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FIG. 12 PRIOR ART

1 ULTRASONIC TRANSDUCER UNIT

SCANNED FACE
DEVICE OSCILLATION DIRECTION

47 N\ VIRTUAL
T—» i “, THREE-DIMENSIONAL SPACE
PR
f \‘~~ \:\ -
' b T =¥ Nth FACE
Y i ”""ﬂl .
FIRST FACE ;

-
-
-
—“
-
-

SCANNED FACE
OSCILLATION DIRECTION



US 8,216,147 B2

Sheet 12 of 13

Jul. 10, 2012

U.S. Patent

o1 i

3
)

}INILL A\

1IANIL -

A4

Y

6 FTONV NOILVT1IOSO
JINN ¥3ONASNYHL JINOSYH1LIN

4 3 0}

d¢l 9ld

nnnnnnnnn ZM

(A Y [

1

0}

x4

nnnnnn LM
Y

e e e ey -

LINA Y3ONASNYHL JINOSYHLIN

veEl Old



U.S. Patent Jul. 10, 2012 Sheet 13 of 13 US 8,216,147 B2

FIG. 14 PRIOR ART




US 8,216,147 B2

1
ULTRASONOGRAPHIC EQUIPMENT

TECHNICAL FIELD

The present invention relates to an ultrasonographic equip-
ment for three-dimensionally acquiring intravital echo data,
converting the echo data to image data from a virtual view
point, and displaying the image data.

BACKGROUND ART

In general, in an ultrasonographic equipment intended to
three-dimensionally display an intravital tissue aspect, the
following structure has been known (for example, refer to
Japanese Patent Document 1 as below). In the structure, as an
ultrasonic probe for capturing three-dimensional echo data,
an ultrasonic transducer unit for scanning an ultrasonic beam
performs mechanical oscillation scanning in the direction
crossing the beam scanning direction. FIG. 12 is an explana-
tion drawing showing a scanning state thereof. In FIG. 12, an
ultrasonic transducer unit 1 in an unshown probe includes a
plurality of ultrasonic transducer elements which are
arranged to align in the horizontal direction X in relation to
the surface of a test body (convex in FIG. 12). The ultrasonic
transducer unit 1 transmits and receives ultrasonic waves in
the depth directionY of the test body and two-dimensionally
scans the X-Y plane. In addition, the ultrasonic transducer
unit 1 is oscillated in the direction Z orthogonal to the X-Y
plane and scans the oscillation direction Z.

In the foregoing ultrasonic probe, ultrasonic beam scan-
ning (hereinafter referred to as main cross section scanning)
and oscillation scanning are concurrently performed.
Thereby, it becomes possible to acquire echo data from intra-
vital tissues corresponding to a cross line of the both scanned
faces which move every second, that is, acquire three-dimen-
sional echo data. The acquired three-dimensional echo data is
provided with processing of structuring a three-dimensional
image, that is, processing of converting the three-dimensional
echo data to image data from a virtual view point. Then, the
image data is displayed by a display method to show the
image in the plane as if the image is three-dimensional. Oth-
erwise, a given cross section is displayed.

In structuring a three-dimensional image, it is necessary
that direction components in the three-dimensional space of
each echo data are known. In such an ultrasonographic equip-
ment using the ultrasonic probe which performs mechanical
oscillation scanning, the ultrasonic transducer unit is con-
trolled to be oscillated so that an ideal oscillation angular
velocity W in relation to time of the ultrasonic transducer unit
results in profile 21 as shown in FIG. 13A, that is, so that an
ideal oscillation angle 6 in relation to time of the ultrasonic
transducer unit results in profile 22 as shown in FIG. 13B.
Further, as echo data used for structuring the three-dimen-
sional image, the echo data obtained during period from t1 to
t2 when the oscillation angular velocity W is relatively con-
stant (W=w1). Furthermore, the three-dimensional image is
structured on the assumption that by performing main cross
section scanning at regular time intervals, the main cross
section scanned face is a plane and each main cross section is
conformal.

In general, for the purpose of improving a three-dimen-
sional echo data acquisition rate per unit time, oscillation is
controlled so that the following formula is established.

w2=(-1)*wl

On that basis, echo data is acquired during outward and
homeward oscillation periods of outward period from t1 to t2
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when W is w1l and homeward period t4 to t5 when W is w2.
Here, as shown in FIG. 14, when a main cross section scanned
face 51 indicated in full line is formed by setting a main cross
section scanning direction 53 in an oscillation scanning out-
ward route 56 and the same main cross section scanning
direction 53 is used in an oscillation scanning homeward
route 55, a main cross section scanned face 52 as indicated in
dotted line is created in the oscillation homeward route, that
is, discrepancy of scanned face angles is generated between
the oscillation outward route and the oscillation homeward
route. Therefore, the following method has been proposed
(for example, refer to Patent document 2 as below). In the
method, a main cross section scanning direction 54 which is
the direction opposite to the direction 53 of the outward route
is set in the oscillation homeward route. Thereby, discrepancy
of'scanned face angles between the oscillation outward route
and the oscillation homeward route is modified.

Patent document 1: Japanese Patent Application Publication

No. 3-184532 (FIG. 2)

Patent document 2: Japanese Patent Application Publication

No. 2001-70301 (FIG. 3)

Inrecent years, a three-dimensional image by anultrasono-
graphic equipment is used not only for observing an intravital
tissue aspect, but also for puncturing a test body while moni-
toring the three-dimensional image and a guideline, or for
measuring a distance, an angle, an area, a volume and the like
of organs, tumors, fetuses and the like. Thus, usability thereof
has been increased. To meet such medical needs, itis essential
that three-dimensional images provided by ultrasonographic
equipment are structured more precisely, that is, are struc-
tured in a spatially accurate position than ever before.

However, in the foregoing existing ultrasonographic
equipment, the three-dimensional image is structured on the
assumption that the main cross section scanned face used for
structuring the three-dimensional image is a plane, on the
presupposition that the ultrasonic transducer unit performs
oscillation scanning at constant angular velocity during the
period of acquiring the three-dimensional echo data. In gen-
eral, in mechanical oscillation scanning using a motor, so-
called feedback control is used. In the feedback control, a
motor impressed voltage or a current in next time is deter-
mined by a current oscillation scanning angle or a current
oscillation scanning angular velocity, or the both thereof.
However, even when the feedback control is performed
highly precisely, it is not possible to perform oscillation scan-
ning at acompletely constant angular velocity. That s, it is not
the fact that a main cross section scanned face of actually
acquired echo data is not formed of a complete plane. Each
main cross section is formed of a curved face to some extent.
In result, in the three-dimensional image structured on the
assumption that each main cross section scanned face is a
plane, there are problems that the three-dimensional image is
distorted or misaligned according to the degree of the curved
face, or the image is swung according to oscillation recipro-
cation. In result, there is the possibility that puncture is per-
formed in the direction shifted from the direction expected by
an operator, or measurement errors in a distance, an angle, an
area, a volume and the like are large.

DISCLOSURE OF THE INVENTION

In order to solve the above existing problems, it is an object
of the invention to provide an ultrasonographic equipment
capable of structuring a three-dimensional image in a more
accurate position spatially even when an ultrasonic trans-
ducer unit does not perform oscillation scanning at com-
pletely constant angular velocity.
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It is another object of the invention to provide an ultrasono-
graphic equipment capable of creating a three-dimensional
image with higher geometric precision in the oscillation
direction of an ultrasonic transducer unit when the three-
dimensional image is created from two-dimensional images
by oscillating the ultrasonic transducer unit.

To attain the foregoing objects, the invention provides an
ultrasonographic equipment including an ultrasonic trans-
ducer unit in which ultrasonic transducer elements for scan-
ning ultrasonic beam are arranged in a state of an array, a
transducer unit oscillating motor for making the ultrasonic
transducer unit perform oscillation scanning in the direction
crossing the scanning direction of the ultrasonic beam, an
oscillation angle detection means for detecting an oscillation
angle of the ultrasonic transducer unit, an ultrasonic trans-
mission means for exciting the ultrasonic transducer element
to form the ultrasonic beam, an ultrasonic receiving means for
forming ultrasonic beam from ultrasonic echo received by the
ultrasonic transducer element and converting the ultrasonic
beam to visible image data, a three-dimensional image pro-
cessing means for forming a three-dimensional image based
on the oscillation angle detected by the oscillation angle
detection means and image data outputted from the ultrasonic
receiving means, and an image display means for displaying
the three-dimensional image.

By the foregoing structure, even if the ultrasonic transducer
unit does not perform oscillation scanning at completely con-
stant angular velocity, an actual oscillation scanning angle
corresponding to each acquired ultrasonic echo can be given
to the three-dimensional image processing means. Thus, a
three-dimensional image can be structured in a more accurate
position spatially.

Further, the invention provides an ultrasonographic equip-
ment including an ultrasonic transducer unit in which ultra-
sonic transducer elements for scanning ultrasonic beam in a
state of an array, a transducer unit oscillating motor for mak-
ing the ultrasonic transducer unit perform oscillation scan-
ning in the direction crossing the scanning direction of the
ultrasonic beam, an oscillation angle detection means for
detecting an oscillation angle of the ultrasonic transducer
unit, an ultrasonic transmission means for exciting the ultra-
sonic transducer element to form the ultrasonic beam, an
ultrasonic receiving means for forming ultrasonic beam from
ultrasonic echo received by the ultrasonic transducer element
and converting the ultrasonic beam to visible image data, an
oscillation angle information adding means for adding infor-
mation of the oscillation angle detected by the oscillation
angle detection means to image data outputted from the ultra-
sonic receiving means, a three-dimensional image processing
means for forming a three-dimensional image based on image
data and the added oscillation angle information outputted
from the oscillation angle information adding means, and an
image display means for displaying the three-dimensional
image.

By the foregoing structure, even if the ultrasonic body does
not perform oscillation scanning at completely constant
angular velocity, an actual oscillation scanning angle corre-
sponding to each acquired ultrasonic echo can be given to the
three-dimensional image processing means. Thus, a three-
dimensional image can be structured in a more accurate posi-
tion spatially.

Further, in the ultrasonographic equipment of the inven-
tion, the three-dimensional image processing means forms a
three-dimensional image based on angle information
obtained by smoothing the information of the oscillation
angle detected by the oscillation angle detection means.
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By the foregoing structure, three-dimensional image pro-
cessing can be performed based on oscillation angle informa-
tion equal to or more than the resolution of the minimum
oscillation angle obtained by the oscillation angle detection
means.

Further, the invention provides an ultrasonographic equip-
ment including an ultrasonic transducer unit which two-di-
mensionally scans a fault plane of a test body, and is driven to
be oscillated in the direction orthogonal to a scanned face of
the two-dimensional scanning, a scanning conversion means
for recording a receiving signal obtained by the two-dimen-
sional scanning by the ultrasonic transducer unit in a frame
memory to create two-dimensional image data, reading out
the two-dimensional image data, and outputting the two-
dimensional image data, a delay means for delaying position
information in the oscillation direction of the ultrasonic trans-
ducer unit by processing time of the scanning conversion
means, and a three-dimensional image processing means for
creating a three-dimensional image from the two-dimen-
sional image data of a plurality of frames sequentially out-
putted from the scanning conversion means based on the
position information in the oscillation direction delayed by
the delay means.

By the foregoing structure, input timing of the two-dimen-
sional image data of the plurality of frames inputted to the
three-dimensional image processing means and position
information in the oscillation direction of the ultrasonic trans-
ducer unit are synchronized. Therefore, a three-dimensional
image with higher geometrical precision in the oscillation
direction of the ultrasonic transducer unit can be created.

Further, the invention provides an ultrasonographic equip-
ment including an ultrasonic transducer unit which two-di-
mensionally scans a fault plane of a test body, and is driven to
be oscillated in the direction orthogonal to a scanned face of
the two-dimensional scanning, a scanning conversion means
for recording a receiving signal obtained by the two-dimen-
sional scanning by the ultrasonic transducer unit in a frame
memory to create two-dimensional image data, writing posi-
tion information in the oscillation direction of the ultrasonic
transducer unit in the frame memory, reading out the two-
dimensional image data and the position information, and
outputting the two-dimensional image data and the position
information, and a three-dimensional image processing
means for creating a three-dimensional image from the two-
dimensional image data of a plurality of frames and the posi-
tion information in the oscillation direction which are sequen-
tially outputted from the scanning conversion means.

By the foregoing structure, a three-dimensional image is
created from the two-dimensional image data of a plurality of
frames and the position information in the oscillation direc-
tion which are sequentially outputted from the scanning con-
version means. Therefore, a three-dimensional image with
higher geometrical precision in the oscillation direction of the
ultrasonic transducer unit can be created.

According to the invention, even if the ultrasonic trans-
ducer unit does not perform oscillation scanning at com-
pletely constant angular velocity, an actual oscillation scan-
ning angle corresponding to each acquired ultrasonic echo
can be given to the three-dimensional processing means.
Thus, a three-dimensional image can be structured in a more
accurate position spatially.

Further, three-dimensional image processing can be per-
formed based on oscillation angle information equal to or
more than the resolution of the minimum oscillation angle.

Further, according to the invention, when a three-dimen-
sional image is created from the two-dimensional images by
oscillating the ultrasonic transducer unit, a three-dimensional
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image with higher geometrical precision in the oscillation
direction of the ultrasonic transducer unit can be created.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing a structure of a first
embodiment of an ultrasonographic equipment according to
the invention;

FIG. 2 is an explanation drawing showing an example of an
oscillation angle detection means in FIG. 1;

FIG. 3A is an explanation drawing showing a profile of
actual oscillation angular velocity of an ultrasonic transducer
element in mechanical scanning method;

FIG. 3B is an explanation drawing showing a profile of
actual oscillation angle of the ultrasonic transducer element
in the mechanical scanning method;

FIG. 4 is an explanation drawing showing a shape of a main
cross section scanned face before correction in the invention;

FIG. 5 is a block diagram showing a structure of a second
embodiment of the ultrasonographic equipment according to
the invention;

FIG. 6 is an explanation drawing showing a structural
example of an oscillation angle information adding means in
FIG. 5 and image data with angle information;

FIG. 7 is an explanation drawing showing smoothing pro-
cessing of angle information in a third embodiment of the
ultrasonographic equipment according to the invention;

FIG. 8 is an explanation drawing showing smoothing pro-
cessing of an image in the third embodiment of the ultrasono-
graphic equipment according to the invention;

FIG. 9 is a block diagram showing a structure of a fourth
embodiment of the ultrasonographic equipment according to
the invention;

FIG. 10 is a block diagram showing a structure of a fifth
embodiment of the ultrasonographic equipment according to
the invention;

FIG. 11 is an explanation drawing showing writing infor-
mation in a recording region in a frame memory of FIG. 10;

FIG. 12 is an explanation drawing showing an oscillation
state of a general ultrasonic transducer unit;

FIG. 13A is an explanation drawing showing a profile of
ideal oscillation angular velocity in relation to time of an
ultrasonic transducer unit;

FIG. 13B is an explanation drawing showing a profile of
ideal oscillation angle in relation to time of the ultrasonic
transducer unit; and

FIG. 14 is an explanation drawing showing a shape of a
main cross section scanned face of a related art.

BEST MODE FOR CARRYING OUT THE
INVENTION

First Embodiment

FIG. 1 is a block diagram showing a structure of a first
embodiment of an ultrasonographic equipment according to
the invention. The ultrasonographic equipment includes an
ultrasonic transducer unit 1 in which a plurality of ultrasonic
transducer elements 2 for transmitting ultrasonic waves into a
living body and converting ultrasonic echo from intravital
tissues to an electrical signal are arranged in a state of an
array. Each ultrasonic transducer element 2 is excited by
transmitted pulse supplied from an ultrasonic transmission
means 3. Then, the ultrasonic transmission means 3 is con-
trolled to give transmitted pulse in different phases to part or
all of the ultrasonic transducer elements 2 arranged in the
ultrasonic transducer unit 1 so that a focus is adjusted in a
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given depth in the living body, that is, transmitted beam is
formed in a given depth in the living body.

The ultrasonic waves transmitted into the living body as
above is returned as echo every minute from each intravital
tissue. For the ultrasonic echo which is converted to an elec-
trical signal by each ultrasonic transducer element 2 of the
ultrasonic transducer unit 1, an ultrasonic receiving means 4
performs addition after giving different delay time to each
receiving signal from each ultrasonic transducer element 2, so
that receiving beam is formed in a given direction. The fore-
going transmission beam and the receiving beam form one
acoustic scanning line by transmission and receiving. The
ultrasonic receiving means 4 creates ultrasonic echo data
along the acoustic scanning line, provides demodulation pro-
cessing for visualizing the ultrasonic echo data, and outputs
image data. As above, transmission and receiving are per-
formed so that acoustic scanning lines in different directions
are formed while each of the ultrasonic transducer element
group used for transmission and receiving is switched from
each other sequentially, or while directions of transmission
and receiving beam are changed. In result, one main cross
section scanned face is formed.

Further, the ultrasonographic equipment includes an oscil-
lation control means 5 composed of a motor control means
101, a transducer unit oscillating motor 102, a rotation trans-
mission means 103, and an oscillation angle detection means
104. Of the foregoing, the transducer unit oscillating motor
102 makes the ultrasonic transducer unit 1 perform oscilla-
tion scanning in the direction crossing the foregoing main
cross section scanned face. The rotation transmission means
103 transmits rotational movement of the transducer unit
oscillating motor 102 to the ultrasonic transducer unit 1. The
transducer unit oscillating motor 102 receives oscillation con-
trol by the motor control means 101. Information necessary
for motor control such as an oscillation angular velocity and
an oscillation angle range to the motor control means 101 is
received from a main control means 10. By concurrently
performing main cross section scanning and oscillation scan-
ning, the ultrasonic receiving means 4 can create ultrasonic
echo data corresponding to a cross section of the main cross
section scanned face and an oscillation scanned face. In gen-
eral, the both scanned faces are not scanned independently,
but are scanned so that ultrasonic echo data in a specific
three-dimensional region in a living f can be uniformly
acquired. That is, main cross section scanning and oscillation
scanning are performed so that an angle between each main
cross section scanned face per one oscillation scanning
becomes approximately conformal.

Therefore, it is necessary that the motor control means 101
performs control so that the ultrasonic transducer unit 1 is
oscillated at an approximately constant angular velocity dur-
ing the period of acquiring three-dimensional echo data,
while always monitoring at which oscillation scanning angle
or at which angular velocity the ultrasonic transducer unit 1
connecting to the transducer unit oscillating motor 102 is
operated. Therefore, to obtain an oscillation scanning angle
of the ultrasonic transducer unit 1, the ultrasonographic
equipment includes the oscillation angle detection means 104
connected to the rotation transmission means 103 which
transmits rotational movement of the transducer unit oscillat-
ing motor 102 to the ultrasonic transducer unit 1. An arrange-
ment position of the oscillation angle detection means 104
may be the transducer unit oscillating motor 102 side of the
rotation transmission means 103, the ultrasonic transducer
unit 1 side of the rotation transmission means 103, or an
intermediate section between the both sides, as long as infor-
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mation corresponding to the oscillation scanning angle of the
ultrasonic transducer unit 1 can be obtained.

A preferred method of implementing the oscillation angle
detection means 104 is a method of attaching a rotary encoder
to the rotation transmission means 103. FIG. 2 shows an
example thereof. At least two types of rotary encoders are
used. In a Z rotary encoder 65 which is one of said at least two
encoders, a Z pulse rotor 61 is attached to a rotation shaft 60
so that one pulse (hereinafter referred to as Z pulse) can be
outputted at a specific angle of the rotation shaft 60 of the
transducer unit oscillating motor 102 which is the rotation
transmission means 103. For example, in the case of a mag-
netic encoder, the z pulse rotor 61 is magnetized to generate
one Z pulse per one rotation. A Z pulse sensor 63 detects a
magnetized section 61a of the Z pulse rotor 61 to outputs the
Z pulse.

Similarly, an A rotary encoder 66 which is the other
encoder includes an A pulse rotor 62 which is magnetized
(62a in the figure) in a conformal manner to generate several
hundred pulse per one rotation of the rotation shaft 60 (here-
inafter referred to as A pulse: fixed value) and an A pulse
sensor 64. While the foregoing description has been given of
the example of the magnetic rotary encoder, the structure of
the invention can be applied to an optical rotary encoder and
a mechanical rotary encoder. The A pulse and the Z pulse
from the rotary encoders 65, 66 are transmitted to an encoder
pulse counter 67.

The encoder pulse counter 67 is reset by the Z pulse from
the Z rotary encoder 65. The encoder pulse counter 67 counts
up or counts down a value based on the A pulse from the
rotary encoder 66. A count value as a result of counting
corresponds to a rotation shaft angle of the transducer unit
oscillating motor 102, that is, an oscillation scanning angle of
the ultrasonic transducer unit 1. The motor control means 101
can learn a current oscillation scanning angle of the ultrasonic
transducer unit 1 from the count value of the oscillation angle
detection means 104 as above. Therefore, the motor control
means 101 controls the transducer unit oscillating motor 102
to move the ultrasonic transducer unit 1 at a given next oscil-
lation scanning angle. When a current oscillation scanning
angular velocity is used for oscillation control, the oscillation
scanning angular velocity can be obtained by a time differ-
ence of oscillation scanning angles.

Image data of the ultrasonic echo in the specific three-
dimensional region in the living body which is acquired by
concurrently performing main cross section scanning and
oscillation scanning is transmitted to a three-dimensional
image processing means 11. The three-dimensional image
processing means 11 performs three-dimensional image pro-
cessing so that a structure in the specific three-dimensional
region in the living body on an image display means 12 as if
the image is a three-dimensional image which is observed
from a virtual view point. Otherwise, the three-dimensional
image processing means 11 performs three-dimensional
image processing so that a cross section obtained by cutting
the three-dimensional structure in a given plane is displayed.
To implement the three-dimensional image processing, it is
necessary that to which direction component in the three-
dimensional space the acquired ultrasonic echo data of each
acoustic scanning line belongs is known. The three-dimen-
sional image processing means 11 in the invention acquires a
scanning direction angle in the main cross section scanned
face from arrangement of the ultrasonic transducer element 2
composing the ultrasonic transducer unit 1 and a direction of
transmission and receiving beam. Further, the three-dimen-
sional image processing means 11 acquires an oscillation
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angle of the oscillation scanned face from oscillation angle
information from the oscillation angle detection means 104.

In general, in the three-dimensional display ultrasono-
graphic equipment using mechanical scanning method as
oscillation scanning, even when the transducer unit oscillat-
ing motor 102 is controlled by the motor control means highly
precisely, it is not possible to perform complete oscillation
constant angular velocity movement. An actual transducer
unit oscillation angular velocity W and a resultant oscillation
angle 0 at certain time T result in profiles 31, 32 as shown in
FIGS. 3A and 3B respectively. That is, even during outward
period T1 to T2 and homeward period T4 to T5 when rela-
tively stable constant angular velocity scanning is possibly
performed, the oscillation angular velocity profile 31 in rela-
tion to time moves with certain variations in the vicinity of
angular velocities W1, W2, and the oscillation angle profile
32 in relation to time does not result in a straight line during
the same periods. Therefore, for example, each actual main
cross section scanned face obtained during period 42 between
time T1 and time T2 (refer to FIG. 4) becomes a group of main
cross section scanned faces 41 which are curved faces as
shown in FIG. 4.

Here, in the ultrasonographic equipment according to the
invention with the structure shown in FIG. 1, even if oscilla-
tion scanning of the ultrasonic transducer unit 1 is not per-
formed at a completely constant angular velocity, that is, even
if each main cross section scanned face is not a plane, the
oscillation angle detection means 104 can notify the actual
oscillation angle 8 of the ultrasonic transducer unit 1 at the
time when each ultrasonic echo is acquired to the three-
dimensional image processing means 11. Therefore, the
three-dimensional image based on the actual oscillation angle
can be structured. In result, the three-dimensional image can
be structured in more accurate position spatially.

Second Embodiment

Next, a description will be given of a second embodiment
ofthe invention. FIG. 5 is a block diagram showing a structure
ofthe second embodiment of the ultrasonographic equipment
according to the invention. In the foregoing first embodiment,
image data from the ultrasonic receiving means 4 and oscil-
lation angle information from the oscillation angle detection
means 104 are inputted to the three-dimensional image pro-
cessing means 11. However, in line with the spirit of the
invention, it is enough that a piece of oscillation angle infor-
mation exists for a piece of image data of one acoustic scan-
ning line for the purpose of structuring a three-dimensional
image. That is, compared to a data amount per unit time of
image data, a data amount per unit time of oscillation angle
information is significantly small. Meanwhile, in general,
image data from the ultrasonic receiving means 4 is not
always effective. In advance of acquiring ultrasonic echo,
blanking time to secure parameter setting time for each circuit
block is generated. That is, image data arrays are to be input-
ted to the three-dimensional image processing means 11
intermittently.

In the second embodiment of the invention, preceding the
three-dimensional image processing means 11, an oscillation
angle information adding means 6 for selecting image data
from the ultrasonic receiving means 4 and oscillation angle
information from the oscillation angle detection means 104 is
provided. Thus image data including the blanking time added
with the oscillation angle information is inputted to the three-
dimensional image processing means 11.

A description will be given of a structural example of the
oscillation angle information adding means 6 and data by
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using FIG. 6. In the oscillation angle information adding
means 6 of this embodiment, as a method to add oscillation
angle information to image data, a switch 71 for switching
image data from the ultrasonic receiving means 4 and oscil-
lation angle information from the oscillation angle detection
means 104 is provided. Each image data array corresponding
to one acoustic scanning line such as Vn, Vn+1, Vn+2 and so
on intermittently associated with blanking time 72 is inputted
from the ultrasonic receiving means 4 to the oscillation angle
information adding means 6. The switch 71 captures the
blanking time 72 by determining the blanking time 72 from
the image data array or inputting the blanking time 72 from
outside. The switch 71 selects oscillation angle information
0], 6j+1 and so on during part of the blanking time 72 (from
the front side, from the rear side, or from a position apart from
the front side under certain conditions) or during the whole
time of the blanking time 72. The switch 71 selects the image
data arrays Vn, Vn+1, Vn+2 and so on during time other than
the foregoing. Therefore, in the output of the switch 71, image
data arrays with angle information in which the oscillation
angle information 6j, 6j+1 and so on are added to the blanking
time 72 of the acoustic scanning line image data arrays Vn,
Vn+1, Vn+2 and so on are shown.

As above, the image data arrays with angle information are
inputted to the three-dimensional image processing means
11. Therefore, in three-dimensional image processing, the
oscillation angle information 6j, 6j+1 and so on for the image
data arrays Vn, Vn+1, Vn+2 and so on of each acoustic scan-
ning line can be acquired from the image data arrays with
angle information. In result, a three-dimensional image based
on the actual oscillation scanning angle 6 can be structured,
and the three-dimensional image can be structured in a more
accurate position spatially. In addition, interfaces to the three-
dimensional image processing means 11 can be simplified,
and therefore a circuit physical quantity and the cost can be
reduced.

Third Embodiment

Next, a description will be given of a third embodiment of
the invention. As described above, the oscillation angle infor-
mation corresponding to the actual oscillation scanning angle
0 of the ultrasonic transducer unit 1 is obtained by the oscil-
lation angle detection means 104. In the rotary encoder
method generally used, an actual oscillation scanning angle
of the ultrasonic transducer unit 1 corresponding to a genera-
tionunit of the A pulse of the A rotary encoder 66 becomes the
minimum resolution of oscillation angle detection. An
example of performing certain main cross section scanning
over time T(N) to T(N+17) is shown in full line in FIG. 7. An
actual oscillation angle of an acoustic scanning line acquired
during the time T(N) to T(N+2) is 61. An actual oscillation
angle of an acoustic scanning line acquired during the time
T(N+3) to T(N+7) is 62. The same is applied up to the time
T(N+17). Here, the minimum resolution of oscillation angle
detection is expressed as A6=02-01.

As shown in full line in FIG. 8, a main cross section
scanned face 91 which is structured by straightly using image
data and the actual oscillation angles 01 to 64 of an acoustic
scanning line acquired at each time is in a state of steps
corresponding to the size of AB. Therefore, AO is desirably
small as long as possible. To attain the small A8, there are
methods such as increasing the number of pulse generation
per one rotation of the A pulse rotor 62, and adding a separate
rotary encoder to the rotation shaft 60. However, to realize
such amethod, problems of increasing the cost and increasing
the physical quantity occur.
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The three-dimensional image processing means 11 struc-
turing the ultrasonographic equipment of the third embodi-
ment of the invention has a function of smoothing the actual
oscillation scanning angles 01, 62, 03 and so on of the ultra-
sonic transducer unit 1 added to each acoustic scanning line.
The three-dimensional image processing means 11 structures
a three-dimensional image by using an oscillation angle
smoothing result 81 shown in dotted line in FIG. 7. As a
smoothing method, linear interpolation, spline interpolation,
Newton interpolation or the like can be used as appropriate.
As above, the three-dimensional image processing means 11
can structure a three-dimensional image by newly referenc-
ing the obtained oscillation angle smoothing result 81 as an
oscillation angle of each ultrasonic echo. Therefore, a main
cross section scanned face 92 after smoothing as shown in
dotted line in FIG. 8 can be structured, and more natural
three-dimensional image can be structured.

Fourth Embodiment

FIG. 9 is a block diagram showing a structure of a fourth
embodiment of the ultrasonographic equipment according to
the invention. In FIG. 9, a transmission and receiving control
means 7 which is not shown in FIG. 1 showing the first
embodiment is added, the ultrasonic receiving means 4 in
FIG. 1 is shown by being divided into an ultrasonic receiving
means 4a and a receiving signal processing means 44 accord-
ing to each function, and details of a three-dimensional image
processing means 11A corresponding to the three-dimen-
sional image processing means 11 of FIG. 1 are shown. The
three-dimensional image processing means 11A includes a
scanning conversion means 111, a frame memory 112, a
delay means 113, and a three-dimensional image processing
means 115.

Next, a description will be given of operations of the forth
embodiment. Based on control by the transmission and
receiving control means 7, the ultrasonic transducer unit 1 in
an unshown ultrasonic probe transmits an ultrasonic signal
from the ultrasonic transmission means 3, and the ultrasonic
receiving means 4a receives a reflection signal thereof. Based
on control of the transmission and receiving control means 7,
the ultrasonic receiving means 4a creates ultrasonic echo data
along an acoustic scanning line and adds the created ultra-
sonic echo data to the receiving signal processing means 4b.
The receiving signal processing means 45 provides demodu-
lation processing to visualize the ultrasonic echo data, and
outputs image data. The image data outputted from the receiv-
ing signal processing means 4b is sent to the three-dimen-
sional image processing means 11A.

The image data sent to the three-dimensional processing
means 11A is inputted to the scanning conversion means
(DSC)111. The scanning conversion means 111 records echo
data for every one frame in the frame memory 112, creates a
two-dimensional image of the X-Y plane, reads out the cre-
ated two-dimensional image, and adds the read image to the
three-dimensional image processing means 115. The echo
data is a digital signal, and is created by an A/D converter (not
shown) for A/D converting an analog signal outputted from
the ultrasonic transducer unit 1. The A/D converter can be
provided in a given position between the ultrasonic trans-
ducer unit 1 and the scanning conversion means 111.

Further, in the unshown ultrasonic probe which contains
the ultrasonic transducer unit 1, to oscillate the ultrasonic
transducer unit 1 in the Z direction, the transducer unit oscil-
lating motor 102 and the oscillation angle detection means
104 which are shown in FIG. 1 are provided. The transducer
unit oscillating motor 102 and the oscillation angle detection
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means 104 compose the oscillation control means 5. As
described above, the oscillation angle detection means 104
includes the rotary encoders 65, 66 (refer to FIG. 2) and the
encoder pulse counter 67 for counting the pulse thereof.
Oscillation angle information expressing a current oscillation
scanning angle of the ultrasonic transducer unit 1 is sent to the
delay means 113. The delay means 113 delays the oscillation
angle information by the processing portion of the scanning
conversion means 111 based on ultrasonic transmission and
receiving timing of the transmission and receiving control
means 7, and sends the delayed oscillation angle information
to the three-dimensional image processing means 115. The
three-dimensional image processing means 115 creates a
three-dimensional image based on the oscillation angle infor-
mation delayed by the delay means 113 from the two-dimen-
sional images of the X-Y plane of the plurality of frames from
the scanning conversion means 111, and sends the three-
dimensional image to the image display means 12.

By the foregoing structure, timing of the two-dimensional
image inputted to the three-dimensional image processing
means 115 and an oscillation angle in the Z direction of the
ultrasonic transducer unit 1 are synchronized. Therefore, a
three-dimensional image with higher geometric precision in
the oscillation direction can be created.

Fifth Embodiment

FIG. 10 is a block diagram showing a structure of a fifth
embodiment of the ultrasonographic equipment according to
the invention. FIG. 11 is an explanation drawing showing
writing information in a recording region in a frame memory
of FIG. 10. Of the components shown in FIG. 10, the same
components as those in FIG. 9 showing the forth embodiment
are affixed with the same referential characters, and explana-
tion thereof will be omitted. This embodiment differs in that
a three-dimensional image processing means 11B is provided
instead of the three-dimensional image processing means
11A in FIG. 9. The three-dimensional image processing
means 11B includes an oscillation angle information adding
means 114 structured identically to the oscillation angle
information adding means 6 in FIG. 5 showing the second
embodiment. In addition, the three-dimensional image pro-
cessing means 11B includes the scanning conversion means
(DSC) 111, the frame memory 112, and the three-dimen-
sional image processing means 115 explained with reference
to FIG. 9.

Next, for the operations of the fifth embodiment, a descrip-
tion will be given of sections with structures different from
those of the forth embodiment. As described in the second
embodiment in detail, the oscillation angle information add-
ing means 114 receives image data from the receiving signal
processing means 4b and oscillation angle information from
the oscillation angle detection means 104 (refer to FIG. 5)
composing the oscillation control means 5. Image data with
blanking time added with the oscillation angle information is
inputted to the scanning conversion means (DSC) 111. As
shown in FIG. 11, the scanning conversion means (DSC) 111
records receiving data for every one frame in the recording
region 112a in the frame memory 112 to create a two-dimen-
sional image ofthe X-Y plane, records oscillation angle infor-
mation corresponding to a position of an acoustic line of each
ultrasonic transducer element 2 of the ultrasonic transducer
unit 1 as oscillation angle information from the oscillation
angle detection means 104, reads out the two-dimensional
image and the oscillation angle information, and outputs the
same to the three-dimensional image processing means 115.
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The oscillation angle information may be written for every
acoustic line of each ultrasonic transducer element of the
ultrasonic transducer unit 1 as shown in FIG. 11. Otherwise,
only an oscillation angle representing one frame may be
written. For example, only an angle of the front end, the
center, or the rear end in one frame may be written. Further,
such a representative value may be recorded as the same value
in a recording region of angle information in the same frame.

The three-dimensional image processing means 115 devel-
ops the two-dimensional images of the X-Y plane of a plu-
rality of frames from the scanning conversion means 111 to a
three-dimensional image based on the oscillation angle infor-
mation. Then, the three-dimensional image processing means
115 sends the three-dimensional image data to the image
display means 12. By such a structure, a three-dimensional
image with higher geometrical precision in the oscillation
direction can be created.

INDUSTRIAL APPLICABILITY

As described above, the ultrasonographic equipment
according to the invention can provide an actual oscillation
scanning angle corresponding to each acquired ultrasonic
echo to the three-dimensional image processing means, even
when the ultrasonic transducer unit does not perform oscilla-
tion scanning at a completely constant angular velocity. Fur-
ther, the ultrasonographic equipment can structure a three-
dimensional image in a more accurate position spatially.
Furthermore, the ultrasonographic equipment can perform
three-dimensional image processing based on oscillation
angle information of the minimum oscillation angle resolu-
tion or more. The invention is useful for an ultrasonographic
equipment or the like in which intravital echo data is three-
dimensionally acquired, the data is converted to image data
from a virtual viewpoint, and the image data is displayed.

The invention claimed is:

1. An ultrasonographic equipment comprising:

anultrasonic transducer unit in which ultrasonic transducer
elements for scanning an ultrasonic beam are arranged
in a state of an array;

a transducer unit oscillating motor for making the ultra-
sonic transducer unit perform oscillation scanning in the
direction crossing the scanning direction of the ultra-
sonic beam;

an oscillation angle detector configured to detect an oscil-
lation angle of the ultrasonic transducer unit and gener-
ating oscillation angle information;

an ultrasonic transmitter configured to excite the ultrasonic
transducer elements to form the ultrasonic beam;

an ultrasonic receiver configured to form the ultrasonic
beam from an ultrasonic echo received by the ultrasonic
transducer elements and converting the ultrasonic beam
to an image data array;

a three-dimensional image processor configured to receive
data streams comprising intermittent image data arrays
with corresponding oscillation angle information
inserted at blanking times between the image data
arrays, the three-dimensional image processor further
configured to form a three-dimensional image based on
the data streams; and

an image display configured to display the three-dimen-
sional image.

2. The ultrasonographic equipment according to claim 1,
wherein the three-dimensional image processor forms a
three-dimensional image based on angle information
obtained by interpolating the oscillation angle information
detected by the oscillation angle detector.
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3. An ultrasonographic equipment comprising:

an ultrasonic transducer unit in which ultrasonic transducer
elements for scanning an ultrasonic beam are arranged
in a state of an array;

a transducer unit oscillating motor for making the ultra-
sonic transducer unit perform oscillation scanning in the
direction crossing the scanning direction of the ultra-
sonic beam;

an oscillation angle detector configured to detect an oscil-
lation angle of the ultrasonic transducer unit and gener-
ating oscillation angle information;

an ultrasonic transmitter configured to excite the ultrasonic
transducer elements to form the ultrasonic beam;

an ultrasonic receiver configured to form the ultrasonic
beam from an ultrasonic echo received by the ultrasonic
transducer elements and converting the ultrasonic beam
to an image data array;

an oscillation angle information adder configured to add
the oscillation angle information generated by the oscil-
lation angle detector into the image data array outputted
from the ultrasonic receiver to form data streams,
wherein the data streams comprise intermittent image
data arrays with blanking times between the image data
arrays, and the oscillation angle information is data
inserted at the blanking times between the image data
arrays by the oscillation angle information adder, such
that the data streams comprise the intermittent image
data arrays with corresponding oscillation angle infor-
mation inserted at the blanking times between the image
data arrays;

a three-dimensional image processor configured to receive
the data streams and to form a three-dimensional image
based on the image data arrays and the corresponding
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oscillation angle information outputted from the oscil-
lation angle information adder; and

an image display configured to display the three-dimen-
sional image.

4. The ultrasonographic equipment according to claim 3,
wherein the three-dimensional image processor forms a
three-dimensional image based on angle information
obtained by interpolating the oscillation angle information
detected by the oscillation angle detector.

5. An ultrasonographic equipment comprising:

an ultrasonic transducer unit which two-dimensionally
scans a fault plane of a test body, and is driven to be
oscillated in the direction orthogonal to a scanned face of
the two-dimensional scanning;

a scanning converter configured to receive data streams
comprising intermittent image data arrays with corre-
sponding oscillation angle information inserted at
blanking times between the image data arrays, the scan-
ning converter further configured to record a receiving
signal obtained by the two-dimensional scanning by the
ultrasonic transducer unit in a frame memory to create
two-dimensional image data, write position information
in the oscillation direction of the ultrasonic transducer
unit in the frame memory, read out the two-dimensional
image data and the position information, and output the
two-dimensional image data and the position informa-
tion; and

athree-dimensional image processor configured to create a
three-dimensional image from the two-dimensional
image data of a plurality of frames and the position
information in the oscillation direction which are
sequentially outputted from the scanning converter.

* * Ed Ed *
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