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(57) ABSTRACT

An ultrasonic processing apparatus includes a viscoelastic
coefficient calculation unit that calculates a viscoelastic coef-
ficient of an object from an ultrasonic signal acquired through
an oscillator of a probe; and a spatial change amount calcu-
lation unit that calculates spatial change amount of the vis-
coelastic coefficient calculated by the viscoelastic coefficient
calculation unit and outputs the calculated spatial change
amount as brightness information when displaying an image
relating to the viscoelastic coefficient.

11
¥
21

{ 2
_____________________________________ e e,
ULTRASONIC | i i
PRORE ; :
: TRANSMISSION i
: BF UNIT :
; 4 48 -
s < e
$ ; VISCO WMAGE |
s COFEEICIENT SYNTHESIS | |
; OPERATION U} i g
§ v ¥ ' ,
b [ TRANSMISSION IMAGING SIGNAL : i
= RECEPTION 5 SIGN, SCAN ,
s ANDRECEPTION Lw REC s PROCESSING N |
| | SEPARATION UNIT BF UNIT UNIT CONVERTER |
; ) ; ) Yo
; 42 43 45 Y

¥




Jan. 1,2015 Sheet1 of 7 US 2015/0005632 A1

Patent Application Publication

i

NN
62~ AVIdSIO
GVl
8
Ly Gy £ s
P w w |
.l LIND LIND NOILYMYAES
L | MALNIANOO A LINM 48
_ C L ONISSIOON e NOILd3O3 ONV
| NvOS INDIS DRIV NOtLd303d NOISSIASNVALL
“ 1 ! 4
| NN LINMNOIIYY3d0
|| S183HINAS INIOIEHACO e
” SOV OLSVT3005A
! ) b
| 9 v
| LINA 48
” OISSINSNVL
| ;
m Ly
e L —
7
\am
il
L 9id

4808d
JINOSYH LN

]




IGES e S P LEEEBIGELCLLEL 6 §

US 2015/0005632 A1

P L R R R i i L il O
S0000°0
L000°0
=
N 510000
- 20000
[#.0]
v 52000°0
0 .
= HOTI00 MOV IE N £000°0
E SNISR AY1dSIT Vv 000
; HOTOD FLHMNI o e g y000°0
g ONITIVA AV 1dSIa £5000°0
W
£
g
5
<
A 5
E ¢ Old
g



US 2015/0005632 A1

Jan.1,2015 Sheet 3 of 7

Patent Application Publication

3

=

FIG

T . 7 e
\«m«,.. e o
SEg 2 2 s
\\waﬁ 3 : S
«.w%« 1 e
Mw,wuusxn«.\m e

N.«",»vnw

s
%l f

Wm.v\.

s e
e
o ﬁﬁ%mwxuﬂ.\.x.

.u.v‘ .mv.%
o
o mw«a\

4 a%&:




Patent Application Publication Jan. 1,2015 Sheet 4 of 7 US 2015/0005632 A1

FIG. 4
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FIG. 5
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FIG. 6
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ULTRASONIC PROCESSING APPARATUS
AND METHOD

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Japanese Pri-
ority Patent Application JP 2013-133668 filed Jun. 26, 2013,
the entire contents of which are incorporated herein by refer-
ence.

BACKGROUND

[0002] The present disclosure relates to an ultrasonic pro-
cessing apparatus and an ultrasonic processing method, and
in particular, relates to an ultrasonic processing apparatus and
an ultrasonic processing method by which it is possible to
more clearly depict the difference in hardness in elastogra-
phy.

[0003] In the elastography that evaluates the hardness of a
tissue using ultrasonic waves, information of colors (hue of a
HSV color system) has been mainly used to express portions
which have different hardness and distributed in the tissue.
[0004] However, there is a case where it is difficult to suf-
ficiently detect the difference by human sight in the expres-
sion using the colors if the difference in the hardness per the
portion is minor.

[0005] In order to differentially depict the portions having
small differences, a system of narrowing a setting of Region
of Interest (ROI) to narrow a dynamic range of a viscoelastic
coefficient and subdividing gradation expression by colors is
used. However, in this case, it is difficult to simultaneously
express the global difference in the hardness. In addition, it is
typically difficult to set the portions having the small differ-
ences as ROI and the detection time for changing the setting
of ROI also increases.

[0006] Technology disclosed in International Publication
No. 2010/044385 or International Publication No. 2005/
025425 has been proposed. International Publication No.
2010/044385 discloses that the depiction of the portions hav-
ing different hardness is clarified through appropriate setting
of a threshold value by calculating a histogram of the mea-
sured elasticity.

[0007] InInternational Publication No.2005/025425, tech-
nology of performing the depiction of the portions through
signal processing, and superimposing the result on a display
image has been proposed.

[0008] However, in the technology disclosed in Interna-
tional Publication No. 2010/044385, the display is optimized
within the given ROI, and therefore, the view is different in
global distribution of the hardness and in local distribution of
the hardness. In addition, the technology disclosed in Inter-
national Publication No. 2005/025425 includes a process
according to various threshold values or a process based on
empirical results, and therefore, there is a concern that pre-
sentation of results of a recognition process of a viscoelastic
coeflicient itself may mislead interpretation by a human as an
inspector.

SUMMARY

[0009] As described above, it is desirable to merely present
the physical amount to the extent that the inspector easily
understands the physical amount in the display of the elas-
tography (viscoelastic coefficient), and its judgment has to be
dependent on the inspector. Accordingly, it is necessary to
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present sufficient information (group) as recognizable infor-
mation for the inspector to judge the shape of the tissue.
[0010] The present disclosure can more clearly depict the
difference in the hardness in the elastography.

[0011] According to an embodiment of the present disclo-
sure, there is provided an ultrasonic processing apparatus
including: a viscoelastic coefficient calculation unit that cal-
culates a viscoelastic coefficient of an object from an ultra-
sonic signal acquired through an oscillator of a probe; and a
spatial change amount calculation unit that calculates spatial
change amount of the viscoelastic coefficient calculated by
the viscoelastic coefficient calculation unit and outputs the
calculated spatial change amount as brightness information
when displaying an image relating to the viscoelastic coeffi-
cient.

[0012] The viscoelastic coefficient calculation unit may
output the calculated viscoelastic coefficient as color infor-
mation when displaying an image relating to the viscoelastic
coefficient.

[0013] The spatial change amount calculation unit may
calculate the spatial change amount of the viscoelastic coef-
ficient of the object in a beam direction.

[0014] The spatial change amount calculation unit may
calculate the spatial change amount of the viscoelastic coef-
ficient of the object in an element direction.

[0015] The spatial change amount of the viscoelastic coef-
ficient may be a differential value of the viscoelastic coefi-
cient.

[0016] The viscoelastic coefficient may be distortion.
[0017] Theviscoelastic coeflicient may be an elastic modu-
lus.

[0018] The ultrasonic processing apparatus may further

include an image synthesis unit that synthesizes an image
relating to the object with the brightness information which is
output from the spatial change amount calculation unit and
the color information which is output from the viscoelastic
coefficient calculation unit.

[0019] Theimage relating to the object may be a brightness
image acquired from the ultrasonic signal.

[0020] The image relating to the object may be an endo-
scopic image of the object acquired from the outside.

[0021] The viscoelastic coefficient calculation unit may
output the calculated viscoelastic coefficient as depth infor-
mation when displaying a stereoscopic image relating to the
viscoelastic coefficient.

[0022] The ultrasonic processing apparatus may further
include a display control unit that controls display of the
image relating to the viscoelastic coefficient based on the
brightness information output from the spatial change
amount calculation unit.

[0023] According to another embodiment of the present
disclosure, there is provided an ultrasonic processing method
including causing an ultrasonic processing apparatus to cal-
culate a viscoelastic coefficient of an object from an ultra-
sonic signal acquired through an oscillator of a probe, to
calculate a spatial change amount of the calculated viscoelas-
tic coefficient, and to output the calculated spatial change
amount as brightness information when displaying an image
relating to the viscoelastic coefficient.

[0024] In the embodiments of the present disclosure, the
viscoelastic coefficient of the object is calculated from an
ultrasonic signal acquired through the oscillator of the probe.
The spatial change amount of the calculated viscoelastic
coefficient is calculated and the calculated spatial change
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amount is output as brightness information when displaying
an image relating to the viscoelastic coefficient.

[0025] According to the embodiments of the present dis-
closure, it is possible to display the viscoelastic coefficient as
animage. In particular, it is possible to more clearly depict the
difference in hardness in the elastography.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG. 1 is a block diagram showing a configuration
example of an ultrasonic image diagnosis apparatus to which
the present technology is applied;

[0027] FIG. 21sa diagram showing an example of a differ-
ential value of a viscoelastic coefficient of an object;

[0028] FIG. 3 is a diagram showing examples of a B mode
image and a display image of a viscoelastic coefficient;
[0029] FIG.4isa flowchart describing an example of ultra-
sonic signal processing;

[0030] FIG. 5 is a block diagram showing a configuration
example of a viscoelastic coefficient operation unit;

[0031] FIG. 6is a diagram showing an example of expres-
sion according to a spatial differential in a depth direction;
[0032] FIG. 7 is a diagram of showing an example of
expression according to a spatial differential in an element
direction; and

[0033] FIG. 8 is a block diagram showing a configuration
example of a computer.

DETAILED DESCRIPTION OF EMBODIMENTS

[0034] Hereinafter, embodiments of the present disclosure
(which are set in the following embodiments) will be
described. Description will be made in the following order.
1. First Embodiment
Apparatus)

(Ultrasonic Image Diagnosis

2. Second Embodiment (Computer)
First Embodiment

Configuration Example of Ultrasonic Image
Diagnosis Apparatus

[0035] FIG. 1 is a block diagram showing a configuration
example of an ultrasonic image diagnosis apparatus as the
ultrasonic processing apparatus to which the present technol-
ogy is applied.

[0036] An ultrasonic image diagnosis apparatus 11 shown
in FIG. 1 is an apparatus of photographing and displaying an
image (that is, an ultrasonic image) inside an object (subject)
using an ultrasonic wave. The ultrasonic image diagnosis
apparatus 11 can be medically used in photographing an
inside of a body of a patient or an unborn child, or in surgery
being directly applied to an organ or a tissue, and can be
industrially used in photographing a cross section of an inside
of a product, for example.

[0037] In particular, the ultrasonic image diagnosis appa-
ratus 11 photographs an ultrasonic image of an object and
displays an image relating to a viscoelastic coefficient for
elastography that evaluates (tests) hardness of a tissue using
an ultrasonic wave. In the present specification, the viscoelas-
tic coefficient means some coefficient that represents vis-
coelasticity instead of a viscoelastic modulus itself. The vis-
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coelastic coefficient is distortion in a case of static
elastography, and is an elastic module in a case of dynamic
elastography, for example.

[0038] Theultrasonic image diagnosis apparatus 11 is con-
figured to include an ultrasonic probe 21, an ultrasonic signal
processing unit 22, and an image display unit 23.

[0039] The ultrasonic probe 21 is a unit of photographing
an image of an object (living body; for example, the skin)
while being pressed to the object. The ultrasonic probe 21
may be a 1D array or may be a 2D array.

[0040] Theultrasonic probe 21 is formed of an array oscil-
lator in which a plurality of oscillators (transducers) are
arranged, and the plurality of oscillators are arranged in a side
which comes into contact with the object. The ultrasonic
probe 21 sends an ultrasonic beam with respect to the object
based on an ultrasonic signal from a transmission and recep-
tion separation unit 42 of an ultrasonic signal processing unit
22. In addition, the ultrasonic probe 21 receives a reflection
wave (reflected and spread signal by an object) from the
objectand supplies the received signal to the transmission and
reception separation unit 42.

[0041] The ultrasonic signal processing unit 22 is config-
ured to include a transmission BF unit 41, a transmission and
reception separation unit 42, a reception BF unit 43, a vis-
coelastic coefficient operation unit 44, an imaging signal
processing unit 45, an image synthesis unit 46, and a scan
converter 47.

[0042] The transmission BF unit 41 performs a transmis-
sion beam-forming process which is a process of generating
an ultrasonic signal (waveform) and outputs the transmission
beam-forming processed signal to the transmission and
reception separation unit 42.

[0043] The transmission and reception separation unit 42 is
a switch that can switch between transmission and reception
of the ultrasonic signal. The transmission and reception sepa-
ration unit 42 receives the ultrasonic signal from the trans-
mission BF unit 41 and supplies the received ultrasonic signal
to the ultrasonic probe 21. The transmission and reception
separation unit 42 receives the ultrasonic signal from the
ultrasonic probe 21 and supplies the received ultrasonic sig-
nal to the reception BF unit 43.

[0044] The reception BF unit 43 performs a reception
beam-forming process with respect to the signal received
from the transmission and reception separation unit 42. The
reception beam-forming process is specifically a process of
aligning phases of received waves through a process of add-
ing each signal in which each of the received waves of the
oscillators are delayed (hereinafter, appropriately referred to
as a phasing addition process) based on a distance from an
object point inside a measurement region to the oscillator
inside the ultrasonic probe 21, and of generating a reflection
wave detection signal (hereinafter, appropriately referred to
as an RF signal) that shows the strength of the reflection wave
from the object point inside the measurement region.

[0045] The reception BF unit 43 supplies the reception
beam-forming processed RF signal (after performing phasing
addition) to the viscoelastic coefficient operation unit 44 and
the imaging signal processing unit 45.

[0046] The viscoelastic coefficient operation unit 44 oper-
ates a spatial differential which is a viscoelastic coefficient of
(the inside of) an object including a test object and a spatial
change amount thereof for elastography using the RF signal
after performing the phasing addition from the reception BF
unit 43. Examples of the spatial change amount include an
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adjacent difference or a correlation value in a vertical or
horizontal direction, in addition to the spatial differential. The
viscoelastic coefficient operation unit 44 outputs Hue (hue
signal) that represents a viscoelastic coefficient value at a
sample point on each line, Value (lightness signal) that rep-
resents a differential value of the viscoelastic coefficient, and
Saturation (chroma: 1) to the image synthesis unit 46.
[0047] The imaging signal processing unit 45 performs
signal processing with respect to the RF signal after perform-
ing the phasing addition from the reception BF unit 43, and
converts the signal into a luminance image (B (brightness)
mode image). The imaging signal processing unit 45 supplies
the converted B mode image to the image synthesis unit 46.
[0048] The image synthesis unit 46 blends each value of
HSV (Hue, Value (lightness or brightness), and Saturation)
input from the viscoelastic coefficient operation unit 44 at a
certain ratio, and further synthesizes the B mode image from
the imaging signal processing unit 45 to generate an image for
display. The image synthesis unit 46 color-converts the gen-
erated image for display into an RGB color system and out-
puts the color-converted image to the scan converter 47.
[0049] Thescanconverter 47 displays the image for display
from the image synthesis unit 46 on an image display unit 23.
[0050] The image display unit 23 is configured to have a
liquid crystal display (LCD), for example, and displays the
image for display from the scan converter 47. In a case where
the image display unit 23 can display a stereoscopic image,
the image synthesis unit 46 may generate an image by pro-
viding the hue to each sample point as a depth value in
addition to the above-described operation.

[0051] As described above, in the ultrasonic image diagno-
sis apparatus 11, when displaying the viscoelastic coefficient
as an image (imaging the viscoelastic coefficient), Value
(brightness signal) that represents the differential value of the
viscoelastic coefficient is output in addition to Hue (hue sig-
nal) that represents the viscoelastic coefficient value at the
sample point on each line.

[0052] Accordingly, it is possible to more clearly depict the
difference in the hardness in the elastography.

SUMMARY AND EFFECT OF THE PRESENT
TECHNOLOGY

[0053] First, the summary and the effect of the present
technology will be described with reference to FIGS. 2 and 3.
[0054] In FIG. 2, the vertical axis represents a differential
value of a viscoelastic coefficient and the horizontal axis
represents the depth of an object from the surface of the
object. There are significant changes in the differential value
of the viscoelastic coefficient in the vicinity of the depth 17
and the vicinity of the depth 47, and therefore, it can be seen
that there are areas having different hardness from the other
areas in the depth 17 or the depth 47.

[0055] An example of FIG. 3 shows a B mode image a and
a display image b of a viscoelastic coefficient according to
color, and a B mode image A and a display image B according
to the present technology, that is, a display image B of a
viscoelastic coefficient according to the color and brightness
(luminance).

[0056] The characteristic of visual perception of a human is
more sensitive to the change of the luminance than the change
of the color. In addition, in the characteristic of the visual
perception of a human, a warm color is more sensitive to the
change than a cold color in the same color.
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[0057] 1In the case of the elastography, it is desirable to
clinically find an area which is harder than its surroundings,
but a cold color system is mainly assigned to a hard object,
and therefore, gradation expression is weak to begin with.
[0058] Inthe case of the present technology, information of
brightness (that is, luminance) to which the visual perception
is more sensitive than the color without changing the method
of mapping to Hue (color) which is already perceived as the
elastography is added. Accordingly, it is possible to more
clearly depict the change of the hardness.

[0059] Inaddition, the differential value of the viscoelastic
coefficient is assigned to the brightness (luminance) instead
of the viscoelastic coefficient itself. For example, as shown in
FIG. 2, in the differential value of the viscoelastic coefficient,
falling is displayed in white and rising is displayed in black.
[0060] Accordingly, as shown in the display image B of the
viscoelastic coefficient according to the color and the bright-
ness in FIG. 3, the vicinity of the border of the area having a
different hardness becomes clear compared to the display
image b of the viscoelastic coefficient according to the color,
thereby supporting recognition of the shape of the area having
different hardness.

[0061] Only the display image B of the viscoelastic coeffi-
cient may be displayed, but the B mode image may also be
displayed on the display image B of the viscoelastic coeffi-
cient in a superimposed manner. It is possible to further
clarify the vicinity of the border of the area having different
hardness.

[0062] Hereinafter, specific description will be provided.
The following specific description will be provided in the
example of the static elastography (viscoelastic
coefficient=distortion), but in the case of the dynamic elas-
tography, it is also possible to pursue the same approach
regarding the display method.

[0063] Inaddition, in the following, dynamic ranges of the
HSV color system are described as 0 degrees (red), =120
degrees (green), and -240 degrees (blue) for Hue, 0.0 (ach-
romatic color) and -1.0 (pure color) for Saturation, and 0.0
(minimum luminance, brightness 0, black) and -1.0 (maxi-
mum luminance, brightness 100%, white in a case of the
achromatic color) for Value.

Example of Ultrasonic Signal Processing

[0064] First, the ultrasonic signal processing for the elas-
tography will be described with reference to the flowchart of
the FIG. 4. The viscoelastic coefficient operation unit 44
when performing the ultrasonic signal processing is config-
ured as shown in FIG. 5.

[0065] In the example of the FIG. 5, the viscoelastic coef-
ficient operation unit 44 is configured so as to include a
viscoelastic coefficient calculation unit 111, a spatial differ-
ential unit 112, and a color mapping unit 113.

[0066] Theviscoelastic coefficient calculation unit 111 cal-
culates the viscoelastic coefficient with respect to an input of
an RF signal. The viscoelastic coefficient calculation unit 111
outputs the calculated viscoelastic coefficient to the spatial
differential unit 112 and the color mapping unit 113.

[0067] The spatial differential unit 112 calculates the spa-
tial differential with respect to the viscoelastic coefficient
from the viscoelastic coeflicient calculation unit 111. The
spatial differential unit 112 outputs the calculated differential
value to the color mapping unit 113.

[0068] The color mapping unit 113 maps the viscoelastic
coefficient from the viscoelastic coefficient calculation unit
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111 to Hue and maps the differential value of the viscoelastic
coefficient from the spatial differential unit 112 to Value. The
color mapping unit 113 outputs the mapped value of each
HSV to the image synthesis unit 46. That is, the viscoelastic
coefficient calculation unit 111 outputs the calculated vis-
coelastic coefficient to the color mapping unit 113 as color
information when displaying the image relating to the vis-
coelastic coefficient. In addition, the spatial differential unit
112 outputs the calculated differential value to the color map-
ping unit 113 as brightness information when displaying the
image relating to the viscoelastic coefficient.

[0069] Returning to FIG. 4, in the ultrasonic image diag-
nosis apparatus 11, if it is instructed to transmit the beam, the
transmission BF unit 41 starts the transmission beam-forming
process. In response to this, in step S21, the transmission and
reception separation unit 42 acquires an ultrasonic signal.

[0070] Specifically, the transmission BF unit 41 performs
the transmission beam-forming process which is a process of
generating the ultrasonic signal (waveform) according to an
instruction signal of a user input through an operation unit or
the like (not shown) and outputs the transmission beam-
forming processed signal to the transmission and reception
separation unit 42. The transmission and reception separation
unit 42 receives the ultrasonic signal from the transmission
BF unit 41 and outputs the received ultrasonic signal to the
ultrasonic probe 21.

[0071] The ultrasonic probe 21 sends an ultrasonic beam
with respect to the object based on the ultrasonic signal from
a transmission and reception separation unit 42. In addition,
the ultrasonic probe 21 receives a reflection wave (reflected
and spread signal by an object) from the object and supplies
the received signal to the transmission and reception separa-
tion unit 42. The transmission and reception separation unit
42 acquires the ultrasonic signal from the ultrasonic probe 21
and supplies the acquired ultrasonic signal to the reception
BF unit 43.

[0072] In step S22, the reception BF unit 43 performs the
phasing addition of the ultrasonic signal from the transmis-
sion and reception separation unit 42. That is, the reception
BF unit 43 performs the reception beam-forming process
withrespect to the ultrasonic signal from the transmission and
reception separation unit 42 and supplies the reception beam-
forming processed RF signal (after performing the phasing
addition) to the viscoelastic coefficient operation unit 44 and
the imaging signal processing unit 45.

[0073] In step S23, the viscoelastic coefficient calculation
unit 111 of the viscoelastic coefficient operation unit 44 cal-
culates the viscoelastic coefficient from the RF signal after
performing the phasing addition from the reception BF unit
43. Methods of appropriately calculating the viscoelastic
coefficient vary, and are omitted herein. The viscoelastic
coefficient obtained herein is represented by Formula (1).

e(te) (1)

[0074] Here, trepresents the time (and at the same time, the
distance in a depth direction) and e represents the position in
an array direction.

[0075] The viscoelastic coefficient calculation unit 111
outputs the calculated viscoelastic coefficient to the spatial
differential unit 112 and the color mapping unit 113.

[0076] In step S24, the spatial differential unit 112 per-
forms the spatial differential. That is, the spatial differential
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unit 112 calculates the spatial differential with respect to the
viscoelastic coefficient from the viscoelastic coefficient cal-
culation unit 111.

[0077] To be more specific, there are two cases which are a
first method of calculating only the spatial differential in a
depth direction (that is, beam direction) and a second method
of calculating the spatial differential in an element direction
in addition to the spatial differential in the depth direction.
The spatial differential in the depth direction is represented by
Formula (2) and the spatial differential of the case of adding
the spatial differential in the element direction to the spatial
differential in the depth direction is represented by Formula

3).

de @
En
kﬁs 1—k de 3
atU-bg

[0078] Here, k represents a blending ratio in the depth

direction and the element direction.
[0079] In addition, Formula (2) can be obtained by the
following Formulas (4) and (5) as a discrete value.

de | . “
ET =ei-1,e)—ct, €

e
— =c(t,e+ 1) -1, e

de

[0080] With such a configuration, in the case of the first
method, it is possible to express the difference in the hardness
in a vertical direction as shown in FIG. 6, and specifically, the
upper side is expressed to be brighter and the lower side is
expressed to be darker among the borders of the object which
is harder than the surroundings. In addition, in the case of the
second method, it is possible to express the difference in the
hardness in a horizontal direction as shown in FIG. 7 in
addition to the case of the first method, and specifically, the
right side is expressed to be brighter and the left side is
expressed to be darker among the borders of the object which
is harder than the surroundings. The configuration may be
provided in reverse, but a hard substance tends to be recog-
nized to be protruded to the front in the above-described
configuration.

[0081] The spatial differential may be obtained through a
third method of calculating only the spatial differential in the
element direction. The border in the element direction is not
detected by the B mode image, and therefore, it is possible to
improve the degree of recognition of the hard substance in the
element direction.

[0082] In addition, the viscoelastic coefficient € and the
spatial differential value €' are described beforehand. The
spatial differential unit 112 outputs the calculated differential
value €' to the color mapping unit 113.

[0083] Returning to FIG. 5, the color mapping unit 113
performs color mapping in step S25. That is, the color map-
ping unit 113 maps the viscoelastic coefficient from the vis-
coelastic coefficient calculation unit 111 to Hue and maps the
differential value of the viscoelastic coefficient from the spa-
tial differential unit 112 to Value. At this time, Saturation is
typically set to 1.
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[0084] The Hue value is mapped as shown in the following
Formula (6).
e = Ecomer = € ©

de [ Nygrg  (de = 0)
Hi =
Yo T defNuy (de<0)

[0085] Here, €_,,,., is a reference value of normalization.
€ oo MAY be an average value of € within a frame and may be
a numerical value which is empirically obtained. N, ., and
N, are respectively normalized numbers in a side harder
than and a side softer than that of the reference value. N, ;
and N, may be set to be adaptively controlled according to
the average value and may be set as a fixed value. In addition,
N,,.wandN__ . may be the same as each other. The result of the
normalization according to €_,,,., and N is set to be within
ranges of O to 120 (center) and 0 to 240.

[0086] Meanwhile, the Value is similarly mapped as shown

in the following Formula (7).
Value =€ /Ny+0.5 7

[0087] Here, N,;,4is set such that Value, is within a range of
0.0t0 1.0.

[0088] The color mapping unit 113 outputs the mapped
values of each HSV to the image synthesis unit 46.

[0089] In step S26, the imaging signal processing unit 45
performs B mode imaging. That is, the imaging signal pro-
cessing unit 45 performs signal processing such as detection
or filtering with respect to the RF signal after performing the
phasing addition from the reception BF unit 43, and converts
the signal into a luminance image (B (brightness) mode
image).

[0090] Then, the imaging signal processing unit 45 maps
Brightness to Value, as shown in the following Formula (8).

Valuez=Brightness (8)

[0091] However, Brightness is already set to be normalized
in a range of 0.0 to 1.0. In the imaging signal processing unit
45, Hue and Saturation are not output.

[0092] The imaging signal processing unit 45 outputs the
mapped Valuey to the image synthesis unit 46.

[0093] Instep S27, the image synthesis unit 46 synthesizes
HSV from the color mapping unit 113 and Value, from the
imaging signal processing unit 45 as shown in the following
Formula (9) to generate an image for display. The viscoelastic
coefficient is not limited to being calculated by every point
observed by setting of ROI (Region of Interest: attention
region) or the like. For this reason, the synthesis result
changes depending on the presence and absence of the output
of the viscoelastic coefficient operation unit 44.

Hue, if Hue, exist (©)]
Hue = . i
120 if Hue, not exist

. Saturation, if Saturation, exist
Saturation = . . .
0.0 if Samuration, not exist

Value =

{m((ValueB - 0.5)Gaing + Centerg) + (1 —m)Value, if Value, exist

Valueg if Value, not exist
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[0094] However, m is a coefficient that indicates what
degree of the strength of the B mode is to be reflected to the
entire Value. m=0.0 indicates that the luminance is deter-
mined only by €' without superimposing the B mode image
onto the result of the elastography. m=1.0 indicates that the
luminance is determined only by the B mode and is not
dependent on €'.

[0095] In addition, in the equation of (Valuez—0.5)Gaing+
Centery, if Value is set as the value of the B mode as it is
during the expression of the elastography, a case where a
color 1s not almost smeared in an area having low luminance
on the B mode is prevented, and therefore, a median value is
raised to a high value with respect to a pixel having the result
of the elastography.

[0096] The image synthesis unit 46 converts the values of
Hue, Saturation, and Value which are obtained as described
above to RGB values and outputs the converted RGB values
to the scan converter 47 as the image for display.

[0097] InstepS28,the scan converter 47 displays the image
for display (RGB value) from the image synthesis unit 46 on
the image display unit 23 configured to have an LCD or the
like.

[0098] As described above, the characteristic of the visual
perception of a human is more sensitive to the change of the
luminance than the change of the color. In addition, in the
characteristic of the visual perception of a human, the warm
color is more sensitive to the change than the cold color in the
same color.

[0099] In the present technology, the information of the
brightness (that is, luminance) to which the visual perception
is more sensitive than the color without changing the method
of mapping to Hue (color) which is already perceived as the
elastography is added. Accordingly, it is possible to more
clearly depict the difference in the hardness.

[0100] Inaddition, the differential value of the viscoelastic
coefficient is assigned to the brightness (luminance) instead
of the viscoelastic coefficient itself. Therefore, the vicinity of
the border of the area having a different hardness becomes
clear, thereby supporting the recognition of the shape of the
area having a different hardness. It is possible to exactly
recognize the change of the hardness in the vicinity of the
border as well due to the characteristic of the perception
which is sensitive to the change of the luminance. For this
reason, it is possible to increase information such as the
moisture level of a lesion, the information being factors in a
decision compared to ordinary elastography (only with Hue).

[0101] Furthermore, the display according to the present
technology induces a pseudo stereoscopic appearance even in
acase of displaying on an ordinary display (monitor). That is,
the display provides an effect that the hard area looks further
protruded to the front than the surroundings.

[0102] The display method according to the present tech-
nology can produce an emphasis effect of the stereoscopic
appearance even when presenting the result of the elastogra-
phy with respect to the display capable of performing stereo-
scopic display. It is possible to perform expression equivalent
to arendering to which a pseudo lighting model is defined by
further superimposing the differential value on the luminance
compared to a case of performing stereoscopic expression by
assigning the viscoelastic coeflicient value itself to the depth.
Through the expression, it is possible to perceive the differ-
ence in the viscoelastic coefficient of the tissue as a geometric
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concave and convex shape, and therefore, it is possible to
further increase the capability of presenting the information
to the inspector.

[0103] According to the present technology as described
above, it is possible to more clearly depict the difference in
the hardness in the elastography. Accordingly, it is possible to
improve inspection accuracy, for example, to prevent missing
any lesion.

[0104] In the above description, the example of the HSV
color system has been described. The present technology can
be applied to, for example, aYUV color system or color space
as long as the color system or color space uses the color or the
luminance.

[0105] Inaddition, similarly,itis also possible to express an
object not only by assigning the viscoelastic coefficient to the
color and further assigning the spatial differential to the
brightness when displaying a screen of the viscoelastic coef-
ficient, but also by, for example, assigning the spatial differ-
ential to the brightness even during the stereoscopic expres-
sion by using the viscoelastic coefficient as the depth
information of a stereoscopic video and by combining with a
3D display control apparatus or the like as described above.
[0106] Furthermore, the example of the display by synthe-
sizing the B mode image with the viscoelastic coefficient
value, the differential value of the viscoelastic coefficient, and
HSV to which 1 is assigned has been described in the above-
described description, but the display may also be performed
without synthesizing the B mode image. In addition, the
image to be synthesized is not limited to the B mode image,
and any image may be synthesized. Specifically, it is possible
to synthesize a CT image of an object, an MRI image of an
object, an endoscopic image of an object (a video image or a
still image photographed using an endoscope) or the like as an
image relating to the object, with the viscoelastic coefficient
value, the differential value of the viscoelastic coefficient, and
HSV to which 1 is assigned.

[0107] The present technology can be used as any medical
application or non-medical application. In addition, the
present technology can be used in various situations of pho-
tographing a cross section of an object such as not only a
human, but also an animal or a plant, and an artifact, using an
ultrasonic wave.

[0108] The above-described series of processes can also be
executed using hardware, and can also be executed using
software. In the case of executing the series of processes using
the software, a program which is configured to have the
software is installed in a computer. Here, the computer
includes a dedicated computer in which the program is incor-
porated into the hardware, a general purpose personal com-
puter capable of executing various functions by installing
various programs, or the like.

Second Embodiment

Configuration Example of Computer

[0109] FIG. 8 is a block diagram showing a configuration
example of hardware of a computer that can execute the
above-described series of processes using the program.
[0110] In the computer, a Central Processing Unit (CPU)
401, aROM (Read Only Memory) 402, and a RAM (Random
Access Memory) 403 are mutually connected through a bus
404.

[0111] The bus 404 is further connected to an input and
output interface 405. The input and output interface 405 is
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connected to an input unit 406, an output unit 407, a memory
unit 408, a communication unit 409, and a drive 410.

[0112] Theinputunit406is formedofakeyboard, amouse,
amicrophone, or the like. The output unit 407 is formed of a
display, a speaker, or the like. The memory unit 408 is formed
of a hard disk or a nonvolatile memory. The communication
unit 409 is formed of a network interface or the like. The drive
410 drives a removable recording medium 411 such as a
magnetic disk, an optical disc, a magneto-optical disk, a
semiconductor memory, or the like.

[0113] In the computer having the above-described con-
figuration, the above-described series of the processes are
performed by the CPU 401 through execution performed by
loading the program stored in the memory unit 408 into the
RAM 403 through the input and output interface 405 and the
bus 404, for example.

[0114] It is possible to supply the program which is
executed by the computer (CPU 401) by recording the pro-
gram in the removable recording medium 411 as a package
media, for example. In addition, it is possible to supply the
program through a wired or wireless transmission medium
such as a local area network, the Internet, and a digital broad-
cast.

[0115] Inthe computer, it is possible to install the program
in the memory unit 408 through the input and output interface
405 by mounting the removable recording medium 411 in the
drive 410. In addition, it is possible to install the program in
the memory unit 408 by the program being received using the
communication unit 409 through the wired or wireless trans-
mission medium. [n addition, it is possible to install the pro-
gram in advance in the ROM 402 or the memory unit 408.
[0116] The program which is executed by the computer
may be a program in which processing is performed in time
series along the order described in the present specification,
and may be a program in which processing is performed in
parallel or at a necessary timing such as when being called.
[0117] In addition, in the present specification, the term of
a systen refers to an overall apparatus configured to have a
plurality of apparatuses, blocks, and units.

[0118] The embodiments in the present disclosure are not
limited to the above-described embodiments and various
modifications can be made within the scope not departing
from the gist of the present disclosure.

[0119] The preferred embodiments of the present disclo-
sure have been described in detail with reference to the
accompanying drawings, but the present disclosure is not
limited to the embodiments. It is obvious that various modi-
fication examples or revised examples can be conceived by
those having ordinary knowledge in the technical field to
which the present disclosure belongs, within the category of
technical ideas which is described in the claims, and it is
naturally understood that the modification examples or the
revised examples also belong to the technical scope of the
present disclosure.

[0120] The present disclosure can have the following con-
figuration.

[0121] (1) An ultrasonic processing apparatus including:
[0122] aviscoelastic coefficient calculation unit that calcu-

lates a viscoelastic coefficient of an object from an ultrasonic
signal acquired through an oscillator of a probe; and

[0123] aspatial change amount calculation unit that calcu-
lates spatial change amount of the viscoelastic coefficient
calculated by the viscoelastic coefficient calculation unit and
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outputs the calculated spatial change amount as brightness
information when displaying an image relating to the vis-
coelastic coefficient.

[0124] (2) The ultrasonic processing apparatus according
to the above (1),

[0125] inwhich the viscoelastic coefficient calculation unit
outputs the calculated viscoelastic coefficient as color infor-
mation when displaying an image relating to the viscoelastic
coefficient.

[0126] (3) The ultrasonic processing apparatus according
to the above (1) or (2),

[0127] inwhich the spatial change amount calculation unit
calculates the spatial change amount of the viscoelastic coef-
ficient of the object in a beam direction.

[0128] (4) The ultrasonic processing apparatus according
to any one of the above (1) to (3),

[0129] in which the spatial change amount calculation unit
calculates the spatial change amount of the viscoelastic coef-
ficient of the object in an element direction.

[0130] (5) The ultrasonic processing apparatus according
to any one of the above (1) to (4),

[0131] inwhich the spatial change amount of the viscoelas-
tic coefficient is a differential value of the viscoelastic coef-
ficient.

[0132] (6) The ultrasonic processing apparatus according
to any one of the above (1) to (5),

[0133] in which the viscoelastic coefficient is distortion.
[0134] (7) The ultrasonic processing apparatus according
to any one of the above (1) to (5),

[0135] in which the viscoelastic coefficient is an elastic
modulus.
[0136] (8) The ultrasonic processing apparatus according

to any one of the above (1) to (7), further including:

[0137] an image synthesis unit that synthesizes an image
relating to the object with the brightness information which is
output from the spatial change amount calculation unit and
the color information which is output from the viscoelastic
coefficient calculation unit.

[0138] (9) The ultrasonic processing apparatus according
to the above (8),

[0139] in which the image relating to the object is a bright-
ness image acquired from the ultrasonic signal.

[0140] (10) The ultrasonic processing apparatus according
to the above (8),

[0141] inwhich the image relating to the object is an endo-
scopic image of the object acquired from the outside.

[0142] (11) The ultrasonic processing apparatus according
to the above (1),

[0143] inwhich the viscoelastic coefficient calculation unit
outputs the calculated viscoelastic coefficient as depth infor-
mation when displaying a stereoscopic image relating to the
viscoelastic coefficient.

[0144] (12) The ultrasonic processing apparatus according
to any one of the above (1) to (11), further including:

[0145] a display control unit that controls display of the
image relating to the viscoelastic coefficient based on the
brightness information output from the spatial change
amount calculation unit.

[0146] (13) An ultrasonic processing method,

[0147] in which an ultrasonic processing apparatus calcu-
lates a viscoelastic coefficient of an object from an ultrasonic
signal acquired through an oscillator of a probe, calculates a
spatial change amount of the calculated viscoelastic coeffi-
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cient, and outputs the calculated spatial change amount as
brightness information when displaying an image relating to
the viscoelastic coefficient.

[0148] It should be understood by those skilled in the art
that various modifications, combinations, sub-combinations
and alterations may occur depending on design requirements
and other factors insofar as they are within the scope of the
appended claims or the equivalents thereof.

What is claimed is:

1. An ultrasonic processing apparatus comprising:

a viscoelastic coefficient calculation unit that calculates a
viscoelastic coefficient of an object from an ultrasonic
signal acquired through an oscillator of a probe; and

a spatial change amount calculation unit that calculates
spatial change amount of the viscoelastic coefficient
calculated by the viscoelastic coefficient calculation umt
and outputs the calculated spatial change amount as
brightness information when displaying an image relat-
ing to the viscoelastic coefficient.

2. The ultrasonic processing apparatus according to claim

1!

wherein the viscoelastic coefficient calculation unit out-
puts the calculated viscoelastic coefficient as colorinfor-
mation when displaying an image relating to the vis-
coelastic coefficient.

3. The ultrasonic processing apparatus according to claim

17

wherein the spatial change amount calculation unit calcu-
lates the spatial change amount of the viscoelastic coef-
ficient of the object in a beam direction.

4. The ultrasonic processing apparatus according to claim

15

wherein the spatial change amount calculation unit calcu-
lates the spatial change amount of the viscoelastic coef-
ficient of the object in an element direction.

5. The ultrasonic processing apparatus according to claim

15
wherein the spatial change amount ofthe viscoelastic coef-
ficient is a differential value of the viscoelastic coeffi-
cient.
6. The ultrasonic processing apparatus according to claim
1,

wherein the viscoelastic coefficient is distortion.

7. The ultrasonic processing apparatus according to claim
1,

wherein the viscoelastic coefficient is an elastic modulus.

8. The ultrasonic processing apparatus according to claim
2, further comprising:

an image synthesis unit that synthesizes an image relating
to the object with the brightness information which is
output from the spatial change amount calculation unit
and the color information which is output from the vis-
coelastic coefficient calculation unit.

9. The ultrasonic processing apparatus according to claim

85

wherein the image relating to the object is a brightness
image acquired from the ultrasonic signal.

10. The ultrasonic processing apparatus according to claim

87

wherein the image relating to the object is an endoscopic

image of the object acquired from the outside.
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1,

1,

11. The ultrasonic processing apparatus according to claim

wherein the viscoelastic coefficient calculation unit out-
puts the calculated viscoelastic coefficient as depth
information when displaying a stereoscopic image relat-
ing to the viscoelastic coefficient.

12. The ultrasonic processing apparatus according to claim

further comprising:

a display control unit that controls display of the image
relating to the viscoelastic coefficient based on the
brightness information output from the spatial change
amount calculation unit.

13. An ultrasonic processing method, comprising;

causing an ultrasonic processing apparatus

to calculate a viscoelastic coefficient of an object from an
ultrasonic signal acquired through an oscillator of a
probe,

to calculate a spatial change amount of the calculated vis-
coelastic coefficient, and

to output the calculated spatial change amount as bright-
ness information when displaying an image relating to
the viscoelastic coefficient.
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