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(57) ABSTRACT

An ultrasound diagnosis apparatus according to an embodi-
ment includes a detecting unit and a deflecting unit. The
detecting unit detects at least one selected from between a
force applied to an ultrasound probe and a movement of the
ultrasound probe. The deflecting unit tilts a transmission
direction of an ultrasound wave transmitted from the ultra-
sound probe, based on at least one selected from between the
force and the movement.
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ULTRASOUND DIAGNOSIS APPARATUS AND
ULTRASOUND PROBE CONTROLLING
METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of International
Application No. PCT/IP2012/067097, filed on Jul. 4, 2012
which claims the benefit of priority of the prior Japanese
Patent Application No. 2011-148299, filed on Jul. 4, 2011,
and Japanese Patent Application No. 2012-149489, filed on
Jul. 3, 2012, the entire contents of which are incorporated
herein by reference.

FIELD

[0002] Embodiments described herein relate generally to
an ultrasound diagnosis apparatus and an ultrasound probe
controlling method.

BACKGROUND

[0003] Conventionally, ultrasound diagnosis apparatuses
have been used in present-day medical care for performing
medical examinations and making diagnoses on various tis-
sues in patients’ bodies such as the heart, liver, kidneys,
mammary glands, and the like, as ultrasound diagnosis appa-
ratuses have advantages over other medical image diagnosis
apparatuses such as X-ray diagnosis apparatuses and X-ray
computed tomography apparatuses, due to simpler operabil-
ity and due to being non-invasive while having no possibility
of causing radiation exposure. Such an ultrasound diagnosis
apparatus is configured to generate an ultrasound image,
which is an image of a tissue structure on the inside of an
examined subject (hereinafter, “patient”), by transmitting
ultrasound waves from an ultrasound probe and receiving a
reflected-wave signal reflected by internal tissues of the
patient. In that situation, the ultrasound diagnosis apparatus
generates the ultrasound image in such a manner that the
closer to perpendicular the angle of the irradiation of the
ultrasound waves is, the more clearly the irradiated tissue is
rendered.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG.1 is a block diagram of an exemplary configu-
ration of an ultrasound diagnosis apparatus according to a
first embodiment;

[0005] FIG. 2 is a drawing of examples of ultrasound
images generated by an ultrasound diagnosis apparatus;
[0006] FIG.3isadiagram ofan exemplary configuration of
a controlling unit and the like according to the first embodi-
ment;

[0007] FIG. 4 is a drawing of examples of processes per-
formed by the controlling unit according to the first embodi-
ment;

[0008] FIG. 5 is a drawing of an example of an ultrasound
image generated by the ultrasound diagnosis apparatus
according to the first embodiment;

[0009] FIG. 6 is a flowchart of a processing procedure
performed by the ultrasound diagnosis apparatus according to
the first embodiment;

[0010] FIG.7is adiagram ofan exemplary configuration of
a controlling unit and the like according to a second embodi-
ment;
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[0011] FIG. 8 is a drawing of examples of processes per-
formed by the controlling unit according to the second
embodiment; and

[0012] FIG. 9 is a flowchart of a processing procedure
performed by an ultrasound diagnosis apparatus according to
the second embodiment.

DETAILED DESCRIPTION

[0013] An ultrasound diagnosis apparatus according to an
embodiment includes a detecting unit and a deflecting unit.
The detecting unit detects at least one selected from between
a force applied to an ultrasound probe and a movement of the
ultrasound probe. The deflecting unit tilts a transmission
direction of an ultrasound wave transmitted from the ultra-
sound probe, based on at least one selected from between the
force and the movement.

First Embodiment

[0014] First, a configuration of an ultrasound diagnosis
apparatus according to a first embodiment will be explained.
FIG. 1isablock diagram of an exemplary configuration of the
ultrasound diagnosis apparatus according to the first embodi-
ment. As shown in FIG. 1, an ultrasound diagnosis apparatus
1 according to the first embodiment includes an ultrasound
probe 10, an input device 20, a monitor 30, and an apparatus
main body 100.

[0015] The ultrasound probe 10 includes a plurality of
piezoelectric vibrators, which generate ultrasound waves
based on a drive signal supplied from an ultrasound transmit-
ting unit 110 included in the apparatus main body 100 (ex-
plained later). Further, the ultrasound probe 10 receives a
reflected-wave signal from a patient P and converts the
received reflected-wave signal into an electric signal. Further,
the ultrasound probe 10 includes matching layers included in
the piezoelectric vibrators, as well as a backing member that
prevents ultrasound waves from propagating rearward from
the piezoelectric vibrators. The ultrasound probe 10 is detach-
ably connected to the apparatus main body 100.

[0016] When an ultrasound wave is transmitted from the
ultrasound probe 10 to the patient P, the transmitted ultra-
sound wave is repeatedly reflected on a surface of disconti-
nuity of acoustic impedances at a tissue in the body of the
patient P and is received as the reflected-wave signal by the
plurality of piezoelectric vibrators included in the ultrasound
probe 10. The amplitude of the received reflected-wave signal
is dependent on the difference between the acoustic imped-
ances on the surface of discontinuity on which the ultrasound
wave is reflected. When the transmitted ultrasound pulse is
reflected on the surface of a flowing bloodstream or a cardiac
wall, the reflected-wave signal is, due to the Doppler effect,
subject to a frequency shift, depending on a velocity compo-
nent of the moving members with respect to the ultrasound
wave transmission direction.

[0017] The input device 20 is connected to the apparatus
main body 100 and includes a mouse, a keyboard, a button, a
panel switch, a touch command screen, a foot switch, a track-
ball, and the like. The input device 20 receives various types
of setting requests from an operating person (hereinafter,
“operator”) of the ultrasound diagnosis apparatus 1 and trans-
fers the received various types of setting requests to the appa-
ratus main body 100.

[0018] The monitor 30 displays a Graphical User Interface
(GUT) used by the operator of the ultrasound diagnosis appa-
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ratus 1 to input the various types of setting requests through
the input device 20 and displays an ultrasound image and the
like generated by the apparatus main body 100. More specifi-
cally, the monitor 30 displays morphological information and
bloodstream information within the patient’s body as the
image, based on a video signal that is input thereto from an
image synthesizing unit 160 (explained later).

[0019] The apparatus main body 100 generates the ultra-
sound image based on the reflected-wave signal received by
the ultrasound probe 10. As shown in FIG. 1, the apparatus
main body 100 includes the ultrasound transmitting unit 110,
an ultrasound receiving unit 120, a B-mode processing unit
131, a Doppler processing unit 132, an image generating unit
140, an image memory 150, the image synthesizing unit 160,
acontrolling unit 170, a storage unit 180, and an interface unit
190.

[0020] The ultrasound transmitting unit 110 includes a
pulse generator 111, a transmission delaying unit 112, and a
pulser 113 and supplies the drive signal to the ultrasound
probe 10. The pulse generator 111 repeatedly generates a rate
pulse for forming a transmission ultrasound wave at a prede-
termined rate frequency. Further, the transmission delaying
unit 112 applies a delay period that is required to converge the
ultrasound wave generated by the ultrasound probe 10 into
the form of a beam and to determine transmission direction-
ality and that corresponds to each of the piezoelectric vibra-
tors, to each of the rate pulses generated by the pulse genera-
tor 111. Further, the pulser 113 applies a drive signal (a drive
pulse) to the ultrasound probe 10 with timing based on the rate
pulses. In other words, the transmission delaying unit 112
arbitrarily adjusts the transmission directions of the ultra-
sound waves transmitted from the piezoelectric vibrator sur-
faces, by varying the delay periods applied to the rate pulses.
The transmission directions or the delay periods that deter-
mine the transmission directions are stored in the storage unit
180. The transmission delaying unit 112 may apply the delay
periods by referring to the storage unit 180.

[0021] Theultrasound receiving unit 120 includes a pream-
plifier 121, an Analog/Digital (A/D) converter (not shown), a
reception delaying unit 122, and an adder 123 and generates
reflected-wave data by performing various types of processes
on the reflected-wave signal received by the ultrasound probe
10. The preamplifier 121 amplifies the reflected-wave signal
for each of channels. The A/D converter (not shown) applies
an A/D conversion to the amplified reflected-wave signal. The
reception delaying unit 122 applies a delay period required to
determine reception directionality. The adder 123 generates
the reflected-wave data by performing an adding process on
the reflected-wave signal processed by the reception delaying
unit 122. As a result of the adding process performed by the
adder 123, reflected components from the direction corre-
sponding to the reception directionality of the reflected-wave
signal are emphasized, so that comprehensive beams for the
ultrasound transmission and reception are formed based on
the reception directionality and the transmission directional-
ity. Similarly to the description of the transmission, the recep-
tion directions or the delay periods that determine the recep-
tion directions are stored in the storage unit 180, so that the
reception delaying unit 122 applies the delay periods by refer-
ring to the storage unit 180.

[0022] The B-mode processing unit 131 receives the
reflected-wave data from the ultrasound receiving unit 120
and generates data (B-mode data) in which the strength of
each signal is expressed by a degree of brightness, by per-
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forming a logarithmic amplification, an envelope detection
process, and the like on the received reflected-wave data.

[0023] The Doppler processing unit 132 extracts blood-
streams, tissues, and contrast echo components under the
influence of the Doppler effect by performing a frequency
analysis so as to obtain velocity information from the
reflected-wave data received from the ultrasound receiving
unit 120, and further generates data (Doppler data) obtained
by extracting bloodstream information such as an average
velocity, the dispersion, the power, and the like for a plurality
of points.

[0024] Theimage generating unit 140 generates ultrasound
images from the B-mode data generated by the B-mode pro-
cessing unit 131 and the bloodstream information generated
by the Doppler processing unit 132 and stores the generated
ultrasound images into the image memory 150 or the storage
unit 180 (explained later).

[0025] More specifically, from the B-mode data, the image
generating unit 140 generates a B-mode image in which the
strength of the reflected-wave data is expressed by a degree of
brightness. Also, from the bloodstream information, the
image generating unit 140 generates a color Doppler image in
which the average velocity and the dispersion of the blood-
stream as well as a blood flow amount, and a combination
thereof are displayed in a recognizable manner by using col-
ors.

[0026] Further, the image generating unit 140 converts (by
performing a scan convert process) a scanning line signal
sequence from an ultrasound scan into a scanning line signal
sequence in a video format used by, for example, television
and generates ultrasound images (e.g., a B-mode image and a
color Doppler image) serving as display images.

[0027] The image memory 150 is a memory for storing
therein the ultrasound images generated by the image gener-
ating unit 140 and images generated by performing image
processing on ultrasound images. For example, after making
adiagnosis, an operator of the apparatus is able to fetch any of
the images recorded during a medical examination, from the
image memory 150. It is possible to play back an image in the
manner of a still image or a plurality of images in the marner
of a moving picture. Further, the image memory 150 stores
therein, as necessary, image brightness signals that have
passed through the ultrasound receiving unit 120, other raw
data, images obtained via a network, and the like.

[0028] The image synthesizing unit 160 generates a syn-
thesized image obtained by synthesizing the ultrasound
image generated by the image generating unit 140 with text
information of various parameters, a scale graduation, a body
mark, and the like. The synthesized image generated by the
image synthesizing unit 160 is displayed on the monitor 30.

[0029] Thecontrolling unit 170 is a controlling processor (a
Central Processing Unit (CPU)) that realizes functions of an
information processing apparatus (a computer) and is config-
ured to control the entire processes performed by the ultra-
sound diagnosis apparatus 1. More specifically, based on
various types of instructions and setting requests input by the
operator via the input device 20 and various types of computer
programs and various types of setting information read from
the storage unit 180, the controlling unit 170 controls pro-
cesses performed by the ultrasound transmitting unit 110, the
ultrasound receiving unit 120, the B-mode processing unit
131, the Doppler processing unit 132, the image generating
unit 140, and the image synthesizing unit 160. The controlling



US 2014/0114194 Al

unit 170 also exercises control so that the monitor 30 displays
the ultrasound image and the like stored in the image memory
150.

[0030] The storage unit 180 stores therein various types of
computer programs 181 to realize ultrasound transmissions
and receptions, image processing, and display processing, an
image storage unit 182 storing therein the ultrasound images
generated by the image generating unit 140, as well as various
types of data such as diagnosis information (e.g., patients’
1Ds, medical doctors’ observations), diagnosis protocols, and
various types of setting information. The various types of
computer programs 181 may include a computer program
describing a procedure for performing the same processes as
the processes performed by the controlling unit 170. Further-
more, the various types of data stored in the storage unit 180
can be transferred to any external peripheral device via the
interface unit 190.

[0031] Further, the storage unit 180 includes a beam direc-
tion storage unit 183 for storing therein, for example, infor-
mation related to directions of the ultrasound waves transmit-
ted by the ultrasound probe 10. Because the beam direction
storage unit 183 is used by the controlling unit 170, the details
thereof will be explained later.

[0032] The interface unit 190 is an interface related to the
input device 20, an operation panel, another external storage
device (not shown), and a network. Data such as the ultra-
sound images obtained by the ultrasound diagnosis apparatus
1 can be transferred to another apparatus via the network by
the interface unit 190.

[0033] Theultrasound transmitting unit 110, the ultrasound
receiving unit 120, and the like that are built in the apparatus
main body 100 may be configured by using hardware such as
an integrated circuit or may be realized by using a computer
program that is in the form of a module in the manner of
software.

[0034] An overall configuration of the ultrasound diagnosis
apparatus 1 according to the first embodiment has thus been
explained. In this situation, depending on an image taking
target of the patient P, acommonly-used ultrasound diagnosis
apparatus is not necessarily always able to generate an ultra-
sound image rendering a tissue which an operator (e.g., a
medical doctor) desires to view and other tissues positioned
near such a tissue. This aspect will be explained more spe-
cifically, with reference to FIG. 2. FIG. 2 is a drawing of
examples of ultrasound images generated by an ultrasound
diagnosis apparatus. With reference to FIG. 2, examples in
which the operator presses the ultrasound probe 10 against an
ankle of the patient P will be explained. In other words, in the
examples shown in FIG. 2, the ultrasound diagnosis apparatus
generates an ultrasound image rendering tissues in the ankle
of the patient P. The upper parts of State (A) and State (B) in
FIG. 2 illustrate the state in which the ultrasound probe 10 is
pressed against the patient P, whereas the lower parts of State
(A) and State (B) in FIG. 2 illustrate examples of ultrasound
images generated by the ultrasound diagnosis apparatus
while the ultrasound probe 10 is in the states shown in the
upper parts, respectively.

[0035] In this situation, let us assume that the tissue which
the operator desires to view is a “target tissue 1" shown in
FIG. 2. In that situation, in the example shown in the upper
part of State (A) in FI1G. 2, the target tissue T is not irradiated
perpendicularly by the ultrasound waves transmitted by the
ultrasound probe 10. For this reason, as shown in an area Al
in the lower part of State (A) in FIG. 2, the ultrasound image
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generated by the ultrasound diagnosis apparatus may not
render the target tissue T clearly. The reason can be explained
as follows: In an ultrasound image generated by anultrasound
diagnosis apparatus, the closer to perpendicular the angle of
the irradiation of ultrasound waves is, the more clearly the
irradiated tissue is rendered.

[0036] In that situation, as shown in the example of State
(B)inFIG. 2, the operator may perform an operation to tilt the
ultrasound probe 10 so that the target tissue T is perpendicu-
larly irradiated by the ultrasound waves, so as to be able to
view the target tissue T. As a result of this operation, the target
tissue T is substantially perpendicularly irradiated by the
ultrasound waves transmitted by the ultrasound probe 10. As
aresult, as illustrated in the area A1 in the lower part of State
(B) in FIG. 2, the ultrasound image generated by the ultra-
sound diagnosis apparatus renders the target tissue T clearly.
[0037] However, when the soft tissue is thin at the site
against which the ultrasound probe 10 is pressed, if the ultra-
sound probe 10 is tilted, the surface of the piezoelectric vibra-
tors (hereinafter, “piezoelectric vibrator surface”) of the
ultrasound probe 10 and the surface of the patient’s body
(hereinafter, “body surface”) may be positioned away from
each other, and a gap may be formed between the piezoelec-
tric vibrator surface and the body surface, as shown in the
upper part of State (B) in FIG. 2. In that situation, as illus-
trated in an area A2 in the lower part of State (B) in FIG. 2, the
tissue on the inside of the patient P may not be rendered
properly in the part corresponding to the gap formed between
the piezoelectric vibrator surface and the body surface. In
other words, in the example of State (B) in FIG. 2, the tissues
positioned near the target tissue T are not properly rendered in
the ultrasound image generated by the ultrasound diagnosis
apparatus.

[0038] Inrecentyears, in orthopedics and the like, a foot, a
hand, a joint in a shoulder or a knee, or the like is viewed by
using an ultrasound diagnosis apparatus so that a diagnosis
can be made regarding the surface of a bone, a muscle rupture,
a subcutaneous tumor, a movement of a tendon, or the like.
However, because the soft tissue over the bone is thin in a
finger and the like, it is difficult for the operator to tilt the
ultrasound probe 10 while keeping the ultrasound probe 10 in
contact with the body surface. As a result, as illustrated in the
example in FIG. 2 described above, the ultrasound diagnosis
apparatus may not be able to generate an ultrasound image
properly rendering the target tissue T and the tissues posi-
tioned near the target tissue T.

[0039] Incidentally, another method that makes it possible
to tilt the ultrasound probe 10 is also known. According to this
method, ultrasound jelly is applied thickly to the body surface
at a viewed site. However, this method is not economical due
to the use of the ultrasound jelly, and also, the process after the
medical examination requires some time and labor, which
puts a large burden on the patient P as well. Alternatively, it is
also possible to change the directions of the ultrasound waves
transmitted from the ultrasound probe 10 by operating the
input device 20 (e.g., a knob) included in the ultrasound
diagnosis apparatus. This method, however, puts a burden on
the operator during a medical examination process to view a
large number of sites one after another, because the operator
needs to operate the input device 20 many times. In addition,
in a situation where the operator is performing a puncture
treatment while viewing internal tissues with the ultrasound
diagnosis apparatus, the operator is not able to operate the
input device 20, because both hands are being used.
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[0040] To cope with these situations, the ultrasound diag-
nosis apparatus 1 according to the first embodiment makes it
possible to change the transmission directions of the ultra-
sound waves with an intuitive operation performed by the
operator, under the control of the controlling unit 170. More
specifically, the controlling unit 170 included in the ultra-
sound diagnosis apparatus 1 according to the first embodi-
ment is configured to detect a force applied to the ultrasound
probe 10 and/ora movement of the ultrasound probe 10 and to
tilt the transmission directions of the ultrasound waves based
on the detected force and/or movement. In other words, the
controlling unit 170 is configured to further detect a direction
into which the operator (e.g., alaboratory technician) is trying
to tilt the transmission directions of the ultrasound waves
based on the detected force and/or movement and to tilt the
transmission directions of the ultrasound waves based on the
detected direction. With this arrangement, the ultrasound
diagnosis apparatus 1 according to the first embodiment
makes it possible to change the transmission directions of the
ultrasound waves without requiring ultrasound jelly or an
operation performed on the input device 20.

[0041] Next, the ultrasound diagnosis apparatus 1 accord-
ing to the first embodiment configured as described above
will be explained in detail, with reference to FIGS. 3 to 6. FIG.
3 is a diagram of an exemplary configuration of the control-
ling unit 170 and the like according to the first embodiment.
[0042] As illustrated in FIG. 3, the ultrasound probe 10
includes piezoelectric vibrators 11 and pressure sensors 12.
As explained above, the piezoelectric vibrators 11 generate
the ultrasound waves based on the drive signal supplied from
the ultrasound transmitting unit 110 and output the received
reflected-wave signal to the ultrasound receiving unit 120.
Also, as explained above, the transmission delaying unit 112
included in the ultrasound transmitting unit 110 arbitrarily
adjusts the transmission directions of the ultrasound waves
transmitted from the piezoelectric vibrator surface, by vary-
ing the delay periods applied to the rate pulses.

[0043] The pressure sensors 12 are provided in the ultra-
sound probe 10 and serve as a pressure detecting unit config-
ured to detect pressures applied to the ultrasound probe 10. In
the first embodiment, one pressure sensor 12 is provided on
each of the left and the right ends of the piezoelectric vibrator
surface of the ultrasound probe 10. For example, in the ultra-
sound probe 10 according to the first embodiment, one pres-
sure sensor 12 is provided, for example, in each of point-
symmetry positions that are symmetrical with respect to a
gravity point position of the piezoelectric vibrator surface.
The exemplary embodiments are not limited to this example,
and it is acceptable to provide the ultrasound probe 10 with
three or more pressure sensors 12.

[0044] During an image taking process performed by the
ultrasound diagnosis apparatus 1, the pressure sensors 12
perform the process of detecting the pressures at regular time
intervals. In other words, each of the pressure sensors 12
detects the force with which the piezoelectric vibrator surface
is pressed against the body surface of the patient P, in such a
position where the pressure sensor 12 itself is provided on the
piezoelectric vibrator surface of the ultrasound probe 10.
Further, the pressure sensors 12 sequentially output the pres-
sure values detected in this manner to the ultrasound diagno-
sis apparatus 1. The pressure values detected by the pressure
sensors 12 are sequentially stored into the storage unit 180.
[0045] The beam direction storage unit 183 is used in the
control exercised by the controlling unit 170, which is
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explained later. The beam direction storage unit 183 stores
therein a pressure difference threshold value and information
related to the transmission directions of the ultrasound waves.
For example, as the information related to the transmission
directions of the ultrasound waves, the beam direction storage
unit 183 stores therein a pattern of transmission directions
such as “-20°, -10°, 0°, +10°, +20°”.

[0046] In the pattern of transmission directions in the
present example, a predetermined direction is expressed with
“~” whereas the direction opposite to the predetermined
direction is expressed with “+”. For example, the transmis-
sion direction of an ultrasound wave transmitted perpendicu-
larly to the piezoelectric vibrator surface is expressed as “0°”.
Further, when the piezoelectric vibrator surface is divided
into two sections by a straight line passing through the gravity
point position of the piezoelectric vibrator surface, “~10°
denotes the transmission direction of the ultrasound wave
tilted at “10°” with respect to the transmission direction “0°”,
from the gravity point position toward one of the sectioned
surfaces. In that situation, “+10°” denotes the transmission
direction of the ultrasound wave tilted at “10°” with respect to
the transmission direction “0°”, from the gravity point posi-
tion toward the other sectioned surface. Further, in the pattern
of transmission directions “-20°, =10°, 0°, +10°, +20°”, the
numerical values shown next to a current value are the trans-
mission direction candidates to which the current value can be
changed. For example, if the transmission directions of the
ultrasound waves are currently “0°”, the transmission direc-
tions after the change are either “~10°” or “+10°”.

[0047] How to use various types of information stored in
the beam direction storage unit 183 will be explained together
with the controlling unit 170. The controlling unit 170
includes a detecting unit 171 and a deflecting unit 172.
[0048] Based on a stress or an operation applied to the
ultrasound probe 10, the detecting unit 171 detects a direction
(hereinafter, this direction may be referred to as a “tilt request
direction”) into which the operator who is a laboratory tech-
nician is trying to tilt the transmission directions of the ultra-
sound waves transmitted by the ultrasound probe 10. More
specifically, the detecting unit 171 according to the first
embodiment detects the force with which the ultrasound
probe 10 is pressed against the body surface of the patient P,
by using the plurality of pressure sensors 12 provided in the
ultrasound probe 10. Further, if the difference between the
detected pressures is equal to or larger than the pressure
difference threshold value stored in the beam direction stor-
age unit 183, the detecting unit 171 detects, as the tilt request
direction, a direction from the position in which the pressure
sensor 12 having detected a larger detected pressure is pro-
vided, to the position in which the pressure sensor 12 having
detected a smaller detected pressure is provided.

[0049] The deflecting unit 172 tilts the transmission direc-
tions of the ultrasound waves transmitted from the ultrasound
probe 10 by a predetermined value into the tilt request direc-
tion detected by the detecting unit 171. More specifically,
when the tilt request direction has been detected by the detect-
ing unit 171, the deflecting unit 172 tilts the transmission
directions of the ultrasound waves by the predetermined
value, based on the pattern of transmission directions stored
in the beam direction storage unit 183. In this situation, the
deflecting unit 172 outputs a delay period to cause the trans-
mission directions of the ultrasound waves to be tilted by the
predetermined value, to the ultrasound transmitting unit 110.
After that, the transmission delaying unit 112 included in the
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ultrasound transmitting unit 110 causes the transmission
directions of the ultrasound waves to be tilted, by applying the
delay period that was input thereto from the deflecting unit
172 to the rate pulses.

[0050] Next, processes performed by the controlling unit
170 according to the first embodiment will be explained, with
reference to FIG. 4. FIG. 4 is a drawing of examples of
processes performed by the controlling unit 170 according to
the first embodiment. In the present example, it is assumed
that the beam direction storage unit 183 stores therein “-20°,
-10°,0°,+10°, +20°” as a pattern of transmission directions,
like in the example described above. Further, in FIG. 4, it is
assumed that the ultrasound waves of which the transmission
directions are expressed with a negative (-) angle are trans-
mitted to the left, whereas the ultrasound waves of which the
transmission directions are expressed with a positive (+)
angle are transmitted to the right.

[0051] In the example shown in FIG. 4, the ultrasound
probe 101is provided with a pressure sensor 12a and a pressure
sensor 125 that are positioned on the two ends of the piezo-
electric vibrator surface. First, let us assume that, as shown in
the example in the upper part of State (A) in FIG. 4, the
ultrasound probe 10 is transmitting ultrasound waves in the
transmission direction “0°”. In other words, the ultrasound
probe 10 transmits the ultrasound waves in the directions
perpendicular to the piezoelectric vibrator surface. In this
situation, let us assume that a pressure All detected by the
pressure sensor 12a is smaller than a pressure B11 detected by
the pressure sensor 125 and that the difference between the
pressure Al1 and the pressure B11 is equal to or larger than
the pressure difference threshold value.

[0052] In that situation, it means that the right side (the
position in which the pressure sensor 124 is provided) of the
ultrasound probe 10 is pressed against the patient P more
strongly than the left side (the position in which the pressure
sensor 12a is provided) is. In other words, it means that the
operator is trying to tilt the ultrasound probe 10 to the right
(i.e., a force is applied to the ultrasound probe 10 so as to tilt
the ultrasound probe 10 toward the right, or the ultrasound
probe 10 is moved so as to tilt toward the right). In other
words, it means that the operator is trying to tilt the transmis-
sion directions of the ultrasound waves transmitted from the
ultrasound probe 10 to the left (i.e., the tilt request direction is
the left). Accordingly, the detecting unit 171 detects the direc-
tion from the position in which the pressure sensor 125 is
provided to the position in which the pressure sensor 12a is
provided, as the tilt request direction, which is the direction
into which the operator is trying to tilt the transmission direc-
tions of the ultrasound waves.

[0053] After that, the deflecting unit 172 tilts the transmis-
sion directions of the ultrasound waves to the left. More
specifically, because the transmission directions of the ultra-
sound waves transmitted by the ultrasound probe 10 are cur-
rently “0°”, while the pattern of transmission directions
stored in the beam direction storage unit 183 is “-20°, -10°,
0°, +10°, +20°”, the deflecting unit 172 specifies “~10°” and
“+10°7, as transmission direction candidates after the change.
Further, because the tilt request direction detected by the
detecting unit 171 is the left, the deflecting unit 172 selects
“~10°” as the transmission direction after the change, from
between the transmission direction candidates “-~10°” and
“+10°”, and outputs a delay period to cause the transmission
directions of the ultrasound waves to be tilted by “~10°”, to
the ultrasound transmitting unit 110. As a result, as shown in
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the example in the lower part of State (A) in FIG. 4, the
transmission directions of the ultrasound waves transmitted
by the ultrasound probe 10 are the directions tilted to the left
by “10°” with respect to a line perpendicular to the piezoelec-
tric vibrator surface.

[0054] Subsequently. even after the transmission directions
of the ultrasound waves are arranged to be “~10°”, the pres-
sure sensor 12a and the pressure sensor 125 perform the
process to detect the pressures. In this situation, let us assume
that, as shown in the example in the upper part of State (B) in
FIG. 4, a pressure A21 detected by the pressure sensor 124 is
smaller than a pressure B21 detected by the pressure sensor
125 and that the difference between the pressure A21 and the
pressure B21 is equal to or larger than the pressure difference
threshold value.

[0055] In that situation, the detecting unit 171 detects the
direction from the position in which the pressure sensor 125
is provided to the position in which the pressure sensor 12a is
provided as the tilt request direction. Further, because the
transmission directions of the ultrasound waves transmitted
by the ultrasound probe 10 are currently “~10°”, the deflect-
ing unit 172 outputs a delay period to cause the transmission
directions of the ultrasound waves to be tilted by “-20°”, to
the ultrasound transmitting unit 110. As a result, as shown in
the example in the lower part of State (B) in FIG. 4, the
transmission directions of the ultrasound waves transmitted
by the ultrasound probe 10 are the directions tilted to the left
by “20°” with respect to a line perpendicular to the piezoelec-
tric vibrator surface.

[0056] With these arrangements, the ultrasound probe 10 is
able to cause the target tissue T to be substantially perpen-
dicularly irradiated by the ultrasound waves. Accordingly, the
ultrasound diagnosis apparatus 1 according to the first
embodiment is able to generate an ultrasound image render-
ing the target tissue T clearly. Further, as shown in the
example in the lower part of State (B) in FIG. 4, because no
gap is formed between the piezoelectric vibrator surface of
the ultrasound probe 10 and the body surface, the ultrasound
diagnosis apparatus 1 according to the first embodiment is
able to generate the ultrasound image that also renders the
tissues positioned near the target tissue T. An example of an
ultrasound image generated by the ultrasound diagnosis
apparatus 1 according to the first embodiment configured as
described above is shown in FIG. 5. As shown in FIG. 5, the
ultrasound diagnosis apparatus 1 is able to generate an ultra-
sound image rendering the target tissue T clearly in the area
Al and rendering the tissue positioned near the target tissue T
in the area A2.

[0057] Even after the transmission directions of the ultra-
sound waves are arranged to be “~20°”, the pressure sensor
12a and the pressure sensor 125 perform the process to detect
the pressures. In this situation, let us assume that, as shown in
the example in the upper part of State (C) in FIG. 4, a pressure
A31 detected by the pressure sensor 12a is larger than a
pressure B31 detected by the pressure sensor 125 and that the
difference between the pressure A31 and the pressure B31 is
equal to or larger than the pressure difference threshold value.
In other words, let us assume that the large/small relationship
between the pressure detected by the pressure sensor 12a and
the pressure detected by the pressure sensor 125 has become
opposite to the large/small relationship in State (B).

[0058] In that situation, the detecting unit 171 detects the
direction from the position in which the pressure sensor 12a
is provided to the position in which the pressure sensor 125 1s
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provided as the tilt request direction. Further, because the
transmission directions of the ultrasound waves transmitted
by the ultrasound probe 10 are currently “~20°”, the deflect-
ing unit 172 outputs a delay period to cause the transmission
directions of the ultrasound waves to be tilted by “~10°", to
the ultrasound transmitting unit 110. As a result, as shown in
the example in the lower part of State (C) in FIG. 4, the
transmission directions of the ultrasound waves transmitted
by the ultrasound probe 10 are the directions tilted to the left
by “10°” with respect to a line perpendicular to the piezoelec-
tric vibrator surface. In other words, the transmission direc-
tions of the ultrasound waves return to the state shown in the
lower part of State (A) in FIG. 4.

[0059] Itis also acceptable to configure the deflecting unit
172 so as to arrange the transmission directions of the ultra-
sound waves to be “0°”, instead of “~10°”, in the example
shown in State (C) in FIG. 4. In other words, when having
changed the transmission directions of the ultrasound waves
in one direction and changing the transmission directions
again back in the other direction, the deflecting unit 172 may
change the transmission directions back to “0°” all at once,
instead of gradually changing the transmission directions.
[0060] Further, although not shown in FIG. 4, if the opera-
tor stops the operation of tilting the ultrasound probe 10 after
the situation shown in the lower part of State (B) is achieved,
for example, the transmission directions of the ultrasound
waves do not change from “~20°". More specifically, if the
operator stops the operation of tilting the ultrasound probe 10,
the difference between the pressure detected by the pressure
sensor 12a and the pressure detected by the pressure sensor
124 is substantially equal, and the pressure difference
between these two pressures is no longer equal to or larger
than the pressure difference threshold value. In that situation,
because no tilt request direction is detected by the detecting
unit 171, the deflecting unit 172 does not perform the process
of changing the transmission directions of the ultrasound
waves. As a result, the transmission directions of the ultra-
sound waves transmitted by the ultrasound probe 10 are kept
in the deflected state observed immediately prior.

[0061] As explained above, the ultrasound diagnosis appa-
ratus 1 according to the first embodiment detects the direction
into which the operator is trying to tilt the transmission direc-
tions of the ultrasound waves, based on the force with which
the ultrasound probe 10 is pressed against the patient P, and
changes the transmission directions of the ultrasound waves.
As aresult, the ultrasound diagnosis apparatus 1 according to
the first embodiment is configured so that it is possible to
change the transmission directions of the ultrasound waves
with the intuitive operation performed by the operator.
[0062] Next, a processing procedure performed by the
ultrasound diagnosis apparatus 1 according to the first
embodiment will be explained, with reference to FIG. 6. FIG.
6 1s a flowchart of the processing procedure performed by the
ultrasound diagnosis apparatus 1 according to the first
embodiment.

[0063] As shown in the example in FIG. 6, the ultrasound
diagnosis apparatus 1 judges whether an image-taking pro-
cess start request has been received from the operator (step
S101). In this situation, if no image-taking process start
request has been received (step S101: No), the ultrasound
diagnosis apparatus 1 stands by until an image-taking process
start request is received.

[0064] On the contrary, when an image-taking process start
request is received (step S101: Yes), the ultrasound diagnosis
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apparatus 1 starts an image taking process. Although not
shown in FIG. 6, the ultrasound diagnosis apparatus 1 per-
forms the process of causing the ultrasound probe 10 to trans-
mit ultrasound waves, the process of generating an ultrasound
image based on a reflected-wave signal received by the ultra-
sound probe 10, and the like, in parallel with the processing
procedure at steps S102 through S106 explained below.

[0065] In this situation, according to the first embodiment,
the plurality of pressure sensors 12 provided in the ultrasound
probe 10 detect the pressures applied to the ultrasound probe
10 (step S102). Subsequently, the detecting unit 171 calcu-
lates the difference between the pressures detected by the
plurality of pressure sensors 12 (step S103). In the first
embodiment, because one pressure sensor 12 is provided at
each of the left and the right ends of the piezoelectric vibrator
surface of the ultrasound probe 10, the detecting unit 171
calculates the difference between the pressures detected by
the two pressure sensors 12.

[0066] After that, the detecting unit 171 judges whether the
calculated pressure difference is equal to or larger than the
pressure difference threshold value stored in the beam direc-
tion storage unit 183 (step S104). In this situation, if the
pressure difference is not equal to or larger than the pressure
difference threshold value (step S104: No), the detecting umt
171 ends the process. After that, the ultrasound diagnosis
apparatus 1 proceeds to the process at step S107, which is
explained later.

[0067] Onthe contrary, if the pressure difference is equal to
or larger than the pressure difference threshold value (step
S104: Yes), the detecting unit 171 detects the direction from
the position in which the pressure sensor having detected the
larger of the detected pressures is provided to the position in
which the pressure sensor having detected the smaller of the
detected pressures is provided, as a tilt request direction,
which is the direction into which the operator is trying to tilt
the transmission directions of the ultrasound waves (step
S105).

[0068] Subsequently. the deflecting unit 172 tilts the trans-
mission directions of the ultrasound waves transmitted from
the ultrasound probe 10 into the tilt request direction detected
by the detecting unit 171 by a predetermined value (step
S106). In this situation, the deflecting unit 172 determines the
angle at which the transmission directions of the ultrasound
waves are tilted, based on the pattern of transmission direc-
tions stored in the beam direction storage unit 183 as
described above.

[0069] After that, the ultrasound diagnosis apparatus 1
judges whether an image-taking process end request has been
received from the operator (step S107). In this situation, if no
image-taking process end request has been received (step
S107: No), the ultrasound diagnosis apparatus 1 returns to the
processing procedure at step S102. On the contrary, if an
image-taking process end request is received (step S107:
Yes), the ultrasound diagnosis apparatus 1 ends the process.

[0070] Itisacceptable to configure the detecting unit 171 so
as to perform the process at step S103 once every predeter-
mined period of time. For example, the detecting unit 171
may calculate the difference between the pressures detected
by the two pressure sensors 12 every time a predetermined
period of time (e.g., one minute) has elapsed (step S103) and
may judge whether the pressure difference is equal to or
larger than the pressure difference threshold value (step
S104).
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[0071] As explained above, the ultrasound diagnosis appa-
ratus 1 according to the first embodiment is configured so that
it is possible to change the transmission directions of the
ultrasound waves with the intuitive operation performed by
the operator. As a result, according to the first embodiment, it
is possible to generate an ultrasound image rendering the
target tissue which the operator desires to view and the tissues
positioned near the target tissue, with the intuitive operation
performed by the operator.

[0072] For example, even in a situation where the ultra-
sound probe 10 is pressed against such a site where the soft
tissue over the bone is thin, because the ultrasound diagnosis
apparatus 1 according to the first embodiment is configured to
tilt the transmission directions of the ultrasound waves into
the direction into which the operator is trying to tilt the ultra-
sound probe 10, it is possible to cause the target tissue to be
substantially perpendicularly irradiated by the ultrasound
waves, without forming a gap between the piezoelectric
vibrator surface and the body surface. As a result, the ultra-
sound diagnosis apparatus 1 according to the first embodi-
ment is able to generate the ultrasound image rendering the
target tissue and the tissues positioned near the target tissue.
Further, because the ultrasound diagnosis apparatus 1 accord-
ing to the first embodiment is configured so that it is possible
to change the transmission directions of the ultrasound waves
with the intuitive operation performed by the operator, the
ultrasound diagnosis apparatus 1 according to the first
embodiment makes it possible to perform the medical exami-
nation without using ultrasound jelly and makes it possible to
perform the medical examination without operating the input
device 20 (e.g., a knob) for the purpose of changing the
transmission directions of the ultrasound waves.

[0073] In the first embodiment described above, it is also
acceptable to configure the ultrasound diagnosis apparatus 1
so as to change the transmission directions of the ultrasound
waves, if the operator has performed the operation of trying to
tilt the transmission directions of the ultrasound waves for a
period of time that is equal to or longer than a predetermined
duration. For example, it is acceptable to configure the
deflecting unit 172 so as to change the transmission directions
of the ultrasound waves, if the detecting unit 171 has continu-
ously detected tilt request directions that are substantially the
same as one another for a period of time that is equal to or
longer than a predetermined duration. In another example, it
is acceptable to configure the deflecting unit 172 so as to
change the transmission directions of the ultrasound waves, if
the detecting unit 171 has continuously detected tilt request
directions that are substantially the same as one another a
number of times that is equal to or larger than a predetermined
value.

[0074] Further, in the first embodiment described above,
the example is explained in which the beam direction storage
unit 183 stores therein the pattern of transmission directions
“-20°,-10°,0° +10°, +20°” in which the angle changes by a
predetermined amount (10°) at a time. However, the pattern
of transmission directions stored in the beam direction stor-
age unit 183 is not limited to this example. For example, the
beam direction storage unit 183 may store therein a pattern of
transmission directions in which the angle changes irregu-
larly such as “~23°, -20°, -15°,-10°, 0°, +10°, +15°, +20°,
+23°”. In this example, the ultrasound diagnosis apparatus 1
changes the transmission directions of the ultrasound waves
by larger amounts at the beginning of'an image taking process
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and fine-tunes the transmission directions of the ultrasound
waves as the image taking process progresses.

[0075] Inanother example, the beam direction storage unit
183 may simply store therein information such as “10°” as a
pattern of transmission directions. In this example, the
deflecting unit 172 changes the transmission directions of the
ultrasound waves by “10°” at a time, toward the tilt request
direction detected by the detecting unit 171.

[0076] In yet another example, the beam direction storage
unit 183 may store therein information such as “10°/5°/3°”, as
a pattern of transmission directions. In that situation, the
deflecting unit 172 may change the transmission directions of
the ultrasound waves by a large amount when the transmis-
sion angle of the ultrasound waves is currently small and may
change the transmission directions of the ultrasound waves by
asmall amount when the transmission angle of the ultrasound
waves is currently large. For example, the following arrange-
ment is acceptable: If the transmission directions of the ultra-
sound waves are currently within a first angle range (e.g.,
-20° to +20°), the deflecting unit 172 changes the transmis-
sion directions of the ultrasound waves by “10°” at a time. If
the transmission directions are currently within a second
angle range (e.g., “-30° to -20°” or “+20° to +30°”), the
deflecting unit 172 changes the transmission directions of the
ultrasound waves by “5°” at a time. If the transmission direc-
tions are currently within a third angle range (e.g., “~40° to
-30°” or “+30° to +40°”), the deflecting unit 172 changes the
transmission directions of the ultrasound waves by “3°” at a
time.

[0077] In yet another example, the following arrangement
1s also acceptable: If the number of times a tilt request direc-
tion is detected by the detecting unit 171 is smaller than a first
threshold value, the deflecting unit 172 changes the transmis-
sion directions of the ultrasound waves by “10°” at a time. If
the number of times of detection is equal to or larger than the
first threshold value and is smaller than a second threshold
value (which is larger than the first threshold value), the
deflecting unit 172 changes the transmission directions of the
ultrasound waves by “5°” at a time. If the number of times of
detection is equal to or larger than the second threshold value,
the deflecting unit 172 changes the transmission directions of
the ultrasound waves by “3°” at a time.

[0078] Alternatively, the beam direction storage unit 183
may store therein a plurality of pressure difference threshold
values. For example, the beam direction storage unit 183 may
store therein a first pressure difference threshold value and a
second pressure difference threshold value that is larger than
the first pressure difference threshold value. In that situation,
the detecting unit 171 performs the process of detecting a tilt
request direction by using the first pressure difference thresh-
old value, if the transmission angle of the ultrasound waves is
currently smaller than a predetermined value, whereas the
detecting unit 171 performs the process of detecting a tilt
request direction by using the second pressure difference
threshold value, if the transmission angle of the ultrasound
waves is currently equal to or larger than the predetermined
value.

[0079] Further, in the first embodiment described above,
the example is explained in which the ultrasound probe 10 is
configured so that one pressure sensor 12 is provided in each
of the left and the right ends of the piezoelectric vibrator
surface. However, it is also acceptable to configure the ultra-
sound probe 10 in such a manner that, for example, one
pressure sensor 12 is provided at each of the four corners of
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the piezoelectric vibrator surface. In that situation, because
the pressures are detected by the four pressure sensors 12, the
detecting unit 171 is able to three-dimensionally detect the
direction into which the operator is trying to tilt the ultrasound
probe 10, based on the large/small relationship among the
pressures detected by the four pressure sensors 12. In that
situation, the detecting unit 171 may virtually tilt the ultra-
sound probe 10 into the detected direction and detect the
direction perpendicular to the piezoelectric vibrator surface
of the ultrasound probe 10 that is virtually tilted, as a tilt
request direction.

[0080] Further, in the first embodiment described above,
the example is explained in which the ultrasound probe 10 is
provided with the pressure sensors 12. However, another
arrangement is also acceptable in which the ultrasound probe
10 is provided with an acceleration sensor. instead of the
pressure sensors 12, so that the acceleration sensor detects a
movement of the ultrasound probe 10. In this situation, the
acceleration sensor operates as a movement detecting unit
configured to detect a positional displacement of the ultra-
sound probe 10. Further, the detecting unit 171 detects the
positional displacement of the ultrasound probe 10 through
the acceleration sensor and detects a movement direction of
the ultrasound probe 10 specified based on the detected posi-
tional displacement as a tilt request direction. For example,
when the operator performs an operation to slide the ultra-
sound probe 10 sideways while keeping an end thereof in
contact with the body surface of the patient P, the acceleration
sensor detects such a positional displacement of the ultra-
sound probe 10. In that situation, based on the positional
displacement of the ultrasound probe 10 detected by the
acceleration sensor, the detecting unit 171 detects a move-
ment direction of the ultrasound probe 10 and detects the
movement direction as a tilt request direction.

[0081] Inyetanotherexample, the ultrasound probe 10 may
include an acceleration sensor together with the pressure
sensors 12. In that situation, the detecting unit 171 detects a
tilt request direction based on a detection result obtained by
the pressure sensors 12 in the same manner as in the process
described above, and also, detects a tilt request direction
based on a detection result obtained by the acceleration sen-
sor. In other words, the detecting unit 171 detects the tilt
request directions based on the plurality of pieces of infor-
mation. Thus, the detecting unit 171 is able to detect the
direction into which the operator is trying to tilt the transmis-
sion directions of the ultrasound waves, with a high level of
precision.

Second Embodiment

[0082] In the first embodiment described above, the
example is explained in which the tilt request direction is
detected based on the difference between the pressures
detected by the plurality of pressure sensors provided in the
ultrasound probe 10. In a second embodiment, an example
will be explained in which, on the premise that sonar gel (a gel
pad, a water bag, or the like) is disposed between an ultra-
sound probe and the body surface, a tilt request direction is
detected based on a distance between the ultrasound probe
and the body surface.

[0083] First, sonar gel will be explained. When taking an
image of a site having unevenness (e.g., a thyroid gland) by
using an ultrasound diagnosis apparatus, the operator may
dispose sonar gel between an ultrasound probe and the body
surface. Almost no reflected waves of ultrasound waves occur
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inside the sonar gel. For this reason, if an ultrasound image is
generated by an ultrasound diagnosis apparatus while sonar
gel is disposed, the ultrasound image renders the part where
the sonar gel and the body surface are in contact with each
other, as a high-brightness line that is shaped as a substan-
tially straight line. In the second embodiment, it is assumed
that such sonar gel is used during an image taking process
performed by an ultrasound diagnosis apparatus.

[0084] Next, an ultrasound diagnosis apparatus 2 according
to the second embodiment will be explained. Because the
configuration of the ultrasound diagnosis apparatus 2 accord-
ing to the second embodiment is substantially the same as the
configuration of the ultrasound diagnosis apparatus 1 shown
in FIG. 1, the drawing thereof will be omitted. It should be
noted that, however, unlike the ultrasound probe 10 according
to the first embodiment, an ultrasound probe according to the
second embodiment includes no pressure sensors. Further, a
controlling unit according to the second embodiment pet-
forms processes different from the processes performed by
the controlling unit 170 according to the first embodiment.
Furthermore, a beam direction storage unit according to the
second embodiment stores therein information different from
the information stored in the beam direction storage unit 183
according to the first embodiment.

[0085] Next, the controlling unit and the like according to
the second embodiment will be explained, with reference to
FIG. 7. FIG. 7 is a diagram of an exemplary configuration of
the controlling unit and the like according to the second
embodiment. As shown in FIG. 7, an ultrasound probe 40
according to the second embodiment is a commonly-used
ultrasound probe and does not include any sensors such as
pressure sensors.

[0086] Further, a beam direction storage unit 283 according
to the second embodiment is used in the control exercised by
a controlling unit 270, which is explained later. The beam
direction storage unit 283 stores therein a distance difference
threshold value and information related to the transmission
directions of the ultrasound waves. For example, the beam
direction storage unit 283 stores therein a pattern of transmis-
sion directions such as “-20°, -10°, 0°, +10°, +20°”, as the
information related to the transmission directions of the ultra-
sound waves.

[0087] Further, the controlling unit 270 according to the
second embodiment includes a measuring unit 273, a detect-
ing unit 271, and a deflecting unit 272.

[0088] The measuring unit 273 measures the distance from
the piezoelectric vibrator surface of the ultrasound probe 40
to the body surface of the patient P, at each of a plurality of
locations. More specifically, the measuring unit 273 detects
the part where the sonar gel and the body surface are in
contact with each other, by analyzing an ultrasound image
stored in the image storage unit 182. As described above,
because the part where the sonar gel and the body surface are
in contact with each other is rendered as a high-brightness line
that is shaped as a substantially straight line, the measuring
unit 273 is able to detect the contact part as the body surface,
by detecting the high-brightness line while using a com-
monly-used boundary extraction algorithm. Further, the mea-
suring unit 273 measures the distance from the piezoelectric
vibrator surface of the ultrasound probe 40 to the body sur-
face, at each of the predetermined plurality of locations
within the ultrasound image. For example, the measuring unit
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273 measures the distance from the piezoelectric vibrator
surface to the body surface at each of the two ends of the
piezoelectric vibrator surface.

[0089] The detecting unit 271 detects a force applied to the
ultrasound probe 40 and/or a movement of the ultrasound
probe 40 by using the distances measured by the measuring
unit 273 and further detects a tilt request direction, which is a
direction into which the operator (who is a laboratory tech-
nician) is trying to tilt the transmission directions of the
ultrasound waves, based on the detected force and/or move-
ment. More specifically, the detecting unit 271 according to
the second embodiment calculates the difference between the
distances measured at the plurality of locations by the mea-
suring unit 273 and, if the calculated difference between the
distances is equal to or larger than the distance difference
threshold value stored in the beam direction storage unit 283,
the detecting unit 271 detects the direction from the location
having a shorter distance to the location having a longer
distance as the tilt request direction.

[0090] The deflecting unit 272 tilts the transmission direc-
tions of the ultrasound waves transmitted from the ultrasound
probe 40 by a predetermined value into the tilt request direc-
tion detected by the detecting unit 271. More specifically, like
the deflecting unit 172 according to the first embodiment, the
deflecting unit 272 tilts the transmission directions of the
ultrasound waves by the predetermined value, based on the
pattern of transmission directions stored in the beam direction
storage unit 283.

[0091] Next, processes performed by the controlling unit
270 according to the second embodiment will be explained,
with reference to FIG. 8. FIG. 8 is a drawing of examples of
processes performed by the controlling unit 270 according to
the second embodiment. In the present example, it is assumed
that the beam direction storage unit 283 stores therein “-20°,
-10°,0°,+10°, +20°” as a pattern of transmission directions,
like in the example described above. Further, it is assumed
that the transmission directions of the ultrasound waves are
initially “0°”.

[0092] In the example shown in FIG. 8, the measuring unit
273 measures the distance from the piezoelectric vibrator
surface to the body surface at each of the two ends of the
piezoelectric vibrator surface, by analyzing the ultrasound
image. More specifically, in the example shown in the upper
part of State (A) in FIG. 8, the measuring unit 273 measures
a distance H11 from the left end of the piezoelectric vibrator
surface to the body surface and measures a distance H21 from
the right end of the piezoelectric vibrator surface to the body
surface. In this situation, let us assume that the distance H11
is longer than the distance H21 and that the difference
between the distance H11 and the distance H21 is equal to or
larger than the distance difference threshold value.

[0093] In that situation, it means that the operator is press-
ing the right side of the ultrasound probe 40 against the patient
P more strongly than the left side. In other words, it means
that the operator is trying to tilt the ultrasound probe 40to the
right. In other words, it means that the operator is trying to tilt
the transmission directions of the ultrasound waves to the left.
Accordingly, the detecting unit 271 detects the direction from
the right end having the shorter of the distances measured by
the measuring unit 273 to the left end having the longer of the
measured distances, as the tilt request direction, which is the
direction into which the operator is trying to tilt the ultrasound
probe 40.
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[0094] After that, the deflecting unit 272 tilts the transmis-
sion directions of the ultrasound waves to the left. More
specifically, because the transmission directions of the ultra-
sound waves transmitted by the ultrasound probe 40 are cur-
rently “0°”, while the pattern of transmission directions
stored in the beam direction storage unit 283 is “~20°, -10°,
0°,+10°, +20°”, the deflecting unit 272 outputs a delay period
to cause the transmission directions of the ultrasound waves
to be tilted by “~10°”, to the ultrasound transmitting unit 110.
As aresult, as shown in the example in the lower part of State
(A) in FIG. 8, the transmission directions of the ultrasound
waves transmitted by the ultrasound probe 40 are the direc-
tions tilted to the left by “10°” with respect to a line perpen-
dicular to the piezoelectric vibrator surface.

[0095] Subsequently. even if the operator stops the opera-
tion of tilting the ultrasound probe 40 after the transmission
directions of the ultrasound waves are arranged to be “-10°”,
the transmission directions of the ultrasound waves do not
change from “-10°”. More specifically, as shown in the
example in the upper part of State (B) in FIG. 8, the measuring
unit 273 measures a distance H12 from the left end of the
piezoelectric vibrator surface to the body surface and mea-
sures a distance H22 from the right end of the piezoelectric
vibrator surface to the body surface. In this situation, if the
operator is not performing the operation of tilting the ultra-
sound probe 40, the difference between the distance H12 and
the distance H22 is not equal to or larger than the distance
difference threshold value. Accordingly, because no tilt
request direction is detected by the detecting unit 271, the
deflecting unit 272 does not perform the process of tilting the
transmission directions of the ultrasound waves. As a result,
as shown in the example in the lower part of State (B) in FIG.
8, the transmission directions of the ultrasound waves trans-
mitted by the ultrasound probe 40 remain to be the direction
tilted to the left by “10°” with respect to a line perpendicular
to the piezoelectric vibrator surface. If the operator wishes to
change the transmission directions of the ultrasound waves to
“0°” or *“+10°”, the operator is able to do so by tilting the
ultrasound probe 40 to the left.

[0096] Next, a processing procedure performed by the
ultrasound diagnosis apparatus 2 according to the second
embodiment will be explained, with reference to FIG. 9. FIG.
9 is a flowchart of the processing procedure performed by the
ultrasound diagnosis apparatus 2 according to the second
embodiment.

[0097] As shown in the example in FIG. 9, the ultrasound
diagnosis apparatus 2 judges whether an image-taking pro-
cess start request has been received from the operator (step
S201). In this situation, if no image-taking process start
request has been received (step S201: No), the ultrasound
diagnosis apparatus 2 stands by until an image-taking process
start request is received.

[0098] On the contrary, when an image-taking process start
request is received (step S201: Yes), the ultrasound diagnosis
apparatus 2 starts an image taking process. Although not
shown in FIG. 9, the ultrasound diagnosis apparatus 2 per-
forms the process of causing the ultrasound probe 40 to trans-
mit ultrasound waves, the process of generating an ultrasound
image based on a reflected-wave signal received by the ultra-
sound probe 40, and the like, in parallel with the processing
procedure at steps S202 through S206 explained below.
[0099] In this situation, according to the second embodi-
ment, after at least one ultrasound image is generated by the
image generating unit 140, the measuring unit 273 obtains the
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ultrasound image from the image storage unit 182 and mea-
sures the distance from the piezoelectric vibrator surface to
the body surface at each of a plurality of locations, by ana-
lyzing the obtained ultrasound image (step S202).

[0100] Subsequently, the detecting unit 271 calculates the
difference between the distances measured by the measuring
unit 273 in the plurality of locations (step S203). Further, the
detecting unit 271 judges whether the calculated difference
between the distances is equal to or larger than the distance
difference threshold value stored in the beam direction stor-
age unit 283 (step S204). In this situation, if the distance
difference is not equal to or larger than the distance difference
threshold value (step S204: No), the detecting unit 271 ends
the process. After that, the ultrasound diagnosis apparatus 2
proceeds to the process at step S207, which is explained later.
[0101] On the contrary, if the distance difference is equal to
or larger than the distance difference threshold value (step
S204: Yes), the detecting unit 271 detects the direction from
the location having a shorter distance measured by the mea-
suring unit 273 to the location having a longer measured
distance, as a tilt request direction (step S205).

[0102] Subsequently, the deflecting unit 272 tilts the trans-
mission directions of the ultrasound waves into the tilt request
direction detected by the detecting unit 271 by a predeter-
mined value (step S206). In this situation, the deflecting unit
272 determines the angle at which the transmission directions
of the ultrasound waves are tilted, based on the pattern of
transmission directions stored in the beam direction storage
unit 283 as described above.

[0103] After that, the ultrasound diagnosis apparatus 2
judges whether an image-taking process end request has been
received from the operator (step S207). In this situation, if no
image-taking process end request has been received (step
S207: No), the ultrasound diagnosis apparatus 2 returns to the
processing procedure at step S202. On the contrary, if an
image-taking process end request is received (step S207:
Yes), the ultrasound diagnosis apparatus 2 ends the process.
[0104] Itisacceptable to configure the detecting unit 271 so
as to perform the process at step S202 once every predeter-
mined period of time. For example, the detecting unit 271
may measure the distance from the piezoelectric vibrator
surface to the body surface at each of the plurality oflocations
every time a predetermined period of time (e.g., one minute)
has elapsed, by analyzing the newest ultrasound image stored
in the image storage unit 182 (step S202).

[0105] As explained above, the ultrasound diagnosis appa-
ratus 2 according to the second embodiment is configured so
that it is possible to change the transmission directions of the
ultrasound waves with the intuitive operation performed by
the operator. As a result, according to the second embodi-
ment, it is possible to generate an ultrasound image rendering
the target tissue which the operator desires to view and the
tissues positioned near the target tissue, with the intuitive
operation performed by the operator.

[0106] In the second embodiment described above, it is
acceptable, like in the first embodiment, to configure the
ultrasound diagnosis apparatus 2 so as to change the trans-
mission directions of the ultrasound waves, if the operatorhas
performed the operation of trying to tilt the transmission
directions of the ultrasound waves for a period of time that is
equal to or longer than a predetermined duration. For
example, it is acceptable to configure the deflecting unit 272
so as to change the transmission directions of the ultrasound
waves, if the detecting unit 271 has continuously detected tilt
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request directions that are the same as one another for a period
of time that is equal to or longer than a predetermined dura-
tion, or if the detecting unit 271 has continuously detected tilt
request directions that are the same as one another a number
of times that is equal to or larger than a predetermined value.

[0107] Further, like the beam direction storage unit 183, the
beam direction storage unit 283 may store therein a pattern of
transmission directions in which the angle changes irregu-
larly or may simply store therein a pattern of transmission
directions such as “10°” or may store therein a pattern of
transmission directions such as “10°/5°/3°”.

[0108] Further, in the second embodiment described above,
the example is explained in which the measuring unit 273
measures the distance from the left end of the piezoelectric
vibrator surface to the body surface and the distance from the
right end of the piezoelectric vibrator surface to the body
surface. However, it is acceptable to configure the measuring
unit 273 to measure the distance from the piezoelectric vibra-
tor surface to the body surface at each of three or more
locations. In that situation, the detecting unit 271 may, for
example, divide the piezoelectric vibrator surface into two
sections with a straight line passing through the gravity point
position ofthe piezoelectric vibrator surface and calculate the
difference between an average of the distances from the one
of the sectioned piezoelectric vibrator surfaces to the body
surface and an average of the distances from the other sec-
tioned piezoelectric vibrator surface to the body surface. Fur-
ther, in another example, the detecting unit 271 may three-
dimensionally detect the direction into which the operator is
trying to tilt the ultrasound probe 40 based on a long/short
relationship among the distances measured by the measuring
unit 273 at three or more locations and may virtually tilt the
ultrasound probe 40 into the detected direction and detect the
direction perpendicular to the piezoelectric vibrator surface
of the ultrasound probe 40 that is virtually tilted, as a tilt
request direction.

[0109] Furthermore, in the second embodiment described
above, itis acceptable to configure the detecting unit 271 so as
to calculate a temporal change in the distances measured by
the measuring unit 273 for each of the plurality of locations.
More specifically, when a distance from the piezoelectric
vibrator surface to the body surface has been measured by the
measuring unit 273, the detecting unit 271 calculates the
difference between the measured distance and a distance from
the piezoelectric vibrator surface to the body surface mea-
sured by the measuring unit 273 in the immediately preceding
measuring process, for each ofthe plurality oflocations. After
that, the detecting unit 271 detects the direction into which the
operator is trying to tilt the ultrasound probe 40 based on the
temporal changes in the measured distances and detects a tilt
request direction based on the detection result.

[0110] The process described above can be explained with
reference to the examples shown in FIG. 8 as follows: When
the ultrasound image changes from State (A) to State (B), the
detecting unit 271 calculates “H11-H12” as a temporal
change in the distance from the left end of the piezoelectric
vibrator surface to the body surface and calculates “H21-
H22” as a temporal change in the distance from the right end
of the piezoelectric vibrator surface to the body surface. In
that situation, it means that the operator is trying to tilt the
ultrasound probe 40 to the left. In other words, it means that
the operator is trying to tilt the transmission directions of the
ultrasound waves to the right. Accordingly, the detecting unit
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271 detects the direction from the left end to the right end of
the piezoelectric vibrator surface as a tilt request direction.

Other Exemplary Embodiments

[0111] Theembodiments disclosed herein are not limited to
the exemplary embodiments described above. It is possible to
implement the embodiments in other various modes.

[0112] Magnetic Sensor

[0113] Inthe exemplary embodiments described above, the
method s explained as an example by which the movement of
the ultrasound probe 10 is detected by detecting the positional
displacement of the ultrasound probe 10 while using the
acceleration sensor provided in the ultrasound probe 10, so
that the tilt request direction is detected based on the detected
positional displacement. However, the exemplary embodi-
ments are not limited to this example. For instance, it is
acceptable to detect the movement of the ultrasound probe 10
by detecting a positional displacement of the ultrasound
probe 10 while using a magnetic sensor provided in the ultra-
sound probe 10.

[0114] When the magnetic sensor is used, the ultrasound
diagnosis apparatus 1 includes, for example, a position infor-
mation obtaining device (not shown). The magnetic sensor
provided in the ultrasound probe 10 is configured to detect a
three-dimensional magnetic field formed while using a trans-
mitter of the position information obtaining device as the
origin, to convert information of the detected magnetic field
into a signal, and to output the signal resulting from the
conversion to the position information obtaining device.
Based on the signal received from the magnetic sensor, the
position information obtaining device calculates position
coordinates and an orientation direction of the magnetic sen-
sor within the three-dimensional space having the transmitter
as the origin and sends the calculated position coordinates
and orientation direction to the controlling unit 170. For
example, when the operator performs an operation to slide the
ultrasound probe 10 sideways while keeping an end thereof in
contact with the body surface of the patient P, the detecting
unit 171 detects a change in the position coordinates of the
magnetic sensor. After that, for example, when a set of posi-
tion coordinates A have changed to another set of position
coordinates B, the detecting unit 171 detects the positional
displacement and detects the direction from the set of position
coordinates A to the set of position coordinates B as a tilt
request direction.

[0115] Combinations of Various Types of Methods

[0116] Intheexemplary embodiments described above, the
method using the pressure sensors, the method using the
acceleration sensor, the method using the result of the image
analysis performed on the ultrasound image, the method
using the magnetic sensor, and the like are explained. It is also
acceptable to calculate the transmission directions of the
ultrasound waves, by selecting any of these methods as appro-
priate and using the selected methods in combination. For
example, it is acceptable to configure the detecting unit so as
to obtain a tilt request direction by using three parameters
such as the “pressures” detected by the pressure sensors, the
“positional displacement” detected by the acceleration sen-
sor, and the “distance” from the ultrasound probe to the body
surface obtained by performing an image analysis on an ultra-
sound image.

[0117] Examples of methods for handling a plurality of
parameters include a method by which priority levels of the
parameters are set and a method by which an average value of
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results obtained with the parameters is used. When the
method by which the priority levels are set is used, for
example, the detecting unit sets the priority levels among the
parameters and detects a tilt request direction based on
parameters having higher priority levels among the param-
eters yielding values equal to or higher than a threshold value.
For example, based on a large/small relationship among the
pressures detected by the plurality of pressure sensors and
based on the difference among the distances measured at the
plurality of locations, the detecting unit is able to three-
dimensionally detect the force and the movement applied to
the ultrasound probe. Further, in that situation, the detecting
unit is able to virtually tilt the ultrasound probe into the
detected direction and to detect the direction perpendicular to
the piezoelectric vibrator surface of the ultrasound probe that
is virtually tilted, as a tilt request direction. In that situation,
by using the plurality of parameters, the detecting unit is able
to obtain a tilt request direction based on each of the param-
eters. Accordingly, based on the priority levels that are set in
advance, the detecting unit may select one of the tilt request
directions obtained from the parameter having a high priority
level.

[0118] Further, when using the method by which an aver-
age value of results obtained with the parameters is used, the
detecting unit may, for example, calculate an average value of
the tilt request directions obtained by using the parameters
and may use the average value as a tilt request direction.
[0119] Relationship Between a Tilt Request Direction and
the Transmission Directions of the Ultrasound Waves

[0120] Inthe exemplary embodiments described above, the
deflecting unit changes the transmission directions of the
ultrasound waves according to the pattern of transmission
directions. For example, if the tilt request direction detected
by the detecting unit is the “left”, the deflecting unit refers to
the transmission pattern and determines “~10°” to be the
transmission direction after the change, based on the current
transmission direction (e.g., “0°”) and the “left”. In this man-
ner, when the detecting unit has detected the rough tilt request
direction, the deflecting unit tilts the transmission directions
according to the predetermined transmission pattern. In other
words, the transmission directions are not necessarily calcu-
lated from the tilt request direction. However, the embodi-
ments disclosed herein are not limited to this example.
[0121] For example, in the situation where, as explained
above, the detecting unit is able to detect the direction per-
pendicular to the piezoelectric vibrator surface of the ultra-
sound probe that is virtually tilted as a tilt request direction,
the tilt request direction can be obtained as a three-dimen-
sional vector. Accordingly, the deflecting unit may determine
the same direction as the tilt request direction to be the trans-
mission directions of the ultrasound waves or may obtain the
transmission directions of the ultrasound waves by perform-
ing a calculation on the tilt request direction. Further, in the
situation where, as explained above, a plurality of parameters
are used, the deflecting unit may set priority levels or may use
an average value, when calculating the transmission direc-
tions while using a plurality of tilt request directions.

[0122] Example in which No Tilt Request Direction is
Detected
[0123] Further, in the exemplary embodiments described

above, the method is explained by which, after the detecting
unit has detected the tilt request direction, the deflecting unit
tilts the transmission directions of the ultrasound waves based
on the tilt request direction. However, the exemplary embodi-
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ments are not limited to this example. For instance, it is
possible to omit the process of detecting the tilt request direc-
tion itself by, for example, storing in advance detection pat-
terns of pressure sensors and the directions into which the
transmission directions of the ultrasound waves are tilted, in
correspondence with one another. In that situation, for
example, it is possible to omit the processes at step S105 in
FIG. 6 and at step S205 in FIG. 9. For example, the deflecting
unit may directly specify the transmission directions of the
ultrasound waves by using a detection pattern of the pressure
sensors detected by the detecting unit.
[0124] When an ultrasound diagnosis apparatus and an
ultrasound probe controlling method according to at least one
of the embodiments described above is used, it is possible to
change the transmission directions of the ultrasound waves
with the intuitive operation performed by the operator.
[0125] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.
What is claimed is:
1. An ultrasound diagnosis apparatus comprising:
a detecting unit configured to detect at least one selected
from between a force applied to an ultrasound probe and
a movement of the ultrasound probe; and
a deflecting unit configured to tilt a transmission direction
of an ultrasound wave transmitted from the ultrasound
probe, based on at least one selected from between the
force and the movement.
2. The ultrasound diagnosis apparatus according to claim
1, wherein the detecting unit detects at least one selected from
among a force with which the ultrasound probe is pressed
against a surface of a body of a patient, a positional displace-
ment of the ultrasound probe, and a distance from the ultra-
sound probe to the surface of the body.
3. The ultrasound diagnosis apparatus according to claim
1, wherein the detecting unit detects the distance from the
ultrasound probe to the surface of the body by performing an
image analysis on an ultrasound image.
4. The ultrasound diagnosis apparatus according to claim
1, wherein
the detecting unit further detects a direction into which an
operating person is trying to tilt the transmission direc-
tion of the ultrasound wave, based on at least one
selected from between the force and the movement, and
the deflecting unit tilts the transmission direction based on
the detected direction.
5. The ultrasound diagnosis apparatus according to claim
4, wherein
the ultrasound probe is provided with a plurality of pres-
sure detecting units each of which is configured to detect
a pressure applied to the patient from the ultrasound
probe, and
based on a difference between the detected pressures
detected by the plurality of pressure detecting units, the
detecting unit detects a direction from a position in
which the pressure detecting unit having detected a
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larger detected pressure is provided, to a position in
which the pressure detecting unit having detected a
smaller detected pressure is provided.

6. The ultrasound diagnosis apparatus according to claim
4, wherein

the ultrasound probe includes a movement detecting unit
configured to detect a positional displacement of the
ultrasound probe, and

the detecting unit detects a movement direction of the
ultrasound probe, based on the positional displacement
of the ultrasound probe detected by the movement
detecting unit.

7. The ultrasound diagnosis apparatus according to claim

4, further comprising: a measuring unit configured to measure
a distance from a vibrator surface of the ultrasound probe to
the surface of the body of the patient at each of a plurality of
locations, wherein

based on the measured distances measured by the measur-
ing unit at the plurality of locations, the detecting umt
detects a direction from a location having a shorter mea-
sured distance, to a location having a longer measured
distance.

8. The ultrasound diagnosis apparatus according to claim

7, wherein

the measuring unit performs the process of measuring the
distance between the surface of the body and the vibrator
surface at each of the plurality of locations once every
predetermined period of time, and

the detecting unit detects a direction from alocation having
a smaller temporal change in the measured distance
measured by the measuring unit, to a location having a
larger temporal change in the measured distance.

9. The ultrasound diagnosis apparatus according to claim

4, wherein, when the detecting unit has continuously detected
directions that are substantially same as one another for a
predetermined period of time or when the detecting unit has
continuously detected directions that are substantially same
as one another a predetermined number of times, the deflect-
ing unit tilts the transmission direction of the ultrasound wave
transmitted from the ultrasound probe based on the detected
directions.

10. An ultrasound diagnosis apparatus comprising:

an ultrasound probe; and

a deflecting unit configured to tilt a transmission direction
of an ultrasound wave transmitted from the ultrasound
probe, based on at least one selected from among a force
with which the ultrasound probe is pressed against a
surface of a body of a patient, a positional displacement
of the ultrasound probe, and a distance from the ultra-
sound probe to the surface of the body.

11. A method for controlling an ultrasound probe imple-
mented by an ultrasound diagnosis apparatus, the method
comprising:

a detecting step of detecting at least one selected from
among a force with which the ultrasound probe is
pressed against a surface of a body of a patient, a posi-
tional displacement of the ultrasound probe, and a dis-
tance from the ultrasound probe to the surface of the
body; and

a deflecting step of tilting a transmission direction of an
ultrasound wave transmitted from the ultrasound probe,
based on at least one selected from among the force with
which the ultrasound probe is pressed against the surface
of the body of'the patient, the positional displacement of
the ultrasound probe, and the distance from the ultra-
sound probe to the surface of the body.

* ok %k



RiES

[ i (S RIR) A ()

RE(EFR)AGE)

HA R E(FRR)AGE)

FRI& B A

EHA

IPCH &=

CPCH¥E=

L5

S\ EREERE

BEGF)

HERE A A,

BEMRENBERKESEE

US20140114194A1 NI (»&E)B
US14/144763 RiEH

REZEFREKRA &4
KRRALHFRZ

REBETRENT
KRAKHFZ

REETREGENT

KANAYAMA YUKO
KAMIYAMA NAOHISA

KANAYAMA, YUKO
KAMIYAMA, NAOHISA

AG61B8/00 A61B8/14 A61B8/08

patsnap

2014-04-24

2013-12-31

A61B8/4254 A61B8/14 A61B8/5207 A61B8/4444 A61B8/461 A61B8/429 A61B8/0891 A61B8/4466

A61B8/488 A61B8/5215 A61B8/5246 A61B8/54

2012149489 2012-07-03 JP
2011148299 2011-07-04 JP

Espacenet USPTO
¥ ;100
APPARATUS MAIN BODY 131 (90
= =oAL 3 — — N — 4A 3 160 30
BIBTHESIH B E L MRS DIER N B TR AT, AN TR M i i ] L‘—I
MONITOR
MEMZEEF R D FMBEEHRLNB ZRERNED -, REET ot
BTN AIRZE 2 EERNED — D RAFMNEE B IRL LA B R
(120 MEMORY
l:ﬁ'lz'i‘!ASOUNU R;E‘CZEZIVING UNIT . (IBD
STORAGE UNIT
PRE- |V ELAYING || ADDER 3
AmpLIFIER [ D 1 181
|
10 IMAGE STORAGE UNIT |-182
ULTRASOUND TRANSMITTING UNIT _EEAM DIRECTION 183
ﬂ 13 5112 (n STORAGE UNIT,
TRANS-
| PULSER  [¢] MESION, | G';;l'\'loll%i- ] §190 "
e N ey e
[ :gXTERNAL STORAGE DEVICE [

170 “NETWORK
CONTROLLING UNIT

-

NETWORK



https://share-analytics.zhihuiya.com/view/376c8313-70a2-40e0-b127-61402b415248
https://worldwide.espacenet.com/patent/search/family/047437123/publication/US2014114194A1?q=US2014114194A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220140114194%22.PGNR.&OS=DN/20140114194&RS=DN/20140114194

