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Description
[Technical Field]

[0001] The presentinvention relates to technology for acquiring information relating to position displacement of multiple
image data sets.

[Background Art]

[0002] Photoacoustic imaging technology is being studied, where an object is irradiated by light, and image data of
the object is acquired using acoustic waves (photoacoustic waves) emitted by the photoacoustic effect, due to energy
of the light being absorbed. There is a technique in photoacoustic imaging where image data sets of an object acquired
by multiple irradiations of light are composited.

[0003] However, there is a possibility that the relative positional relationship between the object and the photoacoustic
wave reception unit may change from one light irradiation to another. This causes positional displacement due to the
change in the image data corresponding to each light irradiation. The result is that image data sets of the object that
include positional displacement are composited with each other, and the quality of the composited image data sets of
the object is lower. There is known a technique that addresses this problem by comparing the image data sets with each
other, thereby estimating and correcting the positional displacement of the image data sets.

[0004] PTL 1 discloses estimating positional displacement amount by comparing the image data sets of the object
with each other, and compositing the image data sets of the object after the positional displacement has been corrected.
However, there is demand for further improvement in estimation precision regarding the positional displacement esti-
mation method according to PTL 1.

[Citation List]

[Patent Literature]

[0005] [PTL 1] Japanese Patent Laid-Open No. 2014-140716
[Non Patent Literature]

[0006]

[NPL 1]
Physical Review E 71, 016706 (2005)
INPL 2]

Proc. of SPIE Vol. 7561 756117-1

[0007] US 2010/0312113 describes creating early and late phase ultrasound images of a blood vessel. The positioning
of the early phase images is corrected to correspond to the positioning of the late phase images prior to animated display
of the early and late phase images.

[Summary of Invention]

[0008] The present invention provides a technology that improves the estimation precision of positional displacement
amount of multiple image data sets, using multiple image data sets.

[0009] A first aspect of the present invention provides a photoacoustic apparatus according to claim 1.

[0010] A second aspect of the present invention provides a photoacoustic method according to claim 12.

[0011] Further, a computer program in accordance with the invention is defined in claim 14.

[0012] Further features of the present invention will become apparent from the following description of exemplary
embodiments with reference to the attached drawings.

[Brief Description of Drawings]
[0013]

Fig. 1 is a diagram illustrating a photoacoustic device according to a first embodiment.
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Fig. 2 is a diagram illustrating positions of a receiving unit at each of light irradiations according to the firstembodiment.
Fig. 3 is a flowchart illustrating a processing flow at an image data acquisition unit according to the first embodiment.
Fig. 4 is a diagram illustrating pulse volume data sets according to the first embodiment.

Fig. 5 is a diagram illustrating pulse volume data sets to be composited according to the first embodiment.

Fig. 6A is a diagram illustrating composited volume data sets according to the first embodiment.

Fig. 6B is a diagram illustrating composited volume data sets according to the first embodiment.

Fig. 6C is a diagram illustrating composited volume data sets according to the first embodiment.

Fig. 7 is a flowchart illustrating a positional displacement amount acquisition flow according to the first embodiment.
Fig. 8 is a diagram illustrating positional displacement amount of composited volume data sets according to the first

embodiment.
Fig. 9A is a diagram illustrating positional displacement amount of pulse volume data sets according to the first
embodiment.
Fig. 9B is a diagram illustrating positional displacement amount of pulse volume data sets according to the first
embodiment.

Fig. 10A is a diagram for describing positional displacement correction processing of pulse volume data sets ac-
cording to the first embodiment.

Fig. 10B is a diagram for describing positional displacement correction processing of pulse volume data sets ac-
cording to the first embodiment.

Fig. 10C is a diagram for describing positional displacement correction processing of pulse volume data sets ac-
cording to the first embodiment.

Fig. 10D is a diagram for describing positional displacement correction processing of pulse volume data sets ac-
cording to the first embodiment.

Fig. 10E is a diagram for describing positional displacement correction processing of pulse volume data sets ac-
cording to the first embodiment.

Fig. 11 is a diagram illustrating a different configuration of a photoacoustic device according to the first embodiment.
Fig. 12 is a different processing flowchart according to the first embodiment.

Description of Embodiments

[0014] In photoacoustic imaging, there is a possibility that the relative positional relationship between the object and
the photoacoustic wave reception unit may change from one light irradiation to another. This causes positional displace-
ment due to the change in the image data corresponding to each light irradiation. The result is that image data sets of
the object that include positional displacement are composited with each other, and the quality of the composited image
data sets of the object is lower. There is known a technique that addresses this problem by comparing the image data
sets with each other, thereby estimating and correcting the positional displacement of the image data sets.

[0015] However, sound pressure generated by photoacoustic wavesis typically weaker as compared to sound pressure
of transmission acoustic waves used in ultrasound diagnosis apparatuses. Accordingly, the signal-to-noise (hereinafter
"S/N") ratio of image data of the object obtained by one light irradiation is lower than the S/N ratio of image data acquired
by an ultrasound diagnosis apparatus that transmits and receives ultrasound. As a result, the precision of estimation of
the positional displacement amount among image data sets, obtained by comparing image data sets of the object
acquired from one light irradiation with each other, is poor. PTL 1 discloses estimating positional displacement amount
with high precision by comparing image data sets of the object acquired by multiple light irradiations with each other,
and compositing the image data sets of the object after the positional displacement has been corrected.

[0016] However, there is a possibility that the relative positional relationship between the object and the photoacoustic
wave reception unit may change among the multiple light irradiations to acquire one image data set of an object in PTL
1 as well. There is a possibility that lower image quality due to this change will occur in the image data of the one image
data set of the object acquired by multiple light irradiations as well. Accordingly, it is difficult to suppress lower quality
due to the change occurring among multiple light irradiations to acquire one image data set of an object using the method
disclosed in PTL 1.

[0017] A photoacousticimaging technique will be described in the following embodiments where, even in a case where
the relative positional relationship between an object and reception unit of photoacoustic waves changes during multiple
times of performing irradiation by light, image data of the object can be acquired with the effects of this change having
been suppressed.

[0018] The present invention will be described in greater detail with reference to the drawings. Note that the same
components are denoted by the same reference numerals as a rule, and redundant description is omitted.



10

15

20

25

30

35

40

45

50

55

EP 3 319 507 B1
First Embodiment

[0019] A photoacoustic apparatus according to the present embodiment will be described with reference to Fig. 1. The
photoacoustic apparatus according to the present embodiment includes a light irradiation unit 100, a reception unit 200,
a driving unit 300, a signal collecting unit 400, an image data acquisition unit 500, display unit 600, an input unit 700,
and a control unit 800. Configurations of the photoacoustic apparatus according to the present embodiment will be
described below.

Light Irradiation Unit 100

[0020] The light irradiation unit 100 includes a light source 110, and an optical system 120 that guides light emitted
from the light source 110 to an object 900. The light source 110 may be a laser, light emitting diode, or the like. A wide
variety of lasers can be used, including solid-state laser, gas laser, dye laser, semiconductor laser, and so forth. Pulsed
lasers such as Nd:YAG laser, alexandrite laser, or the like may be used as the light source 110. Further, Ti:sapphire
laser that uses Nd:YAG laser as excitation light or optical parametric oscillator (OPO) laser may be used as the light
source 110.

[0021] The light source 110 may be a pulsed light source that is capable of generating pulsed light in the order of
nanoseconds to microseconds. The pulse width of the light may be around 1 to 100 nanoseconds. The wavelength of
the light may be in a range of around 400 nm to 1600 nm. In a case of high-resolution imaging of blood vessels in the
vicinity of a biological surface, light of a wavelength may be used where absorption by blood vessels is great (400 nm
or higher, 700 nm or lower). On the other hand, in a case of imaging at deep parts of biological tissue, light of a wavelength
may be used where absorption by background tissue (water, fat, etc.) is typically low (700 nm or higher, 1100 nm or
lower). In a case of irradiating the object by multiple wavelengths, alight source may be sued where wavelength conversion
can be performed. Note that multiple light sources that generate light of different wavelengths from each other may be
prepared, and the object irradiated by these light sources in an alternating manner. In a case where multiple light sources
are used, these will be collectively referred to as "light source".

[0022] Optical elements such as lenses, mirrors, optical fiber, and so forth, can be used for the optical system 120.
The light emission portion of the optical system 120 may be configured using a diffuser plate to diffuse light, so that
irradiation is performed with a wider light beam diameter. On the other hand, in photoacoustic microscopy, the light
emission portion of the optical system 120 may be configured using a lens or the like to raise resolution, and irradiation
may be performed by focusing the beam. Note that an arrangement may be made where the light irradiation unit 100
does not have the optical system 120, and the object 900 is directly irradiated by light from the light source 110.

Reception Unit 200

[0023] Thereception unit200 includes areceptor group 210 made up of receptors 211 through 214 that output electrical
signals by receiving photoacoustic waves, and a supporting member 220 that supports the receptor group 210.

[0024] Materials that can be used to make up the receptors 211 through 214 include piezoelectric ceramic materials
of which lead zirconate titanate (PZT) is representative, polymeric piezoelectric membrane materials of which polyvi-
nylidene fluoride (PVDF) is representative, and so forth. For examples, capacitive micromachined ultrasonic transducers
(CMUT), transducers using Fabry-Perot interferometers, and so forth, can be used. Note that any transducer can be
employed as a receptor, as long as electric signals can be output by receiving acoustic waves.

[0025] The supporting member 220 is preferably configured using a metal material with high mechanical strength. The
supporting member 220 in the present embodiment has the shape of a half-sphere shell, configured so that the receptor
group 210 can be supported on the half-sphere shell. In this case, the axes of orientation of the receptors are converged
around the center of curvature of the half-sphere. The image quality also is higher near the center of curvature when
imaging is performed using the electric signal group output from these receptors. Note that the supporting member 220
may have any configuration as long as it is capable of supporting the receptor group 210.

Driving Unit 300

[0026] The driving unit 300 is a device that changes the relative position between the object 900 and the reception
unit 200. The driving unit 300 in the present embodiment is a device that moves the supporting member 220 in the X-Y
direction, and is an electric-powered XY stage equipped with a stepping motor.

[0027] The driving unit 300 includes a motor such as a stepping motor to generate driving force, a driving mechanism
that transmits driving force, and a position sensor that detects positional information of the reception unit 200. A lead
screw mechanism, link mechanism, gear mechanism, hydraulic mechanism, or the like, may be used for the driving
mechanism. The position sensor may use a potentiometer or the like employing an encoder, variable resistor, or the like.
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[0028] Note that the driving unit 300 is not restricted to changing the relative position between the object 900 and the
reception unit 200 in the X-Y direction (two dimensionally), and may change the relative position one dimensionally or
three dimen-sionally.

[0029] Note that the driving unit 300 may fix the reception unit 200 and move the object 900, as long as the relative
position between the object 900 and the reception unit 200 can be changed. In a case of moving the object 900, a
configuration is conceivable where the object 900 is moved by moving an object supporting unit (omitted from illustration)
that supports the object 900. Alternatively, both the object 900 and the reception unit 200 may be moved.

[0030] The driving unit 300 may continuously move the relative position, or may move the relative position by step-
and-repeat. The driving unit 300 preferably is an electric powered stage, but may be a manual stage.

Signal Collecting Unit 400

[0031] The signal collecting unit400 includes an amplifier that amplifies electrical signals that are analog signals output
from the receptors 211 through 214, and an A/D converter that converts analog signals output from the amplifier into
digital signals (both amplifier and A/D converter are omitted from illustration). The digital signals output from the signal
collecting unit 400 are stored in a storage unit 510 within the image data acquisition unit 500. The signal collecting unit
400 is also referred to as a data acquisition system (DAS). In the present specification, "electrical signals" is a concept
including both analog signals and digital signals.

Image Data Acquisition Unit 500

[0032] The image data acquisition unit 500 is a device that stores the digital signals output from the signal collecting
unit 400, and acquires image data of the object 900 based on the stored digital signals. Details of the processing
performed by the image data acquisition unit 500 will be described later.

[0033] "Image data" as used in the present embodiment is a collective term for information at each position in two-
dimensional or three-dimensional space that is obtained based on an electric signal group, acquired by receiving pho-
toacoustic waves generated by the photoacoustic effect. Specifically, image data is relating to generated sound pressure
(initial sound pressure) of photoacoustic waves (expressed in units of Pa), light energy absorption density, (expressed
in units of J/m3), light absorption coefficient (expressed in units of 1/m), information relating to density of matter making
up the object, and so forth. The information relating to density of matter is oxyhemoglobin density, deoxyhemoglobin
density, total hemoglobin density, degree of oxygen saturation, and so forth. Total hemoglobin density is the sum of
oxyhemoglobin density and deoxyhemoglobin density. The degree of oxygen saturation is the rate of oxyhemoglobin
as to all hemoglobin.

[0034] The image data acquisition unit 500 includes the storage unit 510, a reconstruction unit 520, a selecting unit
530, a compositing unit 540, a projection data acquisition unit 550, and a position estimation unit 560. The storage unit
510 may be configured using a non-transitory storage medium such as a magnetic disk or flash memory or the like. The
storage unit 510 may also be a volatile medium such as dynamic random access memory (DRAM) or the like. Note that
the storage medium where the program is stored is a non-transitory storage medium.

[0035] A unit handling the computation functions of the reconstruction unit 520, selecting unit 530, compositing unit
540, projection data acquisition unit 550, and position estimation unit 560 may be configured using a processor such as
a central processing unit (CPU) or graphics processing unit (GPU) or the like, a computation circuit such as a field
programmable gate array (FPGA) chip, or the like. These units are not restricted to being configured as a single processor
or computation circuit, and may be configured as multiple processors or computation circuits.

Display Unit 600

[0036] The display unit 600 is a display such as a liquid crystal display, an organic electroluminescence (EL) display,
or the like, serving as a device to display images based on image data acquired from the image data acquisition unit
500, numeric values at a predetermined position within the image data, and so forth. The display unit 600 may display
a user interface (Ul) for operation of images and devices. The display unit 600 may be provided separately from the
photoacoustic apparatus.

Input Unit 700

[0037] The input unit 700 may be configured using a mouse, keyboard, touch panel, or the like, that the user can
operate. Note that the input unit 700 may be provided separately from the photoacoustic apparatus.
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Control Unit 800

[0038] The control unit 800 receives signals due to various types of operations, such as to start imaging or the like,
from the input unit 700 and controls various configurations of the photoacoustic apparatus. The control unit 800 reads
out programs stored in the storage unit, and controls operations of the configurations of the photoacoustic apparatus.
The control unit 800 is configured using a computing element such as a CPU or the like.

[0039] Note that the configurations of the photoacoustic apparatus may be each configured as separate devices, or
may be integrally configured as a single device. Also, multiple configurations of the photoacoustic apparatus may be
integrally configured as a single device.

[0040] Thefollowingisa description of operations of the photoacoustic apparatus according to the presentembodiment.
The light irradiation unit 100 repeatedly irradiates the object 900 with a 20 Hz repetition frequency of light 130. Acoustic
waves (photoacoustic waves) are generated within the object 900 from the photoacoustic effect due to the light 130.
The resonators 211 through 214 receive the photoacoustic waves and output electric signals, whereby the reception
unit 200 outputs an electric signal group. The electric signals output from the receptors are time-sequence signals
indicating the temporal change in pressure of the photoacoustic waves that have reached each of the receptors.
[0041] The driving unit 300 moves the reception unit 200, while the light irradiation unit 100 irradiates the object 900
with light multiple times. That is to say, the driving unit 300 moves the reception unit 200 during a period over which light
irradiation is performed multiple times. As a result, the driving unit 300 can move the reception unit 200 so that the
reception unit 200 is at different positions each time irradiation by light is performed. Fig. 2 represents an example of
the positions of the reception unit 200 at the times of irradiation by light. The points in Fig. 2 have been plotted at positions
of the base of the supporting member 220 at the times of irradiation by light. The light irradiation unit 100 performs
irradiation by light N times, and the reception unit 200 receives photoacoustic waves at N positions. The number of times
of irradiation by lightis 2050 times in Fig. 2, and the average movement distance of the reception unit 200 at time intervals
between irradiation by light is approximately 1.5 mm.

[0042] The receptor group 210 receives the photoacoustic waves generated by multiple irradiations of light by the light
irradiation unit 100, thereby output multiple electrical signal groups corresponding to each of the multiple irradiations of
light. That is to say, the receptor group 210 outputs as many electrical signal groups as the number of irradiations by
light by the light irradiation unit 100. Hereinafter, the multiple electrical signal groups corresponding to the respective
multiple irradiations by light will be referred to simply as "electrical signal group".

[0043] A case of performing irradiation by light N times will be described below. A received signal group obtained by
irradiation by light the i"th time will be written as Py, i (i is no smaller than 1 and no larger than N). ltems with the suffix
"i" are items corresponding to the i'th irradiation by light. This i is a positive integer, and is also referred to as a "pulse
index". Items with a suffix "p" are items corresponding to the first irradiation by light.

[0044] The signal collecting unit 400 converts the multiple electrical signal groups, that are the analog signal groups
output from the receptor group 210, into digital signal groups, to be stored in the storage unit 510.

[0045] The image data acquisition unit 500 acquires image data of the object, based on the multiple electrical signal
groups stored in the storage unit 510. The image data acquisition unit 500 transmits the image data of the object to the
display unit 600, so as to display images based on image data, numeric values at a predetermined position within the
image data, and so forth. In a case where the image data is three-dimensional, the image data acquisition unit 500 can
display a tomographic image cut away at any cross-section, a maximum intensity projection (MIP) image, an image
subjected to volume rendering, or the like.

[0046] Hereinafter, processing of the image data acquisition unit 500 acquiring image data of an object will be described
in detail with reference to the processing flowchart illustrated in Fig. 3.

<8210: Process of Acquiring Multiple Pulse Volume Data Sets>

[0047] The reconstruction unit 520 acquires multiple image data sets of the object, each corresponding to the multiple
irradiations by light, based on each electrical signal group of the multiple electrical signal groups stored in the storage
unit 510. That is to say, the reconstruction unit 520 converts the electrical signal groups that represent temporal change
of pressure into image data of the object. Image data acquired by one irradiation by light will also be referred to as a
pulse volume data set. Pulse volume data is acquired in a volume data format where values are stored at respective
positions of voxels (also called pixels if two-dimensional) arrayed two-dimensionally or three-dimensionally. Volume data
can also be referred to as two-dimensional or three-dimensional volume, two-dimensional or three-dimensional image,
or two-dimensional or three-dimensional tomographic image.

[0048] Inthe present embodiment, the reconstruction unit 520 acquires multiple initial sound pressure distribution data
Popi sets, corresponding to each of the multiple irradiations by light, based on each electrical signal group of the multiple
electrical signal groups stored in the storage unit 510. The multiple initial sound pressure distribution data Py, i sets are
stored in the storage unit 510. A case of acquiring three-dimensional spatial distribution information of initial sound
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pressure as image data of the object will be described in the present embodiment. The value of the initial sound pressure
distribution data at each position is described by a function expression such as Pop_i(x, y, ). Hereinafter, the multiple
initial sound pressure distribution data Py, i sets corresponding to each of the multiple irradiations by light may also be
referred to simply as multiple initial sound pressure distribution data sets.

[0049] Known reconstruction techniques such as a time domain reconstruction technique, Fourier domain reconstruc-
tion technique, model-based reconstruction technique (iterative reconstruction technique), and the like can be employed
for the reconstruction technique. For example, a time domain reconstruction technique called Universal Back Projection
(UBP) described in NPL 1 can be employed.

[0050] In addition to the multiple electrical signal groups, the reconstruction unit 520 also acquires multiple initial sound
pressure distribution data sets based on position information of the receptors at each irradiation by light. The recon-
struction unit 520 can acquire the position information by reading out position information of each receptor at each
irradiation by light stored in the storage unit 510 beforehand. The reconstruction unit 520 can also acquire the position
information of each receptor by receiving the position information of the reception unit 200 from a position sensor provided
to the driving unit 300, with the irradiation by light as a trigger.

[0051] Fig. 4 illustrates a portion of pulse volume data sets (Pq,_1 through Py, 30) according to the present embod-
iment. Although the pulse volume data according to the present embodiment is volume data in three-dimensional space,
the pulse volume data is represented by an X-Y plane for the sake of convenience in description on paper. In the present
embodiment, a reconstruction region is set so that temporally-adjacent initial sound pressure distribution data sets are
superimposed at least partially. A cubic region that is 60 mm in each direction, and centered on the center of curvature
of the supporting member 220 of the half-sphere, is used as the reconstruction region in the present embodiment to be
reconstructed based on one irradiation by light, i.e., one electrical signal group. In this case, the size (60 mm) of the
reconstruction region is large as compared to the amount of movement (1.5 mm) of the reception unit 200 in the time
interval between irradiations by light. Accordingly, two or more pulse volume data sets that correspond to temporally-
consecutive irradiations by light are superimposed, as illustrated in Fig. 4. The size and shape of the reconstruction
region can be set beforehand. Alternatively, the user may specify the size and shape of the reconstruction region by
using the input unit 700. A position at the upper left edge of each pulse volume data set in the drawing as to a reference
position O is the position of each pulse volume data set. As an example, the position PosPOp_1 of the pulse volume data
set Pg, 1 is illustrated in Fig. 4. The position of the reception unit 200 differs for each irradiation by light, as illustrated
in Fig. 2, so each pulse volume data set obtained in the present embodiment that is illustrated in Fig. 4 is positioned at
a different position from each other as to the reference position O. Thatis to say, in the present embodiment, the positions
of the pulse volume data sets are decided by the position of the reception unit 200 at the time of irradiation by light. Note
that the position information of the reception unit 200 at the time of irradiation by light may be acquired, and the positions
of the acquired pulse volume data sets be decided, based on this position information. Alternatively, the positions of the
pulse volume data sets may be decided based on the positions of irradiation by light. Further, the positions of the pulse
volume data sets acquired in this process may be set beforehand.

[0052] Note that in this process, the reconstruction unit 520 may acquire light fluence distribution data ®(J/M2) within
the object, and Gruneisen coefficient distribution data I'(Paxm3/J) within the object. The reconstruction unit 520 may
then acquire light absorption coefficient distribution data ., (1/m) by dividing the initial sound pressure distribution data
by the light fluence distribution data and Gruneisen coefficient distribution data. In this case, the light absorption coefficient
distribution data can be taken as the pulse volume data.

[0053] Forexample, the reconstruction unit 520 may acquire the light fluence distribution data by solving a light diffusion
equation as described in NPL 2.

[0054] It is known that the value of the Gruneisen coefficient is almost uniquely determined when the type of object is
determined, so for example, the Gruneisen coefficient distribution data I" can be stored in the storage unit 510 beforehand.
The reconstruction unit 520 then may perform acquisition by reading out the Gruneisen coefficient distribution data T’
stored in the storage unit 510.

[0055] Note that the reception unit 200 may have a grasping portion, and the user may grasp the grasping portion so
as to move the reception unit 200. Alternatively, an arrangement may be made where the reception unit 200 is not moved
during the multiple irradiations by light. The reconstruction unit 520 may also acquire image data for the entire imaging
region based on an electrical signal group obtained by one irradiation by light, and repeat this for multiple irradiations
by light.

<8220: Process of Selecting Pulse Volume Data>

[0056] The selecting unit 530 selects two or more pulse volume data sets corresponding to temporally-consecutive
irradiations by light, out of the multiple pulse volume data sets stored in the storage unit 510. The two or more pulse
volume data sets selected here will be collectively referred to as first group data G,_1.

[0057] The selecting unit 530 selects two or more pulse volume data sets corresponding to temporally-consecutive
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irradiations by light, regarding which the combination of the pulse volume data sets is different from the first group data
and also includes part of the pulse volume data sets included in the first group data. The two or more pulse volume data
sets selected here will be collectively referred to as second group data Gy _2.

[0058] The j'th group data is written as Gy_j (j is no smaller than 1 and no larger than M) in the present specification.
An item with the suffix j indicates that this is an item corresponding to the j'th group data. This j is a positive integer, and
is also referred to as a group index. An item with the suffix g indicates that this is an item corresponding to one group data.
[0059] Fig. 5 indicates an example of selecting pulse volume data sets in the present embodiment. The selecting unit
530 selects ten initial sound pressure distribution data sets Py, 1 through Pq, 10 corresponding to the first through
tenth irradiations by light as the first group data Gy_1. The selecting unit 530 also selects ten initial sound pressure
distribution data sets Py, 6 through Pq, 15 corresponding to the sixth through fifteenth irradiations by light as the second
group data Gg_2. Here, in each group data, the initial sound pressure distribution data sets corresponding to the sixth
through tenth irradiations by light are selected as common initial sound pressure distribution data to both of the group
data. In the same way, a plurality of group data Gg_1 through Gg_M can be selected by performing selection by shifting
the ten initial sound pressure distribution data sets corresponding to the ten irradiations by light that are selected, by
five irradiations by light at a time. that is to say, the group data G_j includes the initial sound pressure distribution data
Pop—(5j-4) through Pg,_(5j+5) In the case of the present embodiment, one group data is configured of ten electrical
signal groups, and a plurality of group data is formed by shifting five electrical signal groups at a time. Accordingly, the
number (M) of composited volume data is smaller than the number (N) of pulse volume data.

[0060] Note that the selecting unit 530 may select the pulse volume data based on the image quality of each pulse
volume. The selecting unit 530 may select the pulse volume data so that the selected pulse volume data has a prede-
termined quality or higher when composited. The selecting unit 530 may select a smaller number of pulse volume data
sets of high image quality as compared to pulse volume data sets of low image quality, as one group. Image quality as
used here means signal level, S/N, contrast, or the like, in the volume data. For example, a case will be assumed in this
pulse volume data where strong intensity values are observed in a region where a part of a subject taken has generated
strong photoacoustic waves, and weak intensity values are observed at other regions. The selecting unit 530 may also
calculate the average of luminance values within this pulse volume data, or calculate signal levels based on variance
of luminance values, or the like. Further, an arrangement may be made where the selecting unit 530 calculates the ratio
between components from photoacoustic waves and noise components, based on the luminance values of the pulse
volume data, and calculate the S/N based on this. In this case, for example, the selecting unit 530 performs spatial
frequency analysis regarding the luminance values of this pulse volume data. The selecting unit 530 may then take
components of luminance values having a predetermined frequency or higher as noise, and components of luminance
values of frequencies lower than this as components based on photoacoustic waves, thereby calculating the S/N ac-
cording to the ratio of these components. Thus, the number of pulses to be composited can be adaptively changed in
accordance with the image quality of each pulse volume data set. Accordingly, volume data can be generated where
the image quality is at or higher than a predetermined level.

[0061] In a case where thesis of the object and the change in body movement is known, the selecting unit 530 may
select pulse volume data sets based on the magnitude of body movement. Specifically, the selecting unit 530 may reduce
the number of pulses to be selected when the body movement is large, and increase the number of pulses to be selected
when the body movement is small. Accordingly, when the body movement of the subject is large, fewer pulse volume
data sets are composited in the later-described S230. This can suppress blurring in the composited volume data due to
the effects of body movement. On the other hand, when the body movement of the subject is small, more pulse volume
data sets are composited in the later-described S230. This has the advantage that volume data can be composited with
the effects of noise included in the pulse volume data having been reduced.

[0062] The selected pulse volume data sets are composited, as described later. The positional displacement among
the selected pulse volume data sets preferably is small, to suppress blurring of the volume data after compositing.
Accordingly, pulse volume data sets corresponding to two or more irradiations by light may be selected from irradiations
by light performed within a predetermined period. The predetermined period corresponding to the first group data will
be referred to as first period, and the predetermined period corresponding to the second group data will be referred to
as second period. The predetermined periods are decided according to the magnitude of positional displacement and
cycle. For example, pulse volume data sets may be selected that are included in a period corresponding to 1/4 cycle of
positional displacement. In a case of assuming positional displacement due to breathing, pulse volume data sets included
within one second may be selected. In a case of assuming positional displacement due to relatively fast breathing, pulse
volume data sets included within 0.5 seconds may be selected. Any combination of pulse volume data sets may be
selected, as long as the pulse volume data sets are selected within a predetermined period. That is to say, the selected
pulse volume data sets do not have to be temporally consecutive.



10

15

20

25

30

35

40

45

50

55

EP 3 319 507 B1
<S230: Process of Compositing Selected Pulse Volume Data Sets>

[0063] The compositing unit 540 acquires composited volume data by compositing the two or more pulse volume data
sets selected in S220.

[0064] The compositing unit 540 in the present embodiment composites the initial sound pressure distribution data
sets Pop_1 through POp—1O included in the first group data Gg _1 selected by the selecting unit 530, thereby acquiring
an initial sound pressure distribution data set Pog_1. The first composited initial sound pressure distribution data is
equivalent to the first composited volume data (first composited image data). The compositing performed to acquire the
first composited volume data will be referred to as first compositing.

[0065] Fig. 6A illustrates the first composited volume data Poy_1 acquired by the first compositing. In the present
embodiment, a region that envelops all of pulse volume data sets Pop_1 through Pop_‘IO to be composited and also is
a minimally small rectangular region is taken as the first composited volume data Pog_1. Note that any region that
envelops regions where at least two or more pulse volume data sets are superimposed may be taken as composited
volume data. that is to say, the region of the composited volume data does not need to envelop all pulse volume data
sets that are the object of compositing.

[0066] In the same way as with the pulse volume data sets, a position at the upper left edge in the drawing as to the
reference position O is the position PosPog_1 of the first volume data set.

[0067] The compositing unit 540 composites the initial sound pressure distribution data sets Pop_6 through Pop_15
included in the second group data selected by the selecting unit 530, and acquires the second composited second
composited initial sound pressure distribution data Pog_2. The j'th composited initial sound pressure distribution data
obtained by compositing the initial sound pressure distribution data included in the j'th group data is written as Pqg_j.
The second composited initial sound pressure distribution data is equivalent to the second composited volume data
(second composited image data). The compositing performed to acquire the second composited volume data will be
referred to as second compositing.

[0068] Fig. 6B illustrates composited volume data Poy_1 through Pyq_5, obtained based on the pulse volume data
sets Pg,_1 through Pg, 30 illustrated in Fig. 6A. The solid lines in Fig. 6B illustrate the pulse volume data sets, while
the dashed lines indicate composited volume data sets.

[0069] Fig. 6C illustrates just the composited volume data sets Pyg_1 through Pyg_5 illustrated in Fig. 6B. The solid
lines in Fig. 6B illustrate the composited volume data sets Pog_1, Pog_S, and Pog_5, while the dashed lines indicate the
composited volume data sets P09_2 and Pog_4.

[0070] The compositing unit 540 in the present embodiment acquires composited volume data by performing averaging
processing on the selected pulse volume data sets. This averaging processing (averaging) is performed by computation
of adding the luminance values of each pulse volume regarding regions where the pulse volumes are superimposed,
and dividing by the number of superimposed pulse volumes.

[0071] The compositing unit 540 may acquire weight volume data Wg_j(x, y, z) along with the composited volume
data Pog_j. The weight volume data Wg_jis volume data representing the number of pulse volume data sets superimposed
at each position in the composited volume data Pyg_j (in the case of performing averaging processing, the value to divide
by). The value of the composited volume data is though to be high at positions where acquired by compositing a greater
number of pulse volume data sets. That is to say, the weight volume data Wg_j is conceived to be a value that represents
the reliability of the composited volume data at each position.

[0072] Note that the compositing position is not restricted to averaging processing, and that any technique may be
used as long as volume data can be accrued that reproduces the features of the object more accurately as compared
to a single pulse volume data set. Note however, the processing of correcting change in the relative position between
the object 900 and the reception unit 200 during time intervals between irradiations by light (e.g., processing of changing
the position of the pulse volume) is not included in "compositing" as used in the present specification.

[0073] For example, the compositing unit 540 may perform compositing by weighting each of the pulse volume data
sets to be composited, and thereafter adding these. The compositing unit 540 may also calculate added values and
average values for pulse volume data sets where values including much noise have been excluded by outlier exclusion
or the like. Such compositing processing enables composited volume data to be obtained that accurately reproduces
the features of the object, with noise included in the pulse volume data sets having been reduced.

[0074] By selecting pulse volume data sets that are temporally consecutive in S230 as described in the present
embodiment, pulse volume data sets with little temporal change can be composited in this process. Thus, this process
enables composited volume data to be acquired where the effects of change in relative position between the object and
the reception unit of photoacoustic waves over multiple irradiations by light have been minimized.

[0075] Composited volume data with improved quality can be acquired by compositing multiple pulse volume data
sets of which the quality of each is not high. However, the composited volume data acquired in this process includes
the effects of change in relative position between the object and the reception unit of photoacoustic waves over multiple
irradiations by light. Accordingly, there is a possibility that the quality of the composited volume data may be reduced



10

15

20

25

30

35

40

45

50

55

EP 3 319 507 B1

due to the influence of this change. Processing to estimate the position of pulse volume data sets from estimated positions
of the composited volume data, to suppress lowered quality, will be described next.

[0076] Note that the selecting unit 530 may reselect the pulse volume data sets to be composited, based on the image
quality of the composited volume data acquired in this process. Specifically, in a case where the image quality of the
composited volume data is lower than a predetermined image quality, the selecting unit 530 may add pulse volume data
sets for compositing, and reselect. Accordingly, the composited volume data can be kept at a predetermined image
quality or higher, so the estimation precision of the position of the composited volume data in the later-described S250
is improved. Also, the selecting unit 530 may reselect the pulse volume data sets to be composited in a case where the
image quality of the composited volume data is higher than a predetermined image quality. Thus, the number of pulse
volume data sets to attain a predetermined image quality or higher can be reduced, thereby suppressing inclusion of
blurring in the composited volume data due to the effects of body movement.

[0077] The reconstruction unit 520 may acquire composited volume data based on two or more electrical signal groups
acquired by irradiations by light corresponding to two or more pulse volume data sets selected in S220. In this case, the
electrical signal groups may be selected in the same way as the method used for selecting the pulse volume data sets,
described in S220. The reconstruction unit 520 may also generate one volume data set from two or more electrical signal
groups without generating pulse volume data sets for each electrical signal groups. The reconstruction region size to
be applied to one electrical signal group may be smaller than the entire imaging region, as described in S210. Alternatively,
the reconstruction region size to be applied to one electrical signal group may be the same as the size of the entire
imaging region. That is to say, the reconstruction unit 520 may apply each of the electrical signal groups to the entire
imaging region.

<S240: Process of Selecting Composited Volume Data>

[0078] The position estimation unit 560 selects an optional pair of composited volume data sets from the multiple
composited volume data sets acquired in S230. The k'th pair is written as R_k. One of the composited volume data sets
making up the pair R_k is written as Pog_k1 ,and the other as Pog_k2. A case where K pairs are selected will be described
in the present embodiment.

[0079] Note that two composited volume data sets having an overlapping region are preferably paired. This enables
a situation where composited volume data sets not having any common features are compared in the later-described
S250to be avoided, so redundant calculation can be reduced. Pairing composited volume data sets with large overlapping
regions is even more preferable. Accordingly, the position estimation unit 560 may select pairs where the volume of the
overlapping regions among the composited volume data sets is a predetermined value or greater. Alternatively, for
example, the position estimation unit 560 may select pairs where the percentage of volume of the overlapping region
as to the composited volume data is a predetermined value or greater. Further, pairs may be selected where regions
overlap that have a large number of superimposed pulse volume data sets within the composited volume data.

[0080] Alternatively, composited volume data sets having a group index included in a predetermined group index
range from the group index of a certain composited volume data may be selected with regard to certain composited
volume data. Or, composited volume data sets of which group indices are consecutive, i.e., temporally consecutive,
may be selected to be paired.

[0081] For example, the position estimation unit 560 in the present embodiment selects, as an object for compositing
with Pog_j, a composited volume data set out of Pog_(j+1) through Pog_(j+60) where the overlapping region with POg_j
is 50% or more.

<S250: Process of Estimating Amount of Positional Displacement of Composited Volume Data Sets>

[0082] Next, the amount of positional displacement of each composited volume data set due to change in the relative
positional relationship between the object and the reception unit of photoacoustic waves in time intervals between
irradiations by light is estimated. In the present embodiment, the position estimation unit 560 acquires the amount of
positional displacement among composited volume data sets as information relating to positional displacement among
composited volume data sets. An example of an image processing method of estimating the amount of positional
displacement of the composited volume data sets will be described below with reference to Fig. 7, which is a detailed
processing flow of S250.

<S251: Process of Acquiring Similarity Function Among Composited Volume Data Sets>

[0083] The position estimation unit 560 acquires a similarity function F_k between Pog_k1 and Pog_k2, as shown in
Expression (1).
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F_k(x,y, z) = fum(Poe_k, X, y, ) ...Expression (1)

[0084] Thus similarity function F_k is a function for calculating the similarity of translating the relative position (x, y, z)
of the composited volume data Pog_k2 that is one of the pair R_k as to the other composited volume data Pog_k1. Note
that the function fg;; here returns a high value as a function value in a case where the similarity between the images is
high. Acquisition of the similarity function F_k means acquiring a function value in a case of discretely changing the
amount of translation (x, y, z) that is the argument of the functions, i.e., changing the relative position among the images,
within a predetermined range. For example, in a case of changing the values of each of x, y, and z, as integer values
within the range of -L to +L, this means acquiring a group of (2L + 1) X (2L + 1) X (2L + 1) values that F_k returns for
each. As a further advancement, the group of (2L + 1) X (2L + 1) X (2L + 1) values may be subjected to bilinear or
bicubic interpolation or the like, to derive a similarity function F_k that is information closer to a continuous function, and
obtained.

[0085] Note that a position that has been translated by an amount equivalent to the relative position of Poy_k2 as to
Pog_k1 (the amount of movement of the reception unit 200 at time intervals between irradiation by light) may be used
as a standard, and a function value obtained in a case where the position of Pog_k2 is discretely moved within a
predetermined range.

[0086] Any measure of similarity can be used for the function to calculate similarity, such as sum of squared difference
(SSD), sum of absolute difference (SAD), mutual information, mutual correlation, or the like, for example. Alternatively,
forms having features may be extracted from the composited volume data, and similarity functions may be obtained by
measuring the degree of matching the positions thereof. Features to be extracted may be features extracted in known
technology that are generally used in the field of image processing, such as anatomical features like blood vessels or
the like, edge detection, corner detection, or the like. Features to be extracted may also be high-order local image
features or the like, such as scale-invariant feature transform (SIFT) features or Speeded Up Robust Features (SURF)
generally used in the technical field of computer vision or the like. It is conceivable that these methods can allow more
robust similarity functions to be obtained with regard to difference in luminance distribution among the composited volume
data sets, inclusion of noise, and the like.

[0087] The position estimation unit 560 may acquire a similarity function by subjecting the results of similarity calculation
(calculation of squaring differences of each pixel value in the case of SSD) at each position shown in Expression (1) by
the weight volume data Wg_j described in S240. According to this processing, the position estimation unit 560 can
acquire a similarity function that strongly reflects regions in the composited volume data where reliability is high.
[0088] In a case where the similarity among composited volume data sets that are the object of similarity calculation
cannot be calculated correctly, the results thereof do not have to be used in subsequent processing. Conceivable
examples of cases where similarity cannot be calculated correctly include cases where similarity is small regardless of
whatever translation, the similarity does not change, and so forth. According to this processing, comparison results
(similarity functions) among composited volume data sets where the same features are sufficiently manifested can be
selectively used in subsequent processing.

<S8252: Process of Acquiring Translation Amount where Similarity Function is Largest>
[0089] Next, the position estimation unit 560 acquires translation amount M_k(x, y, z) of the composited volume data

Pog_k2 as to the composited volume data Pog_k1 where the function value of similarity function F_k is largest, as shown
in Expression (2).

M_k(x,y,z) = argmax{(F_k(x,y,z)} ...Expression (2)

[0090] The position estimation unit 560 acquires the translation amount M_k where the function value of the similarity
function F_k is largest for each pair.

<S8253: Process of Acquiring Reliability of Similarity Function Based on Similarity Function>

[0091] Next, the position estimation unit 560 acquires a reliability S_k of the similarity function F_k, based on the
similarity function F_k. The reliability of a similarity function is a parameter representing the likelihood of the translation
amount (relative position between images) where the similarity function is the largest, that is obtained based on the
similarity function. In other words, the reliability of the similarity function is a parameter representing the likelihood of the
positional relationship between composited volume data sets to be compared, that is acquired based on the similarity
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function. For example, the acutance of the similarity function may be used as the reliability of the similarity function. That
is to say, a value based on the magnitude in change (acutance) of similarity functions values around a position where
the similarity function is greatest may be taken as the similarity. Specifically, the position estimation unit 560 acquires
the similarity S_k representing the acutance from Expression (3) according to a secondary differential value of the
similarity function F_k.

[Math.1]

S k=(S_k(x) S_k(y) S_k)Y

_ O*F _k(x,y.z) &’F k(x,y,2) O*F k(x,y,2)
0x ’ a7y ’ &z

...Expression (3)

[0092] Note that any method may be used by the position estimation unit 560, as long as a parameter can be acquired
that represents the likelihood of the translation amount (relative position between images) where the similarity function
is the largest, based on the similarity function.

<S254: Process of Acquiring Position Information of Composited Volume Data After Positional Displacement, Based on
Reliability of Similarity Function>

[0093] In a case of estimating the position of composited volume data, an evaluation function is defined where the
translation amount M_k that is an individual optimal value of the pair R_k is maximally maintained. That is to say, an
evaluation function is defined where the value becomes lower as the position of Pog_k2 as to Pog_k1 is farther away
from the translation amount M_k. Further, this evaluation value thus defined is weighted using the reliability S_k of the
similarity function acquired in S253. Expression (4) represents an example of an evaluation value E_k weighted by the
S_k of the similarity function.

E_k =S_kx(M_k - (PosPy,_k1 - PosPy, k2))>=S_k(x) x (M_k(x) - (PosP,,_k1(x) -
PosPy,_k2(x)))? + S_k(y) x (M_Kk(y) - (PosPy, k1(y) - PosPy, k2(y)))* + S_k(z) x
(M_k(z) - (PosPy,_k1(z) - PosPy,_k2(z)))* ...Expression (4)

[0094] PosPog_k1 represents the position of Pog_k1 as to the reference position. PosPog_k2 represents the position
of Pog_k2 as to the reference position. Note that at the time of defining the evaluation function, the similarity function
F_k may approximate a quadratic function that fits this similarity function F_k. In a case the similarity function F_k can
be approximated by decreasing following the quadratic function in the vicinity of the translation amount M_k, Expression
(3) is a function that approximates the value of the similarity function F_k in the vicinity of the translation amount M_k
from the positional relationship between Pog_k1 and Pog_k2.

[0095] Next, the position estimation unit 560 acquires all composited volume data positions PosP’Og_j astothereference
position for when a cost function E defined as in Expression (5) is minimized.

[Math.2]

=)'8 k(M k-(Post,, K1-Post,, kDf

S k@)x(M kx)-(Posh, kl(x)-Posty, k20

xz +8 kO)x(M k() -(Posty, KU(y)-Posty, k20)f
48 k@x(M k@)~ (Post,, ki(2)- Posp,, k2A2)F

Expression (5)

[0096] The position of the composited volume data as to the reference position when the cost function is minimized
represents the position information of the composited volume data after the positional displacement due to change in
the relative positional relationship between the object 900 and reception unit 200.
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[0097] Using an evacuation function weighted by the reliability of the similarity function enables position information
that strongly reflects the evaluation result of the pair of image data containing common structure to be acquired. On the
other hand, position information can be acquired without strongly reflecting evaluation of a pair of image data not
containing common structure in the image data. That is to say, position information of volume data can be acquired with
precision by using the reliability of the similarity function.

[0098] Forexample, the position estimation unit 560 performs solving by the linear least-squares method for a solution
where the cost function E shown in Expression (5) is minimized (most closely approaches zero). Accordingly, the com-
posited volume data position PosP’Og_j of each composited volume data set can be uniquely calculated. Since the
composited volume data position PosP’Og_j of each composited volume data set can be uniquely calculated by the linear
least-squares method in the cost function shown in Expression (5), the calculation cost is small.

[0099] The cost function optimization by linear optimization described above is not restrictive; any known method may
be used for cost function optimization. For example, optimization may be performed using non-linear optimization methods
by iterative calculation, such as the steepest descent method, Newton’s method, or the like. That is to say, the position
estimation unit 560 acquires position information of composited volume data as to the reference position after positional
displacement, by searching for a position for each composited volume data where the cost function is minimized.
[0100] Note that the cost function may be defined so as to normalize the expected change (movement) of each
composited volume data position atintervals between irradiation by light. In a case where the objectis a breast, movement
due to breathing will be expected to be dominant. In this case, the movement of the object is expected to be around
several millimeters at the most, and the movement thereof to be continuous and smooth. The movement is also expected
to be cyclic. Normalization can be performed so as to suppress calculation of movement that is far removed from the
expected movement of the object such as described above.

[0101] Any method may be used for normalization. For example, normalization can be performed by calculating the
cost function by multiplying the summation of the amount of movement (distance of moment) of the object over the
process of derivation by a predetermined weighting coefficient. Alternatively, the summation of temporal differentiation
(acceleration) of the change of the object may be added into the cost function. Further, a value calculated based on a
frequency component value of the change of the object may be added into the cost function. Moreover, a model of typical
change of the object may be prepared, with the different as to the change in the model added into the cost function as cost.
[0102] Further, "minimizing the cost function" is not restricted to cases where the cost function is strictly at the minimum,
and also includes cases where the value of the cost function is equal to or below a predetermined value when solution
candidates are changed, and cases where the amount of change of the cost function is equal to or below a predetermined
value. That is to say, the position estimation unit 560 may determine that the cost function has been minimized by the
cost function satisfying predetermined conditions. Further, the user may use the input unit 700 to instruct that the cost
function has been minimized. In this case, the position estimation unit 560 determines that the cost function has been
minimized upon receiving the instruction form the input unit 700.

<S255: Process of Acquiring Positional Displacement of Composited Volume Data Based on Position Information After
Positional Displacement>

[0103] Next, the position estimation unit 560 acquires positional displacement amount Mg_j of the composited volume
data where the cost function has been minimized, with regard to the composited volume data acquired in S230. This
positional displacement amount Mg_j represents the positional displacement at each composited volume data set due
to relative positional relation change between the object 900 and the reception unit 200.

[0104] Fig. 8illustrates position PosPog_2 of composited volume data Pog_2 acquired in S230, and position PosP’Og_Z
of composited volume data P’Og_2 where the cost function has been minimized (position after positional displacement).
Fig. 8 illustrates the composited volume data Pog_2 by solid lines and the composited volume data P’Og_2 where the
cost function has been minimized by dashed lines.

[0105] The positioninformation after positional displacement of the composited volume data can be precisely estimated
based on the reliability of the similarity function in S254, so the positional displacement amount of the composited volume
data is also precisely acquired in S255.

[0106] Note thatany technique may be used in S250, as long as the positional displacement amounts of the composited
volume data sets due to change in relative position between the object 900 and reception unit 200 can be acquired
based on the reliability of the similarity function. Using composited volume data where quality has been improved as
compared to pulse volume data is used in S250, so the amount of positional displacement of the composited volume
data can be estimated with precision.

<S260: Process of Estimating Positional Displacement Amount of Pulse Volume Data>

[0107] The position estimation unit 560 estimates the positional displacement Mp_i of the pulse volume data based
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on the positional displacement amount Mg_j of the composited volume data estimated in S250. That is to say, the position
estimation unit 560 estimates the positional displacement as to the position of the pulse volume data set in S210.
[0108] The position estimation unit 560 can allocate the positional displacement amount of the composited volume
data estimated in S250 for the positional displacement amount of pulse volume data correlated with the composited
volume data. Positional displacement amount of other pulse volume data an be estimated by the position estimation
unit 560 performing interpolation processing as to the positional displacement amount of the pulse volume data that has
been allocated. Known techniques such as linear interpolation and spline interpolation and the like can be employed for
the interpolation technique. Interpolation processing may also be performed with constraints so that there is no calculation
of movement that is far removed from the expected movement of the object described in S250.

[0109] Any pulse volume data set out of the pulse volume data sets that are the object of compositing may be taken
as a pulse volume data set correlated with the composited volume data. For example, in a case where the number of
the pulse volume data sets to be composited is an odd number, the pulse volume data set at the temporal center may
be correlated with the composited volume data.

[0110] Also, in a case where the number of the pulse volume data sets to be composited is an even number, any pulse
volume data set around the temporal center may be correlated with the composited volume data. For example, in a case
where ten pulse volume data sets are the object of compositing as in the present embodiment, the positional displacement
amount Mg_j of the composited volume data Pog_j may be allocated as the positional displacement amount Mp_5i of
the pulse volume data Pg,_5j.

[0111] Also, in a case where the number of the pulse volume data sets to be composited is an even number, a virtual
pulse volume data set situated at the temporal center may be correlated with the composited volume data. For example,
in a case where ten pulse volume data sets are the object of compositing as in the present embodiment, the positional
displacement amount of the composited volume data Pog_j may be allocated as the positional displacement amount of
a virtual pulse volume data set where the pulse index is 5.5j.

[0112] Also, in a case of compositing with weighting, the pulse volume data set that has been weighted with the highest
weighting coefficient out of all pulse volume data sets that are the object of compositing may be correlated with the
composited volume data. Alternatively, the pulse volume data of which the weighting coefficient is a median value of all
pulse volume data sets that are the object of compositing may be correlated with the composited volume data.

[0113] Fig. 9 illustrates an example of processing of estimating the positional displacement amount of pulse volume
data in the present embodiment. Fig. 9A is a diagram indicating the positional displacement amount as to pulse volume
data before performing later-described positional displacement correction with an arrow. First, the position estimation
unit 560 allocates the positional displacement amount Mg_2 of the composited volume data Pog_2 to the positional
displacement amount Mg_10 of the pulse volume data Pog_10 that is indicated by hatching, as illustrated in Fig. 9A. The
position estimation unit 560 also allocates the positional displacement amount Mg_j of the other composited volume
data Pog_j to the pulse volume data Pog_5j. Mg_1 is 0 in the present embodiment, so Mg_5 also is 0. Note that Fig. 9A
illustrates the position PosP’Op_1O of the pulse volume data after positional displacement.

[0114] Next, as illustrated in Fig. 9B, the position estimation unit 560 acquires translation amount other than the pulse
volume data Py, 5j indicated by hatching, by linear interpolation of positional displacement amount M,_5j. Fig. 9B
illustrates the positional displacement amount Mp_5j by solid lines, and positional displacement amounts other than the
positional displacement amount Mp_5j that have been estimated by interpolation by dotted lines. Interpolating the posi-
tional displacement amountso as to connect the positions PosP‘Op_i ofthe pulse volume data after positional displacement
enables the positional displacement amount of each pulse volume data set to be estimated. Note that a position obtained
by interpolating the position PosP’Op_j of the composited volume data P‘Og_j after optimization may be estimated to be
the position of the pulse volume data after positional displacement. Also, the positional displacement amount of the
pulse volume data may be accrued based on the position of pulse volume data after positional displacement that has
been obtained in this way. According to the above-described processing, the positional displacement amount of each
pulse volume data set can be acquired based on the positional displacement amount of each composited volume data set.
[0115] In this process, positional displacement amount of pulse volume data can be estimated based on the positional
displacement amount of composited volume data that has been estimated with high precision. Accordingly, the estimation
precision of the positional displacement amount of pulse volume data is higher as compared to a case of directly estimating
the positional displacement amount from low-quality pulse volume data.

[0116] Also, the number (M) of composited volume data is smaller than the number (N) of pulse volume data in the
present embodiment, as mentioned earlier. In this case, the technique of estimating the positional displacement of all
composited volume data by comparing composited volume data sets with each other requires less calculation amount
as compared to a technique of estimating the positional displacement of all pulse volume data by comparing pulse
volume data sets with each other. Accordingly, the technique where the positional displacement amount of all pulse
volume data is estimated based on the positional displacement amount of all composited volume data obtained by the
latter, has a lower calculation cost as compared to the former technique of estimating positional displacement of all pulse
volume data.
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<8270: Process of Compositing Multiple Pulse Volume Data Sets After Positional Displacement Correction>

[0117] After having performed processing to correct the position of each pulse volume data set by the positional
displacement amount estimated in S260 (translation processing), the compositing unit 540 composites these so as to
acquire third composited volume data (third composited image data). That is to say, the compositing unit 540 composites
the pulse volume data sets situated at positions after positional displacement to acquire the third composited volume
data. The compositing for acquiring the third will be referred to as third compositing.

[0118] Figs. 10A through 10E illustrate an example of positional displacement correction processing (translation
processing) in this process. Fig. 10A illustrates part of the pulse volume data sets (P, 23 through Pg,_25) before the
translation processing according to the present embodiment. The dashed line represents a feature 701 at the perimeter
of the Pg,_25 and within the Py, 25. The solid line represents a feature 711 at the perimeter of and within the Py, 24.
The dotted line represents a feature 721 at the perimeter of and within the Pop_23. Note that the feature 701, feature
711, and feature 721 all represent the same feature. In the state in Fig. 10A, the feature within each pulse volume data
set is situated at different positions.

[0119] Fig. 10Billustrates pulse volume data P’y, 25 after having translated the pulse volume data set Py,_25 before
translation, by the positional displacement amount Mp _25 estimated in S260. Fig. 10C illustrates pulse volume data
P’Op_24 after having translated the pulse volume data set POp—24 before translation, by the positional displacement
amount Mp_24 estimated in S260. Fig. 10D illustrates pulse volume data P‘op _23 after having translated the pulse
volume data set POp—23 before translation, by the positional displacement amount Mp_23 estimated in S260.

[0120] Fig. 10E illustrates the pulse volume data P’op_23, P’op_24, and P‘Op_25 overlaid after translation. The features
701, 711, and 721 within each pulse volume data set are overlaid at approximately the same position in Fig. 10E. The
compositing unit 540 composites the pulse volume data sets that have been subjected to translation processing as
illustrated in Fig. 10E, and thus can acquire positioned volume data. The positioned volume data is equivalent to the
third composited volume data. Note that "positioning" means top perform both of positional displacement correction
processing (translation processing) and compositing processing.

[0121] The compositing technique described in S240, a compositing technique where only optional pulse volume data
is retained, or the like, can be applied in this process to regions where pulse volume data sets are superimposed.
[0122] The pulse volume data sets can be subjected to positional displacement correction based on precisely estimated
positional displacement amounts using composited volume data, and thereafter composited. Thus, image data can be
acquired where the effects of change in relative positional relationship between the object and the reception unit of
photoacoustic waves at time intervals between irradiations by light, that are included in composited volume data, have
been suppressed (positioned volume data).

[0123] The above-described processing can be applied even in a case where the reception unit 200 does not move
between irradiations by light. That is to say, the above-described processing can be applied even in a case where the
photoacoustic apparatus does not have a driving unit 300. In this case as well, image data can be acquired where the
effects of change in relative positional relationship between the object and the reception unit of photoacoustic waves at
time intervals between multiple irradiations by light have been suppressed.

(Example of Positional Displacement Correction Taking into Consideration Rotation or Deformation)

[0124] Description has been made in the present embodiment regarding an example of a case where translation
occurs as change in the relative positional relationship between the object and reception unit. Note however, that the
present invention can be applied to case where rotation and deformation occur as this change. That is to say, the
apparatus according to the present embodiment may acquire information relating to positional displacement due to at
least one of translation, rotation, and deformation, as information relating to positional displacement.

[0125] For example, in a case of taking rotation into consideration, the position estimation unit 560 can estimate the
positions and rotation amounts (positional displacement amounts) of each composited volume data set, using the rotation
amount as an argument in addition to the translation amount in S250. Next, the position estimation unit 560 can estimate
the positions and rotation amounts (positional displacement amounts) of each pulse volume data set, based on the
positions and rotation amounts (positional displacement amounts) of each composited volume data set. Next, the position
estimation unit 560 can acquire the third composited volume data by performing the third compositing after having
subjecting each pulse volume data sets to rigid body transform (positional displacement correction processing) based
on the estimated position and amount of rotation in S270. An arrangement may be made where just the amount of
rotation is the positional displacement amount.

[0126] Again, for example, in a case of taking deformation into consideration, the position estimation unit 560 can
estimate the displacement, using the displacement amount (at least one of translation and rotation amount) at each
point set in composited volume data as an argument in S250. Next, the position estimation unit 560 can estimate the
displacement amount at each point of each pulse volume data sets set, based on the displacement amount at each
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point of each composited volume data set in S260. Next, in S270 the position estimation unit 560 performs deformation
processing (positional displacement correction processing) of each pulse volume data sets based on the estimated
displacement, and thereafter performs the third compositing, and thus can acquire the third composited volume data.
The displacement amount among composited volume data sets can be calculated by techniques that express deforma-
tion, such as free-form deformation (hereinafter referred to as "FFD") and thin plate splines, for example. High-order
change including deformation can be taken into consideration by such processing, and thus high-quality third composited
volume data can be acquired.

(Example of Holding Object)

[0127] The photoacoustic apparatus may have an object holding portion 1000 that holds the object 900 as illustrated
in Fig. 11. A breast of a living body 1200 lying in a prone position on a bed 1100 is the object 900 in Fig. 11. The object
holding portion 1000 is a member for suppressing movement of the object 900. Examples of material that can be used
for the object holding portion 1000 include polymethylpentene, polyethylene terephthalate, and so forth. In a case of
irradiating the object 900 by light 130 via the object holding portion 1000 as illustrated in Fig. 11, the object holding
portion 1000 may be transparent to the light 130. The object holding portion 1000 may be configured such that the
holding face of the object holding portion 1000 and the outer shape of the object 900 generally match.

[0128] In a case where movement of the object 900 is restricted to a particular direction by the object holding portion
1000 for example, the position estimation unit 560 may perform positional displacement correction in the particular
direction alone. That is to say, the position estimation unit 560 may acquire position information after the positional
displacement, without taking into consideration positional displacement other than in the direction to which the positional
displacement is suppressed by the object holding portion 1000. This can reduce the amount of processing necessary
for the positional displacement correction.

[0129] Although an example of imaging a breast in a state where the living body 1200 is lying in a prone position has
been described in Fig. 11, the photoacoustic apparatus according to the present embodiment is not restricted to the
prone position, and the object 900 can be imaged in any position.

(Example of Displaying Pulse Volume Data)

[0130] Although an example of starting acquisition of pulse volume data after measurement of photoacoustic waves
by full-light irradiation is complete has been described in the present embodiment, pulse volume data may be acquired
sequentially at each irradiation by light. In the case of the latter, the acquired pulse volume data may be sequentially
display on the display unit 600. Accordingly, the pulse volume data that has already been acquired can be confirmed
by the user before all measurement is completed. Regions where the pulse volume data sets are superimposed may
be composited by the compositing technique described in S270.

(Example of Position Estimation Based on MIP Image)

[0131] After the three-dimensional image data is converted into two-dimensional projection data, the positions of each
of the composited volume data sets after positional displacement as to the reference position may be estimated in S250.
The following is a description of this.

[0132] The projection data acquisition unit 550 acquires MIP data as projected data projected in each of the X direction,
Y direction, and Z direction, for the composited initial sound pressure distribution data Pog_j(x, y, z). The MIP data
projected in the X direction is two-dimensional spatial distribution information represented by the Y axis and Z axis, and
is expressed as l,4_j(y, z). The MIP data projected in the Y direction is two-dimensional spatial distribution information
represented by the Z axis and X axis, and is expressed as |4 j(z, x). The MIP data projected in the Z direction is two-
dimensional spatial distribution information represented by the X axis and Y axis, and is expressed as Izg_j(x, y). The
values at each position of each MIP data set are expressed by function expressions such as ng_j(y, z), Iyg_j(z, x), and
Log_i(x. ¥).

[0133] Note that projection techniques other than MIP images can be employed, as long as three-dimensional image
data can be converted into two-dimensional data. For example, minimum intensity projection (MinP) image may be
generated and used instead of MIP images. Further, multiple slides in the projection direction may be added in to acquire
projection data.

[0134] Next, the position estimation unit 560 acquires the similarity between the MIP data of Pog_k1 and the MIP data
of Pog_k2 for each of the X-Y plane, Y-Z plane, and Z-X plane. That is to say, the position estimation unit 560 acquires
the similarity as shown in Expressions (6) through (8).
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FX_k(y, z) = fimi(Le_k, y, z) ...Expression (6)
FY_k(x, z) = fimi(Lye_K, X, z) ...Expression (7)

FZ k(x, y) = fami(Le_k, X, y) ...Expression (8)

[0135] Here, FX_K(y, z) is a function to calculate the similarity in a case of translating the relative position of one MIP
data set making up the pair R_k by (y, z) as to the other MIP data set, with regard to the MIP data expressed by the Y-
Z plane. FY_k(x, z) is a function relating to the Z-X plane, and FZ_k(x, y) is a function relating to the X-Y plane. Note
that technique described in S250 may be used for the similarity calculation technique.

[0136] Next, translation amounts MX_k, MY_k, and MZ_k, of Pog_k asto Pog_k1 where the function value is the largest,
are calculated for each of the Y-Z plane, Z-X plane, and X-Y plane, as shown in Expressions (9) through (11).
[Math.3]

MX _k =(MX _k(y), MX _k(z))=argmax{FX _k(y,z)}

...Expression (9)

[Math.4]
MY _k=(MY k{x),MY _k(z))=argmax{FY _k(x,z)}
5z ...Expression {10)
[Math.5]
MZ _k=(MZ _k(x),M7 _k(3))=argmax{FZ _k(x,y)}
.

.. .Expression (11)

[0137] For example, the average values of the components of the coordinate axes for translation amounts MX_k,
MY_k, and MZ_k, are the component values of three-dimensional translation amount M_k of Pog_k as to Pog_k1 , where
the similarity is the greatest, as shown in Expression (12) for example.

[Math.6]

[MY Ck(x) o MZ k(Y MY kK(p)+ MZ k() MY k(z)+ MY ____k(z))
2 i 2 ’ 2

...Expression (12)

[0138] The position estimation unit 560 also calculates the secondary differentiation value of the similarity function
F_k for each coordinate axis, thereby acquiring S_k(x), S_k(y), and S_k(z), which are the reliability of the similarity
functions, as shown in Expressions (13) through (15).

[Math.7]

O*FY _k(x,z) N O*FZL _k(x,y)

S kix)=
k) 0%x o*x

.. .Expression (13)

[Math. 8]
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?FX_k(y,z) . O*FZ_k{x,y)

S _k(y=
k() &y 2y

...Expression (14)
[Math.9]

0% FY _k{x,z) + *FZ _k(x,y)
8%z &%z

S _k(z)=

...Expression (15)

[0139] Next, the position estimation unit 560 can use the translation amount M_k shown in Expression (12) and the
reliability of the similarity functions shown in Expressions (13) through (15) to estimate the positions of the composited
volume data when the cost function shown in Expression (5) is minimized, as described in S250.

[0140] According to the above-described processing, the positions of the composited volume data sets as to the
reference position can be acquired based on the two-dimensional data converted form the there-dimensional data.
Converting three-dimensional into two-dimensional allows the position of composited volume data after positional dis-
placement to be acquired with a calculation cost smaller in comparison with a case of performing the processing to the
three-dimensional without conversion.

(Example of Positional Displacement Correction of Reception Position Information)

[0141] The photoacoustic apparatus according to the present embodiment may correct position information of the
receptors used to acquire initial sound pressure distribution data, at each time of irradiation by light, based on the
positional displacement amount corresponding to each irradiation by light. That is to say, the photoacoustic apparatus
according to the present embodiment may correct reception position information of photoacoustic waves at each time
of irradiation by light. The processing of correcting the positional displacement of reception position information will be
described in detail with reference to the processing flowchart illustrated in Fig. 12. Note that process the same as those
in Fig. 3 are denoted by the same symbols, and description will be omitted.

<S280: Process of Correcting Position Information of Receptor>

[0142] First, the reconstruction unit 520 acquires position information of each receptor not taking into consideration
positional displacement. For example, the reconstruction unit 520 can acquire position information of each receptor
without taking positional displacement into consideration, by reading out position information of the receptors at the time
of irradiation by light, that has been stored in the storage unit 510 beforehand. Alternatively, the reconstruction unit 520
may acquire position information of each receptor without taking positional displacement into consideration, by accepting
position information of the reception unit 200 from a position sensor provided to the driving unit 300 with irradiation by
light as a trigger.

[0143] Next, the reconstruction unit 520 corrects the positions corresponding to position information, of the receptors
without taking positional displacement at the time of irradiation into consideration (translation processing). Accordingly,
the reconstruction unit 520 can acquire position information of the receptors that have been subjected to positional
displacement correction at each irradiation by light. That is to say, the reconstruction unit 520 acquires position information
after positional displacement of the receptors (information relating to position) based on the positional displacement
amount of the pulse volume data acquired in S260.

<S290: Process of Acquiring Volume Data Based on Position Information of Receptors After Positional Displacement>

[0144] The reconstruction unit 520 acquires image data in the form of volume data, based on multiple electrical signal
groups stored in the storage unit 510, and position information of the receptors after positional displacement that has
been obtained in S280. In this process, the reconstruction unit 520 may reconstruct a region smaller than the entire
imaging region from an electrical signal group corresponding to a single irradiation by light, and repeat this for all
irradiations by light, thereby generating one volume data set, as described in S210. The reconstruction unit 520 may
also generate one volume data set by reconstructing the entire imaging region from electrical signal groups corresponding
to each irradiation by light. In this case, in this process the reconstruction unit 520 acquires multiple pulse volume data
sets corresponding to the multiple irradiations by light, and the compositing unit 540 composites the multiple image data
sets. In the present embodiment, the multiple pulse volume data sets obtained in S210 are equivalent to a first plurality
of image data sets, and the multiple pulse volume data sets obtained in S290 are equivalent to a second plurality of
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image data sets.

[0145] Note that an arrangement may be made in the present embodiment where pulse volume data is not generated
in S210, and a desired combination of electrical signal groups is selected in S220, with the composited volume data
being generated in S230 using the selected electrical signal groups. In this case, the electrical signal groups may be
selected using the same method as selecting the pulse volume data sets described in S220.

(Example of Acquiring Position Information After Positional Displacement, based on Reliability of Similarity Function of
Pulse Volume Data)

[0146] The photoacoustic apparatus according to the present embodiment may acquire position information of the
pulse volume data sets after positional displacement, based on the reliability of the similarity function of the pair of pulse
volume data sets. That is to say, the image processing method of acquiring position information using the reliability
information of the pulse volume data sets may be applied to pulse volume data. Note that the image data to be subjected
to the image processing of the present embodiment may be any image data, as long as a similarity function between
image data sets can be acquired.

Examples Other than Photoacoustic Apparatus

[0147] Although an embodiment of the present invention has been described by way of an example using a photoa-
coustic apparatus, the scope of application of the present invention is not restricted to this. Rather, the present invention
is applicable to all apparatus that acquire position information of multiple image data sets. For example, the position
information acquisition method according to the present invention may be applied to multiple ultrasound image data sets
acquired by an ultrasound diagnosis apparatus that acquires image data by transmitting and receiving ultrasound.
Further, the present invention is not restricted to image data obtained using acoustic waves, and the position information
acquisition method according to the present invention may be applied to multiple image data sets acquired using light,
in diffuse optical tomography (DOT) apparatuses or optical coherence tomography (OCT) apparatuses for example.
Further, the position information acquisition method according to the present invention may be applied to multiple image
data sets acquired using X-rays in a radioscopic image acquisition apparatus or tomographic image acquisition apparatus
or the like.

Other Embodiments

[0148] The presentinvention may also be realized executing the following processing. That is to say, software (program)
realizing the functions of the above-described embodiment is supplied to a system or apparatus via network or various
types of recording media, and the system or computer of the apparatus (or CPU, microprocessor unit (MPU), etc.) reads
out and executes the program.

[0149] Embodiment(s) of the present invention can also be realized by a computer of a system or apparatus that reads
out and executes computer executable instructions (e.g., one or more programs) recorded on a storage medium (which
may also be referred to more fully as a 'non-transitory computer-readable storage medium’) to perform the functions of
one or more of the above-described embodiment(s) and/or that includes one or more circuits (e.g., application specific
integrated circuit (ASIC)) for performing the functions of one or more of the above-described embodiment(s), and by a
method performed by the computer of the system or apparatus by, for example, reading out and executing the computer
executable instructions from the storage medium to perform the functions of one or more of the above-described em-
bodiment(s) and/or controlling the one or more circuits to perform the functions of one or more of the above-described
embodiment(s). The computer may comprise one or more processors (e.g., central processing unit (CPU), micro process-
ing unit (MPU)) and may include a network of separate computers or separate processors to read out and execute the
computer executable instructions. The computer executable instructions may be provided to the computer, for example,
from a network or the storage medium. The storage medium may include, for example, one or more of a hard disk, a
random-access memory (RAM), a read only memory (ROM), a storage of distributed computing systems, an optical disk
(such as a compact disc (CD), digital versatile disc (DVD), or Blu-ray Disc (BD)™), a flash memory device, a memory
card, and the like.

[0150] While the presentinvention has been described with reference to exemplary embodiments, itis to be understood
that the invention is not limited to the disclosed exemplary embodiments.

Claims

1. Animage data acquisition apparatus (500) comprising:
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a reception unit (200) configured to output signals by receiving acoustic waves generated from an object that
has been irradiated by light,

a first acquisition unit configured to acquire a first plurality of image data sets of the object corresponding to a
plurality of signals obtained by receiving, using the reception unit (200), acoustic waves generated by a plurality
of irradiations of the object (900) by light;

a second acquisition unit configured to acquire first composited image data by selecting a first two or more
image data sets of the first plurality ofimage data sets corresponding to two or more irradiations by light performed
during a first period; characterised in that the apparatus further comprises:

a third acquisition unit configured to acquire second composited image data, using a second two or more
image data sets of the first plurality of image data sets corresponding to two or more irradiations by light
performed during a second period that is different from the first period, the second two or more image data
sets being a combination different from the first two or more image data sets;

a fourth acquisition unit configured to acquire information relating to positional displacement between the
first composited image data and the second composited image data, using the first composited image data
and the second composited image data; and

afifth acquisition unit configured to acquire information relating to positional displacement of the first plurality
of image data sets, using information relating to the positional displacement between the first composited
image data and the second composited image data.

The apparatus (500) according to Claim 1, further comprising:
a sixth acquisition unit configured to acquire third composited image data, by positioning the first plurality of image
data sets using information relating to the positional displacement of the first plurality of image data sets.

The apparatus (500) according to Claim 1,

wherein the second acquisition unit is configured to select, from the plurality of image data sets, the first two or more
image data sets corresponding to two or more irradiations by light performed temporally consecutively within the
first period,

and wherein the third acquisition unit selects, from the plurality of image data sets, the second two or more image
data sets corresponding to two or more irradiations by light performed temporally consecutively within the second
period.

The apparatus (500) according to Claim 1, further comprising:

a sixth acquisition unit configured to acquire third composited image data, by positioning the first plurality of
image data sets using information relating to the positional displacement of the first plurality of image data sets,
wherein the second acquisition unit is configured to acquire information relating to image quality of the third
composited image data, using the third composited image data, and to

select the first two or more image data sets from the plurality of image data sets, using information relating to
image quality of the third composited image data.

The apparatus (500) according to any one of Claims 1 to 4, wherein the fifth acquisition unit is configured to perform
interpolation processing regarding information relating to positional displacement between the first composited image
data and the second composited image data, to acquire information relating to positional displacement of the plurality
of image data sets.

The apparatus (500) according to Claim 1, further comprising:

a seventh acquisition unit configured to acquire information relating to the position of the reception unit (200) during
the plurality of times of irradiation by light, using information relating to positional displacement of the first plurality
of image data sets, and acquire image data using the information relating to position and the plurality of signals.

The apparatus (500) according to Claim 6,

wherein the seventh acquisition unit is configured toacquire a second plurality of image data sets corresponding to
the plurality of times of irradiation by light, using the information relating to position and the plurality of signals, and to
acquire the image data by positioning the second plurality of image data sets.

The apparatus (500) according to any one of Claims 1 to 7, wherein the fourth acquisition unit is configured to acquire
areliability of a similarity function representing a relationship between a relative position between the first composited
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image data and the second composited image data, and a similarity between the first composited image data and
the second composited image data, and to acquire information relating to positional displacement between the first
composited image data and the second composited image data, using the reliability of the similarity function.

9. A photoacoustic apparatus comprising:
the image data acquisition apparatus (500) according to any one of claims 1 to 8;
a light irradiation unit (100) configured to irradiate the object with light a plurality of times; and
the reception unit (200) configured to output signals by receiving acoustic waves generated from the object
(900) that has been irradiated by light from the light irradiation unit,
wherein the reception unit (200) is configured to output the plurality of signals corresponding to the plurality of
irradiations by light
10. The apparatus according to Claim 9, further comprising:
a driving unit (300) configured to move the reception unit (200) during a period where the plurality of irradiations by
light are performed.
11. The apparatus according to Claim 10,
wherein the first acquisition unit acquires the first plurality of image data sets, by acquiring image data in a region
larger than the amount of movement of the reception unit (200) during an interval of time of irradiation by light, using
signals corresponding to irradiation by light for one time.
12. An image data acquisition method comprising:
acquiring a first plurality of image data sets of an object (900) corresponding to a plurality of output signals by
receiving, using a reception unit (200), acoustic waves generated by a plurality of irradiations of the object (900)
by light;
acquiring first composited image data by selecting a first two or more image data sets of the first plurality of
image data sets corresponding to two or more irradiations by light performed during a first period;
acquiring second composited image data, using a second two or more image data sets of the first plurality of
image data sets corresponding to two or more irradiations by light performed during a second period that is
different from the first period, the second two or more image data sets being a combination different from the
first two or more image data sets;
acquiring information relating to positional displacement between the first composited image data and the second
composited image data, using the first composited image data and the second composited image data; and
acquiring information relating to positional displacement of the first plurality ofimage data sets, using information
relating to the positional displacement between the first composited image data and the second composited
image data.
13. The method according to Claim 12, further comprising:
irradiating the object with light a plurality of times with a light irradiation unit (100);
receiving acoustic waves generated by the plurality of irradiations of the object by light from the light irradiation
unit (100); and
outputting the plurality of signals, corresponding to the plurality of irradiations of the object by light, by receiving
photoacoustic waves.
14. A computer program, that, when executed by an image acquisition apparatus according to claim 1, causes the image
acquisition apparatus to execute a method according to Claim 12.
Patentanspriiche
1. Bilddatenerfassungsvorrichtung (500), umfassend:

eine Empfangseinheit (200), die konfiguriert ist, durch Empfangen akustischer Wellen, die von einem mit Licht
bestrahlten Objekt erzeugt werden, Signale auszugeben,
eine erste Erfassungseinheit, die konfiguriert ist zum Erfassen erster mehrerer Bilddatensatze des Objekts
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entsprechend mehreren Signalen, welche durch Empfangen von durch mehrere Bestrahlungen des Objekts
(900) mit Licht erzeugten akustischen Wellen unter Verwendung der Empfangseinheit (200) erfasst wurden; und
eine zweite Erfassungseinheit, die konfiguriert ist, erste zusammengesetzte Bilddaten durch Auswahlen erster
zwei oder mehrerer Bilddatensatze aus den ersten mehreren Bilddatensatzen, die zwei oder mehreren in einem
ersten Zeitraum durchgefliihrten Bestrahlungen mit Licht entsprechen, zu erfassen;

dadurch gekennzeichnet, dass die Vorrichtung ferner umfasst:

eine dritte Erfassungseinheit, die konfiguriert ist, zweite zusammengesetzte Bilddaten unter Verwendung
zweiter zwei oder mehrerer Bilddatensatze aus den ersten mehreren Bilddatensatzen, die zwei oder meh-
reren in einem vom ersten Zeitraum verschiedenen zweiten Zeitraum durchgefiihrten Bestrahlungen mit
Licht entsprechen, zu erfassen, wobei die zweiten zwei oder mehreren Bilddatensatze eine andere Kom-
bination als die ersten zwei oder mehreren Bilddatenséatze sind;

eine vierte Erfassungseinheit, die konfiguriert ist, unter Verwendung der ersten zusammengesetzten Bild-
daten und der zweiten zusammengesetzten Bilddaten Information Uber eine Positionsverschiebung zwi-
schen den ersten zusammengesetzten Bilddaten und den zweiten zusammengesetzten Bilddaten zu er-
fassen; und

eine flnfte Erfassungseinheit, die konfiguriert ist, unter Verwendung von Information lber die Positions-
verschiebung zwischen den ersten zusammengesetzten Bilddaten und den zweiten zusammengesetzten
Bilddaten Information Uber eine Positionsverschiebung der ersten mehreren Bilddatensatze zu erfassen.

Vorrichtung (500) nach Anspruch 1, die weiterhin umfasst:

eine sechste Erfassungseinheit, die konfiguriert ist, dritte zusammengesetzte Bilddaten durch Positionieren der
ersten mehreren Bilddatensatze unter Verwendung von Information lber die Positionsverschiebung der ersten
mehreren Bilddatensatze zu erfassen.

Vorrichtung (500) nach Anspruch 1,

wobei die zweite Erfassungseinheit konfiguriert ist, aus den mehreren Bilddatenséatzen die ersten zwei oder
mehreren Bilddatensatze auszuwahlen, die zwei oder mehreren Bestrahlungen mit Licht entsprechen, welche
innerhalb des ersten Zeitraums zeitlich aufeinanderfolgend durchgefiihrt werden,

und wobei die dritte Erfassungseinheit aus den mehreren Bilddatensatzen die zweiten zwei oder mehreren
Bilddatensatze entsprechend zwei oder mehreren Bestrahlungen mit Licht auswahlt, die innerhalb des zweiten
Zeitraums zeitlich aufeinanderfolgend durchgefiihrt werden.

4. Vorrichtung (500) nach Anspruch 1, die weiterhin umfasst:

eine sechste Erfassungseinheit, die konfiguriert ist, dritte zusammengesetzte Bilddaten durch Positionieren der
ersten mehreren Bilddatensatze unter Verwendung von Information iber die Positionsverschiebung der ersten
mehreren Bilddatensatze zu erfassen,

wobei die zweite Erfassungseinheit konfiguriert ist,

unter Verwendung der dritten zusammengesetzten Bilddaten Information liber eine Bildqualitat der dritten zu-
sammengesetzten Bilddaten zu erfassen, und

die ersten zwei oder mehreren Bilddatensatze unter Verwendung von Information Gber die Bildqualitat der
dritten zusammengesetzten Bilddaten auszuwahlen.

Vorrichtung (500) nach einem der Anspriiche 1 bis 4, wobei die fiinfte Erfassungseinheit konfiguriert ist, Interpola-
tionsverarbeitung bezlglich einer Information tber eine Positionsverschiebung zwischen den ersten zusammenge-
setzten Bilddaten und den zweiten zusammengesetzten Bilddaten durchzufiihren, um Information Uber eine Posi-
tionsverschiebung der mehreren Bilddatensatze zu erfassen.

Vorrichtung (500) nach Anspruch 1, weiterhin umfassend:

eine siebte Erfassungseinheit, die konfiguriert ist, unter Verwendung von Information iber eine Positionsverschie-
bung der ersten mehreren Bilddatensatze Positionsinformation der Empfangseinheit (200) wahrend der mehreren
Bestrahlungen mit Licht zu erfassen und unter Verwendung der Positionsinformation und der mehreren Signale
Bilddaten zu erfassen.

Vorrichtung (500) nach Anspruch 6, wobei die siebte Erfassungseinheit konfiguriert ist,
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unter Verwendung der Positionsinformation und der mehreren Signale zweite mehrere Bilddatensatze zu er-
fassen, die den mehreren Bestrahlungen mit Licht entsprechen, und
die Bilddaten durch Positionieren der zweiten mehreren Bilddatensatze zu erfassen.

Vorrichtung (500) nach einem der Anspriiche 1 bis 7, wobei die vierte Erfassungseinheit konfiguriert ist, eine Ver-
lasslichkeit einer Ahnlichkeitsfunktion zu erfassen, die eine Beziehung zwischen einer Relativposition zwischen den
ersten zusammengesetzten Bilddaten und den zweiten zusammengesetzten Bilddaten und einer Ahnlichkeit zwi-
schen den ersten zusammengesetzten Bilddaten und den zweiten zusammengesetzten Bilddaten darstellt, und
unter Verwendung der Verlasslichkeit der Ahnlichkeitsfunktion Information (iber eine Positionsverschiebung zwi-
schen den ersten zusammengesetzten Bilddaten und den zweiten zusammengesetzten Bilddaten zu erfassen.

Photoakustische Vorrichtung, umfassend:

die Bilddatenerfassungsvorrichtung (500) nach einem der Anspriiche 1 bis 8;

eine Lichtbestrahlungseinheit (100), die konfiguriert ist, das Objekt mehrmals mit Licht zu bestrahlen; und

die Empfangseinheit (200), die konfiguriert ist, durch Empfangen akustischer Wellen, die vom mit Licht von der
Lichtbestrahleinheit bestrahlten Objekt (900) erzeugt wurden, Signale auszugeben,

wobei die Empfangseinheit (200) konfiguriert ist, die mehreren Signale den mehreren Bestrahlungen mit Licht
entsprechend auszugeben.

Vorrichtung nach Anspruch 9, die weiterhin umfasst:
eine Antriebseinheit (300), die konfiguriert ist, die Empfangseinheit (200) wahrend einem Zeitraum zu bewegen, in
dem die mehreren Bestrahlungen mit Licht durchgefiihrt werden.

Vorrichtung nach Anspruch 10,

wobei die erste Erfassungseinheit die ersten mehreren Bilddatenséatze erfasst, indem sie unter Verwendung von
Signalen, die einmaliger Bestrahlung mit Licht entsprechen, Bilddaten in einem Gebiet erfasst, das groRer ist als
der Bewegungsbetrag der Empfangseinheit (200) wahrend einem Zeitraum des Bestrahlens mit Licht.

Bilddatenerfassungsverfahren, das umfasst:

Erfassen erster mehrerer Bilddatensatze eines Objekts (900), die mehreren ausgegebenen Signalen entspre-
chen, durch Empfangen von durch mehrere Bestrahlungen des Objekts (900) mit Licht erzeugten akustischen
Wellen unter Verwendung einer Empfangseinheit (200);

Erfassen erster zusammengesetzter Bilddaten durch Auswahlen erster zwei oder mehrerer Bilddatensatze aus
den ersten mehreren Bilddatensatzen, die zwei oder mehreren in einem ersten Zeitraum durchgefiihrten Be-
strahlungen mit Licht entsprechen;

Erfassen zweiter zusammengesetzter Bilddaten unter Verwendung zweiter zwei oder mehrerer Bilddatensatze
aus den ersten mehreren Bilddatenséatzen, die zwei oder mehreren in einem vom ersten Zeitraum verschiedenen
zweiten Zeitraum durchgefiihrten Bestrahlungen mit Licht entsprechen, wobei die zweiten zwei oder mehreren
Bilddatensatze eine andere Kombination als die ersten zwei oder mehreren Bilddatensétze sind;

Erfassen von Information Gber eine Positionsverschiebung zwischen den ersten zusammengesetzten Bilddaten
und den zweiten zusammengesetzten Bilddaten unter Verwendung der ersten zusammengesetzten Bilddaten
und der zweiten zusammengesetzten Bilddaten; und

Erfassen von Information lber eine Positionsverschiebung der ersten mehreren Bilddatensatze unter Verwen-
dung von Information tber die Positionsverschiebung zwischen den ersten zusammengesetzten Bilddaten und
den zweiten zusammengesetzten Bilddaten.

Verfahren nach Anspruch 12, das weiterhin umfasst:

mehrmaliges Bestrahlen des Objekts mit Licht mit einer Lichtbestrahlungseinheit (100);

Empfangen akustischer Wellen, die durch die mehreren Bestrahlungen des Objekts mit Licht von der Lichtbe-
strahlungseinheit (100) erzeugt werden; und

Ausgeben der mehreren Signale entsprechend den mehreren Bestrahlungen des Objekts mit Licht durch Emp-
fangen photoakustischer Wellen.

14. Computerprogramm, das bei Ausfiihren auf einer Bilderfassungsvorrichtung nach Anspruch 1 die Bilderfassungs-

vorrichtung veranlasst, ein Verfahren nach Anspruch 12 auszufiihren.
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Revendications

1.

Appareil d’acquisition de données d’images (500), comprenant :

une unité de réception (200) configurée pour délivrer en sortie des signaux par une réception d’ondes acoustiques
générées a partir d’'un objet qui a été exposé a un rayonnement de lumiere,

une premiére unité d’acquisition configurée pour acquérir une premiere pluralité d’ensembles de données d'ima-
ges de l'objet correspondant a une pluralité de signaux obtenus par une réception, au moyen de l'unité de
réception (200), d’'ondes acoustiques générées par une pluralité d’expositions de I'objet (900) a un rayonnement
de lumiére ;

une deuxiéme unité d’acquisition configurée pour acquérir des premiéres données d'images composites par
une sélection de deux ou plus de deux premiers ensembles de données d’images de la premiére pluralité
d’ensembles de données d'images correspondant a deux ou plus de deux expositions a un rayonnement de
lumiére effectuées pendant une premiére période ;

caractérisé en ce que I'appareil comprend en outre :

une troisieme unité d’acquisition configurée pour acquérir des deuxiemes données d’'images composites,
au moyen de deux ou plus de deux seconds ensembles de données d’'images de la premiére pluralité
d’ensembles de données d'images correspondant a deux ou plus de deux expositions a un rayonnement
de lumiére effectuées pendant une seconde période qui est différente de la premiéere période, les deux ou
plus de deux seconds ensembles de données d’images étant une combinaison différente des deux ou plus
de deux premiers ensembles de données d’images ;

une quatrieme unité d’acquisition configurée pour acquérir des informations associées a un décalage de
position entre les premiéres données d’'images composites etles deuxiémes données d’images composites,
au moyen des premiéres données d’images composites et des deuxiémes données d'images composites ;
et

une cinquiéme unité d’acquisition configurée pour acquérir des informations associées a un décalage de
position de la premiére pluralité d’ensembles de données d'images, au moyen d’'informations associées
au décalage de position entre les premiéres données d'images composites et les deuxiémes données
d’'images composites.

Appareil (500) selon la revendication 1, comprenant en outre :

une sixieme unité d’acquisition configurée pour acquérir des troisiemes données d’'images composites, par un
positionnement de la premiere pluralité d’ensembles de données d’images au moyen d’informations associées au
décalage de position de la premiére pluralité d’ensembles de données d’'images.

Appareil (500) selon la revendication 1,

dans lequel la deuxiéme unité d’acquisition est configurée pour sélectionner, parmi la pluralité d’ensembles de
données d’'images, les deux ou plus de deux premiers ensembles de données d’images correspondant a deux ou
plus de deux expositions a un rayonnement de lumiére effectuées consécutivement dans le temps sur la premiére
période,

et dans lequel la troisiéeme unité d’acquisition sélectionne, parmi la pluralité d’ensembles de données d’images, les
deux ou plus de deux seconds ensembles de données d’'images correspondant aux deux ou plus de deux expositions
a un rayonnement de lumiére effectuées consécutivement dans le temps sur la seconde période.

Appareil (500) selon la revendication 1, comprenant en outre :

une sixieme unité d’acquisition configurée pour acquérir des troisiemes données d’'images composites, par un
positionnement de la premiére pluralité d’ensembles de données d’'images au moyen d’informations associées
au décalage de position de la premiére pluralité d’ensembles de données d’images,

dans lequel la deuxiéme unité d’acquisition est configurée pour acquérir des informations associées a une
qualité d'image des troisiemes données d’'images composites, au moyen des troisiemes données d'images
composites, et pour

sélectionner les deux ou plus de deux premiers ensembles de données d'images parmi la pluralité d’ensembles
de données d’'images, au moyen d’informations associées a une qualité d'image des troisiemes données d’'ima-
ges composites.

5. Appareil (500) selon I'une quelconque des revendications 1 a 4,
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dans lequel la cinquiéme unité d’acquisition est configurée pour effectuer un traitement d’interpolation concernant
des informations associées a un décalage de position entre les premieres données d'images composites et les
deuxiémes données d’images composites, de fagon a acquérir des informations associées a un décalage de position
de la pluralité d’ensembles de données d’'images.

Appareil (500) selon la revendication 1, comprenant en outre :

une septieme unité d’acquisition configurée pour acquérir des informations associées a la position de I'unité de
réception (200) pendant la pluralité d’expositions a un rayonnement de lumiere, au moyen d’informations associées
a un décalage de position de la premiére pluralité d’ensembles de données d’images, et pour acquérir des données
d’'images au moyen des informations associées a une position et de la pluralité de signaux.

Appareil (500) selon la revendication 6,

dans lequel la septieme unité d’acquisition est configurée pour acquérir une seconde pluralité d’ensembles de
données d’'images correspondant a la pluralité d’expositions a un rayonnement de lumiere, au moyen des informa-
tions associées a une position et de la pluralité de signaux, et pour

acqueérir les données d’'images par un positionnement de la seconde pluralité d’ensembles de données d’images.

Appareil (500) selon I'une quelconque des revendications 1 a 7,

dans lequel la quatrieme unité d’acquisition est configurée pour acquérir une fiabilité d’une fonction de similarité
représentant une relation entre une position relative entre les premieres données d’images composites et les deuxie-
mes données d’'images composites, et une similarité entre les premiéres données d’images composites et les
deuxiémes données d’'images composites, et pour acquérir des informations associées a un décalage de position
entre les premiéres données d’images composites et les deuxiémes données d’images composites, au moyen de
la fiabilité de la fonction de similarité.

Appareil photo-acoustique, comprenant :

I'appareil d’acquisition de données d'images (500) selon I'une quelconque des revendications 1 a 8 ;

une unité d’exposition a un rayonnement de lumiére (100) configurée pour exposer plusieurs fois I'objet a un
rayonnement de lumiere ; et

I'unité de réception (200) configurée pour délivrer en sortie des signaux par une réception d’'ondes acoustiques
générées a partir de I'objet (900) qui a été exposé a un rayonnement de lumiere par l'unité d’exposition a un
rayonnement de lumiere,

dans lequel l'unité de réception (200) est configurée pour délivrer en sortie la pluralité de signaux correspondant
a la pluralité d’expositions a un rayonnement de lumiere.

Appareil selon la revendication 9, comprenant en outre :
une unité d’entrainement (300) configurée pour déplacer I'unité de réception (200) pendant une période durant
laquelle sont effectuées la pluralité d’expositions a un rayonnement de lumiere.

Appareil selon la revendication 10,

dans lequel la premiére unité d’acquisition acquiert la premiére pluralit¢ d’ensembles de données d'images, par
une acquisition de données d’'images dans une région plus grande que la quantité de déplacement de l'unité de
réception (200) sur un intervalle de temps d’exposition a un rayonnement de lumiére, au moyen de signaux corres-
pondant a une seule exposition a un rayonnement de lumiére.

Procédé d’acquisition de données d'images, comprenant les étapes consistant a :

acquérir une premiére pluralité d’ensembles de données d'images d’un objet (900) correspondant a une pluralité
de signaux de sortie par une réception, au moyen d’une unité de réception (200), d’'ondes acoustiques générées
par une pluralité d’expositions de I'objet (900) a un rayonnement de lumiére ;

acqueérir des premiéeres données d’'images composites par une sélection de deux ou plus de deux premiers
ensembles de données d’images de la premiére pluralité d’ensembles de données d’'images correspondant a
deux ou plus de deux expositions a un rayonnement de lumiere effectuées pendant une premiére période ;
acqueérir des deuxiémes données d'images composites, au moyen de deux ou plus de deux seconds ensembles
de données d’images de la premiére pluralité d’ensembles de données d’'images correspondant a deux ou plus
de deux expositions a un rayonnement de lumiere effectuées pendant une seconde période qui est différente
de la premiére période, les deux ou plus de deux seconds ensembles de données d’'images étant une combi-
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naison différente des deux ou plus de deux premiers ensembles de données d’images ;

acqueérirdes informations associées a un décalage de position entre les premiéres données d’'images composites
et les deuxiemes données d’images composites, au moyen des premiéres données d’'images composites et
des deuxiémes données d'images composites ; et

acqueérir des informations associées a un décalage de position de la premiére pluralité d’ensembles de données
d’'images, au moyen d’informations associées au décalage de position entre les premieres données d'images
composites et les deuxiémes données d’'images composites.

13. Procédé selon la revendication 12, comprenant en outre les étapes consistant a :

exposer plusieurs fois I'objet a un rayonnement de lumiere au moyen d’une unité d’exposition a un rayonnement
de lumiére (100) ;

recevoir des ondes acoustiques générées par la pluralité d’expositions de I'objet a un rayonnement de lumiére
par I'unité d’exposition a un rayonnement de lumiére (100) ; et

délivrer en sortie la pluralité de signaux, correspondant a la pluralité d’expositions de I'objet a un rayonnement
de lumiére, par une réception d’ondes photo-acoustiques.

14. Programme d’ordinateur qui, lorsqu’il est exécuté par un appareil d’acquisition d'images selon la revendication 10,
ameéne l'appareil d’acquisition d'images a mettre en oeuvre un procédé selon la revendication 12.
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[Fig. 7]
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