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(7) ABSTRACT

Provided is an ultrasound diagnosis apparatus including: a
display configured to display a first ultrasound image show-
ing an object; a user input device configured to receive a user
input for selecting first and second depths in the first
ultrasound image and setting different three-dimensional
(3D) rendering properties with respect to the first and second
depths; and a controller configured to generate a second
ultrasound image showing a 3D volume of the object based
on the set 3D rendering properties, wherein the display is
further configured to display the generated second ultra-
sound image.

T 'J 4
| // O"%/(@H\eﬂecﬁon / /

Absorption Y,

/01054
/ Reflection
/ % Absoration
" 9.2
'/ Reflection
Absorption /

- os B\ 250

/ / Reflsction
210~ piyg| N {1 ’
/7\220 ‘

Absorption
240 //
Reflection /

Absorption / ’

(\//




Patent Application Publication Dec. 15,2016 Sheet 1 of 52 US 2016/0361043 A1

FIG. 1
1000 0
. 10
40 '
{ -/50 /
vi ! | b/ b XXX XK
~ 0-

-
341/341 ¢ emmmmmmmE p (A




US 2016/0361043 A1

Dec. 15,2016 Sheet 2 of 52

Patent Application Publication

£ uppdiosay

uondiosqy
uoos|eH
05z, _ 50
/" uondiosqy
uonosyeH
52" o\
\\\\A“ozahown< IWU
_ UOI108|1oY
Nw
co;EOmm{

\ uoys|ey
\ \@O 0 \

/ e

uoioaley
S.N of S5y

0ca %\

O 1e¥id Ml 012
™ oez

> ove

/ lelifettiive| XWO. s \\\-\\ .
.

ve "Dld




Patent Application Publication Dec. 15,2016 Sheet 3 of 52 US 2016/0361043 A1

2B

FIG.




Patent Application Publication Dec. 15,2016 Sheet 4 of 52 US 2016/0361043 A1

FiG., 2C
1000 55
280 ;
;oo
| : b / b X000 XK XX

sy By e Bl x ey e x




Patent Application Publication Dec. 15,2016 Sheet 5 of 52 US 2016/0361043 A1

FIG. 3

{ START >

ACQUIRE ULTRASOUND ECHO SIGANLS WITH $310
RESPECT TO 3D REGION OF OBJECT o

!

DETERMINE OPACITY OF POINT IN 3D REGION BASED | .

ON GRADIENT OF INTENSITY OF ULTRASOUND ECHO |
SIGNAL BETWEEN POINT AND ITS

!

DISPLAY IMAGE SHOWING INTERNAL STRUCTURE - 5330
OF 3D REGION BASED ON DETERMINED OPACITY | ®

| S




US 2016/0361043 A1

Dec. 15,2016 Sheet 6 of 52

Patent Application Publication

\\

\\

SIXOWOD)

USNEIRUSY

~

\.\.\.\
082 -

g
\//

\\ uondiosgy

Flapteciiists

et

V¥ "Old

@mmxw\

O 184d 01z
J 58

0cg

S 0v2




US 2016/0361043 A1

Dec. 15,2016 Sheet 7 of 52

Patent Application Publication

g¥ "91d




Patent Application Publication Dec. 15,2016 Sheet 8 of 52 US 2016/0361043 A1

FIG. 4C

o X00XX XX

R
31 4 B p 4




Patent Application Publication Dec. 15,2016 Sheet 9 of 52 US 2016/0361043 A1

420

=
%
Yosodf
Fey

412




Patent Application Publication Dec. 15,2016 Sheet 10 of 52  US 2016/0361043 A1

FIG. 5

( START >

DISPLAY FIRST ULTRASOUND IMAGE SHOWING 3510
SURFACE OF 3D REGION OF OBJECT Bl

RECEIVE USER INPUT FOR SETTING ROI'IN 3520
DISPLAYED FIRST ULTRASOUND IMAGE ”

DISPLAY ON SET ROI SECOND ULTRASOUND IMAGE 30

SHOWING INTERNAL STRUCTURE CORRESPONDING [~ °

TO ROl FROM AMONG INTERNAL STRUCTURES OF
3D REGION

END



Patent Application Publication Dec. 15,2016 Sheet 11 of 52 US 2016/0361043 A1

100

/

L

264 610

266
l /

262
\

FIG. 6

262




Patent Application Publication Dec. 15,2016 Sheet 12 of 52  US 2016/0361043 A1

FIG. 7A
1000
710 100
[ /
| 1 R / I XX00( XX XX

0-

"I

341/341 { —— ) .~




Patent Application Publication Dec. 15,2016 Sheet 13 of 52  US 2016/0361043 A1

FIG. 7B

1000
720 730 71p 100
i i J {

pase

CERRIPIRS T IRTIIN SO0 TR RS SR IO TRE ot |

GO R e ey Wy

31/341 § =) .~




Patent Application Publication Dec. 15,2016 Sheet 14 of 52  US 2016/0361043 A1

B
341/381 { =@ p . A




Patent Application Publication Dec. 15,2016 Sheet 15 of 52  US 2016/0361043 A1

FIG. 8B

g
341341 ¢ ol p LA




Patent Application Publication

}
o

L L T R Y L T L L B L

Dec. 15,2016 Sheet 16 of 52

US 2016/0361043 A1

- o

L1
»

[2p]

XAXX XX XX

FIG. 8C
1000
810 830 810 100

100

/

820 341/341 § ——® »

/
835

820

830




Patent Application Publication Dec. 15,2016 Sheet 17 of 52  US 2016/0361043 A1

"iv‘iv"h“"!(t-’Vyn-‘qv!1r!(r!;'!b

3

3N/ e p .~

FIG.




Patent Application Publication Dec. 15,2016 Sheet 18 of 52  US 2016/0361043 A1

FIG. 10

(stanr)

DISPLAY FIRST ULTRASOUND IMAGE SHOWING S1010
OBJECT e

3
RECEIVE USER INPUT FOR SELECTING FIRST AND o
SECOND DEPTHS IN FIRST ULTRASOUND IMAGE AND 51020
SETTING DIFFERENT 3D RENDERING PROPERTIES WITH
RESPECT TO FIRST AND SECOND DEPTHS

GENERATE SECOND ULTRASOUND IMAGE SHOWING
3D VOLUME OF OBJECT BASED ON SET 3D RENDERING
PROPERTIES

r
DISPLAY GENERATED SECOND ULTRASOUND IMAGE

51030

51040

]
( END



Patent Application Publication Dec. 15,2016 Sheet 19 of 52  US 2016/0361043 A1

FIG. 11A

(START )

|

DISPLAY FIRST ULTRASOUND IMAGE SHOWING OBJECT | .o
|

RECEIVE USER INPUT FOR SELECTING FIRST AND &30

SECOND DEPTHS IN FIRST ULTRASOUND IMAGE AND [~ 1128
SETTING DIFFERENT OPACITIES WITH RESPECT TO

FIRST AND SECOND DEPTHS

GENERATE SECOND ULTRASOUND IMAGE SHOWING 3D | 81140

VOLUME OF OBJECT BASED ON SET OPACITIES [ o'

DISPLAY GENERATED SECOND ULTRASOUND IMAGE | oo

END



Patent Application Publication Dec. 15,2016 Sheet 20 of 52  US 2016/0361043 A1

FIG. 11B
1000 100
/
| j | | / [ 000000
0..
 Opacity(%)
50+ :
V40 + 1-
30+ :
20+ o
10+ .
Z *
5
3-
K
341/341 § CommTB h LA




Patent Application Publication Dec. 15,2016 Sheet 21 of 52  US 2016/0361043 A1

FIG. 11C

Opacity{%)

50+
40+ ot
Wt e
20+
10+

t
\'b

ey

FIG. 11D

Opatity(%)

| 20% 50% 30%
50 1 :

40
301
20
10

1

i
o

1 > 3 4 Z(DEPTH)



Patent Application Publication Dec. 15,2016 Sheet 22 of 52  US 2016/0361043 A1

A

x'lreivrvie)\iV\‘liir"'v\rv\llllv\:vt
>< . fap
ﬁo - & -
g ®
. w
a
& p
N 3
he Sy
N
<
o0
g
< et
<8 |- &
o) -
ol
~
9
w3
B 5
o
o
S
o




Patent Application Publication Dec. 15,2016 Sheet 23 of 52  US 2016/0361043 A1

.3

Illll!‘ll)“‘b).l!fl!ﬁﬂltttilllillil

i

O

1210

341/341 4

o
8
m R e
a3
R
&
e
Py

20

1250
hY
1260
!
Z(DEPTH)

\I' SELECT PATTERN




Patent Application Publication Dec. 15,2016 Sheet 24 of 52  US 2016/0361043 A1

FIG. 13

( START )

i
RECEIVE USER INPUT FOR SETTING DEPTH OF 51310
VOLUME OF 3D VOLUME TO BE DISPLAYED ‘
!
DISPLAY VOLUME OF 3D VOLUME LOCATED BELOW SET | 51320
DEPTH BY ADJUSTING OPACITY ABOVE SET DEPTHTO 0 e

CEND )

FIG. 14A

Opacity(%)
i

-
g
.,

e 4

[
(A
i



Patent Application Publication Dec. 15,2016 Sheet 25 of 52  US 2016/0361043 A1

FiG. 14B
1000
730 790 1?0 710
: /

X000 XX XX

: i }./ ! \ [/ " !}-:-

2 '

R 3::'
SRR : BE
ECIILAN M O S




Patent Application Publication Dec. 15,2016 Sheet 26 of 52  US 2016/0361043 A1

FIG. 14C

Opacity(%)
]

i i i i o i i i sy

)
I~
e
e
D



Patent Application Publication Dec. 15,2016 Sheet 27 of 52  US 2016/0361043 A1

FIG. 14D
1000
730 720 710 1?0
i £
s/ | 0K XX XK

f=
-
-

334 4 By A




Patent Application Publication Dec. 15,2016 Sheet 28 of 52  US 2016/0361043 A1

FIG. 15

{ START >

RECEIVE USER INPUT FOR SETTING COLORS  |~s1510
ACCORDING TO DEPTH

DISPLAY IMAGE SHOWING 3D VOLUME BASED |
ON SET COLORS -~ 51520

END



US 2016/0361043 A1

Dec. 15,2016 Sheet 29 of 52

Patent Application Publication

w A0 b} (pB/ipE
L1
-¢
=
. 0LgL w
Ze1l
wr
: 98T e T i o
: (5INCE}  (ST0SNI) (SIWH3Q)  (SIABAGIdT)
. HOTOO N3FHD HOI00 038 HOI0D 8OO0
: NS NHYD NS LHBN
-0
XX YO XK ] \ | [ i
7 |
0oL BO5T 0291
91 Did




Patent Application Publication Dec. 15,2016 Sheet 30 of 52  US 2016/0361043 A1

N
B

341734 § cmmmmm@ A




Patent Application Publication Dec. 15,2016 Sheet 31 of 52  US 2016/0361043 A1

FIG. 18

( START )

]

RECEIVE USER INPUT FOR SETTING DEGREES OF 81518
FOCUS ACCORDING TO DEPTH o

DISPLAY ULTRASOUND IMAGE SHOWING 3D VOLUME | o oo
BASED ON SET DEGREES OF FOCUS e

END



Patent Application Publication Dec. 15,2016 Sheet 32 of 52  US 2016/0361043 A1

FIG. 19A

1000 100
/

i | | | / LXK 80(

| Focus(%)
3

| 50
40+
304
201
| 10+/1

3-
T
3417341 ¢ b




Patent Application Publication

Foous{%)
i
100+
90+
80+
70+
60 +
50+
40+
30 +
20+
10+

Dec. 15,2016 Sheet 33 of 52 US 2016/0361043 A1

FIG. 19B

Facus(%)

%o L
Cud

FIG. 19C

501
40

201
104

¥

4 ZIDEPTH)



Patent Application Publication Dec. 15,2016 Sheet 34 of 52  US 2016/0361043 A1

FIG. 20A
1000
730 720 710 100
l Ly :
| b P X Lo x XX x

Jw
3817381 { Oy LA




Patent Application Publication Dec. 15,2016 Sheet 35 of 52  US 2016/0361043 A1

FIG. 20B

341/341 ¢ b




Patent Application Publication Dec. 15,2016 Sheet 36 of 52  US 2016/0361043 A1

FIG. 20C

34130 § o p LM




Patent Application Publication Dec. 15,2016 Sheet 37 of 52  US 2016/0361043 A1

FIG. 20D

1000
735 720 710 1}5
1 ;\ 1{ n \ X000

(=

-
% 3

e

S “

RS

i

ML oD p LA




Patent Application Publication Dec. 15,2016 Sheet 38 of 52  US 2016/0361043 A1

FIG. 21

( ‘START )

¥

RECEIVE USER INPUT FOR SETTING ROIS ~82110
ACCORDING TO DEPTH OF 3D VOLUME —82110

1

DISPLAY ULTRASOUND IMAGE SHOWING 3D VOLUME soia0
BASED ON SET ROIS T

|
END




Patent Application Publication

22A

FIG.

100

2210
[

Dec. 15,2016 Sheet 39 of 52

YHAX XK XX

US 2016/0361043 A1

0~
2

2227

2225
£

2224
/

341/341 § —”————— O p . A




Patent Application Publication Dec. 15,2016 Sheet 40 of 52  US 2016/0361043 A1

FIG. 22B

pppy 2220

s o o e

o000 2991 2228 2222 ooop poog
{ 3 £

1

1

1
4

i

21 22
Geometric ROI1  Geometric ROI2  Geometic ROI3  Geomelric ROI 4
(CIRCULAR)  (QUADRANGULAR)  (POLYGONAL}  (USER-DEFINED)



Patent Application Publication

-

2020 2221
o

Dec. 15,2016 Sheet 41 of 52 US 2016/0361043 A1

FiG. 22C
1000
100
£
| o ]
l22{20 2;’?24 2999

|-

!
22286

341/341 4 o b Ti

2223

FIG. 23A

??22 2204 2095 2007 2226

-t
|

)

I
v

71 72 23 i
Opacity 1 Opacity 2 Opacity 3 Opacity 4
(20%) (50%) (30%) {5%)



Patent Application Publication Dec. 15,2016 Sheet 42 of 52  US 2016/0361043 A1

FIG. 23B

1000

100
{

J xxxxxng

i !

2220 2224

2926 3
o
KLETR ISR B ovovssceocoeonon /) SRl

FIG. 24A

2222

R

2220 2221 2223
o - !

i
1

2224 2225 ogog 2227
g Lo R 4

L VI T

!

b kb

~Y

Z1 22 Z3 Z4
Focus 1 Focus 2 Focus 3 Focus 4
(20%) {40%) {100%) (10%)



Patent Application Publication

Dec. 15,2016 Sheet 43 of 52

FIG., 24B

1000

2220
|

2224
[

Py

2998 3

33§ o p IT}

Y oo20 22t

FIG. 25A
2?22 2224 2225 op06 2227

US 2016/0361043 A1

ﬁwﬁ o -4‘*—-1 &
S

B

B

'LIGHT SKIN COLOR ~ DARK SKIN COLOR :
{EPIDERMIS OF SKIN}  (DERMIS OF SKIN}  {TUMOR OR TARGET)

RED COLOR GREEN COLOR £

{BONE)



Patent Application Publication Dec. 15,2016 Sheet 44 of 52  US 2016/0361043 A1

FIG. 25B
1000
1}}0
| ) b j PX000000
0':‘
DD 2224 .
i 22(20 { 2292
1-
- 2’
ot .
2226 3=
N
341341 4 oD p LD




Patent Application Publication Dec. 15,2016 Sheet 45 of 52  US 2016/0361043 A1

FIG. 26

{ START )

ACQUIRE 3D VOLUME DATA REPRESENTING 3D St
YOLUME OF CBJECT T 3

{

SEGMENT 3D VOLUME OF OBJECT INTO PLURALITY OF | 0
VOLUMES BASED ON 3D YOLUME DATA - 526

!

GENERATE ULTRASOUND IMAGE REPRESENTING FIRST
AND SECOND VOLUMES FROM AMONG PLURALITY OF
VOLUMES DIFFERENTLY BY RENDERING FIRST AND SECOND
VOLUMES BASED ON DIFFERENT 3D RENDERING PROPERTIES

{
DISPLAY GENERATED ULTRASOUND IMAGE

- 82630

L 52640

CEND



Patent Application Publication

Gradient i

FIG., 27

2730

Dec. 15,2016 Sheet 46 of 52 US 2016/0361043 A1

Intensity



Patent Application Publication

Dec. 15,2016

Sheet 47 of 52

US 2016/0361043 A1

KEXK XX XX

-

100

1136

*Eﬂ
o8]
o
w0
Jonensf
o

N
N
W
W
N

W

AR
R
T
SRR

5
7

N
AT

\\\:\\\:\\\\
R

]

T NRR N RK N ALK

LR R

N

15700

PR

&
&
R
e
T C\C\C\C\\m
Ay

R
R
.
N

341/341 § S p . A




Patent Application Publication Dec. 15,2016 Sheet 48 of 52  US 2016/0361043 A1

<
§'D'D"U'bl'l)lv(\‘rllr,ll(\taDli)1'(!!
o ~ 0m
:>,<< b,
2%
&
e

1136
341/341 4

288

FIG.

2810

2820




Patent Application Publication Dec. 15,2016 Sheet 49 of 52  US 2016/0361043 A1

FIG. 29

(st )

DIPSLAY ULTRASOUND IMAGE SHOWING PLURALITY 3910
OF VOLUMES T

RECEIVE USER INPUT FOR SELECTING ONE OF -
PLURALITY OF VOLUMES —— §2920

RECEIVE USER INPUT FOR SETTING 3D RENDERING

PROPERTIES WITH RESPECT TO SELECTED VOLUME [~ ©29%¢
'GENERATE AGAIN ULTRASOUND IMAGE REPRESENTING
SELECTED VOLUME DIFFERENTLY THAN OTHER VOLUMES o
BY RENDERING 3D VOLUME DATA BASED ON SET3D |~ 52240
RENDERING PROPERTIES
DISPLAY REGENERATED ULTRASOUND IMAGE e

END



Patent Application Publication Dec. 15,2016 Sheet 50 of 52  US 2016/0361043 A1

x l L4 td ¥ * i 13 t] » ¥ ’ <+ 1 ». > ‘ (3 Ll ¥ i ‘ + 4 ¥y > . « + ¥ > ' + > .
Xy ool
% 8 o -~
o ®
<
S
-
© Q
R 3000 "
= )

30

FI1G.

L o

V)
OPACITY 0%

3020__]



Patent Application Publication Dec. 15,2016 Sheet 51 of 52  US 2016/0361043 A1

/17{}0 fq_sgg
> USER INPUT DEVICE ]

CONTROLLER
1400
- DISPLAY




US 2016/0361043 A1

Dec. 15,2016 Sheet 52 of 52

Patent Application Publication

oowefmxiw

[ H3TIoHINGD

T11|,

0041

{ 301A30 1ndNI 38N |

00917

AHOWIW

s

0051

AV1dSId

f—mr

0okl

o e e Y
i
i

HOSSI00H
#31dd00

2 A

[ e b e

HOLYHINGD
VA

HOSS300H
3004 8

0zt clel
40883004d Yivd

HOSS300Hd ZOVAl

0igt~

0021

i

g0t

3H0Hd

| TINA0N KOLYDINNANOD JTS0N =
086"
| FINTON NOILYIINNININOD 3HiM =
0est”
{  TINCOA NOLLYOINNAIWOD v3HY 00T |
081" TincOW NOLLYDINDINAOD
0081
, ™
HOLTEO SNAYIEE H38TNd
NOISSINSNYHL
2l TibL 911"
Y31 UNSNYHL
0L
w0 | jumn svvaal ] .
onmans [ woazoze [} O 0?%%
_mm: ‘ 9241 trAtly A
B3N
0zt

HIAIFOSNYHL ONOOSYHLIN

0ot

ce

e ] K1

02

TNIAYL
T18Y1H0d

SNivdYddy
Walasn

HAdas

0



US 2016/0361043 A1

METHOD AND APPARATUS FOR
DISPLAYING ULTRASOUND IMAGES

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 62/174,619, filed on Jun. 12, 2013, in
the US Patent Office and Korean Patent Application No.
10-2015-0186771, filed on Dec. 24, 2015, in the Korean
Intellectual Property Office, the disclosures of which are
incorporated herein in their entireties by reference.

BACKGROUND
[0002] 1. Field
[0003] The present disclosure relates to methods and appa-
ratuses for displaying a three-dimensional (3D) region of an
object.
[0004] 2. Description of the Related Art
[0005] Ultrasound diagnosis apparatuses transmit ultra-

sound signals generated by transducers of a probe to an
object and receive echo signals reflected from the object,
thereby obtaining at least one image of an internal part of the
object (e.g., soft tissue or blood flow). In particular, ultra-
sound diagnosis apparatuses are used for medical purposes
including observing an internal area of an object, detecting
foreign substances, and assessing injuries. Such ultrasound
diagnosis apparatuses provide high stability, display images
in real time, and are safe due to no radiation exposure,
compared to X-ray apparatuses. Therefore, an ultrasound
diagnosis apparatus is widely used together with other types
of imaging diagnosis devices including a computed tomog-
raphy (CT) apparatus, a magnetic resonance imaging (MRI)
apparatus, and the like.

SUMMARY

[0006] Provided are methods and apparatuses for display-
ing an internal structure of a three-dimensional (3D) region
of an object.

[0007] Provided are methods and apparatuses for setting a
region of interest (ROI) in an ultrasound image representing
a surface of a 3D region of an object and displaying an
internal structure of the 3D region on the set ROI.

[0008] Provided are methods of and apparatuses for dis-
playing an ultrasound image representing a 3D region by
setting a plurality of ROIs according to a depth and applying
different rendering parameters to the set ROIs.

[0009] Provided are methods of and apparatuses for dis-
playing an ultrasound image representing a plurality of
volumes differently segmenting a 3D volume of an object
into the plurality of volumes and applying different render-
ing parameters to the plurality of volumes.

[0010] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may be learned by practice of the pre-
sented embodiments.

[0011] According to an aspect of an embodiment, an
ultrasound diagnosis apparatus includes: a user input device
configured to receive a user input for selecting first and
second depths in the first ultrasound image and setting
different three-dimensional (3D) rendering properties with
respect to the first and second depths; and a controller
configured to generate a second ultrasound image showing
a 3D volume of the object based on the set 3D rendering

Dec. 15,2016

properties, wherein the display is further configured to
display the generated second ultrasound image.

[0012] The 3D rendering properties may include at least
one of an opacity, a color, a region of interest (ROI), and a
degree of focus.

[0013] The first depth may include a first depth interval in
the 3D volume, and the second depth comprises a second
depth interval in the 3D volume.

[0014] The controller is further configured to control the
display to display an indicator representing a direction of a
depth for which the 3D rendering properties are to be set.

[0015] The display is further configured to display a
plurality of ultrasound images showing different cross-
sections of the object, and the user input device is further
configured to receive a user input for selecting one of the
plurality of ultrasound images as the first ultrasound image.

[0016] The display is further configured to display a
plurality of images respectively representing patterns of the
3D rendering properties according to depths, and the user
input device is further configured to receive the user input
for selecting the first and second depths in the first ultra-
sound image and setting different 3D rendering properties
with respect to the first and second depths by receiving a
user input for selecting one of the plurality of images.

[0017] The first ultrasound image may be an ultrasound
image showing the 3D volume of the object.

[0018] The display is further configured to display an
indicator representing a direction of a depth for which the
different 3D rendering properties are to be set and a user
interface for setting an ROl in a cross-section perpendicular
to the direction of the depth, and the user input device is
further configured to receive a user input for respectively
setting first and second ROIs at the first and second depths
by using the user interface and receive a user input for
setting different 3D rendering properties with respect to the
first and second ROls.

[0019] The user interface for setting the ROI may include
a user interface for setting at least one of a shape and a size
of the RO, and the user input device is further configured
to receive a user input for setting the first and second ROIs
by receiving a user input for setting at least one of a shape
and a size of each of the first and second ROIs by using the
user interface.

[0020] The controller is further configured to control the
display to display, when the user input for setting the first
and second ROIs is received, a third image showing a
cross-section at the first depth and the first ROI, which is set
in the cross-section at the first depth, on the third image, and
display a fourth image showing a cross-section at the second
depth and the second ROI, which is set in the cross-section
at the second depth, on the fourth image.

[0021] According to an aspect of another embodiment, a
method of displaying an ultrasound image includes: display-
ing a first ultrasound image showing an object; receiving a
user input for selecting first and second depths in the first
ultrasound image and setting different 3D rendering prop-
erties with respect to the first and second depths; generating
a second ultrasound image showing a 3D volume of the
object based on the set 3D rendering properties; and dis-
playing the generated second ultrasound image.

[0022] The 3D rendering properties may include at least
one of an opacity, a color, an ROI, and a degree of focus.
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[0023] The first depth may include a first depth interval in
the 3D volume, and the second depth comprises a second
depth interval in the 3D volume.

[0024] The displaying of the first ultrasound image show-
ing the object may include displaying an indicator repre-
senting a direction of a depth for which the 3D rendering
properties are to be set.

[0025] The displaying of the first ultrasound image show-
ing the object may include: displaying a plurality of ultra-
sound images showing different cross-sections of the object;
receiving a user input for selecting one of the plurality of
ultrasound images as the first ultrasound image; and dis-
playing the selected first ultrasound image.

[0026] The receiving of the user input for selecting the
first and second depths in the first ultrasound image and
setting the different 3D rendering properties with respect to
the first and second depths may include: displaying a plu-
rality of images respectively representing patterns of the 3D
rendering properties according to depths, and receiving the
user input for selecting the first and second depths in the first
ultrasound image and setting the different 3D rendering
properties with respect to the first and second depths by
receiving a user input for selecting one of the plurality of
images.

[0027] The first ultrasound image may be an ultrasound
image showing the 3D volume of the object.

[0028] The method may further include: displaying an
indicator representing a direction of a depth for which the
different 3D rendering properties are to be set and a user
interface for setting an ROl in a cross-section perpendicular
to the direction of the depth; receiving a user input for
respectively setting first and second ROIs at the first and
second depths by using the user interface; and receiving a
user input for setting different 3D rendering properties with
respect to the first and second ROIs.

[0029] The user interface for setting the ROI may include
a user interface for setting at least one of a shape and a size
of the ROI, and the receiving of the user input for setting the
different 3D rendering properties with respect to the first and
second ROIs may include receiving a user input for setting
at least one of a shape and a size of each of the first and
second ROIs by using the user interface.

[0030] The method may further include: displaying, when
the user input for setting the first and second ROIs is
received, a third image showing a cross-section at the first
depth and displaying the first ROIL, which is set in the
cross-section at the first depth, on the third image; and
displaying a fourth image showing a cross-section at the
second depth and displaying the second ROIL, which is set in
the cross-section at the second depth, on the fourth image.

[0031] According to an aspect of another embodiment, an
ultrasound diagnosis apparatus includes: An ultrasound
diagnosis apparatus comprising: a data acquisition unit
configured to acquire a three-dimensional volume of an
object; a controller configured to segment the 3D volume of
the object into a plurality of volumes and render first and
second volumes from among the plurality of volumes based
on different 3D rendering properties to thereby generate an
ultrasound image representing the first and second volumes
differently: and a display configured to display the generated
ultrasound image.

[0032] The controller is further configured to generate an
ultrasound image representing the second volume in a more
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emphasized manner than the first volume by setting opacity
of the second volume to be higher than opacity of the first
volume.

[0033] The controller is further configured to generate an
ultrasound image representing the first and second volumes
in such a manner as to distinguish them from each other by
setting colors for the first and second volumes differently.

[0034] The controller is further configured to generate an
ultrasound image representing the second volume in a more
emphasized manner than the first volume by setting a degree
of focus of the second volume to be higher than a degree of
focus of the first volume.

[0035] The controller is further configured to segment the
3D volume of the object into a plurality of volumes repre-
senting internal structures in the 3D volume of the object and
render the plurality of volumes based on 3D rendering
properties respectively corresponding to the internal struc-
tures to thereby generate an ultrasound image representing
the first and second volumes differently.

[0036] The display is further configured to display an
ultrasound image showing the plurality of volumes, and the
ultrasound diagnosis apparatus may further include a user
input device configured to receive a user input for selecting
the first volume from among the plurality of volumes. The
controller is further configured to generate the ultrasound
image representing the first volume differently than the other
volumes by rendering the first volume based on different 3D
rendering properties than the other volumes.

[0037] The controller is further configured to segment the
3D volume into the plurality of volumes based on a gradient
between points in the 3D volume.

[0038] The controller is further configured to segment the
3D volume into the plurality of volumes based on an entropy
value of the 3D volume.

[0039] According to an aspect of another embodiment, an
ultrasound diagnosis apparatus includes: a display config-
ured to display a first ultrasound image showing a surface of
a 3D region of an object; a user input device configured to
receive a user input for setting an ROI in the displayed first
ultrasound image; and a controller configured to control the
display to display a second ultrasound image showing an
internal structure corresponding to the set ROI from among
internal structures of the 3D region.

[0040] The controller may generate an ultrasound image
representing the second volume in a more emphasized
manner than the first volume by setting opacity of the second
volume to be higher than opacity of the first volume.

[0041] The controller may generate an ultrasound image
representing the first and second volumes in such a manner
as to distinguish them from each other by setting colors for
the first and second volumes differently.

[0042] The controller may generate an ultrasound image
representing the second volume in a more emphasized
manner than the first volume by setting a degree of focus of
the second volume to be higher than a degree of focus of the
first volume.

[0043] The display may display an ultrasound image
showing the plurality of volumes, the ultrasound diagnosis
apparatus may further comprise a user input device config-
ured to receive a user input for selecting the first volume
from among the plurality of volumes, and the controller may
generate the ultrasound image representing the first volume
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in a different way than the other volumes by rendering the
first volume based on different 3D rendering properties than
the other volumes.

[0044] The controller may segment the 3D volume into the
plurality of volumes based on a gradient between points in
the 3D volume.

[0045] The controller may segment the 3D volume into the
plurality of volumes based on an entropy value of the 3D
volume.

[0046] The internal structure corresponding to the ROI
may include relative positions of structures that are located
below the ROI from among structures constituting the 3D
region.

[0047] The display may display the relative positions of
the structures located below the ROI by showing contours of
the structures located below the ROI at different depths.
[0048] The structures may include at least one of a skin, an
organ, a blood vessel, a bone, and a cavum.

[0049] The controller may generate the second ultrasound
image showing the internal structure based on a gradient of
ultrasound echo signals between points in the 3D region.
[0050] The user input device may receive a user input for
changing the ROI, and the controller may control the display
to display, on the changed RO, the second ultrasound image
showing an internal structure corresponding to the changed
ROL

[0051] The user input device may receive a user input for
setting a depth of an internal structure to be displayed on the
ROI, and the display may display a portion of the internal
structure corresponding to the ROI, which is located below
the set depth, on the ROI.

[0052] The controller may control the display to display a
portion of the internal structure located below the set depth
by setting opacity values at points located above the set
depth, from among points in the 3D region, to less than or
equal to a reference value.

[0053] The user input device may receive a user input for
setting a plurality of ROIs according to a depth of the 3D
region, and the controller may control the display to display
on an ROI the second ultrasound image showing the internal
structure corresponding to the ROI by respectively setting
different rendering parameters for the set ROIs.

[0054] The rendering parameters may include at least one
of an opacity, a degree of focus, and a color.

BRIEF DESCRIPTION OF THE DRAWINGS

[0055] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the embodiments, taken in conjunction with the accom-
panying drawings in which:

[0056] FIG. 1 illustrates an example in which an ultra-
sound diagnosis apparatus displays an internal structure of a
three-dimensional (3D) volume corresponding to a region of
interest (ROI), according to an embodiment;

[0057] FIGS. 2A through 2C illustrate an example in
which an ultrasound diagnosis apparatus generates an ultra-
sound image representing a surface of a 3D volume, accord-
ing to an embodiment;

[0058] FIG. 3 is a flowchart of a method, performed by an
ultrasound diagnosis apparatus, of generating an image
showing an internal structure of an object based on a
gradient in a depth direction of intensity of ultrasound echo
signals received from adjacent points from among points in
a 3D region of the object, according to an embodiment;
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[0059] FIGS. 4A through 4D illustrate an example in
which an ultrasound diagnosis apparatus generates an image
showing an internal structure of an object based on a
gradient in a depth direction of ultrasound echo signals
received from adjacent points from among points in a 3D
region of the object, according to an embodiment;

[0060] FIG. 5 is a flowchart of a method, performed by an
ultrasound diagnosis apparatus, of displaying an internal
structure of a 3D volume on an ROI according to an
embodiment;

[0061] FIG. 6 illustrates a method, performed by an ultra-
sound diagnosis apparatus, of displaying an internal struc-
ture of a 3D volume on an ROT according to an embodiment;
[0062] FIGS.7A and 7B illustrate an example in which an
ultrasound diagnosis apparatus displays an internal structure
of a 3D volume corresponding to an ROI set by a user,
together with a surface of the 3D volume, according to an
embodiment;

[0063] FIGS. 8A through 8C illustrate an example in
which an ultrasound diagnosis apparatus displays an internal
structure of a 3D volume corresponding to an ROI set by a
user, together with a surface of the 3D volume, according to
another embodiment;

[0064] FIG. 9 illustrates an example in which an ultra-
sound diagnosis apparatus displays an internal structure of a
3D volume corresponding to an ROI set by a user, together
with a surface of the 3D volume, according to another
embodiment;

[0065] FIG. 10 is a flowchart of a method, performed by
an ultrasound diagnosis apparatus, of displaying an image
showing a 3D volume based on 3D rendering properties set
according to a depth, according to an embodiment;

[0066] FIG. 11A is a flowchart of a method, performed by
an ultrasound diagnosis apparatus, of displaying an image
showing a 3D volume based on opacity according to a depth,
according to an embodiment;

[0067] FIGS. 11B and 11D illustrate an example in which
an ultrasound diagnosis apparatus receives a user input for
setting opacity with respect to a depth, according to an
embodiment;

[0068] FIG. 11C illustrates an example in which opacity
values with respect to a depth are set in an ultrasound
diagnosis apparatus based on a user input, according to an
embodiment;

[0069] FIGS. 12A and 12B illustrate an example in which
an ultrasound diagnosis apparatus receives a user input for
setting opacity with respect to a depth, according to another
embodiment;

[0070] FIG. 13 is a flowchart of a method, performed by
an ultrasound diagnosis apparatus, of displaying a volume of
a 3D volume, which is located below a depth set by a user,
according to an embodiment;

[0071] FIGS. 14A and 14B illustrate an example in which
an ultrasound diagnosis apparatus displays an internal struc-
ture of a 3D volume located below a depth set by a user,
according to an embodiment;

[0072] FIGS. 14C and 14D illustrate an example in which
an ultrasound diagnosis apparatus displays an internal struc-
ture of a 3D volume located down from a depth set by a user,
according to another embodiment;

[0073] FIG. 15 is a flowchart of a method, performed by
an ultrasound diagnosis apparatus, of displaying an image
showing a 3D volume based on a color set according to a
depth, according to an embodiment;
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[0074] FIG. 16 illustrates an example in which an ultra-
sound diagnosis apparatus receives a user input for setting a
color according to a depth, according to an embodiment;
[0075] FIG. 17 illustrate an example in which an ultra-
sound diagnosis apparatus generates an ultrasound image
showing a 3D volume based on a color set by the user
according to a depth, according to an embodiment;

[0076] FIG. 18 is a flowchart of a method, performed by
an ultrasound diagnosis apparatus, of displaying an image
showing a 3D volume based on a degree of focus with
respect to a depth set by a user, according to an embodiment;
[0077] FIGS. 19A through 19C illustrate an example in
which an ultrasound diagnosis apparatus receives a user
input for setting a degree of focus according to a depth,
according to an embodiment;

[0078] FIGS. 20A through 20D illustrate an example in
which an ultrasound diagnosis apparatus displays an ultra-
sound image showing a 3D volume based on a degree of
focus with respect to a depth selected by a user, according
to an embodiment;

[0079] FIG. 21 is a flowchart of a method, performed by
an ultrasound diagnosis apparatus, of displaying an ultra-
sound image showing a 3D volume based on a shape of an
ROI set with respect to a depth selected by a user, according
to an embodiment;

[0080] FIGS. 22A through 22C illustrate an example in
which an ultrasound diagnosis apparatus receives a user
input for setting ROIs having different shapes according to
a depth, according to an embodiment;

[0081] FIGS. 23A and 23B illustrate an example in which
an ultrasound diagnosis apparatus displays an ultrasound
image showing a 3D volume based on opacities that are
respectively set for a plurality of ROIs selected according to
a depth, according to an embodiment;

[0082] FIGS. 24A and 24B illustrate an example in which
an ultrasound diagnosis apparatus displays an ultrasound
image showing a 3D volume based on degrees of focus
respectively set for a plurality of ROIs according to depths,
according to an embodiment;

[0083] FIGS. 25A and 25B illustrate an example in which
an ultrasound diagnosis apparatus displays an ultrasound
image showing a 3D volume based on colors respectively set
for a plurality of ROIs selected according to a depth,
according to an embodiment;

[0084] FIG. 26 is a flowchart of a method, performed by
an ultrasound diagnosis apparatus, of representing a plural-
ity of volumes differently by segmenting a 3D volume of an
object into the plurality of volumes and setting 3D rendering
properties respectively for the plurality of volumes, accord-
ing to an embodiment;

[0085] FIG. 27 illustrates an example in which an ultra-
sound diagnosis apparatus segments a 3D volume of an
object into a plurality of volumes based on intensity and a
gradient of intensity for a voxel among voxels constituting
the 3D volume, according to an embodiment;

[0086] FIG. 28A illustrates an example in which an ultra-
sound diagnosis apparatus represents a plurality of volumes
obtained by segmentation in such a manner as to distinguish
the plurality of volumes from one another by rendering the
volumes based on different 3D rendering properties, accord-
ing to an embodiment;

[0087] FIG. 28B illustrates an example in which an ultra-
sound diagnosis apparatus sets an ROI with respect to a
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volume from among a plurality of volumes obtained by
segmentation, according to an embodiment;

[0088] FIG. 29 is a flowchart of a method, performed by
an ultrasound diagnosis apparatus, of setting different 3D
rendering properties according to a plurality of volumes
based on a user input, according to an embodiment;
[0089] FIG. 30 illustrates an example in which an ultra-
sound diagnosis apparatus sets different 3D rendering prop-
erties according to a plurality of volumes based on a user
input, according to an embodiment;

[0090] FIG. 31 is a block diagram of a configuration of an
ultrasound diagnosis apparatus according to an embodiment;
and

[0091] FIG. 32 is a block diagram of a configuration of a
system including an ultrasound diagnosis apparatus accord-
ing to an embodiment.

DETAILED DESCRIPTION

[0092] The terms used in this specification are those
general terms currently widely used in the art in consider-
ation of functions regarding the inventive concept, but the
terms may vary according to the intention of those of
ordinary skill in the art, precedents, or new technology in the
art. Also, some terms may be arbitrarily selected by the
applicant, and in this case, the meaning of the selected terms
will be described in detail in the detailed description of the
present specification. Thus, the terms used in the specifica-
tion should be understood not as simple names but based on
the meaning of the terms and the overall description of the
inventive concept.

[0093] When a part “includes” or “comprises” an element,
unless there is a particular description contrary thereto, the
part can further include other elements, not excluding the
other elements. In addition, terms such as . . . unit”, “. .
. module”, or the like refer to units that perform at least one
fanction or operation, and the units may be implemented as
hardware or software or as a combination of hardware and
software.

[0094] Reference will now be made in detail to embodi-
ments, examples of which are illustrated in the accompany-
ing drawings, wherein like reference numerals refer to like
elements throughout. In this regard, the present embodi-
ments may have different forms and should not be construed
as being limited to the descriptions set forth herein. In
addition, parts not related to the present inventive concept
are omitted to clarify the description of embodiments.
Expressions such as “at least one of,” when preceding a list
of elements, modify the entire list of elements and do not
modify the individual elements of the list.

[0095] Throughout the specification, an “ultrasound
image” refers to an image of an object, which is obtained
using ultrasound waves. Furthermore, an “object” may be a
human, an animal, or a part of a human or animal. For
example, the object may be an organ such as the liver, the
heart, the uterus, the brain, a breast, or the abdomen, a blood
vessel, or a combination thereof. Also, the object may be a
phantom. The phantom means a material having a density,
an effective atomic number, and a volume that are approxi-
mately the same as those of an organism. For example, the
phantom may be a spherical phantom having properties
similar to a human body.

[0096] Throughout the specification, a “user” may be, but
is not limited to, a medical expert, for example, a medical
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doctor, a nurse, a medical laboratory technologist, or a
medical imaging expert, or a technician who repairs medical
apparatuses.

[0097] Furthermore, throughout the specification, a three-
dimensional (3D) volume” may be a 3D region of an imaged
object. For example, if an ultrasound diagnosis apparatus
1000) captures an image of the heart, a 3D volume may be
a 3D region of the imaged heart.

[0098] Furthermore, throughout the specification, “3D
volume data” may be data used to represent a 3D volume of
an object. For example, 3D volume data may be an ultra-
sound echo signal received from a 3D volume of an object.
[0099] Hereinafter, embodiments will be described in
detail with reference to the accompanying drawings.
[0100] FIG. 1 illustrates an example in which an ultra-
sound diagnosis apparatus 1000 displays an internal struc-
ture of a 3D volume corresponding to a region of interest
(ROI), according to an embodiment.

[0101] Referring to FIG. 1, the ultrasound diagnosis appa-
ratus 1000 may display an internal anatomical structure 30
of a 3D volume corresponding to an ROI 40 on an ultra-
sound image 100

[0102] The ultrasound image 100 may be an ultrasound
image showing a 3D volume as a 3D scene. For example, by
capturing an image of a pregnant woman’s abdomen via a
probe including two-dimensional (2D) matrix array trans-
ducers, the ultrasound diagnosis apparatus 1000 may receive
ultrasound echo signals reflected from a 3D region of a fetus.
The ultrasound diagnosis apparatus 1000 may generate 3D
volume data with respect to the fetus based on the received
ultrasound echo signals. 3D volume data may be generated
by mapping a 3D region of an object to a plurality of voxels
having 3D position values and determining ultrasound echo
signals received from points in the 3D region respectively
corresponding to the voxels as being values of the voxels.
[0103] After generating the 3D volume data, the ultra-
sound diagnosis apparatus 1000 may determine an opacity
value for each voxel in the 3D volume data. The ultrasound
diagnosis apparatus 1000 may display the ultrasound image
100 showing the fetus as a 3D scene by performing volume
rendering with respect to the 3D volume data based on an
opacity value assigned to each voxel.

[0104] In this case, the ultrasound diagnosis apparatus
1000 may display an ultrasound image showing a surface of
a 3D volume as a 3D scene. For example, the ultrasound
diagnosis apparatus 1000 may determine an opacity value
for each voxel to be proportional to an intensity of an
ultrasound echo signal received from the fetus and display
an ultrasound image showing a surface of a 3D volume as a
3D scene based on the determined opacity value and a
volume rendering algorithm such as ray-casting. A method
of generating an ultrasound image showing a surface of a 3D
volume will be described in detail below with reference to
FIGS. 2A through 2C.

[0105] Furthermore, the ultrasound diagnosis apparatus
1000 may display an ultrasound image showing an internal
structure of a 3D volume as a 3D scene. For example, the
ultrasound diagnosis apparatus 1000 may determine an
opacity value for each voxel based on a gradient of intensity
of ultrasound echo signals between the voxel and its adja-
cent voxel and generate an ultrasound image based on an
opacity value assigned to each voxel and a ray casting
algorithm. According to an embodiment, an ultrasound
image showing an internal structure of a 3D volume may be
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referred to as a “Crystal Vue image”. A method of generating
an ultrasound image showing an internal structure of a 3D
volume will be described in detail below with reference to
FIG. 3 and FIGS. 4A through 4D.

[0106] An internal structure of a 3D volume may mean
relative positions of structures constituting a 3D region of an
object, and the relative positions may include_relative posi-
tions in a 2D plane as well as relative positions in a depth
direction. The structures in the 3D region of the object may
include at least one of a part, organ, and tissue, but are not
limited thereto.

[0107] For example, if an ultrasound image shows a
surface of a 3D volume of a fetal face, the ultrasound image
may represent only relative positions in a 2D plane of parts
such as eyes, a noise, and a mouth. On the other hand, if an
ultrasound image shows an internal structure of a 3D volume
of a fetal face, the ultrasound image may represent relative
positions in a depth direction of parts such as a skull, a brain,
and a cerebral ventricle as well as a contour of the fetal face.
[0108] According to an embodiment, a part, an organ, or
tissue may be referred to as a context, and the context may
include, but is not limited to, a face, a spine, a ventricle, an
umbilical cord, the liver, the heart, and a long bone.
[0109] Furthermore, according to an embodiment, the
ultrasound diagnosis apparatus 1000 may perform 3D ren-
dering based on not only a ray casting algorithm but also
various other 3D rendering algorithms such as Marching
Cubes, oriented splats, etc.

[0110] Furthermore, the ultrasound diagnosis apparatus
1000 may display the internal structure 30 of the 3D volume
only on the ROI 40 from among regions in the ultrasound
image 100 while displaying the ultrasound image 100 show-
ing a surface 50 of the 3D volume on regions other than the
ROI 40.

[0111] For example, if a user input for setting the ROI 40
in the ultrasound image 100 showing the surface 50 of the
3D volume, i.e., a skin of a fetal torso, the ultrasound
diagnosis apparatus 1000 may display on the set ROI 40 the
internal structure 30 of the fetal torso located below the ROI
40.

[0112] If an internal area of the fetal torso is composed of
a spine and muscle tissue surrounding the spine, the ultra-
sound diagnosis apparatus 1000 may display the spine
located below the ROI 40 on the ROI 40, together with a
contour of the muscle tissue surrounding the spine.

[0113] FIGS. 2A through 2C illustrate an example in
which the ultrasound diagnosis apparatus 1000 generates an
ultrasound image representing a surface of a 3D volume,
according to an embodiment.

[0114] Referring to FIG. 2A, the ultrasound diagnosis
apparatus 1000 may generate an ultrasound image showing
a surface of a 3D volume based on a ray casting algorithm.
[0115] A 3D volume may be represented by using 3D
volume data 200 that is a cubic box. For example, the 3D
volume data 200 may be composed of a plurality of voxels
having 3D coordinate values, and a value of each voxel may
be an intensity of an ultrasound echo signal received from a
point of an object corresponding to each voxel.

[0116] The ultrasound diagnosis apparatus 1000 may ren-
der the 3D volume data 200 as an ultrasound image. For
example, as shown in FIG. 2A, the ultrasound diagnosis
apparatus 1000 may render the 3D volume data as an
ultrasound image by using a ray casting algorithm.
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[0117] In detail, the ultrasound diagnosis apparatus 1000
may determine a beam 230 that is emitted from a light
source 220 and propagates through a pixel C 210 in the
ultrasound image toward the 3D volume data 200. A position
of the light source 220 may be the same as a position of a
user’s eyes that view an image or be selected by the user.

[0118] The ultrasound diagnosis apparatus 1000 may
sample intensities at a plurality of points C, through C, in
the 3D volume data 200 along the determined beam 230. The
points C, through C, may be voxels and may include points
generated by interpolating voxels through which the beam
230 passes.

[0119] The ultrasound diagnosis apparatus 1000 may
determine colors and opacity values at the respective points
C, through C, based on intensities at the corresponding
points C, through C,. For example, as intensity at a point
becomes higher, the ultrasound diagnosis apparatus 1000
may determine a higher opacity value at the point.

[0120] For example, as shown in FIG. 2A, if a beam
having an amount of 1 emanates from the light source 220
along a beam’s path, the ultrasound diagnosis apparatus
1000 may determine that an amount of 0.5 is reflected or
absorbed and the remaining amount of 0.5 is transmitted at
point C, 240 based on intensity at the point C, 240. Fur-
thermore, when the transmitted amount of 0.5 propagates
again to point C; 250, the ultrasound diagnosis apparatus
1000 may determine that an amount of 0.25 is reflected or
absorbed and the remaining amount of 0.25 is transmitted at
point C, 250 based on intensity at the point C, 250. Thus, the
ultrasound diagnosis apparatus 1000 may determine opacity
values at the point C, 240 and the point C,; 250 to be 0.5 and
0.25, respectively.

[0121] After determining opacity values for the points C,
through C,, the ultrasound diagnosis apparatus 1000 may
determine a color in the pixel C 210 constituting the ultra-
sound image by performing composition on opacity values
and colors respectively corresponding to the points C,

through C, along the beam 230.

[0122] By uniformly accumulating colors and opacity
values across all the points C, through C,, along the beam’s
path in a manner as shown in FIG. 24, the ultrasound image
may represent only a surface of the 3D volume. Since the
ultrasound image shows only the surface of the 3D volume,
the user is not able to see an internal structure of the 3D
volume.

[0123] For example, referring to FIG. 2B, if a 3D volume
is composed of a sun 262, an earth 264, and a moon 266
positioned in the same line as a user’s eyes, an ultrasound
image 100 generated by rendering 3D volume data may
show only a surface of the sun 262. Thus, the user is not able
to view the earth 264 and the moon 266 that are internal
structures of the 3D volume.

[0124] Furthermore, for example, referring to FIG. 2C, if
a 3D volume is a 3D region of a fetus 280 in the uterus, an
ultrasound image 100 generated by rendering 3D volume
data may show only a skin of the fetus 280. Thus, the user
cannot identify positions of the heart, bones, and other
organs of the fetus 280 that are internal structures of the 3D
volume by examining the ultrasound image 100.

[0125] FIG. 3 is a flowchart of a method, performed by the
ultrasound diagnosis apparatus 1000, of generating an image
showing an internal structure of an object based on a
gradient in a depth direction of intensity of ultrasound echo
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signals received from adjacent points from among points in
a 3D region of the object, according to an embodiment.
[0126] The ultrasound diagnosis apparatus 1000 may
acquire ultrasound echo signals with respect to a 3D region
of an object (S310).

[0127] The 3D region of the object for which the ultra-
sound echo signals are acquired may be referred to as a 3D
volume. The ultrasound diagnosis apparatus 1000 may gen-
erate 3D volume data with respect to the 3D volume based
on the acquired ultrasound echo signals. The 3D volume
data may be generated by mapping the 3D region of the
object to a plurality of voxels having 3D position values and
determining ultrasound echo signals received from points in
the 3D region respectively corresponding to the voxels as
being values of the voxels.

[0128] The ultrasound diagnosis apparatus 1000 may
determine an opacity value of a point in the 3D region based
on a gradient of intensity of an ultrasound echo signal
between the point and its adjacent point (S320).

[0129] For example, after generating the 3D ultrasound
volume data, the ultrasound diagnosis apparatus 1000 may
determine an opacity value for each voxel in the 3D volume
data. In detail, the ultrasound diagnosis apparatus 1000 may
determine an opacity value for each voxel based on a
gradient of intensity of ultrasound echo signals between the
voxel and its adjacent voxel.

[0130] The ultrasound diagnosis apparatus 1000 may dis-
play an image showing an internal structure of the 3D region
based on the determined opacity value (S330).

[0131] For example, the ultrasound diagnosis apparatus
1000 may generate an ultrasound image by applying a ray
casting algorithm to the 3D volume data consisting of voxels
for which opacity values are respectively determined.
[0132] FIGS. 4A through 4D illustrate an example in
which the ultrasound diagnosis apparatus 1000 generates an
image showing an internal structure of an object based on a
gradient in a depth direction of ultrasound echo signals
received from adjacent points from among points in a 3D
region of the object, according to an embodiment.

[0133] Referring to FIG. 4A, the ultrasound diagnosis
apparatus 1000 may generate an ultrasound image showing
an internal structure of a 3D volume based on a gradient in
a depth direction of ultrasound echo signals received from
adjacent points from among points in a 3D region.

[0134] A gradient between adjacent points may mean the
degree of homogeneity between the adjacent points. For
example, if a first point 310 is a cavum and a second point
320 adjacent to the first point 310 is a uterine tissue, since
intensity at the first point 310 is almost close to “0” and
intensity at the second point 320 has a significantly great
value, a differential value of intensity between the first and
second points 310 and 320 may have a large value. On the
other hand, if the first point 310 is a skin tissue and the
second point 320 is another point in the same skin tissue, a
differential value of intensity between the first and second
points 310 and 320 may be almost close to “0”. Thus, a point
having a large differential value may be determined as being
a contour of a part, organ, or tissue.

[0135] The ultrasound diagnosis apparatus 1000 may
determine an opacity value at each point in a 3D volume
based on a gradient of intensity between each point and a
point that is adjacent to each point_in a direction in which
a beam 230 travels. For example, the ultrasound diagnosis
apparatus 1000 may determine an opacity value at the
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second point 320 to be proportional to a differential value of
intensity between the first point 310 and the second point
320 adjacent thereto.

[0136] For example, as shown in FIG. 4A, if a beam
having an amount of 1 emanates from a light source 220
along a beam’s path, the ultrasound diagnosis apparatus
1000 may determine that an amount of 0.5 is reflected or
absorbed at point C0 240 and the remaining amount of 0.5
is transmitted in proportion to a differential value at the point
C, 240. Furthermore, when the penetrated amount of 0.5
propagates again to point C,; 250, the ultrasound diagnosis
apparatus 1000 may determine that the amount of 0.5 is
penetrated without reflection or absorption at point C, 250 in
proportion to a differential value at the point C, 250. Thus,
the ultrasound diagnosis apparatus 1000 may determine
opacity values at the point C, 240 and the point C, 250 to be
0.5 and 0, respectively.

[0137] After determining opacity values for a plurality of
points C, through C,, the ultrasound diagnosis apparatus
1000 may generate an ultrasound image of a 3D volume by
applying a ray casting algorithm to 3D volume data for
which opacity values are respectively determined. For
example, the ultrasound diagnosis apparatus 1000 may
determine a color in a pixel C 210 in the ultrasound image
by performing composition on opacity values and colors
respectively corresponding to the points C, through C,, along
the beam 230.

[0138] The ultrasound image generated based on a gradi-
ent between adjacent points may show an internal structure
of the 3D volume. For example, if the point C,, 240 is a point
where a fetal skin starts and the point C, 250 is a point where
a fetal stomach starts, the ultrasound diagnosis apparatus
1000 may display an ultrasound image showing a contour of
the fetal skin and a contour of the fetal stomach located in
the contour of the fetal skin.

[0139] Referring to FIG. 4B, if a 3D volume is composed
of a sun 262, an earth 264, and a moon 266 positioned in the
same line as a user’s eyes, an ultrasound image 100 gener-
ated by rendering 3D volume data may show contours of the
moon 264 and the moon 266 as well as a contour of the sun
262. Thus, by examining the ultrasound image 100, the user
is able to identify positions of the earth 264 and the moon
266 that are internal structures of the 3D volume.

[0140] Referring to FIG. 4C, if a 3D volume is a fetus 280
in the uterus, an ultrasound image 100 generated by rendet-
ing the 3D volume may show contours of a brain and organs
of the fetus 280 as well as a contour of a skin of the fetus
280. Thus, by examining the ultrasound image 100, the user
may identify positions of a heart, bones, and other organs of
the fetus 280 that are internal structures of the 3D volume.

[0141] As shown in FIG. 4C, the ultrasound diagnosis
apparatus 1000 may show only a contour of an internal part
of 3D volume, organ, or tissue while displaying the interior
of the part, organ, or tissue as being transparent.

[0142] Furthermore, referring to FIG. 4D, the ultrasound
diagnosis apparatus 1000 may determine an opacity value
for each point based on intensity at each point as well as a
calculated gradient. For example, if a gradient between a
point and its adjacent point is less than or equal to a first
threshold value but intensity at the point is greater than or
equal to a second threshold value, the ultrasound diagnosis
apparatus 1000 may determine an opacity value for the point
to be a high value.
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[0143] As shown in FIG. 4D, the ultrasound diagnosis
apparatus 1000 may generate an ultrasound image 410
showing a surface of a fetus’s legs and an ultrasound image
420 showing internal structures of the fetus’s legs. The
ultrasound image 420 may show internal structures of the
fetus’s legs in more detail by representing muscles of the
legs as being semi-transparent and bones as being opaque.

[0144] Furthermore, according to an embodiment, the
ultrasound diagnosis apparatus 1000 may show only a part,
organ, or tissue selected by a user from among internal
structures of a 3D volume as an ultrasound image.

[0145] FIG. 51s a flowchart of a method, performed by the
ultrasound diagnosis apparatus 1000, of displaying an inter-
nal structure of a 3D volume on an ROI according to an
embodiment.

[0146] Referring to FIG. 5, the ultrasound diagnosis appa-
ratus 1000 may display a first image showing a surface of a
3D region of an object (S510).

[0147] The ultrasound diagnosis apparatus 1000 may gen-
erate 3D volume data with respect to the 3D region of the
object based on ultrasound echo signals received from the
3D region of the object.

[0148] After generating the 3D volume data, the ultra-
sound diagnosis apparatus 1000 may determine an opacity
value for each voxel in the 3D volume data. For example, the
ultrasound diagnosis apparatus 1000 may determine an
opacity value for each voxel to be proportional to an
intensity of an ultrasound echo signal received from a fetus.
The ultrasound diagnosis apparatus 1000 may display a first
ultrasound image showing a surface of a 3D volume as a 3D
scene by applying a ray casting algorithm to the 3D volume
data consisting of voxels for which opacity values are
respectively determined.

[0149] The ultrasound diagnosis apparatus 1000 may
receive a user input for setting an ROI in the displayed
ultrasound image (S520).

[0150] The ultrasound diagnosis apparatus 1000 may dis-
play on the set ROI a second ultrasound image showing an
internal structure corresponding to the ROI from among
internal structures of the 3D region (S530).

[0151] The internal structure corresponding to the ROI
may include relative positions in a depth direction of struc-
tures that are located below the ROI from among structures
constituting the 3D region. For example, by displaying
contours of the structures located below the ROI at different
depths, the ultrasound diagnosis apparatus 1000 may show
relative positions in a depth direction of the structures
located below the ROI. The structures may include at least
one of a skin, an organ, a blood vessel, a bone, and a cavum,
but are not limited thereto.

[0152] The ultrasound diagnosis apparatus 1000 may gen-
erate a second ultrasound image showing an internal struc-
ture based on a gradient in a depth direction of ultrasound
echo signals received from adjacent points from among
points in a 3D region. For example, the ultrasound diagnosis
apparatus 1000 may determine an opacity value for each
voxel based on a gradient of intensity of ultrasound echo
signals between the voxel and its adjacent voxel and gen-
erate a second ultrasound image by applying a ray casting
algorithm to a 3D volume.

[0153] Furthermore, when a user input for changing an
ROI is received, the ultrasound diagnosis apparatus 1000
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may display a second ultrasound image showing an internal
structure corresponding to the changed ROI on the changed
ROL

[0154] Furthermore, when a user input for setting a depth
of an internal structure to be displayed on an ROI is
received, the ultrasound diagnosis apparatus 1000 may
display a portion of the internal structure corresponding to
the ROI, which is located below the set depth, on the ROI.
For example, the ultrasound diagnosis apparatus 1000 may
display a portion of the internal structure located below the
set depth by setting opacity values at points located above
the set depth, from among points in a 3D region, to “0”.
[0155] Furthermore, when a first ultrasound image shows
a surface of the 3D region and at least one structure located
below the surface of the 3D region, as a user input for
selecting one from among the at least one structure, the
ultrasound diagnosis apparatus 1000 may display a second
ultrasound image showing the selected structure on an ROI.
[0156] Furthermore, when a user input for setting a plu-
rality of ROIs is received, the ultrasound diagnosis appara-
tus 1000 may display, on an ROI, a second ultrasound image
showing an internal structure corresponding to the ROI by
respectively setting different rendering parameters for the set
ROIs according to a depth of the 3D region. In this case, the
rendering parameters may include at least one of opacity,
degree of focus, and color, but are not limited thereto.
[0157] FIG. 6 illustrates a method, performed by the
ultrasound diagnosis apparatus 1000, of displaying an inter-
nal structure of a 3D volume on an ROI according to an
embodiment.

[0158] Referring to FIG. 6, the ultrasound diagnosis appa-
ratus 1000 may display an internal structure of'a 3D volume
only on an ROI 610 while displaying a surface of a 3D
volume on a region other than the ROI 610.

[0159] If the 3D volume is composed of a sun 262, an
earth 264, and a moon 266 positioned in the same line as a
user’s eyes, the ultrasound diagnosis apparatus 1000 may
display an ultrasound image showing a surface of the sun
262 that is a surface of the 3D volume.

[0160] The ultrasound diagnosis apparatus 1000 may
receive a user input for setting the ROI 610 in the ultrasound
image. The ultrasound diagnosis apparatus 1000 may gen-
erate an image showing an internal structure of a 3D volume
corresponding to the set ROI 610 and display the generated
image on the ROI 610. Referring to FIG. 6, the earth 264 and
the moon 266 may be located in the set ROI 610 in a depth
direction. In this case, the ultrasound diagnosis apparatus
1000 may generate an image showing the earth 264 and the
moon 266 and display the generated image on the ROI 610.
[0161] Thus, the user is able to observe the surface of the
3D volume together with the internal structure of the 3D
volume corresponding to the ROI 610.

[0162] FIGS.7A and 7B illustrate an example in which the
ultrasound diagnosis apparatus 1000 displays an internal
structure of a 3D volume corresponding to an ROI set by a
user, together with a surface of the 3D volume, according to
an embodiment.

[0163] Referring to FIG. TA, the ultrasound diagnosis
apparatus 1000 may display an ultrasound image 100 show-
ing a surface 710 of an ovary.

[0164] As shown in FIG. 7A, ovarian follicles may hardly
be identified in the ultrasound image showing the surface of
the ovary 710.
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[0165] Referring to FIG. 7B, the ultrasound diagnosis
apparatus 1000 may determine an ROI and display follicles
located below the surface 710 of the ovary on the determined
ROIL For example, the ultrasound diagnosis apparatus 1000
may automatically determine a position of a follicle in a 3D
volume of the ovary. For example, the ultrasound diagnosis
apparatus 1000 may automatically determine a position of a
follicle in the ovary based on at least one of intensity of an
ultrasound echo signal received from the follicle, a gradient
of intensity between a surface of the follicle and tissue in the
ovary adjacent to the surface of the follicle, and a position
of the ovary.

[0166] The ultrasound diagnosis apparatus 1000 may
determine, based on the determined position of the follicle,
a region where the follicle is located as an ROI 720. The
ultrasound diagnosis apparatus 1000 may display a follicle
730 located below the ROI 720 on the determined ROI 720.
[0167] In this case, the ultrasound diagnosis apparatus
1000 may display follicles located immediately beneath the
ROI 720 as well as those located at the back in a depth
direction by representing contours of follicles located below
the ROI 720 and the interior of each follicle as being
transparent.

[0168] FIGS. 8A through 8C illustrate an example in
which the ultrasound diagnosis apparatus 1000 displays an
internal structure of a 3D volume corresponding to an ROI
set by a user, together with a surface of the 3D volume,
according to an embodiment.

[0169] Referring to FIG. 8A, the ultrasound diagnosis
apparatus 1000 may receive a user input for setting an ROI
820 in an ultrasound image 100 showing a surface of a 3D
volume including a fetus’s spine.

[0170] The ultrasound image 100 may be obtained by
scanning a fetus’ side and show a skin of a flank thereof.
[0171] The ultrasound diagnosis apparatus 1000 may pro-
vide a user interface configured to select a shape of the ROI
820 and set a position of the ROI 820 in the ultrasound
image 100. Examples of the shape of the ROI 820 may
include a circle, a triangle, a quadrangle, etc., but are not
limited thereto.

[0172] Referring to FIG. 8B, the ultrasound diagnosis
apparatus 1000 may display an internal structure of a 3D
volume corresponding to the ROI 820 on the ROI 820.
[0173] For example, the ultrasound diagnosis apparatus
1000 may display a vertebra 830 located below the ROI 820
and a contour 835 of tissue surrounding a spine, which
allows the user to identify abnormality of the fetus such as
spina bifida.

[0174] Referring to FIG. 8C, the ultrasound diagnosis
apparatus 1000 may receive a user input for adjusting a size
of the ROI 820. For example, as shown in FIG. 8C, the
ultrasound diagnosis apparatus 1000 may receive a user
input for increasing a size of the ROI 820 whose shape is set
to a circle.

[0175] After the size of the ROI 820 has been adjusted, the
ultrasound diagnosis apparatus 1000 may display an internal
structure of a 3D volume corresponding to the adjusted size
of the ROI 820. For example, the ultrasound diagnosis
apparatus 1000 may display the vertebra 830 located below
the adjusted ROI 820 and a contour of tissue surrounding the
spine.

[0176] FIG. 9 illustrates an example in which the ultra-
sound diagnosis apparatus 1000 displays an internal struc-
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ture of a 3D volume corresponding to an ROT set by a user,
together with a surface of the 3D volume, according to
another embodiment.

[0177] Referring to FIG. 9, the ultrasound diagnosis appa-
ratus 1000 may receive a user input for setting an ROT 910
in an ultrasound image showing a fetus’s back.

[0178] For example, the user input for setting the RO1 910
may be a user input for drawing a contour of the ROI 910.
[0179] After the ROI 910 has been set, the ultrasound
diagnosis apparatus 1000 may display an internal structure
of a 3D volume corresponding to the set ROI 910.

[0180] For example, the ultrasound diagnosis apparatus
1000 may display a vertebra 920, ribs 922, and an organ 924
located below the set ROI 910.

[0181] FIG. 10 is a flowchart of a method, performed by
the ultrasound diagnosis apparatus 1000, of displaying an
image showing a 3D volume based on 3D rendering prop-
erties set according to a depth, according to an embodiment.
[0182] The ultrasound diagnosis apparatus 1000 may dis-
play a first ultrasound image showing an object (S1010).
[0183] Examples of the first ultrasound image may include
an A mode image, a B mode image, an M mode image, a
Doppler image, and a Crystal Vue image, but are not limited
thereto.

[0184] Furthermore, the ultrasound diagnosis apparatus
1000 may display a plurality of ultrasound images respec-
tively showing different cross-sections of an object and
determine a first ultrasound image by receiving a user input
for selecting one of the plurality of ultrasound images as the
first ultrasound image.

[0185] The ultrasound diagnosis apparatus 1000 may
receive a user input for selecting first and second depths in
a first ultrasound image and setting different 3D rendering
properties with respect to the first and second depths
(51020).

[0186] The 3D rendering properties may include at least
one of an opacity, a color, a size and shape of an ROI, and
a degree of focus. Furthermore, the first and second depths
may respectively be first and second depth intervals in a 3D
volume.

[0187] The ultrasound diagnosis apparatus 1000 may pro-
vide a user interface for setting 3D rendering properties. The
user interface for setting the 3D rendering properties may
include an indicator that indicates a direction of a depth in
the first ultrasound image. Furthermore, the user interface
for setting the 3D rendering properties may include a
plurality of images representing a pattern of the 3D render-
ing properties according to a depth. The ultrasound diagno-
sis apparatus 1000 may receive a user input for setting 3D
rendering properties according to a depth by receiving a user
input for selecting one of a plurality of images respectively
representing patterns of the 3D rendering properties accord-
ing to depths.

[0188] The ultrasound diagnosis apparatus 1000 may gen-
erate a second ultrasound image showing a 3D volume of the
object based on the set 3D rendering properties (S1030).
[0189] The ultrasound diagnosis apparatus 1000 may dis-
play the generated second ultrasound image (51040).
[0190] FIG. 11A is a flowchart of a method, performed by
the ultrasound diagnosis apparatus 1000, of displaying an
image showing a 3D volume based on opacity according to
a depth, according to an embodiment.

[0191] The ultrasound diagnosis apparatus 1000 may dis-
play a first ultrasound image showing an object (S1110).
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[0192] The ultrasound diagnosis apparatus 1000 may
receive a user input for selecting first and second depths in
the first ultrasound image and setting different opacity
values with respect to the first and second depths (S1120).
[0193] For example, the ultrasound diagnosis apparatus
1000 may display a user interface for setting an opacity
value by using a graph and may receive a user input for
setting an opacity value with respect to a depth via the user
interface.

[0194] Furthermore, for example, the ultrasound diagnosis
apparatus 1000 may receive a user input for setting a first
opacity value with respect to the first to second depths and
a second opacity value with respect to the second to third
depths.

[0195] According to an embodiment, the ultrasound diag-
nosis apparatus 1000 may segment a part, organ, or tissue in
an ultrasound image into regions to be displayed, select one
from among regions of the segmented part, organ, or tissue,
and receive a user input for selecting an opacity value with
respect to a depth by receiving a user input for selecting an
opacity value corresponding to the selected region of the
part, organ, or tissue.

[0196] The ultrasound diagnosis apparatus 1000 may gen-
erate a second ultrasound image showing a 3D volume of the
object based on the set opacity values (S1130). The ultra-
sound diagnosis apparatus 1000 may display an image
showing a 3D volume by taking into account an opacity
value set according to a depth as well as intensity of an
ultrasound echo signal. For example, the ultrasound diag-
nosis apparatus 1000 may determine again an opacity value
for a voxel so as to be proportional to intensity of the voxel
and an opacity value set according to a depth of the voxel.
If intensity of ultrasound from a first voxel has a high value
but an opacity set according to a depth of the first voxel has
a low value, the ultrasound diagnosis apparatus 1000 may
determine an opacity value for the first voxel to be low.

[0197] Furthermore, the ultrasound diagnosis apparatus
1000 may display an image showing a 3D volume by taking
into account an opacity value set according to a depth of a
voxel as well as a gradient of intensity between the voxel
and its adjacent voxel. For example, the ultrasound diagno-
sis apparatus 1000 may determine again an opacity value for
a voxel so as to be proportional to a gradient of intensity of
ultrasound between the voxel and its adjacent voxel and an
opacity value set according to a depth of the voxel. If a
gradient of intensity between a voxel and its adjacent voxel
has a large value but opacity set according to a depth of the
voxel has a low value, the ultrasound diagnosis apparatus
1000 may determine an opacity value for the voxel to be low.

[0198] The ultrasound diagnosis apparatus 1000 may dis-
play the generated second ultrasound image (S1140).

[0199] FIGS. 11B and 11D illustrate an example in which
the ultrasound diagnosis apparatus 1000 receives a user
input for setting opacity with respect to a depth, according
to an embodiment.

[0200] Referring to FIG. 11B, the ultrasound diagnosis
apparatus 1000 may display an ultrasound image 100 while
displaying a user interface 1110 for setting opacity according
to a depth on the ultrasound image 100.

[0201] Examples of the ultrasound image 100 may include
an A mode image, a B mode image. an M mode image, a
Doppler image, and a Crystal Vue image, but are not limited
thereto.



US 2016/0361043 A1

[0202] For example, the user interface 1110 may be dis-
played on the ultrasound image 100 and include a coordinate
axis (7 axis) representing a degree of a depth and a coor-
dinate axis (Opacity axis) representing a range of opacity.
[0203] The user may set opacity for a part, which is
located at a depth of interest among parts of the object in the
ultrasound image 100, to a high value via the user interface
1110 displayed on the ultrasound image 100.

[0204] For example, if the ultrasound image 100 shows a
first part 1130, a second part 1132 surrounding the first part
1130, a third part 1134 surrounding the second part 1132,
and a fourth part 1136 surrounding the third part 1134, the
user may set opacity at depth 2 to a higher value than those
at the other depths in order to display in detail the third and
fourth parts 1134 and 1136 at the depth 2.

[0205] Referring to FIG. 11C, opacity values with respect
to a depth may be set in the ultrasound diagnosis apparatus
1000 based on the user input received as shown in FIG. 11B.
[0206] The ultrasound diagnosis apparatus 1000 may dis-
play an ultrasound image showing a 3D volume of the object
based on the set opacity values. For example, the ultrasound
image generated based on the set opacity values with respect
to a depth described with reference to FIG. 11C may
represent finer details of structures located at the depth 2
while hardly representing structures located at depth 4.
[0207] Referring to FIG. 11D, opacity values with respect
to a depth interval may be set in the ultrasound diagnosis
apparatus 1000.

[0208] An ultrasound image generated based on opacity
values with respect to a depth interval shown in FIG. 11D
may show finer details of structures located at depths 1 to 2
and depths 3 to 4.

[0209] FIGS. 12A and 12B illustrate an example in which
the ultrasound diagnosis apparatus 1000 receives a user
input for setting opacity with respect to a depth, according
to another embodiment.

[0210] Referring to FIG. 12A, the ultrasound diagnosis
apparatus 1000 may display an ultrasound image 1210
representing a sagittal plane or an A plane of an object
together with an ultrasound image 1220 representing a
coronal plane or B plane of the object. Furthermore, the
ultrasound diagnosis apparatus 1000 may display an ultra-
sound image 1230 representing an axial plane or C plane of
the object. Furthermore, the ultrasound diagnosis apparatus
1000 may display an ultrasound image 1240 showing a 3D
volume of an ROI 1215 set in the ultrasound image 1210.
[0211] The ultrasound diagnosis apparatus 1000 may
receive a user input for selecting one from among the
ultrasound images 1210, 1220, 1230, and 1240 of the object.
For example, the ultrasound diagnosis apparatus 1000 may
receive a user input for selecting the ultrasound image 1210
representing the sagittal plane of the object.

[0212] Referring to FIG. 12B, the ultrasound diagnosis
apparatus 1000 may receive a user input for selecting an
opacity with respect to a depth of the object in the selected
ultrasound image 1210.

[0213] For example, the ultrasound diagnosis apparatus
1000 may display a plurality of patterns 1250, each pattern
showing different opacities according to a depth. When a
user input for selecting one from among the plurality of
patterns 1250 is received, the ultrasound diagnosis apparatus
1000 may display the selected pattern on a graph 1260 of
opacity with respect to a depth.
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[0214] If the selected pattern has highest peaks of opaci-
ties at two depths, the ultrasound diagnosis apparatus 1000
may display scroll buttons 1270 and 1275 for selecting the
two depths.

[0215] The ultrasound diagnosis apparatus 1000 may
receive a user input for selecting the two depths by moving
the scroll buttons 1270 and 1275. For example, the ultra-
sound diagnosis apparatus 1000 may receive a user input for
selecting a depth at which a jaw of a fetus is located as a first
depth and a depth at which a nuchal of the fetus is located
as a second depth.

[0216] When a user input for selecting two depths is
received, the ultrasound diagnosis apparatus 1000 may
display an ultrasound image showing a 3D volume of an
object and representing finer details of tissues located at the
first and second depths.

[0217] FIG. 13 is a flowchart of a method, performed by
the ultrasound diagnosis apparatus 1000, of displaying a
volume of a 3D volume, which is located below a depth set
by a user, according to an embodiment.

[0218] The ultrasound diagnosis apparatus 1000 may
receive a user input for setting a depth of a volume of a 3D
volume to be displayed (S1310).

[0219] For example, the ultrasound diagnosis apparatus
1000 may display an ultrasound image showing a cross-
section of a volume to be displayed and a user interface for
setting a depth of the volume to be displayed. The ultrasound
diagnosis apparatus 1000 may receive a user input for
adjusting a depth of a 3D volume to be displayed via the user
interface.

[0220] Furthermore, for example, as shown in FIG. 11B,
the ultrasound diagnosis apparatus 1000 may receive a user
input for selecting one point in an ultrasound image on
which a depth direction is indicated.

[0221] The ultrasound diagnosis apparatus 1000 may dis-
play a volume of the 3D volume located below the set depth
by adjusting an opacity of a volume of the 3D volume
located above the set depth to “0” (S1320).

[0222] The ultrasound diagnosis apparatus 1000 may dis-
play a volume of the 3D volume located below the set depth
while not displaying a volume of the 3D volume located
above the set depth by adjusting opacity of the portion above
the set depth to less than or equal to a reference value. The
reference value may be a value in the range of 0 to 10, but
is not limited thereto.

[0223] In this case, the ultrasound diagnosis apparatus
1000 may display a surface and an internal structure of a 3D
volume located down from the set depth.

[0224] FIGS. 14A and 14B illustrate an example in which
the ultrasound diagnosis apparatus 1000 displays an internal
structure of a 3D volume located down from a depth set by
a user, according to an embodiment.

[0225] Referring to FIG. 14A, opacities with respect to a
depth set by the user may have a pattern in which opacity
from a surface of a 3D volume to depth Z1 may be set to “0”,
an opacity at the depth Z1 has a highest value, and opacity
decreases in a depth direction extending away from the
depth 71.

[0226] Referring to FIG. 14B, the ultrasound diagnosis
apparatus 1000 may receive a user input for setting an ROI
720 in an ultrasound image 100 showing a surface 710 of an
ovary and display follicles 730 in the ovary, which are
located below the ROI 720, on the set ROI 720.
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[0227] 1In this case, the ultrasound diagnosis apparatus
1000 may display the follicles 730 located in a depth
direction away from the depth Z1 from among a plurality of
follicles located below the ROI 720. For example, the
ultrasound diagnosis apparatus 1000 may show contours of
the follicles and display the interior of the follicles as being
transparent or opaque based on a gradient between adjacent
voxels and the interior of the follicles, thereby displaying the
follicles 730 located at the depth 71 together with those
located in the depth direction.

[0228] Furthermore, since an opacity value is set to
decrease in the depth direction away from the depth 71, the
ultrasound diagnosis apparatus 1000 may determine again
an opacity value for a voxel by taking into account an
opacity value corresponding to a depth of the voxel as well
as a gradient between the voxel and its adjacent voxel.
Accordingly, the ultrasound diagnosis apparatus 1000 may
display contours of follicles 730 located close to the depth
71 in more detail while displaying the follicles 730 more
dimly toward the depth direction.

[0229] FIGS. 14C and 14D illustrate an example in which
the ultrasound diagnosis apparatus 1000 displays an internal
structure of a 3D volume located down from a depth set by
a user, according to another embodiment

[0230] Referring to FIG. 14C, the ultrasound diagnosis
apparatus 1000 may receive a user input for adjusting a
depth of a volume to be displayed in a 3D volume.

[0231] For example, the ultrasound diagnosis apparatus
1000 may receive a user input for changing a depth of a
volume to be displayed from depth 71 to depth 72.

[0232] Referring to FIG. 14D, as the depth of the volume
to be displayed increases from the depth 71 to the depth 72,
the ultrasound diagnosis apparatus 1000 may display fol-
licles 730 located in a depth direction away from the depth
72 from among a plurality of follicles located below an ROI
720.

[0233] FIG. 15 is a flowchart of a method, performed by
the ultrasound diagnosis apparatus 1000, of displaying an
image showing a 3D volume based on a color set according
to a depth, according to an embodiment.

[0234] The ultrasound diagnosis apparatus 1000 may
receive a user input for setting colors according to a depth
(S1510).

[0235] The ultrasound diagnosis apparatus 1000 may
receive a user input for setting a first color for a first depth
and a second color for a second depth. Furthermore, the
ultrasound diagnosis apparatus 1000 may display an ultra-
sound image of an object, indicate a direction and a degree
of a depth on the displayed ultrasound image, and receive a
user input for selecting a color corresponding to a depth of
a selected point in the ultrasound image by receiving a user
input for selecting the point and the color corresponding to
the point.

[0236] Furthermore, the ultrasound diagnosis apparatus
1000 may segment a part, organ, or tissue in an ultrasound
image into regions to be displayed, select one from among
regions of the segmented part, organ, or tissue, and receive
a user input for selecting a color with respect to a depth by
receiving a user input for selecting a color corresponding to
the selected region of the part, organ, or tissue.

[0237] The ultrasound diagnosis apparatus 1000 may dis-
play an image showing a 3D volume based on the set colors
(51520).
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[0238] For example, the ultrasound diagnosis apparatus
1000 may determine a color set at a depth where a voxel is
located as being a color corresponding to the voxel. The
ultrasound diagnosis apparatus 1000 may display an image
showing a 3D volume by performing volume rendering
based on a color corresponding to a voxel.

[0239] FIG. 16 illustrates an example in which the ultra-
sound diagnosis apparatus 1000 receives a user input for
setting a color according to a depth, according to an embodi-
ment.

[0240] Referring to FIG. 16, the ultrasound diagnosis
apparatus 1000 may display an ultrasound image 100 show-
ing an object while displaying an indicator 1610 represent-
ing a depth direction on the ultrasound image 100.

[0241] Examples of the ultrasound image 100 may include
an A mode image, a B mode image. an M mode image, a
Doppler image, an ultrasound image showing a 3D volume,
and a Crystal Vue image, but are not limited thereto.
[0242] Furthermore, the ultrasound diagnosis apparatus
1000 may display a user interface 1620 including a plurality
of selectable colors. The user interface 1620 may include a
color bar, a color palette, etc., but is not limited thereto.
[0243] The ultrasound diagnosis apparatus 1000 may
receive a user input for selecting a depth and a color
corresponding to the selected depth. For example, the ultra-
sound image 100 may represent bones 1130, muscles 1132
surrounding the bones 1130, a dermis 1134 surrounding the
muscles 1132, and an epidermis 1136 surrounding the der-
mis 1134. Thus, the user may select a depth from 0 to Z1
where the epidermis 1136 is located and a light skin color
corresponding to the selected depth. Furthermore, the user
may select a dark skin color corresponding to a depth from
71 to 72 where the dermis 1134 is located. Furthermore, the
user may select a red color corresponding to a depth from 72
to 723 where the muscles 1132 are located. Furthermore, the
user may select a green color corresponding to a depth from
73 to 74 where the bones 1130 are located.

[0244] When a user input for selecting a depth and a color
corresponding 1o the selected depth is received, the ultra-
sound diagnosis apparatus 1000 may determine a color
selected for a depth where a voxel is located as being a color
corresponding to the voxel and generate an ultrasound image
showing a 3D volume based on the determined color.
[0245] FIG. 17 illustrate an example in which the ultra-
sound diagnosis apparatus 1000 generates an ultrasound
image showing a 3D volume based on a color set by the user
according to a depth, according to an embodiment.

[0246] Referring to FIG. 17, the ultrasound diagnosis
apparatus 1000 may display an ultrasound image 100 show-
ing a surface 710 of an ovary and follicles 730 in the surface
710 of the ovary in different colors.

[0247] For example, after receiving a user input for select-
ing a yellow color as a color corresponding to a depth where
the surface 710 of the ovary is located and a white color as
a color corresponding to a depth where the follicles 730 in
the surface 710 of the ovary, the ultrasound diagnosis
apparatus 1000 may display the ultrasound image 100
showing the surface 710 of the ovary in the yellow color and
the follicles 730 in the ovary in the white color.

[0248] FIG. 18 is a flowchart of a method, performed by
the ultrasound diagnosis apparatus 1000, of displaying an
image showing a 3D volume based on a degree of focus with
respect to a depth set by a user, according to an embodiment.
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[0249] The ultrasound diagnosis apparatus 1000 may
receive a user input for setting degrees of focus according to
a depth (S1810).

[0250] According to an embodiment, the degree of focus
may be referred to as sharpness.

[0251] The ultrasound diagnosis apparatus 1000 may
receive a user input for setting a first degree of focus with
respect to a first depth and a second degree of focus with
respect to a second depth. Furthermore, the ultrasound
diagnosis apparatus 1000 may display an ultrasound image
of an object and receive a user input for selecting a degree
of focus corresponding to a depth of a selected point in the
ultrasound image by receiving a user input for selecting the
point and the degree of focus corresponding to the depth of
the point.

[0252] Furthermore, the ultrasound diagnosis apparatus
1000 may segment a part, organ, or tissue in an ultrasound
image into regions to be displayed, select one from among
regions of the segmented part, organ, or tissue, and receive
a user input for selecting a degree of focus with respect to
a depth by receiving a user input for selecting the degree of
focus corresponding to the selected region of the part, organ,
or tissue.

[0253] The ultrasound diagnosis apparatus 1000 may dis-
play an ultrasound image showing a 3D volume based on the
set degrees of focus (S1820).

[0254] The ultrasound diagnosis apparatus 1000 may
adjust the degree of focusing with respect to an ultrasound
image by performing image filtering on the ultrasound
image based on the degree of focus corresponding to a
selected depth.

[0255] For example, the ultrasound diagnosis apparatus
1000 may generate an ultrasound image representing a
selected depth more clearly than the other depths by per-
forming 3D filtering with respect to the selected depth.
Examples of a 3D filter may include an anisotropy diffusion
filter, a directional filter, and a non-local mean filter, but are
not limited thereto. Furthermore, the ultrasound diagnosis
apparatus 1000 may receive a user input for setting a
contrast or tint as well as a degree of focus according to a
depth and display an ultrasound image showing a 3D
volume based on the set contrast or tint.

[0256] FIGS. 19A and 19B illustrate an example in which
the ultrasound diagnosis apparatus 1000 receives a user
input for setting a degree of focus according to a depth,
according to an embodiment.

[0257] Referring to FIG. 19A, the ultrasound diagnosis
apparatus 1000 may display an ultrasound image 100 while
displaying a user interface for setting a degree of focus
according to a depth on the ultrasound image 100.

[0258] Examples of the ultrasound image 100 may include
an A mode image, a B mode image. an M mode image, a
Doppler image, an ultrasound image showing a 3D volume,
and a Crystal Vue image, but are not limited thereto.
[0259] For example, the user interface for setting a degree
of focus may be displayed on the ultrasound image 100 and
include a coordinate axis (Z axis) representing a degree of a
depth and a coordinate axis (Focus axis) representing a
degree of focus.

[0260] Theuser may set a degree of focus for a part, which
is located at a depth of interest among parts of the object in
the ultrasound image 100, to a high value via the user
interface displayed on the ultrasound image 100.
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[0261] Referring to FIG. 19B, the degree of focus with
respect to a depth may be set in the ultrasound diagnosis
apparatus 1000 based on the user input received as shown in
FIG. 19A.

[0262] Referring to FIG. 19C, a degree of focus with
respect to a depth interval may be set in the ultrasound
diagnosis apparatus 1000.

[0263] FIGS. 20A through 20D illustrate an example in
which the ultrasound diagnosis apparatus 1000 displays an
ultrasound image showing a 3D volume based on a degree
of focus with respect to a depth selected by a user, according
to an embodiment.

[0264] Referring to FIG. 20A, the ultrasound diagnosis
apparatus 1000 may generate an ultrasound image 100
showing a surface 710 of an ovary and follicles 730 at a first
depth from among follicles located below an ROI 720.
[0265] In this case, when a first degree of focus is set with
respect to the first depth, as shown in FIG. 20B, the
ultrasound diagnosis apparatus 1000 may display an ultra-
sound image 105 representing the follicles 730 located at the
first depth in an elaborate way based on the first degree of
focus by performing 3D filtering with respect to the first
depth of 3D volume data representing the ovary.

[0266] Furthermore, referring to FIG. 20C, when a user
input for displaying on the ROI 720 follicles 735 located
below a second depth from among follicles located below
the ROI 720 is received, the ultrasound diagnosis apparatus
1000 may generate an ultrasound image 110 showing the
follicles 735 in the ovary located below the second depth on
the ROL

[0267] In this case, when a second degree of focus is set
with respect to the second depth, as shown in FIG. 20D, the
ultrasound diagnosis apparatus 1000 may display an ultra-
sound image 115 representing the follicles 735 located at the
second depth in an elaborate way based on the second degree
of focus by performing 3D filtering with respect to the
second depth of 3D volume data representing the ovary.
[0268] FIG. 21 is a flowchart of a method, performed by
the ultrasound diagnosis apparatus 1000, of displaying an
ultrasound image showing a 3D volume based on a shape of
an RO set according to a depth selected by a user, according
to an embodiment.

[0269] The ultrasound diagnosis apparatus 1000 may
receive a user input for setting ROIs with respect to a depth
of a 3D volume (S2110).

[0270] The ultrasound diagnosis apparatus 1000 may
receive a user input for setting ROIs having different shapes
according to a depth of a 3D volume.

[0271] For example, the ultrasound diagnosis apparatus
1000 may receive a user input for setting a circular ROI for
a first depth of a 3D volume and a quadrangular ROI for a
second depth. Furthermore, the ultrasound diagnosis appa-
ratus 1000 may receive a user input for setting an ROI
having a first size for a first depth of the 3D volume and an
ROI having a second size for a second depth. Furthermore,
the ultrasound diagnosis apparatus 1000 may receive a user
input for setting a hexahedral 3D ROI for first to second
depths and a cylindrical 3D ROI for second to third depths.
[0272] The ultrasound diagnosis apparatus 1000 may dis-
play an ultrasound image showing a 3D volume based on the
set ROIs (52120).

[0273] The ultrasound diagnosis apparatus 1000 may dis-
play an ultrasound image showing a 3D volume based on a
shape of an R010 set according to a depth.



US 2016/0361043 A1

[0274] FIGS. 22A through 22C illustrate an example in
which the ultrasound diagnosis apparatus 1000 receives a
user input for setting ROTs having different shapes according
to a depth, according to an embodiment.

[0275] Referring to FIG. 22A, the ultrasound diagnosis
apparatus 1000 may display an ultrasound image 100 while
displaying a user interface for setting ROIs having different
shapes according to a depth on the ultrasound image 100.
[0276] Examples of the ultrasound image 100 may include
an A mode image, a B mode image, an M mode image, a
Doppler image, an ultrasound image showing a 3D volume,
and a Crystal Vue image, but are not limited thereto.
[0277] For example, the user interface for setting ROIs
may be displayed on the ultrasound image 100 and include
a coordinate axis 1610 representing a degree of a depth and
a plurality of selectable geometric figures 2210 having
different shapes.

[0278] When a user input for selecting a depth and one of
the plurality of geometric figures 2210 corresponding to the
selected depth is received, the ultrasound diagnosis appara-
tus 1000 may determine a shape of the selected geometric
figure as being a shape of an ROI corresponding to the
selected depth. In this case, the ultrasound diagnosis appa-
ratus 1000 may receive a user input for adjusting a size of
the ROL

[0279] Furthermore, the ultrasound diagnosis apparatus
1000 may determine a figure directly created by the user as
well as a geometric figure having a predetermined shape as
being a shape of the ROI. For example, when a user input for
selecting a depth and drawing a figure is input, the ultra-
sound diagnosis apparatus 1000 may determine a shape of
the figure drawn by the user as being a shape of an ROI
corresponding to the selected depth.

[0280] Furthermore, when a user input for setting ROIs
2220, 2222, 2224, and 2226 corresponding to depths is
received, the ultrasound diagnosis apparatus 1000 may
display points where the set ROIs 2220, 2222, 2224, and
2226 respectively meet an object on the ultrasound image
100.

[0281] Referring to FIG. 22B, the ultrasound diagnosis
apparatus 1000 may determine ROIs having different sizes
and shapes according to depths based on the received user
input described with reference to FIG. 22A.

[0282] Referring to FIG. 22C, the ultrasound diagnosis
apparatus 1000 may display an ultrasound image 100 show-
ing a 3D volume based on ROIs set according to depths
selected by the user.

[0283] For example, the ultrasound diagnosis apparatus
1000 may display the ultrasound image 100 represented by
rendering only the set ROIs.

[0284] Furthermore, for example, when a user input for
moving a view plane in a depth direction (Z-axis direction)
is received, the ultrasound diagnosis apparatus 1000 may
generate an ultrasound image by rendering only ROIs set
with regard to depths located below a moved depth and
display the generated ultrasound image.

[0285] Furthermore, for example, the ultrasound diagnosis
apparatus 1000 may generate a 3D volume by connecting set
ROIs together and generate an ultrasound image by per-
forming volume rendering with respect to the generated 3D
volume.

[0286] FIGS. 23A and 23B illustrate an example in which
the ultrasound diagnosis apparatus 1000 displays an ultra-
sound image showing a 3D volume based on opacities that
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are respectively set for a plurality of ROIs selected accord-
ing to a depth, according to an embodiment.

[0287] Referring to FIG. 23A, the ultrasound diagnosis
apparatus 1000 may receive a user input for respectively
setting opacities for a plurality of ROIs with respect to
depths.

[0288] For example, the ultrasound diagnosis apparatus
1000 may receive a user input for selecting an ROT at depth
71 from among the plurality of ROIs with respect to depths
and opacity of 20% for the selected ROIL

[0289] The ultrasound diagnosis apparatus 1000 may
determine different opacities respectively for a plurality of
ROIs selected according to a depth. For example, the
ultrasound diagnosis apparatus 1000 may determine opacity
of 20% for an ROI selected at the depth Z1, opacity of 50%
for an RO selected at depth Z2, opacity of 30% for an ROI
selected at depth 73, and opacity of 5% for an ROI selected
at depth Z4.

[0290] Referring to FIG. 23B, the ultrasound diagnosis
apparatus 1000 may generate an ultrasound image 100
showing a 3D volume based on opacities respectively set for
a plurality of ROIs with respect to depths. In this case, as an
ROI has a higher opacity, the ROI may be represented in
more detail in the ultrasound image 100.

[0291] FIGS. 24A and 24B illustrate an example in which
the ultrasound diagnosis apparatus 1000 displays an ultra-
sound image showing a 3D volume based on degrees of
focus respectively set for a plurality of ROIs with respect to
depths, according to an embodiment.

[0292] Referring to FIG. 24A, the ultrasound diagnosis
apparatus 1000 may receive a user input for respectively
setting degrees of focus for a plurality of ROIs with respect
to depths.

[0293] For example, the ultrasound diagnosis apparatus
1000 may receive a user input for selecting an ROI at depth
71 from among the plurality of ROIs with respect to depths
and a degree of focus of 20% for the selected ROL

[0294] The ultrasound diagnosis apparatus 1000 may
determine different degrees of focus respectively for a
plurality of ROIs selected according to a depth. For
example, the ultrasound diagnosis apparatus 1000 may
determine degree of focus of 20% for an ROI selected at the
depth 71, degree of focus of 40% for an ROI selected at
depth 72, degree of focus of 100% for an ROI selected at
depth 73, and degree of focus of 10% for an ROI selected
at depth Z4.

[0295] Referring to FIG. 24B, the ultrasound diagnosis
apparatus 1000 may generate an ultrasound image 100
showing a 3D volume based on degrees of focus respec-
tively set for a plurality of ROIs with respect to depths. In
this case, as an ROI has a higher degree of focus, the ROI
may be represented more clearly in the ultrasound image
100.

[0296] FIGS. 25A and 25B illustrate an example in which
the ultrasound diagnosis apparatus 1000 displays an ultra-
sound image showing a 3D volume based on colors respec-
tively set for a plurality of ROIs selected according to a
depth, according to an embodiment.

[0297] Referring to FIG. 25A, the ultrasound diagnosis
apparatus 1000 may receive a user input for respectively
setting colors for a plurality of ROIs with respect to depths.
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[0298] For example, the ultrasound diagnosis apparatus
1000 may receive a user input for selecting one from among
the plurality of ROIs with respect to depths and a red color
for the selected ROI.

[0299] The ultrasound diagnosis apparatus 1000 may
determine different colors respectively for a plurality of
ROIs selected according to a depth. For example, the
ultrasound diagnosis apparatus 1000 may determine a light
skin color for an ROI selected at depth Z1, a dark skin color
for an ROI selected at depth Z2, a red color for an ROI
selected at depth Z3, and a green color for an ROT selected
at depth Z4.

[0300] Referring to FIG. 25B, the ultrasound diagnosis
apparatus 1000 may generate an ultrasound image 100
showing a 3D volume based on colors respectively set for a
plurality of ROIs with respect to depths. Thus, the user may
determine a depth of a point based on colors displayed in the
ultrasound image 100.

[0301] FIG. 26 is a flowchart of a method, performed by
the ultrasound diagnosis apparatus 1000, of representing a
plurality of volumes in different ways by segmenting a 3D
volume of an object into the plurality of volumes and setting
3D rendering properties respectively for the plurality of
volumes, according to an embodiment.

[0302] The ultrasound diagnosis apparatus 1000 may
acquire 3D volume data representing a 3D volume of an
object (52610).

[0303] The ultrasound diagnosis apparatus 1000 may
acquire 3D volume data with respect to the object from an
external device or server. For example, the ultrasound diag-
nosis apparatus 1000 may acquire 3D volume data with
respect to the object from a hospital server or another
medical apparatus in a hospital, which is connected thereto
via a picture archiving and communication system (PACS).
[0304] Furthermore, the ultrasound diagnosis apparatus
1000 may transmit ultrasound signals to the object, receive
ultrasound echo signals reflected by the object, and generate
3D volume data with respect to the object by processing the
received ultrasound echo signals.

[0305] The ultrasound diagnosis apparatus 1000 may seg-
ment the 3D volume of the object into a plurality of volumes
based on the acquired 3D volume data (52620).

[0306] The ultrasound diagnosis apparatus 1000 may seg-
ment the 3D volume of the object into a plurality of volumes
representing internal structures in the 3D volume of the
object.

[0307] For example, a voxel having a high intensity from
among voxels in the 3D volume or a voxel having a large
gradient of intensity with_its adjacent voxel is most likely to
be a meaningful target. For example, from among voxels in
the 3D volume, high intensity voxels may correspond to a
bone, and a voxel having a large gradient of intensity with
its adjacent voxel may correspond to a boundary between
two tissues. Thus, the ultrasound diagnosis apparatus 1000
may segment the 3D volume of the object into a plurality of
volumes based on at least one of an intensity value of a voxel
and a gradient of intensity with its adjacent voxel.

[0308] Furthermore, for example, the ultrasound diagnosis
apparatus 1000 may obtain 3D coherence for the 3D volume
data in order to measure homogeneity of the 3D volume
data. Furthermore, the ultrasound diagnosis apparatus 1000
may obtain a structure tensor for the 3D volume data. The
ultrasound diagnosis apparatus 1000 may determine, based
on the obtained 3D coherence and structure tensor, whether
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voxels in the 3D volume form a linear or curved shape or are
in a homogeneous region. By determining voxels forming a
linear shape as being a volume representing a tube and
voxels forming a curved shape as being a volume represent-
ing a boundary, the ultrasound diagnosis apparatus 1000
may segment the 3D volume of the object into a plurality of
volumes.

[0309] Furthermore, for example, the ultrasound diagnosis
apparatus 1000 may segment the 3D volume of the object
into a plurality of volumes based on entropy values for
voxels in the 3D volume. An entropy value for a voxel is a
measure of uncertainty of the voxel, and may be determined
to have a higher value as a value of its adjacent voxel is more
random.

[0310] The ultrasound diagnosis apparatus 1000 may
determine a region where voxels have lower entropy values
as being a homogeneous region. On the other hand, the
ultrasound diagnosis apparatus 1000 may determine a region
where voxels have higher entropy values as being a mean-
ingful target region. Accordingly, the ultrasound diagnosis
apparatus 1000 may connect voxels having entropy values
greater than or equal to a threshold value and determine the
connected voxels as being a volume. Furthermore, the
ultrasound diagnosis apparatus 1000 may connect voxels
having entropy values less than the threshold value and
determine the connected voxels as being a volume. Further-
more, the ultrasound diagnosis apparatus 1000 may deter-
mine a volume having voxels with entropy values greater
than or equal to the threshold value as being a boundary
between tissues while determining a volume having voxels
with entropy values less than the threshold value as being an
interior of tissue.

[0311] Furthermore, the ultrasound diagnosis apparatus
1000 may segment the 3D volume of the object into a
plurality of volumes by applying a segmentation algorithm
to the 3D volume data. Examples of the segmentation
algorithm may include Otsu-thresholding, Graph cut, Snake,
and Machine Learning, but are not limited thereto. For
example, the ultrasound diagnosis apparatus 1000 may
detect a plurality of follicles in a 3D volume representing an
ovary by using a snake 3D algorithm, determine the detected
plurality of follicles as being a plurality of volumes, and
label the determined plurality of volumes.

[0312] By rendering first and second volumes from among
the plurality of volumes based on different 3D rendering
properties, the ultrasound diagnosis apparatus 1000 may
generate an ultrasound image representing the first and
second volumes in different ways (S2630).

[0313] For example, the ultrasound diagnosis apparatus
1000 may generate an ultrasound image representing the
second volume in a more emphasized manner than the first
volume by setting opacity of the first volume to be higher
than opacity of the second volume. Furthermore, for
example, the ultrasound diagnosis apparatus 1000 may
segment the 3D volume into a plurality of pieces of volume
data based on an intensity and a gradient of intensity and
render 3D volume data by setting a high opacity for volume
data having large intensity and large gradient of intensity
from among the plurality of pieces of volume data. Accord-
ingly, the ultrasound diagnosis apparatus 1000 may generate
an ultrasound image representing a volume having large
intensity and gradient of intensity in an emphasized manner.
[0314] Furthermore, for example, the ultrasound diagnosis
apparatus 1000 may generate an ultrasound image repre-
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senting the first and second volumes in such a manner as to
distinguish them from each other by setting colors of the first
and second volumes differently. Furthermore, for example,
the ultrasound diagnosis apparatus 1000 may generate an
ultrasound image representing the second volume more
clearly than the first volume by setting a degree of focus for
the second volume to be higher than that for the first volume.
For example, the ultrasound diagnosis apparatus 1000 may
select at least one volume from among the plurality of
volumes and generate an ultrasound image representing the
selected volume more clearly than the other volumes by
performing 3D filtering on the selected volume.

[0315] Examples of a 3D filter may include an anisotropy
diffusion filter, a directional filter, and a non-local mean
filter, but are not limited thereto. In general, a 3D filter
exhibit excellent filtering effects by removing noise while
preserving edges but may require high computational costs.
Thus, 3D filtering on unnecessary volumes may require a
large amount of computations and a long computation time.
By applying a 3D filter only to important volumes from
among the plurality of volumes, the ultrasound diagnosis
apparatus 1000 may provide an ultrasound image represent-
ing the important volumes clearly with a small amount of
computations.

[0316] Furthermore, when the 3D volume of the object is
segmented into a plurality of volumes representing internal
structures in the 3D volume, the ultrasound diagnosis appa-
ratus 1000 may represent the first and second volumes in
different ways by rendering the plurality of volumes based
on 3D rendering properties respectively corresponding to the
internal structures.

[0317] 3D rendering properties to be automatically
applied respectively to a plurality of volumes may be preset
in the ultrasound diagnosis apparatus 1000. For example, 3D
rendering properties corresponding to characteristics of each
volume may be stored in the ultrasound diagnosis apparatus
1000.

[0318] In detail, 3D rendering properties to be applied
respectively to internal structures may be preset by the user
in the ultrasound diagnosis apparatus 1000. For example,
rendering properties may be set so that a bone, an organ, or
a skin may be respectively rendered as a white, red, or skin
color.

[0319] Furthermore, opacity corresponding to an average
intensity and an average gradient of intensity may be preset
for each volume. For example, opacity corresponding to a
volume having an average intensity greater than or equal to
a first threshold value and an average gradient of intensity
greater than or equal to a second threshold value may be set
to 50, and opacity corresponding to a volume having an
average intensity less than the first threshold value and an
average gradient of intensity less than the second threshold
value may be set to 5.

[0320] Furthermore, as described above, 3D rendering
properties for first and second volumes may be automati-
cally set by the ultrasound diagnosis apparatus 1000 or be
selected by the user.

[0321] The ultrasound diagnosis apparatus 1000 may ren-
der again the 3D volume data with respect to the object
based on newly set 3D rendering properties.

[0322] The ultrasound diagnosis apparatus 1000 may dis-
play the generated ultrasound image (S2640).
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[0323] The ultrasound diagnosis apparatus 1000 may dis-
play an ultrasound image representing re-rendered 3D vol-
ume of the object.

[0324] FIG. 27 illustrates an example in which the ultra-
sound diagnosis apparatus 1000 segments a 3D volume of an
object into a plurality of volumes based on intensity and a
gradient of intensity for a voxel among voxels constituting
the 3D volume, according to an embodiment.

[0325] As described above, a voxel having a high intensity
from among voxels in a 3D volume or a voxel having a large
gradient of intensity with its adjacent voxel is most likely to
be a meaningful target.

[0326] The ultrasound diagnosis apparatus 1000 may
determine intensity values and gradients of intensity value
with an adjacent voxel respectively for voxels in a 3D
volume and segment the 3D volume of an object into a
plurality of volumes based on the determined intensity
values and gradients of intensity value.

[0327] For example, as shown in FIG. 27, the ultrasound
diagnosis apparatus 1000 may connect voxels 2730 having
intensity values less than a first threshold value 2710 and
gradients of intensity value greater than a second threshold
value 2720 and determine the connected voxels 2730 as
being a first volume. The ultrasound diagnosis apparatus
1000 may also connect voxels 2740 having intensity values
greater than the first threshold value 2710 and gradients of
intensity value greater than the second threshold value 2720
and determine the connected voxels 2740 as being a second
volume. The ultrasound diagnosis apparatus 1000 may also
connect voxels 2750 having intensity values less than the
first threshold value 2710 and gradients of intensity value
less than the second threshold value 2720 and determine the
connected voxels 2750 as being a third volume. The ultra-
sound diagnosis apparatus 1000 may also connect voxels
2760 having intensity values greater than the first threshold
value 2710 and gradients of intensity value less than the
second threshold value 2720 and determine the connected
voxels 2760 as being a fourth volume. The ultrasound
diagnosis apparatus 1000 may set different colors respec-
tively for the first through fourth volumes and render 3D
volume data based on the set different colors.

[0328] Furthermore, for example, the ultrasound diagnosis
apparatus 1000 may connect the voxels 2740 having inten-
sity values greater than the first threshold value 2710 and
gradients of intensity value greater than the second threshold
value 2720 and determine the connected voxels 2740 as
being a volume, set a size and a shape of an ROI so that the
volume is included in the ROI, and render 3D volume data
based on the ROL

[0329] FIG. 28A illustrates an example in which the
ultrasound diagnosis apparatus 1000 represents a plurality of
volumes obtained by segmentation in such a manner as to
distinguish the plurality of volumes from one another by
rendering the volumes based on different 3D rendering
properties, according to an embodiment

[0330] Referring to FIG. 28A, the ultrasound diagnosis
apparatus 1000 may segment a 3D volume representing a
fetus into four volumes, i.e., first through fourth volumes
1130, 1132, 1134, and 1136 based on 3D volume data.
[0331] According to an embodiment, the ultrasound diag-
nosis apparatus 1000 may determine tissues respectively
corresponding to the first through fourth volumes 1130,
1132, 1134, and 1136. For example, the ultrasound diagnosis
apparatus 1000 may determine the first through fourth
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volumes 1130, 1132, 1134, and 1136 respectively as being a
bone, an organ, a dermis, and an epidermis of the fetus.

[0332] The ultrasound diagnosis apparatus 1000 may gen-
erate an ultrasound image representing tissues in different
colors. For example, a light skin color, a dark skin color, a
red color, and a green color may be set for the epidermis,
dermis, organ, and bone, respectively, in the ultrasound
diagnosis apparatus 1000. Accordingly, the ultrasound diag-
nosis apparatus 1000 may generate an ultrasound image
showing which tissues respectively correspond to the first
through fourth volumes 1130, 1132, 1134, and 1136 by
setting a light skin color, a dark skin color, a red color, and
a green color respectively for the fourth, third, second, and
first volumes 1136, 1134, 1132, and 1130 and rendering 3D
volume data based on the set colors.

[0333] The ultrasound diagnosis apparatus 1000 may rep-
resent at least one tissue from among tissues respectively
corresponding to the first through fourth volumes 1130,
1132, 1134, and 1136 in a more emphasized manner than the
other tissues by setting different opacities according to tissue
and rendering 3D volume data based on the set opacities. For
example, opacities corresponding to the epidermis, dermis,
and bone may be set to 1 in the ultrasound diagnosis
apparatus 1000 while opacity corresponding to the organ
may be set to 50. Thus, the ultrasound diagnosis apparatus
1000 may generate an ultrasound image representing the
second volume 1132 in a more emphasized manner than the
fourth, third, and first volumes 1136, 1134, and 1130.

[0334] Furthermore, the ultrasound diagnosis apparatus
1000 may represent at least one tissue from among tissues
respectively corresponding to the first through fourth vol-
umes 1130, 1132, 1134, and 1136 more clearly than the other
tissues by setting different degrees of focus according to
tissue and rendering 3D volume data based on the set
degrees of focus. For example, degrees of focus correspond-
ing to the epidermis, dermis, and bone may be set to 0 in the
ultrasound diagnosis apparatus 1000 while a degree of focus
corresponding to the organ may be set to 10. Thus, the
ultrasound diagnosis apparatus 1000 may generate an ultra-
sound image representing the second volume 1132 more
clearly than the fourth, third, and first volumes 1136, 1134,
and 1130.

[0335] FIG. 28B illustrates an example in which the
ultrasound diagnosis apparatus 1000 sets an ROI with
respect to a volume from among a plurality of volumes
obtained by segmentation, according to an embodiment.

[0336] Referring to FIG. 28B, when a user input for
selecting one point in a 3D volume that is segmented into a
plurality of volumes is received, the ultrasound diagnosis
apparatus 1000 may determine a volume including the
selected point from among the plurality of volumes and set
an ROT at a depth of the selected point by taking into account
a size and a shape of the determined volume.

[0337] For example, if a user input for selecting a point
2810 in a third volume 1134 is received, the ultrasound
diagnosis apparatus 1000 may set a region 2820 where a
cross-section at a depth of the selected point 2810 intersects
the third volume 1134 as an ROIL

[0338] The ultrasound diagnosis apparatus 1000 may
receive a user input for setting 3D rendering properties with
respect to the set ROI. For example, the ultrasound diagnosis
apparatus 1000 may receive a user input for setting an
opacity, color, or degree of focus with respect to the set ROI.
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[0339] FIG. 29 is a flowchart of a method, performed by
the ultrasound diagnosis apparatus 1000, of setting different
3D rendering properties with respect to a plurality of vol-
umes based on a user input, according to an embodiment.
[0340] The ultrasound diagnosis apparatus 1000 may dis-
play an ultrasound image showing a plurality of volumes
obtained by segmentation (S2910).

[0341] The ultrasound diagnosis apparatus 1000 may seg-
ment a 3D volume of an object into a plurality of volumes
and display an ultrasound image showing contours of the
plurality of volumes or the plurality of volumes in different
colors. Furthermore, the ultrasound diagnosis apparatus
1000 may display together 3D rendering properties respec-
tively applied to the plurality of volumes.

[0342] The ultrasound diagnosis apparatus 1000 may
receive a user input for selecting one volume from among
the plurality of volumes (S2920).

[0343] The ultrasound diagnosis apparatus 1000 may
receive a user input for selecting one volume from among
the plurality of volumes via a user’s touch or a mouse.
Furthermore, the ultrasound diagnosis apparatus 1000 may
also display a separate user interface for selecting one of the
plurality of volumes. The ultrasound diagnosis apparatus
1000 may display the selected volume in such a manner as
to distinguish the selected volume from non-selected vol-
umes.

[0344] The ultrasound diagnosis apparatus 1000 may
receive a user input for setting 3D rendering properties with
respect to the volume selected from among the plurality of
volumes (52930).

[0345] For example, the ultrasound diagnosis apparatus
1000 may display a user interface for setting 3D rendering
properties with respect to the selected volume. The user
interface may include a user interface for selecting an
opacity, a user interface for selecting a color, a user interface
for selecting a degree of focus, and a user interface for
selecting a size and a shape of an ROIL

[0346] The ultrasound diagnosis apparatus 1000 may
receive, via a user interface, a user input for selecting at least
one from among an opacity, color, degree of focus, and size
and shape of an ROI for the selected volume.

[0347] The ultrasound diagnosis apparatus 1000 may gen-
erate again an ultrasound image representing the selected
volume in a different manner than the other volumes by
rendering 3D volume data based on the set 3D rendering
properties (S2940).

[0348] The ultrasound diagnosis apparatus 1000 may dis-
play the regenerated ultrasound image (52950).

[0349] FIG. 30 illustrates an example in which the ultra-
sound diagnosis apparatus 1000 sets different 3D rendering
properties with respect to a plurality of volumes based on a
user input, according to an embodiment.

[0350] Referring to FIG. 30, the ultrasound diagnosis
apparatus 1000 may receive a user input for selecting one
volume from among a plurality of volumes and setting 3D
rendering properties with respect to the selected volume.
[0351] The ultrasound diagnosis apparatus 1000 may
receive a user input for selecting one volume from among
the plurality of volumes. In this case, the ultrasound diag-
nosis apparatus 1000 may display the selected volume in
such a manner as to distinguish it from non-selected vol-
umes.

[0352] Furthermore, the ultrasound diagnosis apparatus
1000 may display together 3D rendering properties respec-



US 2016/0361043 A1

tively set with respect to the plurality of volumes. For
example, the ultrasound diagnosis apparatus 1000 may show
3D rendering properties applied to a displayed 3D volume
by displaying opacities, colors, degrees of focus, sizes and
shapes of ROIs that are respectively set for first through
fourth volumes 1130, 1132, 1134, and 1136.

[0353] When a user input for selecting one volume is
received, the ultrasound diagnosis apparatus 1000 may
display user interfaces 3010 and 3020 for setting 3D ren-
dering properties with respect to the selected volume. For
example, the ultrasound diagnosis apparatus 1000 may
display the user interface 3010 for setting a color with
respect to the selected volume and the user interface 3020
for setting opacity with respect thereto. However, embodi-
ments are not limited thereto.

[0354] When a user input for setting 3D rendering prop-
erties with respect to the selected volume is received, the
ultrasound diagnosis apparatus 1000 may generate again an
ultrasound image by rendering 3D volume data based on the
set 3D rendering properties.

[0355] For example, when a user input for setting opaci-
ties of the first through fourth volumes 1130, 1132, 1134, and
1136 to 0 and opacity of the third volume 1134 to 10 is
received, the ultrasound diagnosis apparatus 1000 may
generate an ultrasound image representing only the third
volume 1134. Accordingly, the ultrasound diagnosis appa-
ratus 1000 may provide a function for displaying only a
volume selected from among the plurality of volumes.
[0356] FIG. 31 is a block diagram of a configuration of an
ultrasound diagnosis apparatus 1000 according to an
embodiment.

[0357] Referring to FIG. 31, the ultrasound diagnosis
apparatus 1000 may include a controller 1700, a user input
device 1600, and a display 1400.

[0358] However, all of the components shown in FIG. 31
are not essential components. The ultrasound diagnosis
apparatus 1000 may include more or fewer components than
those shown in FIG. 31.

[0359] While FIG. 31 shows that the user input device
1600 is separate from the display 1400, the user input device
1600 and the display 1400 may be implemented in an
integrated form like a touch screen.

[0360] The display 1400 may display an ultrasound image
showing a 2D cross-section or 3D region of an object.
Furthermore, the display 1400 may display a user interface.
[0361] Furthermore, the display 1400 may display a first
ultrasound image showing a surface of a 3D region of the
object.

[0362] The user input device 1600 may receive a user
input for controlling the ultrasound diagnosis apparatus
1000. For example, the user input device 1600 may receive
a user input for selecting an ROI in the displayed first
ultrasound image.

[0363] The controller 1700 may control all components of
the ultrasound diagnosis apparatus 1000. For example, the
controller 1700 may control the display 1400 to display on
the set ROI a second ultrasound image showing an internal
structure corresponding to the ROI from among internal
structures of the 3D region.

[0364] In this case, the controller 1700 may generate the
second ultrasound image showing an internal structure,
based on a gradient of intensity of ultrasound echo signals
between points in the 3D region.
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[0365] Accordingly, the display 1400 may display on the
set ROI the second ultrasound image showing an internal
structure corresponding to the ROI from among internal
structures of the 3D region. The internal structure corre-
sponding to the ROI may include relative positions of
structures that are located below the ROI from among
structures constituting the 3D region.

[0366] In this case, the display 1400 may display the
relative positions of the structures located below the ROI by
showing contours of the structures located below the ROI at
different depths.

[0367] The structures may include at least one of a skin, an
organ, a blood vessel, a bone, and a cavum, but are not
limited thereto.

[0368] Furthermore, the user input device 1600 may
receive a user input for changing an ROI. In this case, the
controller 1700 may control the display 1400 to display on
the changed ROI a second ultrasound image showing an
internal structure corresponding to the changed ROI.
[0369] Thus, the display 1400 may display, on the changed
ROI, the second ultrasound image showing the internal
structure corresponding to the changed ROI.

[0370] Furthermore, the user input device 1600 may
receive a user input for setting a depth of an internal
structure to be displayed on an ROI. In this case, the
controller 1700 may control the display 1400 to display a
portion of the internal structure located down from the set
depth by setting opacity values at points located above the
set depth, from among points in a 3D region, to less than or
equal to a reference value. Accordingly, the display 1400
may display a portion of the internal structure corresponding
to the ROT, which is located below the set depth, on the ROIL.
[0371] The user input device 1600 may receive a user
input for setting a plurality of ROIs according to a depth of
the 3D region. In this case, the controller 1700 may control
the display 1400 to display on an ROI a second ultrasound
image showing an internal structure corresponding to the
ROI by respectively setting different rendering parameters
for the set ROIs. According to control by the controller 1700,
the display 1400 may display on the ROI the second
ultrasound image showing an internal structure correspond-
ing to the ROI by respectively setting different rendering
parameters for the set ROIs. In this case, the rendering
parameters may include at least one of opacity, degree of
focus, and color, but are not limited thereto.

[0372] FIG. 32 is a block diagram of a configuration of a
system including an ultrasound diagnosis apparatus 1000
according to an embodiment. Referring to FIG. 32, the
ultrasound diagnosis apparatus 1000 may include a probe
20, an ultrasound transceiver 1100, an image processor
1200, a communication module 1300, a display 1400, a
memory 1500, a user input device 1600, and a controller
1700, which may be connected to one another via buses
1800.

[0373] The ultrasound diagnosis apparatus 1000 may be a
cart type apparatus or a portable type apparatus. Examples
of portable ultrasound diagnosis apparatuses 1000 may
include, but are not limited to, a picture archiving and
communication system (PACS) viewer, a smartphone, a
laptop computer, a personal digital assistant (PDA), and a
tablet PC.

[0374] The probe 20 transmits ultrasound waves to an
object 10 in response to a driving signal applied by the
ultrasound transceiver 1100 and receives echo signals
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reflected by the object 10. The probe 20 includes a plurality
of transducers, and the plurality of transducers oscillate in
response to electric signals and generate acoustic energy,
that is, ultrasound waves. Furthermore, the probe 20 may be
connected to the main body of the ultrasound diagnosis
apparatus 1000 by wire or wirelessly, and according to
embodiments, the ultrasound diagnosis apparatus 1000 may
include a plurality of probes 20.

[0375] A transmitter 1110 supplies a driving signal to the
probe 20. The transmitter 110 includes a pulse generator
1112, a transmission delaying unit 1114, and a pulser 1116.
The pulse generator 1112 generates pulses for forming
transmission ultrasound waves based on a predetermined
pulse repetition frequency (PRF), and the transmission
delaying unit 1114 delays the pulses by delay times neces-
sary for determining transmission directionality. The pulses
which have been delayed correspond to a plurality of
piezoelectric vibrators included in the probe 20, respec-
tively. The pulser 1116 applies a driving signal (or a driving
pulse) to the probe 20 based on timing corresponding to each
of the pulses which have been delayed.

[0376] A receiver 1120 generates ultrasound data by pro-
cessing echo signals received from the probe 20. The
receiver 120 may include an amplifier 1122, an analog-to-
digital converter (ADC) 1124, a reception delaying unit
1126, and a summing unit 1128. The amplifier 1122 ampli-
fies echo signals in each channel, and the ADC 1124
performs analog-to-digital conversion with respect to the
amplified echo signals. The reception delaying unit 1126
delays digital echo signals output by the ADC 124 by delay
times necessary for determining reception directionality, and
the summing unit 1128 generates ultrasound data by sum-
ming the echo signals processed by the reception delaying
unit 1166. In some embodiments, the receiver 1120 may not
include the amplifier 1122. In other words, if the sensitivity
of the probe 20 or the capability of the ADC 1124 to process
bits is enhanced, the amplifier 1122 may be omitted.
[0377] The image processor 1200 generates an ultrasound
image by scan-converting ultrasound data generated by the
ultrasound transceiver 1100. The ultrasound image may be
not only a grayscale ultrasound image obtained by scanning
an object in an amplitude (A) mode, a brightness (B) mode,
and a motion (M) mode, but also a Doppler image showing
a movement of an object via a Doppler effect. The Doppler
image may be a blood flow Doppler image showing flow of
blood (also referred to as a color Doppler image), a tissue
Doppler image showing a movement of tissue, or a spectral
Doppler image showing a moving speed of an object as a
waveform.

[0378] A B mode processor 1212 included in a data
processor 1210 extracts B mode components from ultra-
sound data and processes the B mode components. An image
generator 1220 may generate an ultrasound image indicating
signal intensities as brightness based on the extracted B
mode components 1212.

[0379] Similarly, a Doppler processor 1214 included in the
data processor 1210 may extract Doppler components from
ultrasound data, and the image generator 1220 may generate
a Doppler image indicating a movement of an object as
colors or waveforms based on the extracted Doppler com-
ponents.

[0380] According to an embodiment, the image generator
1220 may generate a three-dimensional (3D) ultrasound
image via volume-rendering with respect to volume data and
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may also generate an elasticity image by imaging deforma-
tion of the object 10 due to pressure. Furthermore, the image
generator 1220 may display various pieces of additional
information in an ultrasound image by using text and
graphics. In addition, the generated ultrasound image may
be stored in the memory 1500.

[0381] A display 1400 displays the generated ultrasound
image. The display 1400 may display not only an ultrasound
image, but also various pieces of information processed by
the ultrasound diagnosis apparatus 1000 on a screen image
via a graphical user interface (GUI). In addition, the ultra-
sound diagnosis apparatus 1000 may include two or more
displays 1400 according to embodiments.

[0382] The communication module 1300 is connected to a
network 30 by wire or wirelessly to communicate with an
external device or a server. The communication module
1300 may exchange data with a hospital server or another
medical apparatus in a hospital, which is connected thereto
via a PACS. Furthermore, the communication module 1300
may perform data communication according to the digital
imaging and communications in medicine (DICOM) stan-
dard.

[0383] The communication module 1300 may transmit or
receive data related to diagnosis of an object, e.g., an
ultrasound image, ultrasound data, and Doppler data of the
object, via the network 30 and may also transmit or receive
medical images captured by another medical apparatus, e.g.,
a computed tomography (CT) apparatus, a magnetic reso-
nance imaging (MRI) apparatus, or an X-ray apparatus.
Furthermore, the communication module 1300 may receive
information about a diagnosis history or medical treatment
schedule of a patient from a server and utilizes the received
information to diagnose the patient. Furthermore, the com-
munication module 1300 may perform data communication
not only with a server or a medical apparatus in a hospital,
but also with a portable terminal of a medical doctor or
patient.

[0384] The communication module 1300 is connected to
the network 30 by wire or wirelessly to exchange data with
a server 32, a medical apparatus 34, or a portable terminal
36. The communication module 1300 may include one or
more components for communication with external devices.
For example, the communication module 1300 may include
a local area communication module 1310, a wired commu-
nication module 1320, and a mobile communication module
1330.

[0385] The local area communication module 1310 refers
to a module for local area communication within a prede-
termined distance. Examples of local area communication
techniques according to an embodiment may include, but are
not limited to, wireless LAN, Wi-Fi, Bluetooth, ZigBee,
Wi-Fi Direct (WFD), ultra wideband (UWB), infrared data
association (IrDA), Bluetooth low energy (BLE), and near
field communication (NFC).

[0386] The wired communication module 1320 refers to a
module for communication using electric signals or optical
signals. Examples of wired communication techniques
according to an embodiment may include communication
via a twisted pair cable, a coaxial cable, an optical fiber
cable, and an Ethernet cable.

[0387] The mobile communication module 1330 transmits
or receives wireless signals to or from at least one selected
from a base station, an external terminal, and a server on a
mobile communication network. The wireless signals may
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be voice call signals, video call signals, or various types of
data for transmission and reception of text/multimedia mes-
sages.

[0388] The memory 1500 stores various data processed by
the ultrasound diagnosis apparatus 1000. For example, the
memory 1500 may store medical data related to diagnosis of
an object, such as ultrasound data and an ultrasound image
that are input or output, and may also store algorithms or
programs which are to be executed in the ultrasound diag-
nosis apparatus 1000.

[0389] The memory 1500 may be any of various storage
media, e.g., a flash memory, a hard disk drive, EEPROM,
etc. Furthermore, the ultrasound diagnosis apparatus 1000
may utilize web storage or a cloud server that performs the
storage function of the memory 1500 online.

[0390] The user input device 1600 refers to a means via
which a user inputs data for controlling the ultrasound
diagnosis apparatus 1000. The user input device 1600 may
include hardware components, such as a keypad, a mouse, a
touch pad, a touch screen, and a jog switch. However,
embodiments are not limited thereto, and the user input
device 1600 may further include any of various other input
units including an electrocardiogram (ECG) measuring
module, a respiration measuring module, a voice recognition
sensor, a gesture recognition sensor, a fingerprint recogni-
tion sensor, an iris recognition sensor, a depth sensor, a
distance sensor, etc.

[0391] The controller 1700 may control all operations of
the ultrasound diagnosis apparatus 1000. In other words, the
controller 1700 may control operations among the probe 20,
the ultrasound transceiver 1100, the image processor 1200,
the communication module 1300, the display 1400, the
memory 1500, and the user input device 1600 shown in FIG.
32.

[0392] All or some of the probe 20, the ultrasound trans-
ceiver 1100, the image processor 1200, the communication
module 1300, the display 1400, the memory 1500, the user
input device 1600, and the controller 1700 may be imple-
mented as software modules. Furthermore, at least one
selected from the ultrasound transceiver 1100, the image
processor 1200, and the communication module 1300 may
be included in the controller 1700. However, embodiments
of the present invention are not limited thereto.

[0393] Embodiments may be implemented through non-
transitory computer-readable recording media having
recorded thereon computer-executable instructions such as
program modules that are executed by a computer. The
non-transitory computer-readable recording media may be
any available media that can be accessed by a computer and
include both volatile and nonvolatile media and both detach-
able and non-detachable media. Furthermore, the non-tran-
sitory computer-readable recording media may include com-
puter storage media and communication media. The
computer storage media include both volatile and nonvola-
tile and both detachable and non-detachable media imple-
mented by any method or technique for storing information
such as computer-readable instructions, data structures, pro-
gram modules, or other data. The communication media
typically embody computer-readable instructions, data
structures, program modules, other data of a modulated data
signal, or other transmission mechanism, and may include
any information transmission media.
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[0394] Furthermore, in the present specification, the term
“unit” may be a hardware component such as a processor or
circuit and/or a software component that is executed by a
hardware component.

[0395] The above description is provided for illustration,
and it will be understood by those of ordinary skill in the art
that various changes in form and details may be made
therein without departing from essential features and the
spirit and scope of the present inventive concept as defined
by the following claims. Accordingly, the above embodi-
ments and all aspects thereof are examples only and are not
limiting. For example, each component defined as an inte-
grated component may be implemented in a distributed
fashion. Likewise, components defined as separate compo-
nents may be implemented in an integrated manner.

[0396] The scope of the present inventive concept is
defined not by the detailed description thereof but by the
appended claims, and all the changes or modifications
within the scope of the appended claims and their equiva-
lents will be construed as being included in the present
inventive concept.

What is claimed is:

1. An ultrasound diagnosis apparatus comprising:

a display configured to display a first ultrasound image
showing an object;

a user input device configured to receive a user input for
selecting first and second depths in the first ultrasound
image and setting different three-dimensional (3D)
rendering properties with respect to the first and second
depths; and

a controller configured to generate a second ultrasound
image showing a 3D volume of the object based on the
set 3D rendering properties,

wherein the display is further configured to display the
generated second ultrasound image.

2. The ultrasound diagnosis apparatus of claim 1, wherein
the 3D rendering properties comprises at least one of an
opacity, a color, a region of interest (ROI), and a degree of
focus.

3. The ultrasound diagnosis apparatus of claim 1, wherein
the first depth comprises a first depth interval in the 3D
volume, and the second depth comprises a second depth
interval in the 3D volume.

4. The ultrasound diagnosis apparatus of claim 1, wherein
the controller is further configured to control the display to
display an indicator representing a direction of a depth for
which the 3D rendering properties are to be set.

5. The ultrasound diagnosis apparatus of claim 1, wherein
the display is further configured to display a plurality of
ultrasound images showing different cross-sections of the
object, and

wherein the user input device is further configured to
receive a user input for selecting one of the plurality of
ultrasound images as the first ultrasound image.

6. The ultrasound diagnosis apparatus of claim 1, wherein
the display is further configured to display a plurality of
images respectively representing patterns of the 3D render-
ing properties according to depths, and

wherein the user input device is further configured to
receive the user input for selecting the first and second
depths in the first ultrasound image and setting different
3D rendering properties with respect to the first and
second depths by receiving a user input for selecting
one of the plurality of images.
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7. The ultrasound diagnosis apparatus of claim 1, wherein
the first ultrasound image is an ultrasound image showing
the 3D volume of the object.

8. The ultrasound diagnosis apparatus of claim 7, wherein
the display is further configured to display an indicator
representing a direction of a depth for which the different 3D
rendering properties are to be set and a user interface for
setting a region of interest (ROI) in a cross-section perpen-
dicular to the direction of the depth, and

wherein the user input device is further configured to

receive a user input for respectively setting first and
second ROIs at the first and second depths by using the
user interface and receive a user input for setting
different 3D rendering properties with respect to the
first and second ROIs.

9. The ultrasound diagnosis apparatus of claim 8, wherein
the user interface for setting the ROI comprises a user
interface for setting at least one of a shape and a size of the
ROI, and

wherein the user input device is further configured to

receive a user input for setting the first and second ROIs
by receiving a user input for setting at least one of a
shape and a size of each of the first and second ROIs by
using the user interface.

10. The ultrasound diagnosis apparatus of claim 9,
wherein the controller is further configured to control the
display to display, when the user input for setting the first
and second ROIs is received, a third image showing a
cross-section at the first depth and the first ROI, which is set
in the cross-section at the first depth, on the third image, and
display a fourth image showing a cross-section at the second
depth and the second ROI, which is set in the cross-section
at the second depth, on the fourth image.

11. A method of displaying an ultrasound image, the
method comprising:

displaying a first ultrasound image showing an object;

receiving a user input for selecting first and second depths

in the first ultrasound image and setting different three-
dimensional (3D) rendering properties with respect to
the first and second depths;

generating a second ultrasound image showing a 3D

volume of the object based on the set 3D rendering
properties; and

displaying the generated second ultrasound image.

12. The method of claim 11, wherein the 3D rendering
properties comprises at least one of an opacity, a color, a
region of interest (ROI), and a degree of focus.

13. The method of claim 11, wherein the first depth
comprises a first depth interval in the 3D volume, and the
second depth comprises a second depth interval in the 3D
volume.

14. The method of claim 11, wherein the displaying of the
first ultrasound image showing the object comprises dis-
playing an indicator representing a direction of a depth for
which the 3D rendering properties are to be set.

Dec. 15,2016

15. The method of claim 11, wherein the displaying of the
first ultrasound image showing the object comprises:

displaying a plurality of ultrasound images showing dif-

ferent cross-sections of the object;

receiving a user input for selecting one of the plurality of

ultrasound images as the first ultrasound image; and
displaying the selected first ultrasound image.

16. The method of claim 11, wherein the receiving of the
user input for selecting the first and second depths in the first
ultrasound image and setting the different 3D rendering
properties with respect to the first and second depths com-
prises:

displaying a plurality of images respectively representing

patterns of the 3D rendering properties according to
depths, and

receiving the user input for selecting the first and second

depths in the first ultrasound image and setting the
different 3D rendering properties with respect to the
first and second depths by receiving a user input for
selecting one of the plurality of images.

17. The method of claim 11, wherein the first ultrasound
image is an ultrasound image showing the 3D volume of the
object.

18. The method of claim 17, further comprising:

displaying an indicator representing a direction of a depth

for which the different 3D rendering properties are to be
set and a user interface for setting a region of interest
(ROI) in a cross-section perpendicular to the direction
of the depth;

receiving a user input for respectively setting first and

second ROIs at the first and second depths by using the
user interface; and

receiving a user input for setting different 3D rendering

properties with respect to the first and second ROIs.

19. The method of claim 18, wherein the user interface for
setting the ROI comprises a user interface for setting at least
one of a shape and a size of the ROI, and

wherein the receiving of the user input for setting the

different 3D rendering properties with respect to the
first and second ROls comprises receiving a user input
for setting at least one of a shape and a size of each of
the first and second ROIs by using the user interface.

20. The method of claim 19, further comprising;

displaying, when the user input for setting the first and

second ROIs is received, a third image showing a
cross-section at the first depth and displaying the first
ROI, which is set in the cross-section at the first depth,
on the third image; and

displaying a fourth image showing a cross-section at the

second depth and displaying the second ROI, which is
set in the cross-section at the second depth, on the
fourth image.
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