US 20150139521A1

12 Patent Application Publication (o) Pub. No.: US 2015/0139521 A1

a9y United States

Kuga

(43) Pub. Date: May 21, 2015

(54) ULTRASONIC DIAGNOSTIC APPARATUS,

IMAGE PROCESSING APPARATUS, AND

Publication Classification

IMAGE PROCESSING METHOD (31) Imnt.Cl.
GO6T 15/08 (2006.01)
(71)  Applicants:Kabushiki Kaisha Toshiba, Minato-ku GO6T 7/00 (2006.01)
(JP); Toshiba Medical Systems A61B 8/08 (2006.01)
Corporation, Otawara-shi (JP) (52) US.CL
CPC ..cccce. GO6T 15/08 (2013.01); A61B 8/483
(72) Inventor: Itsuki Kuga, Nasushiobara (JP) (2013.01); A61B 8/5207 (2013.01); GO6T
7/0012 (2013.01); GO6T 2210/41 (2013.01);
(73) Assignees: Kabushiki Kaisha Toshiba, Minato-ku GO6T 2207/10136 (2013.01)
(JP); Toshiba Medical Systems
Corporation, Otawara-shi (JP) (7) ABSTRACT
An ultrasonic diagnostic apparatus according to an embodi-
ment includes a rendering controller, a detector, and a voxel
(21)  Appl. No.: 14/607,131 data generator. The rendering controller divides three-dimen-
sional data constituted by voxel data into a plurality of slice
(22) Filed: Jan. 28, 2015 regions, rearranges the slice regions based on a sight line
direction in which the voxel data is observed, and performs
L volume rendering on the voxel data in which the slice regions
Related U.S. Application Data have been rearranged so as to generate image data. The detec-
(63) Continuation of application No. PCT/JP2013/074764, ~ tor detects image quality information indicating image qual-
filed on Sep. 12, 2013. ity of image data that is generated by the rendering controller.
The voxel data generator rearranges the voxel data constitut-
30 Foreign Application Priority Data g the three-dimensional data based on the 1mage quality
(30) gn App y ing the three-dimensional data based on the i i
information detected by the detector based on the sight line
Sep. 12,2012 (JP) v 2012-200707 direction.
100
10
APPARATUS MAIN BODY )
g
MONITOR
¢3
INPUT
<12 DEVICE
| B-MODE [ _|
PROCESSOR
<13
| | DOPPLER | |
PROCESSOR 14
g
P ; y || mace
g g GENERATOR
ULTRASONIC TRANSMITTER/ 15
PROBE RECEIVER S
7 || IMAGE
§ MEMORY
CONTROLLER <16
INTERNAL
— STORAGE
UNIT




Patent Application Publication = May 21,2015 Sheet 1 of 10 US 2015/0139521 A1

FIG.1

<10
APPARATUS MAIN BODY
2
MONITOR
3
INPUT
(12 DEVICE
| B-mopE_| |
PROCESSOR
<13
| | popPLER | |
PROCESSOR 14
¢
P 1 11 | IMAGE
$ S GENERATOR
_JluLTRasonic TRANSMITTER/ 15
PROBE RECEIVER !
7
| | IMAGE
\ ¢17 MEMORY
CONTROLLER (16
INTERNAL
— STORAGE
UNIT




Patent Application Publication = May 21,2015 Sheet 2 of 10 US 2015/0139521 A1

FIG.2A }21

FIG.2B \

>
y

FIG.2C "




Patent Application Publication = May 21,2015 Sheet 3 of 10 US 2015/0139521 A1

FIG.3

17
CONTROLLER
171

VOXEL DATA
GENERATOR

172

RENDERING
CONTROLLER

(173

DETECTOR




Patent Application Publication = May 21,2015 Sheet 4 of 10 US 2015/0139521 A1

FIG.4A

FIG.4B A




Patent Application Publication = May 21,2015 Sheet 5 of 10 US 2015/0139521 A1

FIG.5A _ _
- N,
T T
R —24
25— >
FIG.5B | |
T T~
26< S 724
FIG.5C

25/—\

gy




Patent Application Publication = May 21,2015 Sheet 6 of 10 US 2015/0139521 A1

FIG.6A

FIG.6B




Patent Application Publication = May 21,2015 Sheet 7 of 10 US 2015/0139521 A1

FIG.7 C smt )

ISIT
IN MODE OF RENDERING
BY SHEAR WARP?

gS‘l 02 v §S1 13
GENERATE VOXEL DATA EXECUTE VOLUME RENDERING I
.}
v <5103
EXECUTE RENDERING BY SHEAR WARP I
.
Y

IS ROTATION OPERATION
RECEIVED?

SAMPLING ON IMAGE DATA
AFTER ROTATION

WAVEFORM ANALYSIS
BY FOURIER TRANSFORM

1S THERE
DISCONTINUOUS PORTION?

v (5110

REGENERATE VOXEL DATA
(5111

EXECUTE RENDERING BY SHEAR WARP I

o lat.
Ll b

DISPLAY IMAGE DATA

IS TERMINATION COMMAND
RECEIVED?




Patent Application Publication

May 21, 2015 Sheet 8 of 10 US 2015/0139521 A1
ISIT 5201 NO
IN MODE OF RENDERING
BY SHEAR WARP?
¢5202 N ¢S214

GENERATE VOXEL DATA | EXECUTE VOLUME RENDERING I
<5203

| EXECUTE RENDERING BY SHEAR WARP I

NO 5204

IS ROTATION OPERATION
RECEIVED?

<5205

SAMPLING ON IMAGE DATA
AFTER ROTATION

WAVEFORM ANALYSIS
BY FOURIER TRANSFORM

IS THERE
DISCONTINUOUS PORTION?

YES

¢5208

v §8211

REGENERATE VOXEL DATA
<5212

EXECUTE RENDERING BY SHEAR WARP I

lal
>

DISPLAY IMAGE DATA

IS TERMINATION COMMAND
RECEIVED?

END



Patent Application Publication = May 21,2015 Sheet 9 of 10 US 2015/0139521 A1

FIG.9

17
CONTROLLER
AT

VOXEL DATA
GENERATOR

72 (16

RENDERING INTERNAL STORAGE
CONTROLLER UNIT

173

DETECTOR

174

IMAGE QUALITY
PREDICTION UNIT

FIG.10

CONDITION VALUE

VOXEL DATA SIZE
DISPLAY RANGE
TRANSPARENCY

ROTATING ANGLE

CLIPPING PLANE THICKNESS




Patent Application Publication =~ May 21, 2015 Sheet 10 of 10

IN MODE OF RENDERING

US 2015/0139521 A1

BY SHEAR WARP?

(5302

" (5303

ACQUIRE RENDERING CONDITIONS
BY SHEAR WARP

IS THERE
DISCONTINUOUS PORTION?

IS RESOLUTION
LOWERED?

\ §S306 )

REGENERATE VOXEL DATA I

" <8307

EXECUTE RENDERING
BY SHEAR WARP

»i

GENERATE VOXEL DATA I EXECUTE VOLUME
- RENDERING

<

! (5308

DISPLAY IMAGE DATA I

S309

IS ROTATION OPERATION
RECEIVED?

IS TERMINATION COMMAND
RECEIVED?

END




US 2015/0139521 Al

ULTRASONIC DIAGNOSTIC APPARATUS,
IMAGE PROCESSING APPARATUS, AND
IMAGE PROCESSING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of International
Application No. PCT/JP2013/074764, filed on Sep. 12,2013
which claims the benefit of priority of the prior Japanese
Patent Application No. 2012-200707, filed on Sep. 12, 2012,
the entire contents of which are incorporated herein by refer-
ence.

FIELD

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

BACKGROUND

[0003] A conventional ultrasonic diagnostic apparatus col-
lects three-dimensional data (volume data) by using a two-
dimensional (2D) array probe and a mechanical four-dimen-
sional (4D) probe and displays an ultrasonic image obtained
by performing volume rendering on the collected volume
data. When the ultrasonic image is displayed, the ultrasonic
diagnostic apparatus can display an ultrasonic image
obtained by performing volume rendering on voxel data. Note
that the voxel data is obtained by converting coordinates of
the volume data into those in a three-dimensional Cartesian
coordinate system constituted by XYZ coordinates.

[0004] A shear warp method has been known as a method
of performing volume rendering at a high speed in recent
years. The shear warp method is a rendering method using the
above-mentioned voxel data. With the shear warp method,
pieces of sliced voxel data are rearranged in accordance with
change (rotation) in the sight line direction so as to perform
the volume rendering at a high speed. With the above-men-
tioned technique, it is difficult to prevent image quality from
being lowered efficiently in some cases.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1 is a drawing for explaining an overall con-
figuration of an ultrasonic diagnostic apparatus according to
a first embodiment;

[0006] FIGS. 2A to 2C are drawings for explaining an
example of a problem relating to a conventional technique;
[0007] FIG. 3 is a drawing illustrating an example of a
configuration of a controller in the first embodiment;

[0008] FIGS. 4A and 4B are drawings for explaining an
example of voxel data generation by a voxel data generator in
the first embodiment;

[0009] FIG. 5A is a drawing for explaining an example of
processing by a detector in the first embodiment;

[0010] FIG. 5B is a drawing for explaining an example of
processing by the detector in the first embodiment;

[0011] FIG. 5C is a drawing for explaining an example of
processing by the detector in the first embodiment;

[0012] FIGS. 6A and 6B are drawings for explaining an
example of voxel data regeneration by the voxel data genera-
tor in the first embodiment;

[0013] FIG. 7is a flowchart illustrating procedures of pro-
cessing by the ultrasonic diagnostic apparatus in the first
embodiment;
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[0014] FIG. 8is a flowchart illustrating procedures of pro-
cessing by an ultrasonic diagnostic apparatus according to a
second embodiment;

[0015] FIG. 9 is a drawing illustrating an example of a
configuration of a controller according to a third embodi-
ment;

[0016] FIG. 10 is a table illustrating an example of predic-
tion information thatis stored by aninternal storage unit in the
third embodiment; and

[0017] FIG. 11 is a flowchart illustrating procedures of
processing by the ultrasonic diagnostic apparatus in the third
embodiment.

DETAILED DESCRIPTION

[0018] According to embodiment, an ultrasonic diagnostic
apparatus comprising a rendering unit, a detector and voxel
data generator. The rendering unit that divides three-dimen-
sional data constituted by voxel data into a plurality of slice
regions, rearranges the slice regions based on a sight line
direction in which the voxel data is observed, and performs
volume rendering on the voxel data in which the slice regions
have been rearranged so as to generate image data. The detec-
tor that detects image quality information indicating image
quality of image data that is generated by the rendering unit.
The voxel data generator that rearranges the voxel data con-
stituting the three-dimensional data in accordance with the
image quality information detected by the detector based on
the sight line direction.

[0019] First, described is a configuration of an ultrasonic
diagnostic apparatus according to the embodiment. FIG. 1 is
a drawing for explaining an overall configuration of an ultra-
sonic diagnostic apparatus 100 according to the first embodi-
ment. As illustrated in FIG. 1, the ultrasonic diagnostic appa-
ratus 100 in the first embodiment includes an ultrasonic probe
1, amonitor 2, an input device 3, and an apparatus main body
10.

[0020] The ultrasonic probe 1 includes a plurality of piezo-
electric transducer elements and the piezoelectric transducer
elements generate ultrasonic waves based on a driving signal
that is supplied from a transmitter/receiver 11 included in the
apparatus main body 10, which will be described later. The
ultrasonic probe 1 receives reflection waves from a subject P
and converts the reflection waves into an electric signal. The
ultrasonic probe 1 includes a matching layer provided on the
piezoelectric transducer elements and a backing material that
prevents the ultrasonic waves from being transmitted back-
ward from the piezoelectric transducer elements. The ultra-
sonic probe 1 is connected to the apparatus main body 10 ina
detachable manner.

[0021] When the ultrasonic probe 1 transmits ultrasonic
waves to the subject P, the transmitted ultrasonic waves are
reflected by discontinuous surfaces of acoustic impedance in
body tissues of the subject P one after another. Then, the
plurality of piezoelectric transducer elements included in the
ultrasonic probe 1 receives the ultrasonic waves as reflection
wave signals. The amplitudes of the received reflection wave
signals depend on differences in the acoustic impedance
between the discontinuous surfaces by which the ultrasonic
waves are reflected. The reflection wave signals when the
transmitted ultrasonic wave pulses are reflected by surfaces of
moving blood flows, cardiac walls, and the like receive fre-
quency shift depending on velocity components of the mov-
ing members in the ultrasonic wave transmission direction
due to the Doppler effect.
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[0022] The ultrasonic probe 1 in the embodiment is an
ultrasonic probe that can scan the subject P with ultrasonic
waves two-dimensionally and can scan the subject P three-
dimensionally. To be specific, the ultrasonic probe 1 in the
embodiment is a mechanical scan probe that makes the plu-
rality of piezoelectric transducer elements for scanning the
subject P two-dimensionally swings at a predetermined angle
(swing angle) so as to scan the subject P three-dimensionally.
Alternatively, the ultrasonic probe 1 in the embodiment is a
two-dimensional ultrasonic probe that can scan the subject P
with ultrasonic waves three-dimensionally by arranging the
plurality of piezoelectric transducer elements in a matrix
manner. The two-dimensional ultrasonic probe focuses and
transmits the ultrasonic waves so as to scan the subject P
two-dimensionally.

[0023] The monitor 2 displays a graphical user interface
(GUI) through which an operator of the ultrasonic diagnostic
apparatus 100 inputs setting requests of various types by
using the input device 3 and displays an ultrasonic image and
the like generated by the apparatus main body 10. For
example, the monitor 2 displays a rendering image generated
under control by a controller 17, which will be described later.
[0024] The input device 3 includes a track ball, a switch, a
dial, and a touch command screen. The input device 3
receives setting requests of various types from the operator of
the ultrasonic diagnostic apparatus 100 and transfers the
received setting requests of various types to the apparatus
main body 10. For example, the input device 3 receives a
rotation operation for changing a direction of a volume ren-
dering image displayed on the monitor 2 and transfers infor-
mation of the received rotation operation (for example, rota-
tion by 45 degrees in the right direction) to the controller 17.
[0025] The apparatus main body 10 is an apparatus that
generates an ultrasonic image based on reflection waves
received by the ultrasonic probe 1. To be specific, the appa-
ratus main body 10 in the embodiment is an apparatus that can
generate a three-dimensional ultrasonic image (volume data)
based on three-dimensional reflection wave data received by
the ultrasonic probe 1. As illustrated in FIG. 1, the apparatus
main body 10 includes the transmitter/receiver 11, a B-mode
processor 12, a Doppler processor 13, an image generator 14,
an image memory 15, an internal storage unit 16, and the
controller 17.

[0026] The transmitter/receiver 11 includes a trigger gen-
eration circuit, a delay circuit and a pulsar circuit, and sup-
plies a driving signal to the ultrasonic probe 1. The pulsar
circuit repeatedly generates a rate pulse for forming transmis-
sion ultrasonic waves at a predetermined rate frequency. The
delay circuit gives a delay time for each piezoelectric trans-
ducer element that is necessary for focusing the ultrasonic
waves generated by the ultrasonic probe 1 in a beam form and
determining a transmission directional characteristic thereof
to each rate pulse generated by the pulsar circuit. The trigger
generation circuit applies a driving signal (driving pulse) to
the ultrasonic probe 1 at atiming based on the rate pulse. That
is to say, the delay circuit adjusts the transmission direction
from the surface of each piezoelectric transducer element
arbitrarily by changing the delay time that is given to each rate
pulse.

[0027] The transmitter/receiver 11 has a function of being
capable of changing a transmission frequency, a transmission
driving voltage, and the like instantaneously in order to
execute a predetermined scan sequence based on a direction
by the controller 17, which will be described later. In particu-

May 21,2015

lar, the transmission driving voltage is changed by a linear
amplifier-type oscillating circuit capable of switching the
value instantaneously or amechanism of switching a plurality
of power supply units electrically.

[0028] Furthermore, the transmitter/receiver 11 includes an
amplifier circuit, an analog-to-digital (A/D) converter, and an
adder. The transmitter/receiver 11 performs various pieces of
processing on the reflection wave signal received by the ultra-
sonic probe 1 so as to generate reflection wave data. The
amplifier circuit amplifies the reflection wave signal for each
channel and performs gain correction processing. The A/D
converter A/D-converts the reflection wave signal on which
gain correction has been performed and gives a delay time
necessary for determining a reception directional character-
istic to the digital data. The adder performs addition process-
ing on the reflection wave signal processed by the A/D con-
verter so as to generate reflection wave data. The addition
processing by the adder emphasizes a reflection component
from the direction in accordance with the reception direc-
tional characteristic of the reflection wave signal.

[0029] In this manner, the transmitter/receiver 11 controls
the transmission directional characteristic and the reception
directional characteristic in transmission and reception of the
ultrasonic waves. The transmitter/receiver 11 in the embodi-
ment causes the ultrasonic probe 1 to transmit three-dimen-
sional ultrasonic wave beams to the subject P so as to generate
three-dimensional reflection wave data from the three-dimen-
sional reflection wave signal received by the ultrasonic probe
1.

[0030] The B-mode processor 12 receives the reflection
wave data from the transmitter/receiver 11, and performs
logarithmic amplification, envelope detection processing,
and the like so as to generate data (B-mode data) in which a
signal intensity is expressed by brightness. The B-mode pro-
cessor 12 changes a detection frequency so as to change a
frequency bandwidth to be imaged. Furthermore, the B-mode
processor 12 can perform detection processing with two
detection frequencies on one reflection wave data in parallel.
[0031] The Doppler processor 13 performs frequency
analysis on velocity information from the reflection wave
data received from the transmitter/receiver 11. Then, the Dop-
pler processor 13 extracts blood flow, tissues, and contrast
agent echo components with the Doppler effect so as to gen-
erate data (Doppler data) obtained by extracting moving
member information such as an average velocity, dispersion,
and power for multiple points.

[0032] The B-mode processor 12 and the Doppler proces-
sor 13 in the embodiment can perform processing on both the
two-dimensional reflection wave data and the three-dimen-
sional reflection wave data. That is to say, the B-mode pro-
cessor 12 in the embodiment can generate three-dimensional
B-mode data from the three-dimensional reflection wave
data. Furthermore, the Doppler processor 13 in the embodi-
ment can generate three-dimensional Doppler data from the
three-dimensional reflection wave data.

[0033] The image generator 14 generates an ultrasonic
image from pieces of data generated by the B-mode processor
12 and the Doppler processor 13. That is to say, the image
generator 14 generates a B-modeimage in which the intensity
of the reflection waves is expressed by brightness from the
B-mode data generated by the B-mode processor 12. To be
specific, the image generator 14 generates a three-dimen-
sional B-mode image from the three-dimensional B-mode
data generated by the B-mode processor 12.
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[0034] Furthermore, the image generator 14 generates a
color Doppler image as an average velocity image, a dispet-
sion image, a power image, or a combination image thereof
indicating moving member information from the Doppler
data generated by the Doppler processor 13. To be specific,
the image generator 14 generates a three-dimensional color
Doppler image from the three-dimensional Doppler data gen-
erated by the Doppler processor 13. Note that the three-
dimensional B-mode image and the three-dimensional color
Doppler image generated by the image generator 14 are
referred to as “volume data” collectively.

[0035] The image generator 14 can generate images of
various types for displaying the generated volume data on the
monitor 2. To be specific, the image generator 14 can generate
an MPR image and a rendering image from the volume data.
[0036] That is to say, the ultrasonic probe 1 performs three-
dimensional scan with ultrasonic waves on a scanning site of
the subject P, so that the transmitter/receiver 11 generates
three-dimensional data. Then, the image generator 14 gener-
ates, as the image for displaying volume data on the monitor
2, an MPR image on three perpendicular intersecting planes,
a rendering image when a contact surface of the ultrasonic
probe 1 with the subject Pis set as a viewpoint, or a rendering
image when an arbitrary place is setas the viewpoint based on
a direction from the operator, for example.

[0037] Theimage generator 14 generates a rendering image
from voxel data obtained by converting coordinates of the
volume data into those in a three-dimensional Cartesian coor-
dinate system constituted by XYZ coordinates. For example,
the image generator 14 generates the rendering image from
the voxel data by using shear warp.

[0038] The image memory 15 is a memory that stores
therein the ultrasonic image generated by the image generator
14. The image memory 15 can also store therein pieces of data
generated by the B-mode processor 12 and the Doppler pro-
cessor 13.

[0039] The internal storage unit 16 stores therein various
pieces of data such as control programs for performing trans-
mission and reception of ultrasonic waves, image processing,
and display processing; diagnosis information (for example,
patient IDs and findings by physicians); diagnostic protocols;
and various types of body marks. The internal storage unit 16
is also used for keeping images stored by the image memory
15 if necessary, for example. The internal storage unit 16
stores therein prediction information for predicting image
quality of a rendering image that is generated by the shear
warp. The prediction information will be described in detail
later.

[0040] The controller 17 is a control processor (central
processing unit (CPU)) for executing a function as an infor-
mation processing device (calculator) and controls the overall
processing of the ultrasonic diagnostic apparatus 100. To be
specific, the controller 17 controls the pieces of processing by
the transmitter/receiver 11, the B-mode processor 12, the
Doppler processor 13, and the image generator 14 based on
various types of setting requests input from an operator
through the input device 3 and various types of control pro-
grams and various pieces of data loaded from the internal
storage unit 16. The controller 17 controls to display the
ultrasonic image stored in the image memory 15, various
types of images stored in the internal storage unit 16, the GUI
for performing processing by the image generator 14, a pro-
cessing result by the image generator 14, or the like on the
monitor 2.
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[0041] Hereinabove, described has been the overall con-
figuration of the ultrasonic diagnostic apparatus 100 in the
first embodiment. With the configuration, the ultrasonic diag-
nostic apparatus 100 in the first embodiment is configured so
as to suppress lowering of image quality by processing by the
controller 17, which will be described in detail.

[0042] First, described is the conventional technique, in
particular, the case where image quality is lowered on the
rendering image that is generated by using the shear warp.
FIGS. 2A to 2C are drawings for explaining an example of a
problem relating to the conventional technique. FIGS. 2A to
2C illustrate voxel data obtained by converting coordinates of
volume data into those in the three-dimensional Cartesian
coordinate system when seen from the above. That is to say,
each of solid lines as illustrated in FIGS. 2A to 2C indicates
slice data generated from the volume data.

[0043] Forexample, in rendering of generating a rendering
image from the voxel data, as illustrated in FIG. 2A, a ren-
dering image is generated from the voxel data in a clipping
plane thickness 21 from a sight line direction 20. That is to
say, in FIG. 2A, when rendering is performed from the sight
line direction 20, rendering by using the voxel data for five
slices is performed.

[0044] As illustrated in FIG. 2B, when the sight line direc-
tion is changed to a sight line direction 22 from the sight line
direction 20 (when the rendering image is rotated), the coor-
dinates of the voxel data are changed in the rendering by the
shear warp as illustrated in FIG. 2C. That is to say, when the
rendering is performed from the sight line direction 20, the
respective pieces of voxel data are rearranged such that the
voxel data contained in the clipping plane thickness 21 when
seen from the sight line direction 22 is used.

[0045] Accordingly, in the rendering by the shear warp, for
example, as indicated by arrows at both ends in FIG. 2C, the
voxel data that is used for the rendering lacks in the depth
direction and an interval between the pieces of voxel data are
enlarged when they are rearranged, resulting in lowering of
image quality in some cases. Note that the lowering of the
image quality includes generation of discontinuous portions
on the image and lowering of resolution, for example.

[0046] Inorderto preventthe lowering ofthe image quality,
for example, it is considered that a plurality of types of voxel
data having the different slice directions are prepared previ-
ously in accordance with angles or pieces of voxel data having
the different slice directions are regenerated after rotation.
When the plurality of types of voxel data are prepared previ-
ously, extra memory capacity is consumed and the plurality of
types of voxel data should be generated for one volume data.
This lacks real-time property and it is difficult to suppress
lowering of the image quality efficiently.

[0047] On the other hand, when the pieces of voxel data are
regenerated after the rotation, the pieces of voxel data are
generated every time a user rotates the rendering image. Inthe
rendering by the shear warp, even when the image quality is
lowered, the lowering is too small to be recognized apparently
in some cases depending on rendering conditions (for
example, voxel data size, structure contained in the data,
transparency, and clipping plane thickness). Response after
the rotation operation becomes worse if the pieces of voxel
data are generated every time the user rotates the rendering
image and it is difficult to suppress lowering of the image
quality efficiently. For coping with this, the ultrasonic diag-
nostic apparatus 100 in the first embodiment makes it possible
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to suppress lowering of the image quality efficiently with the
processing by the controller 17, which will be described later.

[0048] FIG.3isadrawingillustrating a configurationof the
controller 17 in the first embodiment. As illustrated in FIG. 3,
the controller 17 in the first embodiment includes a voxel data
generator 171, a rendering controller 172, and a detector 173.

[0049] The voxel data generator 171 generates voxel data
obtained by converting coordinates of the volume data into
those in the three-dimensional Cartesian coordinate system.
To be specific, the voxel data generator 171 generates voxel
data by converting coordinates of the volume data generated
by the image generator 14 into XYZ coordinates by voxel
export. FIGS. 4A and 4B are drawings for explaining an
example of generation of the voxel data by the voxel data
generator 171 in the first embodiment.

[0050] For example, the voxel data generator 171 slices
volume data as illustrated in FIG. 4A in the direction of an
arrow 23 so as to generate voxel data in which respective
slices are arranged on the XYZ coordinates as illustrated in
FIG. 4B.

[0051] Furthermore, the voxel data generator 171 regener-
ates voxel data based on a determination result by the detector
173, which will be described later. In other words, the voxel
data generator 171 rearranges voxel data constituting the
three-dimensional data in accordance with the image quality
information detected by the detector 173 based on the sight
line direction. Note that the regeneration ofthe voxel data will
be described in detail later.

[0052] Returning to FIG. 3, the rendering controller 172
divides the three-dimensional data constituted by the voxel
data into a plurality of slice regions, rearranges the slice
regions based on the sight line direction in which the user
observes the voxel data, performs volume rendering on the
voxel data in which the slice regions have been rearranged so
as to generate image data. To be specific, the rendering con-
troller 172 controls the image generator 14 to execute the
volume rendering by the shear warp by using the voxel data
generated by the voxel data generator 171 and generate a
rendering image.

[0053] The detector 173 detects image quality information
indicating image quality of the image data that is generated by
the rendering controller 172. To be specific, the detector 173
acquires brightness information on the rendering image gen-
erated by the rendering controller 172 linearly and determines
whether image quality of the rendering image is lowered
based on the acquired brightness information. To be more
specific, the detector 173 performs the Fourier transform on a
waveform formed by the brightness information acquired
linearly and determines that the image quality of the render-
ing image is lowered when a predetermined frequency com-
ponent is contained. Furthermore, the detector 173 performs
the Fourier transform on the waveform formed by the bright-
ness information acquired linearly and determines that the
image quality of the rendering image is lowered when no
frequency component higher than a predetermined frequency
is contained.

[0054] FIG. 5A to FIG. 5C are drawings for explaining an
example of the processing by the detector 173 in the first
embodiment. FIG. 5A to FIG. 5C illustrate the rendering
image generated by the image generator 14 under control by
the rendering controller 172. That is to say, FIG. 5A to FIG.
5C illustrate processing on the rendering image generated by
the shear warp.
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[0055] For example, as illustrated in FIG. 5A, the detector
173 performs sampling of brightness information for the ren-
dering image linearly for three lines in the direction of arrows
24 and for two lines in the direction of arrows 25. The direc-
tions and the number of lines for the sampling can be set
arbitrarily. The detector 173 can also determine the sampling
directions based on the rendering conditions. That is to say,
the detector 173 predicts the direction of a discontinuous
portion that is generated on the rendering image in accor-
dance with the rotating direction when the rendering image is
rotated and executes sampling in the direction orthogonal to
the predicted direction.

[0056] Then, the detector 173 analyzes the waveform
formed from the brightness information sampled linearly so
as to determine whether the image quality of the rendering
image is lowered. For example, the detector 173 performs the
Fourier transform on the waveform of the brightness infor-
mation sampled linearly and determines that the rendering
image contains the discontinuous portion when there is a
component having an extremely high intensity at a predeter-
mined frequency. As an example, as illustrated in FIG. 5B, the
detector 173 performs the Fourier transform on the waveform
of the brightness information linearly sampled in the direc-
tion of the arrows 24 and determines that the rendering image
contains discontinuous portions 26 when there are compo-
nents having an extremely high intensity at the predetermined
frequency.

[0057] Furthermore, the detector 173 performs the Fourier
transform on the waveform of the brightness information
sampled linearly and determines that the resolution of the
rendering image is lowered when there is no frequency com-
ponent higher than the predetermined frequency. As an
example, as illustrated in FIG. 50, the detector 173 performs
the Fourier transform on the waveform of the brightness
information sampled linearly in the direction of the arrows 24
or the direction of the arrows 25 and determines that the
resolution of the rendering image is lowered when no high
frequency component is contained.

[0058] The voxel data generator 171 switches a first mode
in which the voxel data used for detection by the detector 173
is output to the rendering controller 172 and a second mode in
which the rearranged voxel data is output to the rendering
controller 172 based on the image quality information. To be
specific, when the detector 173 determines that the image
quality of the rendering image generated from the voxel data
is not lowered, the voxel data generator 171 outputs the voxel
data to the rendering controller 172. On the other hand, when
detector 173 determines that the image quality of the render-
ing image generated from the voxel data is lowered, the voxel
data generator 171 regenerates voxel data from the volume
data and outputs the regenerated voxel data to the rendering
controller 172.

[0059] When the detector 173 determines that the image
quality of the rendering image is lowered and the voxel data is
regenerated, the voxel data generator 171 generates voxel
data from the volume data based on the sight line direction. To
be specific, the voxel data generator 171 regenerates the voxel
data from the volume data based on the sight line direction of
the volume rendering by the shear warp that is executed under
control by the rendering controller 172.

[0060] FIGS. 6A and 6B are drawings for explaining an
example of voxel data regeneration by the voxel data genera-
tor 171 in the first embodiment. FIGS. 6A and 6B illustrate
the voxel data regeneration from the volume data as illus-
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trated in FIGS. 4A and 4B. For example, the voxel data
generator 171 changes the slicing direction to the direction of
an arrow 27 as illustrated in FIG. 6A. Then, the voxel data
generator 171 slices the volume data in the direction of the
arrow 27 and generates voxel data in which respective slices
are arranged on the XYZ coordinates, as illustrated in FIG.
6B.

[0061] The voxel data generator 171 determines the slicing
direction based on the rendering conditions of the shear warp
by the rendering controller 172. That is to say, the voxel data
generator 171 determines the direction in which the volume
data is sliced in accordance with the rotating angle (sight line
direction with respect to the volume data) of the rendering
image.

[0062] When the voxel data generator 171 regenerates the
voxel data, the rendering controller 172 controls the image
generator 14 to execute rendering by the shear warp on the
regenerated voxel data and generate a rendering image.
[0063] As described above, the controller 17 in the first
embodiment determines whether image quality is lowered on
the rendering image generated by the shear warp. When the
controller 17 determines that the image quality is lowered, the
voxel data is regenerated. With this, the ultrasonic diagnostic
apparatus 100 in the first embodiment makes it possible to
suppress regeneration of the voxel data to the minimum nec-
essary and suppress lowering of the image quality of the
rendering image efficiently.

[0064] Next, described is the processing of the ultrasonic
diagnostic apparatus 100 in the first embodiment with refer-
ence to FIG. 7. FIG. 7 is a flowchart illustrating procedures of
the processing by the ultrasonic diagnostic apparatus 100 in
the first embodiment. As illustrated in FIG. 7, when the ultra-
sonic diagnostic apparatus 100 in the first embodiment isin a
mode of rendering by the shear warp (Yes at S101), the voxel
data generator 171 generates voxel data from volume data
generated by the image generator 14 (S102).

[0065] The rendering controller 172 controls the image
generator 14 to execute rendering by the shear warp on the
voxel data generated by the voxel data generator 171 (S103).
Then, when the input device 3 receives a rotation operation of
the rendering image by the operator (Yes at S104), the ren-
dering controller 172 controls to generate a rendering image
after rotation.

[0066] Subsequently, the detector 173 performs sampling
linearly on the generated rendering image after the rotation
(8105) and executes waveform analysis by the Fourier trans-
form (S106). To be specific, the detector 173 performs sam-
pling of brightness information of the rendering image after
the rotation linearly and performs the Fourier transform on a
waveform formed by the sampled brightness information.
Then, the detector 173 determines whether the rendering
image contains a discontinuous portion based on a frequency
obtained by the Fourier transform (S107), and further deter-
mines whether the resolution is lowered (S108).

[0067] Whenthe detector 173 determines that the rendering
image contains no discontinuous portion (No at S107) and
that the resolution of the rendering image is not lowered (No
at S108), the controller 17 controls to display the rendering
image after the rotation on the monitor 2 (S109).

[0068] On the other hand, when the detector 173 deter-
mines that the rendering image contains the discontinuous
portion (Yes at S107) or that the resolution of the rendering
image is lowered (Yes at S108), the voxel data generator 171
regenerates voxel data (S110). Then, the rendering controller
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172 controls the image generator 14 to execute rendering by
the shear warp by using the regenerated voxel data (S111).
Thereafter, the controller 17 controls to display the rendering
image generated from the regenerated voxel data on the moni-
tor 2 (8109).

[0069] Then, when the controller 17 receives a termination
command (Yes at S112), the controller 17 finishes the pro-
cessing. The controller 17 is in a reception standby state for
the rotation operation in a state where the rendering image
(image data) is displayed until it receives the termination
command (No at S112). When the controller 17 does not
receive the rotation operation at $104 (No at S104), the con-
troller 17 controls to keep displaying the rendering image
(image data). When the ultrasonic diagnostic apparatus 100 is
not in the mode of rendering by the shear warp (No at S101),
the controller 17 controls the image generator 14 to execute
volume rendering (S113) and display the rendering image on
the monitor 2 (S109).

[0070] As described above, according to the first embodi-
ment, the rendering controller 172 divides the three-dimen-
sional data constituted by the voxel data into a plurality of
slice regions, rearranges the slice regions based on the sight
line direction in which the user observes the voxel data, and
performs volume rendering on the voxel data in which the
slice regions have been rearranged so as to generate image
data. The detector 173 detects image quality information
indicating image quality of the image data generated by the
rendering controller 172. The voxel data generator 171 rear-
ranges voxel data constituting the three-dimensional data in
accordance with the image quality information detected by
the detector 173 based on the sight line direction. With this,
the ultrasonic diagnostic apparatus 100 in the first embodi-
ment makes it possible to suppress regeneration of the voxel
data to the minimum necessary and suppress lowering of the
image quality of the rendering image efficiently.

[0071] According to the first embodiment, the voxel data
generator 171 switches the first mode in which the voxel data
used for detection by the detector 173 is output to the render-
ing controller 172 and the second mode in which the voxel
data rearranged by the voxel data generator 171 is output to
the rendering controller 172 based on the image quality infor-
mation. With this, the ultrasonic diagnostic apparatus 100 in
the first embodiment makes it possible to determine whether
to rearrange the voxel data in accordance with the image
quality.

[0072] According to the first embodiment, the detector 173
acquires brightness information on the rendering image gen-
erated by the rendering controller 172 linearly and determines
whether image quality of the rendering image is lowered
based on the acquired brightness information. With this, the
ultrasonic diagnostic apparatus 100 in the first embodiment
makes it possible to determine lowering of the image quality
of the rendering image with high accuracy without giving a
processing load.

[0073] According to the first embodiment, the detector 173
performs the Fourier transform on the waveform formed by
the brightness information acquired linearly and determines
that the image quality of the rendering image is lowered when
a predetermined frequency component is contained. With
this, the ultrasonic diagnostic apparatus 100 in the first
embodiment makes it possible to detect the lowering of the
image quality when the rendering image contains the discon-
tinuous portion.
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[0074] According to the first embodiment, the detector 173
performs the Fourier transform on the waveform formed by
the brightness information acquired linearly and determines
that the image quality of the rendering image is lowered when
no frequency component higher than a predetermined fre-
quency is contained. With this, the ultrasonic diagnostic appa-
ratus 100 in the first embodiment makes it possible to detect
the lowering of the image quality when the resolution of the
rendering image is lowered.

[0075] The first embodiment above describes the case
where the Fourier transform is performed on the waveform so
as to determine whether image quality is lowered. The second
embodiment describes the case where whether image quality
1s lowered is determined based on distribution of brightness
values. The ultrasonic diagnostic apparatus in the second
embodiment is different from the ultrasonic diagnostic appa-
ratus 100 in the first embodiment in only processing contents
of the detector 173 as illustrated in FIG. 3. Hereinafter,
described are the processing contents mainly.

[0076] The detector 173 in the second embodiment deter-
mines that image quality of a rendering image is lowered
when distribution of brightness values of the brightness infor-
mation acquired linearly is in a predetermined range. To be
specific, the detector 173 generates a histogram of the respec-
tive brightness values of the brightness information acquired
linearly and determines that a resolution of the rendering
image is lowered when the distribution of the brightness
values is in the predetermined range.

[0077] Next, described is processing of the ultrasonic diag-
nostic apparatus 100 in the second embodiment with refer-
ence to FIG. 8. FIG. 8 is aflowchart illustrating procedures of
the processing by the ultrasonic diagnostic apparatus 100 in
the second embodiment. As illustrated in FIG. 8, when the
ultrasonic diagnostic apparatus 100 in the second embodi-
ment is in a mode of rendering by the shear warp (Yes at
S201), the voxel data generator 171 generates voxel data from
volume data generated by the image generator 14 (S202).
[0078] The rendering controller 172 controls the image
generator 14 to execute rendering by the shear warp on the
voxel data generated by the voxel data generator 171 (S203).
Then, when the input device 3 receives a rotation operation of
the rendering image by the operator (Yes at S204), the ren-
dering controller 172 controls to generate a rendering image
after rotation.

[0079] Subsequently, the detector 173 performs sampling
linearly on the generated rendering image after the rotation
(8205) and executes waveform analysis by the Fourier trans-
form (S206). To be specific, the detector 173 performs sam-
pling of brightness information of the rendering image after
the rotation linearly and performs the Fourier transform on a
waveform formed by the sampled brightness information.
Then, the detector 173 determines whether the rendering
image contains a discontinuous portion based on a frequency
obtained by the Fourier transform (S207)

[0080] Thereafter, the detector 173 executes waveform
analysis by pixel count (5208). To be specific, the detector
173 determines whether a resolution of the rendering image is
lowered based on the distribution of the brightness values of
the brightness information sampled linearly (S209)

[0081] Whenthe detector 173 determines that the rendering
image contains no discontinuous portion (No at $207) and the
resolution of the rendering image is not lowered (No at S209),
the controller 17 controls to display the rendering image after
the rotation on the monitor 2 (5210).
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[0082] On the other hand, when it is determined that the
rendering image contains the discontinuous portion (Yes at
S207) or the resolution of the rendering image is lowered (Yes
at S209), the voxel data generator 171 regenerates voxel data
(8211). Then, the rendering controller 172 controls the image
generator 14 to execute rendering by the shear warp by using
the regenerated voxel data (S212). Thereafter, the controller
17 controls to display the rendering image generated from the
regenerated voxel data on the monitor 2 (S210).

[0083] Then, when the controller 17 receives a termination
command (Yes at S213), the controller 17 finishes the pro-
cessing. The controller 17 is in a reception standby state for
the rotation operation in a state where the rendering image
(image data) is displayed until it receives the termination
command (No at S213). When the controller 17 does not
receive the rotation operation at S204 (No at S204), the con-
troller 17 controls to keep displaying the rendering image
(image data). When the ultrasonic diagnostic apparatus 100 is
not in the mode of rendering by the shear warp (No at $201),
the controller 17 controls the image generator 14 to execute
volume rendering (S214) and display the rendering image on
the monitor 2 (S210).

[0084] As described above, according to the second
embodiment, the detector 173 determines that the image qual-
ity of the rendering image is lowered when distribution of the
brightness values of the brightness information acquired lin-
early is in a predetermined range. With this, the ultrasonic
diagnostic apparatus 100 in the second embodiment makes it
possible to easily detect lowering of the image quality when
the resolution of the rendering image is lowered.

[0085] The first and the second embodiments above
describe the case where the rendering image after rotation is
generated, sampling of the brightness information of the gen-
erated rendering image is performed linearly, and it is deter-
mined whether the image quality is lowered based on the
sampled brightness information. The third embodiment
describes the case where lowering of image quality is pre-
dicted based on rendering conditions after rotation.

[0086] FIG. 9 is a drawing illustrating an example of a
configuration of the controller 17 in the third embodiment. As
illustrated in FI1G. 9, the controller 17 in the third embodiment
further includes an image quality prediction unit 174 newly.
The image quality prediction unit 174 predicts whether the
image quality of the rendering image is lowered based on
conditions of volume rendering that is executed by the ren-
dering controller 172. To be specific, the image quality pre-
diction unit 174 predicts whether the image quality of the
rendering image after the rotation is lowered based on the
prediction information stored by the internal storage unit 16.
[0087] Described is the prediction information. FIG. 10is a
table illustrating an example of the prediction information
stored by the internal storage unit 16 in the third embodiment.
Forexample, as illustrated in FIG. 10, the internal storage unit
16 stores therein the prediction information in which respec-
tive conditions are associated with values as determination
references. As an example, the internal storage unit 16 stores
therein the prediction information in which respective ren-
dering conditions such as a “voxel data size”, a “display
range”, “transparency”, a “rotating angle”, and a “clipping
plane thickness” are associated with the values.

[0088] The image quality prediction unit 174 acquires
information of operation contents such as the rotating angle
and rendering conditions by the shear warp that are controlled
by the rendering controller 172 when the input device 3
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receives the rotation operation by the operator. Then, the
image quality prediction unit 174 compares the respective
pieces of acquired informationand the prediction information
so as to determine whether the image quality of the rendering
image is lowered. For example, the image quality prediction
unit 174 compares values of the pieces of acquired informa-
tion and values of the prediction information for the respec-
tive conditions so as to determine whether the image quality
of the rendering image is lowered. The conditions contained
in the prediction information and the values for the respective
conditions are determined arbitrarily. The prediction may be
performed by using only one condition or the prediction may
be performed by using a plurality of conditions.

[0089] When the image quality prediction unit 174 deter-
mines that the image quality of the rendering image is not
lowered, the voxel data generator 171 outputs the voxel data
that has been already generated to the rendering controller
172. On the other hand, when the image quality prediction
unit 174 determines that the image quality of the rendering
image is lowered, the voxel data generator 171 regenerates
voxel data based on the rendering conditions and outputs the
regenerated voxel data to the rendering controller 172.

[0090] Next, described is processing by the ultrasonic diag-
nostic apparatus 100 in the third embodiment with reference
to FIG. 11. FIG. 11 is a flowchart illustrating procedures of
the processing by the ultrasonic diagnostic apparatus 100 in
the third embodiment. As illustrated in FIG. 11, when the
ultrasonic diagnostic apparatus 100 in the third embodiment
is in a mode of rendering by the shear warp (Yes at S301), the
voxel data generator 171 generates voxel data from the vol-
ume data generated by the image generator 14 (S302).

[0091] The image quality prediction unit 174 acquires ren-
dering conditions by the shear warp that is executed by the
rendering controller 172 (S303) and determines whether the
image quality of the rendering image is lowered. To be spe-
cific, the image quality prediction unit 174 predicts whether
the rendering image contains a discontinuous portion (5304)
and predicts whether the resolution is lowered (S305).

[0092] When it is predicted that the discontinuous portion
is not generated on the rendering image (No at S304) and the
resolution of the rendering image is not lowered (No at S305),
the rendering controller 172 controls the image generator 14
to execute rendering by the shear warp on the voxel data
generated by the voxel data generator 171 (S307). Then, the
controller 17 controls to display the rendering image (image
data) on the monitor 2 (S308).

[0093] On the other hand, when it is predicted that the
discontinuous portion is generated on the rendering image
(Yes at S304) or the resolution of the rendering image is
lowered (Yes at S305), the voxel data generator 171 regenet-
ates the voxel data (S306). Then, the rendering controller 172
controls the image generator 14 to execute the rendering by
the shear warp by using the regenerated voxel data (S307).
Thereafter, the controller 17 controls to display the rendering
image generated from the regenerated voxel data on the moni-
tor 2 (S308).

[0094] Then, when the input device 3 receives the rotation
operation of the rendering image by the operator (Yes at
S309), the image quality prediction unit 174 acquires infor-
mation of the rotation operation. In addition, the process
returns to S303 and the image quality prediction unit 174
executes prediction whether the image quality is lowered,
again.
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[0095] Then, when the controller 17 receives a termination
command (Yes at S310), the controller 17 finishes the pro-
cessing. The controller 17 is in a reception standby state for
the rotation operation in a state where the rendering image
(image data) is displayed until it receives the termination
command (No at S310). When the controller 17 does not
receive the rotation operation at $309 (No at S309), the con-
troller 17 controls to keep displaying the rendering image
(image data). When the ultrasonic diagnostic apparatus 100 is
not in the mode of rendering by the shear warp (No at S301),
the controller 17 controls the image generator 14 to execute
volume rendering (S311) and display the rendering image on
the monitor 2 (S308).

[0096] As described above, in the ultrasonic diagnostic
apparatus 100 in the third embodiment, the image quality
prediction unit 174 predicts whether the image quality of the
rendering image is lowered based on the conditions of the
volume rendering that is executed by the rendering controller
172. With this, the ultrasonic diagnostic apparatus 100 in the
third embodiment makes it possible to omit generation of the
rendering image by the shear warp so as to reduce the pro-
cessing load.

[0097] Although the first, second, and third embodiments
have been described, the embodiment may be executed in
various different modes other than the first, the second, and
the third embodiments described above.

[0098] In the first and the second embodiments described
above, sampling is performed linearly from the rendering
image. Note that the embodiment is not limited thereto and
sampling may be performed on a predetermined region, for
example.

[0099] In the first and the second embodiments described
above, the discontinuous portion on the image is detected by
the Fourier transform. The embodiment is not limited thereto
and the detection of the discontinuous portion can be
executed by an arbitrary algorithm.

[0100] Furthermore, in the first to the third embodiments
described above, image quality is determined when the dis-
continuous portion is contained or when the resolution is
lowered and the voxel data is regenerated. Note that the
embodiment is not limited thereto and the image quality may
be determined comprehensively, for example. As an example,
the degree that the predetermined frequency component is
contained and the degree that the high frequency component
lacks may be set in stages and it may be determined whether
the voxel data is regenerated based on the respective deter-
mination results.

[0101] The first to the third embodiments above describe
the case where theultrasonic diagnostic apparatus determines
the image quality of the rendering image and regenerates the
voxel data when it is determined that the image quality is
lowered. Alternatively, the above-mentioned processing may
be executed by an image processing apparatus such as a
workstation. In such a case, for example, the workstation
connected to an ultrasonic diagnostic apparatus or an image
storage apparatus through a network acquires volume data
from the ultrasonic diagnostic apparatus or the image storage
apparatus. Then, the workstation executes the above-men-
tioned processing by using the acquired volume data.

[0102] As described above, with the first embodiment, the
second embodiment, the third embodiment, and the fourth
embodiment, the ultrasonic diagnostic apparatus, the image
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processing apparatus, and the image processing method in the
embodiments make it possible to suppress lowering of the
image quality efficiently.

[0103] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

What is claimed is:

1. An ultrasonic diagnostic apparatus comprising:

a rendering unit that divides three-dimensional data con-
stituted by voxel data into a plurality of slice regions,
rearranges the slice regions based on a sight line direc-
tion in which the voxel data is observed, and performs
volume rendering on the voxel data in which the slice
regions have been rearranged so as to generate image
data;

adetector that detects image quality information indicating
image quality of image data that is generated by the
rendering unit; and

a voxel data generator that rearranges the voxel data con-
stituting the three-dimensional data in accordance with
the image quality information detected by the detector
based on the sight line direction.

2. The ultrasonic diagnostic apparatus according to claim

1, wherein the voxel data generator switches a first mode in
which the voxel data used for detection by the detector is
output to the rendering unit and a second mode in which the
voxel data rearranged by the voxel data generator is output to
the rendering unit.

3. The ultrasonic diagnostic apparatus according to claim

1, wherein the detector acquires brightness information on the
image data generated by the rendering unit linearly and deter-
mines whether the image quality of the image data is lowered
based on the acquired brightness information.

4. The ultrasonic diagnostic apparatus according to claim

3, wherein the detector performs Fourier transform on a
waveform formed by the brightness information acquired
linearly and determines that the image quality of the image
data is lowered when a predetermined frequency component
is contained.

5. The ultrasonic diagnostic apparatus according to claim

3, wherein the detector performs Fourier transform on a
waveform formed by the brightness information acquired
linearly and determines that the image quality of the image
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data is lowered when no frequency component higher than a
predetermined frequency is contained.

6. The ultrasonic diagnostic apparatus according to claim
3, wherein the detector determines that the image quality of
the image data is lowered when distribution of brightness
values of the brightness information acquired linearly is in a
predetermined range.

7. The ultrasonic diagnostic apparatus according to claim
1, further comprising:

an acquiring unit that acquires rendering conditions of
volume rendering that is executed by the rendering unit,
wherein

the detector detects the image quality information of image
data that is generated by the rendering unit based on the
rendering conditions acquired by the acquiring unit.

8. The ultrasonic diagnostic apparatus according to claim

7, wherein the rendering conditions include a size of the voxel
data, a display range, transparency, a rotating angle, and a
clipping plane thickness.

9. An image processing apparatus comprising:

a rendering unit that divides three-dimensional data con-
stituted by voxel data into a plurality of slice regions,
rearranges the slice regions based on a sight line direc-
tion in which the voxel data is observed, and performs
volume rendering on the voxel data in which the slice
regions have been rearranged so as to generate image
data;

adetector that detects image quality information indicating
image quality of image data that is generated by the
rendering unit; and

a voxel data generator that rearranges the voxel data con-
stituting the three-dimensional data in accordance with
the image quality information detected by the detector
based on the sight line direction.

10. An image processing method that is executed by an
image processing apparatus, the image processing method
comprising:

dividing three-dimensional data constituted by voxel data
into a plurality of slice regions, rearranging the slice
regions based on a sight line direction in which the voxel
data is observed, and performing volume rendering on
the voxel data in which the slice regions have been
rearranged so as to generate image data;

detecting image quality information indicating image
quality of image data that is generated in the volume
rendering; and

rearranging the voxel data constituting the three-dimen-
sional data in accordance with the detected image qual-
ity information based on the sight line direction.
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