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ULTRASONIC PROBE
BACKGROUND

Field of the Disclosure

[0001] The present disclosure relates to a hand-held ultra-
sonic probe.

Description of the Related Art

[0002] One of the methods for obtaining an optical char-
acteristic value such as an absorption coeflicient in a subject
includes photoacoustic tomography (PAT) using ultrasonic
waves. A device using the PAT (hereinafter referred to as a
photoacoustic device) has at least a light source and a probe.
[0003] First, when pulsed light generated from the light
source is emitted on the living body, the light propagates
while diffusing within the subject. An optical absorber in the
subject absorbs the propagating light and generates a pho-
toacoustic wave (typically ultrasonic wave). It is possible to
obtain an initial sound pressure distribution caused by the
optical absorber in the subject by probing this photoacoustic
wave, outputting a detection signal, and analyzing the detec-
tion signal. The sound pressure P of ultrasonic wave
obtained from the optical absorber in the subject caused by
optical absorption in PAT can be expressed by the following
equation:

Tyt &

[0004] In the above equation (1), P represents the initial
sound pressure. 1" represents the Gruneisen factor which is
an elasticity characteristic value, and is obtained by dividing
the product of the volume expansion factor [ and the square
of the sound speed ¢ by the specific heat C,. i, represents the
absorption coeflicient of the optical absorber, and ® repre-
sents the quantity of light absorbed by the optical absorber.
As can be understood from this equation, an absorption
coefficient can be obtained by considering the quantity of
light reaching an arbitrary position with respect to the initial
sound pressure at that position. Since the absorption coef-
ficient varies depending on the optical absorber, the distri-
bution of optical absorbers constituting the subject, such as
the distribution of blood vessels, can be known by obtaining
the distribution of the absorption coefficients of the subject.
[0005] Japanese Patent Application Laid-Open No. 2016-
49212 discusses a photoacoustic probe provided with an
irradiation direction changing unit capable of changing the
irradiation direction of light from a light irradiation unit,
wherein the irradiation direction of the light source is
changed when a region of interest (ROT) is designated on the
scanning screen.

[0006] Japanese Patent Application Laid-Open No. 2016-
49191 discusses a photoacoustic probe provided with a
mechanism for tilting the optical axis of the light emitting
element in synchronization with the inclination of the acous-
tic wave detection unit. More specifically, Japanese Patent
Application Laid-Open No. 2016-49191 discusses a con-
figuration in which light source units including light emit-
ting elements are provided on both side surfaces of the
acoustic wave detection unit, wherein the inclination of the
optical axis of the light emitting element is changed by
changing the inclination of the light source unit according to
the inclination of the acoustic wave detection unit.

[0007] However, the present inventors have found a prob-
lem wherein, to change the irradiation angle on the operation
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screen while the operator (user) of the ultrasonic probe
presses the ultrasonic probe on the subject, it is necessary to
operate with a pointing device such as a mouse, which
results in poor operability.

SUMMARY

[0008] The present disclosure is directed to providing an
ultrasonic probe capable of operation while allowing an
operator (user) of the probe to easily change a light irradia-
tion position, without effecting operability. The present
inventors have found that a problem occurs in the photoa-
coustic probe discussed in Japanese Patent Application
Laid-Open No. 2016-49212. More specifically, there occurs
a problem that, in a case where the acoustic wave detection
unit is greatly tilted or when a subject having a high
curvature such as an arm is an observation target, one of the
light source units is not in contact with the subject, and light
from one light source unit fails to emit light on the subject,
whereby the quantity of light emitted on the subject
decreases.

[0009] The present disclosure is also directed to an ultra-
sonic probe capable of irradiating a subject with a sufficient
quantity of light regardless of the contact state with the
subject.

[0010] According to an aspect of the present disclosure, a
hand-held ultrasonic probe includes a grip unit, a light
irradiation unit, and an ultrasonic reception unit, wherein the
light irradiation unit includes a change unit configured to
change a light intensity distribution of light emitted on a
subject, and a reception unit configured to receive an instruc-
tion from a user about a change in the light intensity
distribution of the light from the light irradiation unit in a
state in which the user grips the ultrasonic probe, and
wherein the light irradiation unit obtains a signal for con-
trolling the change unit based on the instruction from the
user received by the reception unit, and drives the change
unit using the signal to change the light intensity distribution
of the light for the subject.

[0011] According to another aspect of the present disclo-
sure, a hand-held ultrasonic probe includes a light emission
unit configured to emit light on a subject, an ultrasonic
reception unit configured to receive an ultrasonic wave
generated by emission of the light on the subject, and an
acquisition unit configured to acquire information about a
contact state between the subject and the ultrasonic probe,
wherein the light emission unit includes a plurality of light
emission end portions of which output light quantities are
independently controlled, and wherein light with light quan-
tities controlled based on the information about the contact
state is output from the plurality of light emission end
portions.

[0012] According to the ultrasonic probe of the first aspect
of the present disclosure, the light intensity distribution of
the light emitted on the subject can easily be changed while
the probe operator (user) grips the ultrasonic probe, whereby
the operability is improved.

[0013] According to the ultrasonic probe of the second
aspect of the present disclosure, the subject can be irradiated
with light with sufficient light intensity regardless of the
contact state with the subject.

[0014] Further features of the present disclosure will
become apparent from the following description of exem-
plary embodiments with reference to the attached drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 illustrates an ultrasonic probe according to
an exemplary embodiment of the present disclosure.
[0016] FIGS. 2A and 2B are diagrams illustrating ultra-
sonic probe operation according to the exemplary embodi-
ment of the present disclosure.

[0017] FIGS. 3A and 3B illustrate an ultrasonic probe
according to the exemplary embodiment of the present
disclosure (Example 1).

[0018] FIGS. 4A and 4B illustrate an ultrasonic probe
according to the exemplary embodiment of the present
disclosure (Example 2).

[0019] FIGS. 5A and 5B illustrate an ultrasonic probe
according to the exemplary embodiment of the present
disclosure (Example 3).

[0020] FIG. 6 illustrates an example of an image display
unit according to the exemplary embodiment of the present
disclosure.

[0021] FIG. 7 illustrates an ultrasonic probe device
according to the exemplary embodiment of the present
disclosure (Example 1) in which a light source is arranged
outside.

[0022] FIG. 8 illustrates an ultrasonic probe according to
another exemplary embodiment of the present disclosure.
[0023] FIG. 9 illustrates an ultrasonic probe according to
the another exemplary embodiment of the present disclosure
(Example 1).

[0024] FIGS. 10A and 10B are diagrams illustrating a
problem of a conventional ultrasonic probe.

[0025] FIG. 11 illustrates an ultrasonic probe according to
the another exemplary embodiment of the present disclosure
(Example 1) in which a light source is arranged outside.
[0026] FIG. 12 illustrates an ultrasonic probe according to
the another exemplary embodiment of the present disclosure
(Example 2).

[0027] FIG. 13 illustrates the ultrasonic probe according to
the another exemplary embodiment of the present disclosure
(Example 2) with a subject having a large curvature.
[0028] FIGS. 14A and 14B illustrate an ultrasonic probe
according to the another exemplary embodiment of the
present disclosure (Example 3).

[0029] FIGS.15A,15B, and 15C are cross-sectional views
of the ultrasonic probe according to the another exemplary
embodiment of the present disclosure.

DESCRIPTION OF THE EMBODIMENTS

[0030] Ina first exemplary embodiment, an example of an
ultrasonic probe according to a first aspect of the present
disclosure will be described. Note that the configuration of
a second exemplary embodiment described below may be
added to the configuration described in the first exemplary
embodiment.

[0031] The ultrasonic probe according to an exemplary
embodiment of the present disclosure is illustrated in FIG. 1,
but the ultrasonic probe according to the exemplary embodi-
ment of the present disclosure is only an example, and the
present disclosure is not limited thereto. The ultrasonic
probe 100 according to the present exemplary embodiment
is a hand-held ultrasonic probe including a grip unit 120,
light irradiation units 130a, 1305, and an ultrasonic recep-
tion unit 102. In this configuration, the light irradiation units
130g and 1304 include light sources 106a and 1065, light
guide paths 107a and 1075, and light emission end portions
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105a and 1054 respectively. However, as described below, if
the light source is located outside the ultrasonic probe, the
light irradiation unit 130 does not include a light source.
Examples of light sources include a light emitting diode
(LED), a laser diode (LD), and a solid-state laser. When an
LED or an LD is used as the light source, it is desirable to
obtain a large light output by using a light source array in
which these light sources are arranged in an array. A
compact light source array such as an LED array or an LD
array is desirably included in the ultrasonic probe, in view
of reducing the weight of the device and obtaining a suffi-
cient light output.

[0032] Meanwhile, to obtain a larger light output, a solid
laser such as an alexandrite laser, a titanium sapphire laser,
or an optical parametric oscillator (OPO) laser is desirably
used as a light source. When a solid laser is used as a light
source, it is desirable to provide a wave guide unit for
guiding light from an externally provided light source to the
light emission end portion.

[0033] As illustrated in FIG. 1, the light sources 106a and
1065 that generate light for irradiating a subject 103 are
provided at the sides of the probe 100, so that the light is
emitted from the light emission end portions 1052 and 1055
via the light guide paths 107a and 1075. Furthermore, an
ultrasonic reception unit 102 is provided to receive an
ultrasonic wave U generated from the subject 103 when the
subject 103 is irradiated with light L1 and light 1.2.

[0034] A change unit 101 for changing the light intensity
distribution of light and a reception unit 104 for receiving an
instruction from the user concerning the change of the light
intensity distribution of the light from the light irradiation
unit 130 in a state where the user grips the ultrasonic probe
are provided. Based on an instruction from the user received
by the reception unit 104, a signal for controlling the change
unit is obtained, and the change unit 101 is driven using the
signal to change the light intensity distribution of the light
emitted on the subject.

[0035] When the reception unit 104 has a contact sensor
for acquiring information about the contact state between the
subject 103 and the ultrasonic probe 100, an instruction from
the user is given via the contact sensor. As the reception unit
104, a pressure sensor may be provided in the grip unit 120,
and an instruction from the user may be given via the
pressure sensor. Furthermore, as the reception unit 104, a
switch unit may be provided in the ultrasonic probe 100, and
an instruction from the user may be given via the switch unit.
Alternatively, all of these three reception units 104 may be
provided, or two of these three reception units 104 may be
provided.

[0036] As the change unit 101 that changes the light
intensity distribution of the light emitted on the subject 103,
it is possible to use a unit for changing the irradiation
position of the light emitted on the subject. The ultrasonic
wave from the optical absorber near the surface of the
subject 103 (shallow place) can be detected by setting the
irradiation position of the light with respect to the subject
103 close to the ultrasonic reception unit 102. On the other
hand, by setting the irradiation position of the light with
respect to the subject 103 away from the ultrasonic reception
unit 102, it is easy to cause the light to spread through the
subject 103 and to detect the ultrasonic wave from the
optical absorber in a deep place of the subject 103. This is
because irradiation of light to a position far from the
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ultrasonic reception unit 102 can reduce the clutter noise
occurting near the surface of the subject 103.

[0037] A unit for changing the irradiation position of light
may be a unit that moves on the surface of the subject 103
in parallel therewith, or the irradiation position can be
changed by changing the angle of light emitted on the
subject. In the following, an example will be described in a
case where a unit for changing the irradiation angle is used
as the change unit 101.

[0038] FIGS. 2A and 2B illustrate an example of a light
intensity distribution when light is emitted from the light
emission end portions 105a and 1055 of the ultrasonic probe
100 toward the subject 103. In FIGS. 2A and 2B, the inner
side region indicated by a broken line indicates the light
intensity distribution from each light source. When light is
emitted in a state where the angle of the optical axis is kept
perpendicular (zero) with respect to the subject 103 (FIG.
2A), light beams from the two light sources reach a deep
area in an overlapping manner, and therefore, a photoacous-
tic wave can be detected from a deep region of interest (ROI)
(ROL_B). Since it is difficult for light to be emitted on the
subject near the ultrasonic reception unit 102, a pseudo
signal (clutter noise) from near the surface of the subject is
hardly detected.

[0039] However, since the light does not reach a shallow
part (ROI_A) immediately below the ultrasonic reception
unit 102, the acoustic wave becomes weak, and it is easy to
detect the photoacoustic wave from the deep ROI (ROI_B).
[0040] On the other hand, when the angle of the optical
axis from each of the light irradiation units 130« and 1305
with respect to the subject 103 is 8 (theta) as illustrated in
FIG. 2B, the light also reaches the shallow ROI (ROI_A)
immediately below the ultrasonic reception unit 102. There-
fore, it is possible to detect a photoacoustic wave from the
shallow ROI (ROI_A). In this case, the light reaches the
deep ROI (ROI_B), but the light reaching the deep place is
weak and the signal from the shallow ROI (ROI_A)
becomes dominant. In this way, by switching the light
intensity distribution, light can be emitted effectively to the
shallow ROI and the deep ROL

[0041] Since the user can change the light intensity dis-
tribution of light while gripping the grip unit 120 as
described above, the operability is improved.

[0042] Thehand-held ultrasonic probe device according to
Example 1 is illustrated in FIGS. 3A and 3B. In the present
exemplary embodiment, a light source (LED array, LD
array) 106 is provided on each side of the probe, and light
emitted from the light source is guided to the light emission
end portion 105 by the light guide path 107. After the
ultrasonic probe 100 is appropriately pressed on the subject
103 by the user, light is emitted toward the subject 103. The
light source 106 controls the ON/OFF state and the light
intensity of the irradiation by a light source control unit 110.
The acoustic wave generated in the subject receiving the
light is received by the ultrasonic reception unit 102, and
then sent to a signal processing unit 109, whereby subject
information is obtained. In the case of a device using the
photoacoustic effect, the acquired subject information indi-
cates a generation source distribution of the acoustic waves
generated by light irradiation, an initial sound pressure
distribution in the subject, a light energy absorption density
distribution and an absorption coefficient distribution
derived from the initial sound pressure distribution, and a
concentration distribution of substances constituting tissues.

May 31, 2018

The concentration distribution of substances is, for example,
an oxygen saturation distribution, a total hemoglobin con-
centration distribution, and an oxidized/reduced hemoglobin
concentration distribution.

[0043] The ultrasonic probe device further includes an
operation unit 114 for a user (mainly an examiner such as a
medical worker) to input instructions such as start of imag-
ing, and parameters required for imaging, to the device, and
an image configuration unit 113 that images the obtained
subject information. The ultrasonic probe device also
includes a display unit 112 that displays a user interface (UI)
for operating the generated image and the device.

[0044] The device further includes a control processor 111
that receives various operations of the user via the operation
unit 114, generates control information required for gener-
ating target subject information, and controls each function
via a system bus 116. The device further includes a storage
unit 115 that stores the acquired photoacoustic wave digital
signal, generated image, and other operation-related infor-
mation. The details of each unit will be described below.

(Light Source)

[0045] From the light source 106 according to the present
exemplary embodiment, pulsed light of a wavelength
absorbed by a specific component of the components con-
stituting the living body is emitted. It is desirable that the
wavelength used in the present exemplary embodiment be a
wavelength allowing light to propagate to the inside of the
subject. More specifically, when the subject is a living body,
the wavelength used in the present exemplary embodiment
is 600 nm or more and 1100 nm or less. In order to efficiently
generate a photoacoustic wave, the pulse width is desirably
about 10 to 100 nanoseconds. As a light source, a laser
capable of obtaining a large output is desirable, but an LED,
a flash lamp, or the like can be used instead of the laser. As
the laser, various lasers such as a solid laser, a gas laser, a
dye laser, and a semiconductor laser can be used. The time
point, waveform, intensity, and the like of irradiation are
controlled by the light source control unit. This light source
control unit may be integrated with the light source. The
light source unit may be provided separately from the
photoacoustic device according to the present exemplary
embodiment.

[0046] The light source according to the present exem-
plary embodiment may be a light source capable of emitting
light of a plurality of wavelengths.

(Ultrasonic Reception Unit)

[0047] A detection element is arranged in the ultrasonic
reception unit 102 according to the present exemplary
embodiment, and the detection element outputs a detection
signal by detecting a photoacoustic wave occurring in the
inside of the living body and on the surface of the living
body by the pulsed light. The detection element is for
converting a photoacoustic wave into an electric signal. Any
detection element may be used as long as it can detect a
photoacoustic wave, such as a detection element using a
piezoelectric phenomenon, a detection element using a reso-
nance of light, and a detection element using a change of an
electrostatic capacity. A piezo micromachined ultrasonic
transducer (PMUT) is an example of piezoelectric transduc-
ers using a piezoelectric phenomenon. A capacitive micro-
machined ultrasonic transducer (CMUT) is an example of
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electrostatic capacity type transducers using changes in
electrostatic capacity. The CMUT is more desirable as a
detection element because it can detect a photoacoustic
wave in a wide frequency band.

[0048] In order to obtain a high-resolution photoacoustic
image, it is desirable to arrange a plurality of detection
elements in two dimensions or three dimensions to perform
scanning. A reflection film such as a gold film may be
provided on the surface of the probe to return the light
reflected from the surface of the subject or the holding part,
or the light scattered in the inside of the subject and coming
out of the subject, to the subject again.

(Signal Processing Unit)

[0049] The signal processing unit 109 according to the
present exemplary embodiment amplifies the photoacoustic
wave signal generated by the ultrasonic reception unit 102
and converts the signal into a photoacoustic wave digital
signal which is a digital signal. The signal processing unit
109 according to the present exemplary embodiment
includes a signal amplification unit (not illustrated) that
amplifies the analog signal generated by the ultrasonic
reception unit 102, and an analog-to-digital (A/D) conver-
sion unit (not illustrated) that converts the analog signal into
a digital signal.

[0050] Furthermore, for the photoacoustic wave digital
signal, the signal processing unit 109 according to the
present exemplary embodiment performs correction of the
sensitivity variation of the ultrasonic reception unit 102 and
supplementation processing of the transducer physically or
electrically damaged. Further, the signal processing unit 109
can also perform integration processing for noise reduction
and the like. The photoacoustic signal obtained by detecting
the photoacoustic wave emitted by a light absorption sub-
stance inside of the subject 103 is generally a weak signal.
By applying integration averaging processing to the photoa-
coustic wave signals obtained repeatedly at the same posi-
tion of the subject 103 by the integration processing, system
noise can be reduced and the signal-to-noise (S/N) ratio of
the photoacoustic wave signal can be improved.

(Control Processor)

[0051] The control processor 111 according to the present
exemplary embodiment runs an operating system (OS) to
control and manage basic resources in the program opera-
tion, reads the program code stored in the storage unit 115,
and executes the functions described below. The control
processor 111 receives event notifications generated by
various operations such as start of imaging from the user via
the operation unit 114, manages acquisition operation of the
subject information, and controls each piece of hardware via
the system bus 116. The control processor 111 further
commands the light source control unit 110 to control the
light source 106 required for generating the subject infor-
mation of interest. An example of the control processor is a
central processing unit (CPU).

(Operation Unit)

[0052] The operation unit 114 according to the present
exemplary embodiment is an input device for the user to
perform parameter setting related to imaging of, for
example, the visualization range of the subject information,
instruction to start imaging, and other image processing
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operations related to images. In general, the operation unit
114 according to the present exemplary embodiment is
constituted by a mouse, a keyboard, a touch panel, and the
like, and performs event notification to the software such as
the OS operating on the control processor 111 according to
the operation of the user.

(Image Configuration Unit)

[0053] Based on the acquired photoacoustic wave digital
signal, the image configuration unit 113 according to the
present exemplary embodiment converts tissue information
within the subject into an image and constructs a display
image such as an arbitrary tomographic image of the pho-
toacoustic wave image. Various correction processes such as
luminance correction, distortion correction, and ROI crop-
ping are applied to the constructed image to construct more
desirable information for diagnosis. According to the opera-
tion of the user via the operation unit 114, parameters related
to the configuration of the photoacoustic wave image are
adjusted, and display images are adjusted. The photoacous-
tic wave image is obtained by performing image reconstruc-
tion processing on the digital signal of the three-dimensional
photoacoustic wave generated from the ultrasonic reception
unit 102. The photoacoustic wave image can visualize a
characteristic distribution such as acoustic impedance and
subject information such as an optical characteristic value
distribution. For example, back projection in time domain or
Fourier domain commonly used in tomography technology,
or phasing addition processing is used for the image recon-
struction processing. The image configuration unit 113 is
generally constructed using a graphics processing unit
(GPU) having a high-performance arithmetic operation pro-
cessing function and a graphic display function. This can
shorten the time taken to execute the image reconstruction
processing and to configure a display image.

(Display Unit)

[0054] The display unit 112 according to the present
exemplary embodiment displays a photoacoustic wave
image generated by the image configuration unit 113 and a
UI for operating an image and the device. For example, a
liquid crystal display is used, but any type of display such as
organic electro luminescence (EL) may be used.

[0055] FIG. 6 illustrates a display example of a photoa-
coustic image. By displaying the light irradiation area illus-
trated in FIGS. 2A and 2B (broken line in FIGS. 2A and 2B)
and the inclination of the optical axis (one-dot chain line in
FIG. 6) in an overlapping manner on the photoacoustic
image (thick solid line in FIG. 6), the probe operator
operates the reception unit provided in the probe and decides
the ROI while looking at the screen. Information such as the
optical axis angle may be displayed on the display unit 112
numerically.

(Storage Unit)

[0056] The storage unit 115 according to the present
exemplary embodiment includes a memory required for the
control processor 111 to operate, and a memory temporarily
holding data in the subject information acquisition opera-
tion. Furthermore, the storage unit 115 includes a storage
medium such as a hard disk that stores and holds the
generated photoacoustic wave image, relevant subject infor-
mation, diagnostic information, measurement conditions
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such as optical axis angle, and the like. The storage unit 115
stores the program code of software that realizes the func-
tion described below.

(Subject (Optical Absorber))

[0057] The subject (optical absorber) does not form part of
the ultrasonic probe according to the present exemplary
embodiment, but the subject (optical absorber) will be
described below. The main purposes of the ultrasonic probe
according to the present exemplary embodiment using the
photoacoustic effect include imaging blood vessels, diagno-
sis of human and animal malignant tumor and vascular
disease, and follow-up of chemotherapy. The optical
absorber inside of the subject has an absorption coefficient
relatively high within the subject depending on the wave-
length of the light used. More specifically, the optical
absorber inside of the subject may be water, fat, protein,
oxidized hemoglobin, reduced hemoglobin, and the like.

[0058] Subsequently, the operation for changing the light
intensity distribution will be described. As illustrated in FIG.
3A, as the reception unit 104 for receiving an instruction
from the user regarding the change of the light intensity
distribution, a pressure sensor for detecting the contact
pressure with the subject is provided at the tip of the probe.
An example of the pressure sensor is a load sensor such as
a load cell. By placing a plurality of sensors at the tip of the
probe and performing averaging processing, accuracy of
detecting the contact pressure can be improved. The user can
designate the ROI by adjusting the contact pressure (press-
ing force) of the probe 100 against the subject 103.

[0059] The information about the contact pressure from
the reception unit 104 is taken into the control processor 111
and a signal for controlling the angle of the light from the
light emission end portion 105 is sent to an optical axis angle
change unit 101 according to the contact pressure, so that the
angle of the optical axis is controlled by a transmission unit
108. In this case, examiples of the optical axis angle change
unit 101 include a drive mechanism with a rotary motor and
a feed screw, a drive mechanism with a rotary motor and a
cam, and a direct mechanism using a linear motor. The
optical axis angle change unit 101 and the light source unit
(the light source 106, the light guide path 107, and the light
emission end portion 105) are connected by the transmission
unit 108 such as a rod, and the angle of the optical axis is
controlled.

[0060] An example of the relationship between the contact
pressure and the optical axis angle is illustrated in FIG. 3B.
In this example, the control processor 111 performs control
so that, when the contact pressure is small (P1), the optical
axis angle is large (©3), and when the contact pressure is
large (P3), the optical axis angle is small (©1). When the
user wishes to see a deep ROI, the user can designate the
ROI with an intuitive and easy operation like strongly
pushing the subject. The relationship between the contact
pressure and the optical axis angle can be not only a linear
relational expression but also a nonlinear relational expres-
sion, and an optimum relational expression can be set
according to the state (e.g., hardness) of the subject, for
example. Further, the usability is improved by providing a
function of fixing (locking) to an optical axis angle deter-
mined with a certain contact pressure, a function of prohib-
iting the optical axis angle adjustment function from the
beginning, and the like.
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[0061] FIG. 7 illustrates an ultrasonic probe provided with
awave guide unit 108 (e.g., an optical fiber) for guiding light
from the externally provided light source 106 to the light
emission end portion. There is an advantage in that, for
example, when the light source is provided externally,
keeping the heat source away from the probe 100 makes
thermal design easier, and maintenance of the light source
becomes easier.

[0062] According to this configuration, the user of the
probe 100 can change the angle of the optical axis with a
simple operation that adjusts the indentation quantity (con-
tact pressure) to the subject while gripping the probe, and as
a result, the ROI can be designated by changing the light
intensity distribution.

[0063] Thehand-held ultrasonic probe device according to
Example 2 is illustrated in FIGS. 4A and 4B. Subsequently,
operation for changing the light intensity distribution will be
described. As illustrated in FIG. 4A, a pressure sensor for
detecting the user’s gripping force (grasping force) is pro-
vided in a probe grip (grip) as the reception unit 104 for
receiving an instruction from the user regarding the change
of the light intensity distribution. An example of the pressure
sensor is a load sensor such as a load cell. The user can
designate the ROI by adjusting the gripping force (grasping
force) on the probe 100.

[0064] The information about the gripping force from the
reception unit 104 is taken into the control processor 111 and
a signal for controlling the angle of the light from the light
emission end portion 105 is sent to the optical axis angle
change unit 101 according to the gripping force, so that the
angle of the optical axis is controlled by the transmission
unit 108. In this case, examples of the optical axis angle
change unit 101 include a drive mechanism with a rotary
motor and a feed screw, a drive mechanism with a rotary
motor and a cam, and a direct mechanism using a linear
motor. The optical axis angle change unit 101 and the light
source unit (the light source 106, the light guide path 107,
and the light emission end portion 105) are connected by the
transmission unit 108 such as a rod, and the angle of the
optical axis is controlled.

[0065] An example of the relationship between the grip-
ping force and the optical axis angle is illustrated in FIG. 4B.
In this example, the control processor 111 performs control
so that, when the gripping force is small (P1), the optical
axis angle is large (©3), and when the gripping force is large
(P3), the optical axis angle is small (©1). When the user
wishes to see a deep ROI, the user can designate the ROI
with an intuitive and simple operation such as increasing the
gripping force (grasping force).

[0066] The relationship between the gripping force and the
optical axis angle can be not only a linear relational expres-
sion but also a nonlinear relational expression, and an
optimum relational expression can be set according to the
state (e.g., hardness) of the subject, for example. Further, the
usability is improved by providing a function of fixing
(locking) to an optical axis angle determined with a certain
gripping force, a function of prohibiting the optical axis
angle adjustment function from the beginning, and the like.
[0067] According to this configuration, the user can
change the angle of the optical axis with a simple operation
of adjusting the gripping force while gripping the probe, and
as a result, the ROI can be designated by changing the light
intensity distribution. Since it is not necessary to strongly
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press the probe against the subject, there is an advantage in
that there is no pain or discomfort to the subject (examinee).
[0068] The hand-held ultrasonic probe device according to
Example 3 is illustrated in FIGS. 5A and 5B. Subsequently,
operation for changing the light intensity distribution will be
described. As illustrated in F1G. 5B, for example, a switch
unit (hereinafter simply referred to as switch) 117 is pro-
vided in the grip unit 120 of the probe as the reception unit
104 for receiving an instruction from the operator concern-
ing change of the light intensity distribution. Examples of
the switch include a push button switch, a slide switch, and
a touch panel switch. As illustrated in FIG. 5B, the arrange-
ment example of the switch 117 may be such that two
switches may be provided, i.e., a switch 1174 for designating
a shallow ROI and a switch 1175 for designating a deep ROI.
The user can designate the ROI with an intuitive and simple
operation such as operating the switch 11756 when wishing to
see a deep ROI and operating the switch 117a when wishing
to see a shallow ROL

[0069] The information about the switch from the recep-
tion unit 104 is captured by the control processor 111, and
a signal for controlling the angle of the light from the light
emission end portion 105 is sent to the optical axis angle
change unit 101 according to the switch information, so that
the angle of the optical axis is controlled by the transmission
unit 108. In this case, examples of the optical axis angle
change unit 101 include a drive mechanism with a rotary
motor and a feed screw, a drive mechanism with a rotary
motor and a cam, and a direct mechanism using a linear
motor. The optical axis angle change unit 101 and the light
source unit (the light source 106, the light guide path 107,
and the light emission end portion 105) are connected by the
transmission unit 108, and the angle of the optical axis is
controlled.

[0070] According to this configuration, the operator of the
probe 100 can change the angle of the optical axis with a
simple operation of the switch while grasping the probe, and
as a result, the ROI can be designated by changing the light
intensity distribution. Further, in the present exemplary
embodiment, there is no need to strongly press the probe
against the subject, so there is an advantage in that no pain
or discomfort is given to the examinee (subject).

[0071] The description of the reference numerals in the
description of the first exemplary embodiment and FIGS. 1
to 7 will be given below.

[0072] 100 ultrasonic probe

[0073] 101 change unit

[0074] 102 ultrasonic reception unit
[0075] 103 subject

[0076] 104 reception unit

[0077] 105a, 1055 light emission end portion
[0078] 1064, 1065 light source
[0079] 107a, 1075 light guide path
[0080] 108 transmission unit

[0081] 109 signal processing unit
[0082] 110 light source control unit
[0083] 111 control processor

[0084] 112 display unit

[0085] 113 image configuration unit
[0086] 114 operation unit

[0087] 115 storage unit

[0088] 116 system bus

[0089] 117a, 1175 switch

[0090] 118a, 1185 wave guide unit
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[0091] 120 grip unit
[0092] 130a, 1305 light irradiation unit
[0093] In the second exemplary embodiment, an example

of an ultrasonic probe according to a second aspect of the
present disclosure will be described. It should be noted that
the configuration described in the second exemplary
embodiment may further include the configuration of the
first exemplary embodiment described above.

[0094] In the following description, an ultrasonic probe
according to an exemplary embodiment of the present
disclosure is illustrated in FIG. 8, but the ultrasonic probe
according to the exemplary embodiment of the present
disclosure is only an example, and the present disclosure is
not limited thereto. The ultrasonic probe 100 according to
the present exemplary embodiment includes a light emission
unit 101 for emitting light to the subject 103, and an
ultrasonic reception unit 102 for receiving ultrasonic waves
generated by emission of light to the subject 103. Further-
more, an acquisition unit 104 for acquiring information
about the contact state between the subject 103 and the
ultrasonic probe 100 is provided, and the light emission unit
101 includes a plurality of light emission end portions 1054
and 1055 of which output light quantities (light intensities)
are independently controlled. The plurality of light emission
end portions 1054 and 1055 is configured to output the light
with a light quantity controlled based on the information
about the contact state acquired by the acquisition unit 104.
[0095] Based on the information about the contact state
between the subject 103 and the ultrasonic probe 100, the
quantity of light to be emitted on the subject 103 can be
adjusted and thus the subject can be irradiated with light of
a sufficient light quantity regardless of the contact state with
the subject 103. For example, if the ultrasonic probe 100 is
inclined with respect to the subject 103, and a part of the
ultrasonic probe 100 is in a non-contact state, the quantity of
light emitted on the subject 103 decreases, and sufficient
ultrasonic waves for obtaining the information about the
subject may not be generated in some cases. Therefore,
control is performed to, for example, increase the light
quantity of the light emitted from the light emission end
portions 105a and 1056 based on information about the
contact state, such as that the ultrasonic probe 100 is in a
non-contact state with the subject 103, or the contact is not
sufficient. As a result, the quantity of light emitted on the
subject 103 can be sufficient, and enough ultrasonic waves
can be generated and detected to obtain the information
about the subject.

[0096] In the ultrasonic probe 100 according to the exem-
plary embodiment of the present disclosure, the information
about the contact state is not only the information about
whether the ultrasonic probe is in the contact state or the
non-contact state with the subject 103 but also a concept
including the strength (degree) of contact.

[0097] Examples of the acquisition unit 104 for acquiring
information about the contact state include a sensor (load
sensor) for detecting a contact pressure when the subject 103
is pressed against the ultrasonic probe 100, and a displace-
ment sensor for detecting a displacement caused by a change
in the contact strength. The acquisition unit 104 may be a
gradient sensor that acquires information about a change in
the inclination of the ultrasonic probe 100 that is caused as
the ultrasonic probe 100 changes from a state in which the
entire surface of the ultrasonic probe 100 is in contact with
the subject 103 to a state in which the entire surface of the
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ultrasonic probe 100 is in a non-contact state. In FIG. 8, two
acquisition units for acquiring information about the contact
state are illustrated, but one acquisition unit may be pro-
vided, or three or more acquisition units may be provided.
[0098] The light emission unit 101 itself may have a light
source that generates light, or may guide light from a
separately provided light source. The light emission unit 101
may be provided in a casing of the ultrasonic probe 100 or
may be detachable with respect to a casing having the
ultrasonic reception unit 102. Examples of light sources
include an LED, an LD, and a solid-state laser. When the
LED or the LD is used as the light source, it is desirable to
obtain a high light output by using a light source array in
which these light sources are arranged like an array. If a
compact light source array such as an LED array or an LD
array is built in the ultrasonic probe, this is desirable from
the viewpoint of obtaining a sufficient light output with a
light weight.

[0099] Meanwhile, to obtain a larger light output, it is
desirable to use a solid laser such as an alexandrite laser, a
titanium sapphire laser, or an OPO laser as a light source.
When a solid laser is used as the light source, it is desirable
to provide a wave guide unit for guiding light from the
externally provided light source to the light emission end
portion.

[0100] In this case, an example of the arrangement of the
light emission end portion 105, the ultrasonic reception unit
102, and the acquisition unit 104 according to an exemplary
embodiment of the present disclosure is illustrated in FIGS.
15A, 15B, and 15C. FIGS. 15A, 15B, and 15C are cross-
sectional views illustrating the ultrasonic probe 100 of FIG.
8 when the ultrasonic probe 100 is seen from the subject 103.
[0101] FIGS. 15A, 15B, and 15C illustrate an example in
which the ultrasonic reception unit 102 has a plurality of
detection elements 102' and the detection elements 102'
constitute an array probe (102) arrayed at least in the first
direction. The light emission unit 101 includes a plurality of
light emission end portions 105¢ and 1055 arranged at least
along the first direction. FIG. 15A is an example in which
light emission end portions 105¢ and 1055, and acquisition
units 104a and 1045 are provided on both sides of the array
probe (102) arrayed in the first direction. In the example of
FIG. 15A, the light beams having the light quantities con-
trolled based on the information about the contact state
acquired by the acquisition units 104a and 1045 are output
from the light emission end portions 105¢ and 105b6. For
example, when it is detected that the ultrasonic probe 100 is
in the non-contact state as a result of the acquisition unit
104a acquiring the contact state between the subject 103 and
the ultrasonic probe 100, the light emitted from the light
emission end portion 105a may not be sufficiently emitted
on the subject 103. The light quantity of the light emitted
from the light emission end portion 1055 is increased to
supplement the quantity of light that is not emitted from the
light emission end portion 105q, whereby the subject 103
can be irradiated with sufficient light.

[0102] When the contact state is different between both
sides of the array probe arrayed in the first direction, at least
part of the light output from the light emission end portion
arranged on the side with a weaker contact state may be
output from the light emission end portion arranged on the
other side.

[0103] As illustrated in FIG. 15B, the acquisition unit 104
may be provided on one side of the array probe (ultrasonic
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reception unit 102). As illustrated in FIG. 15C, the light
emission end portions 105q and 1056 may be arranged on
one side of the array probe (ultrasonic reception unit 102).
[0104] Thehand-held ultrasonic probe device according to
Example 1 of the present disclosure is illustrated in FIG. 9.
In the present exemplary embodiment, the light source array
106 (1064, 1065) is provided on each side of the probe, and
the light emitted from the light source is guided to the light
emission end portion 105 (1054, 1055) by the light guide
path 107. The light source array 106 has at least one of an
LED array and an LD array.

[0105] After the ultrasonic probe 100 is properly pressed
against the subject 103, light is emitted on the subject 103.
The light source control unit 110 controls light emission
ON/OFF and the light intensity of the light source 106. The
acoustic wave generated in the subject receiving the light is
received by the ultrasonic reception unit 102 and is output as
an electric signal, and then the output signal is sent to the
signal processing unit 109 so that information about the
subject is acquired. In the case of a device using the
photoacoustic effect, the information about the subject to be
acquired indicates a source distribution of acoustic waves
caused by light irradiation, an initial sound pressure distri-
bution in the subject, a light energy absorption density
distribution and an absorption coefficient distribution
derived from the initial sound pressure distribution, and a
concentration distribution of substances constituting tissues.
The concentration distribution of substances is, for example,
an oxygen saturation distribution, a total hemoglobin con-
centration distribution, or an oxidized/reduced hemoglobin
concentration distribution.

[0106] The ultrasonic probe device according to the pres-
ent exemplary embodiment further includes an operation
unit 114 for allowing a user (mainly an examiner such as a
medical worker) to input instructions to the device such as
start of imaging and parameters necessary for imaging, and
an image configuration unit 113 for imaging the obtained
subject information. The ultrasonic probe device according
to the present exemplary embodiment further includes a
display unit 112 for displaying a UI with which the gener-
ated image and the device are operated.

[0107] The ultrasonic probe device according to the pres-
ent exemplary embodiment further includes a control pro-
cessor 111. The control processor 111 receives various
operations of the user via the operation unit 114, generates
control information required for generating information
about a target subject, and controls each function via a
system bus 119. The ultrasonic probe device according to the
present exemplary embodiment includes a storage unit 115
that stores information about the acquired photoacoustic
wave digital signal, generated images, and other operations.
[0108] The ultrasonic probe according to the present
exemplary embodiment can adjust the intensity of light
emitted on the subject according to the contact state, so that
the subject can be irradiated with light of a sufficient light
intensity regardless of the contact state with the subject.
[0109] The details of each unit constituting the ultrasonic

probe according to the present exemplary embodiment will
be described below.

(Light Source)

[0110] From the light source 106 according to the present
exemplary embodiment, pulsed light of a wavelength
absorbed by a specific component of the components con-
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stituting the living body is emitted. It is desirable that the
wavelength used in the present exemplary embodiment be a
wavelength allowing light to propagate to the inside of the
subject. More specifically, when the subject is a living body,
the wavelength used in the present exemplary embodiment
is 600 nm or more and 1100 nm or less. In order to efficiently
generate a photoacoustic wave, the pulse width is desirably
about 10 to 100 nanoseconds. As a light source, a laser
capable of obtaining a large output is desirable, but an LED,
a flash lamp, or the like can be used instead of the laser. As
the laser, various lasers such as a solid laser, a gas laser, a
dye laser, and a semiconductor laser can be used. The time
point, waveform, intensity, and the like of irradiation are
controlled by the light source control unit. This light source
control unit may be integrated with the light source. The
light source may be provided separately from the photoa-
coustic device according to the present exemplary embodi-
ment.

[0111] The light source according to the present exemplary
embodiment may be a light source capable of emitting light
of a plurality of wavelengths.

(Ultrasonic Reception Unit)

[0112] A detection element is arranged in the ultrasonic
reception unit 102 according to the present exemplary
embodiment, and the detection element outputs a detection
signal by detecting a photoacoustic wave occurring in the
inside of the living body and on the surface of the living
body by the pulsed light. The detection element is for
converting a photoacoustic wave into an electric signal. Any
detection element may be used as long as it can detect a
photoacoustic wave, such as a detection element using a
piezoelectric phenomenon, a detection element using a reso-
nance of light, and a detection element using a change of an
electrostatic capacity. A PMUT is an example of piezoelec-
tric transducers using a piezoelectric phenomenon. A CMUT
is an example of electrostatic capacity type transducers
using changes in electrostatic capacity. The CMUT is more
desirable as a detection element because it can detect a
photoacoustic wave in a wide frequency band.

[0113] In order to obtain a high-resolution photoacoustic
image, it is desirable to arrange a plurality of detection
elements in two dimensions or three dimensions to perform
scanning. A reflection film such as a gold film may be
provided on the surface of the probe to return the light
reflected from the surface of the subject or the holding part,
or the light scattered in the inside of the subject and coming
out of the subject to the subject again.

(Signal Processing Unit)

[0114] The signal processing unit 109 according to the
present exemplary embodiment amplifies the photoacoustic
wave signal generated by the ultrasonic reception unit 102
and converts the signal into a photoacoustic wave digital
signal which is a digital signal. The signal processing unit
109 according to the present exemplary embodiment
includes a signal amplification unit (not illustrated) that
amplifies the analog signal generated by the ultrasonic
reception unit 102, and an A/D conversion unit (not illus-
trated) that converts the analog signal into a digital signal.
[0115] Furthermore, for the photoacoustic wave digital
signal, the signal processing unit 109 according to the
present exemplary embodiment performs correction of the
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sensitivity variation of the ultrasonic reception unit 102 and
supplementation processing of the transducer physically or
electrically damaged. Further, the signal processing unit 109
can also perform integration processing for noise reduction
and the like. The photoacoustic signal obtained by detecting
the photoacoustic wave emitted by a light absorption sub-
stance inside of the subject 103 is generally a weak signal.
By applying integration averaging processing to the photoa-
coustic wave signals obtained repeatedly at the same posi-
tion of the subject 103 by the integration processing, system
noise can be reduced and the S/N ratio of the photoacoustic
wave signal can be improved.

(Control Processor)

[0116] The control processor 111 according to the present
exemplary embodiment runs an OS to control and manage
basic resources in the program operation, reads the program
code stored in the storage unit 115, and executes the func-
tions described below. The control processor 111 receives
event notifications generated by various operations such as
start of imaging from the user via the operation unit 114,
manages acquisition operation of the subject information,
and controls each piece of hardware via the system bus 119.
The control processor 111 further commands the light source
control unit 110 to control the light source 106 required for
generating the subject information of interest. An example
of the control processor is a CPU.

(Operation Unit)

[0117] The operation unit 114 according to the present
exemplary embodiment is an input device for the user to
perform parameter setting related to imaging of, for
example, the visualization range of the subject information,
instruction to start imaging, and other image processing
operations related to images. In general, the operation unit
114 according to the present exemplary embodiment is
constituted by a mouse, a keyboard, a touch panel, and the
like, and performs event notification to the software such as
the OS operating on the control processor 111 according to
the operation of the user.

(Image Configuration Unit)

[0118] Based on the acquired photoacoustic wave digital
signal, the image configuration unit 113 according to the
present exemplary embodiment converts tissue information
within the subject into an image and constructs a display
image such as an arbitrary tomographic image of the pho-
toacoustic wave image. Various correction processes such as
luminance correction, distortion correction, and ROI crop-
ping are applied to the constructed image to construct more
desirable information for diagnosis. According to the opera-
tion of the user via the operation unit 114, parameters related
to the configuration of the photoacoustic wave image are
adjusted, and display images are adjusted. The photoacous-
tic wave image is obtained by performing image reconstruc-
tion processing on the digital signal of the three-dimensional
photoacoustic wave generated from the ultrasonic reception
unit 102. The photoacoustic wave image can visualize a
characteristic distribution such as acoustic impedance and
subject information such as an optical characteristic value
distribution. For example, back projection in time domain or
Fourier domain commonly used in tomography technology,
or phasing addition processing is used for the image recon-
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struction processing. The image configuration unit 113 is
generally constructed using a GPU having a high-perfor-
mance arithmetic operation processing function and a
graphic display function. This can shorten the time taken to
execute the image reconstruction processing and to config-
ure a display image.

(Display Unit)

[0119] The display unit 112 according to the present
exemplary embodiment displays a photoacoustic wave
image generated by the image configuration unit 113 and a
UI for operating an image and the device. For example, a
liquid crystal display is used, but any type of display such as
organic EL, may be used.

(Storage Unit)

[0120] The storage unit 115 according to the present
exemplary embodiment includes a memory required for the
control processor 111 to operate, and a memory temporarily
holding data in the subject information acquisition opera-
tion. Furthermore, the storage unit 115 includes a storage
medium such as a hard disk that stores and holds the
generated photoacoustic wave image, relevant subject infor-
mation, and diagnostic information. The storage unit 115
stores the program code of software that realizes the func-
tion described below.

(Subject (Optical Absorber))

[0121] The subject (optical absorber) does not form part of
the ultrasonic probe according to the present exemplary
embodiment, but the subject (optical absorber) will be
described below. The main purposes of the ultrasonic probe
according to the present exemplary embodiment using the
photoacoustic effect include imaging blood vessels, diagno-
sis of human and animal malignant tumor and vascular
disease, and follow-up of chemotherapy. The optical
absorber inside of the subject has an absorption coeflicient
relatively high within the subject depending on the wave-
length of the light to be used. More specifically, the optical
absorber inside of the subject may be water, fat, protein,
oxidized hemoglobin, reduced hemoglobin, and the like.
[0122] The problems associated with hand-held ultrasonic
probes are illustrated in FIGS. 10A and 10B. FIG. 10A
illustrates a state in which there is no gap between the
ultrasonic probe and the subject, and the ultrasonic probe
and the subject are in close contact with each other to be
pressed correctly. A jelly-like acoustic coupling agent
(acoustic matching agent) is generally applied between the
ultrasonic probe 100 and the subject 103. The space between
the probe and the body is filled with a jelly-like substance
having a unique acoustic impedance close to the living body
(the product of sound speed and density), whereby mixing of
air can be avoided, and sound waves can easily propagate
between the probe 100 and the subject 103. Therefore, a
certain degree of probe inclination (clearance between the
ultrasonic probe 100 and the subject 103) is permitted at the
time of inspection.

[0123] When the ultrasonic probe 100 is in close contact
with the subject 103, the light L1 emitted from the light
emission end portion 105 and the light .2 emitted from the
light emission end portion 1055 can be made incident on the
subject 103 in such a manner that the light quantities of the
light L1 and the light .2 are substantially uniform. As a
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result, the signal level of the ultrasonic wave U from the
subject 103 can be kept properly.

[0124] However, as illustrated in FIG. 10B, when the
inclination exceeds the allowable value and the subject 103
and the ultrasonic probe 100 are in the non-contact state, air
can enter the gap between the probe 100 and the subject 103.
As a result, the light quantity of the light L1 emitted from the
side where the gap is formed (light emission end portion
1054a) decreases. This leads to a decrease in the total quantity
of light incident on the subject 103. As a result, the signal
level of the ultrasonic wave U decreases, and thus a correct
photoacoustic image may not be obtained.

[0125] Whether the ultrasonic probe 100 according to the
present exemplary embodiment is closely pressed against
the subject 103 in parallel can be determined from informa-
tion given by the acquisition units 104a and 1045, which
acquire the information about the contact state, provided on
both side surfaces of the ultrasonic probe 100. The acqui-
sition unit 104 should at least be a unit that detects formation
of a gap at the distal end of the probe, such as a mechanical
switch, a load sensor, or a displacement sensor.

[0126] Subsequently. the operation to keep the light quan-
tity proper will be described. As illustrated in FIG. 9, the
signals from the acquisition units 104a and 104b that acquire
information about the contact state are taken into the control
processor 111, the contact state is detected, and an arithmetic
operation about in which direction the probe 100 is inclined
is performed, for example. As illustrated in FIG. 10B, when
it is detected that one acquisition unit 1044 is correctly in
contact with the subject 103 and there is a gap from the other
acquisition unit 104¢, a command is given to the light source
control unit 110 to increase the output of the light source
1065.

[0127] Depending on the shape of the surface of the
subject 103, the ON/OFF state of the contact state may be
frequently switched, but this can be solved by providing a
hysteresis circuit in the control processor 111 that receives
the signal from the acquisition unit 104. The hysteresis
circuit prevents frequent switching. In the case of a subject
which cannot be handled even by the hysteresis circuit, this
can be solved by providing a function of acquiring the
photoacoustic signal by canceling the adjustment function of
the light quantity of the light source to keep the light
quantity constant.

[0128] As described above, when the subject 103 is irra-
diated by adjusting the outputs of the left and right light
sources 106a and 1065, the image configuration unit 113 is
provided with a table referring to the quantity (distribution)
of light to be emitted on the surface of the subject 103
according to the light quantity adjustment. The light quan-
tities from the right and left light sources are read from the
table, and the light intensity distribution inside the living
body is calculated. The quantitative information (oxygen
saturation distribution, total hemoglobin concentration dis-
tribution, oxidized/reduced hemoglobin concentration dis-
tribution) and the like of the received signal are calculated
from the light intensity distribution, and are displayed on the
display unit 112.

[0129] What should be noted here is that when only the
output of one light source is increased, heat of the light
source may be trapped inside the probe 100, electrical parts
may break down, and the subject (examinee) may be burned.
FIG. 11 illustrates an ultrasonic probe provided with a wave
guide unit 108 for guiding light from an externally provided
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light source 106 to the light emission end portion. An
example of the wave guide unit 108 is an optical fiber. When
the light source is provided externally, there are advantages
such as easy thermal design obtained by keeping the heat
source away from the probe 100 and easy maintenance of the
light source.

[0130] According to this configuration, the light quantity
of the light 1.2 can be raised to compensate for the decrease
in the light quantity of the light L1, the quantity of light
incident on the subject can be ensured, and the signal level
of the ultrasonic wave U from the subject 103 is maintained
properly, so that high quality images can be obtained.
[0131] A hand-held ulirasonic probe according to
Example 2 of the present disclosure is illustrated in FIG. 12.
An ultrasonic reception unit 102 is provided in the ultrasonic
probe 100. Light sources 106a and 1065, light guide paths
107a and 1075, and light emission end portions 1054 and
1055 are provided on both sides of the ultrasonic reception
unit 102. Further, a light guide path 107¢ connecting the
light guide paths on both sides is provided, and light guide
path switch units 116 (1164, 1165) are configured to switch
the light paths from the light sources to the light emission
end portions on both sides.

[0132] Subsequently, operation according to the present
exemplary embodiment for properly maintaining the light
quantity of the light emitted from the ultrasonic probe 100
toward the subject will be described. As illustrated in FIG.
12, the contact state is detected based on signals from the
acquisition units 104a and 1045 that acquire information
about the contact state, and an arithmetic operation of, for
example, the inclination direction as to which side the probe
100 is inclined is performed. As illustrated in FIG. 12, for
example, an operation will be described in a case where it is
detected that one acquisition unit 1045 is correctly in contact
with the subject 103 and there is a gap from the other
acquisition unit 104a.

[0133] In this case, since the gap is formed between the
probe 100 and the subject 103, the light from the light
emission end portion 1054 is greatly attenuated. Therefore,
the light guide path switch unit 116 is appropriately switched
by a control processor (not illustrated), and the light from the
light source 106a on the side where the probe 100 is not in
contact with the subject is guided via the light guide path
107¢ to the light emission end portion 1055 on the side
where the probe 100 is in contact with the subject. If the
inclination of the probe is opposite to the example above, the
light guide path switch unit 116 is used to switch the light
guide path appropriately, and the light from the light source
1065 can be guided to the light emission end portion 105a
via the light guide path 107c. In this example, unlike
Example 1 described above, it is not necessary to increase
the output of one light source to ensure a light quantity, and
therefore the heat generated inside the probe 100 is less
likely to increase. Therefore, as illustrated in FIG. 13, when
a subject with high curvature (such as an arm) is to be
observed, light from one light source can be guided to the
other light emission end portion even if only one of the light
emission end portions 105 can contact the subject, resulting
in an advantage in that a light quantity for the subject can be
ensured.

[0134] In the present exemplary embodiment, for
example, a case where all the light from one light source is
guided to the other light emission end portion has been
described, but a light adjusting device can be used as the
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light guide path switch unit 116. When the light adjusting
device is used, only part of the light can be guided to the
other light emission end portion, and the light quantity can
be distributed in a stepwise manner according to the contact
state.

[0135] According to this configuration, the light from the
light source 1064 on the side not in contact with the subject
can be emitted from the light emission end portion on the
side in contact with the subject. As a result, the quantity of
light incident on the subject can be ensured, and a high
quality image about the subject can be obtained by main-
taining the signal level of the ultrasonic wave U from the
subject 103 properly.

[0136] A hand-held ultrasonic probe according to
Example 3 of the present disclosure is illustrated in FIG.
14A. A view of the hand-held ultrasonic probe according to
Example 3 of the present disclosure as seen from the subject
side is illustrated in FIG. 14B. Light sources 1064 and 1065,
light guide paths 1074 and 1075, and light emission end
portions 105a and 1055 are provided on both sides of the
probe. In addition, a light guide path 107¢ connecting the
light guide paths on both sides is provided, and a light guide
path switch unit 116 is used to switch the light paths from the
light sources to the light emission end portions on both sides.
[0137] Subsequently, the operation for keeping the light
quantity proper will be described. As illustrated in FIGS.
14A and 14B, the contact state is detected based on signals
from the acquisition units 104a and 1045 that acquire
information about the contact state, and an arithmetic opera-
tion of, for example, the inclination direction as to which
side the probe 100 is inclined is performed. As illustrated in
FIGS. 14A and 14B, for example, an operation will be
described in a case where it is detected that one acquisition
unit 1045 is correctly in contact with the subject 103 and
there is a gap from the other acquisition unit 104a.

[0138] In this case, since the gap is formed between the
probe 100 and the subject 103, the light from the light
emission end portion 1054 is greatly attenuated. Therefore,
a shutter 117 supported by a shutter guide part 118 is
provided in the light emission end portion 105, and the
shutter is driven by a controller (not illustrated) to cut the
light emitted from the light emission end portion 105a to the
subject such that the light on the side where the gap is
formed does not leak to the outside. Furthermore, a mirror
or a corner cube for reflecting light is provided on the upper
surface (the ultrasonic probe side) of the shutter, so that the
light from the light source 106a can be guided to the
opposite light emission end portion 1056 by appropriately
switching the light guide path switch unit 116.

[0139] According to this configuration, the light from the
light source 106a on the side not in contact with the subject
can be blocked not to leak to the outside, and the safety can
be improved. Further, the light emission end portion on the
side that is in contact with the subject can emit light. As a
result, the quantity of light incident on the subject can be
ensured, and a high quality image can be obtained by
properly maintaining the signal level of the ultrasonic wave
U from the subject 103.

[0140] The description of the reference numerals in the
description of the second exemplary embodiment and FIGS.
8 to 15 will be given below.

[0141] 100 ultrasonic probe
[0142] 101 light emission unit
[0143] 102 ultrasonic reception unit



US 2018/0146950 A1

[0144] 103 subject

[0145] 104a, 1045 acquisition unit

[0146] 105a, 1055 light emission end portion
[0147] 1064, 1065 light source

[0148] 107a, 1075, 107¢ light guide path
[0149] 108a, 1085 wave guide unit

[0150] 109 signal processing unit

[0151] 110 light source control unit

[0152] 111 control processor

[0153] 112 display unit

[0154] 113 image configuration unit

[0155] 114 operation unit

[0156] 115 storage unit

[0157] 1164, 1165 light guide path switch unit
[0158] 117a, 1175 shutter

[0159] 118 shutter guide part

[0160] 119 system bus

[0161] While the present disclosure has been described

with reference to exemplary embodiments, it is to be under-
stood that the disclosure is not limited to the disclosed
exemplary embodiments. The scope of the following claims
is to be accorded the broadest interpretation so as to encom-
pass all such modifications and equivalent structures and
functions.

[0162] This application claims the benefit of Japanese
Patent Applications No. 2016-229309, filed Nov. 25, 2016,
and No. 2016-229310, filed Nov. 25, 2016, which are hereby
incorporated by reference herein in their entirety.

What is claimed is:

1. A hand-held ultrasonic probe comprising:

a grip unit;

a light irradiation unit; and

an ultrasonic reception unit,

wherein the light irradiation unit includes:

a change unit configured to change a light intensity

distribution of light emitted on a subject; and

a reception unit configured to receive an instruction from

a user about a change in the light intensity distribution
of the light from the light irradiation unit in a state in
which the user grips the ultrasonic probe, and
wherein the light irradiation unit obtains a signal for
controlling the change unit based on the instruction
from the user received by the reception unit, and drives
the change unit using the signal to change the light
intensity distribution of the light for the subject.

2. The hand-held ultrasonic probe according to claim 1,
comprising, as the reception unit, a contact sensor config-
ured to acquire information about a contact state between the
subject and the ultrasonic probe,

wherein the instruction from the user is given via the

contact sensor.

3. The hand-held ultrasonic probe according to claim 1,
comprising, as the reception unit, a pressure sensor in the
grip unit,

wherein the instruction from the user is given via the

pressure sensot.

4. The hand-held ultrasonic probe according to claim 1,
comprising, as the reception unit, a switch unit in the
ultrasonic probe,

wherein the instruction from the user is given via the

switch unit.
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5. The hand-held ultrasonic probe according to claim 1,
wherein the change unit is configured to change an irradia-
tion position of light on the subject from the light irradiation
unit.

6. The hand-held ultrasonic probe according to claim 1,
wherein the change unit is configured to change an irradia-
tion angle of light on the subject from the light irradiation
unit.

7. The hand-held ultrasonic probe according to claim 1,
wherein a light source array is embedded in the ultrasonic
probe as the light irradiation unit.

8. The hand-held ultrasonic probe according to claim 1,
wherein the light irradiation unit is provided with a wave
guide unit configured to guide light from an externally
provided light source to a light emission end portion.

9. A hand-held ultrasonic probe comprising;

a light emission unit configured to emit light on a subject;

an ultrasonic reception unit configured to receive an

ultrasonic wave generated by emission of the light on
the subject; and

an acquisition unit configured to acquire information

about a contact state between the subject and the
ultrasonic probe,

wherein the light emission unit includes a plurality of

light emission end portions of which output light quan-
tities are independently controlled, and

wherein light with light quantities controlled based on the

information about the contact state is output from the
plurality of light emission end portions.

10. The hand-held ultrasonic probe according to claim 9,

wherein the ultrasonic reception unit includes an array

probe in which a plurality of detection elements is
arrayed at least in a first direction, and

wherein the light emission unit includes the plurality of

light emission end portions arranged at least in the first
direction.

11. The hand-held ultrasonic probe according to claim 10,

wherein the light emission end portions are provided on

both sides of the array probe arrayed in the first
direction, and

wherein light with light quantities controlled based on the

information about the contact state acquired by the
acquisition unit is output from the light emission end
portions arranged on both sides of the array probe.

12. The hand-held ultrasonic probe according to claim 9,
wherein the acquisition unit is configured to acquire the
information about the contact state using a load sensor or a
displacement sensor.

13. The hand-held ultrasonic probe according to claim 9,
wherein the acquisition unit is configured to acquire infor-
mation about an inclination of the ultrasonic probe with
respect to the subject.

14. The hand-held ultrasonic probe according to claim 10,
wherein the acquisition unit is configured to acquire the
contact state with the subject on each of both sides of the
array probe arrayed in the first direction.

15. The hand-held ultrasonic probe according to claim 14,
wherein in a case where the contact state is different between
both sides of the array probe arrayed in the first direction, at
least part of light output from the light emission end portion
arranged on a side where the contact state is weaker is to be
output from the light emission end portion arranged on the
other side.
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16. The hand-held ultrasonic probe according to claim 9,
wherein, in the light emission unit, a light source array is
embedded in the ultrasonic probe.

17. The hand-held ultrasonic probe according to claim 9,
wherein the light emission unit is provided with a wave
guide unit configured to guide light from an externally
provided light source to the light emission end portion.

18. The hand-held ultrasonic probe according to claim 9,

wherein the ultrasonic reception unit is configured to

receive an ultrasonic wave and output an electric sig-
nal, and

wherein information about the subject is acquired based

on the electric signal.

19. A system comprising:

the hand-held ultrasonic probe according to claim 9; and

a processing unit configured to perform control based on

the information about the contact state.

I I T T



RiES

[PRIER 1 (Z R A(F)
R (TR AGE)
HAT R E (TR AGE)

FRI& B A

RHA

L5

HAEREEEE

E)

FARPRBF-FEFRRL , ZEERRL OB AT RRE LN EEN

LS

BAERRA

US20180146950A1 K (2E)R

US15/817982 RiEH

ERERA a4t

Rtk a4t

FRERA 24t

OHISHI SHINJI
SENTOKU KOICHI
IWASE DAISUKE
TOKITA TOSHINOBU
MIYASATO TAKURO
ICHIHARA SHIGERU

OHISHI, SHINJI
SENTOKU, KOICHI
IWASE, DAISUKE
TOKITA, TOSHINOBU
MIYASATO, TAKURO
ICHIHARA, SHIGERU

A61B8/00 A61B8/13

patsnap

2018-05-31

2017-11-20

A61B8/4461 A61B8/13 A61B8/4427 A61B5/0095 A61B8/42 A61B5/02007 A61B5/14542 A61B5/14546

A61B5/4872 A61B5/4875 A61B2560/0431

2016229309 2016-11-25 JP
2016229310 2016-11-25 JP

Espacenet USPTO

103


https://share-analytics.zhihuiya.com/view/e08a37f3-69c6-4ed4-945e-0ad0f60abaf3
https://worldwide.espacenet.com/patent/search/family/062193182/publication/US2018146950A1?q=US2018146950A1
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=%2220180146950%22.PGNR.&OS=DN/20180146950&RS=DN/20180146950

