per heart beat
(RhxRfxqf).

Accordingly, the heart rate Rh which is recognized at step
S304 is desirably a low rate obtained at rest before a living
body is stressed. By calculating the above-described value o
in such a state, the minimum reference value of the number of
moving images which can be stored in one segment can be
obtained. When an error in which the even data amount cor-
responding to only one heart beat cannot be stored in one
segment occurs, it is possible to perform resetting of the
number of segments at step S307 as will be described below
or perform a predetermined error process.

At step S306, the information o calculated at step S305 is
provided to the user. More specifically, the information o is
transmitted from the host processor 22 to the display process-
ing section 22 and is then displayed on the display screen as
anumeral value. The user determines whether or not resetting
of the number L of segments should be performed at S307.
When resetting is determined, the processes starting from the
step S301 are repeated.

After the initial setting and the initial process as described
above are completed, each capturing process is sequentially
performed at step S308. More specifically, at step S308, the
current scene number is specified and the segment corre-
sponding to the scene is specified. With the specified segment
functioning as a ring buffer, the storage content in the corre-
sponding segment is frozen at the timing when a capturing
command is obtained. Namely, one or a plurality of moving
images corresponding to one or a plurality of heart beats are
stored on the corresponding segment.

After the moving images corresponding to one or a plural-
ity of heart beats are stored within the segment, a rank may be
assigned to each moving image as described above or, alter-
natively, no special designation may be performed. In either
case, a moving image which is required for image diagnosis
(a stress echo evaluation) which will be performed later is
stored in each segment whose content is frozen.

At step S309, it is determined whether or not the capturing
process has been performed for all scenes. If it is determined,
at step S301, that the capturing process is completed for all of
the scenes, a plurality of scenes are designated among the
above-described 16 scenes, and simultaneous loop reproduc-
tion of a plurality of moving images corresponding to these
scenes 1s performed with R waves synchronized with each
other. Normally, one moving image is loop-reproduced with
respect to one scene. However, it is also possible to perform
loop reproduction of a set of moving images coniposed of a
plurality of moving images with regard to one scene. A phy-
sician, as a user, can diagnose a disease concerning a living
body by comparing and observing these moving images.

According to the above embodiment, it is possible to preset
the required number of ring buffers on a cine-memory, in
accordance with the number of capturing processes included
in a stress echo test. When such information is set in advance,
the corresponding ring buffer can be used in each capturing
process for reliably storing necessary data. It is therefore
possible to make an effective use of the whole storage capac-
ity of the cine-memory and also to appropriately allocate the
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storage capacity to each capturing process. According to the
above embodiment, at the time of initial setting, the informa-
tion concerning a reference value of the number of heart beats
which can be captured in one capturing process is supplied to
the user. The user can then perform an operation in each
capturing process in an appropriate manner based on the
stored information. It is generally recognized that a conven-
tional stress echo test places a great burden on the patient
being examined. The present embodiment advantageously
greatly reduces the likelihood that it will be necessary to
repeat a stress echo test.

In the embodiment shown in FIG. 1, the cine-memory 60 is
provided downstream of the DSC 16, and a frame line which
has been subjected to an image forming process and output
from the DSC 16 is stored in the cine-memory 60. However,
a cine-memory 60A may be provided upstream of the DSC
16, as will be described below.

FIG. 5 shows a structure according to another embodiment
of the present invention. In FIG. 5, the same elements as those
in FIG. 1 are denoted by the same numerals. A frame line
output from the receiving section 14 is sequentially stored in
the cine-memory 60A as indicated by numeral 23A. Then, a
frame line read from the cine-memory 60A is supplied to the
DSC 16. The DSC 16 performs a process such as coordinates
conversion with respect to the input frame data to generate a
frame line composed of a plurality of display frames, which
are then output to the display processing section 18. With the
structure shown in FIG. 5, the cine-memory 60A is divided
into a plurality of segments 62A at the first stage of the stress
echo test. Each segment 62A stores a frame line obtained in
the associated capturing process. Here, each of frames con-
stituting the frame line is a transmitting/receiving frame,
which is composed of a plurality of beam data items.

In the embodiments shown in FIGS. 1 and 5, the overall
storage capacity of the cine-memory is divided into a plurality
of segments in accordance with the number of capturing
processes, and these segments have a uniform storage capac-
ity. However, because the heart rate varies with the progress
of a stress echo test, as described above, the storage capacity
of the segments may be individually varied for each stage,
based on the variation tendency of the heart rate. In this case,
it is similarly desirable that the information ¢ as shown in
FIG. 4 is provided to the user. It is also desirable that the
storage capacity of each segment is individually set such that
the number of heart beats which can be captured in each
segment is unified to the greatest possible extent.

Although in the embodiments shown in FIGS. 1 and 5, the
cine-memory is formed by a storage device such as RAM,
other storage devices may also be used as a cine-memory. For
example, a hard disk with respect to which high-speed writing
and reading is performed may be used. In such a case, a
plurality of segments are similarly set in a storage region in
such a hard disk which functions as a cine-memory, as
described above, and each segment functions as a temporary
storage or a ring buffer. Further, in a cine-memory, the seg-
ments may be memory portions which are physically con-
secutive to each other or memory portions which are logically
consecutive to each other. In the latter case, a plurality of
portions which are dispersed on the memory are controlled as
a single segment as a whole. However, consecutive storage
regions are generally used as one segment.

While the preferred embodiments of the present invention
have been described using specific terms, such description is
for illustrative purposes only, and it is to be understood that
changes and variations may be made without departing from
the spirit or scope of the appended claims.
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What is claimed is:

1. An ultrasound diagnosis apparatus comprising:

amemory section configured to temporarily store a plural-
ity of frames obtained by transmitting and receiving
ultrasound;

a setting section configured to set the number of capturing
processes in a predetermined ultrasound test, the num-
ber of capturing processes being set prior to a first one of
said capturing processes;

a dividing section configured to divide a storage region of
the memory section into a plurality of segments prior to
said first one of said capturing processes; and

a control section configured to perform control to cause
each of the plurality of segments to function as a ring-
buffer, thereby allowing one or a plurality of frame
blocks obtained in each capturing process in the prede-
termined ultrasound test to be stored in a corresponding
one of each of the plurality of the segments; wherein

the storage region of the memory section is divided in
accordance with the number of capturing processes;

the number of segments is the same as the number of
capturing process;

each segment is a storage region exclusively used for each
capturing process.

2. An ultrasound diagnosis apparatus according to claim 1,

farther composing:

an estimation section configured to estimate information
concerning the number of frame blocks which can be
stored in each of the segments; and

a providing section configured to provide the information
concerning the number of frame blocks which can be
stored in each of the segments to a user.

3. An ultrasound diagnosis apparatus according to claim 2,

further comprising:

a detection section configured to detect a biological signal
indicative of a cardiac cycle,

wherein each of the frame blocks is specified based on the
biological signal and corresponds to a moving image for
n heart beats, where n is a positive integer other than 0,
and

the estimation section estimates, as the information con-
cerning the number of frame blocks which can be stored
in each of the segments, the number of heart beats which
canbe captured, based on the storage capacity of each of
the segments and a predicted volume of data for the n
heart beats.

4. An ultrasound diagnosis apparatus according to claim 3,

wherein

the storage capacity of each of the segments is specified by
dividing a whole storage capacity in the memory section
by the number of capturing processes,

the predicted volume of data for n heart beats is specified
based on a heart rate, a frame rate, and a data amount per
frame which are obtained from the biological signal, and

the number of heart beats which can be captured is speci-
fied by dividing the storage capacity of each of the
segments by the predicted volume of data for n heart
beats.

5. An ultrasound diagnosis apparatus according to claim 1,

wherein

the predetermined ultrasound test is a stress echo test in
which ultrasound diagnostic is performed with a plural-
ity of views in each of stages while a level of stress with
respect to a living body is being changed stepwise, and

the number of capturing processes is defined by the number
of stages and the number of views.
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6. An ultrasound diagnosis apparatus according to claim 1,
wherein the size of each of the segments is uniformly set.

7. An ultrasound diagnosis apparatus according to claim 1,
wherein the size of each of the segments is variably set.

8. Anultrasound diagnosis apparatus according to claim 1,
wherein each of the frames stored in the memory section is a
display frame.

9. An ultrasound diagnosis apparatus according to claim 1,
wherein each of the frames stored in the memory section is a
transmitting/receiving frame.

10. An ultrasonic diagnostic apparatus according to claim
1, wherein a memory device is provided for storing data
transferred from each of the plurality of segments in units of
one frame block corresponding to one heart rate.

11. An ultrasonic diagnostic apparatus according to claim
10, further comprising a means for assigning a rank indicative
of a degree of significance and transfer timing to each frame
block wherein each frame block is transferred from said
memory section to said memory device according to said rank
assigned to each frame block.

12. Anultrasound diagnosis apparatus which can be used in
a stress echo test, comprising:

amemory section configured to temporarily store a plural-

ity of frames obtained by transmitting and receiving
ultrasound;

aprocess number setting section configured to set the num-

ber of capturing processes in the stress echo test, the
number of capturing processes being set prior to a first
one of said capturing processes;
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a segment setting section configured to set a plurality of
segments with respect to the memory section in accor-
dance with the number of capturing processes prior to a
first one of said capturing processes;

a storage control section configured to store data obtained
in each of the capturing processes in the stress echo test
with respect to each of the plurality of segments to cause
each of said plurality of segments to function as a ring-
buffer; and

a providing section configured to provide information con-
cerning an amount of data which can be stored in each of
the plurality of segments for a user; wherein

the number of segments is the same as the number of
capturing processes; and

each segment is a storage region exclusively used for each
capturing process.

13. An ultrasound diagnosis apparatus according to claim

12, whetrein

the information concerning an amount of data which can be
stored in each of the segments is information identifying
a number of heart beats.

14. An ultrasound diagnosis apparatus according to claim

13, wherein

the number of heart beats is calculated using, as a basis, a
cardiac cycle of a living body at rest or before the living
body is subjected to stress.
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