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(57) ABSTRACT

An ultrasound diagnosis apparatus comprises a cine-
memory for temporarily storing a frame line obtained by
transmitting and receiving ultrasound. In a stress echo test,
the storage region of the cine-memory is divided into the
same number of segments as the number of capturing
processes (i.e. the number of scenes). Each segment is used
as a ring-buffer, and one or a plurality of frame blocks (one
or a plurality of moving images) are stored in the corre-
sponding segment in each capturing process. Prior to execu-
tion of a plurality of capturing processes, the number of
heart beats indicative of the data amount which can be stored
in each segment is obtained and the information is then
provided to a user.

¢
TRANSMITT- DISPLAY
ING SECTION[=] UNT |20
1 g 14 1 f
DISPLAY
RECEVING
PROBE psc [ g - PROCESSING|~_
SECTION ] >[PROCESSI 18
] 23 0| g8
N =
22
zf’ \ Q Q @ Q ™~ 60 CINE-MEMORY
OPSEQRON HOST PROCESSOR _|=—> SO0
: H\_ 62 SEGMENT
28 38 : ¢ Sli9)[9I[9) (RING BUFFER)
re_3p | (ixJ)
ELECTROCA- R WAVE :
RDIOGRAPH DETECTOR ,
32 i
COMMUNICA-
TION
SECTION




US 2005/0251037 Al

Patent Application Publication Nov. 10,2005 Sheet 1 of §

HJVYO0I0Y
-vO0d 10313

\

8¢

13NVd
NOILVH3dO

N

9¢

3904d

NOILD3S
NOIL
JOINSA “¥DINQWINOD
ve AHOWAN [ ] G
! 4>
m ¥012313a
Gge -- . JAVMN o
(rx1) ! - f
(4344N9 DNIRY) m
INIWO3IS 29 Q Q Q Q \ﬂ " 0¢
m m m m ....... T HOSS3ID0Nd LSOH
AHONIN-END 09 ~ | [ (XY | (Y S C
A
[ <— N\
_ mN \!tln_" m\! IlMN
[ NOIL33S Vol
8l ~oNISS300ud[< -7 | T 3sa NOILO3S
AVdSIa ¢ OSNIANIZO3Y
9l vi
1INN NOILD3S DN
¢ ™ AVdSIa - LLINSNYY.L
zL

ol




US 2005/0251037 Al

Patent Application Publication Nov. 10,2005 Sheet 2 of §

A-IE

(Y34IN3 DNIY)

AININO3S <9

LOlL

[P

Rwu _ e# z#
901 n

L #

T T T

S AHOW3W-INID (D)

T T T T T T

LT

LA

3NN 3NVES (9)

ﬁwopLN

\

20l
INVEd

RS R -
— .- e =
—f et
— - - - -

ANVAINWOD DNIIN.LAVO

LOL

IWVASY3LNI
IAVMA-
oot

P S S

IAVM o (V)



Patent Application Publication Nov. 10,2005 Sheet 3 of 5

60

J

)

62 ~_|

107

107

107

107

#4

62 ~_

#1

#2

#3

#a

#3

#4

#1

#2

#4

#1

#2

#3

#1

#2

#3

#4

#4

#1

#2

#3

#4

#2

#1

#2

#3 (#4

#

1| #2

#3

#a4

#1

#2

#3

#4

#3

#4

#1 1

#1

#2

#3 | #4

#1

#2

#3

#4

#1

#2

#3 |#4

#1

#4

#1

#4

US 2005/0251037 Al

(SCENE1)

(SCENE 2)

#2

(SCENE16)



Patent Application Publication Nov. 10,2005 Sheet 4 of 5 US 2005/0251037 Al

( START }

SPECIFY NUMBER L OF
SEGMENTS (=i X ) [\—5S301

DIVIDE CINE-MEMORY
INTO L SEGMENTS [\ 5302

L S303
CALCULATE DATA DATA AMOUNT Q
AMOUNT gs PER  [<<-""=""~ OF CINE-MEMORY
SEGMENT <z <=
e MARGIN DATA
AMOUNT am
SPECIFY HEART RATE
Rh, FRAME RATE Rf,
AND FRAME DATA  |™\_ 5304
AMOUNT qf
S305
S310
CALCULATE REFERENCE VALUE ¢
R e
BE CAPTURED IN ONE SEGMENT E%,}EE%%%%H&
SIMULTANEOUS
LOOP
REPRODUCTION
VALUE & OF NUMBER O
F
“BEATS [ -S306
END

S307

Y @me?

N

O CORRESPONDNG
PONDIN
SEGMENT) - 5308

S309

COMPLETE




US 2005/0251037 Al

Patent Application Publication Nov. 10,2005 Sheet 5 of §

(M334N3 ONI)
INIWD3S VvZ9 ~ “H

NOILDO3S
NOIL
-VIOINNWWOO

)

[4>

H0.103134Q

HdvdOQ0Iad
-YO0d103 14

SAVM o
5

Oe

HOSS300dd LSOH

)

8¢

13NVd
NOILVH3dO

N

9¢

3904d

ANOWIN-INID 09 —_| C
: 22
| =— !
<m N - ml T <m N
Al . — \— —’ e e e e e e e e =~
osa NOILD3S
S ¢ N ERES
91 v_
NOILOTS O
ONISSIDON = A NOILD3S ONI
AVdSIa -1 LINSNVY.L
81 0z Nf_

oL




US 2005/0251037 Al

ULTRASOUND DIAGNOSTIC APPARATUS

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to an ultrasound
diagnostic apparatus, and more particularly to a technique
for storing data in a memory section.

[0003] 2. Description of Related Art

[0004] Most ultrasound (ultrasonic) diagnostic appara-
tuses 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 ultrasound. An ultrasound image is formed
based on the data read from the cine-memory and the
ultrasonic image is then displayed on a display device.
Normally, the cine-memory stores data in units of one frame
or one line. Here, one line corresponds 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.

1. Field of the Invention

[0005] 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 generally 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 neces-
sary to save important data stored in the cine-memory.
Accordingly, the data stored in a cine-memory is transferred
to a non-volatile storage medium such as a hard disk or the
like.

[0006] 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 per-
formed for one patient at one time includes a plurality of
“stages”, and ultrasound diagnosis is performed from a
plurality of “views” in each stage. More specifically, a
“scene” is determined by a combination 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.

[0007] 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 transferred from a memory section to an external
storage device. Japanese Patent Laid-Open Publication No.

Nov. 10, 2005

Hei 2-63447 describes an ultrasound diagnosis apparatus
including a memory section which functions as a cine-
memory. The storage 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 describe that the number into
which the storage region is divided is variable in accordance
with different ultrasound tests or a diagnostic states.

[0008] In each capturing process in a stress echo test,
when a plurality of frames which are obtained are sequen-
tially stored in a cine-memory, the stored data which was
obtained in the past is to be erased by overwriting by new
data, unless overwriting 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 pro-
cesses, thereby impairing completion 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

[0009] The present invention advantageously enables
appropriate storage of data obtained in each capturing pro-
cess.

[0010] Another advantage of the present invention is
effective use of the storage capacity of a whole cine-
memory.

[0011] 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.

[0012] (1) In accordance with one aspect, an ultrasound
diagnosis apparatus of the present invention comprises a
memory section 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 divid-
ing 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 predeter-
mined ultrasound test to be stored in a corresponding one of
the segments.

[0013] 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
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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 a plurality 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
left in the capturing process at the final stage of the prede-
termined ultrasound test, can be avoided.

[0014] 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 hard disk). The memory section may be provided
before or after, or upstream or downstream of, (or inside) a
scan converter. Namely, each frame constituting the frame
block may be either a transmitting/receiving frame or a
display frame. The predetermined ultrasound test is prefer-
ably a stress echo test. While the number of capturing
processes is generally determined by a user, it may be
provided as external information or determined automati-
cally as a default value. The number of segments is deter-
mined 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 preferably has the same
storage capacity (a fixed length method), the storage capac-
ity 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 opera-
tion, writing of data with respect to the segment as a whole
which stores these specified frame blocks is subsequently
prohibited. Alternatively, overwriting may be prohibited
only with respect to the one or plurality of frame blocks
which are specified. While an ultrasound diagnosis appara-
tus of the present invention is particularly preferable for use
in a stress echo test, it may also be used for other ultrasound
tests.

[0015] Preferably, the ultrasound diagnosis apparatus may
further comprise an estimation section for estimating infor-
mation 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 infor-
mation 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
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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.

[0016] Preferably, the ultrasound diagnosis apparatus may
further comprise a detection section for detecting a biologi-
cal 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 relationship between the
storage capacity of each segment and the predicted data
amount for n heart beats. Preferably, n=1.

[0017] 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.

[0018] 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
stepwise, 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.

[0019] Preferably, the size of each segment is uniformly
set. Preferably, the size of each segment is variably set.
When the storage capacity of each segment is uniform,
segment dividing and data control is facilitated. When the
storage capacity of each segment is individually set, on the
other hand, allocation of the storage capacity can be per-
formed reasonably in accordance with a variation of the
heart rate. Preferably, each frame stored in the memory
section is a display frame. Preferably, each frame stored in
the memory section is a transmitting/receiving frame.

[0020] 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 seg-
mented 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 exceptional case, the shortage may be
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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.

[0021] (2) In accordance with another aspect, an ultra-
sound diagnosis apparatus which can be used in a stress echo
test, of the present invention comprises a memory section for
temporarily storing a plurality of frames obtained by trans-
mitting 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 segments with respect to the memory section in
accordance with the number of capturing processes; a stor-
age 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.

[0022] 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 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

[0023] Preferred embodiments of the present invention
will be described in detail with reference to the following
drawings, wherein:

[0024] FIG. 1 is a block diagram showing an ultrasound
diagnosis apparatus according to a preferred embodiment of
the present invention;

[0025] FIG. 2 is a view for explaining storage of a frame
line with respect to a cine-memory provided in the ultra-
sound diagnosis apparatus shown in FIG. 1,

[0026] FIG. 3 is a view showing a storage state of a
plurality of segments which are set on the cine-memory;

[0027] FIG. 4 is a flowchart showing an example opera-
tion of the ultrasound diagnosis apparatus shown in FIG. 1,
and

[0028] FIG. 5 is a block diagram showing a structure of an
ultrasound diagnosis apparatus according to another
embodiment of the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0029] 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
diagnosis apparatus according to the present invention.
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Referring to FIG. 1, a whole structure of the ultrasound
diagnosis apparatus is shown. While this ultrasound diag-
nosis apparatus is particularly suitable for use in a stress
echo test, the apparatus may also be used for other tests.

[0030] A probe 10 transmits and receives ultrasound.
More specifically, the probe 10 includes an array transducer
(not shown) which is composed of a plurality of transducer
elements, 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-
dimensional 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.

[0031] A transmitting section 12 functions as a transmit-
ting 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 plurality of transducer elements within the
probe 10. The receiving signals thus processed (echo data)
are output to a DSC (digital scan converter) 16 via a signal
processor which is not shown.

[0032] 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 specifi-
cally, a frame line (a frame data line) obtained by transmit-
ting and receiving ultrasound is input to the DSC 16 in time
sequence. Each of frames constituting the frame line is a
transmitting/receiving frame which is composed of a plu-
rality of beam data items. The DSC 16 performs an image
forming process based on the input frame line, and outputs
a frame line constituting 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.

[0033] The display processing section 18 has an image
synthesizing 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 astill 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.

[0034] Inthe 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 starting from the frame which was stored at a time
point predetermined time before the current time to the
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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.

[0035] 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
processes, 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 functions 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 completed, one or a plurality of frame blocks obtained in
each capturing process are stored in each segment 62 on the
cine-memory 60.

[0036] More specifically, in a stress echo test, i stages are
set and j views are further set in each stage. Here, 1 is an
integer number which is 2 or greater, and j is an integer
number which is 1 or greater, preferably 2 or greater. The
values of 1 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 surface, the observation direction also
changes. For a whole stress echo test, ixj scenes are defined
and a capturing process is performed for each scene. When
iis 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.

[0037] Alternatively, it is also possible that the whole
storage region of the cine-memory 60 is segmented into a
main storage 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-memory 60 into a plurality of segments 62 as
described above. In this case, the storage sub-region func-
tions as a margin region which compensates for a shortage
of the free space of a segment. While in the present embodi-
ment, 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.

[0038] 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.

[0039] A memory device 34, in addition to the cine-
memory 60 described above, is also connected to the host
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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. In order 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.

[0040] With such a configuration, it is possible that a rank
indicative of 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 con-
figured 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 completed and consequently the
load of the host processor 22 is reduced.

[0041] 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 1 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 com-
mand is generated by operation of a freeze switch, for
example.

[0042] An electrocardiograph 28 is a device for measuring
an electrocardiographic signal concerning a living body as a
patient. An electrocardiographic signal output from the
electrocardiograph 28 is supplied to an R wave detector 30.
The R wave detector 30 detects an R wave in an electro-
cardiographic 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 communica-
tion section 32, and further via the network, to an external
device (such as an image processing device and an image
server, for example).

[0043] As described above, a frame line output from the
DSC 16 is supplied in time sequence and sequentially stored
in the cine-memory as indicated by numeral 23. In a stress
echo test, a frame line (a moving image) obtained in each
capturing process is stored in each segment 62. More
specifically, one or a plurality of frame blocks are stored in
each segment 62. In the 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
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example, when image diagnosis is performed in the last
stage of a stress echo test, a plurality of scenes are desig-
nated 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 per-
formed while these moving images are being compared and
observed. Here, of a plurality of frame blocks (i.e. a plurality
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 subjected to
loop reproduction.

[0044] FIG. 2 shows an operation of the cine-memory 60
in a stress echo test. Specifically, Indicator(A) shows an
electrocardiographic 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. Indicator(C) shows the content of a single
segment 62 in the cine-memory. As described above, the
segment 62 constitutes a single 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 overwrites the oldest frame in the
segment 62.

[0045] 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 frame blocks 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 composed 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 observa-
tion 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 a start 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.

[0046] As described above, according to the present
embodiment, prior to execution of a plurality of capturing
processes, a plurality of segments corresponding to a plu-
rality of capturing processes are established. Then, a plural-
ity of capturing processes are sequentially performed in
order. In each capturing 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 stored in the corresponding segment
and further writing with respect to the corresponding seg-
ment is prohibited. Consequently, 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
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memory space for storing a moving image which should be
captured or that the storage region allocated to each captur-
ing process is reduced due to an excess free space. Thus,
efficient data storage with regard to a cine-memory can be
achieved.

[0047] 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 frame block to which the highest rank is
assigned 1s 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.

[0048] 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 shown in 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. Consequently, the sequence of the
moving images #1 to #4 (particularly the position of the first
moving image #1) varies among different segments.

[0049] As shown in FIG. 3, a margin region 100 may be
set in the cine-memory 60. Specifically, when the moving
images corresponding to 4 heart beats cannot be stored in
any segment, a part 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.

[0050] Referring to FIG. 4, the operation of the structure
shown in FIG. 1 will be described. FIG. 4 shows the process
content in a stress echo test. First, the number L of segments
is specified at step S301. More specifically, the number 1 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.

[0051] At step S303, the data capacity gs per segment is
calculated. 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 gm as
described above and then calculate the data capacity gs for
each segment.

[0052] At step S304, the current heart rate Rh is calculated
based on an 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-
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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, the data amount gf for each frame is also specified
at step S304. By calculating RhxRfxgf, the volume of data
captured corresponding to one heart beat or the data volume
constituting one frame block is specified.

[0053] 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).

[0054] 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 corresponding 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.

[0055] At step S306, the information a calculated at step
S305 is provided to the user. More specifically, the infor-
mation « is transmitted from the host processor 22 to the
display processing section 22 and is then displayed on the
display screen as a numeral 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.

[0056] 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 corresponding to the scene is specified. With the
specified segment functioning as a ring buffer, the storage
content in the corresponding 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.

[0057] After the moving images corresponding to one or a
plurality of heart beats are stored within the segment, a rank
may be assigned to each moving image as described above
or, alternatively, 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 1s stored in each segment whose content is frozen.

[0058] 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 reproduction of a plurality of moving
images corresponding to these scenes is performed with R
waves synchronized with each other. Normally, one moving
image is loop-reproduced with respect to one scene. How-
ever, it is also possible to perform loop reproduction of a set
of moving images composed of a plurality of moving images
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with regard to one scene. A physician, as a user, can
diagnose a disease concerning a living body by comparing
and observing these moving images.

[0059] 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 pro-
cesses 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 capacity of the cine-memory and also to appropri-
ately allocate the storage capacity to each capturing process.
According to the above embodiment, at the time of initial
setting, the information concerning a reference value of the
number of heart beats which can be captured in one captur-
ing 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 conventional stress echo test places a great
burden on the patient being examined. The present embodi-
ment advantageously greatly reduces the likelihood that it
will be necessary to repeat a stress echo test.

[0060] 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.

[0061] 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 struc-
ture 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
constituting the frame line is a transmitting/receiving frame,
which is composed of a plurality of beam data items.

[0062] 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 capacity. 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
a 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.

[0063] 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



US 2005/0251037 Al

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 func-
tions as a temporary storage or a ring buffer. Further, in a
cine-memory, the segments may be memory portions which
are physically consecutive 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.

[0064] 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 with-
out departing from the spirit or scope of the appended
claims.

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

a memory section for temporarily storing a plurality of
frames obtained by transmitting and receiving ultra-
sound;

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.

2. An ultrasound diagnosis apparatus according to claim

1, further comprising:

an estimation section for estimating information concern-
ing the number of frame blocks which can be stored in
each of the segments; and

a providing section for providing the information con-
cerning 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 for detecting a biological signal indica-
tive 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 can be 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,
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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

specified 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 plu-
rality 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 process is defined by the number
of stages and the number of views.
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. An ultrasound 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 ultrasound diagnosis apparatus which can be used
in a stress echo test, comprising:

a memory section for temporarily storing a plurality of
frames obtained by transmitting and receiving ultra-
sound;

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 accor-
dance 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
an amount of data which can be stored in each of the
segments for a user.

11. An ultrasound diagnosis apparatus according to claim

10, wherein

the information concerning an amount of data which can
be stored in each of the segments is information iden-
tifying a number of heart beats.
12. An ultrasound diagnosis apparatus according to claim
10, 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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