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REMOTE ULTRASONIC DIAGNOSTIC
SUBJECT-SIDE APPARATUS, REMOTE
ULTRASONIC DIAGNOSTIC
EXAMINER-SIDE APPARATUS AND REMOTE
ULTRASONIC DIAGNOSTIC SYSTEM

TECHNICAL FIELD

[0001] The present invention relates to a ultrasonic diag-
nostic system for medical use, and particularly relates to a
remote ultrasonic diagnostic system that is capable of provid-
ing an ultrasonic image by which an examiner can perform a
diagnosis, even when a subject being examined is physically
remote from the examiner (medical doctor in a hospital).

BACKGROUND ART

[0002] According to reduction in size of an ultrasonic diag-
nostic apparatus that easily provides a tomographic image of
a subject as a real-time ultrasonic dynamic image, the ultra-
sonic diagnostic apparatus plays more important roles in vari-
ous medical diagnoses and examinations at the places other
than ultrasonic inspection rooms, such as bedsides in hospital
wards, private clinics and health care support center in the
offices, for example.

[0003] However, because of the limitation of the number of
medical doctors as examiners who can perform diagnoses
accurately from displayed ultrasonic dynamic images, the
shortage of the medical doctors who can interpret ultrasonic
images would be of concern in the case where the ultrasonic
diagnostic apparatuses become prevalent as the demand for
apparatuses for home medical care is expected to grow in the
market in the future.

[0004] In addition, as speeds of communication networks
represented by internets are increased, connections via com-
munication lines have become possible in various fields.
There is an expectation for the development of an ultrasonic
diagnostic apparatus enabling a remote diagnosis that is con-
nected to a hospital via a communication line, and can enable
amedical doctor in the hospital to perform an accurate diag-
nosis, even when such a medical doctor is not present near the
patient, for example, in the case where the acute patient is in,
for example, an aircraft in flight, a watercraft under sail, a
running train or the like, or in the case where the injured
person is carried with an ambulance. As such an ultrasonic
diagnostic apparatus, a remote ultrasonic diagnostic system
utilizing a communication line (see, for example, Patent
document 1) and the like are known.

[0005] As mentioned above, in recent years, a data rate that
can be transmitted through a communication line such as an
internet has been dramatically increased in speed, but has not
reached a speed that enables transmission of an uncom-
pressed real-time ultrasonic dynamic image generated by an
ultrasonic diagnostic apparatus. Thus, in the above-described
conventional example, transmission of the real-time ultra-
sonic dynamic image is performed by introducing a high-
efficiency data compression method such as MPEG that can
compress image information to have the data rate at an upper
limit value or less of the communication line, and can sup-
press deterioration of an image to a minimum, thus making
efforts to transmit a real-time ultrasonic dynamic image that
is dose to the original image even when the data rate of the line
is low.

[0006] Inthe remote ultrasonic diagnostic system, a hospi-
tal-side apparatus that receives an ultrasonic image is
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required to exclude factors that may affect a medical diagno-
sis negatively, such as degradation in image quality, a
decrease in image size and a decrease in frame rate due to a
speed of the communication line.

[0007] Patent document 1: JP 2002-17732 A
DISCLOSURE OF INVENTION

[0008] Problem to be solved by the invention

[0009] However, it is very rare that the data rate of the

communication line can be secured stably over a long period
of time, and in the case where the data rate of the communi-
cation line is not enough, measures for coinciding a timing of
receiving the image with a real time are taken, by reducing
frames of the reception side (or the transmission side) so that,
for example, the reception side has a frame rate of 15 frames/
second even when the original image has a frame rate of 30
frames/second.

[0010] In addition, in an ultrasonic diagnosis in a clinical
setting, there are frequent cases where, after performing a
diagnosis by using an ultrasonic dynamic image in real time,
the image is frozen once, and diagnostic contents are con-
firmed again by using a cine-memory function for reproduc-
ing image data that are accumulated in a memory inside the
apparatus, and are output to a recording device. Moreover,
there is a problem that, in a diagnosis of a circulatory system
such as a heart, for example, only reproducing an image of 15
frames/second with frames reduced from the original image
of 30 frames/second cannot provide necessary and sufficient
image information to an examiner (medical doctor).

[0011] Furthermore, in order to compress data, hardware
(or high-speed processing software) designed specifically for
data compression is required, and a time lag occurs depending
on the image compression method, where there is a general
trend that a higher compression rate provides a larger time
lag. Thereby, a medical doctor performing an examination at
a remote location may be frustrated, which may deteriorate
the diagnosis efficiency. In addition, since the image infor-
mation is compressed by a compression method that has a
high efficiency but is irreversible, there is a problem in that an
image quality of an ultrasonic image displayed on the hospi-
tal-side apparatus is inevitably lower than that of the original
image.

[0012] The present invention was made in view of the
above-described conventional problems, and it is an object of
the present invention to provide a remote ultrasonic diagnos-
tic system that can display an ultrasonic image with suffi-
ciently suppressed degradation of an image quality compared
with an image quality of an original image, even at a low data
rate of a communication line, when an examiner performs a
diagnosis with respect to a subject in a remote location via the
communication line.

Means for Solving a Problem

[0013] The present invention is based on a remote ultra-
sonic diagnostic system including: an examiner-side appara-
tus by which an examiner performs a diagnosis with respect to
a subject in a remote location via a communication line by
using an ultrasonic image; and a subject-side apparatus on the
subject side.

[0014] In order to attain the above-described object, a first
subject-side apparatus of the present invention includes: an
ultrasonic wave transmission/reception portion for receiving
an ultrasonic echo that is generated from an electroacoustic
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converting means driven by a transmission pulse, and receiv-
ing an ultrasonic echo reflected by an inside of the subject; an
image generation portion for generating ultrasonic image
data from an ultrasonic signal that is received by the ultra-
sonic wave transmission/reception portion; a cine memory
for sequentially storing the ultrasonic signal that is received
by the ultrasonic wave transmission/reception portion per
each frame; and a communication line interface for reproduc-
ing, from the cine memory, the frame that is requested to be
retransmitted by the examiner-side apparatus after freezing,
and retransmitting the frame to the examiner-side apparatus
via the communication line.

[0015] In addition, a first examiner-side apparatus of the
present invention includes: a communication line interface
for requesting a communication line interface of the subject-
side apparatus to retransmit a frame to be reproduced so as to
retransmit the frame via the communication line, every time
after freezing when moving a pointer for designating the
frame to be reproduced from a cine memory that sequentially
stores an ultrasonic signal received by an ultrasonic wave
transmission/reception portion of the subject-side apparatus
per each frame; an image formation portion for forming an
ultrasonic image of the retransmitted frame; and a displaying
means for displaying the ultrasonic image that is formed by
the image formation portion.

[0016] In addition, a first remote ultrasonic diagnostic sys-
tem of the present invention has a configuration where the first
subject-side apparatus and the first remote ultrasonic diag-
nostic examiner-side apparatus are connected via a commu-
nication line.

[0017] According to this configuration, the subject-side
apparatus is provided with a cine-memory function, and thus
retransmits an image that is designated by the pointer from the
subject-side apparatus, every time when the frame pointer is
moved for the purpose of cine-memory reproduction in the
examiner-side (hospital-side) apparatus, after the hospital-
side apparatus is frozen. Thereby, even when frames are miss-
ing intermittently due to an insufficient speed of the commu-
nication line in a live mode, and when a plurality of frames are
missing continuously due to a failure of the communication
line, the hospital-side apparatus can perform cine-memory
reproduction and display with no missing frame after the
freezing.

[0018] Inthe first remote ultrasonic diagnostic system, it is
preferable that the communication line interface of the sub-
ject-side apparatus retransmits at least a part of all frames that
are accumulated in the cine memory of the subject-side appa-
ratus to the examiner-side apparatus in a background, after
freezing, and the examiner-side apparatus includes the cine
memory for storing an ultrasonic image of the frame that is
retransmitted after the freezing.

[0019] According to this configuration, the hospital-side
apparatus is provided with a cine-memory function, and the
hospital-side apparatus receives (for example, in the back-
ground) information that is accumulated in the cine memory
of the subject-side apparatus from the time of the freezing,
and accumulates the information in the cine memory of the
hospital-side apparatus. Thereby, even when the communica-
tion line between the subject side and the hospital side is
disconnected due to a deterioration of a condition of the line,
the hospital-side apparatus alone can continue a diagnosis by
the cine-memory reproduction and display with no missing
frame.
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[0020] In the first remote ultrasonic diagnostic system, it is
preferable that the subject-side apparatus includes a display-
ing means for displaying an ultrasonic image that is retrans-
mitted to the examiner-side apparatus.

[0021] According to this configuration, when the frame that
1s requested to be retransmitted by the hospital-side apparatus
is retransmitted to the hospital-side apparatus, if the frame
also is displayed on a second displaying means of the subject-
side apparatus, (an operator on) the subject side and (a medi-
cal doctor on) the hospital side can share diagnostic informa-
tion by the same image.

[0022] In order to attain the above-described object, a sec-
ond subject-side apparatus of the present invention includes:
an ultrasonic wave transmission/reception portion for trans-
mitting an ultrasonic echo that is generated from an electroa-
coustic converting means driven by a transmission pulse, and
receiving an ultrasonic echo reflected by an inside of the
subject; animage generation portion for generating ultrasonic
image data from an ultrasonic signal that is received by the
ultrasonic wave transmission/reception portion; a cine
memory for sequentially storing the ultrasonic signal that is
received by the ultrasonic wave transmission/reception por-
tion per each frame; a displaying means for reproducing, from
the cine memory, the frame that is requested to be retransmit-
ted in the subject-side apparatus after freezing, and displaying
the frame as an ultrasonic image; and a communication line
interface for retransmitting the frame that corresponds to the
ultrasonic image displayed on the displaying means to the
examiner-side apparatus via the communication line.

[0023] In addition, a second examiner-side apparatus
includes: a communication line interface for receiving a
frame that is retransmitted from a communication line inter-
face of the subject-side apparatus via the communication line,
after freezing; an image formation portion for forming an
ultrasonic image of the retransmitted frame; and a displaying
means for displaying the ultrasonic image that is formed by
the image formation portion.

[0024] 1In addition, a second remote ultrasonic diagnostic
system of the present invention has a configuration where the
second subject-side apparatus and the second examiner-side
apparatus are connected via a communication line.

[0025] According to this configuration, when the subject-
side apparatus reproduces and displays on the displaying
means of the subject-side apparatus by using the reproduction
function from the cine memory, if the displayed frame is
retransmiitted also to the hospital-side apparatus, (an operator
on) the subject side and (amedical doctor on) the hospital side
can share diagnostic information by the same image, simi-
larly to a third remote ultrasonic diagnostic system.

[0026] Inorder to attain the above-described object, a third
subject-side apparatus of the present invention includes: an
ultrasonic wave transmission/reception portion for transmit-
ting an ultrasonic echo thatis generated from an electroacous-
tic converting means driven by a transmission pulse, and
receiving an ultrasonic echo reflected by an inside of the
subject; animage generation portion for generating ultrasonic
image data by performing a filtering process with respect to
an ultrasonic signal that is received by the ultrasonic wave
transmission/reception portion; and a communication line
interface for transmitting the ultrasonic image data that is
generated by the image generation portion to the examinet-
side apparatus via the communication line.

[0027] In addition, a third examiner-side apparatus of the
present invention includes: a communication line interface
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for receiving an ultrasonic image data that is transmitted from
a communication line interface of the subject-side apparatus
via the communication line; a scan converting means for
converting the number of scanning lines of the received ultra-
sonic image data; and a displaying means for displaying the
ultrasonic image data that is scanned and converted by the
scan converting means.

[0028] In addition, the third remote ultrasonic diagnostic
system has a configuration where the third subject-side appa-
ratus and the third examiner-side apparatus are connected via
a communication line.

[0029] According to this configuration, considering the
ultrasonic image data at the time immediately before being
input into the scan converting means of the hospital-side
apparatus, which has the lowest data rate in a circuit inside the
examiner-side (hospital-side) apparatus in the remote ultra-
sonic diagnostic system, the image generation portion per-
forms the filtering process (or a resampling process) so as to
optimize the ultrasonic image data for the scan converter of
the hospital-side apparatus, the optimized image data is trans-
mitted directly to the communication line, and, in the hospi-
tal-side apparatus, the scan converting means converts the
number of scanning lines of the ultrasonic image data that is
received via the communication line so as to display the
image. Thereby, a real-time ultrasonic dynamic image that
does not require any special image compressing means and
thus does not generate any time lag due to the compression
can be transmitted/received.

[0030] Inthe third remote ultrasonic diagnostic system, it is
preferable that the displaying means of the examiner-side
apparatus displays, as a real-time ultrasonic dynamic image,
areal-time ultrasonic dynamic image that is transmitted from
the subject-side apparatus.

[0031] According to this configuration, since the original
image data can be transmitted in real time at a data rate that is
equivalent or lower than a data rate in the case of using a
high-compression-rate image compressing means, the hospi-
tal-side apparatus that is connected with the subject-side
apparatus via the communication line can receive the real-
time ultrasonic dynamic image without any degradation in
image quality from the original image.

[0032] Inaddition, in this remote ultrasonic diagnostic sys-
tem, it is preferable that the subject-side apparatus includes: a
scan converting means for converting the number of scanning
lines of the ultrasonic image data that is generated from the
image generation portion; and a displaying means for dis-
playing the ultrasonic image data that is scanned and con-
verted by the scan converting means.

[0033] According to this configuration, the subject-side
apparatus also is provided with the scan converter, and thus
can display, as the real-time ultrasonic dynamic image, an
image that is the same as the image displayed on the hospital-
side apparatus, whereby (an operator on) the subject side and
(a medical doctor on) the hospital side can share diagnostic
information.

[0034] In order to attain the above-described object, a
fourth subject-side apparatus of the present invention
includes: an ultrasonic wave transmission/reception portion
for transmitting an ultrasonic echo that is generated from an
electroacoustic converting means driven by a transmission
pulse, and receiving an ultrasonic echo reflected by an inside
of the subject; an image generation portion for generating
ultrasonic image data by performing a filtering process with
respect to an ultrasonic signal that is received by the ultra-
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sonic wave transmission/reception portion; a cine memory
for sequentially storing the ultrasonic signal that is received
by the ultrasonic wave transmission/reception portion per
each frame; and a communication line interface for reproduc-
ing, from the cine memory, the frame that is requested to be
retransmitted by the examiner-side apparatus after freezing,
and retransmitting the frame to the examiner-side apparatus
via the communication line.

[0035] In addition, a fourth examiner-side apparatus of the
present invention includes: a communication line interface
for requesting a communication line interface of the subject-
side apparatus to retransmit a frame to be reproduced and
retransmitting the frame via the communication line, every
time after freezing when moving a pointer for designating the
frame to be reproduced from a cine memory that sequentially
stores an ultrasonic signal received by an ultrasonic wave
transmission/reception portion of the subject-side apparatus
per each frame; an image formation portion that includes a
scan converting means for converting the number of scanning
lines of an ultrasonic image data of the retransmitted frame,
and forms an ultrasonic image by the scan converting means;
and a displaying means for displaying the ultrasonic image
that is formed by the image formation portion.

[0036] In addition, the fourth remote ultrasonic diagnostic
system of the present invention has a configuration where the
fourth subject-side apparatus and the fourth examiner-side
apparatus are connected via a communication line.

Effects of the Invention

[0037] According to the remote ultrasonic diagnostic sys-
tem of the present invention, when an examiner performs a
diagnosis with respect to a subject in a remote location via a
communication line, an ultrasonic image with sufficiently
suppressed degradation of an image quality compared with an
image quality of an original image can be displayed, even
with a low data rate of the communication line.

BRIEF DESCRIPTION OF DRAWINGS

[0038] [FIG. 1] FIG. 1 is a block diagram schematically
showing an example of a configuration of a remote ultrasonic
diagnostic system according to Embodiment 1 of the present
invention.

[0039] [FIG. 2] FIG. 2 is a schematic diagram showing a
state of missing frames depending on the condition of a com-
munication line.

[0040] [FIG. 3] FIG. 3 is a schematic diagram showing a
state of retransmitting a frame that is requested to be repro-
duced by a cine memory.

[0041] [FIG. 4] FIG. 4 is a block diagram schematically
showing an example of a configuration of a remote ultrasonic
diagnostic system according to Embodiment 2 of the present
invention.

[0042] [FIG. 5] FIG. 5 is a block diagram schematically
showing an example of a configuration of a remote ultrasonic
diagnostic system according to Embodiment 3 of the present
invention.

[0043] [FIG. 6] FIG. 6 is a block diagram schematically
showing an example of a configuration of a remote ultrasonic
diagnostic system according to Embodiment 4 of the present
invention.
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[0044] [FIG. 7] FIG. 7 is a block diagram schematically
showing an example ofa configuration of a remote ultrasonic
diagnostic system according to Embodiment 5 of the present
invention.

[0045] [FIG. 8] FIG. 8 is a schematic diagram showing an
example of the number of acoustic scanning lines of the
ultrasonic probe of FIG. 1 when sweeping at a single density.
[0046] [FIG. 9] FIG.9 is a schematic diagram showing an
example of the number of sets of image data to be input into
the scan converter of FIG. 1.

[0047] [FIG. 10] FIG. 10 is a schematic diagram showing
an example of an ultrasonic image of a VGA size that is
displayed on the monitor of FIG. 1. [FIG. 11] FIG. 11 is a
block diagram schematically showing a modified example of
the remote ultrasonic diagnostic system according to
Embodiment 5, in the case of using a personal computer as a
hospital-side apparatus.

[0048] [FIG. 12] FIG. 12 is a block diagram schematically
showing an example of'a configuration of a remote ultrasonic
diagnostic system according to Embodiment 6 of the present
invention.

[0049] [FIG. 13] FIG. 13 is a block diagram schematically
showing an example ofa configuration of a remote ultrasonic
diagnostic system according to Embodiment 7 of the present
invention.

EXPLANATION OF REFERENCE CODES

[0050] 10A, 10B, 10C, 10D, 10E, 10F subject-side appa-
ratus
[0051] 11 ultrasonic probe
[0052] 12 ultrasonic wave transmission/reception portion
[0053] 13 image generation portion
[0054] 14 communication line interface
[0055] 15 cine memory
[0056] 16 monitor
[0057] 17 console
[0058] 18 image generation portion
[0059] 20A, 20B, 20C, 20D, 20E hospital-side apparatus
[0060] 21 communication line interface
[0061] 22 image formation portion
[0062] 23, 26 monitor
[0063] 24 console
[0064] 25 cine memory
[0065] 27 scan converter
[0066] 30 communication line
[0067] 40, 41 personal computer
DESCRIPTION OF THE INVENTION
[0068] Preferable embodiments of the present invention

will be described below in detail, with reference to the draw-
ings.

EMBODIMENT 1

[0069] FIG.11isablock diagram schematically showing an
example of a configuration of a remote ultrasonic diagnostic
system according to Embodiment 1 of the present invention.
A transmission pulse generated by an ultrasonic wave trans-
mission/reception portion 12 in a subject-side apparatus 10A
drives an ultrasonic probe 11 (electroacoustic converting
means) that is connected to the subject-side apparatus 10A,
and an ultrasonic signal is transmitted from the ultrasonic
probe 11 into the subject and starts to receive the signal at the
same time. The received ultrasonic signal is subjected to
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delay synthesis at the ultrasonic wave transmission/reception
portion 12, and an ultrasonic image data is generated at an
image generation portion 13. Moreover, an input signal to the
image generation portion 13 is input also into a cine memory
15 (cine memory of the subject-side apparatus), and the cine
memory 15 sequentially stores a reception signal as image
information per each frame from the ultrasonic wave trans-
mission/reception portion 12.

[0070] Image datathatis generated at the image generation
portion 13 is transmitted from a communication line interface
14 (communication line interface of the subject-side appara-
tus) to a communication line (network) 30 such as an internet
and a LAN. In a hospital-side apparatus 20A (examiner-side
apparatus), a communication line interface 21 (communica-
tion line interface of the examiner-side apparatus) receives
the image data that is transmitted from the subject-side appa-
ratus 10A via the communication line 30, transmits the image
data to an image formation portion 22, and finally displays an
ultrasonic image on a monitor 23 (displaying means of the
examiner-side apparatus).

[0071] Herein, as shown in FIG. 2, in the case where a data
rate of the communication line is not sufficient when the
subject-side apparatus 10A transmits the image data of 30
frames/second to the hospital-side apparatus 20A, some of
the frames that can be received by the hospital-side apparatus
20A are missing intermittently. For example, in the case
where only a half of the data rate can be secured, frames are
missing at a rate of 15 frames/second. Furthermore, if any
failure of the communication line occurs additionally, a plu-
rality of frames may be missing continuously.

[0072] In an actual scene of an ultrasonic diagnosis, there
are frequent cases where, after performing a diagnosis by
using an ultrasonic image in a live mode in real time, the
image is frozen once, and the diagnostic data are confirmed
again by using a cine-memory function for reproducing
frames of image data that are accumulated in a memory inside
the apparatus, and are output to a recording device. However,
as shown in FIG. 2, most frames are missing and only 12
frames of the image data in one second reach the hospital-side
apparatus 20A after the freezing. Therefore, in the case where
aconsole 24 requests cine-memory reproduction with respect
to, forexample, a frame “04” or a frame “20”, the subject-side
apparatus 10A automatically retransmits a designated frame
as shown in FIG. 3, and the frame is displayed on the monitor
23 of the hospital-side apparatus 20A.

[0073] In this case, since it is after the freezing, even if a
speed of the communication line is insufficient for transmit-
ting/receiving the ultrasonic image in a live mode in real time,
one frame of the image data that is requested to perform frame
reproduction by the cine-memory function can be transmit-
ted/received. Thereby, an operator (medical doctor) using the
hospital-side apparatus 20A can perform a diagnosis by the
cine-memory reproduction without any frame missing from
all of the 30 frames that are obtained by the subject-side
apparatus 10A per one second.

[0074] As mentioned above, the present embodiment can
provide the excellent remote ultrasonic diagnostic system, in
which the subject-side apparatus 10A is provided with the
cine-memory function, and retransmits an image that is des-
ignated by the pointer from the subject-side apparatus 10A,
each time when the frame pointer is moved for the purpose of
the cine-memory reproduction in the hospital-side apparatus
20A, after the hospital-side apparatus 20A is frozen. Thereby,
even when frames are missing intermittently due to an in
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sufficient speed ofthe communication line in a live mode, and
when a plurality of frames are missing continuously due to a
failure of the communication line, the hospital-side apparatus
20A can perform the cine-memory reproduction and display
with no missing frame after the freezing.

[0075] In addition, as the hospital-side apparatus 20A, a
personal computer that can be connected to a communication
line may be used.

EMBODIMENT 2

[0076] FIG.4isablock diagram schematically showing an
example of a configuration of a remote ultrasonic diagnostic
system according to Embodiment 2 of the present invention.
Herein, the same reference numerals are assigned to the same
elements as those composing the system shown in FIG. 1 so as
to simplify their explanations. In the present embodiment, a
cine memory 25 (a cine memory of an examiner-side appa-
ratus) is provided also in a hospital-side apparatus 20B.
[0077] Inthe system of FIG. 4, when the console 24 of the
hospital-side apparatus 20B requires to freeze, an ultrasonic
image displayed on the monitor 23 freezes. At the same time,
the communication line interface 21 transmits freeze infor-
mation to the subject-side apparatus 10A via the communi-
cation line 30, and requires to retransmit the image data
accumulated in the cine memory 15, whereby the data accu-
mulated in the cine memory 15 is transmitted to the cine
memory 25 in the hospital-side apparatus 20B via the image
generation portion 13, the communication line interface 14
and the communication line 30, and is stored in the cine
memory 25 in the hospital-side apparatus 20B. At this time, it
1s preferable to retransmit the data in the background without
changing the image displayed on the monitor 23.

[0078] When the console 24 requests the cine-memory
reproduction after completing the transmission of the image
information, even if the image lacks a frame in a live mode, all
of the frames are already retransmitted to the cine memory 25
after the freezing, and thus a cine-memory image can be
reproduced and displayed on the monitor 23 with no missing
frame.

[0079] As mentioned above, according to the present
embodiment, the hospital-side apparatus also is provided
with a cine-memory function, receives (for example, in the
background) information that is accumulated in the cine
memory 15 of the subject-side apparatus from the time imme-
diately after the freezing, and accumulates the information in
the cine memory 25 of the hospital-side apparatus. Thereby,
even when the communication line between the subject side
and the hospital side is disconnected due to a deterioration of
the condition of the line, the hospital-side apparatus 20B
alone can continue a diagnosis by the cine-memory reproduc-
tion and display with no missing frame.

EMBODIMENT 3

[0080] FIG.5isablock diagram schematically showing an
example of a configuration of a remote ultrasonic diagnostic
system according to Embodiment 3 of the present invention.
In the present embodiment, a monitor 16 (a displaying means
of a subject-side apparatus) is provided also in a subject-side
apparatus 10B.

[0081] Inthe system of FIG. 5, similarly to Embodiment 1,
in the case where the console 24 requests cine-memory repro-
duction, a designated frame is retransmitted from the cine
memory 15 in the subject-side apparatus 10B in which an
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image frame is recorded to the communication line interface
21 of the hospital-side apparatus 20A without depending on a
condition of the communication line 30, and is displayed on
the monitor 23 via the image formation portion 22, whereby
the cine memory can be reproduced without any frame miss-
ing from all of the 30 image frames per one second. At this
time, the image that is transmitted to the hospital-side appa-
ratus 20A is displayed also on the monitor 16 in the subject-
side apparatus 10B.

[0082] As mentioned above, the present embodiment can
provide an excellent remote ultrasonic diagnostic system that
enables (an operator) on the subject side and (a medical
doctor) on the hospital side to share diagnostic information by
the same image, by displaying the frame that is requested to
be retransmitted by the hospital-side apparatus 20A also on
the monitor 16 of the subject-side apparatus 10B, when the
frame is retransmitted to the hospital-side apparatus 20A.

EMBODIMENT 4

[0083] FIG. 6is a block diagram schematically showing an
example of a configuration of a remote ultrasonic diagnostic
system according to Embodiment 4 of the present invention.
In the present embodiment, a console 17 is provided in a
subject-side apparatus 10C.

[0084] In the system of FIG. 6, in the case where the con-
sole 17 in the subject-side apparatus 10C requires cine-
memory reproduction after freezing, a designated frame is
transmitted from the cine memory 15 to a hospital-side appa-
ratus 20C automatically. At this time, the frame that is dis-
played on the monitor 16 in the subject-side apparatus 10C is
retransmitted to the communication line interface 21 of the
hospital-side apparatus 20C, and is displayed on the monitor
26 via the image formation portion 22.

[0085] By retransmitting the frame, which is displayed on
the monitor 16 of the subject-side apparatus 11C and is
requested to be retransmitted, to the hospital-side apparatus
20C, and by displaying the frame also on the monitor 26 ofthe
hospital-side apparatus 20C, the excellent remote ultrasonic
diagnostic system that enables (an operator on) the subject
side and (a medical doctor on) the hospital side to share
diagnostic information by the same image can be provided.

EMBODIMENT 5

[0086] FIG. 7is a block diagram schematically showing an
example of a configuration of a remote ultrasonic diagnostic
system according to Embodiment 5 of the present invention.
In FIG. 7, a transmission pulse that is generated by the ultra-
sonic wave transmission/reception portion 12 in a subject-
side apparatus 10D drives the ultrasonic probe 11 of a 128ch
type, and an ultrasonic signal is transmitted from the ultra-
sonic probe 11 into the subject and reception of the ultrasonic
signal starts at the same time. The received ultrasonic signal is
subjected to delay synthesis at the ultrasonic wave transmis-
sion/reception portion 12, then subjected to a filtering process
(or aresampling process) by the image generation portion 18,
and then is converted into ultrasonic image data in a number
of sets of data that is optimized for scan conversion. The
ultrasonic image data that is subjected to the filtering process
by the image generation portion 18 is transmitted from the
commuuication line interface 14 to the communication line
30.

[0087] Thecommunication lineinterface 21 in the hospital-
side apparatus 20D receives the ultrasonic image data that is
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transmitted via the communication line 30, and the received
ultrasonic image data is input into a scan converter 27 (a
scan-converting means of the examiner-side apparatus). The
scan converter 27 shapes the ultrasonic image data into a form
of a screen that coincides with a physical shape of the ultra-
sonic probe 11, and allows the monitor 23 to display the
ultrasonic image.

[0088] Here, assuming the case of transmitting an unproc-
essed video output image of a general ultrasonic diagnostic
apparatus to a hospital in a remote location via a communi-
cation line, in order to display a monochrome video signal of
an NTSC standard on the monitor 23 of the hospital-side
apparatus 20D, at least 8-bit monochrome data of a VGA size
(640 pixelsx480 lines) of 30 frames/second is necessary.
Therefore, as represented by Formula 1 below, a data rate of
about 74 Mbps in effective speed is necessary, and thus it is
found that the data information amount is too large to be
transmitted/received via a general communication line.
Accordingly, a high-efficiency image compressing means
such as an MPEG is necessary.

640x480x30x8=73.7 Mbps

[0089] Here, the present embodiment focuses on a role of
the scan converter in the ultrasonic diagnostic apparatus, and
can decrease the information amount of the image data to be
transmitted/received to be a minimum limit.

[0090] More specifically, the scan converter performs vari-
ous interpolating processes to prevent the missing of an image
and the generation of a unnatural discontiguous part at the
time of displaying the image on the monitor, and provides the
image that is most suitable for a medical diagnosis. On the
other hand, the scan converter increases an apparent informa-
tion amount significantly. Thus, by providing the scan con-
verter 27 in the hospital-side apparatus 20D as shown in FIG.
7, the data rate that is transmitted/received in the communi-
cation line 30 can be decreased significantly.

[0091] Forexample, in the case of connecting the ultrasonic
probe 11 of a 128ch type to the subject-side apparatus 10D,
the number of acoustic scanning lines is about 100 when
sweeping at a normal single density, as showninFIG. 8. Thus,
the number of sets of the image data to be input into the scan
converter 27 is 100 that is the same as the number of the
acoustic scanning lines, and furthermore, the number of sets
of the image data per each frame that is output from the image
generation portion 18 and is input into the communication
line interface 14 also is 100, as shown in FIG. 9. Similarly, the
number of sets of the image data per each frame that is
received by the communication line interface 21 of the hos-
pital-side apparatus 20D also is 100. The scan converter 27
shapes these 100 sets of the image data into a form of a screen
that coincides with a physical shape of the probe, and allows
the monitor 23 to display one frame of the ultrasonic image of
a V(A size as shown in FIG. 10.

[0092] Moreover, in the case where the image to be dis-
played on the monitor has a VGA size (640 pixelsx480 lines),
a suitable depth of the image data to be input into the scan
converter 27 is about 400 dots, and thus a data rate required
for transmitting/receiving 8-bit data of 30 frames/second is
about 10 Mbps in effective speed, as represented by Formula
2 below.

100x400x30x8=9.6 Mbps

[0093] Therefore, it is found that, according to the configu-
ration of FIG. 7 that transmits/receives a necessity minimum
of the information amount, an effect that is equivalent to the

Formula 1

Formula 2
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case of compressing the information amount to be % or less
can be obtained automatically, and thus the uncompressed
image sufficiently can be transmitted via a high-speed com-
munication line. Furthermore, since a circuit (or a software)
designed specifically for image compression is not required,
no time lag for image compression is generated, and it is
possible to provide the excellent ultrasonic diagnostic sys-
tem, in which the image data without any compression nor
any image degradation is input into the scan converter 27.
[0094] So far, the example of the monochrome mode is
described. Whereas, in the case of a color Doppler mode, a
color video signal is displayed on the monitor 23 of the
hospital-side apparatus 20D, where 24-bit data 0of 30 frames/
second is necessary for displaying the color video signal of
the same image size, and thus a data rate of about 221 Mbps
in effective speed is necessary as represented by Formula 3
below.

540x480x30x24=221.2 Mbps Formula 3

[0095] However, since a frame rate of a ultrasonic diagnos-
tic apparatus in a color mode generally is lower than thatin a
monochrome mode, the data rate of the image data immedi-
ately before being input into the scan converter 27 does not
change (or is decreased), and thus the data rate does not
increase to about 10 Mbps or more in effective speed that is
represented by Formula 2. That is, in the color Doppler mode,
an effect equivalent to that of the case of compressing the
image data to about Y23 can be obtained, as represented by
Formula 4 below.

9.6 Mbps/221.2 Mbps=Y23 Formula 4

[0096] Moreover, FIG. 11 shows an example of using a
personal computer as the hospital-side apparatus. In recent
years, image processing capabilities of personal computers
have made remarkable progress, and thus a scan converter
portion of an ultrasonic diagnostic apparatus can be formed
only by software. Moreover, a function of connecting to a
communication line (network) also is standard equipment.
[0097] Thus, by mounting the function of connecting to the
commuuication line 30 and a scan converter function as soft-
ware in a general personal computer 40, the hospital-side
apparatus can be replaced by one set of the personal computer
40. That is, the excellent remote ultrasonic diagnostic system
that does not require any specific hardware and has a large
merit in terms of the cost can be provided.

EMBODIMENT 6

[0098] FIG. 12 is a block diagram schematically showing
an example of a configuration of a remote ultrasonic diagnos-
tic system according to Embodiment 6 of the present inven-
tion. The received ultrasonic signal is subjected to delay
synthesis at the ultrasonic wave transmission/reception por-
tion 12, then is subjected to a filtering process by the image
generation portion 18, and then is converted into ultrasonic
image data in a number of sets of data that is optimized for
scan conversion. The ultrasonic image data that is subjected
to the filtering process by the image generation portion 18 is
input into a personal computer 41 in which the function of
connecting to the communication line 30 is carried out by the
software (the communication line interface, the scan convert-
ing means and the displaying means of the subject-side appa-
ratus), and is transmitted to the communication line (network)
30 such as an internet and a LAN.
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[0099] Ifthe scan converter function also is carried out by a
software in the personal computer 41 at the same time, a
screen of the personal computer 41 on the subject side can
display a real-time ultrasonic dynamic image that is the same
as the ultrasonic image displayed on the personal computer
40 as the hospital-side apparatus, thereby enabling to provide
the excellent remote ultrasonic diagnostic system that enables
(an operator on) the subject side and (a medical doctor on) the
hospital side to share diagnostic information.

EMBODIMENT 7

[0100] FIG. 13 is a block diagram schematically showing
an example of a configuration of a remote ultrasonic diagnos-
tic system according to Embodiment 7 of the present inven-
tion. This embodiment includes a configuration of combining
Embodiment 1 shown in FIG. 1 and Embodiment 5 shown in
FIG. 7. An image formation portion 28 in a hospital-side
apparatus 20F includes a scan converter for converting the
number of scanning lines of an ultrasonic image data of a
transmitted frame. Specific actions ofthe cine memory 15 and
the scan converter are as described above in the respective
embodiments. The ultrasonic image data of the frame that is
retransmitted from the cine memory 15 is processed similarly
to the above-described case of using the scan converter.

[0101] In addition, the subject-side apparatuses and the
hospital-side apparatuses that respectively are described in
the above embodiments may be used in any combinations.
Moreover, the communication line (network) may be a spe-
cific LAN in the hospital, or may be connected to an internet
network by a general TCP/IP protocol. Needless to say, the
image data can be relayed intermediately by a server function,
and, if a plurality of the hospital-side apparatuses are con-
nected thereto, many medical doctors can perform diagnoses
at the same time, an moreover, the examiner-side apparatuses
can achieve the same remote diagnoses even when they are
located physically apart from each other. Whereas, if the
subject-side apparatus and the hospital-side apparatus are
connected directly by one-to-one by, for example, a cross
cable for Ethernet (registered trademark), a similar effect can
be obtained. Moreover, a further effect can be obtained, by
recording a video image as the image data to be recorded in
the cine memory, or adding an image compression and image
elongation function such as an MPEG to each apparatus.

[0102] In addition, in each embodiment of the present
invention, the remote ultrasonic diagnostic system was exem-
plified for explanation, however, the present invention also
can be applied to other imaging devices for medical applica-
tion (for example, X-ray CT scanners, magnetic resonance
imaging (MRI) apparatuses and nuclear magnetic diagnostic
apparatuses).

INDUSTRIAL APPLICABILITY

[0103] The remote ultrasonic diagnostic system of the
present invention has an advantage of displaying an ultrasonic
image with sufficiently suppressed degradation of an image
quality compared with the image quality ofan original image,
even at a low data rate of a communication line, when an
examiner performs a diagnosis with respect to a subject in a
remote location via the communication line. Thus, the remote
ultrasonic diagnostic system of the present invention can be
applied usefully to a network system between aninside and an
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outside of a hospital, an inter-hospital network system and the
like that enable many medical doctors to perform diagnoses at
the same time.

1. A remote ultrasonic diagnostic subject-side apparatus
that is used in a remote ultrasonic diagnostic system, com-
prising: an examiner-side apparatus by which an examiner
performs a diagnosis with respect to a subject in a remote
location via a communication line by using an ultrasonic
image; and the subject-side apparatus on the subject side,

the subject-side apparatus comprising:

an ultrasonic wave transmission/reception portion for
transmitting an ultrasonic echo that is generated from an
electroacoustic converting means driven by a transmis-
sion pulse, and receiving an ultrasonic echo reflected by
an inside of the subject;

an image generation portion for generating ultrasonic
image data from an ultrasonic signal that is received by
the ultrasonic wave transmission/reception portion;

acine memniory for sequentially storing the ultrasonic signal
that is received by the ultrasonic wave transmission/
reception portion per each frame; and

a communication line interface for reproducing, from the
cine memory, the frame that is requested to be retrans-
mitted by the examiner-side apparatus after freezing,
and retransmitting the frame to the examiner-side appa-
ratus via the communication line.

2. A remote ultrasonic diagnostic examiner-side apparatus
that is used in a remote ultrasonic diagnostic system, com-
prising: an examiner-side apparatus by which an examiner
performs a diagnosis with respect to a subject in a remote
location via a communication line by using an ultrasonic
image; and the subject-side apparatus on the subject side,

the examiner-side apparatus comprising:

a communication line interface for requesting a communi-
cation line interface of the subject-side apparatus to
retransmit a frame to be reproduced so as to retransmit
the frame via the communication line, every time after
freezing when moving a pointer for designating the
frame to be reproduced from a cine memory that sequen-
tially stores an ultrasonic signal received by an ultra-
sonic wave transmission/reception portion of the sub-
ject-side apparatus per each frame;

an image formation portion for forming an ultrasonic
image of the retransmitted frame; and

a displaying means for displaying the ultrasonic image that
is formed by the image formation portion.

3. A remote ultrasonic diagnostic system in which the
remote ultrasonic diagnostic subject-side apparatus accord-
ing to claim 1 and a remote ultrasonic diagnostic examiner-
side apparatus are connected via a communication lines, the
remote ultrasonic diagnostic examiner-side apparatus com-
prising:

a communication line interface for requesting a communi-
cation line interface of the subject-side apparatus to
retransmit a frame to be reproduced so as to retransmit
the frame via the communication line every time after
freezing when moving a pointer for designating the
frame to be reproduced from a cine memory that sequen-
tially stores an ultrasonic signal received by an ultra-
sonic wave transmission/reception portion of the sub-
ject-side apparatus per each frame;

an image formation portion for forming an ultrasonic
image of the retransmitted frame; and
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adisplaying means for displaying the ultrasonic image that
1’s formed by the image formation portion.

4. The remote ultrasonic diagnostic system according to
claim 3, wherein

the communication line interface of the subject-side appa-
ratus retransmits at least a part of all frames that are
accumulated in the cine memory of the subject-side
apparatus to the examiner-side apparatus in a back-
ground, after freezing, and

the examiner-side apparatus comprises the cine memory
for storing an ultrasonic image of the frame that is
retransmitted after the freezing.

5. The remote ultrasonic diagnostic system according to
claim 3, wherein the subject-side apparatus comprises a dis-
playing means for displaying an ultrasonic image that is
retransmitted to the examiner-side apparatus.

6. A remote ultrasonic diagnostic subject-side apparatus
that is used in a remote ultrasonic diagnostic system, com-
prising: an examiner-side apparatus by which an examiner
performs a diagnosis with respect to a subject in a remote
location via a communication line by using an ultrasonic
image; and the subject-side apparatus on the subject side,

the subject-side apparatus comprising:

an ultrasonic wave transmission/reception portion for
transmitting an ultrasonic echo that is generated from an
electroacoustic converting means driven by a transmis-
sion pulse, and receiving an ultrasonic echo reflected by
an inside of the subject;

an image generation portion for generating ultrasonic
image data from an ultrasonic signal that is received by
the ultrasonic wave transmission/reception portion;

acinememory for sequentially storing the ultrasonic signal
that is received by the ultrasonic wave transmission/
reception portion per each frame;

adisplaying means for reproducing, from the cine memory,
the frame that is requested to be retransmitted in the
subject-side apparatus after freezing, and displaying the
frame as an ultrasonic image; and

a communication line interface for retransmitting the
framethat corresponds to the ultrasonic image displayed
on the displaying means to the examiner-side apparatus
via the communication line.

7. A remote ultrasonic diagnostic examiner-side apparatus
that is used in a remote ultrasonic diagnostic system, com-
prising: an examiner-side apparatus by which an examiner
performs a diagnosis with respect to a subject in a remote
location via a communication line by using an ultrasonic
image; and the subject-side apparatus on the subject side,

the examiner-side apparatus comprising:

acommunication line interface for receiving a frame that is
retransmitted from acommunication line interface of the
subject-side apparatus via the communication line, after
freezing;

an image formation portion for forming an ultrasonic
image of the retransmitted frame; and

adisplaying means for displaying the ultrasonic image that
is formed by the image formation portion.

8. A remote ultrasonic diagnostic system in which the
remote ultrasonic diagnostic subject-side apparatus accord-
ing to claim 6 and a remote ultrasonic diagnostic examiner-
side apparatus are connected via a communication line, the

Oct. 9, 2008

remote ultrasonic diagnostic examiner-side apparatus com-
prising:

acommunication line interface for receiving a frame that is
retransmitted from a communication line interface of the
subject-side apparatus via the communication line after
freezing;

an image formation portion for forming an ultrasonic
image of the retransmitted frame; and

a displaying means for displaying the ultrasonic image that
is formed by the image formation portion.

9-13. (canceled)

14. A remote ultrasonic diagnostic subject-side apparatus
that is used in a remote ultrasonic diagnostic system, com-
prising: an examiner-side apparatus by which an examiner
performs a diagnosis with respect to a subject in a remote
location via a communication line by using an ultrasonic
image; and the subject-side apparatus on the subject side,

the subject-side apparatus comprising:

an ultrasonic wave transmission/reception portion for
transmitting an ultrasonic echo that is generated from an
electroacoustic converting means driven by a transmis-
sion pulse, and receiving an ultrasonic echo by being
reflected by an inside of the subject;

an image generation portion for generating ultrasonic
image data by performing a filtering process with
respect to an ultrasonic signal that is received by the
ultrasonic wave transmission/reception portion;

acine memory for sequentially storing the ultrasonic signal
that is received by the ultrasonic wave transmission/
reception portion per each frame; and

a communication line interface for reproducing, from the
cine memory, the frame that is requested to be retrans-
mitted by the examiner-side apparatus after freezing,
and retransmitting the frame to the examiner-side appa-
ratus via the communication line.

15. A remote ultrasonic diagnostic examiner-side appara-
tus that is used in a remote ultrasonic diagnostic system,
comprising: an examiner-side apparatus by which an exam-
iner performs a diagnosis with respect to a subject in a remote
location via a communication line by using an ultrasonic
image; and the subject-side apparatus on the subject side,

the examiner-side apparatus comprising:

a communication line interface for requesting a communi-
cation line interface of the subject-side apparatus to
retransmit a frame to be reproduced and retransmitting
the frame via the communication line, every time after
freezing when moving a pointer for designating the
frame to be reproduced from a cine memory that sequen-
tially stores an ultrasonic signal received by an ultra-
sonic wave transmission/reception portion of the sub-
ject-side apparatus per each frame;

an image formation portion that comprises a scan convert-
ing means for converting the number of scanning lines of
an ultrasonic image data of the retransmitted frame, and
forms an ultrasonic image by the scan converting means;
and

a displaying means for displaying the ultrasonic image that
1s formed by the image formation portion.

16. A remote ultrasonic diagnostic system in which the
remote ultrasonic diagnostic subject-side apparatus accord-
ing to claim 14 and a remote ultrasonic diagnostic examiner-
side apparatus are connected via a communication line, the
remote ultrasonic diagnostic examiner-side apparatus com-
prising:
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a communication line interface for requesting a communi-
cation line interface of the subject-side apparatus to
retransmit a frame to be reproduced and retransmitting
the frame via the communication line, every time after
freezing when moving a pointer for designating the
frameto be reproduced from a cine memory that sequen-
tially stores an ultrasonic signal received by an ultra-
sonic wave transmission/reception portion of the sub-
ject-side apparatus per each frame;
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an image formation portion that comprises a scan convert-
ing means for converting the number of scanning lines of
an ultrasonic image data of the retransmitted frame, and
forms an ultrasonic image by the scan converting means;
and

a displaying means for displaying the ultrasonic image that
is formed by the image formation portion.
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