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ULTRASONIC PROBE AND
ULTRASONOGRAPHIC DEVICE

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic probe
that is directed to obtaining three-dimensional echo data by
receiving an ultrasonic echo that is obtained by the reflection
of an ultrasonic beam transmitted with respect to a tissue in
a living body or the like, and relates to an ultrasonic
diagnostic apparatus in which the ultrasonic probe is used.

BACKGROUND ART

[0002] Conventionally, as an ultrasonic probe for obtain-
ing three-dimensional data, which is used in an ultrasonic
diagnostic apparatus intended to display the condition of a
tissue in a living body three-dimensionally, an ultrasonic
probe including an ultrasonic transducer for scanning an
ultrasonic beam, which is configured so as to swing
mechanically the ultrasonic transducer to perform swing
scanning in a direction that crosses the beam scanning
direction, is known (see, for example, JP 3(1991)-184532
A). By performing ultrasonic beam scanning (hereinafter,
called principal cross-section scanning) and swing scanning
at the same time, echo data corresponding to a line of
intersection of both scanning planes that move momentarily,
that is, three-dimensional echo data, can be obtained.

[0003] The obtained three-dimensional echo data is sub-
jected to three-dimensional image processing, thereby dis-
playing an image within a plane as if it has a depth,
displaying its required cross section or the like.

[0004] For such three-dimensional image processing, a
directional component of each echo data in a three-dimen-
sional space must be known.

[0005] In the case where the ultrasonic transducer is
composed of a plurality of element arrays, beam scanning is
performed electronically, and thus a directional component
of the echo data within a beam scanning plane can be
obtained by a scanning position, an arrangement of the
transducer elements composing the ultrasonic transducer
and a beam direction.

[0006] Whereas, the ultrasonic probe is configured so that
an angle of the swing scanned plane being scanned mechani-
cally is obtained by counting pulses from a rotary encoder
that is provided to a rotation axis of a motor for swinging the
ultrasonic transducer.

[0007] Recently, a three-dimensional image formed by an
ultrasonic diagnostic apparatus has been used for observing
a condition of a tissue in a living body, penetrating while
monitoring the three-dimensional image and a guideline, or
measuring a distance and an angle of an organ, a tumor, a
fetus or the like, thus enhancing the usability thereof.

[0008] In the light of the requirements for such medical
purposes, it is necessary for an ultrasonic diagnostic appa-
ratus to form a three-dimensional image with higher preci-
sion than conventional ultrasonic diagnostic apparatuses,
that is, to form an image in a spatially correct position.

[0009] However, in the above-mentioned conventional
ultrasonic diagnostic apparatus, a swing scanning angle that
is necessary for forming a three-dimensional image is
obtained only by counting pulses output from a rotary
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encoder that is provided on a rotation axis of a swinging
motor in an ultrasonic probe. Generally, in a mechanical
scanning using a motor, an actual swing scanning angle of
an ultrasonic transducer with respect to each count value that
is obtained by counting pulses from a rotary encoder varies
according to the individual ultrasonic probe, due to a varia-
tion in installation precision between a rotation axis of a
motor and a rotary encoder, wobbling of a rotation trans-
mission mechanism, a variation in installation precision
between an ultrasonic transducer and the rotation transmis-
sion mechanism, a variation of the rotary encoder itself or
the like.

[0010] For example, an ultrasonic probe that corrects,
based on encoder information, a scanning error (flexure or
elongation of a rotation transmission mechanism with
respect to a speed) occurring according to a change in
amount of a scanning load of the ultrasonic probe is known
(see, for example, JP 2(1990)-57242 A). However, this kind
of ultrasonic probe requires to have a power supply, a switch
and the like for the correction and needs a discontinuance of
the operation thereof, which leads to an increase in the size
of an ultrasonic diagnostic apparatus and causes a problem
in workability and cost.

[0011] Even in the case where the main unit of the
ultrasonic diagnostic apparatus has a means of correcting the
above-stated variations, it is necessary to perform a correc-
tion process, such as a process of inputting an actual swing
scanning angle of the ultrasonic transducer with respect to
each count value, every time when the used ultrasonic probe
is changed.

[0012] Also, in the case of obtaining three-dimensional
data by reciprocation of the swing scanning, the actual swing
scanning angle of the ultrasonic transducer with respect to
each count value that is obtained by counting the pulses from
the rotary encoder may differ between its forward path and
its return path, which is caused by wobbling of the rotation
transmission mechanism or the like.

[0013] That is, the swing scanning angle with respect to
each count value varies according to the individual ultra-
sonic probe, and differs between the forward path of the
swinging and the return path thereof. Therefore, according
to the ultrasonic probe to be used, the formed three-dimen-
sional image is distorted, is displaced, flickers due to the
reciprocation of its swinging or the like, which may result in
problems such as penetrating in a direction deviated from
the direction expected by the operator, and a large error in
a result of the measurement of a distance and an angle.

[0014] Moreover, if it is intended to correct these varia-
tions for each ultrasonic probe to be used, for solving these
problems, the operator has to perform a correction process
every time when the ultrasonic probe is changed, which
causes deterioration in the productivity of the treatment.

[0015] In this connection, for example, an ultrasonic diag-
nostic apparatus that performs correction by adding a back-
lash correction signal to an output signal of an encoder in
advance is known (see JP 1(1989)-227743 A). However, this
apparatus has a problem that only a fixed deviation of the
swing scanning angle in a swinging reciprocation can be
corrected.

DISCLOSURE OF INVENTION

[0016] The present invention intends to solve the above-
mentioned conventional problems so as to provide an excel-
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lent ultrasonic diagnostic apparatus that can form a three-
dimensional image in a more spatially-correct position
regardless of an ultrasonic probe to be used, without leading
to deterioration of the productivity of the treatment, and to
provide an ultrasonic probe that is suitable for being applied
in such ultrasonic diagnostic apparatus.

[0017] In order to attain the above-mentioned object, the
ultrasonic probe according to the present invention includes:
an ultrasonic transducer that scans an ultrasonic beam; a
transducer-swinging motor that allows the ultrasonic trans-
ducer to perform swing scanning in a direction crossing a
scanning direction of the ultrasonic beam; a rotary encoder
that generates a pulse according to a rotational position of
the transducer-swinging motor; and an encoder correction
ROM that stores an actual swing scanning angle of the
ultrasonic transducer with respect to each count value
obtained by counting pulses from the rotary encoder, and
outputs the stored actual swing scanning angle of the ultra-
sonic transducer to outside.

[0018] According to this configuration, the actual swing
scanning angle of the ultrasonic transducer with respect to
each count value that is obtained by counting the pulses from
the rotary encoder can be stored in an encoder correction
ROM in advance, and the actual swing scanning angle of the
ultrasonic transducer with respect to each count value, which
varies according to the individual ultrasonic probe, depend-
ing on a method of mechanical scanning, can be known.

[0019] Moreover, in the ultrasonic probe according to the
present invention, the encoder correction ROM preferably
stores swing-directional angles that are different between a
forward path of swing scanning and a return path of the
swing scanning.

[0020] According to this configuration, the actual swing
scanning angles of the ultrasonic transducer on the forward
path of the swinging and on the return path thereof with
respect to the count value that is obtained by counting the
pulses from the rotary encoder can be stored in the encoder
correction ROM in advance, and the actual swing scanning
angle of the ultrasonic transducer with respect to each count
value, which varies according to the individual ultrasonic
probe, depending on a method of mechanical scanning, and
differs between the forward path of the swinging and the
return path thereof, can be obtained.

[0021] Moreover, in order to attain the above-mentioned
object, a first ultrasonic diagnostic apparatus according to
the present invention includes: the ultrasonic probe accord-
ing to the present invention; a transmitting/receiving means
that excites vibrators of the ultrasonic transducer and
receives an ultrasonic echo reflected by a subject; an encoder
counter that counts pulses from the rotary encoder; a main
controlling means that reads out, from the encoder correc-
tion ROM in the ultrasonic probe, the actual swing scanning
angle of the ultrasonic transducer with respect to each of the
counter value; a motor controlling means that performs
driving control on the transducer-swinging motor according
to the count value from the encoder counter; a three-
dimensional image processing means that forms a three-
dimensional image based on ultrasonic echo data obtained
by the transmitting/receiving means, the count value from
the encoder counter and the actual swing scanning angle of
the ultrasonic transducer with respect to each of the count
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value that is provided by the main controlling means; and an
image display means that displays the three-dimensional
image.

[0022] According to this configuration, a three-dimen-
sional image can be formed while being corrected, based on
the actual swing scanning angle of the ultrasonic transducer
with respect to each count value, which varies according to
the individual ultrasonic probe.

[0023] In order to attain the above-mentioned object, a
second ultrasonic diagnostic apparatus according to the
present invention includes: the ultrasonic probe according to
the present invention; a transmitting/receiving means that
excites vibrators of the ultrasonic transducer and receives an
ultrasonic echo reflected by a subject; an encoder counter
that counts pulses from the rotary encoder; a main control-
ling means that reads out, from the encoder correction ROM
in the ultrasonic probe, the actual swing scanning angle of
the ultrasonic transducer with respect to each of the count
value; a motor controlling means that performs driving
control on the transducer-swinging motor according to the
count value from the encoder counter and the actual swing
scanning angle of the ultrasonic transducer with respect to
each of the count value that is provided by the main
controlling means; a three-dimensional image processing
means that forms a three-dimensional image based on ultra-
sonic echo data obtained by the transmitting/receiving
means; and an image display means that displays the three-
dimensional image.

[0024] According to this configuration, the swinging can
be controlled while a swing scanning direction is corrected
based on the actual swing scanning angle of the ultrasonic
transducer with respect to each count value, which varies
according to the individual ultrasonic probe.

[0025] According to the above-mentioned configuration,
an excellent ultrasonic diagnostic apparatus that can form a
three-dimensional image in a more spatially-correct position
regardless of the ultrasonic probe to be used, without leading
to deterioration of the productivity of the treatment, can be
obtained.

[0026] Moreover, a low-cost and small-sized ultrasonic
probe can be realized by using a flash ROM or an E-square
ROM that is available at low cost and small in size as the
encoder correction ROM.

[0027] Inaddition, since correction data with nonvolatility
is stored in the encoder correction ROM in advance, time for
obtaining data that is necessary for the correction is not
required additionally.

[0028] Furthermore, unlike the conventional example,
deviation of the angle between the forward path of the
swinging and the return path thereof can be corrected
flexibly according to the swing scanning angle (that is, an
output value of the encoder) of the ultrasonic transducer.

BRIEF DESCRIPTION OF DRAWINGS

[0029] FIG. 1 is a block diagram showing an example of
a configuration of the ultrasonic diagnostic apparatus
according to the respective embodiments of the present
invention.

[0030] FIG. 2 is a view showing a configuration of the
rotary encoder 4 of FIG. 1, and waveforms of a Z-pulse and
an A-pulse obtained thereby.
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[0031] FIG. 3 is a view showing contents stored in the
encoder correction ROM 9 of FIG. 1.

[0032] FIG. 4 is a view showing a state of forming a
three-dimensional image in the embodiments of the present
invention.

[0033] FIG. 5 is a view showing contents of an encoder
correction ROM that stores different encoder correction
values between for the forward path of the swing scanning
and for the return path thereof in the embodiments of the
present invention.

[0034] FIG. 6 is a view showing a state of forming a
three-dimensional image obtained by respectively correcting
swing scanning angles on the forward path of the swing
scanning and on the return path thereof in the embodiments
of the present invention.

DESCRIPTION OF THE INVENTION

[0035] Preferred embodiments of the present invention
will be described below with reference to the drawings.

Embodiment 1

[0036] FIG. 1 is a block diagram showing an example of
a configuration of the ultrasonic diagnostic apparatus
according to Embodiment 1 of the present invention. The
ultrasonic diagnostic apparatus shown in FIG. 1 will be
applied also in the respective embodiments described below.

[0037] In FIG. 1, the ultrasonic diagnostic apparatus
according to the present embodiment includes an ultrasonic
transducer 1 with a plurality of transducer elements 2
arranged in array, the transducer element 2 transmitting an
ultrasonic beam into a living body and converting an ultra-
sonic echo from a tissue in the living body into an electric
signal. Each of the transducer elements 2 is excited by a
transmission pulse provided by a transmitting/receiving
means 8. The transmitting/receiving means 8 is controlled to
provide the transmission pulses with different phases to a
part of or all of the transducer elements 2 arranged in the
ultrasonic transducer 1, so that the transmission pulse is
focused at a predetermined depth in the living body, that is,
a transmission beam is formed.

[0038] The ultrasonic beam transmitted to the living body
as mentioned above returns as an echo from the respective
tissues in the living body momentarily. The transmitting/
receiving means 8 performs an adding operation with
respect to the ultrasonic echoes that are converted into the
electric signals by the transducer elements 2 of the ultrasonic
transducer 1 so that each reception beam is formed in the
predetermined direction, after providing different delay
times with respect to reception signals from transducer
elements 2. The above-described transmission beam and this
reception beam form one acoustic scanning line by a trans-
mission/reception, that is, the transmitting/receiving means
8 generates and outputs ultrasonic echo data along this
acoustic scanning line.

[0039] As mentioned above, the transmission/reception is
performed so as to form acoustic scanning lines in different
directions by switching a group of the transducer elements
to be used for the transmission/reception sequentially, or
changing directions of the transmission/reception beams. As
a result, one principal cross-section scanning plane is
formed.
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[0040] Moreover, the ultrasonic diagnostic apparatus
according to the present embodiment includes a transducer-
swinging motor 5 that allows the ultrasonic transducer 1 to
perform swing scanning in a direction crossing the above-
mentioned principal cross-section scanning plane, and the
transducer-swinging motor 5 is subjected to driving control
by a motor controlling means 6. By performing a principal
cross-section scanning and a swing scanning at the same
time, the transmitting/receiving means 8 can generate the
ultrasonic echo data that corresponds to a line of intersection
of the principal cross-section scanning plane and a swing
scanning plane. Generally, both of the scanning planes are
not scanned independently, but are scanned so as to obtain
ultrasonic echo data of a certain three-dimensional part in an
organic body equally. That is, the principal cross-section
scanning and the swing scanning are performed so that the
number of the principal cross-section scanning planes per
one swing scanning is always constant, and angles between
the respective principal cross-section scanning planes are
substantially the same.

[0041] Therefore, the motor controlling means 6 needs to
control the swinging while constantly monitoring a swing
scanning angle of the ultrasonic transducer 1 that is con-
nected to the transducer-swinging motor 5. For obtaining
this swing scanning angle, the ultrasonic diagnostic appa-
ratus according to the present embodiment includes a rotary
encoder 4 that is provided on a rotation axis of the trans-
ducer-swinging motor 5. A preferred example of the rotary
encoder 4 is shown in FIG. 2. This rotary encoder 4 includes
a Z-pulse rotor 21 provided on a rotation axis 20 so that one
pulse (hereinafter, called a Z-pulse) is output at a certain
angle of the rotation axis 20. For example, in a magnetic
encoder, the Z-pulse rotor 21 is magnetized so as to generate
one Z-pulse per one rotation, and a Z-pulse sensor 23 detects
the magnetized part of the Z-pulse rotor 21 and outputs a
Z-pulse. Similarly, the rotary encoder 4 includes an A-pulse
rotor 22 and an A-pulse sensor 24 so as to generate several
hundreds of pulses (hereinafter, called A-pulses) fixedly per
one rotation of the rotation axis 20.

[0042] The magnetic encoder was exemplified in the
above description, but an optical encoder or a mechanical
encoder may be applied in the configuration of the present
invention.

[0043] An encoder counter 7 is reset by the Z-pulses from
the rotary encoder 4, and is counted up or down by the
A-pulses. And, a count value thereof corresponds to an angle
of the rotation axis of the transducer-swinging motor 5, that
is, the swing scanning angle of the ultrasonic transducer 1.
The motor controlling means 6 can obtain the current swing
scanning angle of the ultrasonic transducer 1 according to
the count value provided by the encoder counter 7, as
mentioned above, and thus can control the transducer-
swinging motor 5 so as to move the ultrasonic transducer 1
to a subsequent predetermined swing scanning angle.

[0044] The ultrasonic echo data on the certain three-
dimensional part in the living body, which is obtained by
performing the principal cross-section scanning and the
swing scanning in synchronization as mentioned above, is
transmitted from the transmitting/receiving means 8 to a
three-dimensional image processing means 11. In the three-
dimensional image processing means 11, a three-dimen-
sional image processing is performed with respect to the



US 2006/0241424 Al

obtained ultrasonic echo data so that a configuration of the
certain three-dimensional part in the living body may be
displayed as if it has a depth, or the configuration viewed
from a point of view in any directions may be displayed on
an image display means 12 having a flat or slowly curved
display surface. For performing this three-dimensional
image processing, a directional component of the obtained
ultrasonic echo data of each acoustic scanning line in a
three-dimensional space is required to be known. The three-
dimensional image processing means 11 obtains a direc-
tional component of an angle of the scanning direction on
the principal cross-section scanning plane, by an arrange-
ment of the transducer elements 2 composing the ultrasonic
transducer 1 and directions of the transmission/reception
beams. Whereas, the three-dimensional image processing
means 11 obtains a directional component of the angle of the
scanning direction on the swing scanning plane by the count
value provided by the encoder counter 7.

[0045] Generally in the ultrasonic diagnostic apparatus
using a mechanical scanning method, the actual swing
scanning angle of the ultrasonic transducer 1 with respect to
each count value that is obtained by counting pulses from the
rotary encoder 4 varies according to the ultrasonic diagnos-
tic apparatus, due to an accumulation of respective varia-
tions of installation precision between the rotation axis of
the transducer-swinging motor 5 and the rotary encoder 4,
precision of a rotation transmission mechanism 3 with
respect to the rotation axis of the transducer-swinging motor
5 and the ultrasonic transducer 1, installation precision
between the ultrasonic transducer 1 and the rotation trans-
mission mechanism 3, precision of an angle of the rotary
encoder 4 for generating the Z-pulse, a linearity of the
number of A-pulses with respect to the angle of the rotation
axis and the like.

[0046] The encoder correction ROM 9 is provided for
storing the actual swing scanning angle of the ultrasonic
transducer 1 with respect to each count value that is to be
obtained from the encoder counter 7, or a numerical value
corresponding to the swing scanning angle is stored. The
encoder correction ROM 9 holds the stored value after an
electric current in the ultrasonic diagnostic apparatus is OFF,
and does not lose the value still after an electric current is
ON again.

[0047] The value stored in the encoder correction ROM 9
is read by the main controlling means 10, and the value or
a value corrected by an appropriate value subsequently is
transmitted via the main controlling means 10 to the three-
dimensional image processing means 11, the motor control-
ling means 6 or both of the three-dimensional image pro-
cessing means 11 and the motor controlling means 6.

[0048] Generally in an ultrasonic diagnostic apparatus, the
ultrasonic transducer 1 or the ultrasonic transducer 1 with its
peripheral portions unified therewith can be separated from
the main portion of the ultrasonic diagnostic apparatus, and
is mobile, which is called an ultrasonic probe. That is, it is
not necessary that a certain ultrasonic probe is always
applied to the main portion of the same ultrasonic diagnostic
apparatus.

[0049] In the ultrasonic diagnostic apparatus according to
the present embodiment, the ultrasonic transducer 1, the
rotary encoder 4, the transducer-swinging motor 5 and the
encoder correction ROM 9 compose the ultrasonic probe 13,
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which can be separated from the main portion of the
ultrasonic diagnostic apparatus. This is because, since sub-
stantially all portions that can cause the occurrence of the
variations of the swing scanning angle with respect to the
count value of the rotary encoder 4 are included, the encoder
correction ROM 9 can correct the accumulation of the
variations together, even in the case where the ultrasonic
probe 13 is applied to a main portion of different ultrasonic
diagnostic apparatus.

[0050] Accordingly, a configuration where other compo-
nents of the ultrasonic diagnostic apparatus besides the
above-described components are added in the ultrasonic
probe 13 is, needless to say, possible as well.

Embodiment 2

[0051] Next, Embodiment 2 of the present invention will
be described with reference to FIG. 1 as well as Embodi-
ment 1.

[0052] Generally, swing scanning mostly is performed as
reciprocating scanning. This method is intended for forming
a three-dimensional image at more real time. Also in this
case, even when count values provided by the encoder
counter 7 on a forward path of the swing scanning and on its
return path are equal, real swing scanning angles thereof are
often different, which is a problem caused by a mechanical
scanning method, in addition to the above-mentioned prob-
lem.

[0053] This is caused mostly by the rotation transmission
mechanism 3 that connects the rotation axis of the trans-
ducer-swinging motor 5 and the ultrasonic transducer 1. For
example, in a rotation transmission mechanism using a gear,
rotation angles of a passive gear with respect to an angle of
a rotation axis of a motor in a forward rotation of the gear
and in a reverse rotation thereof are different, due to the
existence of backlash in portions where the gear and the
passive gear are engaged with each other. Moreover, in the
case of using a belt or a wire, a similar phenomenon occurs
due to elongation of the belt or the wire.

[0054] In the case of forming the three-dimensional image
by performing the swing scanning, if applying the count
value provided by the encoder counter 7 directly to the
three-dimensional image processing means 11, the above-
mentioned phenomenon leads to a problem where positions
of the three-dimensional image formed on the forward path
and on the return path are different, that is, the three-
dimensional image flickers, or a problem where distortions
of the three-dimensional images formed on the forward path
and on the return path are different.

[0055] In the ultrasonic diagnostic apparatus according to
the present embodiment, since the encoder correction ROM
9 can store different correction data between the forward
path of the swing scanning and the return path thereof, a
correction data for the forward path can be used on the
forward path of the swinging, and a correction data for the
return path can be used on the return path thereof, thereby
solving the above-described problem.

Embodiment 3

[0056] Next, as Embodiment 3 of the present invention, an
ultrasonic diagnostic apparatus that can form a more precise
three-dimensional image by the ultrasonic probe 13 includ-
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ing the above-mentioned encoder correction ROM 9 and the
like will be described with reference to FIGS. 2 to 6.

[0057] In the encoder correction ROM 9 of the ultrasonic
diagnostic apparatus according to the present embodiment,
a correction value 31 as shown in FIG. 3 is stored in
advance. In FIG. 3, a straight line 30 shows a case where the
swing scanning angle of the ultrasonic transducer 1 with
respect to the count value of the encoder counter 7 is ideal,
and where the encoder counter 7 is an up-counter, using the
rotary encoder 4 that generates N number of A-pulses during
one rotation of the rotation axis of the transducer-swinging
motor 5 and a Z-pulse when the angle of the rotation axis is
0°. In addition, the present embodiment exemplifies the case
where the angle of the rotation axis coincides with an angle
of the ultrasonic transducer 1, but the case where a rotation
speed transmission ratio of the rotation transmission mecha-
nism 3 is not 1:1 also can be applied.

[0058] Whereas, the correction value 31 in FIG. 3 shows
the actual swing scanning angle of the ultrasonic transducer
1 with respect to a count value provided by the encoder
counter 7, and shows that, for example, when the count
value is “j”, the actual angle for this ultrasonic probe is “a
in spite of the ideal angle being “a”. Similarly, the actual
angle is “b" with respect to the count value of “k”, while the

ideal angle is “b”.

[0059] From the encoder correction ROM 9 in which such
a correction value 31 is stored, the correction value 31 is
read out by the main controlling means 10, and is transmit-
ted to the three-dimensional image processing means 11.

199

[0060] Next, a method by which the three-dimensional
image processing means 11 forms a three-dimensional
image using the correction value 31 will be described with
reference to FIG. 4 in addition to FIG. 3. For example,
when the count value provided by the encoder counter 7 is
“j”, unless the correction value is provided, only a principal
cross-section scanning plane 40 can be formed at the angle
of “a” in the swing scanning direction in FIG. 4. On the
other hand, since the actual angle of ““a” is obtained from the
main controlling means 10 in advance, a principal cross-
section scanning plane 41 can be formed in a direction
deviated by the difference of “a'-a”. Similarly, a principal
cross-section scanning plane 43 can be formed being shifted
from a principal cross-section scanning plane 42, when the
count value of “k” is obtained from the encoder counter 7.

[0061] As mentioned above, the three-dimensional image
processing means 11 obtains the encoder correction value
for the applied ultrasonic probe 13 in advance, and can form
an image of the principal cross-section scanning plane at the
actual swing scanning angle, while correcting the encoder
count value with respect to the obtained ultrasonic echo data,
thereby forming a more precise three-dimensional image of
a tissue in a living body.

[0062] Moreover, an example of performing the swing
scanning in reciprocation is shown in FIGS. 5 and 6. As
shown in FIG. 5, in the encoder correction ROM 9, a
forward-path correction values 51 having a direction of
increasing the encoder count value and a return-path cor-
rection values 52 having a direction of decreasing the
encoder count value are stored in advance. Ideally, the both
correction values are on the same track as shown by a
straight line 50. The encoder correction values 51 and 52 in
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FIG. 5 show that, for example, when the encoder count
value is “k”, the actual swing scanning angle of the ultra-
sonic transducer on the forward path is “c”” and that on the
return path is “c"”.

[0063] Since the forward-path correction value 51 and the
return-path correction value 52 are transmitted to the three-
dimensional image processing means 11 by the main con-
trolling means 10 in advance, when the count value provided
by the encoder counter 7 is “k”, unless the correction value
is provided, only a principal cross-section scanning plane 60
can be formed at an angle of “c” in the swing scanning
direction on both of the forward path and the return path, as
shown in the example of FIG. 6. However, the three-
dimensional image processing means 11 obtains the actual
angle of “c”” on the forward path from the main controlling
means 10 in advance, and thus forms an image of a principal
cross-section scanning plane 63 on the forward path in a
direction deviated by the difference of “c'-¢”, and forms an
image of a principal cross-section scanning plane 61 on the
return path in a direction deviated by the difference of
“C-C"”.

[0064] As mentioned above, according to the ultrasonic
diagnostic apparatus of the present invention, the three-
dimensional image processing means 11 obtains the encoder
correction values on both of the forward path and the return
path of the swing scanning of the applied ultrasonic probe 13
in advance, and can form the image of the principal cross-
section scanning plane at the actual swing scanning angle,
while correcting the encoder count values on the forward
path and the return path with respect to the obtained ultra-
sonic echo data to be different values, thereby forming a
more precise three-dimensional image of a tissue in a living
body.

Embodiment 4

[0065] Next, as Embodiment 4 of the present invention, an
ultrasonic diagnostic apparatus that can form a more precise
three-dimensional image by the motor controlling means 6,
using the encoder correction ROM 9, will be described.

[0066] In Embodiment 3, the three-dimensional image
processing means 11 corrects the angle of the three-dimen-
sional image to be formed, based on the encoder correction
value, and the similar effect also can be obtained by the
motor controlling means 6. As mentioned above, the cor-
rection value 31 in FIG. 3 is the actual swing scanning angle
of the ultrasonic transducer 1 with respect to the count value
provided by the encoder counter 7. This correction value is
transmitted to the motor controlling means 6 by the main
controlling means 10 in advance (shown as the arrow with
the broken line in FIG. 1).

[0067] For example, when a desired swing scanning angle
of the ultrasonic transducer 1 is “a”, unless the motor
controlling means 6 has a correction value, there is no other
means except controlling the transducer-swinging motor 5
so that the count value provided by the encoder counter 7
may be “j”. Here, since the actual swing scanning angle is
“a”” when the count value is “j”, the ultrasonic transducer 1
is in the direction deviated from the desired value by “a'’-a”.
However, the motor controlling means 6 of the ultrasonic
diagnostic apparatus according to the present invention
obtains the encoder correction value in advance, and thus
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may control the transducer-swinging motor 5 so that the
encoder count value may be “j”” with respect to the desired
value of “a”.

[0068] Ifan angle of each principal cross-section scanning
plane to be formed is provided by the main controlling
means 10 to the three-dimensional image processing means
11 in advance, the three-dimensional image processing
means 11 forms an image in a direction at the provided
angle, because the obtained ultrasonic echo data is already
corresponding to the principal cross-section scanning plane
at the desired swing scanning angle. As a result, according
to the ultrasonic diagnostic apparatus of the present embodi-
ment, a three-dimensional image of a tissue in a living body
can be formed more precisely.

[0069] As mentioned above, the present invention can
provide an excellent ultrasonic diagnostic apparatus that can
correct a variation in installation precision between the
rotation axis of the motor and the rotary encoder, precision
of the rotation transmission mechanism, a variation in instal-
lation precision between the ultrasonic transducer and the
rotation transmission mechanism and a variation of the
rotary encoder itself, which may vary according to the
individual ultrasonic probe, and thus can form a three-
dimensional image in a more spatially-correct position
regardless of the ultrasonic probe to be used.

[0070] Also, since the corrections of the above-described
variations are performed with respect to each ultrasonic
probe, and the main portion of the ultrasonic diagnostic
apparatus can obtain the correction data and correct the
swing scanning angle of the ultrasonic transducer, an excel-
lent ultrasonic diagnostic apparatus can be provided, which
does not require the operator to perform any correction
processes even when the applied probe is changed, and
displays a three-dimensional image with high precision.

[0071] In addition, the encoder correction ROM can store
swing directional angles that are different between the
forward path of the swing scanning and the return path
thereof, and thus can correct the actual swing scanning
angles of the ultrasonic transducer with respect to the
encoder count values, which are different between the for-
ward path and the return path due to wobbling of the rotation
transmission mechanism or the like, thereby providing an
excellent ultrasonic diagnostic apparatus that can suppress a
problem of flicker or distortion of the image depending on
the swing reciprocation, regardless of the ultrasonic probe to
be used.

[0072] Moreover, a low-cost and small-sized ultrasonic
probe can be realized by using a flash ROM or an E-square
ROM that is available at low cost and small in size as the
encoder correction ROM.

[0073] Furthermore, since the correction data with non-
volatility is stored in the encoder correction ROM in
advance, time for obtaining the data that is necessary for the
correction is not required additionally.

[0074] Still further, unlike the conventional example,
deviation of the angle between the forward path of the
swinging and the return path thereof can be corrected
flexibly, according to the swing scanning angle (that is, the
output value of the encoder) of the ultrasonic transducer.
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1. An ultrasonic probe, comprising:
an ultrasonic transducer that scans an ultrasonic beam;

a transducer-swinging motor that allows the ultrasonic
transducer to perform swing scanning in a direction
crossing a scanning direction of the ultrasonic beam;

a rotary encoder that generates a pulse according to a
rotational position of the transducer-swinging motor;
and

an encoder correction ROM that stores an actual swing
scanning angle of the ultrasonic transducer with respect
to each count value obtained by counting pulses from
the rotary encoder, and outputs the stored actual swing
scanning angle of the ultrasonic transducer to outside.
2. The ultrasonic probe according to claim 1, wherein the
encoder correction ROM stores swing directional angles that
are different between a forward path of swing scanning and
a return path of the swing scanning.
3. An ultrasonic diagnostic apparatus, comprising:

an ultrasonic probe comprising an ultrasonic transducer
that scans an ultrasonic beam, a transducer-swinging
motor that allows the ultrasonic transducer to perform
swing scanning in a direction crossing a scanning
direction of the ultrasonic beam, a rotary encoder that
generates a pulse according to a rotational position of
the transducer-swinging motor, and an encoder correc-
tion ROM that stores an actual swing scanning angle of
the ultrasonic transducer with respect to each count
value obtained by counting pulses from the rotary
encoder, and outputs the stored actual swing scanning
angle of the ultrasonic transducer to outside;

a transmitting/receiving means that excites vibrators of
the ultrasonic transducer and receives an ultrasonic
echo reflected by a subject;

an encoder counter that counts pulses from the rotary
encoder;

a main controlling means that reads out, from the encoder
correction ROM in the ultrasonic probe, the actual
swing scanning angle of the ultrasonic transducer with
respect to each of the counter value;

a motor controlling means that performs driving control
on the transducer-swinging motor according to the
count value from the encoder counter;

a three-dimensional image processing means that forms a
three-dimensional image based on ultrasonic echo data
obtained by the transmitting/receiving means, the count
value from the encoder counter and the actual swing
scanning angle of the ultrasonic transducer with respect
to each of the count value that is provided by the main
controlling means; and

an image display means that displays the three-dimen-

sional image.

4. The ultrasonic diagnostic apparatus according to claim
3, wherein the encoder correction ROM stores swing direc-
tional angles that are different between a forward path of
swing scanning and a return path of the swing scanning.

5. An ultrasonic diagnostic apparatus, comprising:

an ultrasonic probe comprising an ultrasonic transducer
that scans an ultrasonic beam, a transducer-swinging
motor that allows the ultrasonic transducer to perform



US 2006/0241424 Al

swing scanning in a direction crossing a scanning
direction of the ultrasonic beam, a rotary encoder that
generates a pulse according to a rotational position of
the transducer-swinging motor, and an encoder correc-
tion ROM that stores an actual swing scanning angle of
the ultrasonic transducer with respect to each count
value obtained by counting pulses from the rotary
encoder, and outputs the stored actual swing scanning
angle of the transducer elements unit to outside;

a transmitting/receiving means that excites vibrators of
the ultrasonic transducer and receives an ultrasonic
echo reflected by a subject;

an encoder counter that counts pulses from the rotary
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a motor controlling means that performs driving control
on the transducer-swinging motor according to the
count value from the encoder counter and the actual
swing scanning angle of the ultrasonic transducer with
respect to each of the count value that is provided by
the main controlling means;

a three-dimensional image processing means that forms a
three-dimensional image based on ultrasonic echo data
obtained by the transmitting/receiving means; and

an image display means that displays the three-dimen-
sional image.

6. The ultrasonic diagnostic apparatus according to claim

encoder; 5, wherein the encoder correction ROM stores swing direc-

tional angles that are different between a forward path of
swing scanning and a return path of the swing scanning.

a main controlling means that reads out, from the encoder
correction ROM in the ultrasonic probe, the actual
swing scanning angle of the ultrasonic transducer with
respect to each of the count value; ¥ % % k%
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