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ULTRASONIC DIAGNOSTIC APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic diag-
nostic apparatus, and more particularly to a scan converter
module that converts a received frame data sequence to a
display frame data sequence.

BACKGROUND ART

[0002] Ultrasonic diagnostic apparatuses are apparatuses
configured to display an ultrasonic image through transmis-
sion and reception of ultrasound to and from a living organ-
ism. More specifically, with electronic scanning of ultrasonic
beams, received frame data formed of a plurality of beam data
items is generated. The individual beam data item is subjected
to detection processing, logarithmic transformation, re-sam-
pling (decimation) processing, and other processing. The
received frame data (a plurality of beam data items) having
been subjected to such processing is converted into display
frame data (a plurality of line data items) by a scan converter
module. The display frame data is then subjected to display
processing by means of a video processor, and the display
frame data which has been processed is displayed as an ultra-
sonic image on a display device. In the ultrasonic diagnostic
apparatus disclosed in Patent Document 1, a re-sampler is
provided upstream of the scan converter.

PRIOR ART DOCUMENT

Patent Document

[0003] Patent Document 1: JP 2000-139910 A

DISCLOSURE OF THE INVENTION

Technical Problems

[0004] While CRTs were conventionally used as a display
device provided in ultrasonic diagnostic apparatuses, they
have been recently replaced with flat panel displays such as
liquid crystal display devices. These display devices include
pixels in the vertical and horizontal directions in numbers that
are physically determined, and therefore have a specific dis-
play resolution, such as 1024x768 pixels (eXtended Graphics
Array), 1280x1024 pixels (Super-XGA), and 1600x1200
pixels (Ultra-XGA). Each display device includes therein an
adjusting circuit for making input display frame data conform
to the display resolution specific to the display device. Spe-
cifically, if the resolution of the input display frame data does
not correspond to the display resolution specific to the display
device, the adjusting circuit provided in the display device
executes processing for making the resolution of the input
display frame data conform to the display resolution specific
to the display device. More accurately, the adjusting process-
ing refers to processing for making the numbers of pixels in
the horizontal and vertical directions correspond to the num-
bers of pixels in the horizontal and vertical directions specific
to the display device.

[0005] In conventional ultrasonic diagnostic apparatuses,
re-sampling processing for making the resolutions of indi-
vidual beam data correspond to a predetermined resolution is
executed before the scan converting processing. The scan
converter receives input of a data sequence having been sub-
jected to such re-sampling processing and generates display
frame data having a predetermined resolution irrespective of
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a display device which is connected. When a display device
having a higher resolution than that of the apparatus body is
connected to the apparatus, for example, the resolution of the
display frame data is converted to a higher resolution in a
post-event manner at a subsequent stage ofthe scan converter.
This structure, however, raises a problem that the image qual-
ity of an ultrasonic image is degraded. Here, if the display
frame data is generated with the resolution thereof being
adjusted to the highest display resolution, ex-post decimation
and other processing must be executed in cases of a certain
specific display resolution of a display device, which leads to
aproblem that efficiency of the scan converting processing is
reduced and also the decimation processing affects the image
quality.

[0006] Similarly, when zoom processing, in which the
number of pixels is increased in a post event manner, is
executed with respect to the display frame data, a problem of
the image quality deterioration arises as in the above case.

[0007] The present invention is aimed at realizing scan
converting processing which can result in improvement in
quality of an ultrasonic image, or at realizing adaptive scan
converting processing adapted to various conditions such as a
display resolution of a display device. Alternatively, the
present invention is aimed at enabling construction of display
frame data with the maximum use of obtained information.

Solution to Problems

[0008] Theultrasonic diagnostic apparatus according to the
present invention is characterized by including a scan con-
verter module that executes conversion processing of convert-
ing received frame data obtained by transmitting and receiv-
ing ultrasound into display frame data; a display device that
displays the display frame data as an ultrasonic image; and a
control unit that controls the conversion processing executed
by the scan converter module based on a specific display
resolution of the display device.

[0009] With the above structure, in the scan converter mod-
ule, adaptive conversion processing (scan converting process-
ing) in accordance with a specific display resolution (the
number of vertical and horizontal pixels, in general) of the
display device is executed. Preferably, display frame data
having the number of pixels conforming to the specific dis-
play resolution is generated. If a display device is replaced
and therefore the specific display resolution is changed, the
content of the conversion processing is also changed accord-
ingly. As this structure basically eliminates the need to adjust
the number of pixels after the scan converting processing, the
problem of deterioration of the image quality caused by ex-
post addition of the number of pixels can be solved, and the
problem of a reduction in the conversion efficiency caused by
ex-post reduction (decimation) of the number of pixels can
also be solved.

[0010] It is preferable that the scan converter module is
substantially implemented as a function of software except
for a portion corresponding to a storage device. In this case,
the function may be implemented by a dedicated processor or
by a main processor. When the scan converter module is
constructed by software, it is possible to cause the scan con-
verter module to execute the same program a plurality of
times in parallel, to thereby apparently execute a plurality of
scan converting processes simultaneously. In this case, it is
possible to generate a plurality of different types of display
frame data from the same received frame data in real time.
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[0011] Preferably, beam data output from a receiving beam
former is input directly to the scan converter module without
being subjected to re-sampling processing, which is decima-
tion processing. With such full data transfer, it is possible to
make use of more information obtained from within a living
organism for forming an image, so that the image quality of
the ultrasonic image can be enhanced.

[0012] Preferably, the control unit controls the conversion
processing in the scan converter module based on the specific
display resolution of the display device and the display mag-
nification of the ultrasonic image. Information indicating the
specific display resolution may be automatically obtained
from the display device itself. In this case, EDID (Extended
Display Identification Data) which specifies the specific dis-
play resolution may be obtained from the display device.
Alternatively, the specific display resolution may be regis-
tered by the user. By considering the display magnification as
well, it is possible to execute, during the scan converting
processing, zoom processing (enlargement and reduction of
an image) simultaneously, so that the problems of deteriora-
tion of the image quality and reduction in the efficiency
caused by ex-post adjustment performed after the scan con-
version can be avoided. The scan converter module may fur-
ther execute image segmentation.

[0013] Preferably, the scan converter module includes an
address generating unit that sequentially generates a display
address in accordance with the specific display resolution; an
address conversion unit that generates an address set from the
display addresses by using an address conversion table cre-
ated in accordance with the specific display resolution and the
display magnification; an interpolation unit that extracts a
data set designated by the address set from the received frame
data and generates interpolation data according to an interpo-
lation operation by using the data set; and a memory config-
ured to construct the display frame data and store the inter-
polation data at a memory address corresponding to the
display address. With this structure, an address set (a plurality
of received point addresses) corresponding to a display
address is generated, a plurality of data sections specified by
the address set are extracted from the received frame data, and
pixel values corresponding to the display address (interpola-
tion data) are generated by using the interpolation operation
in which the extracted data is used. When the specific display
resolution or the display magnification is changed, the
address conversion table conforming to the new specific dis-
play resolution or display magnification is selected or gener-
ated, and interpolation processing is executed while using the
address conversion table. A necessary address conversion
calculation may be executed immediately in each case.
[0014] Preferably, the control unit obtains information
indicating the specific display resolution from the display
device. For example, such information is automatically
obtained upon connecting the display device to the apparatus
body. Alternatively, such information is automatically
obtained when powering on the apparatus or connecting a
display device cable. The information may be registered
manually rather than obtained automatically.

[0015] Preferably, the above ultrasonic diagnostic appara-
tus further includes a receiving beam former that sequentially
outputs beam data items forming the received frame data
according to phase alignment and summation processing with
respect to a plurality of receiving signals obtained by trans-
mitting and receiving the ultrasound, and each of the beam
data items is formed as an echo data sequence in accordance
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with a diagnostic range and the echo data sequence output
from the receiving beam former is input to the scan converter
module without being subjected to re-sampling processing.
With this structure, it is possible to transmit all of the obtained
data to the scan converter module without being unnecessar-
ily decimated. However, a part of the data may be deleted
from a different viewpoint such as limitation to the display
area, noise processing, and so on.

[0016] Preferably, the scan converter module converts a
received frame rate corresponding to a transmitting/receiving
frame rate to a predetermined display frame rate. With this
structure, frame rate conversion is performed simultaneously
with address conversion.

[0017] Preferably, the scan converter module executes n
conversion processes for generating n types (where 1 is an
integer which is 2 or greater) of display frame data from the
received frame data. With this structure, n types of display
frame data is generated from the same received frame data by
n conversion processes. With the use of a single scan con-
verter module in a multiple manner or in a repeated manner,
it is possible to generate a plurality of images to be displayed
on the same screen in real time, for example, or to generate a
plurality of images to be displayed on a plurality of display
devices in real time. In the latter case, preferably, information
indicating the specific display resolution is obtained for each
display device so that images having resolutions conforming
to the individual display devices are generated.

[0018] Preferably, the scan converter module generates the
n types of display frame data on a storage region within one
period of the display frame rate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] [FIG. 1] Block diagram illustrating an ultrasonic
diagnostic apparatus according to a preferred embodiment of
the present invention.

[0020] [FIG. 2] View illustrating a relationship between a
beam data array and a pixel matrix having a low resolution.
[0021] [FIG. 3] View illustrating a relationship between a
beam data array and a pixel matrix having an intermediate
resolution.

[0022] [FIG. 4] View illustrating a relationship between a
beam data array and a pixel matrix having a high resolution.
[0023] [FIG. 5] Block diagram illustrating an ultrasonic
diagnostic apparatus according to another embodiment of the
present invention.

[0024] [FIG. 6] View for explaining zoom processing and a
plurality of conversion processes.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0025] Preferred embodiments of the present invention will
be described with reference to the drawings.

[0026] FIG. 1illustrates an ultrasonic diagnostic apparatus
according to a preferred embodiment of the present invention
in a block diagram which illustrates the overall structure of
the ultrasonic diagnostic apparatus. This ultrasonic diagnos-
tic apparatus is used in the medical field, and forms an ultra-
sonic image through transmission and reception ofultrasound
to and from a living organism.

[0027] Referring to FIG. 1, aprobe 10 is a wave transmitter/
receiver that performs transmission and reception of ultra-
sound. The probe 10 is connected to an apparatus body via a
probe cable. The probe 10 includes a 1D array transducer
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which is composed of a plurality of transducer elements
arranged in a straight line, for example. An ultrasonic beam
12 is formed by the array transducer as described above, and
a beam scanning plane 14, which is a two dimensional echo
data capturing region, is formed by electronically scanning
the ultrasonic beam 12. It is also possible to provide a 2D
array transducer on the probe 10.

[0028] A transmitter/receiver unit 16 is formed of a trans-
mitting beam former and a receiving beam former. Atthe time
of transmission, the transmitter/receiver unit 16 supplies a
plurality of transmitting signals to the array transducer,
thereby forming a transmitting beam. At the time of recep-
tion, a reflected wave from within the living organism is
received by the array transducer, which generates a plurality
of receiving signals which are then output from the array
transducer to the transmitter/receiver unit 16. The transmitter/
receiver unit 16 executes phase alignment and summation
processing with respect to the plurality of receiving signals
and outputs the receiving signals (beam data) having been
subjected to phase alignment and summation. The beam data
is an RF signal and may form a complex signal. In the draw-
ing, a broken line between the probe 10 and the transmitter/
receiver 16 indicates a connection section with the apparatus
body.

[0029] Inthe present embodiment, a signal processing unit
18 executes signal processing for forming a B-mode image,
whichincludes detection processing, logarithmic transforma-
tion, and other processing, with respect to the beam data. In
the present embodiment, re-sampling processing is not
executed, and all the beam data output from the transmitter/
receiver 16 is basically transmitted to a frame memory 24. A
cine memory 20 has a structure of a ring buffer and sequen-
tially stores each beam data input in the order of time
sequence. After freeze, each beam data read from the cine
memory 20 as required is output to the frame memory 24.
[0030] In FIG. 1, reference numeral 22 refers to a scan
converter module, which is implemented substantially as a
function of software except for a portion corresponding to a
storage device. In the present embodiment, each of the pro-
cesses in the downstream stages with respect to the transmit-
ter/receiver unit 16 is implemented by the function of soft-
ware. Each process may be executed by a processor dedicated
to the process or may be executed by a central processor.
[0031] As illustrated in FIG. 1, according to the present
embodiment, the scan converter module 22 includes a frame
memory (first frame memory) 24, an interpolator 26, a frame
memory (second frame memory) 28, and so on. The frame
memory 24 includes a memory space corresponding to trans-
mitting and receiving wave coordinates, and received frame
data is stored in the frame memory 24. One received frame
data is composed of a plurality of beam data items, and each
beam data item is composed of a plurality of echo data ele-
ments arranged in the depth direction. One received frame
data corresponds to the beam scan plane 14. On the other
hand, the frame memory 28 includes a memory space corre-
sponding to display coordinates, and display framed data is
stored on the frame memory 28. As will be described below,
interpolation data is generated as a pixel value for each of the
individual display addresses (display pixel locations), and the
interpolation data is stored at a memory address correspond-
ing to the display address on the frame memory 28. Such
processing is executed in a repeated manner for each display
address, and one display frame data is finally constructed on
the frame memory 28.

Mar. 19, 2015

[0032] Inorder to perform the interpolation data generation
processing described above, the scan converter module 22
includes an address converter 30, a memory 32 storing con-
version tables, and a display address generator 34. A specific
conversion table designated by a control unit 36 is read from
among the conversion tables stored in the memory 32 and is
then supplied to the address converter 30 which is formed as
amemory and so on. The display address generator 34 func-
tions as a counter which sequentially generates the first to the
final numbered display address. Receiving the display
address (noted display address) from the display address gen-
erator 34, the address converter 30 generates an address set by
using the conversion table stored therein and outputs the
generated address set to the frame memory 24. It is also
possible to calculate and obtain an address set which is nec-
essary in each case.

[0033] In the present embodiment, the address set desig-
nates real data addresses at four neighboring points about the
noted display address. Thus, four echo data sections neces-
sary for the interpolation processing are output from the
frame memory 24 to the interpolator 26. The interpolator 26
executes weighted summation processing (interpolation pro-
cessing) based on these four echo data sections to thereby
generate interpolation data. The interpolation data is then
stored at a memory address corresponding to the noted dis-
play address on the frame memory 28. Here, a weighted data
set has been supplied from the address converter 30 to the
interpolator 26, which executes the interpolation processing
by using the weighted data set. The weighted data set also
constitutes the content of the conversion table.

[0034] InFIG. 1, as the probe 10 executes electronic sector
scan, the display addresses have been converted to the trans-
mitting/receiving wave addresses in accordance with the
coordinate system corresponding to the electronic sector
scan, accordingly. In FIG. 1, for the purpose of explaining the
invention, the display address is specified as x and y and the
transmitting/receiving wave address is specified as r and 0.
[0035] The conversion tables stored in the memory 32 cor-
respond to the specifications of a plurality of display devices
which can be connected with this ultrasonic diagnostic appa-
ratus body. In other words, a plurality of conversion tables are
provided corresponding to a plurality of types of display
resolutions. As will be described below, the control unit 36,
referring to display device specification data (EDID) read
from the display device 40, specifies a specific display reso-
lution of the display device 40, and also specifies the scan
method in accordance with probe type information read from
the probe 10, so as to specify, based on the information thus
read, the conversion table to be used in the current situation
from among the conversion tables 32. In the present embodi-
ment, the conversion tables corresponding to electronic sec-
tor scan are stored in the memory 32. Conversion tables
corresponding to electronic linear scan may additionally be
stored therein. Alternatively, conversion tables may be pro-
vided in accordance with the types of the probe. The control
unit 36 supplies information necessary for generating the
display address to the display address generator 34. More
specifically, the control unit 36 transmits information for
specifying the display pixel matrix to the display address
generator 34.

[0036] A display processing unit38, which is provided with
an image combining function, a color computation function,
and so on, applies necessary processing to the input display
frame data and transmits the processed data to the display



US 2015/0080728 A1l

device 40. In the present embodiment, the display device 40 is
formed of an electronic display device such as an LCD, and a
B-mode image (two dimensional tomographic image) which
is based on the display frame data is displayed on a display
screen of the display device 40.

[0037] Inthe present embodiment, at the time of starting up
the apparatus, at the time of connecting the display device 40,
and other necessary times, the display device specification
data, i.e. EDID, is read from the storage unit within the
display device 40 and the control unit 36 refers to the data thus
read. A broken line between the display processing unit 38
and the display device 40 indicates a cable connection sec-
tion. However, in place of reading such information from the
display device 40, a user may manually register the specific
display resolution of the display device in the apparatus.
[0038] With the structure illustrated in FIG. 1, in which
during the scan converting processing, i.e. conversion pro-
cessing, necessary pixel data can be generated in consider-
ation of the specific display resolution of the display device,
i.e. conversion processing adapted to the display device 40
can be performed in the scan converter module 22, it is not
necessary to perform addition or decimation of data after the
conversion processing, so that an advantage that the image
quality can be enhanced and also excessive conversion pro-
cessing can be prevented can be obtained. As the scan con-
verter module 22 of the present embodiment is also provided
with a function of converting the transmitted/received frame
rate to the display frame rate, it is not necessary to perform
conversion of the frame rate and conversion of the resolution
downstream of the scan converter module 22. On the other
hand, all the echo data sequences constituting the beam data
thatare output from the receiving beam former are input to the
scan converter module 22, i.e. as the re-sampling processing
as conventionally performed is not performed in midstream,
an advantage that it is possible to construct display frame data
by making the most of the received information obtained
from within the living organism can be obtained.

[0039] While FIG. 1 illustrates the processing concerning a
B-mode image, it is possible to apply the scan conversion
processing described above to other types of images such as a
two-dimensional blood stream image, a harmonic image, and
SO on.

[0040] With reference to FIGS. 2 to 4, a specific example of
the scan converting processing illustrated in FIG. 1 will be
described. FIG. 2 illustrates a relationship between the beam
data array and a pixel matrix having a low resolution. The
beam data array is composed of a plurality of beam data items
44, each of which is composed of a plurality of echo data
sections arranged in the depth direction. The pixel matrix 46
is an arrangement of pixels, i.e., a pixel array on the display
screen, in which each intersection corresponds to a pixel. In
FIG. 2, a white circle represents echo data and a black circle
represents a noted pixel on the pixel matrix, which corre-
sponds to the noted display address described above. FIG. 3
illustrates a relationship between the beam data array and a
pixel matrix 48 having an intermediate resolution, and FIG. 4
illustrates a relationship between the beam data array and a
pixel matrix 50 having a high resolution.

[0041] According to the present embodiment, the beam
data output from the receiving beam former is directly input
to the scan converter module. On the other hand, during the
scan converting processing, conversion processing in accor-
dance with the specific display resolution of a display device
is executed. While, conventionally, conformation to the dis-
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play resolution of the display device has been performed in a
downstream stage of the scan converting processing, in the
present embodiment, processing for conforming to the reso-
lution can be performed simultaneously with the originally-
intended scan converting processing.

[0042] As has been described with reference to FIG. 1, four
echo data items existing in the vicinity of the noted display
address are specified, and with weighted summation based on
the four specified echo data sections, interpolation data is
generated. As the interpolation conditions vary in accordance
with the resolution of a display device, the conversion table to
be used is switched in accordance with the specific resolution
of the display device, as described above.

[0043] FIG. 5 illustrates, as a block diagram, a structure of
an ultrasonic diagnostic apparatus according to another
embodiment. Elements similar to those illustrated in FIG. 1
are denoted by the same reference numerals and description
thereof will be omitted.

[0044] In the embodiment illustrated in FIG. 5, the control
unit 36, in accordance with the probe type, specification of the
display device (EDID), and display conditions, calculates and
generates a conversion table at a necessary timing, and sup-
plies the conversion table, which is a result of the calculation,
to the address converter 30. In this embodiment, the display
conditions are identified based on the input to the operation
panel 42. The display conditions include a magnification,
which is determined by the user based on the zoom designa-
tion. When the user sets a region of interest or a display area,
information concerning the display size will also be consid-
ered.

[0045] In accordance with the information described
above, in order to allow the display frame data to be output
directly to the display device after the scan converting pro-
cessing, i.e. in order to eliminate the need for changing the
data sequence after the scan converting processing, the pro-
cessing for conforming to the display resolution, and also the
zoom processing, are executed simultaneously with the scan
converting processing. Segmentation processing with respect
to a display portion may also be performed.

[0046] The operation of the scan converter module 22 illus-
trated in FIG. 5 will be described with reference to FIG. 6.

[0047] FIG. 6(A)illustrates a display screen 100 in which a
B-mode image 106 is displayed. Here, reference numeral 108
indicates a pixel matrix in accordance with the display reso-
lution specific to the display device in an exaggerated manner,
in which, however, only a portion of the whole pixel matrix is
indicated for simplification of the drawing.

[0048] In such a B-mode image 106, a region of interest
(ROI) 110 is designated by the user. Here, the designation
refers to specification of a zoom target. A result of the zoom
processing is illustrated in FIG. 6(B). A zoomed image 112 is
displayed on a display image 102. As the image is displayed
on the same display device, the pixel matrix 108 in this case
is the same as that illustrated in FIG. 6(A). In the present
embodiment, such zoom processing is executed in the scan
converter module. In other words, by operating on the content
of the conversion table, the zoom processing is executed
simultaneously with the scan converting processing.

[0049] FIG. 6(C) illustrates a reduced image 104 and a
zoomed image 106 displayed on a display screen 103. The
reduced image 104 corresponds to an image obtained by
reducing the size of the B-mode image 106, and the zoomed
image 106 is an enlarged image representing inside of the
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region of interest 110. In either image, the pixel matrix 108 is
the same as that illustrated in FIG. 6(A).

[0050] In the present embodiment, by actuating the scan
converting process a plurality of times based on the received
frame data, these images 104 and 106 are generated substan-
tially simultaneously. More specifically, a conversion table
for generating the image 104 is used to generate the image
104, and a conversion table for generating the image 106 is
used to generate the image 106. As long as the processing is
completed within one display frame period, it is possible to
generate any number of images. It is further possible to dis-
play these images as motion images in real time. In either
case, with the use of the conversion table which is generated
in consideration of the specific display resolution of the dis-
play device, the probe type, i.e. scan method, and also display
conditions, it is possible to generate desired display frame
data from the received frame data. Further, as, in the present
embodiment, the scan converter module is substantially
implemented as a function of software, it is possible to gen-
erate a plurality of images in real time by executing a single
program a plurality of times to thereby execute a plurality of
processes in parallel.

[0051] Itis also possible to apply the similar processing to
the received frame data read from the cine memory 20. As the
cine memory 20 is provided upstream with respect to the scan
converter module 22, i.e. as raw received frame data is stored
in the cine memory 20, it is possible to process the received
frame data read from the cine memory 20 as desired and
display the processed data on the screen.

1-8. (canceled)

9. An ultrasonic diagnostic apparatus comprising;

a scan converter module that executes conversion process-
ing of converting received frame data obtained by trans-
mitting and receiving ultrasound into display frame
data;

a display device that is connected, via a cable, to an ultra-
sonic diagnostic apparatus body including the scan con-
verter module and displays the display frame data as an
ultrasonic image; and

a control unit that controls the conversion processing
executed by the scan converter module based on a spe-
cific display resolution of the display device connected
to the ultrasonic diagnostic apparatus body,

wherein

the received frame data is formed of a plurality of beam
data items in accordance with a transmitting and receiv-
ing coordinate system;

the display frame data is formed of a plurality of display
line data items in accordance with a display coordinate
system,;

the conversion processing is processing of converting the
received frame data in accordance with the transmitting
and receiving coordinate system to the display frame
data in accordance with the display coordinate system
and the specific display resolution; and

conversion of a coordinate system and conversion of a
resolution is executed simultaneously during the conver-
sion processing in the scan converter module.

10. The ultrasonic diagnostic apparatus according to claim

9, wherein

the control unit controls the conversion processing in the
scan converter module based on the specific display
resolution of the display device and a display magnifi-
cation of the ultrasonic image,
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wherein

the conversion of a coordinate system, the conversion of a
resolution, and zoom processing is executed simulta-
neously during the conversion processing in the scan
converter module.

11. The ultrasonic diagnostic apparatus according to claim

10, wherein

the scan converter module comprises:

an address generating unit that sequentially generates a
display address in accordance with the specific display
resolution;

an address conversion unit that generates an address set
from the display address by using an address conversion
table created in accordance with the specific display
resolution and the display magnification;

an interpolation unit that extracts a data set designated by
the address set from the received frame data and gener-
ates interpolation data according to an interpolation
operation by using the data set; and

a memory configured to construct the display frame data,
the memory storing the interpolation data at a memory
address corresponding to the display address.

12. The ultrasonic diagnostic apparatus according to claim

9, wherein

the control unit obtains information indicating the specific
display resolution from the display device connected to
the ultrasonic diagnostic apparatus body.

13. The ultrasonic diagnostic apparatus according to claim

9, further comprising:

a receiving beam former that sequentially outputs the plu-
rality of beam data items forming the received frame
data according to phase alignment and summation pro-
cessing with respect to a plurality of receiving signals
obtained by transmitting and receiving the ultrasound,

wherein

each of the beam data items is formed as an echo data
sequence in accordance with a diagnostic range, and

the echo data sequence output from the receiving beam
former is input to the scan converter module without
being subjected to re-sampling processing.

14. The ultrasonic diagnostic apparatus according to claim

10, wherein

the scan converter module converts a received frame rate
corresponding to a transmitting/receiving frame rate to a
predetermined display frame rate, and

the conversion of a coordinate system, the conversion of a
resolution, the zoom processing, and conversion of a
frame rate are executed simultaneously during the con-
version processing in the scan converter module.

15. The ultrasonic diagnostic apparatus according to claim

9, wherein

the scan converter module executes n conversion processes
for generating n types (where n is an integer which is 2
or greater) of display frame data from the received frame
data,

each of display frame data items forming the n types of
display frame data is formed of the plurality of display
line dataitems in accordance with the display coordinate
system, and

the conversion of a coordinate system and the conversion
of a resolution are executed simultaneously during each
of the n conversion processes.

16. The ultrasonic diagnostic apparatus according to claim

15, wherein
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the scan converter module generates the n types of display
frame data on a storage region within one period of the
display frame rate.
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