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FIG. 6
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ULTRASONIC IMAGE DISPLAY APPARATUS
AND CONTROL PROGRAM FOR
CONTROLLING THE SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Japanese
Patent Application No. 2012-265211 filed Dec. 4, 2012,
which is hereby incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to an ultrasonic image
display apparatus for displaying ultrasonic images based on
echo signals from the three-dimensional region of a test
object, and a control program for controlling the ultrasonic
image display apparatus.

[0003] Forexample, blood vessels of the test object may be
observed by ultrasonic diagnostic equipment using contrast
images. It is useful to get an overall picture of the blood
vessels running through, say, a tumor and its surroundings by
means of blood vessel contrast image. However, since two-
dimensional contrast image depicts only those blood vessels
that are present on a specific cross section, it is difficult to
obtain a three-dimensional overall picture of the blood ves-
sels.

[0004] Given that difficulty, there exists ultrasonic diagnos-
tic equipment that displays two-dimensional projection
images based on projection data generated from echo signals
of a plurality of frames, i.e., generated either from the data
obtained by integrally adding up the echo signals of the plu-
rality of frames acquired from the three-dimensional region
of the test object, or from the data using maximum signal
values of the echo signals of the plurality of frames (e.g., see
Japanese Patent Publication No. 3365929).

[0005] The above-mentioned ultrasonic diagnostic equip-
ment acquires the echo signals from the three-dimensional
region of the test object by having an ultrasonic probe moved
over the test object to transmit and receive ultrasonic waves
thereto and therefrom. Since itis difficult to keep identical the
velocity at which the operator moves the ultrasonic probe in
different tests, the time required for the probe to move the
same distance may differ from test to test.

[0006] Ordinarily, however, the range in which to obtain
echo signals used for generating the above-mentioned pro-
jection data is set in accordance with the number of frames
and the time involved. The frame count and the time are input
by the operator and remain constant regardless of the moving
velocity of the ultrasonic probe. This means that the range in
which to obtain the echo signals used for generating the
projection data (i.e., range of the ultrasonic probe in the
direction of its movement) varies depending on the moving
velocity of the ultrasonic probe. Thus if the moving velocity
of the ultrasonic probe is low, it is impossible to acquire the
projection data using the echo signals over a sufficient range,
whichmay result in the display of a projection image showing
the target blood vessels being truncated halfway.

[0007] In view of the problem above, there is a need for
keeping constant the range in which to obtain the echo signals
used for generating the projection data regardless of the vari-
able moving velocity of the ultrasonic probe.
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BRIEF DESCRIPTION OF THE INVENTION

[0008] In one aspect, and ultrasonic image display appara-
tus is an provided. The ultrasonic image display apparatus
includes an ultrasonic probe which is moved while in contact
with a test object and which transmits and receives ultrasonic
waves thereto and therefrom so as to obtain echo signals from
a three-dimensional region of the test object, a parameter
calculation section which calculates a parameter related to a
moving velocity of the ultrasonic probe, a data generation
section which generates data based on the echo signals of a
plurality of frames, by selecting the frames in accordance
with the parameter calculated by the parameter calculation
section so that the echo signals of the frames used for gener-
ating the data are acquired within a required range, and a
display section which displays an ultrasonic image generated
based on the data.

[0009] According to the above aspect, the data is generated
by selecting the frames in accordance with the moving veloc-
ity detected by the velocity detection section, so that the echo
signals of the frames used for generating the data are obtained
within a required range. Thus even when the moving velocity
of the ultrasonic probe varies, the range in which to obtain the
echo signals for generating the data can be kept constant.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a block diagram showing a typical overall
structure of ultrasonic diagnostic equipment as an exemplary
embodiment.

[0011] FIG. 2 is a block diagram showing a structure of an
echo data processing section of the ultrasonic diagnostic
equipment indicated in FIG. 1.

[0012] FIG. 3 is a view for explaining a parallel displace-
ment of an ultrasonic probe transmitting and receiving ultra-
sonic waves.

[0013] FIG. 41s a view for explaining how echo signals of
a plurality of frames are acquired through parallel displace-
ment of the ultrasonic probe.

[0014] FIG. 5 is a flowchart showing a process for gener-
ating projection data.

[0015]

[0016] FIG. 7 is a view for explaining that the higher the
moving velocity of the ultrasonic probe, the smaller the num-
ber of the frames included in the required range is and vice
versa.

[0017] FIG. 8is a view for explaining how projection data
is generated by integrally adding up contrast data.

[0018] FIG. 91is a view for explaining how projection data
is generated by selecting the contrast data of maximum values
from the contrast data of a plurality of frames.

[0019] FIG. 10 is a view for explaining how projection data
is generated by electing the contrast data of median values
from the contrast data of a plurality of frames.

[0020] FIG. 11 is a flowchart showing a process for gener-
ating projection data in a first variation of the exemplary
embodiment.

[0021] FIG.12 is adiagram showing a typical overall struc-
ture of ultrasonic diagnostic equipment in a second variation
of the exemplary embodiment.

[0022] FIG. 13 is a block diagram showing another typical
structure of the echo data processing section.

FIG. 6 is a view for explaining a required range.
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DETAILED DESCRIPTION OF THE INVENTION

[0023] An exemplary embodiment will be explained below
in detail with reference to FIGS. 1 through 10. Ultrasonic
diagnostic equipment 1 shown in FIG. 1 includes an ultra-
sonic probe 2, a transmission/reception beam former 3, an
echo data processing section 4, a display control section 5, a
display section 6, an operation section 7, a control section 8,
and a storage section 9. The ultrasonic diagnostic equipment
1 is an example of the ultrasonic image display apparatus.
[0024] The ultrasonic probe 2 is structured to have a plu-
rality of ultrasonic transducers (not shown) arranged in an
array. The ultrasonic transducers transmit ultrasonic waves to
a test object and receive echo signals therefrom.

[0025] The transmission/reception beam former 3 supplies
the ultrasonic probe 2 with an electric signal based on control
signals from the control section 8, the electric signal causing
the ultrasonic probe 2 to transmit ultrasonic weaves under
predetermined scanning conditions. Also, the transmission/
reception beam former 3 performs signal processing such as
A/D conversion and a phasing process on the echo signals
received through the ultrasonic probe 2, and outputs the pro-
cessed echo data to the echo data processing section 4.
[0026] The echo data processing section 4 performs signal
processing for ultrasonic image generation on the echo data
output from the transmission/reception beam former 3. For
example, as shown in FIG. 2, the echo data processing section
4 includes a B-mode data generation section 41, a contrast
data generation section 42, a parameter calculation section
43, and a projection data generation section 44.

[0027] The B-mode data generation section 41 generates
B-mode data by carrying out B-mode processing including a
logarithmic compression process and an envelope demodu-
lation process.

[0028] The contrast data generation section 42 generates
contrast data by performing a process for generating contrast-
enhanced images obtained with a contrast medium adminis-
tered 1o the test object, the process being carried out on the
echo data output from the transmission/reception beam
former 3. Forexample, the contrast data generation section 42
performs a filtering process for extracting the harmonic con-
tent from the echo signals. Also, the contrast data generation
section 42 may extract the echo signals from the contrast
medium using the technique of pulse inversion. Alternatively,
the contrast data generation section 42 may extract the echo
signals from the contrast medium by subtracting the echo data
based on the echo signals obtained from the transmission of
ultrasonic waves of different amplitudes (the process is called
amplitude modulation).

[0029] The parameter calculation section 43 calculates a
parameter related to the moving velocity of the ultrasonic
probe 2 (parameter calculation function). The section will be
discussed later in more detail. The parameter calculation sec-
tion 43 is an example of the parameter calculation section.
The parameter calculation function is an example of the
parameter calculation function.

[0030] The projection data generation section 44 generates
projection data reflecting the above-mentioned contrast data
of a plurality of frames (projection data generation function).
The section will be discussed later in more detail. The pro-
jection data generation section 44 is an example of the data
generation section. The projection data generation function is
an example of the data generation function.

[0031] The display control section 5 generates ultrasonic
image data using a scan converter to perform scan conversion
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on the data input from the echo data processing section 4, and
causes the display section 6 to display an ultrasonic image
based on the ultrasonic image data. For example, the display
control section 5 scan-converts the B-mode data to generate
B-mode image data and causes the display section 6 to display
a B-mode image based on the B-mode image data. Also, the
display control section 5 scan-converts the projection data to
generate projection image data and causes the display section
6 to display a projection image based on the projection image
data. The projection image will be discussed later.

[0032] Thedisplay section 6is composed of an LCD (liquid
crystal display), a CRT (cathode ray tube) or the like. The
operation section 7 is structured to include a keyboard and a
pointing device (not shown) for the operator to input instruc-
tions and information.

[0033] Thecontrol unit 8is a CPU (central processing unit)
that reads control programs from the storage section 9 and
causes the components of the ultrasonic diagnostic equip-
ment 1 to perform their functions with the programs. For
example, the functions of the transmission/reception beam
former 3, echo data processing section 4, and display control
section 5 may be implemented by the control programs. The
functionality of the echo data processing section 4 includes
such functions as the parameter calculation function and pro-
jection data generation function, to be discussed later.
[0034] Thestorage section 91is an HDD (hard disk drive) or
a semiconductor memory, for example.

[0035] What follows is an explanation of how the ultrasonic
diagnostic equipment of this example works. First, the opera-
tor brings the ultrasonic probe 2 into contact with a body
surface S of the test object and gets the probe 2 to transmit and
receive ultrasonic waves. In FIG. 3, reference character BM
denotes an ultrasonic beam. The operator then causes the
ultrasonic probe 2 transmitting and receiving ultrasonic
waves to make a parallel displacement over the body surface
S. This allows echo signals of a plurality of frames to be
acquired from athree-dimensional region of the test object, as
shown in FIG. 4. Reference character FL stands for a frame.
FIG. 4 illustrates only the concept of frames and does not
show echo signals.

[0036] Theultrasonic waves are transmitted and received to
and from the test object to which the contrast medium has
been administered.

[0037] When the echo signals are obtained, the B-mode
data generation section 41 generates B-mode data about each
frame based on the echo signals. Also, the contrast data gen-
eration section 42 generates the contrast data based on the
echo signals. Next, the projection data generation section 44
generates projection data based on the contrast data of a
plurality of frames. The display control section 5§ may gener-
ate B-mode image data based on the B-mode data and cause
the display section 6 to display a B-mode image. Also, the
display control section 5 may generate projection image data
based on the projection data and cause the display section 6 to
display a projection image. The projection image is an image
obtained when a three-dimensional region including the pro-
jection data of a plurality of frames is projected onto a two-
dimensional plane.

[0038] Generation of the projection data is explained below
with reference to the flowchart of FIG. 5. First in step S1, the
parameter calculation section 43 calculates a parameter
related to the moving velocity of the ultrasonic probe 2. The
parameter calculation section 43 calculates the parameter
related to the moving velocity of the ultrasonic probe 2 from
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the B-mode image data generated by the display control sec-
tion 5. Specifically, the parameter calculation section 43 pet-
forms a correlation calculation on the B-mode image data of
one frame and on the B-mode image data of another frame.
The correlation calculation is not limited to the data between
two frames; it may be carried out on the B-mode image data
of one frame and on the B-mode image data of a plurality of
other frames.

[0039] Forexample, the correlation calculation may also be
performed on a region of interest set in a B-mode image. The
operator may set the region of interest in the B-mode image
displayed on the display section 6 before moving the ultra-
sonic probe 2.

[0040] A correlation coefficient C obtained through the
correlation calculation by the parameter calculation section
43 is the parameter related to the moving velocity. What
follows is amore specific explanation. The higher the moving
velocity of the ultrasonic probe 2 is, the longer the distance
between two adjacent frames becomes. In that case, the cor-
relation between the B-mode images of the frames is smaller
and so is the correlation coefficient C. Conversely, the lower
the moving velocity of the ultrasonic probe 2 is, the shorter
the distance between two adjacent frames becomes. In this
case, the correlation between the B-mode images of the frame
is larger and so is the correlation coefficient C.

[0041] Next in step S2, the projection data generation sec-
tion 44 calculates the number of frames used for generating
projection data. Based on the correlation coefficient C calcu-
lated in step S1, the projection data generation section 44
calculates the number of frames Nf for projection data gen-
eration so that the range in which to acquire the echo signals
of the frames for projection data generation becomes a
required range.

[0042] The range in which to acquire the echo signals sig-
nifies a range in the moving direction of the ultrasonic probe
2. The required range may be set by the operator using the
operation section 7. For example, as shown in FIG. 6, the
required range may be set to a range X that covers the entire
blood vessel BL that the operator wants to observe. Alterna-
tively, the required range may be set by the operation section
7 using values representative of distances, for example.
[0043] The number of frames Nf calculated by the projec-
tion data generation section 44 is smaller the higher the mov-
ing velocity of the ultrasonic probe 2, and becomes larger the
lower the moving velocity of the ultrasonic probe 2. The
explanation that follows is based on FIG. 7. Referring to FIG.
7, it is assumed that the ultrasonic probe 2 is moved from an
ultrasonic scan start position SP to an ultrasonic scan end
position EP. Tt is also assumed that within the range spanning
the scan start position SP and scan end position EP, the range
X is the above-mentioned required range. In FIG. 7, the
crosswise direction represents distances. Reference character
FLf conceptually denotes the position at which the echo sig-
nal of one frame is obtained when the ultrasonic probe 2 is
moved at a velocity Viast. Also, reference character FLs
conceptually stands for the position at which the echo signal
of one frame is acquired when the ultrasonic probe 2 is moved
at a velocity Vslow that is lower than the velocity Viast.
[0044] The number of the frames included in the range X is
different between the case where the ultrasonic probe 2 is
moved at the velocity Vfast and the case where the ultrasonic
probe 2 is moved at the velocity Vslow. The higher the mov-
ing velocity of the ultrasonic probe 2, the smaller the number
of frames included in the range X becomes; the lower the
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moving velocity of the ultrasonic probe 2, the larger the
number of frames included in the range X. Accordingly, as
calculated by the projection data generation section 44, the
number Nf of the frames that fall into the required range is
smaller the higher the moving velocity of the ultrasonic probe
2 and becomes larger the lower the moving velocity of the
ultrasonic probe 2.

[0045] Specifically, the projection data generation section
44 calculates the number of frames Nf using the following
Expression 1:

Nf=AXC

[0046] In Expression 1, C stands for the correlation coeffi-
cient calculated through the above-described correlation cal-
culation, and 0<C<1. Also, o denotes a proportionality con-
stant set in such a manner that the number of frames
corresponding to the required range is reached at a given
moving velocity.

[0047] It should be noted that the range including the
frames of which the number is Nf'is calculated using Expres-
sion 1 (i.e., range in the moving direction of the ultrasonic
probe 2) need not be identical to the above-mentioned
required range. The range need only be approximately the
same as the required range (e.g., within setting error).
[0048] The projection data generation section 44 may also
calculate the number of frames Nf using the following
Expression 1"

Expression 1

Nf=axe™€

[0049] InExpressionl'.aandaeachdenotea coefficient set
in such manner that the number of frames corresponding to
the required range is reached at a given moving velocity, and
e represents the base of natural logarithm.

[0050] Next in step S3, the projection data generation sec-
tion 44 generates projection data by selecting the contrast
data of the frames of which the number is Nf was calculated
earlier in step S2. That is, the projection data generation
section 44 generates projection data by selecting the frames
ranging from the first frame to the Nf-th frame. The first frame
is on the side of the scan start position.

[0051] The projection data generation section 44 generates
the projection data RD by integrally adding up the contrast
data CD of the frames of which the number is Nf, as shown in
FIG. 8 for example. In FIG. 8, the number of frames Nfis 10.
The projection data generation section 44 integrally adds up
the contrast data of the corresponding positions (pixels)
across the frames involved.

[0052] The technique of generating the projection data RD
is not limited to integral addition. For example, the projection
data generation section 44 may generate the projection data
RD by selecting maximum value contrast data CDmax from
the contrast data CD of the frames of which the number is Nf.
In this case, the projection data RD is made up of the maxi-
mum value contrast data CDmax within the range of the
number of frames Nf. The projection data generation section
44 generates the projection data RD by selecting the maxi-
mum value contrast data CDmax at each corresponding posi-
tion (pixel) on each frame. Where data at a given position is
explained as shown in FIG. 9 for example, the data of the third
frame is maximum value contrast data CD1max from among
the contrast data CD1 at the corresponding positions across
the frames involved. The contrast data CD1max constitutes
the above-mentioned projection data RD.

[0053] As another example, the projection data generation
section 44 may also generate the projection dataRD by select-

Expression 1'
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ing median value contrast data CDm from among the contrast
data CD ofthe frames of which the number is Nf. In this case,
the projection data RD is made up of the median value con-
trast data CDm within the range of the number of frames Nf.
The projection data generation section 44 generates the pro-
jection data RD by selecting the median value contrast data
CDm at each corresponding position (pixel) on each frame.
Where data at a given position is explained as shown in FIG.
10 for example, the data of the seventh frame is median value
contrast data CD1m from among the contrast data CD1 at the
corresponding positions across the frames involved. The con-
trast data CD1m constitutes the above-mentioned projection
data RD.

[0054] According to the ultrasonic diagnostic equipment 1
of this exemplary embodiment, the range in which to acquire
the echo signals used for generating projection data is kept
substantially constant regardless of the moving velocity of the
ultrasonic probe 2 being varied.

[0055] Some variations of the above-described exemplary
embodiment are explained hereunder. A first variation is
explained first. As shown in the flowchart of FIG. 11, the
projection data generation section 44 may perform the pro-
cess of step S2'in place of the process of step S2 discussed
above. In step S2', the projection data generation section 44
calculates a time T instead of the number of frames Nf. That
is, the projection data generation section 44 calculates the
time T that includes the frames used for generating projection
data based on the above-mentioned correlation coefficient C
so that the range in which to acquire the echo signals of the
frames for projection data generation becomes the required
range discussed above.

[0056] ThetimeT calculated by the projection data genera-
tion section 44 is shorter the higher the moving velocity of the
ultrasonic probe 2, and becomes longer the lower the moving
velocity of the ultrasonic probe 2. Specifically, the projection
data generation section 44 calculates the time T using the
following Expression 2:

T=pxC

[0057] In Expression 2, C denotes the above-mentioned
correlation coefficient and } represents a proportionality con-
stant set in such a manner that the time corresponding to the
required range is reached at a given moving velocity.

[0058] It should be noted that the range corresponding to
the time T calculated using the Expression 2 in the moving
direction of the ultrasonic probe 2 need not be identical to the
above-mentioned required range. The range need only be
approximately the same as the required range (e.g., within
setting error).

[0059] The projection data generation section 44 may also
calculate the time T using the following Expression 2"

Expression 2

T=bxeP*¢

[0060] In Expression 2', b and § each denote a coefficient
set in such manner that the time corresponding to the required
range is reached at a given moving velocity.

[0061] A second variation is explained next. The parameter
related to the moving velocity of the ultrasonic probe 2 and
calculated in step S1 discussed above is not limited to the
correlation coefficient. Alternatively, the parameter calcula-
tion section 43 may calculate the moving velocity itself of the
ultrasonic probe 2 as the related parameter. In this case, as
shown in FIG. 12, the ultrasonic probe 2 is equipped with an
acceleration sensor 10 for detecting the moving velocity of

Expression 2'
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the probe 2. The acceleration sensor 10 may also be incorpo-
rated in the ultrasonic probe 2. The acceleration sensor 10 is
an example of the senor.
[0062] The parameter calculation section 43 in the echo
data processing section 4 calculates the moving velocity of
the ultrasonic probe 2 based on detection signals from the
acceleration sensor 10.
[0063] After the moving velocity of the ultrasonic probe 2
has been calculated in step S1 above, the moving velocity V of
the ultrasonic probe 2 is used in place of the correlation
coefficient in step S2 or S2'. In this case, the projection data
generation section 44 calculates the number of frames Nf
using the following Expression 3 instead of Expression 1:
Nf=ax(1/7)
[0064] In Expression 3, as Expression 1, a. denotes a pro-
portionality constant set in such a manner that the number of
frames corresponding to the required range is reached at a
given moving velocity.
[0065] Alternatively, the projection data generation section
44 may calculate the number of frames Nf using the following
Expression 3' instead of Expression 1"

Expression 3

Nf=axe ™V

[0066] In Expression 3', as in Expression 1', a and a each
denote a coefficient set in such manner that the number of
frames corresponding to the required range is reached at a
given moving velocity.

[0067] Also, the projection data generation section 44 may
calculate the time T using the following Expression 4 instead
of Expression 2:

Expression 3'

T=px(1/7)

[0068] In Expression 4, as in Expression 2, f represents a
proportionality constant set in such a manner that the time
corresponding to the required range is reached at a given
moving velocity.

[0069] Also, the projection data generation section 44 may
calculate the time T using Expression 4' instead of Expression
2"

Expression 4

T=bxe ™V

[0070] In Expression 4, as in Expression 2', b and p each
denote a coefficient set in such manner that the time corre-
sponding to the required range is reached at a given moving
velocity.
[0071] While an exemplary embodiment has been
described using specific terms, such description is for illus-
trative purposes only. It is evident that changes and variations
may be made without departing from the spirit and scope of
the invention. For example, in generating the projection data,
color Doppler data may be used in place of the contrast data.
In this case, as shown in FIG. 13, the echo data processing
section 4 includes a color Doppler data generation section 45
in place of the contrast data generation section 42.
[0072] The technique of generating the projection data RD
is not limited to what has been discussed above. For example,
the projection data RD may be generated by averaging the
contrast data of the frames of which the number is Nf.
1. An ultrasonic image display apparatus comprising:
an ultrasonic probe configured to move while in contact
with a test object and configured to transmit and receive
ultrasonic waves to and from the test object to obtain
echo signals from a three-dimensional region of the test
object;

Expression 4'



US 2014/0155749 Al

a parameter calculation section configured to calculate a
parameter related to a moving velocity of the ultrasonic
probe;

adata generation section configured to generate data based
on the echo signals of a plurality of frames, by selecting
the frames in accordance with the parameter calculated
by the parameter calculation section so that the echo
signals of the frames used for generating the data are
acquired within a required range; and

adisplay section configured to display an ultrasonic image
generated based on the data.

2. An ultrasonic image display apparatus according to
claim 1, wherein the data generation section is configured to
control a number of frames or a time for generating the data
based on the parameter calculated by the parameter calcula-
tion section so that the echo signals of the frames used for
generating the data are acquired within the required range.

3. An ultrasonic image display apparatus according to
claim 1, wherein the data generation section is configured to
generate the data by adding up or averaging data derived from
the echo signals of the plurality of frames.

4. An ultrasonic image display apparatus according to
claim 1, wherein the data generation section is configured to
generate the data based on data selected from data derived
from the echo signals of the plurality of frames.

5. An ultrasonic image display apparatus according to
claim 1, wherein the ultrasonic image generated based on the
data is a projection image obtained through projection of the
three-dimensional region.

6. An ultrasonic image display apparatus according to
claim 2, wherein the ultrasonic image generated based on the
data is a projection image obtained through projection of the
three-dimensional region.

7. An ultrasonic image display apparatus according to
claim 1, wherein the parameter calculation section is config-
ured to calculate the parameter by performing a correlation
calculation on data derived from the echo signals of the plu-
rality of frames.

8. An ultrasonic image display apparatus according to
claim 2, wherein the parameter calculation section is config-
ured to calculate the parameter by performing a correlation
calculation on data derived from the echo signals of the plu-
rality of frames.

9. An ultrasonic image display apparatus according to
claim 3, wherein the parameter calculation section is config-
ured to calculate the parameter by performing a correlation
calculation on data derived from the echo signals of the plu-
rality of frames.

10. An ultrasonic image display apparatus according to
claim 4, wherein the parameter calculation section is config-
ured to calculate the parameter by performing a correlation
calculation on the data derived from the echo signals of the
plurality of frames.

11. An ultrasonic image display apparatus according to
claim 5, wherein the parameter calculation section is config-
ured to calculate the parameter by performing a correlation
calculation on data derived from the echo signals of the plu-
rality of frames.

12. An ultrasonic image display apparatus according to
claim 6, wherein the parameter calculation section is config-
ured to calculate the parameter by performing a correlation
calculation on data derived from the echo signals of the plu-
rality of frames.
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13. An ultrasonic image display apparatus according to
claim 1, wherein the parameter calculation section is config-
ured to calculate the moving velocity of the ultrasonic probe
as a parameter related to the moving velocity, based on a
detection signal from a sensor attached to the ultrasonic probe
and configured to detect the moving velocity.

14. An ultrasonic image display apparatus according to
claim 2, wherein the parameter calculation section is config-
ured to calculate the moving velocity of the ultrasonic probe
as a parameter related to the moving velocity, based on a
detection signal from a sensor attached to the ultrasonic probe
and configured to detect the moving velocity.

15. An ultrasonic image display apparatus according to
claim 3, wherein the parameter calculation section is config-
ured to calculate the moving velocity of the ultrasonic probe
as a parameter related to the moving velocity, based on a
detection signal from a sensor attached to the ultrasonic probe
and configured to detect the moving velocity.

16. An ultrasonic image display apparatus according to
claim 4, wherein the parameter calculation section is config-
ured to calculate the moving velocity of the ultrasonic probe
as a parameter related to the moving velocity, based on a
detection signal from a sensor attached to the ultrasonic probe
and configured to detect the moving velocity.

17. An ultrasonic image display apparatus according to
claim 5, wherein the parameter calculation section is config-
ured to calculate the moving velocity of the ultrasonic probe
as a parameter related to the moving velocity, based on a
detection signal from a sensor attached and configured to
detect the moving velocity.

18. An ultrasonic image display apparatus according to
claim 6, wherein the parameter calculation section is config-
ured to calculate the moving velocity of the ultrasonic probe
as a parameter related to the moving velocity, based on a
detection signal from a sensor attached and configured to
detect the moving velocity.

19. A control program for controlling an ultrasonic image
display apparatus, the control program configured to cause a
computer to implement:

a parameter calculation function configured to calculate a
parameter related to a moving velocity of an ultrasonic
probe configured to move while in contact with a test
object and configured to transmit and receive ultrasonic
waves to and from the test object to obtain echo signals
from a three-dimensional region of the test object;

a data generation function configured to generate data
based on the echo signals of a plurality of frames, by
selecting the frames in accordance with the parameter
calculated by the parameter calculation function so that
the echo signals of the frames used for generating the
data are acquired within a required range; and

a display control function configured to display an ultra-
sonic image generated based on the data.

20. A method for operating an ultrasonic image display

apparatus, the method comprising:

moving an ultrasonic probe while the ultrasonic probe is in
contact with a test object;

transmitting and receiving ultrasonic waves to and from the
test object to obtain echo signals from a three-dimen-
sional region of the test object;

calculating a parameter related to a moving velocity of the
ultrasonic probe;

generating data based on the echo signals of a plurality of
frames, by selecting the frames in accordance with the
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parameter calculated by the parameter calculation sec-
tion so that the echo signals of the frames used for
generating the data are acquired within a required range;
and

displaying anultrasonic image generated based on the data.
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