US 20130184582A1

a9 United States

12y Patent Application Publication (o) Pub. No.: US 2013/0184582 A1

KANAYAMA et al. 43) Pub. Date: Jul. 18, 2013
(54) ULTRASONIC DIAGNOSTIC APPARATUS, Publication Classification
MEDICAL IMAGE PROCESSING (51) Int.CL
APPARATUS, AND MEDICAL IMAGE AG6IB 8/00 (2006.01)
PARALLEL DISPLAY METHOD AG6IB 8/14 (2006.01)
(52) US.CL
(71)  Applicants: Yuko KANAYAMA, Nasushiobara-shi CPC ..oovoerre. AG61B 8/463 (2013.01); A61B 8/145
(JP); Naohisa Kamiyama, (2013.01); A61B 8/4488 (2013.01)
Utsunomiya-shi (JP) USPC el 600/440
. . ) ABSTRACT
(72) Inventors: Yuko KANAYAMA, Nasushiobara-shi . . T .
(JP); Naohisa Kamiyama Accor.dlng to one embodlment, an ultrasomc dlagnostlc appa-
° ; . ’ ratus includes an ultrasonic probe, scanning unit, ultrasonic
Utsunomiya-shi (JP) image data generation unit, layout setting unit, and display
unit. The ultrasonic probe includes transducers. The scanning
unit scans an object with an ultrasonic beam via the ultrasonic
(21) Appl. No.: 13/713,452 probe. The ultrasonic image data generation unit generates
data of ultrasonic images based on outputs from the scanning
unit. The layout setting unit sets a specific display layout
(22) Filed: Dec. 13, 2012 based on an aspect ratio of a display frame of the ultrasonic
image or a size of the ultrasonic image and the number of
(30) Foreign Application Priority Data ultrasonic images for simultaneous display. The display unit
displays the ultrasonic images in accordance with the set
Jan. 16,2012 (JP) weceeviiiviniiicccies 2012-006038 display layout.

}‘. N i i iy S 0 N VA S 18 1 N 8 S 8 8 T e e ey
------ - : P :
——— bl A0
Utresonicimage | [, 1 tmage o Dieplay | {28
; date generalion unit coprsining unit FRigh :
Apparaius miin body §2~-+ % ;, » 4 3 3 :
o 18 21 :
EIS Bk

191 memory ;
3 ; )
i I
19 j
e i :
] : 3 t
i i Storage it :
i3 D el tApparatus control program
< ; “psage data |
o . : ' Asigiysis program :
1 Ultrasonio o BEBNRING | L g
probe . 4 uni - ;
RN : bntariane urit i
R fopit 42
i R devios ||
j y :
L § iContral processor v I
: {CPU} 5%
Aspaciratin | il g
P 33 cafouation untt §
E i
: b Layoud . : $
b sating arit |10 Network ;

i 4
i B e PR SO AS SOT ORI |




US 2013/0184582 Al

Jul. 18, 2013 Sheet 1 of 9

Patent Application Publication

- ageid

DHICSERN

o2 Aot iy syatdy

b i 3 e T e e T T BTy
HIOMIBN g jun Bumss ¥

: : okey A

R e it
: e ¢ oiyer wadsy

{ . o)
i : | sossanod paung

: 3 SIOREN ‘
H somep : aniAap SERIOIS [RUIS g
i1 i wsd upesdny O

g soRe

w < jun

; - T Bugeog

; weiBsid andpuy m T

j vepaboug. | 2

: wweaBiud wnuod sreieddy. o 2

: | ity ofemg

i 4 o

M B »w W\v}v.t...\.\1,:..2.!?)\\{4}3\‘;«)‘ p—

w o

e 4 1

: Y R 4 . | P24

gng win B 0 1 mnuogsisuel aEp | :
i fedsig | abeus {1 abew oweseayy

i 1 2 i

: - ; - P

smsedde sisouben suesenn 77

Lol



US 2013/0184582 Al

ULTRASONIC DIAGNOSTIC APPARATUS,
MEDICAL IMAGE PROCESSING
APPARATUS, AND MEDICAL IMAGE
PARALLEL DISPLAY METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from Japanese Patent Application No. 2012-
006038, filed Jan. 16, 2012, the entire contents of which are
incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to
an ultrasonic diagnostic apparatus, medical image processing
apparatus, and medical image parallel display method.

BACKGROUND

[0003] A conventional ultrasonic diagnostic apparatus can
display in real time how the heart beats or the fetus moves, by
simply bringing an ultrasonic probe into contact with body
surfaces. In addition, the ultrasonic diagnostic apparatus is
highly safe as compared with other medical image diagnostic
apparatuses, and hence allows repeated examinations. Fur-
thermore, the ultrasonic diagnostic apparatus is smaller in
size than other medical image diagnostic apparatuses such as
an X-ray diagnostic apparatus, X-ray computed tomography
apparatus, magnetic resonance imaging apparatus, and
nuclear medicine diagnostic apparatus, and hence can be
moved to the bedside to be easily and conveniently used for
examinations. In addition, the ultrasonic diagnostic apparatus
is free from exposure to X-rays and the like, and hence can be
used in obstetric treatment, treatment at home, and the like.

[0004] Recently, with the development of high-frequency
probes and advances in image processing techniques, the
resolutions of ultrasonic diagnostic apparatuses have greatly
improved. With this improvement in resolution, the use of
ultrasonic diagnostic apparatuses has rapidly increased in the
orthopedic field in recent years. For example, in diagnosis in
orthopedic examinations, an ultrasonic diagnostic apparatus
sometimes displays the two ultrasonic images, side by side in
one window, which are generated by scanning the left and
right corresponding regions of an object (for example, the
arms or legs). That is, such an apparatus often displays left
and right corresponding regions of an object side by side in
one window to compare an affected side with a healthy side.
In some cases, the apparatus displays the two ultrasonic
images obtained by imaging a similar position of an affected
region at different angles.

[0005] At this time, the apparatus laterally parallelly dis-
plays the two ultrasonic images on the display screen. When
observing a mammary region and a superficial musculoskel-
etal region, in particular, the operator often turns his/her
attention to a very shallow region with a depth of about 1 cm
to 3 cm from the object surface, as shown in FIG. 8. In this
case, to execute laterally parallel display, it is necessary to
hide left and right end portions of display images by prede-
termined widths so as to fit them in the display areas on the
display screen, as shown in, for example, FIG. 9. In addition,
as shown in FIG. 10, to execute laterally parallel display with
respect to the entire field angle of a scan range, it is necessary
to reduce the ultrasonic images. In any case, nothing is dis-
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played in the lower half region of the display screen. This
raises the problem of ineffective use of the display screen.

[0006] Anultrasonic diagnostic apparatus is set in advance
to display two ultrasonic images on the display screen either
in the laterally parallel display mode or in the vertically
parallel display mode. In order to set a desired parallel display
mode, the operator needs to input information to change the
setting via an input device. If the apparatus allows the opera-
tor to select between the laterally parallel display mode and
the vertically parallel display mode, he/she needs to select
one of the display modes via the input device. In examinations
in ultrasonic diagnosis in orthopedic examination, there are
demands for an ultrasonic diagnostic apparatus which allows
easy operation with a sense of palpation. In the orthopedic
field, there are many operators who are not familiar with the
operation of an ultrasonic diagnostic apparatus. For this rea-
son, there is an increasing need to complete an examination in
ultrasonic diagnosis while avoiding elaborate button opera-
tions as much as possible. There is also an increasing need to
minimize the number of buttons used in an input device. It is
required to make a quick diagnosis in ultrasonic examination
in orthopedic examination. For this reason, the operator often
makes a diagnosis without performing elaborate operations
for making settings for image display. In this case, the opera-
tor sometimes does not change the standard settings for image
display and makes a diagnosis upon displaying the entire
musculoskeletal organ while keeping each display area large.
[0007] As described above, when executing laterally paral-
lel display and vertically parallel display of two ultrasonic
images, the operator needs to execute elaborate button opera-
tions. In addition, although the display area of each ultrasonic
image which is desired by the operator can greatly change in
accordance with the state of an examination, the display area
is not changed and remains the same. Furthermore, the opera-
tion of setting a display area imposes some burden on the
operator.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1isablock diagram showing the arrangement
of an ultrasonic diagnostic apparatus according to the first
embodiment.

[0009] FIG.2isablock diagram showing an example ofthe
arrangement of a scanning unit according to the first embodi-
ment.

[0010] FIG.3is ablock diagram showing an example ofthe
arrangement of a ultrasonic image data generation unit
according to the first embodiment.

[0011] FIG.4isaflowchartshowing a procedure for setting
a specific display layout from a plurality of display layouts
based on the aspect ratio of each generated ultrasonic image
and the number of images to be simultaneously displayed
according to the first embodiment.

[0012] FIG. 5is a view showing an example of display of
two ultrasonic images in a specific display layout according to
the first embodiment.

[0013] FIG. 6 is a view showing an example of the arrange-
ment of an ultrasonic diagnostic apparatus according to the
second embodiment.

[0014] FIG. 7is a flowchart showing a procedure for decid-
ing the display area of each generated ultrasonic image based
on the data of the ultrasonic image and setting a specific
display layout from a plurality of display layouts based on the
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aspect ratio of the decided display area and the number of
images to be simultaneously displayed according to the sec-
ond embodiment.

[0015] FIG. 8 is a view showing an example of a conven-
tional ultrasonic image.

[0016] FIG. 9 is a view showing an example of ultrasonic
images with left and right end portions of the display images
being hidden according to the conventional two image paral-
lel display mode.

[0017] FIG. 10 is a view showing an example of ultrasonic
images reduced to display the entire field angle of a scan
range according to the conventional two image parallel dis-
play mode.

DETAILED DESCRIPTION

[0018] In general, according to one embodiment, an ultra-
sonic diagnostic apparatus includes an ultrasonic probe, a
scanning unit, a ultrasonic image data generation unit, a lay-
out setting unit, and a display unit. The ultrasonic probe
includes a plurality of transducers. The scanning unit scans an
object with an ultrasonic beam via the ultrasonic probe. The
ultrasonic image data generation unit generates data of a
plurality of ultrasonic images based on outputs from the scan-
ning unit. The layout setting unit sets a specific display layout
based on an aspect ratio of a display frame of the ultrasonic
image or a size of the ultrasonic image and the number of
ultrasonic images displayed simultaneously. The display unit
configured to display the ultrasonic images in accordance
with the set display layout.

[0019] An ultrasonic diagnostic apparatus according to this
embodiment will be described below with reference to the
accompanying drawing. Note that the same reference numer-
als denote constituent elements having almost the same
arrangements in the following description, and a repetitive
description will be made only when required.

First Embodiment

[0020] FIG.1is a block diagram showing the arrangement
of an ultrasonic diagnostic apparatus 1 according to the first
embodiment. As shown in FIG. 1, the ultrasonic diagnostic
apparatus 1 includes an ultrasonic probe 11, an apparatus
main body 12, a display unit 21, and an input device 22 which
is connected to the apparatus main body 12 and serves to input
various kinds of instructions, commands, and information
from the operator to the apparatus main body 12. In addition,
a biological signal measurement unit (not shown) typified by
an electrocardiograph, phonocardiograph, sphygmograph, or
respiration sensor and a network may be connected to the
ultrasonic diagnostic apparatus 1 via an interface unit 20.
Note that the ultrasonic diagnostic apparatus 1 may include a
position detection unit (not shown).

[0021] The ultrasonic probe 11 includes a plurality of
piezoelectric transducers, a matching layer, and a backing
member provided on the rear surface side of the plurality of
piezoelectric transducers. The plurality of piezoelectric trans-
ducers are reversible acoustic/electric conversion elements
such as piezoelectric ceramic elements. The plurality of trans-
ducers are juxtaposed and mounted on the distal end of the
ultrasonic probe 11. Note that one piezoelectric transducer
forms one channel.

[0022] Each transducer generates an ultrasonic wave in
response to a driving signal supplied from an ultrasonic trans-
mission unit 131 in a scanning unit 13 (to be described later).
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When the ultrasonic probe 11 transmits an ultrasonic wave to
an object P, the transmitted ultrasonic wave (to be referred to
as the transmission ultrasonic wave hereinafter) is sequen-
tially reflected by a discontinuity surface of acoustic imped-
ance of living tissue in the object. Each piezoelectric trans-
ducer receives the reflected ultrasonic waves and generates an
echo signal. The amplitude of this echo signal depends on an
acoustic impedance difference on the discontinuity surface,
as a boundary, by which the echo signal is reflected. The
frequency of the echo signal produced when a transmission
ultrasonic wave is reflected by a moving blood flow, the
surface of the cardiac wall, or the like is subjected to a fre-
quency shift depending on the velocity component of the
moving body (the blood flow and the surface of the cardiac
wall) in the ultrasonic transmission direction due to the Dop-
pler effect.

[0023] The ultrasonic probe 11 will be described below as
a probe designed to perform two-dimensional scanning with
a one-dimensional array. Note that the ultrasonic probe 11
may be a mechanical four-dimensional probe which executes
three-dimensional scanning by swinging a one-dimensional
array in a direction perpendicular to the array direction of a
plurality of transducers. In addition, the ultrasonic probe 11 is
not limited to a mechanical four-dimensional probe, and it is
possible to use a two-dimensional array probe.

[0024] The matching layer is provided on the ultrasonic
emitting surface side of the plurality of piezoelectric trans-
ducers to improve the efficiency of transmission/reception of
ultrasonic waves to/from the object P. The backing member
prevents ultrasonic waves from propagating backward from
the piezoelectric transducers.

[0025] Note that the ultrasonic probe 11 may include a
position sensor which acquires the position information of the
ultrasonic probe 11 with reference to a predetermined posi-
tion. The predetermined position is, for example, the position
of the apparatus main body 12 of the ultrasonic diagnostic
apparatus 1. Note that the predetermined position may be
adjusted as needed in accordance with an instruction from the
operator via the input device 22 (to be described later). For
example, the position of the ultrasonic probe 11 set when an
input from the input device 22 is received may be defined as
the predetermined position. Note that the predetermined posi-
tion may be the position where the probe comes into contact
with the body surface of the object P for the first time.
[0026] The position detection unit detects the position of
the ultrasonic probe 11 with reference to the predetermined
position and the direction of the ultrasonic probe 11 by using
the probe position information output from the position sen-
sor. More specifically, the position detection unit decides the
position and direction of the ultrasonic probe 11 on an abso-
lute coordinate system with reference to the predetermined
position. The position and direction of the ultrasonic probe 11
on the absolute coordinate system will be collectively
referred to as probe coordinates hereinafter. The position
detection unit outputs probe coordinates to an image genera-
tion unit 143 (to be described later).

[0027] The apparatus main body 12 includes the scanning
unit 13, a ultrasonic image data generation unit 14, an aspect
ratio calculation unit 15, a layout setting unit 16, a cine
memory 17, an image combining unit 18, a storage unit 19, an
interface unit 20, and a control processor (to be referred to as
a CPU (Central Processing Unit) hereinafter) 23.

[0028] FIG. 2 is a view showing an example of the arrange-
ment of the scanning unit 13. The scanning unit 13 includes
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the ultrasonic transmission unit 131 and an ultrasonic recep-
tion unit 132. The ultrasonic transmission unit 131 supplies a
driving signal to each of the plurality of piezoelectric trans-
ducers of the ultrasonic probe 11 under the control of the CPU
23 (to be described later).

[0029] More specifically, the ultrasonic transmission unit
131 includes a pulse generator 131A, a transmission delay
circuit 131B, and a pulser circuit 131C. The pulse generator
131A repeatedly generates rate pulses for the formation of
transmission ultrasonic waves at a predetermined rate fre-
quency fr Hz (period: 1/fr sec). The generated rate pulses are
distributed in number corresponding to a channel count and
sent to the transmission delay circuit 131B.

[0030] The transmission delay circuit 131B gives each rate
pulse a delay time (to be referred to as a transmission delay
time hereinafter) necessary to focus a transmission ultrasonic
wave into a beam and determine transmission directivity for
each of the plurality of channels. The storage unit 19 (to be
described later) stores the transmission direction or transmis-
sion delay time of transmission ultrasonic waves (to be
referred to as a transmission delay pattern hereinafter). The
CPU 23 (to be described later) refers to the transmission delay
pattern stored in the storage unit 19 at the time of transmission
ofultrasonic waves. The pulses circuit 131C applies a voltage
pulse (driving signal) to each of the plurality of transducers of
the ultrasonic probe 11 at the timing based on this rate pulse.
With this operation, an ultrasonic beam is transmitted to the
object P.

[0031] The ultrasonic reception unit 132 includes a pream-
plifier 132A, an A/D (Analog to Digital) converter (not
shown), a reception delay circuit 132B, and an adder 132C.
The preamplifier 132A amplifies an echo signal received
from the object P via the ultrasonic probe 11 for each channel.
The A/D converter converts each amplified echo signal into a
digital signal.

[0032] Thereception delay circuit 132B gives the reception
echo signals converted into digital signals delay times (to be
referred to as reception delay times hereinafter) required to
determine reception directivity. The storage unit 19 (to be
described later) stores the reception direction or reception
delay time of an echo signal (to be referred to as a reception
delay pattern hereinafter). The CPU 23 (to be described later)
refers to the reception delay pattern stored in the storage unit
19 at the time of reception of ultrasonic waves. The adder
132C adds a plurality of echo signals given the delay times.
With this addition, the ultrasonic reception unit 132 generates
a reception signal (to be also referred to as an RF (radiofre-
quency) signal) with a reflection component from a direction
corresponding to the reception directivity being enhanced.
The transmission directivity and the reception directivity
determine the comprehensive directivity of ultrasonic trans-
mission/reception. This comprehensive directivity deter-
mines an ultrasonic beam (so-called “ultrasonic scanning
line™).

[0033] FIG. 3 is ablock diagram showing an example of the
arrangement of the ultrasonic image data generation unit 14.
The ultrasonic image data generation unit 14 includes a
B-mode processing unit 141, a Doppler processing unit 142,
and the image generation unit 143. The ultrasonic image data
generation unit 14 generates ultrasonic image data. Ultra-
sonic image data includes raw data (to be described later). The
ultrasonic image data is described later.

[0034] The B-mode processing unit 141 includes an enve-
lope detector and a logarithmic converter (neither of which is
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shown). The envelope detector performs envelope detection
of'the reception signal output from the scanning unit 13. The
envelope detector outputs the envelope-detected signal to the
logarithmic converter (to be described later). The logarithmic
converter relatively enhances a weak signal by logarithmi-
cally converting the envelope-detected signal. The B-mode
processing unit 141 generates a signal value (B-mode data)
for each depth on each scanning line or in each ultrasonic
transmission/reception based on the signal enhanced by the
logarithmic converter.

[0035] If the ultrasonic probe 11 is a mechanical four-
dimensional probe or a two-dimensional array probe, the
B-mode processing unit 141 generates three-dimensional
B-mode data having a plurality of signal values respectively
arranged in the azimuth direction, elevation direction, and
depth direction (to be referred to as the range direction here-
inafter) in a scanned region. The range direction is the depth
direction on a scanning line. The azimuth direction is, for
example, an electronic scanning direction along the array
direction of one-dimensional ultrasonic transducers. The
elevation direction is the mechanical swinging direction of
the one-dimensional ultrasonic transducers.

[0036] Note that three-dimensional B-mode data may be
data obtained by arranging a plurality of pixel values, a plu-
rality of luminance values, or the like in the azimuth direction,
elevation direction, and range direction, respectively, along
scanning lines. In addition, three-dimensional B-mode data
may be data concerning an ROI (Region Of Interest) set in
advance in a scanned region. The B-mode processing unit 141
may generate volume data instead of three-dimensional
B-mode data. The data generated by the B-mode processing
unit 141 will be collectively referred to as B-mode data.
[0037] The Doppler processing unit 142 includes a mixer,
LPF (Low Pass Filter), and velocity/variance/power compu-
tation device (none of which are shown). The mixer multi-
plies the reception signal output from the scanning unit 13 by
a reference signal having a frequency f, equal to the trans-
mission frequency. This multiplication obtains a signal hav-
ing a component with a Doppler shift frequency f, and a
signal having a frequency component of (2f,+f,). The LPF
removes a signal of a high-frequency component (2f,+f,)
from a signal having two types of frequency components
from the mixer. By removing the signal of the high-frequency
component (2f,+f,), the Doppler processing unit 142 gener-
ates a Doppler signal having the component with the Doppler
shift frequency f,.

[0038] Note that the Doppler processing unit 142 may use a
quadrature detection scheme to generate Doppler signals. In
this case, the Doppler processing unit 142 performs quadra-
ture detection to convert a reception signal (RF signal) into 1Q
signals. The Doppler processing unit 142 generates a Doppler
signal having the Doppler shift frequency f; by performing
complex Fourier transform on the IQ signals. Doppler signals
are, for example, echo components due to a blood flow, tissue,
and contrast medium.

[0039] The velocity/variance/power computation device
includes an MTI (Moving Target Indicator) filter and an auto-
correlation computation unit (neither of which is shown). The
MTI filter removes a Doppler component (a clutter compo-
nent) due to the respiratory movement or pulsatory movement
of an organ or the like from a generated Doppler signal. The
autocorrelation computation unit calculates the autocorrela-
tion value of the Doppler signal obtained by extracting only
blood flow information using the MTI filter. The autocorre-
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lation computation unit calculates the average flow velocity
value, a variance, the reflection intensity of the Doppler sig-
nal, and the like on the basis of'the calculated autocorrelation
value. The velocity/variance/power computation device gen-
erates color Doppler data from the average velocity value, the
variance, the reflection intensity of the Doppler signal, and
the like based on a plurality of Doppler signals. Doppler
signals and color Doppler data will be collectively referred to
as Doppler data hereinafter.

[0040] In addition, Doppler data and B-mode data will be
collectively referred to as raw data. Note that raw data of an
echo signal may be B-mode data based on harmonic compo-
nents of transmission ultrasonic waves and elastic data con-
cerning living tissue in the object. The B-mode processing
unit 141 and the Doppler processing unit 142 output the
generated raw data to the image generation unit 143.

[0041] Note that the B-mode processing unit 141 and the
Doppler processing unit 142 may output the generated raw
data to the aspect ratio calculation unit 15. Note that the
B-mode processing unit 141 and the Doppler processing unit
142 can also output the generated raw data to a cine memory
17 (to be described later).

[0042] The image generation unit 143 includes a DSC
(Digital Scan Converter) (not shown). The image generation
unit 143 executes coordinate conversion processing (resam-
pling) for the DSC. Coordinate conversion processing is to
convert, for example, a scanning line signal string for ultra-
sonic scanning, which forms raw data, into a scanning line
signal string in a general video format typified by a TV
format. The image generation unit 143 executes interpolation
processing following coordinate conversion processing for
the DSC. Interpolation processing is to interpolate data
between adjacent scanning line signal strings by using raw
data in the scanning line signal strings.

[0043] The image generation unit 143 generates an ultra-
sonic image as a display image by executing coordinate con-
version processing and interpolation processing for raw data.
Note that the image generation unit 143 may have an image
memory storing data (to be referred to as image data herein-
after) corresponding to the generated ultrasonic image. The
image generation unit 143 outputs the image data to the aspect
ratio calculation unit 15 and the image combining unit 18
(both of which will be described later). The ultrasonic image
generated by using B-mode data will be referred to as a
B-mode image hereinafter. In addition, an ultrasonic image
generated by using Doppler data will be referred to as a
Doppler image. In the following description, B-mode images
and Doppler images will be collectively referred to as ultra-
sonic images.

[0044] Note that the image generation unit 143 may add the
position information of a slice of the object P determined
from the probe coordinates output from the position detection
unit (not shown) to a generated ultrasonic image. The volume
data generated in advance by other medical image appara-
tuses may be stored in the storage unit 19 to allow the image
generation unit 143 to generate a medical image correspond-
ing to a slice position of the ultrasonic image generated from
the volume data and the position information of a slice of the
object P.

[0045] The aspect ratio calculation unit 15 acquires the size
of the display frame of the ultrasonic image displayed by the
display unit 21 (to be described later). More specifically,
when the operator inputs an instruction to execute two-image
parallel display via the input device 22, the aspect ratio cal-
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culation unit 15 acquires the longitudinal and transverse
lengths of the display frame of each displayed ultrasonic
image. An instruction to execute two-image parallel display is
issued when, for example, the operator operates an input
button of the image parallel display mode of juxtaposing and
displaying two medical images. Note that the image parallel
display mode is not limited to two images. The image parallel
display mode can juxtapose an arbitrary number of images.
Note that the information input via the input device 22 may be
the number of images to be simultaneously juxtaposed and
displayed (to be referred to as the number of images displayed
simultaneously hereinafter) instead of information instruct-
ing two image parallel display. In addition, the number of
images displayed simultaneously is not limited to two. For the
sake of simplicity, assume that the number of images dis-
played simultaneously input via the input device 22 is two.
The aspect ratio calculation unit 15 may acquire the size of the
display frame of each ultrasonic image generated by the
image generation unit 143. In addition, the aspect ratio cal-
culation unit 15 may acquire the display size of the medical
image generated by the image generation unit 143 instead of
an ultrasonic image. Note that the above medical image may
be used to set a layout (to be described later).

[0046] The aspect ratio calculation unit 15 calculates the
ratio of the longitudinal length of each display size to the
transverse length of the display size (to be referred to as the
aspect ratio hereinafter). Note that the aspect ratio calculation
unit 15 may calculate the ratio of the transverse length to the
longitudinal length. The aspect ratio calculation unit 15 out-
puts the calculated aspect ratio to the layout setting unit 16 (to
be described later). Note that the aspect ratio calculation unit
15 may acquire, as an aspect ratio, the number of pixels
corresponding to the size of the display frame of each ultra-
sonic in the longitudinal direction and the number of pixels
corresponding to the size in the lateral direction. In this case,
the aspect ratio calculation unit 15 calculates the ratio of the
number of pixels in the longitudinal direction to that in the
lateral direction as an aspect ratio. If an ultrasonic image is
enlarged and displayed, the aspect ratio calculation unit 15
calculates the aspect ratio of the display area of the enlarged/
displayed ultrasonic image.

[0047] The layout setting unit 16 stores a threshold corre-
sponding to the number of images displayed simultaneously
(to be referred to as a simultaneous display threshold herein-
after) in a memory (not shown). When the number of images
displayed simultaneously is input via the input device 22, the
layout setting unit 16 reads out a simultaneous display thresh-
old corresponding to the number of images displayed simul-
taneously from the memory. The layout setting unit 16 com-
pares the aspect ratio with the simultaneous display threshold.
Note that the simultaneous display threshold may be stored in
the storage unit 19 (to be described later).

[0048] If, for example, the aspect ratio is equal to or more
than the simultaneous display threshold, the layout setting
unit 16 sets a specific display layout of the plurality of display
layouts stored in the storage unit 19 in advance as a layout for
the display of a plurality of ultrasonic images. The plurality of
display layouts include, for example, a display layout forn (n
is an integer equal to or more than 2) images juxtaposed
laterally and a display layout for m (m is an integer equal to or
more than 2) images juxtaposed vertically. The specific dis-
play layout is, for example, a display layout (to be referred to
as a laterally parallel layout hereinafter) for the display of
laterally parallel two images. The layout setting unit 16 out-
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puts, to the CPU 23 (to be described later), an instruction to
output the set laterally parallel layout from the storage unit 19
to the image combining unit 18.

[0049] If the aspect ratio is less than the threshold, the
layout setting unit 16 sets a specific display layout from the
plurality of display layouts stored in the storage unit 19. The
specific display layout is, for example, a display layout (to be
referred to a vertically parallel layout hereinafter) for the
display of vertically parallel two images. The layout setting
unit 16 outputs, to the CPU 23 (to be described later), an
instruction to output the set vertically parallel layout from the
storage unit 19 to the image combining unit 18.

[0050] Note that the above description concerns a case in
which the aspect ratio is the ratio of a longitudinal length to a
transverse length. If the ratio of a transverse length to a
longitudinal length is used as an aspect ratio, the above
description will be reworded as follows.

[0051] Ifthe aspect ratio is equal to or more than the simul-
taneous display threshold, the layout setting unit 16 sets the
vertically parallel layout of the plurality of display layouts as
alayout for the display of a plurality of ultrasonic images. The
layout setting unit 16 outputs, to the CPU 23 (to be described
later), an instruction to output the set vertically parallel layout
from the storage unit 19 to the image combining unit 18. If the
aspect ratio is less than the simultaneous display threshold,
the layout setting unit 16 sets the laterally parallel layout of
the plurality of display layouts stored in the storage unit 19, as
alayout for the display of a plurality of ultrasonic images. The
layout setting unit 16 outputs, to the CPU 23 (to be described
later), an instruction to output the set laterally parallel layout
from the storage unit 19 to the image combining unit 18.
[0052] Note that the layout setting unit 16 can set a specific
display layout based on the size of each ultrasonic image and
the number of ultrasonic images display simultaneously. The
size of a ultrasonic image includes the longitudinal and trans-
verse lengths ofthe display frame of a ultrasonic image. More
specifically, the layout setting unit 16 specifies a shorter one
of the longitudinal and transverse lengths. The layout setting
unit 16 sets a display layout for parallel display of a plurality
of ultrasonic images equal to the input number of images
displayed simultaneously concerning the direction of the
shorter length (longitudinal or lateral) as a layout for the
display of a plurality of ultrasonic images.

[0053] Note that the layout setting unit 16 may perform the
operation of calculating and generating a specific display
layout based on information about the aspect ratio and the
number or images displayed simultaneously instead of the
operation of setting a specific display layout from the plural-
ity of display layouts stored in advance.

[0054] The layout setting unit 16 can also set a specific
display layout based on the azimuth angle or image width of
each ultrasonic image, the visual field depth of each ultra-
sonic image, and the number of images displayed simulta-
neously. The operation of setting a specific display layout
based on the azimuth angle of each ultrasonic image, the
visual field depths of the ultrasonic image, and the number of
images displayed simultaneously will be described below.
[0055] If each ultrasonic image is a B-mode image having
a sectorial shape, the layout setting unit 16 acquires the visual
field depth and azimuth angle of the ultrasonic image from the
scanning unit 13. If the visual field depth is large and the
azimuth angle is small, the layout setting unit 16 sets the
laterally parallel layout as a layout for the display of a plural-
ity of ultrasonic images. If the visual field depth is small and
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the azimuth angle is large, the layout setting unit 16 sets the
vertically parallel layout as a layout for the display of a
plurality of ultrasonic images.

[0056] The operation of setting a specific display layout
based on the image width of each ultrasonic image, the visual
field depth of the ultrasonic image, and the number of images
displayed simultaneously will be described next. An image
width is equivalent to the width of a ultrasonic image if the
ultrasonic probe 11 is a linear probe having transducers lin-
early arrayed one-dimensionally.

[0057] The layout setting unit 16 acquires the visual field
depth and image width of each ultrasonic image from the
scanning unit 13. If the visual field depth is large and the
image width is small, the layout setting unit 16 sets the later-
ally parallel layout as a layout for the display of a plurality of
ultrasonic images. If the visual field depth is small and the
image width is large, the layout setting unit 16 sets the verti-
cally parallel layout as a layout for the display of a plurality of
ultrasonic images.

[0058] The layout setting unit 16 may also set a specific
display layout based on diagnostic parameters such as the
central frequency (to be referred to as the transmission fre-
quency hereinafter) of ultrasonic waves transmitted to the
object P. More specifically, the layout setting unit 16 stores a
threshold (to be referred to as a frequency threshold herein-
after) for transmission frequencies in a memory (not shown).
The layout setting unit 16 compares a transmission frequency
with the frequency threshold. If the transmission frequency is
higher than the frequency threshold, the layout setting unit 16
sets the vertically parallel layout as a specific display layout.
If the transmission frequency is higher than the frequency
threshold, vertically parallel display is executed concerning
shallow portions of ultrasonic images. The frequency thresh-
old is a frequency which is used when a region of the object P
is imaged up to a predetermined depth from each transducer.
[0059] Note that a frequency threshold and a transmission
frequency may be input via the input device 22 (to be
described later). While laterally parallel display is already
performed, the layout setting unit 16 may set the vertically
parallel layout as a specific display layout in response to
setting or inputting of a transmission frequency higher than
the frequency threshold.

[0060] The cine memory 17 is a memory which stores
ultrasonic images corresponding to a plurality of frames
immediately before freezing. Continuously displaying (cine
displaying) the images stored in this cine memory can display
a moving ultrasonic image.

[0061] The image combining unit 18 combines an ultra-
sonic image with the character information of various param-
eters, scale marks, and the like. The image combining unit 18
outputs the combined ultrasonic image to the display unit 21.
The image combining unit 18 generates parallel images by
juxtaposing and displaying the ultrasonic image used to cal-
culate an aspect ratio and the ultrasonic image generated by
the image generation unit 143 in accordance with the specific
display layout output from the storage unit 19. For example,
the ultrasonic image used to calculate an aspect ratio is an
ultrasonic image, out of the ultrasonic images displayed or
updated in real time, which corresponds to freezing operation
or parallel display operation performed via the input device
22. The ultrasonic image generated by the image generation
unit 143 is, for example, an ultrasonic image displayed or
updated in real time. Note that the image combining unit 18
may generate parallel images by juxtaposing and displaying
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the ultrasonic image used to calculate (the ultrasonic image
updated in real time) an aspect ratio and the image stored in
the cine memory 17 in accordance with the specific display
layout output from the storage unit 19. At this time, the image
stored in the cine memory is cine-displayed (loop-repro-
duced).

[0062] Note that two types of ultrasonic images of parallel
images may be ultrasonic images in different modes. For
example, the ultrasonic image used to calculate an aspect
ratio may be a B-mode image corresponding to freezing
operation or parallel display operation performed via the
input device 22. The image generated by the image generation
unit 143 may be a Doppler image. The image combining unit
18 outputs the generated parallel images to the display unit 21
(to be described later).

[0063] Note that the image combining unit 18 may generate
parallel images by juxtaposing and displaying the ultrasonic
image used to calculate an aspect ratio and the medical image,
out of a plurality of medical images concerning the object P,
which is selected by the operator. A medical image is a past
medical image of the object P which has been generated by
other medical image diagnostic apparatuses such as an X-ray
diagnostic apparatus, X-ray computed tomography appara-
tus, magnetic resonance imaging apparatus, and nuclear
medicine diagnostic apparatus. Note that the image combin-
ing unit 18 may generate parallel images by juxtaposing and
displaying the ultrasonic image used to calculate an aspect
ratio and a medical image corresponding to a slice position of
the ultrasonic image used to calculate the aspect ratio, in
accordance with the specific display layout output from the
storage unit 19. A medical image of the same slice as that of
the generated ultrasonic image may be downloaded from
another medical image diagnostic apparatus or a PACS (Pic-
ture Archiving and Communication System) via the interface
unit 20 (to be described later).

[0064] The storage unit 19 stores pluralities of reception
delay patterns and transmission delay patterns with different
focus depths, control programs for the ultrasonic diagnostic
apparatus 1, a diagnostic protocol, various data groups such
as transmission/reception conditions, the raw data and ultra-
sonic images generated by the image generation unit 14, an
algorithm concerning the calculation of an aspect ratio, a
plurality of display layouts, a plurality of medical images and
volume data concerning the object P which are generated by
other medical image diagnostic apparatuses, a plurality of
past medical images of the object P which correspond to the
slice position of a generated ultrasonic image, an algorithm
for generating a medical image corresponding to the slice
position of the ultrasonic image generated by using stored
volume data and the position information of an object slice, a
simultaneous display threshold, and the like.

[0065] The interface unit 20 is an interface concerning the
input unit 22, a network, an external storage device (not
shown), and a biological signal measurement unit (not
shown). Data such as ultrasonic images, analysis results, and
the like obtained by the apparatus main body 12 can be
transferred to other apparatuses via the interface unit 20 and
the network. The interface unit 20 can also download the
medical images concerning the object P which are acquired
by other medical image diagnostic apparatuses (not shown)
via the network.

[0066] The display unit 21 displays ultrasonic images such
as B-mode images and Doppler images or parallel images
based on outputs from the image combining unit 18. Note that
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the display unit 21 may execute adjustments concerning
brightness, contrast, dynamic range, y correction, and the like
and color mapping for displayed images.

[0067] Theinputdevice22isconnected to the interface unit
20 and inputs various instructions, commands, information,
selections, and settings from the operator to the apparatus
main body 12. The input device 22 includes input devices
such as a trackball, switch buttons, mouse, and keyboard
(none of which are shown). The input device detects the
coordinates of a cursor displayed on the display screen, and
outputs the detected coordinates to the CPU 23. Note that the
input device may be a touch command screen provided to
cover the display screen. In this case, the input device 22
detects touched and designated coordinates by a coordinate
reading principle such as an electromagnetic induction
scheme, magnetostriction scheme, or a pressure-sensitive
scheme, and outputs the detected coordinates to the CPU 23.
When, for example, the operator operates the end button or
freeze button of the input device 22, the ultrasonic transmis-
sion/reception is terminated, and the apparatus main body 12
is set in a pause state.

[0068] The input device 22 inputs adjustments of a prede-
termined position, instructions concerning the image parallel
display modes, the number of images displayed simulta-
neously, and the like to the apparatus main body 12. An input
device includes, for example, a button for inputting an image
parallel display mode (to be referred to as an image parallel
display mode input button hereinafter).

[0069] When the operator presses the image parallel dis-
play mode input button while one ultrasonic image or ultra-
sonic image is displayed on the display unit 21, the number of
ultrasonic images to be displayed on the display unit 21 is
switched from one to a plural number (e.g., two). With this
switching operation, the display unit 21 displays a plurality of
ultrasonic images in the specific display layout set by the
layout setting unit 16.

[0070] While two ultrasonic images are displayed in the
vertically parallel layout, the input device 22 can increase the
longitudinal length (to be referred to as the display depth
hereinafter) of the display frame of one ultrasonic image by
an arbitrary length. When the display depth is changed, the
layout setting unit 16 calculates the aspect ratio of the display
frame after the change. An aspect ratio is defined by the value
obtained by dividing the longitudinal length by the transverse
length. If the aspect ratio is high, the display frame becomes
longitudinally long. An aspect ratio is a parameter indicating
the longitudinally long shape of a display frame. Assume that
when the display depth is increased, the aspect ratio of the
display frame exceeds a predetermined threshold, and the
longitudinal length of the display frame becomes longer than
the transverse length. In this case, the layout setting unit 16
sets the laterally parallel layout as a specific display layout.
The display unit 21 displays two ultrasonic images in the
laterally parallel layout having the increased display depth. At
this time, the display depth of the other ultrasonic image
becomes equal to the increased display depth. In contrast to
the above operation, when the aspect ratio becomes lower
than a predetermined value as the operator decreases the
display depth, the layout setting unit 16 sets the vertically
parallel layout as a specific display layout.

[0071] While two ultrasonic images are displayed in the
laterally parallel layout, the input device 22 can input an
instruction to enlarge and display (e.g., a ZOOM instruction)
part of one ultrasonic image. When an enlarged display
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instruction is input, the layout setting unit 16 calculates the
aspect ratio of the display frame after enlargement. If the
aspect ratio of the enlarged display area is lower than a pre-
determined threshold and the longitudinal length of the dis-
play frame is shorter than the transverse length, the layout
setting unit 16 sets the vertically parallel layout as a specific
display layout. The display unit 21 displays parts of the two
ultrasonic images which are enlarged at the same magnifica-
tion. That is, part of the other ultrasonic image which corre-
sponds to part of one ultrasonic image is enlarged at the same
magnification as that of part of one ultrasonic image and is
displayed together with part of one ultrasonic image in the
vertically parallel layout. In contrast to the above operation, if
the aspect ratio of the display area exceeds a predetermined
value upon enlarged display, the layout setting unit 16 sets the
laterally parallel layout as a specific display layout.

[0072] Note that the above embodiment has exemplified the
case in which the layout setting unit 16 decides a specific
display layout in response to when the longitudinal length of
the display frame becomes longer or shorter than the trans-
verse length. However, the embodiment is not limited to this
case. It is also possible to set an aspect ratio threshold in
advance to make the layout setting unit 16 select the vertically
parallel layout even if the display frame has a longitudinally
long shape.

[0073] The CPU 23 reads out a transmission delay pattern,
reception delay pattern, and apparatus control program from
the storage unit 19 based on the selection between the B mode
and the Doppler mode, frame rate, scanned depth, and start/
end of transmission which are input by the operator via the
input device 22. The CPU 23 controls the apparatus main
body 12 and the ultrasonic probe 11 in accordance with the
readout transmission delay patter, reception delay pattern,
apparatus control program, and the like. For example, the
CPU 23 controls the aspect ratio calculation unit 15 in accor-
dance with an algorithm concerning the calculation of an
aspect ratio, which is read out. The CPU 23 reads out, from
the storage unit 19, the specific display layout set by the
layout setting unit 16 from a plurality of display layouts. The
CPU 23 outputs the readout specific display layout to the
image combining unit 18.

(Image Parallel Display Function)

[0074] The image parallel display function is a function of
setting a specific display layout from a plurality of display
layouts based on a simultaneous display threshold corre-
sponding to the number of images displayed simultaneously
and the aspect ratio of each ultrasonic and parallelly display-
ing the ultrasonic image used to calculate the aspect ratio and
a selected medical image in accordance with the set specific
display layout. Processing concerning the image parallel dis-
play function (to be referred to as image parallel display
processing hereinafter) will be described.

[0075] FIG. 4 is a flowchart showing a procedure for image
parallel display function.

[0076] The apparatus transmits ultrasonic waves to the
object P to generate an ultrasonic image of a slice of the object
P (step Sal). The display unit 21 displays the generated ultra-
sonic image. The operator inputs an image parallel display
mode and the number of images displayed simultaneously via
the input device 22 (step Sa2). At this time, the operator may
select a medical image to be simultaneously displayed via the
input device 22. The apparatus calculates the aspect ratio of
the display frame of each ultrasonic image (step Sa3). The
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apparatus sets a specific display layout from a plurality of
display layouts based on the calculated aspect ratio, the input
number of images displayed simultaneously, and simulta-
neous display threshold (step Sa4). The display unit 21 dis-
plays the displayed ultrasonic image and the selected medical
image in accordance with the set specific display layout (step
Sa5).

[0077] FIG. 5 is a view showing an example of two ultra-
sonic images displayed by the display unit 21 in the specific
display layout (vertically parallel layout) in the processing in
step Sa$S. In the vertically parallel layout in FIG. 5, the upper
ultrasonic image indicates an image updated in real time. In
the vertically parallel layout in FIG. 5, the lower ultrasonic
image indicates an ultrasonic image at the time of freezing
operation or parallel display operation.

(Modification)

[0078] This modification differs from the first embodiment
in that when an ultrasonic image displayed by the display unit
21 is enlarged and displayed via the input device 22, an aspect
ratio is calculated by using the size of the display frame of the
enlarged and displayed ultrasonic image.

[0079] The input device 22 inputs an instruction to enlarge
and display (ZOOM: to be referred to as an enlarged display
instruction hereinafter) one ultrasonic image displayed on the
display unit 21. Note that the input device 22 may input an
instruction to move (PAN: to be referred to as a display area
move instruction hereinafter) the display area of one ultra-
sonic image displayed on the display unit 21.

[0080] The display unit 21 enlarges and displays a dis-
played ultrasonic image in response to the input of an
enlarged display instruction. The display unit 21 moves the
display area of a displayed ultrasonic image in response to the
input of a display area move instruction.

[0081] When the operator inputs an instruction to execute
two image parallel display via the input device 22 while the
display unit 21 displays enlarged and displayed ultrasonic
images (to be referred to as enlarged and displayed images
hereinafter), the aspect ratio calculation unit 15 acquires the
size of the display frame of each enlarged and displayed
image. When the operator inputs an instruction to execute two
image parallel display via the input device 22 while ultrasonic
images whose display areas have been moved (to be referred
to as display-area-moved images hereinafter), the aspect ratio
calculation unit 15 may acquire the display size of each dis-
play-area-moved image. For the sake of simplicity, the pro-
cessing executed for enlarged and displayed images by the
aspect ratio calculation unit 15 will be described below.
[0082] More specifically, the aspect ratio calculation unit
15 acquires the longitudinal and transverse lengths of the
display frame of each enlarged and displayed image dis-
played by the display unit 21. The aspect ratio calculation unit
15 calculates an aspect ratio by using the acquired longitudi-
nal and transverse lengths. The aspect ratio calculation unit 15
outputs the calculated aspect ratio to the layout setting unit
16.

(Image Parallel Display Function)

[0083] This function differs from the image parallel display
function in the first embodiment in that the following pro-
cessing is inserted between the processing in step Sal and the
processing in step Sa2 in the flowchart of FIG. 4, and the
processing in step Sa3 is changed as follows.
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[0084] The processing inserted between the processing in
step Sal and the processing in step Sa2 is the processing of
enlarging and displaying ultrasonic images via the input
device 22.

[0085] The processing in step Sa3 is changed to the pro-
cessing of calculating the aspect ratio of the display frame of
each enlarged and displayed ultrasonic image.

[0086] The arrangement described above can obtain the
following effects.

[0087] The ultrasonic diagnostic apparatus 1 can set a spe-
cific display layout optimal for parallel display from a plural-
ity of display layouts based on the aspect ratio of the display
frame of each displayed ultrasonic image and the number of
images displayed simultaneously and display a plurality of
ultrasonic images in accordance with the set specific display
layout. With this operation, once the operator inputs an image
parallel display mode, he/she need not input any additional
elaborate instructions, thus greatly improving operability. In
addition, it is possible to display a plurality of ultrasonic
images in response to an instruction from the operator while
maintaining the display area of each enlarged ultrasonic
image.

[0088] The ultrasonic diagnostic apparatus 1 allows toset a
display layout optimal for image parallel display without
changing the presets in an image parallel display mode. This
improves examination efficiency in ultrasonic diagnosis in an
orthopedic department and a rheumatism department, in
which various regions are observed. In addition, the ultra-
sonic diagnostic apparatus 1 allows even an operator who is
unskilled in operating the ultrasonic diagnostic apparatus 1 to
execute image parallel display in the same manner as a skilled
operator because the number of button operations by the
operator is small.

[0089] In addition, the ultrasonic diagnostic apparatus 1
can set a display layout based on diagnostic parameters such
as an azimuth angle, visual field depth, and transmission
frequency. This reduces button operations via the input device
22 and hence allows even an operator who is unskilled in
operating the ultrasonic diagnostic apparatus 1 to execute
image parallel display in the same manner as a skilled opera-
tor.

[0090] Furthermore, according this ultrasonic diagnostic
apparatus, when the display depth of one of two ultrasonic
images displayed in the vertically parallel layout is increased
to such an extent that the aspect ratio of the display area
becomes equal to or more than a predetermined value, it is
possible to set the laterally parallel layout with the increased
display depth. This makes it possible to automatically set a
specific display layout from the vertically parallel layout to
the laterally parallel layout in accordance with a change in the
size of each displayed image even while the images are par-
allelly displayed.

[0091] Moreover, according to this ultrasonic diagnostic
apparatus, when the operator inputs an enlarged display
instruction for part of one of two ultrasonic images displayed
in the laterally parallel layout and the aspect ratio of the
enlarged and displayed area becomes equal to or less than a
predetermined value, the vertically parallel layout is set. This
can display the two ultrasonic images enlarged at the same
magnification in the vertically parallel layout.

Second Embodiment

[0092] The second embodiment differs from the first
embodiment in that the apparatus decides part of a ultrasonic
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image displayed by a display unit 21 as a display area based
on the image data or raw data generated by a ultrasonic image
data generation unit 14, sets a specific display layout from a
plurality of display layouts based on the aspect ratio of the
decided display area and the number of images displayed
simultaneously, and displays the ultrasonic images in the
decided display areas in accordance with the set specific
display layout.

[0093] FIG. 6is ablock diagram showing an example of the
arrangement of an ultrasonic diagnostic apparatus according
to the second embodiment.

[0094] A display area decision unit 24 decides a display
area for each ultrasonic image based on the image data of the
ultrasonic image output from the ultrasonic image data gen-
eration unit 14.

[0095] For example, the display area decision unit 24 com-
pares a plurality of pixels in the generated ultrasonic image
with the first threshold. The display area decision unit 24
specifies a plurality of pixels having pixel values smaller than
the first threshold. The display area decision unit 24 specifies
the length (or the number of pixels) by which specified pixels
continue from the lower end of the ultrasonic image for each
of a plurality of columns (to be referred to as a plurality of
pixel columns hereinafter) constituted by a plurality of pixels
arranged parallel in the longitudinal direction of the ultra-
sonic image. The display area decision unit 24 subtracts the
shortest one of a plurality of lengths respectively correspond-
ing to a plurality of pixel columns from the longitudinal
length of the ultrasonic image. The length obtained by this
subtraction will be referred to as the first difference length.
The display area decision unit 24 decides a position spaced
apart from the upper end of a ultrasonic image by the first
difference length as the lower end of the display area of the
ultrasonic image. The display area decision unit 24 decides
the left and right ends of the ultrasonic image as the left and
right ends of the display area, and decides the upper end of the
ultrasonic image as the upper end of the display area.

[0096] The display area decision unit 24 outputs a plurality
of pixels included in the display area of a ultrasonic image as
aultrasonic display image to a cine memory 17, a storage unit
19, and the display unit 21. The display area decision unit 24
deletes pixels which are not included in the display area ofthe
ultrasonic image. Note that the display area decision unit 24
may store pixels which are not included in the display area of
the ultrasonic image as a non-display area in the storage unit
19. At this time, the display area decision unit 24 can also
generate an original ultrasonic image by combining the ultra-
sonic display image with the non-display area.

[0097] The display area decision unit 24 may use a lumi-
nance value or a value concerning hue instead of a pixel value.
In this case, the display area decision unit 24 uses a second
threshold different from the first threshold. Note that the
display area decision unit 24 can also decide a display area for
the raw data of each ultrasonic image displayed in an image
parallel display mode by comparing the raw data on a scan-
ning line with a third threshold different from the first and
second thresholds.

[0098] Note that the display area decision unit 24 specifies
the length (or the number of pixels) by which specified pixels
continue from the left end of a ultrasonic image for each of a
plurality of rows (to be referred to as a plurality of pixel rows
hereinafter) constituted by a plurality of pixels arranged par-
allel in the transverse axis of the ultrasonic image. The display
area decision unit 24 subtracts the shortest one of a plurality
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of lengths respectively corresponding to a plurality of pixel
rows from the length of the transverse axis of the ultrasonic
image. The length obtained by this subtraction will be
referred to as the second difference length. The display area
decision unit 24 may decide a position spaced apart from the
left end of a ultrasonic image by the second difference length
as the left end of the display area of the ultrasonic image.

[0099] In addition, the display area decision unit 24 speci-
fies the length (or the number of pixels) by which specified
pixels continue from the right end of a ultrasonic image for
each of a plurality of pixel rows. The display area decision
unit 24 subtracts the shortest one of a plurality of lengths
respectively corresponding to a plurality of pixel rows from
the length of the transverse axis of the ultrasonic image. The
length obtained by this subtraction will be referred to as the
third difference length. The display area decision unit 24 may
decide a position spaced apart from the right end of a ultra-
sonic image by the third difference length as the right end of
the display area of the ultrasonic image.

[0100] An aspect ratio calculation unit 15 acquires the size
of the display area of the ultrasonic image decided by the
display area decision unit 24. The aspect ratio calculation unit
15 calculates the ratio (aspect ratio) of the longitudinal length
ofthe display area to the transverse length of the display area.

[0101] The storage unit 19 stores one of the first to third
thresholds which corresponds to a method of deciding a dis-
play area.

(Image Parallel Display Function)

[0102] The image parallel display function is a function of
deciding part of a ultrasonic image displayed by the display
unit 21 as a display area based on generated ultrasonic image
data or raw data, setting a specific display layout from a
plurality of display layouts based on the aspect ratio of the
decided display area and the number of images displayed
simultaneously, and displaying the ultrasonic image in the
decided display area in accordance with the set specified
display layout. Processing concerning the image parallel dis-
play function will be described below.

[0103] FIG.7is aflowchart showing a procedure for decid-
ing part of a ultrasonic image as a display area based on
generated ultrasonic image data, and setting a specific display
layout from a plurality of display layouts based on the aspect
ratio of the decided display area and the number of images
displayed simultaneously according to the second embodi-
ment.

[0104] The apparatus transmits ultrasonic waves to the
object P to generate ultrasonic image data (step Sb1). The
apparatus then decides part of a ultrasonic image as a display
area based on the generated ultrasonic image data (step Sb2).
The operator inputs an image parallel display mode and the
number of images displayed simultaneously via the input
device 22 (step Sb3). At this time, a medical image to be
simultaneously displayed may be selected via an input device
22. The apparatus calculates the aspect ratio of the display
area (step Sbd4). The apparatus sets a specific display layout
from a plurality of display layouts based on the aspect ratio of
the display area and the input number of images displayed
simultaneously (step Sb5). The display unit 21 displays the
ultrasonic image and the selected medical image in accor-
dance with the set specific display layout (step Sb6).
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(Modification)

[0105] This modification differs from the second embodi-
ment in that the apparatus calculates the ratio (S/N ratio
(Signal to Noise ratio)) of the ultrasonic image generated by
the ultrasonic image data generation unit 14 to the noise
image stored in the storage unit 19 in advance for each pixel,
and decides a display area by using the calculated S/N ratios
and the fourth threshold.

[0106] The storage unit 19 stores a noise image. A noise
image is an image generated by executing only reception
processing without transmitting any ultrasonic waves to the
object. Note that a noise image may be an image concerning
white noise which is generated by using normal random num-
bers. The storage unit 19 stores the fourth threshold. The
fourth threshold is used by the display area decision unit 24
(to be described later) to decide the display area of a ultra-
sonic image. Note that a noise image may be read from a
PACS connected via an interface unit 20 and a network. The
storage unit 19 stores the read noise image.

[0107] Thedisplay area decision unit 24 reads out the noise
image stored in the storage unit 19. The display area decision
unit 24 calculates the S/N ratio of an ultrasonic image relative
to the readout noise image for each pixel. More specifically,
the display area decision unit 24 calculates the ratio of the
pixel value of each pixel of the ultrasonic image to that of a
corresponding pixel, of the noise image, which has the same
coordinates. The display area decision unit 24 compares the
S/N ratio with the fourth threshold for each pixel. The display
area decision unit 24 specifies a plurality of pixels concerning
S/N ratios lower than the fourth threshold in the ultrasonic
image. The subsequent processing is the same as that in the
second embodiment, and hence a description of it will be
omitted.

[0108] Note that the display area decision unit 24 can also
use the luminance values of the ultrasonic image displayed by
the display unit 21 instead of the pixel values of the ultrasonic
image. At this time, the display area decision unit 24 uses the
luminance values of the noise image displayed by the display
unit 21 instead of the pixel values of the noise image. The
display area decision unit 24 can also use the raw data of an
ultrasonic image instead of the pixel values of the ultrasonic
image. In addition, the display area decision unit 24 may
compare S/N ratios for, for example, each block of 3 pixelsx3
pixels instead of comparing S/N ratios for each pixel. The
value of an S/N ratio as a comparison target may be the value
of the S/N ratio of the center of each block or the average
value of the S/N ratios of the respective pixels in each block.

(Image Parallel Display Function)

[0109] This function differs from the display parallel dis-
play function in the second embodiment in that it calculates
an S/N ratio for each pixel based on ultrasonic image data or
raw data and noise image data, and decides a display area by
using the S/N ratios and the fourth threshold.

[0110] This function differs from the image parallel display
function in the second embodiment in that the details of the
processing in step Sb2 in the flowchart of FIG. 7 are changed
as follows. The processing in step Sb2 is changed to the
processing of deciding a display area for a ultrasonic image
based on ultrasonic image data and noise image data.

[0111] The arrangement described above can obtain the
following effects.
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[0112] The ultrasonic diagnostic apparatus 1 can decide a
display area for the ultrasonic image displayed by the display
unit 21 based on the image data or raw data generated by the
ultrasonic image data generation unit 14, and set a specific
display layout from a plurality of display layouts based on the
aspect ratio of the decided display area and the number of
images displayed simultaneously. This makes it possible to
exclude an area in which no signal useful for diagnosis is
displayed and effectively use the display screen. In addition,
since the operator need not designate or adjust the display
area of each ultrasonic image, operability concerning the
image parallel display modes can be improved. Furthermore,
it is possible to provide, for example, two image parallel
display with the size of each ultrasonic image and a display
layout which allow the operator to easily compare the images.
[0113] In addition, the ultrasonic diagnostic apparatus 1
can calculate an S/N ratio for each pixel of each ultrasonic
image by using a noise image and decide a display area by
using the calculated S/N ratios and a threshold. This makes it
possible to decide a quantitative display area in consideration
of noise characteristics for each ultrasonic diagnostic appa-
ratus without any influence of noise characteristics of each
ultrasonic diagnostic apparatus. As described above, there-
fore, the ultrasonic diagnostic apparatus 1 can decide a dis-
play range for each ultrasonic image without via the operation
ofthe operator, and provide image parallel display optimal for
the operator.

[0114] As described above, since the image parallel display
mode does not require the operator to perform elaborate
operations, it is possible to improve operability in the image
parallel display mode and provide a display layout optimal for
the operator. Furthermore, the apparatus does not reduce a
plurality of images used for an image parallel display mode
and does not decrease the visual field width, it is possible to
display an area desired by the operator on the display screen.
In addition, as the display area of each ultrasonic image,
which is desired by the operator, greatly changes in accor-
dance with the examination state, it is possible to change the
display area without any instruction from the operator.
[0115] When the technical idea of the ultrasonic diagnostic
apparatus 1 is to be implemented by a medical image pro-
cessing apparatus 25 as a modification of the first embodi-
ment, for example, the apparatus includes the constituent
elements enclosed by the dotted line in the block diagram of
FIG. 1. At this time, with regard to the processing concerning
the image parallel display function, the processing of “trans-
mitting ultrasonic waves to the object to generate ultrasonic
image data” in step Sal in FIG. 4 in the first embodiment is
changed to the processing of “reading out ultrasonic image
data stored in the storage unit”.

[0116] When the technical idea of the ultrasonic diagnostic
apparatus 1 is to be implemented by a medical image pro-
cessing apparatus 26 as a modification of the second embodi-
ment, for example, the apparatus includes the constituent
elements enclosed by the dotted line in the block diagram of
FIG. 6. At this time, with regard to the processing concerning
the image parallel display function, the processing of “trans-
mitting ultrasonic waves to the object to generate ultrasonic
image data” in step Sb1 in FIG. 7 in the second embodiment
is changed to the processing of “reading out ultrasonic image
data stored in the storage unit”. In addition, the medical image
processing apparatus can execute the above processing upon
reading the ultrasonic image data output from the ultrasonic
diagnostic apparatus.
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[0117] In addition, each function according to each
embodiment can be implemented by installing programs for
executing the processing in a computer such as a workstation
and expanding them in the memory. In this case, the programs
which can cause the computer to execute the corresponding
techniques can be distributed by being stored in storage media
such as magnetic disks (Floppy® disks, hard disks, and the
like), optical disks (CD-ROMs, DVDs, and the like), and
semiconductor memories.

[0118] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

What is claimed is:
1. An ultrasonic diagnostic apparatus comprising:
an ultrasonic probe including a plurality of transducers;

a scanning unit configured to scan an object with an ultra-
sonic beam via the ultrasonic probe;

a ultrasonic image data generation unit configured to gen-
erate data of a plurality of ultrasonic images based on
outputs from the scanning unit;

a layout setting unit configured to set a specific display
layout based on an aspect ratio of a display frame of the
ultrasonic image or a size of the ultrasonic image and the
number of ultrasonic images for simultaneous display;
and

a display unit configured to display the ultrasonic images in
accordance with the set display layout.

2. The apparatus of claim 1, wherein the layout setting unit
is configured to set, as the specific layout, one of a first layout
of laterally parallelly displaying two ultrasonic images and a
second layout of vertically parallelly displaying two ultra-
sonic images.

3. The apparatus of claim 1, further comprising a display
area decision unit configured to decide part of the ultrasonic
image as a display area based on the data of the ultrasonic
image,

wherein the layout setting unit is configured to set the

specific display layout based on a size of the display area
or an aspect ratio of the display area and the number of
ultrasonic images for simultaneous display, and

the display unit is configured to display part of the ultra-
sonic image which corresponds to the display area, in
accordance with the set display layout.

4. The apparatus of claim 3, wherein the display area deci-
sion unit is configured to decide at least one of a lower end,
left end and right end of the display area based on a pixel value
of the ultrasonic image.

5. The apparatus of claim 3, wherein the display area deci-
sion unit is configured to decide at least one of a lower end,
left end and right end of the display area based on an S/N ratio
for the data of the ultrasonic image.

6. The apparatus of claim 3, wherein the data of the ultra-
sonic image comprises raw data, and
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the display area decision unit is configured to decide at
least one of a lower end, left end and right end of the
display area based on an S/N ratio of the raw data along
a scanning line.

7. The apparatus of claim 3, wherein the display area deci-
sion unit is configured to segment the ultrasonic image into a
plurality of segments, decide a representative S/N ratio for
each of the segments, and decide at least one of a lower end,
left end and right end of the display area based on the decided
representative S/N ratio.

8. The apparatus of claim 1, wherein the aspect ratio is a
ratio between a transverse length and a longitudinal length of
the ultrasonic image.

9. The apparatus of claim 1, wherein the aspect ratio is a
ratio between pixel numbers in a transverse direction and
pixel numbers in a longitudinal direction in the ultrasonic
image.

10. The apparatus of claim 1, wherein the aspect ratio is a
ratio between a transverse length and a longitudinal length of
a display frame of an enlarged ultrasonic image for enlarged
display of the ultrasonic image.

11. The apparatus of claim 1, further comprising a storage
unit configured to store a plurality of medical images for the
object,

wherein the layout setting unit is configured to set the

specific display layout based on the number of medical
images for simultaneous display with the ultrasonic
image and the aspect ratio of the display frame of the
ultrasonic image or an aspect ratio of a display frame of
the medical image, and

11
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the display unit is configured to display the ultrasonic
image together with the medical image in accordance
with the set display layout.

12. The apparatus of claim 1, wherein the layout setting
unitis configured to set the specific display layout based on an
azimuth angle or an image width of the ultrasonic image, a
depth of the ultrasonic image, and the number of ultrasonic
images for simultaneous display.

13. The apparatus of claim 1, wherein the layout setting
unit is configured to set the specific display layout based on a
transmission frequency to the object.

14. A medical image processing apparatus comprising:

a storage unit configured to store data of a plurality of

ultrasonic images for an interior of an object;

a layout setting unit configured to set a specific display
layout based on an aspect ratio of a display frame of the
ultrasonic image or a size of the ultrasonic image and the
number of ultrasonic images for simultaneous display;
and

a display unit configured to display the ultrasonic images in
accordance with the set display layout.

15. A medical image parallel display method comprising:

generating data of a plurality of ultrasonic images for an
interior of an object;

setting a specific display layout based on an aspect ratio of
a display frame of the ultrasonic image or a size of the
ultrasonic image and the number of ultrasonic images
for simultaneous display; and

displaying the ultrasonic images in accordance with the set
display layout.



Patent Application Publication Jul. 18,2013 Sheet 3 of 9 US 2013/0184582 A1l

14 Uirasonic imsge dals generation unit

" 143
R ‘
processing unit image
; ganeration msage
Dgsjpgia{ ~ N unlt i i
"1 prosessing unit : Sy ot
3 \
¢ 3
; 18
142
S,
< 4
Seanning b4
Lt » Cing B
¢ memsry '

13

e Data b




Patent Application Publication Jul. 18,2013 Sheet 4 of 9 US 2013/0184582 A1l

i St}

Transimit uitrasonic waves loobject o 833
generate ultrasanic tmage

input pumbier of images displayed eS80
sasiataneously and selection of image to
be simullanevisly displayed vig input devics

Caleulale avpect rafic "Qf display frame of - 8a3
ulasonic image by using display size
of generated ullrasonis image

3

Set spenific display fayout from plurality of L os
display layouls based oncalculated aspet 1 T
ratia and number ofimagss disglayad

simultanenusly

¥
Dispiay ulirasome image togather with -
selectad image in accordance with spesific |55
dsplay layout




US 2013/0184582 Al

Jul. 18, 2013 Sheet S of 9

Patent Application Publication

8914

yonesrads Buizesy

i su e abey

BYT R
wepepdn afeus

i

ey
59
Az

i,

PRSI

o, o
e mmai

(&

sdjzg
GBLP

FEL




US 2013/0184582 Al

Jul. 18, 2013 Sheet 6 of 9

Patent Application Publication

89914

wil ] U usIs
=1 pae Anidsiy
LR LHOREINED "
angioedey 3 4

AN ;

o
U

z {

- v JORRE00M DIRED
L HIMION -
20IARE : womap afems jpuspy mu |
wnduy soued uoned SRR £ B 1
U goBLel b
g Hun
Buneoy

A&

&

¥

B
agmd 7
SUDSBIIN i

A
¥

yiviboid sidisuys
: . , 2y AR
wmifioud oguee smmiaddy.

un afesoig

3
¥

G5
i

i 54 8
- -
; Pt 1N Sunsguion

4 i ~¥ 2L ADDG LY sraeddy

- ] opun umeisueb eep
it Amdsigl ~ afeuy wosgn
M LT N g ,) ) -
N s e oo 4 y

o .\.i,.

sripsedde ounoubeip SwcseEY &



Patent Application Publication Jul. 18,2013 Sheet 7 of 9 US 2013/0184582 A1l

{ St

L

Tranamil ulrasonic waves to objectfu generate. - 8bt
ultragonic imags

4

Decide part of ultvasonic image as display aves b Sh
based ondata of generated slivasonioimage

'

Input number of images displayes simultaneously b gn3
and selection of image o be simultaneoysly
displayed via inpul davics

Calculate aspect ratio of display araa by using {504
size of decided deplay arpa

¥
Selspecific disglay Tayout from plurality of display b~ 5bé
layniis based on aspect rafic and number of
wranges displayad sivultaneously.

y

Display ultrasonic image fogather with selected 808
image in acoordance with specific display layout

¥

FIG. 7



Patent Application Publication

Jul. 18, 2013 Sheet 8 of 9

US 2013/0184582 Al

s

Fhatt s
325:)

GG
s

2

FIG.9



Patent Application Publication Jul. 18,2013 Sheet 9 of 9 US 2013/0184582 A1l

Wy
HG

R

ity
oo gRk

feRgic

FIG.10



RiES

[ i (S RIR) A ()

RE(EFR)AGE)

HERB(E R AGE)

FRI&R BB A

S\EReERE

BEG®)

RE-IEES , BESKREERBBEFRL , A BFEREBH
BEKERT , FRREEANERET, BERRLTIERER. AH
BRBSBEERRAABERRAEN G, BFEGBELERETET
REAFETNREENEFEGNRE. FRXELTETEFERK
HNERMH TS ERBEEGH A NMATRENERWEBEFSEGHHE
RREBENETRNR. EFEARFERENETHTRAETEEFRRK,

BEZHNRE A EFERGRLBRENEZREGHTERSE

US20130184582A1

US13/713452

£1LYUKO
LEX

AL
HLUBEAX

EWHBTF
HLUEAX

KANAYAMA YUKO
KAMIYAMA NAOHISA

KANAYAMA, YUKO
KAMIYAMA, NAOHISA

A61B8/00 A61B8/14

AG1B8/145 A61B8/4254 A61B8/463 A61B8/4488 A61B8/4444

2012006038 2012-01-16 JP

US10335118

Espacenet  USPTO

Apperatus nialn body 12w

patsnap

2013-07-18

2012-12-13

; 1, Ullrasonic diagnastic apparalus

T
14ﬁ

Ullrasonic imagé {1y} Image
data gareretonuat | 1| combiningunkt
i T

]

‘){ Display
Wi
i

e 55

e

18

1
§

i {Contolproceeaor]__
R

3

Storage unit
*Apparalus corc! program
*lmage date
«haralyss program

e

Interfaca unit -
Cperslion panel

4

1

P

3

Exterrial storage daxice
Nabeors

Aspect rati
calcufation unit

Layout
sating urit



https://share-analytics.zhihuiya.com/view/2da868cd-790f-431a-a432-4f6d15994b27
https://worldwide.espacenet.com/patent/search/family/048750280/publication/US2013184582A1?q=US2013184582A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220130184582%22.PGNR.&OS=DN/20130184582&RS=DN/20130184582

