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Description
Technical Field

[0001] The present application relates to an object observing apparatus and the like for outputting three-dimensional
information indicating a local optical characteristic-changed region inside an object.

Background Art

[0002] Since measurement using near-infrared light is simple and safe, it is used for non-invasive measurement of
the brain functions (see Non-Patent Document 1) and detection of breast cancer (see Non-Patent Document 2). Diffuse
optical tomography (DOT) is an attempt to reconstruct an optical characteristic change or the structure inside a living
body from observation data, by calculating a diffusion process of near-infrared light, which is extensively scattered inside
a living body. Examples of such near-infrared measurement include continuous-light measurement, time-resolved meas-
urement, and frequency-resolved measurement. Continuous-light measurement is characterized in that the amount of
information that can be obtained is small, but the cost is low, the measurement is robust to noise because a large amount
of light is irradiated, and the sampling frequency is high. On the other hand, time-resolved measurement and frequency-
resolved measurement are characterized in that the amount of information that can be obtained is large, but the meas-
urement is significantly affected by noise, and the cost is high.

[0003] In many cases, near-infrared light does not penetrate a living body because it is extensively scattered inside
the living body. Thus, for example, in measurement of the brain functions, reflection-type measurement is performed in
which light-transmitting probes are arranged on the head surface, and light reflected by diffusion is observed using light-
receiving probes also arranged on the head surface. In the measurement of the brain functions, simultaneous meas-
urement using a large number of probes is necessary in order to cover the activity region, and, thus, continuous-light
measurement is usually used.

[0004] Conventionally, probes are arranged at intervals of approximately 3 cm, which is considered to be suitable for
measurement of the brain functions, and the observation result is obtained as topographic data (see Non-Patent Doc-
ument 3). Meanwhile, in recent measurement of the brain functions, there have been many attempts to increase the
number of probes per unit area, thereby performing DOT at high density. Accordingly, it becomes possible to discriminate
multiple cortical activity regions in the visual area and the somatosensory area (see Non-Patent

[0005] Documents 4 and 5). In Non-Patent Document 6, a depth compensation algorithm (DCA) is applied, in which
a sensitivity matrix is directly modified to compensate for a change in a sensitivity due to an increased depth. Non-Patent
Document 7 and Patent Documents 1 and 2 describe near-infrared spectroscopy (NIRS). In particular, Non-Patent
Document 7 describes a solving inverse problem of NIRS—diffusion optical tomography (NIRS—DOT) using a hierar-
chical Bayesian method. In Patent Document 3 a compensation table generation method is described, the compensation
table being used when generating an optical tomography image by OCT (Optical Coherence Tomography). The com-
pensation table is obtained by measuring an interference signal of a reference light and a reflection light. In Patent
Document 4 describes an image processing system that is configured to correct an image of an object inside a physical
body.

Citation List
Non-Patent Document
[0006]

[Non-Patent Document 1] Y. Hoshi and M. Tamura, "Detection of dynamic changes in cerebral oxygenation coupled
to neuronal function during mental work in man," Neurosci. Lett. 150 (1993) 5-8.

[Non-Patent Document 2] Daisuke Yamashita, Motoki Oda, Hiroaki Suzuki, Takeshi Yamanaka, Toshihiko Suzuki,
Yukio Ueda, Kazuyoshi Ohta, Mitsuharu Miwa, Yutaka Hasegawa, Hiroyuki Kyushima, and Yutaka Yamashita,
"Development of Multi Channel Time Resolved Spectroscopy System and Application to Optical Mammography
System," J Jpn Coll Angiol, 47 (2007) 11-16.

[Non-Patent Document 3] A. Maki, Y. Yamashita, Y. lto, E. Watanabe, Y. Mayanagi, and H. Koizumi, "Spatial and
temporal analysis of human motor activity using noninvasive NIR topography," Med. Phys. 22 (1995) 1997-2005.
[Non-Patent Document 4] B. W. Zeff, B. R. White, H. Dehghani, B. L. Schlaggar, and J. P. Culver, "Retinotopic
mapping of adult human visual cortex with high-density diffuse optical tomography," Proc. Natl. Acad. Sci. U.S.A.
104 (2007) 12169-12174.

[Non-Patent Document 5] C. Habermehl, S. Holtze, J. Steinbrink, S. P. Koch, H. Obrig, J. Mehnert, and C. H. Schmitz,
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"Somatosensory activation of two fingers can be discriminated with ultrahigh-density diffuse optical tomography,"
Neurolmage 59 (2011) 3201-3211.

[Non-Patent Document 6] H. Niu, F. Tian, Z.-J. Lin and H. Liu, "Development of a compensation algorithm for
accurate depth localization in diffuse optical tomography", Optics Letter, Vol. 35, No. 3, 429-431.

[Non-Patent Document 7] MIYAMOTO, Atsushi et al., "Hierarchical Bayes method for NIRS—DOT inverse problem
and its phase diagrams", IEICE Technical Report. NC, Neurocomputing, 20 July 2010, 110(149), 51-56.

Patent Documents
[0007]

[Patent Document 1] JP 2008-178546 A
[Patent Document 2] JP 2005-328916 A
[Patent Document 3] US 2009/0244546 A1
[Patent Document 4] EP 2 067 432 A2

Summary of Invention
Technical Problem

[0008] However, the above-described reflection-type continuous-light measurement provides the smallest amount of
information among DOT, and, thus, ill-posed problems frequently occurs in estimating an activity source, and the esti-
mation is difficult. The reflection-type continuous-light DOT has two main problems, which will be described below.
[0009] Firstly, in the reflection-type continuous-light DOT, which is of the reflection-type, since probes can be arranged
only on the surface, and the sensitivity is exponentially attenuated in accordance with the depth as light is diffused, it is
difficult to specify the depth of an activity source.

[0010] Secondly, in the reflection-type continuous-light DOT, since light is diffused in an object, spatial blurring occurs,
which makes it difficult to improve the space resolution.

[0011] That is to say, conventional object observing systems cannot accurately estimate, as three-dimensional infor-
mation, a local optical characteristic-changed region inside an object such as the brain.

Solution to Problem

[0012] The above objects are solved by the claimed matter according to the independent claims.

[0013] For the first problem, an object observing apparatus of the present application performs correction according
to sensitivity attenuation in accordance with the depth. Furthermore, for the second problem, sparse estimation is per-
formed as a method for improving the space resolution. The object observing apparatus of the present application
combines these two countermeasures, thereby realizing accurate three-dimensional DOT including the depth direction.
[0014] More specifically, a first aspect of the present application is directed to an object observing apparatus, including:
a reference light intensity information storage unit in which reference light intensity information, which is information
regarding a light intensity at each light-receiving probe, and is information used as a reference, is stored; a light intensity
information acquiring unit that, using a near-infrared measurement apparatus having at least one probe set consisting
of a pair of a light-transmitting probe for transmitting light to an object that is to be observed and a light-receiving probe
for receiving light, acquires light intensity information, which is information regarding a light intensity of light received by
each light-receiving probe, in a case where light with a certain light intensity is transmitted from each light-transmitting
probe forming each probe set to the object; a light intensity change information acquiring unit that acquires, for each
probe set, light intensity change information, which is information regarding a light intensity change, from the reference
lightintensity information in the reference light intensity information storage unit and the light intensity information acquired
by the light intensity information acquiring unit; an estimating unit that acquires optical characteristic-changed region
information, which is three-dimensional information regarding a position with a light absorbance change inside the object,
using the light intensity change information for each probe set; and an output unit that outputs the optical characteristic-
changed region information acquired by the estimating unit; wherein the estimating unit includes: a sensitivity information
storage partin which sensitivity information, which is information indicating a relationship between an optical characteristic
change and a light intensity change, can be stored; a correcting part that performs correction according to sensitivity
attenuation in accordance with a depth, using the sensitivity information; and a sparseness applying part that introduces
sparseness for improving a space resolution, thereby acquiring the optical characteristic-changed region information.
Note that the estimating unit may simultaneously perform the correction according to the sensitivity attenuation and the
application of the sparseness for improving the space resolution.
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[0015] With this configuration, it is possible to accurately estimate, as three-dimensional information, a local optical
characteristic-changed region inside an object.

[0016] Furthermore, a second aspect of the present application is directed to the object observing apparatus according
to the first aspect, wherein the estimating unit further includes an arithmetic expression storage part, in which a first
arithmetic expression, which is an arithmetic expression used for acquiring the optical characteristic-changed region
information, is an arithmetic expression for calculating a solution of an inverse problem, and is a cost function for
performing correction according to the sensitivity information, can be stored, the correcting part substitutes the sensitivity
information for the first arithmetic expression, thereby acquiring first optical characteristic-changed region information,
the sparseness applying part acquires final optical characteristic-changed region information using the sparseness for
improving the space resolution, using the first optical characteristic-changed region information, and the output unit
outputs the optical characteristic-changed region information acquired by the sparseness applying part.

[0017] With this configuration, it is possible to accurately estimate, as three-dimensional information, a local optical
characteristic-changed region inside an object.

[0018] Furthermore, a third aspect of the present application is directed to the object observing apparatus according
to the second aspect, wherein, in the arithmetic expression storage part, a second arithmetic expression for performing
hierarchical Bayesian estimation on an initial value is also stored, and the sparseness applying part substitutes the first
optical characteristic-changed region information as an initial value for the second arithmetic expression, and executes
the second arithmetic expression to perform hierarchical Bayesian estimation, thereby acquiring final optical character-
istic-changed region information.

[0019] With this configuration, it is possible to accurately estimate, as three-dimensional information, a local optical
characteristic-changed region inside an object.

[0020] Furthermore, a fourth aspect of the present application is directed to the object observing apparatus according
to any one of the first to third aspects, for use in observation of a brain function of a living body, wherein the object that
is to be observed is the brain of the living body, and the reference light intensity information is information regarding a
light intensity at each light-receiving probe measured at rest.

[0021] With this configuration, it is possible to accurately and easily estimate the brain activity.

[0022] Furthermore, a fifth aspect of the present application is directed to the object observing apparatus according
to any one of the first to third aspects, for use in screening of breast cancer, wherein the object that is to be observed
is a breast, and the reference light intensity information is information regarding a light intensity at each light-receiving
probe from a breast with normal cells.

[0023] With this configuration, it is possible to accurately and easily detect breast cancer.

[0024] Furthermore, a sixth aspect of the present application is directed to the object observing apparatus according
to any one of the first to fifth aspects, wherein each interval between the light-transmitting and light-receiving probes is
not greater than 20 mm.

[0025] With this configuration, it is possible to more accurately estimate, as three-dimensional information, a local
optical characteristic-changed region inside an object.

Advantageous Effects of Invention

[0026] The objectobserving system according to the present application can accurately estimate, as three-dimensional
information, a local optical characteristic-changed region inside an object.

Brief Description of Drawings
[0027]

FIG. 1 is a block diagram of an object observing system in Embodiment 1.

FIG. 2 is a flowchart illustrating an operation of an object observing apparatus in this embodiment.

FIG. 3 is a flowchart illustrating an operation of estimation processing in this embodiment.

FIG. 4 is a schematic diagram of an experiment using the object observing system in this embodiment.

FIG. 5 is a diagram illustrating positions of light-transmitting probes and light-receiving probes in a phantom exper-
iment in this embodiment.

FIG. 6 is a diagram illustrating an environment of Experiment 1 in this embodiment.

FIG. 7 is a diagram showing an estimation result using a Tikhonov regularization method in a case where a regu-
larization term is not normalized with the sensitivity in this embodiment.

FIG. 8 is a diagram showing an estimation result in a case where the regularization term is normalized with the
sensitivity in this embodiment.

FIG. 9 is a diagram showing an estimation result in a case where application is made to a hierarchical Bayesian
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method in this embodiment.

FIG. 10 shows diagrams of a result of estimation performed while changing the probe interval and the depth position
of a light absorbing member in this embodiment.

FIG. 11 is a diagram illustrating expressing a three-dimensional estimation diagram in two dimensions in this em-
bodiment.

FIG. 12 shows graphs of a result of Experiment 2 in this embodiment.

FIG. 13 shows a table of a result of Experiment 2 in this embodiment.

FIG. 14 shows diagrams of a result of Experiment 3 in this embodiment.

FIG. 15 shows a table of a result of Experiment 3 in this embodiment.

FIG. 16 shows diagrams of a result of Experiment 4 in this embodiment.

FIG. 17 shows a table of a result of Experiment 4 in this embodiment.

FIG. 18 is a schematic view of a computer system in this embodiment.

FIG. 19 is a block diagram of the computer system in this embodiment.

Description of Embodiment

[0028] Hereinafter, an embodiment of an object observing system and the like will be described with reference to the
drawings. Note that constituent elements denoted by the same reference numerals perform the same operations in the
embodiments, and, thus, a description thereof may not be repeated.

Embodiment 1

[0029] In this embodiment, an object observing system will be described that transmits near-infrared light to an object,
receives light scattered inside the object, and outputs three-dimensional information indicating a local optical character-
istic-changed region inside the object. In this case, the light typically received and used by an object observing apparatus
forming the object observing system is not light that has penetrated an object, but backscattered light from the inside of
an object.

[0030] FIG. 1 is a block diagram of an object observing system in this embodiment. The object observing system
includes a near-infrared measurement apparatus 1 and an object observing apparatus 2.

[0031] The near-infrared measurement apparatus 1 includes light-transmitting probes 11, light-receiving probes 12,
an accepting unit 13, and a control unit 14. The near-infrared measurement apparatus 1 has at least one probe set (also
referred to as a channel) consisting of a pair of a light-transmitting probe 11 and a light-receiving probe 12. Note that
the near-infrared measurement apparatus 1 typically has multiple probe sets.

[0032] The objectobserving apparatus 2 includes a reference light intensity information storage unit 21, a light intensity
information acquiring unit 22, a light intensity change information acquiring unit 23, an estimating unit 24, and an output
unit 25. Furthermore, the estimating unit 24 includes a sensitivity information storage part 241, an arithmetic expression
storage part 242, a correcting part 243, and a sparseness applying part 244.

[0033] The light-transmitting probes 11 forming the near-infrared measurement apparatus 1 irradiate near-infrared
light on an object (e.g., a head, a breast, or the like of a living body, in this example).

[0034] The light-receiving probes 12 typically receive light that has been absorbed or scattered inside an object and
exits from the object. The probe arrangement density is more preferably 20 mm or less, extremely preferably 1.5 cm or
less. The probe arrangement density refers to intervals between a light-transmitting probe 11 and a light-receiving probe
12. The higher the density at which the probes are arranged is, the better the configuration becomes. The reason for
this is that, for example, the number of channels for detecting a state inside an object increases.

[0035] Thelight-transmitting probes 11 transmit light from one direction to an object that is to be observed. Furthermore,
the light-receiving probes 12 typically receive light from the same direction as the one direction. Note that the same
direction in this example is not limited to directions that exactly match each other, and there may be an angular difference
therebetween (e.g., a large difference such as 30 degrees or 45 degrees). The same direction typically refers to a state
in which a side from which the light-transmitting probes 11 transmit light and a side on which the light-receiving probes
12 receive light are on the same side of an object.

[0036] The accepting unit 13 accepts an instruction from the outside. This instruction is, for example, an irradiation
instruction to irradiate near-infrared light on a living body.

[0037] If the accepting unit 13 accepts an irradiation instruction, the control unit 14 instructs the light-transmitting
probes 11 to irradiate near-infrared light. Typically, if the light-transmitting probes 11 accept an irradiation instruction
from the control unit 14, the light-transmitting probes 11 irradiate near-infrared light on an object.

[0038] In the reference light intensity information storage unit 21 forming the object observing apparatus 2, reference
light intensity information is stored. The reference light intensity information is information regarding a light intensity at
each light-receiving probe, and is information used as a reference. For example, in the case where the object observing
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apparatus 2 observes a brain activity, the reference light intensity information is information regarding a light intensity
at each light-receiving probe 12 measured at rest. In the case of detecting breast cancer, the reference light intensity
information is information regarding a light intensity at each light-receiving probe 12 from normal cells. There is no
limitation on the procedure in which the reference light intensity information is stored in the reference light intensity
information storage unit 21. The reference lightintensity information and light intensity information, which will be described
later, may be acquired in the same period.

[0039] The light intensity information acquiring unit 22 acquires light intensity information, using the near-infrared
measurement apparatus 1 having at least one probe set consisting of a pair of a light-transmitting probe 11 for transmitting
light to an object that is to be observed and a light-receiving probe 12 for receiving light. The light intensity information
is information regarding a light intensity of light received by each light-receiving probe, in a case where light with a certain
light intensity is transmitted from each light-transmitting probe 11 forming each probe set to the object. Note that the
object that is to be observed is, for example, a brain, a breast, or the like of a living body.

[0040] The light intensity change information acquiring unit 23 acquires, for each probe set, light intensity change
information, which is information regarding a light intensity change, from the reference light intensity information in the
reference light intensity information storage unit 21 and the light intensity information acquired by the light intensity
information acquiring unit 22.

[0041] The estimating unit 24 acquires optical characteristic-changed region information, using the light intensity
change information for each probe set. The light intensity change information is the information acquired by the light
intensity change information acquiring unit 23. Furthermore, the optical characteristic-changed region information is
three-dimensional information regarding a position with a light absorbance change inside an object. Furthermore, the
optical characteristic-changed region information also may be referred to as information regarding the amount of light
absorbance change inside an object.

[0042] In the sensitivity information storage part 241 forming the estimating unit 24, sensitivity information can be
stored. The sensitivity information is information indicating a relationship between an optical characteristic change (e.g.,
corresponding to X (described later)) and a light intensity change (e.g., corresponding to Y (described later)). The
sensitivity information is, for example, a sensitivity matrix, which will be described later.

[0043] In the arithmetic expression storage part 242, arithmetic expressions used by the object observing apparatus
2 can be stored. In the arithmetic expression storage part 242, for example, a first arithmetic expression or a second
arithmetic expression can be stored. The first arithmetic expression is, for example, an arithmetic expression used for
acquiring the optical characteristic-changed region information, is an arithmetic expression for calculating a solution of
an inverse problem, and is a cost function for performing correction according to the sensitivity information. Furthermore,
the second arithmetic expressionis, forexample, an arithmetic expression for performing hierarchical Bayesian estimation
on an initial value. The second arithmetic expression may be, for example, an L1 norm arithmetic expression.

[0044] The correcting part 243 performs correction according to sensitivity attenuation in accordance with the depth,
using the sensitivity information in the sensitivity information storage part 241. More specifically, the correcting part 243
substitutes the sensitivity information for the first arithmetic expression, thereby acquiring first optical characteristic-
changed region information. There is no limitation on the arithmetic expression for performing correction according to
sensitivity attenuation in accordance with the depth.

[0045] The sparseness applying part 244 introduces sparseness for improving the space resolution, thereby acquiring
optical characteristic-changed region information. Specifically, the sparseness applying part 244 acquires final optical
characteristic-changed region information using the sparseness for improving the space resolution, using the first optical
characteristic-changed region information as input. More specifically, the sparseness applying part 244 substitutes the
first optical characteristic-changed region information as an initial value for the second arithmetic expression, and exe-
cutes the second arithmetic expression to perform hierarchical Bayesian estimation, thereby acquiring final optical
characteristic-changed region information. Note that the sparseness is preferably introduced through hierarchical Baye-
sian estimation, but an L1 norm also may be used. There is no limitation on the algorithm for introducing the sparseness.
Furthermore, in the algorithm, the correcting part 243 and the sparseness applying part 244 may simultaneously operate.
[0046] More specifically, the estimating unit 24 operates as follows. That is to say, the estimating unit 24 reconstructs
a three-dimensional light absorbance change map, from light intensity change information, which is a value indicating
a change between the two amounts of light consisting of reference light intensity information, which is information
regarding the amount of light measured on the base line, and information (light intensity information) regarding the
amount of light measured when there is a light absorbance change.

[0047] In order to perform the reconstruction, the estimating unit 24 executes two steps consisting of a direct problem
solving step and an inverse problem solving step. Firstly, in the direct problem solving step, the estimating unit 24
acquires a relationship between a light absorbance change and an observed light intensity change. Next, in the inverse
problem solving step, the estimating unit 24 estimates the light absorbance change, from the relationship obtained in
the direct problem solving step and the observed light intensity change. Note that a problem, in a case of estimating and
acquiring values (e.g., X), using observed values (e.g., Y) in a number smaller than the number of values (e.g., X) that
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are to be estimated, is referred to as an ill-posed problem among inverse problems, and some sort of efforts such as
regularization are necessary for solving the problem.

[0048] The object observing apparatus 2 uses the Rytov approximation in the direct problem solving step. The Rytov
approximation is a known art, and, thus, a detailed description thereof has been omitted. According to the Rytov ap-
proximation, assuming that the amount of light ®(r,, ry) transmitted from a source (the light-transmitting probe 11) at a
position rg and reaching a detector (the light-receiving probe 12) at a position ry, on the base line, becomes ®(r, ry) due
to a light absorbance change inside an object by dpa, the amount of light change generated d)pert(rs, rq) = In(@q(rs,
rg)/®(rg, rq)) is represented by Equation 1 below. That is to say, Equation 1 represents the Rytov approximation.

O (r,r® (r,r) & 1 (r).

® (r,r)=J dr
pert s d ‘f (Do(rg' rd) (1)

[0049] In this embodiment, the object observing apparatus 2 discretizes a region into voxels of "2.5 mm x 2.5 mm x
2.5 mm". Assuming that a voxel index is i, a channel index s j, and "Y; = @pe(rs(y, gy Xi = Spa(ry), Aj; = O(rgg), [ Po(ri,
rd(j))/tbo(rs(j), rd(j))", the Rytov approximation expression in Equation 1 is represented by a linear equation "Y = AX". Note
that"Y = (Y4, ..., Yy)T" is an observed light intensity change in all channels, "X = (X, ..., X\)™" is a light absorbance
change in all voxels, and A is a sensitivity matrix (exemplary sensitivity information) having AJ-,i as an element. The
sensitivity matrixis storedin the sensitivity information storage part 241. Furthermore, the Rytov approximation expression
or"Y = AX" may be stored in the arithmetic expression storage part 242. Hereinafter, it is assumed that the number of
voxels is N and the number of channels is M as appropriate.

[0050] The value of ®j can be obtained using photon Monte Carlo simulation (see "Q. Fang and D. A. Boas, "Monte
Carlo simulation of photon migration in 3D turbid media accelerated by graphics processing units," Opt. Express 17
(2009) 20178-20190."). Furthermore, depending on the shape of a medium, an approximate value of ®, can be preferably
obtained using analytic solution with diffusion approximation (see "R. C. Haskell, L. O. Svaasand, T. T. Tsay, T. C. Feng,
M. S. McAdams, and B. J. Tromberg, "Boundary conditions for the diffusion equation in radiative transfer," J. Opt. Soc.
Am. A 11 (1994) 2727-2741.).

[0051] Next, the estimating unit 24 solves the inverse problem as follows. That is to say, the correcting part 243 forming
the estimating unit 24 obtains an estimated solution using a Tikhonov regularization method in a case where a regular-
ization term is normalized with a sensitivity term. Next, the sparseness applying part 244 performs hierarchical Bayesian
estimation in which the value obtained by the correcting part 243 is used as an initial value.

[0052] Firstly, an operation of the correcting part 243 will be described in detail. In the arithmetic expression storage
part 242, a cost function shown in Equation 2 below is stored. The correcting part 243 obtains a solution "X"g = arg-
minxCg(X;A)", which minimizes the cost function. Note that "A" of "X*" is positioned directly above X.

1 4 1
C,06 1) = [ Z20-A0 [+ A TIOXT 12

[0053] In Equation 2, the first term is an observation error term, and the second term is an L2 regularization term for
preventing overfitting. The overfitting refers to excessive optimization of parameters to observation data. Furthermore,
in Equation 2, A is a parameter for determining a regularization level. An optimum 2 value is determined by ABIC
minimization, which is one of the information criteria, and is stored in the arithmetic expression storage part 242 (see
"H. Akaike, "Likelihood and the Bayes procedure," In Bayesian Statistics (eds J. M. Bernardo et al., Univ. Press, Valencia)
143-166 (1980)."). Furthermore, 2., is an observation noise covariance matrix of an observed value Y.

[0054] In Equation 2, D is a normalization term according to the sensitivity. The value of a sensitivity matrix A is
exponentially attenuated in accordance with the depth. Thus, spatially uniform regularization may cause a bias in the
estimation result. In order to prevent this problem, the normalization term causes the level of the regularization term at
each location to match the level of the sensitivity. Note that D in Equation 2 is represented by Equation 3 below.

D=diag(AZ A+ 5 1.

(3)
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[0055] In Equation 3, diag represents a matrix constituted by diagonal components, and T in the upper right corner
represents transposition of a matrix. Furthermore, | is an identity matrix, and B is a sensitivity threshold for performing
normalization. In this embodiment, it is assumed that the value of 8 in all of the following analyses is, for example, a
maximum value of the sensitivity at a voxel located at a depth of 22.5 mm or more from a probe surface, that is, " =
MaX,s50 5 mm[diag(ATZ'1yA)]“. Furthermore, if the regularization term is in the form of an L2 norm, an estimated solution
X"g (where * is positioned directly above X) can be analytically obtained as shown in Equation 4. That is to say, Equation
4 is stored in the arithmetic expression storage part 242. The correcting part 243 obtains an estimated solution X*g
using Equation 4.

X.=ATZ A+ AD)ATI] Y.

4

[0056] Next, an operation of the sparseness applying part 244 will be described in detail. Note that an estimated
solution X" using a Tikhonov regularization method in a case where a regularization term is normalized with a sensitivity
term has some problems. That is, there are problems in which correction according to the sensitivity significantly acts
on a portion not requiring the correction because a solution cannot be localized, resulting in a significant error in the
estimated position, and in which the space resolution is low. Thus, in order to further improve the solution, the sparseness
applying part 244 performs hierarchical Bayesian estimation in which the estimated solution X"y is used as an initial
value. That is to say, the sparseness applying part 244 introduces "sparseness" where the estimated solution is repre-
sented in the minimum region. It narrows down results obtained by the operation of the correcting part 243 correcting
the sensitivity to an important location, thereby realizing a high space resolution. With this operation, the depth is also
more correctly estimated.

[0057] The hierarchical Bayesian estimation represents not only the generation of observation values but also the
regularization as a hierarchical probability model as follows. Firstly, an observation model of an observed light intensity
change Y at an internal light absorbance change X is represented by Equation 5 below.

P(YIX) =N(Y[AX, £ ),

(5)

[0058] In Equation 5, a normal distribution of an average p. and a covariance matrix > is N(x | p, 2). 2y is an observation
noise covariance matrix of an observed value Y. Secondly, it is assumed that a solution X is given by normal distribution
with a zero mean vector and a diagonal covariance matrix A = diag(1q, Ao, ..., Ay) whose diagonal elements are adjustable
parameters.

PXIA)=NX[O, AT). | ©

[0059] This sort of prior distribution is referred to as automatic relevance determination (ARD) prior distribution. Fur-
thermore, A is obtained from a probability distribution shown in Equation 7 below.

PR =T1 T (A 14, 7,).

(7

[0060] In Equation 7, a gamma distribution with the average . and the shape parameter y is I'(x | p,y). Furthermore,
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Api is an average of the prior distribution, and Ypi is a reliability parameter thereof. For example, it is assumed that "ypi =
0". If "y,; = 0", Equation 7 is non-informative prior distribution, and y,; does not affect the probability model.

[0061] According to the Bayesian method, a posterior distribution P(X,A | Y) of X and A in a state where an observed
value Y is given is obtained (see Equation 8).

POX]IAYP(A)
P(Y) | ®

[0062] However, a posterior distribution cannot be analytically obtained. Calculation of the posterior distribution can
be considered as maximization of free energy using a variational Bayesian method as described later. The free energy
is represented by Equation 9 below. In Equation 9, f(A) is a prior distribution term. The free energy can be maximized
by iterative calculation as described later.

P(X, /\EY)V-»-

P L1 27 000—R0 17 AR 2450 ],
‘ | (©)

[0063] According to Equation 2 of the Tikhonov regularization method, a regularization parameter A common to all
internal states X; is used and a uniform penalty is applied, so that a smoothed solution is obtained. On the other hand,
according to Equation 9 of the hierarchical Bayesian estimation, a regularization parameter A = diag(X, ..., Ay) that
varies for each voxel is used and is applied to data, so that a sparseness effect can be obtained (see "A. C. Faul and
M. E. Tipping, "Analysis of sparse Bayesian learning," Adv. Neural Inf. Process. Syst. 14 (2002) 383-389."). The sparse-
ness applying part 244 substitutes the estimated solution X"z obtained using the Tikhonov regularization method for an
initial value Ag; of iterative calculation (described later), and performs estimation. Exactly speaking, the sparseness
applying part 244 performs scale correction of a noise term in Equation 5 and introduction of a smoothing filter in Equation
6, which will be described later.

[0064] Above, the outline of the hierarchical Bayesian estimation method has been described. Hereinafter, detailed
settings will be described. Firstly, T time sample data sets are obtained in the measurement. Thus, extension is performed
suchthat"Y =(Y(1), ..., Y (1), ..., Y (T))", and the light absorbance change is accordingly extended such that "X = (X(1), ...,
X (t), ..., X (T))" in accordance with the time. Furthermore, the observation noise covariance matrix is set to a constant
multiple of the noise covariance matrix measured on the base line "Zy = 0'1Zy0", a prior distribution is given to its
coefficient o, and its value is determined by estimation (see Equation 10).

PYIX,0)=N{Y[AX, 07X ),P(0) xO,

10)

[0065] Furthermore, ifthe non-linear effectis high, for example, if the probe interval is 13 mm, this aspect s incorporated
as noise, and a term proportional to a square value Y2 of the observed value is added to the diagonal terms of the
observation noise Zy. Furthermore, in order to prevent the solution from being too sparse, the solution X is obtained as
"X = WZ" by multiplying a smoothing filter W by a sparse representation Z of the solution, and an ARD prior distribution
is applied to Z. Accordingly, the probability distribution X is given as follows.

PXIAY=NX[O, WA-W). (v

[0066] Equation 11 is obtained by extending Equation 6 in a more suitable form. Note that, for example, W is a Gaussian
filter having a full width at half maximum of 5 mm. In this case, the posterior distribution is given as Equations 12 and
13 below.
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P, X, A, o)
P(Y) ’ (12)

logP (Y. X, A\, o) =logP(Y|X, o) +logPX|A)+1logP(A)+logP(c)

PX, A, olY)=

1 .
—;—té [(Y(t) —AX (1)) o Z;:](Y(t) —AX (1)) +X (1) TW'”/\W‘l)((t)]

N N T
—2 Vi A:i A+ .é (7’,,;"'_2'—

i=1

1 1ogA + M —1) log o +const.
2 (13)

[0067] Since the posterior distribution cannot be analytically obtained, a variational Bayesian method is used. In the
variational Bayesian method, instead of directly calculating the posterior distribution, a trial posterior distribution Q(X,A,c)

is prepared, and approximation of true posterior distribution P(X,A,c | Y) is performed. This approximation is performed
by maximizing a free energy F(Q) defined by Equations 14 and 15 below.

P(Y.X. A, 0)
WX A, o) (149

F@=J dXdAdoQX A, o) log

F@ =logP(Y) —KLIQO, A, ) HIPOL A, o IM]. (45

[0068] Equation 15 is obtained by rewriting Equation 14. In Equation 15, KL is a Kullback-Leibler distance. The first
term in Equation 15 does not depend on Q, and, thus, the maximizing the free energy is equivalent to the minimizing
the Kullback-Leibler distance between the true posterior distribution and the trial posterior distribution in the second term.
[0069] In this case, if an factorization assumption is placed between X and A, o in the trial posterior distribution, the
calculation can be easily performed (see Equation 16).

QX, A, 0)=Q 000, (A, 0).

[0070] With this assumption, the free energy can be maximized by alternately repeating an "X maximizing step" of
maximizing F(Q) regarding Qx and a "A,c maximizing step" of maximizing F(Q) regarding Q,.
[0071] In this case, the free energy is represented by Equation 17 below.

(16)

1
F=-13 [0V —AX(D)Ta Z2(Y (1) —AX(D) +X (O WTAWX(D) ]

2t=1
N

- T 1B AWA- WA+ 015 [+ 2 7 [log(A /A,) — A /A, +1]

i=1

__1 Ty u-
=-5 Lo |1 Z20—A0 24| | ATWIX] [24+£ (A, 0)]. an

[0072] Equation 9 is obtained by simplifying Equation 17. In Equation 17, X, A, and o represent an expected value of
the distribution.

[0073] Next, an algorithm of the hierarchical Bayesian estimation performed by the sparseness applying part 244 will
be described.

10
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[0074] The sparseness applying part 244 repeats "X maximizing step" and "A,c maximizing step" K times (e.g., K =
1000) with an initial value Aq; = (10-X*g)2 and o = 1.

[0075] Note that the "X maximizing step" is represented by Equations 18 to 20 below, and the "A,c maximizing step"
is represented by Equation 21 to 24 below.

[0076] Lastly, the sparseness applying part 244 performs the "X maximizing step", thereby obtaining a solution X"
(see Equation 25).

L,=00 T HANALL WAT

(18)
H=diag[ AL WATZYYTZ AWHT (1 — AL WATE JAW T, o)
L =trlo Lz TV IHTALWATZ AW o0

T
V=7, +_2_
(21)

A;(]I= Ypi/-t_p]i-i-lHk,i,iA'l:],i

V.
“ 2 | (22)

MT

, =1 '
o2 (23)

g -1
ey

1
L ‘
14 akgk - 9 k-1
(24)

Y =1 -1
R=WA" wars 'y

(25)

In Equations 21 and 23, T is the number of time sample data sets. In Equation 23, M is the number of channels.
[0077] The output unit 25 outputs the optical characteristic-changed region information acquired by the sparseness
applying part 244. Typically, the output unit 25 graphically outputs the optical characteristic-changed region information.
However, there is no limitation on the output mode of the optical characteristic-changed region information.

[0078] The output is a concept that encompasses display on a display screen, projection using a projector, printing in
a printer, output of a sound, transmission to an external apparatus, accumulation in a storage medium, and delivery of
a processing result to another processing apparatus or another program.

[0079] The reference light intensity information storage unit 21, the sensitivity information storage part 241, and the
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arithmetic expression storage part 242 are preferably a non-volatile storage medium, but may be realized also by a
volatile storage medium.

[0080] There is no limitation on the procedure in which the reference light intensity information and the like are stored
in the reference lightintensity information storage unit21 and the like. For example, the reference light intensity information
and the like may be stored in the reference light intensity information storage unit 21 and the like via a storage medium,
the reference light intensity information and the like transmitted via a communication line or the like may be stored in
the reference light intensity information storage unit 21 and the like, or the reference light intensity information and the
like input via an input device may be stored in the reference light intensity information storage unit 21 and the like.
[0081] The light intensity information acquiring unit 22, the light intensity change information acquiring unit 23, the
estimating unit 24, the correcting part 243, and the sparseness applying part 244 may be realized typically by a CPU,
a memory, or the like. Typically, the processing procedure of the light intensity information acquiring unit 22 and the like
is realized by software, and the software is stored in a storage medium such as a ROM. Note that the processing
procedure may be realized also by hardware (a dedicated circuit).

[0082] The output unit 25 may be considered to include or not to include an output device such as a display screen.
The output unit 25 may be realized, for example, by driver software for an output device, a combination of driver software
for an output device and the output device, or the like.

[0083] Next, an operation of the object observing apparatus 2 will be described with reference to the flowchart in FIG. 2.
[0084] (Step S201) The light intensity information acquiring unit 22 acquires light intensity information, which is infor-
mation regarding a light intensity of light received by each light-receiving probe, in a case where light with a certain light
intensity is transmitted from each light-transmitting probe forming each probe set to an object.

[0085] (Step S202) The light intensity change information acquiring unit 23 reads reference light intensity information
from the reference light intensity information storage unit 21.

[0086] (Step S203) The lightintensity change information acquiring unit 23 calculates light intensity change information
from the light intensity information acquired in step S201 and the reference light intensity information read in step S202.
[0087] (Step S204) The estimating unit 24 reads an arithmetic expression from the arithmetic expression storage part
242.

[0088] (Step S205) The estimating unit 24 reads sensitivity information from the sensitivity information storage part
241. For example, the sensitivity information is calculated in advance by the estimating unit 24 and is stored in the
sensitivity information storage part 241.

[0089] (Step S206) The estimating unit 24 estimates optical characteristic-changed region information using the light
intensity change information. This processing is referred to as estimation processing. Hereinafter, the estimation process-
ing will be described with reference to the flowchart in FIG. 3.

[0090] (Step S207) The output unit 25 outputs the optical characteristic-changed region information acquired by the
sparseness applying part 244. The procedure returns to step S201.

[0091] Note that the process is terminated by powering off or an interruption at completion of the process in the
flowchart in FIG. 2.

[0092] Next, the estimation processing in step S206 will be described with reference to the flowchart in FIG. 3.
[0093] (Step S301) The correcting part 243 performs correction according to sensitivity attenuation in accordance with
the depth, using the sensitivity information in the sensitivity information storage part 241. That is to say, the correcting
part 243 substitutes the sensitivity information for the first arithmetic expression (arithmetic expression for performing
estimation processing of optical characteristic-changed region information with correction according to the sensitivity),
thereby acquiring first optical characteristic-changed region information.

[0094] (Step S302) The sparseness applying part 244 introduces sparseness for improving the space resolution, using
the first optical characteristic-changed region information acquired in step S301 as input, thereby acquiring final optical
characteristic-changed region information.

[0095] Hereinafter, experiments using the object observing system in this embodiment will be described. FIG. 4 is a
schematic diagram of an experiment (phantom experiment) using the object observing system. In this phantom exper-
iment, near-infrared light was transmitted from one direction to an object, and backscattered light was received from the
same direction as the one direction. Furthermore, in this experiment, a tank phantom was used to obtain data for
examining the estimation method realized by the object observing apparatus 2.

[0096] In this experiment, near-infrared light was transmitted and received by the light-transmitting probes 11 and the
light-receiving probes 12 at a bottom face of the phantom tank. FIG. 5 is a diagram illustrating positions of the light-
transmitting probes 11 and the light-receiving probes 12 and positions of light absorbing members. In FIG. 5, gray circles
represent the light-transmitting probes 11, and white circles represent the light-receiving probes 12. The probes are
arranged at intervals of I. Hereinafter, the positions at which the light absorbing members were placed will be described.
In FIG. 5, (a) is the center (coordinate values (0, 0)), (b) is a middle point (-1/2, 0), (c) is the position of one source (the
light-transmitting probe 11) (-1/2, -1/2), (d) is the position of one detector (the light-receiving probe 12) (-1/2, +1/2), and
(e) is the position of a second light absorbing member (-1/2+d, 0). In the diagram, the horizontal distance between two
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light absorbing members is d.

[0097] In this experiment, the tank was filled with 1.4% Intralipid and ink mixture liquid so as to realize the optical
characteristics similar to those of the grey matter of the cerebral cortex. The estimated values of the optical parameters
based on measurement using a spectrophotometer and a near-infrared imaging device were as follows: absorption
coefficient p, = 0.019 mm-*; and reduced scattering coefficient ' = 1.1 mm-1.

[0098] A light absorbance change was measured using a near-infrared imaging device (FOIRE-3000, Shimadzu Cor-
poration). In this experiment, only a wavelength of 805 nm was used for measurement. Near-infrared light was irradiated
in a time-divided manner from the light-transmitting probes 11 arranged on a square grid on the bottom face "z = 0" of
the tank, and was received by the light-receiving probes 12. The sampling rate was set to 130 ms, and the measurement
was performed for 20 seconds/each. The experiment was performed with three types of probe intervals, namely 13 mm,
18.4 mm (= 13 mm x ¥2), and 26 mm (= 13 mm x 2).

[0099] Furthermore, in the experiment, one or two spherical light absorbing members each having a diameter of 5
mm were arranged in the liquid. In the experiment with one light absorbing member, measurement was performed for
four points, namely (a) the center, (b) the middle point between the light-transmitting probe 11 and the light-receiving
probe 12, (c) the position directly below the light-transmitting probe 11, and (d) the position directly below the light-
receiving probe 12 (see FIG. 5). In the experiment with two light absorbing members, measurement was performed
while arranging the light absorbing members at (b) and (e), which was apart from (b) by d.

Experiment 1

[0100] Hereinafter, athree-dimensional reconstruction method using observation data in an actual phantom experiment
will be described. In Experiment 1, the data measurement condition was such that the light-transmitting probes 11 and
the light-receiving probes 12 arranged on the plane with z = 0 were used for measurement (see FIG. 6). The probe
interval in Experiment 1 was set to 18.4 mm. Two spherical light absorbing members each having a diameter of 5 mm
were arranged to cause light absorbance changes. The center coordinates (x, y, z) of the two light absorbing members
were respectively (-9.2 mm, 0 mm, 10 mm) and (3.3 mm, 0 mm, 15 mm), that is, they were apart from each other by
12.5 mm in the horizontal direction and 5 mm in the vertical direction, which were distances shorter than the probe
interval. Note that the coordinate system in FIG. 6 is obtained by turning that in FIG. 4 upside down. The reason for this
is to make the coordinate system correspond to that in measurement of the brain functions where the probe plane is
typically positioned on the upper side.

[0101] FIG. 7 is an estimation result using the Tikhonov regularization method in a case where D was taken as an
identity matrix. Note that taking D as an identity matrix means not performing correction of the regularization term
according to the sensitivity attenuation. As shown in FIG. 7, the position obtained as a solution was closer to the probe
plane than the actual positon was because the sensitivity was exponentially attenuated in accordance with the depth.
Furthermore, as shown in FIG. 7, two light absorbance changes were not separated from each other.

[0102] FIG. 8 is an estimation result in a case where the regularization term is normalized with the sensitivity FIG. 8
shows aresult that conversely seems to be biased in the depth direction, which is meaningful. Shallow and weak activities
and deep and strong activities provide similar observed values, and the Tikhonov regularization method cannot localize
the solution, and, thus, the estimation result is obtained as an overlap (coexistence) state thereof. It seems that, since
deep and strong activities are more outstanding, the estimation result seems to be biased in the depth direction.
[0103] FIG. 9 is obtained by performing estimation, using the result in FIG. 8 as an initial value "Aq; = (10-X"g;)2" in
the hierarchical Bayesian method. That is to say, FIG. 9 shows an estimation result (acquisition result of the optical
characteristic-changed region information) by the object observing apparatus 2. Since the estimation result of the
Tikhonov regularization method is excessively smoothed, a value obtained by multiplying ten by the estimated value
was used as an initial value (the same is applied to other experiments below). The sparseness applying part 244 of the
estimating unit 24 uses the hierarchical Bayesian algorithm to select an appropriate state from among various solution
overlap states obtained in FIG. 8. Accordingly, the sparseness applying part 244 obtains a more accurate estimation
result. In Experiment 1, each position of the two light absorbing members was identified, and a difference from the actual
positions was one voxel or smaller.

Experiment 2

[0104] In Experiment?2,itwas examined whether or not the depth was correctly estimated by placing the light absorbing
member at the center position ((a) in FIG. 5) and changing the depth by 2.5 mm each time. The measurement was
performed with three types of probe intervals, namely 26 mm, 18.4 mm, and 13 mm.

[0105] FIG. 10 shows a result of estimation performed by the object observing apparatus 2 while changing the probe
interval and the depth position of the light absorbing member (exemplary output of the optical characteristic-changed
region information by the output unit 25). In order to express a three-dimensional estimation diagram in two dimensions,
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the estimation result is shown such that only the maximum values of three voxels in the vicinity of the center containing
the light absorbing member in the y direction are projected on the respective x-z planes as shown in FIG. 11. In FIG.
10, estimation results are shown with a probe interval | = 26 mm, 18.4 mm, and 13 mm sequentially from above, and
with a true depth z at the center of the light absorbing member = 7.5 mm, 10 mm, 12.5 mm, 15 mm, 17.5 mm, 20 mm,
and 22.5 mm sequentially from the left. In FIG. 10, white circles represent the true position of the light absorbing member.
If a positional error of the estimation result on each of the x, y, and z axes was one voxel or smaller (2.5 mm or less)
and an estimated maximum value was 0.025 mm-! or more, it is considered that the estimation was performed, and the
corresponding graph is enclosed by a heavy line.

[0106] Inthe uppermost line (result with a probe interval of 26 mm) in FIG. 10, the estimation results indicate the same
depth in the case where the true depth z of the light absorbing member was 7.5 mm to 15 mm (see the left graph in FIG.
12). This result indicates that it was not substantially possible to estimate the depth. Furthermore, it was not possible to
perform the estimation in the case where z was 17.5 mm or more.

[0107] In the middle line (result with a probe interval of 18.4 mm) in FIG. 10, in the case where the true depth z of the
light absorbing member was 7.5 mm to 20 mm, the estimation was possible and the true depth and the estimated depth
matched each other within an error of one voxel or smaller (see the middle graph in FIG. 12).

[0108] In the lowermost line (result with a probe interval of 13 mm) in FIG. 10, in the case where the true depth z of
the light absorbing member was 7.5 mm to 22.5 mm, the estimation was possible and the true depth and the estimated
depth matched each other within an error of one voxel or smaller (see the right graph in FIG. 12). It was seen that the
depth of a region with a light absorbance change can be accurately estimated in this manner according to high density
measurement with a probe interval of 18.4 mm or 13 mm, for example.

[0109] Next, in order to investigate the degree of the estimation result depending on the probe relative position, the
limit depth was checked at which a positional error of the estimation result on each of the x, y, and z axes was one voxel
or smaller and an estimated maximum value was 0.025 mm-1 or more, by placing the light absorbing member at one of
the four locations, namely (a) the center, (b) the middle point, (c) the position of the light-transmitting probe 11, and (d)
the position of the light-receiving probe 12 in FIG. 5, and increasing the depth by 2.5 mm each time. FIG. 13 shows the
result. Note that, in the case where the probe interval was 26 mm, estimation of the depth was not possible, and, thus,
correct values of only x and y were regarded as sufficient. It is seen that, with high density measurement, the estimation
can be accurately performed without so much depending on the position of the light absorbing member. Furthermore,
it is seen that the depth that can be estimated increases as the probe interval is shorter.

Experiment 3

[0110] In Experiment 3, in order to check the space resolution according to the hierarchical Bayesian method used
by the object observing apparatus 2, the number of light absorbing members was increased to two, and the experiment
was performed. The x, y coordinates of the light absorbing members were respectively set to (-1/2, 0) and (-1/2+d, 0)
((b) and (e) in FIG. 5), and the horizontal distance between the centers was indicated as d.

[0111] Experiment 3 was carried out only with two types of probe intervals, namely 18.4 mm and 13 mm. Since
Experiment 2 shows that three-dimensional reconstruction is not possible in the case where the probe interval is 26 mm,
this probe interval was not applied to Experiments 3 and 4.

[0112] FIG. 14 shows an output result (estimation result) of the object observing apparatus 2 at a probe interval of
18.4 mm. This experiment was performed while changing the horizontal distance d and the depth z of the two light
absorbing members by 2.5 mm each time. In order to express a three-dimensional estimation diagram in two dimensions
as in FIG. 10, the estimation result is shown such that only the maximum values of three voxels in the vicinity of the
center containing the light absorbing members in the y direction are projected on the respective x-z planes as shown in
FIG. 11. In FIG. 14, estimation results are shown with a horizontal distance d = 17.5 mm, 15 mm, 12.5 mm, and 10 mm
sequentially from above, and with a true depth z at the center of the light absorbing members = 12.5 mm, 15 mm, 17.5
mm, and 20 mm sequentially from the left.

[0113] If the two light absorbing members were apart from each other by a distance similar to the probe interval as in
the case of "d = 17.5 mm, z = 17.5 mm" shown in FIG. 14, the positions of the two light absorbing members were
accurately estimated up to a depth z=17.5 mm.

[0114] Furthermore, the estimation was possible also in a case where the distance between the two light absorbing
members was shorter than the probe interval. In particular, in the case where the probe interval was 18.4 mm, it was
possible to identify the two light absorbing members located such that the distance d between their centers was 10 mm
(distance between the outside edges of 5-mm spheres was 5 mm), that is, such that they were apart from each other
by a distance approximately half the probe interval (see the diagram with "d = 10 mm, z = 15 mm" in FIG. 14).

[0115] FIG. 15 is a table showing the limit depths at which, in both of the two light absorbing members, a positional
error of the estimation result on each of the x, y, and z axes was one voxel or smaller and an estimated absorption
coefficient change was 0.025 mm-1 or more, obtained through the experiment setting the probe interval to two types,
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namely 18.4 mm and 13 mm and the horizontal distance d between the two light absorbing members to 15 mm, 12.5
mm, 10 mm, and increasing the depth z of the light absorbing members by 2.5 mm each time.

Experiment 4

[0116] In order to see whether or not three-dimensional estimation including the depth is possible even under complex
conditions, Experiment 4 was carried out. Experiment 4 was carried out with two light absorbing members located at
depths different from each other by 5 mm. As in Experiment 3, the x, y coordinates of the light absorbing members were
respectively set to (-1/2, 0) and (-1/2+d, 0) ((b) and (e) in FIG. 5), and the horizontal distance between the centers was
indicated as d. Furthermore, the light absorbing member at (b) was placed at a position shallower than the light absorbing
member at (e) by 5 mm. Experiment 4 was carried out only with two types of probe intervals at which the depth estimation
was possible, namely 18.4 mm and 13 mm.

[0117] FIG. 16 shows an estimation result at a probe interval of 18.4 mm. Experiment 4 was performed while changing
the horizontal distance d and the depth z of the two light absorbing members by 2.5 mm each time. In order to express
a three-dimensional estimation diagram in two dimensions as in FIG. 10, the estimation result is shown such that only
the maximum values of three voxels in the vicinity of the center containing the light absorbing members in the y direction
are projected on the respective x-z planes.

[0118] As seen from FIG. 16, if the two light absorbing members were apart from each other by a distance similar to
the probe interval as in the case of "d = 17.5 mm, z = 15&20 mm" shown in FIG. 16, the position of one light absorbing
member at an estimation limit depth z = 20 mm was accurately estimated without being interrupted by the other light
absorbing member located at a shallower position.

[0119] Furthermore, the estimation was possible also in a case where the distance between the two light absorbing
members was shorter than the probe interval. It seems that, even if there are multiple light absorbing members located
atdifferentdepths, high space resolution can be obtained according to the estimation method used by the object observing
apparatus 2.

[0120] FIG. 17 is a table showing the limit depths at which, in both of the two light absorbing members, a positional
error of the estimation result on each of the x, y, and z axes was one voxel or smaller and an estimated absorption
coefficient change was 0.025 mm-1 or more, obtained through the experiment setting the probe interval to two types,
namely 18.4 mm and 13 mm and the horizontal distance d between the two light absorbing members to 15 mm, 12.5
mm, 10 mm, and increasing the depth z of the light absorbing members by 2.5 mm each time.

[0121] Asdescribed above, this embodiment can accurately estimate, as three-dimensional information, a local optical
characteristic-changed region inside an object. More specifically, a local optical characteristic-changed region inside an
object can be accurately estimated as three-dimensional information by the high-accuracy three-dimensional recon-
struction algorithm including the depth direction, used by this object observing system. Note that the reconstruction
algorithm used by the object observing system includes two steps below. Firstly, estimation is performed using the
Tikhonov regularization method in which the regularization term is normalized with the sensitivity, so that spatially
extended solution candidates are obtained. Secondly, hierarchical Bayesian estimation is performed using the estimation
result as an initial value, so that solution candidates are narrowed down to a more appropriate solution.

[0122] According to the phantom experiments in this embodiment, in the case where the probe interval was 26 mm,
it was not possible for the reconstruction algorithm to operate well due to a lack of observation information, whereas, in
the case where the probe interval was 18.4 mm and 13 mm, it was possible to accurately estimate the depth and to
identify the two light absorbing members apart from each other by a distance shorter than the probe interval. In particular,
in the case where the probe interval was 18.4 mm, it was possible to identify the two light absorbing members located
such that the distance between their centers was 10 mm, that is, such that they were apart from each other by a distance
approximately half the probe interval.

[0123] Furthermore, according to this embodiment, the object observing apparatus 2 introduces sparseness using the
hierarchical Bayesian method. However, in this embodiment, it is also possible to introduce sparseness, using an L1
norm. For example, if the second power of the regularization term in Equation 2 is changed to the first power, normalization
with the sensitivity and introduction of the sparseness can be simultaneously performed.

[0124] Note that estimation using L1 regularization was also actually performed. Also with L1 regularization, the solution
becomes sparse, and, thus, a smoothing filter W was introduced in this experiment under the same conditions as those
in the case of using the hierarchical Bayesian method. As a result of application to the experimental data, it was found
that, if an appropriate regularization parameter 1 is selected, the estimation can be performed at approximately the same
level of precision as the hierarchical Bayesian method. Note that it was seen from this experiment that the correction
with the sensitivity and the application of the sparseness can be simultaneously performed. That is to say, the estimating
unit, in which sensitivity information, which is information indicating a relationship between an optical characteristic
change and a light intensity change, is stored, may perform correction according to sensitivity attenuation in accordance
with a depth, using the sensitivity information, and introduce sparseness for improving a space resolution, thereby
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acquiring optical characteristic-changed region information, wherein the correction with the sensitivity and the application
of the sparseness may be simultaneously performed or may be sequentially performed.

[0125] Furthermore, the processingin this embodiment may be realized using software. The software may be distributed
by software download or the like. Furthermore, the software may be distributed in a form where the software is stored
in a storage medium such as a CD-ROM. Note that the same is applied to other embodiments described in this speci-
fication. The software that realizes the object observing apparatus 2 in this embodiment may be the following sort of
program. Specifically, this program is a program using a storage medium in which reference light intensity information,
which is information regarding a light intensity at each light-receiving probe, and is information used as a reference, is
stored, the program causing a computer to function as: a light intensity information acquiring unit that, using a near-
infrared measurement apparatus having at least one probe set consisting of a pair of a light-transmitting probe for
transmitting light to an object that is to be observed and a light-receiving probe for receiving light, acquires light intensity
information, which is information regarding a light intensity of light received by each light-receiving probe, in a case
where light with a certain light intensity is transmitted from each light-transmitting probe forming each probe set to the
object; a light intensity change information acquiring unit that acquires, for each probe set, light intensity change infor-
mation, which is information regarding a light intensity change, from the reference light intensity information in the storage
medium and the light intensity information acquired by the light intensity information acquiring unit; an estimating unit
that acquires optical characteristic-changed region information, which is three-dimensional information regarding a po-
sition with a light absorbance change inside the object, using the light intensity change information for each probe set;
and an output unit that outputs the optical characteristic-changed region information acquired by the estimating unit;
wherein the estimating unit includes: a correcting part that performs correction according to sensitivity attenuation in
accordance with a depth, using sensitivity information, which is information indicating a relationship between an optical
characteristic change and a light intensity change; and a sparseness applying part that introduces sparseness for
improving a space resolution, thereby acquiring the optical characteristic-changed region information.

[0126] Furthermore, in this program, it is preferable that the computer is caused to function such that the estimating
unit further includes an arithmetic expression storage part, in which a first arithmetic expression, which is an arithmetic
expression used for acquiring the optical characteristic-changed region information, is an arithmetic expression for
calculating a solution of an inverse problem, and is a cost function for performing correction according to the sensitivity
information, can be stored, the correcting part substitutes the sensitivity information for the first arithmetic expression,
thereby acquiring first optical characteristic-changed region information, the sparseness applying part acquires final
optical characteristic-changed region information using the sparseness for improving the space resolution, using the
first optical characteristic-changed region information, and the output unit outputs the optical characteristic-changed
region information acquired by the sparseness applying part.

[0127] Furthermore, in this program, it is preferable that the computer is caused to function such that, in the arithmetic
expression storage part, a second arithmetic expression for performing hierarchical Bayesian estimation on an initial
value is also stored, and the sparseness applying part substitutes the first optical characteristic-changed region infor-
mation as an initial value for the second arithmetic expression, and executes the second arithmetic expression to perform
hierarchical Bayesian estimation, thereby acquiring final optical characteristic-changed region information.

[0128] Furthermore, in this program, it is preferable that the computer is caused to function for observing a brain
function of a living body, wherein the object that is to be observed is the brain of the living body, and the reference light
intensity information is information regarding a light intensity at each light-receiving probe measured at rest.

[0129] Furthermore, in this program, it is preferable that the computer is caused to function for screening of breast
cancer, wherein the object that is to be observed is a breast, and the reference light intensity information is information
regarding a light intensity at each light-receiving probe from a breast with normal cells.

[0130] Furthermore, in this program, it is preferable that the computer is caused to function such that each interval
between the light-transmitting and light-receiving probes is not greater than 20 mm.

[0131] FIG. 18 shows the external appearance of a computer that executes the programs described in this specification
to realize the object observing apparatus 2 and the like in the foregoing embodiments. The foregoing embodiments may
be realized using computer hardware and a computer program executed thereon. FIG. 18 is a schematic view of the
computer system. FIG. 19 is a block diagram of the computer system.

[0132] In FIG. 18, the computer system 340 includes a computer 341 including an FD drive and a CD-ROM drive, a
keyboard 342, a mouse 343, and a monitor 344.

[0133] InFIG. 19, the computer 341 includes not only the FD drive 3411 and the CD-ROM drive 3412, but also a CPU
3413, a bus 3414 that is connected to the CD-ROM drive 3412 and the FD drive 3411, a RAM 3416 in which a command
of an application program is temporarily stored and a temporary storage area is to be provided, and that is connected
to a ROM 3415 in which a program such as a boot up program is to be stored, and a hard disk 3417 in which an application
program, a system program, and data are to be stored. Although not shown, the computer 341 may further include a
network card that provides connection to a LAN.

[0134] The program for causing the computer system 340 to execute the functions of the object observing apparatus
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and the like in the foregoing embodiments may be stored in a CD-ROM 3501 or an FD 3502, inserted into the CD-ROM
drive 3412 or the FD drive 3411, and transmitted to the hard disk 3417. Alternatively, the program may be transmitted
via an unshown network to the computer 341 and stored in the hard disk 3417. At the time of execution, the program is
loaded into the RAM 3416. The program may be loaded from the CD-ROM 3501 or the FD 3502, or directly from a network.
[0135] The program does not necessarily have to include, for example, an operating system (OS) or a third party
program to cause the computer 341 to execute the functions of the object observing apparatus and the like in the
foregoing embodiments. The program may only include a command portion to call an appropriate function (module) in
a controlled mode and obtain the desired results. The manner in which the computer system 340 operates is well known,
and, thus, a detailed description thereof has been omitted.

[0136] Furthermore, the computer that executes this program may be a single computer, or may be multiple computers.
More specifically, centralized processing may be performed, or distributed processing may be performed.

[0137] Furthermore, in the foregoing embodiments, each process (each function) may be realized as an integrated
process using a single apparatus (system), or may be realized as a distributed process using multiple apparatuses.
[0138] It will be appreciated that the present invention is not limited to the embodiments set forth herein, and various
modifications are possible within the scope of the present invention, which is defined by the appended claims.

Industrial Applicability

[0139] As described above, the object observing system according to the present invention has an effect that this
system can accurately estimate, as three-dimensional information, a local optical characteristic-changed region inside
an object, and, thus, this system is useful as a brain function observing system and the like.

Claims
1. An object observing apparatus (2), comprising:

a reference light intensity information storage unit (21) configured to store reference light intensity information,
which is information regarding a light intensity at each light-receiving probe, and is information used as a
reference;

a light intensity information acquiring unit (22) that, using a near-infrared measurement apparatus (1) having at
least one probe set consisting of a pair of a light-transmitting probe (11) for transmitting light to an object that
is to be observed and a light-receiving probe (12) for receiving light, is configured to acquire light intensity
information, which is information regarding a light intensity of light received by each light-receiving probe (12),
in a case where light with a certain light intensity is transmitted from each light-transmitting probe (11) forming
each probe set to the object;

a light intensity change information acquiring unit (23) that is configured to acquire, for each probe set, light
intensity change information, which is information regarding a light intensity change, from the reference light
intensity information in the reference light intensity information storage unit (21) and the light intensity information
acquired by the light intensity information acquiring unit (22);

an estimating unit (24) that is configured to acquire optical characteristic-changed region information, which is
three-dimensional information regarding a position with a light absorbance change inside the object, using the
light intensity change information for each probe set; and

an output unit (25) that is configured to output the optical characteristic-changed region information acquired
by the estimating unit (24);

wherein the estimating unit (24), in which sensitivity information, which is information indicating arelationship between
an optical characteristic change and a light intensity change, is stored, is configured to perform correction according
to sensitivity attenuation in accordance with a depth, using the sensitivity information, and to introduce sparseness
for improving a space resolution, thereby acquiring the optical characteristic-changed region information.

2. The object observing apparatus (2) according to claim 1, wherein the estimating unit (24) includes:

a sensitivity information storage part (241) configured to store sensitivity information, which is information indi-
cating a relationship between an optical characteristic change and a light intensity change;

a correcting part (243) that is configured to perform correction according to sensitivity attenuation in accordance
with a depth, using the sensitivity information; and

a sparseness applying part (244) that is configured to introduce sparseness for improving the space resolution,
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thereby acquiring the optical characteristic-changed region information.

The object observing apparatus (2) according to claim 2,

wherein the estimating unit (24) further includes an arithmetic expression storage part (242), in which a first arithmetic
expression, which is an arithmetic expression used for acquiring the optical characteristic-changed region informa-
tion, is an arithmetic expression for calculating a solution of an inverse problem, and is a cost function for performing
correction according to the sensitivity information, can be stored,

the correcting part (243) is configured to substitute the sensitivity information for the first arithmetic expression,
thereby acquiring first optical characteristic-changed region information,

the sparseness applying part (244) is configured to acquire final optical characteristic-changed region information
using the sparseness for improving the space resolution, using the first optical characteristic-changed region infor-
mation, and

the output unit (25) is configured to output the optical characteristic-changed region information acquired by the
sparseness applying part (244).

The object observing apparatus (2) according to claim 3,

wherein, in the arithmetic expression storage part (242), a second arithmetic expression for performing hierarchical
Bayesian estimation on an initial value is also stored, and

the sparseness applying part (244) is configured to substitute the first optical characteristic-changed region infor-
mation as an initial value for the second arithmetic expression, and to execute the second arithmetic expression to
perform hierarchical Bayesian estimation, thereby acquiring final optical characteristic-changed region information.

The object observing apparatus (2) according to claim 1, for use in observation of a brain function of a living body,
wherein the object that is to be observed is the brain of the living body, and

the reference light intensity information is information regarding a light intensity at each light-receiving probe meas-
ured at rest.

The object observing apparatus (2) according to claim 1, for use in screening of breast cancer,

wherein the object that is to be observed is a breast, and

the reference light intensity information is information regarding a light intensity at each light-receiving probe from
a breast with normal cells.

The object observing apparatus (2) according to any one of claims 1 to 6, wherein each interval between the light-
transmitting and light-receiving probes (11, 12) is not greater than 20 mm.

Anobject observing method using a storage medium in which reference light intensity information, which is information
regarding a light intensity at each light-receiving probe (12), and is information used as a reference, is stored, and
realized with a light intensity information acquiring unit (22), a light intensity change information acquiring unit (23),
an estimating unit (24), and an output unit (25), the object observing method comprising:

a light intensity information acquiring step of the light intensity information acquiring unit (22), using a near-
infrared measurement apparatus (1) having at least one probe set consisting of a pair of a light-transmitting
probe (11) for transmitting light to an object that is to be observed and a light-receiving probe (12) for receiving
light, acquiring light intensity information, which is information regarding a light intensity of light received by
each light-receiving probe (12), in a case where light with a certain light intensity is transmitted from each light-
transmitting probe (11) forming each probe set to the object;

a light intensity change information acquiring step of the light intensity change information acquiring unit (23)
acquiring, for each probe set, light intensity change information, which is information regarding a light intensity
change, from the reference light intensity information in the storage medium and the light intensity information
acquired in the light intensity information acquiring step;

an estimating step of the estimating unit (24) acquiring optical characteristic-changed region information, which
is three-dimensional information regarding a position with a light absorbance change inside the object, using
the light intensity change information for each probe set; and

an output step of the output unit (25) outputting the optical characteristic-changed region information acquired
in the estimating step;

wherein, in the estimating step, correction is performed according to sensitivity attenuation in accordance with a
depth, using sensitivity information, which is information indicating a relationship between an optical characteristic
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change and a light intensity change, and sparseness is introduced for improving a space resolution, so that the
optical characteristic-changed region information is acquired.

Patentanspriiche

Objektbeobachtungsvorrichtung (2), umfassend:

eine Referenzlichtintensitatsinformation-Speichereinheit (21), die dafiir eingerichtet ist, Referenzlichtintensitat-
sinformation zu speichern, welche eine Information beztglich einer Lichtintensitat bei jeder lichtempfangenden
Sonde ist und eine als eine Referenz genutzte Information ist;

eine Lichtintensitatsinformation gewinnende Einheit (22), die unter Verwendung einer Nahinfrarot-Messvorrich-
tung (1) mit zumindest einem Sondensatz, der aus einem Paar einer lichtsendenden Sonde (11) zum Senden
von Licht zu einem Objekt, das beobachtet werden soll, und einer lichtempfangenden Sonde (12) zum Emp-
fangen von Licht besteht, daflr eingerichtet ist, Lichtintensitatsinformation zu gewinnen, welche eine Information
beziiglich einer Lichtintensitat von durch jede lichtempfangende Sonde (12) empfangenem Licht ist, falls Licht
mit einer bestimmten Lichtintensitét von jeder lichtsendenden Sonde (11), die jeden Sondensatz bildet, zum
Objekt gesendet wird;

eine Lichtintensitatsdnderungsinformation gewinnende Einheit (23), die dafiir eingerichtet ist, fir jeden Son-
densatz eine Lichtintensitdtsdnderungsinformation, welche eine Information bezuglich einer Lichtintensitatsan-
derung ist, aus der Referenzlichtintensitatsinformation in der Referenzlichtintensitatsinformation-Speicherein-
heit (21) und der Lichtintensitatsinformation zu gewinnen, die durch die Lichtintensitatsinformation gewinnende
Einheit (22) gewonnen wurde;

eine Schatzeinheit (24), die dafiir eingerichtet ist, eine Information tiber einen Bereich mit gednderter optischer
Eigenschaft zu gewinnen, welche eine dreidimensionale Information beziiglich einer Position mit einer Anderung
einer Lichtabsorbanz innerhalb des Objekts ist, wobei die Lichtintensitdtsdnderungsinformation fiir jeden Son-
densatz genutzt wird; und

eine Ausgabeeinheit (25), die dafiir eingerichtet ist, die durch die Schéatzeinheit (24) gewonnene Information
Uber einen Bereich mit gednderter optischer Eigenschaft auszugeben;

wobei die Schatzeinheit (24), in welcher eine Empfindlichkeitsinformation, welche eine Information ist, die eine
Beziehung zwischen einer Anderung einer optischen Eigenschaft und einer Lichtintensititsanderung angibt, ge-
speichert ist, daflir eingerichtet ist, eine Korrektur gemaf einer Empfindlichkeitsd@mpfung entsprechend einer Tiefe
durchzufihren, unter Verwendung der Empfindlichkeitsinformation, und Sparseness (engl. sparseness) zum Ver-
bessern einer Raumauflésung einzufihren, wodurch die Information iber einen Bereich mit gednderter optischer
Eigenschaft gewonnen wird.

Objektbeobachtungsvorrichtung (2) nach Anspruch 1, wobei die Schatzeinheit (24) umfasst:

einen Empfindlichkeitsinformation-Speicherteil (241), der dafiir eingerichtet ist, Empfindlichkeitsinformation zu
speichern, welche eine Informationist, die eine Beziehung zwischen einer Anderung einer optischen Eigenschaft
und einer Lichtintensitdtsdnderung angibt;

einen Korrekturteil (243), der daflr eingerichtet ist, eine Korrektur geman einer Empfindlichkeitsddmpfung ent-
sprechend einer Tiefe durchzufiihren, wobei die Empfindlichkeitsinformation genutzt wird; und

einen Sparseness-Anwendungsteil (244), der dafiir eingerichtet ist, Sparseness zum Verbessern der Raum-
aufldsung einzufiihren, wodurch die Information ber einen Bereich mit gednderter optischer Eigenschaft ge-
wonnen wird.

Objektbeobachtungsvorrichtung (2) nach Anspruch 2,

wobei die Schéatzeinheit (24) ferner einen Speicherteil (242) fir arithmetische Ausdriicke umfasst, worin ein erster
arithmetischer Ausdruck gespeichert werden kann, welcher ein arithmetischer Ausdruck ist, der zum Gewinnen der
Information Uber einen Bereich mit gednderter optischer Eigenschaft genutzt wird, ein arithmetischer Ausdruck ist,
um eine LAsung eines inversen Problems zu berechnen, und eine Kostenfunktion ist, um eine Korrektur gemaf der
Empfindlichkeitsinformation durchzufiihren,

der Korrekturteil (243) dafir eingerichtet ist, die Empfindlichkeitsinformation fiir den ersten arithmetischen Ausdruck
zu substituieren, wodurch eine erste Information tiber einen Bereich mit geénderter optischer Eigenschaft gewonnen
wird,

der Sparseness-Anwendungsteil (244) dafiir eingerichtet ist, eine finale Information Gber einen Bereich mit geén-
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derter optischer Eigenschaft unter Verwendung der Sparseness zum Verbessern der Raumauflésung zu gewinnen,
wobei die erste Information Uber einen Bereich mit geadnderter optischer Eigenschaft genutzt wird, und

die Ausgabeeinheit (25) dafiir eingerichtet ist, die Information Gber einen Bereich mit gednderter optischer Eigen-
schaft, die durch den Sparseness-Anwendungsteil (244) gewonnen wurde, auszugeben.

Objektbeobachtungsvorrichtung (2) nach Anspruch 3,

wobei im Speicherteil (242) fir arithmetische Ausdriicke ein zweiter arithmetischer Ausdruck zum Durchfiihren einer
hierarchischen Bayes-Schéatzung an einem Anfangswert ebenfalls gespeichert ist, und

der Sparseness-Anwendungsteil (244) dafur eingerichtet ist, die erste Information iber einen Bereich mit gednderter
optischer Eigenschaft als einen Anfangswert fiir den zweiten arithmetischen Ausdruck zu substituieren und den
zweiten arithmetischen Ausdruck auszufiihren, um eine hierarchische Bayes-Schatzung durchzufiihren, wodurch
eine finale Information Uber einen Bereich mit gednderter optischer Eigenschaft gewonnen wird.

Objektbeobachtungsvorrichtung (2) nach Anspruch 1, zur Verwendung bei einer Beobachtung einer Gehirnfunktion
eines lebenden Korpers,

wobei das Objekt, das beobachtet werden soll, das Gehirn des lebenden Korpers ist, und

die Referenzlichtintensitatsinformation eine Information beztglich einer Lichtintensitat bei jeder lichtempfangenden
Sonde, gemessen in Ruhe, ist.

Objektbeobachtungsvorrichtung (2) nach Anspruch 1, zur Verwendung bei der Friiherkennung bzw. beim Screening
von Brustkrebs,

wobei das Objekt, das beobachtet werden soll, eine Brust ist, und

die Referenzlichtintensitatsinformation eine Information bezliglich einer Lichtintensitat bei jeder lichtempfangenden
Sonde von einer Brust mit normalen Zellen ist.

Objektbeobachtungsvorrichtung (2) nach einem der Anspriiche 1 bis 6, wobei jedes Intervall zwischen den licht-
sendenden und lichtempfangenden Sonden (11, 12) nicht gréRer als 20 mm ist.

Objektbeobachtungsverfahren, das ein Speichermedium nutzt, in welchem eine Referenzlichtintensitatsinformation,
welche eine Information bezlglich einer Lichtintensitat bei jeder lichtempfangenden Sonde (12) ist und eine als
Referenz genutzte Information ist, gespeichert ist, und realisiert mit einer Lichtintensitatsinformation gewinnenden
Einheit (22), einer Lichtintensitdtsdnderungsinformation gewinnenden Einheit (23), einer Schatzeinheit (24) und
einer Ausgabeeinheit (25), wobei das Objektbeobachtungsverfahren umfasst:

einen Lichtintensitatsinformation gewinnenden Schritt der Lichtintensitatsinformation gewinnenden Einheit (22),
die unter Verwendung einer Nahinfrarot-Messvorrichtung (1) mit zumindest einem Sondensatz, der aus einem
Paar einer lichtsendenden Sonde (11) zum Senden von Licht zu einem Objekt, das beobachtet werden soll,
und einer lichtempfangenden Sonde (12) zum Empfangen von Licht besteht, eine Lichtintensitatsinformation
gewinnt, welche eine Information beziglich einer Lichtintensitat von durch jede lichtempfangende Sonde (12)
empfangenem Licht ist, falls Licht mit einer bestimmten Lichtintensitat von jeder lichtsendenden Sonde (11),
die jeden Sondensatz bildet, zum Objekt gesendet wird;

einen Lichtintensitdtsdnderungsinformation gewinnenden Schritt der Lichtintensitatsanderungsinformation ge-
winnenden Einheit (23), die fur jeden Sondensatz eine Lichtintensitdtsdnderungsinformation, welche eine In-
formation bezlglich einer Lichtintensitatsanderung ist, aus der Referenzlichtintensitatsinformation im Speicher-
medium und der Lichtintensitatsinformation gewinnt, die im Lichtintensitdtsinformation gewinnenden Schritt
gewonnen wurde;

einen Schéatzschritt der Schatzeinheit (24), die eine Information Uber einen Bereich mit gednderter optischer
Eigenschaft gewinnt, welche eine dreidimensionale Information beziiglich einer Position mit einer Anderung
einer Lichtabsorbanz innerhalb des Objekts ist, wobei die Lichtintensitdtsdnderungsinformation fiir jeden Son-
densatz genutzt wird; und

einen Ausgabeschritt der Ausgabeeinheit (25), die die im Schéatzschritt gewonnene Information Uber einen
Bereich mit gednderter optischer Eigenschaft ausgibt;

wobeiim Schatzschritt eine Korrektur geman einer Empfindlichkeitsddmpfung entsprechend einer Tiefe durchgefiihrt
wird, unter Verwendung einer Empfindlichkeitsinformation, welche eine Information ist, die eine Beziehung zwischen
einer Anderung einer optischen Eigenschaft und einer Lichtintensitatsdnderung angibt, und Sparseness eingefiihrt
wird, um eine Raumauflésung zu verbessern, so dass die Information iber einen Bereich mit gednderter optischer
Eigenschaft gewonnen wird.
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Revendications

1.

Appareil d'observation d’objet (2), comprenant :

une unité de stockage d’informations d’intensité lumineuse de référence (21) congue pour stocker des infor-
mations d’intensité lumineuse de référence, qui sont des informations concernant une intensité lumineuse au
niveau de chaque sonde de réception de lumiére, et qui sont des informations utilisées comme référence ;
une unité d’acquisition d’informations d’intensité lumineuse (22) qui, a I'aide d’un appareil de mesure de proche
infrarouge (1) comportant au moins un ensemble de sondes constitué par une paire composée d’'une sonde
de transmission de lumiére (11) pour transmettre la lumiére a un objet a observer, et d’'une sonde de réception
de lumiére (12) pour recevoir la lumiére, est congue pour acquérir des informations d’intensité lumineuse, qui
sont des informations concernant une intensité lumineuse de la lumiére regue par chaque sonde de réception
de lumiére (12), dans un cas ou la lumiére avec une certaine intensité lumineuse est transmise, a partir de
chaque sonde de transmission de lumiere (11) formant chaque ensemble de sondes, a I'objet ;

une unité d’acquisition d’'informations de variation d’intensité lumineuse (23) qui est congue pour acquérir pour
chaque ensemble de sondes des informations de variation d’intensité lumineuse, qui sont des informations
concernant une variation d’intensité lumineuse, a partir des informations d’intensité lumineuse de référence
contenues dans I'unité de stockage d’informations d’intensité lumineuse de référence (21), et des informations
d’intensité lumineuse acquises par l'unité d’acquisition d’'informations d’intensité lumineuse (22) ;

une unité d’estimation (24) qui est congue pour acquérir des informations de zone de variation de caractéristique
optique, qui sont des informations tridimensionnelles concernant une position avec une variation d’absorption
de lumiére a l'intérieur de I'objet, a 'aide des informations de variation d’intensité lumineuse pour chaque
ensemble de sondes ; et

une unité de sortie (25) qui est congue pour sortir les informations de zone de variation de caractéristique
optique acquises par l'unité d’estimation (24) ;

l'unité d’estimation (24), dans laquelle sont stockées des informations dé sensibilité, qui sont des informations
indiquant une relation entre une variation de caractéristique optique et une variation d’intensité lumineuse, étant
congue pour effectuer une correction suivant une atténuation de sensibilité selon une profondeur, a l'aide des
informations de sensibilité, et pour introduire une dispersion afin d’améliorer une résolution spatiale, acquérant ainsi
les informations de zone de variation de caractéristique optique.

Appareil d'observation d’objet (2) selon la revendication 1, dans lequel I'unité d’estimation (24) comprend :

une partie de stockage d’informations de sensibilité (241) congue pour stocker des informations de sensibilité,
qui sont des informations indiquant une relation entre une variation de caractéristique optique et une variation
d’intensité lumineuse ;

une partie de correction (243) qui est congue pour effectuer une correction suivant une atténuation de sensibilité
selon une profondeur, a l'aide des informations de sensibilité ; et

une partie d’application de dispersion (244) qui est congue pour introduire une dispersion afin d’améliorer la
résolution spatiale, acquérant ainsi les informations de zone de variation de caractéristique optique.

Appareil d'observation d’objet (2) selon la revendication 2,

dans lequel I'unité d’estimation (24) comprend également une partie de stockage d’expressions arithmeétiques (242)
dans laquelle peut étre stockée une premiére expression arithmétique, qui est une expression arithmétique utilisée
pour acquérir les informations de zone de variation de caractéristique optique, qui est une expression arithmétique
pour calculer une solution d’'un probléme inverse, et qui est une fonction de colt pour effectuer une correction
suivant les informations de sensibilité,

la partie de correction (243) est congue pour substituer les informations de sensibilité a la premiere expression
arithmétique, acquérant ainsi des premiéres informations de zone de variation de caractéristique optique,

la partie d’application de dispersion (244) est congue pour acquérir des informations de zone de variation de ca-
ractéristique finale a I'aide de la dispersion, pour améliorer la résolution spatiale, a I'aide des premiéres informations
de zone de variation de caractéristique optique, et

I'unité de sortie (25) est congue pour sortir les informations de zone de variation de caractéristique optique acquises
par la partie d’application de dispersion (244).

Appareil d'observation d’objet (2) selon la revendication 3,
dans lequel dans la partie de stockage d’expressions arithmétiques (242) est également stockée une deuxieme
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expression arithmétique pour effectuer une estimation bayésienne hiérarchique sur une valeur initiale, et

la partie d’application de dispersion (244) est congue pour substituer les premiéeres informations de zone de variation
de caractéristique optique comme valeur initiale a la deuxiéme expression arithmétique, et pour exécuter la deuxieme
expression arithmétique afin d’effectuer une estimation bayésienne hiérarchique, acquérant ainsi des informations
de zone de variation de caractéristique finale.

Appareil d’observation d’objet (2) selon la revendication 1, a utiliser dans I'observation d’une fonction cérébrale d’un
corps vivant,

dans lequel I'objet qui doit étre observé est le cerveau du corps vivant, et

les informations d’intensité lumineuse de référence sont des informations concernant une intensité lumineuse au
niveau de chaque sonde de réception de lumiére au repos.

Appareil d'observation d’objet (2) selon la revendication 1, a utiliser dans le dépistage du cancer du sein,

dans lequel I'objet qui doit étre observé est un sein, et

les informations d’intensité lumineuse de référence sont des informations concernant une intensité lumineuse au
niveau de chaque sonde de réception de lumiére a partir d’un sein avec des cellules normales.

Appareil d’'observation d’objet (2) selon I'une quelconque des revendications 1 a 6, dans lequel chaque intervalle
entre les sondes de transmission de lumiere et de réception de lumiéere (11, 12) n’est pas supérieur a 20 mm.

Procédé d’observation d’objet utilisant un support de stockage dans lequel sont stockées des informations d’intensité
lumineuse de référence, qui sont des informations concernant une intensité lumineuse au niveau de chaque sonde
de réception de lumiére (12), et qui sont des informations utilisées comme référence, et réalisé avec une unité
d’acquisition d’informations d’intensité lumineuse (22), une unité d’acquisition d’informations de variation d’intensité
lumineuse (23), une unité d’estimation (24) et une unité de sortie (25), le procédé d’observation d’objet comprenant :

une étape d’acquisition d’'informations d’intensité lumineuse de l'unité d’acquisition d’informations d’intensité
lumineuse (22), a l'aide d’'un appareil de mesure de proche infrarouge (1) comportant au moins un ensemble
de sondes constitué par une paire composée d’'une sonde de transmission de lumiére (11) pour transmettre la
lumiére a un objet a observer, et d’'une sonde de réception de lumiére (12) pour recevoir la lumiéere, qui acquiert
des informations d’intensité lumineuse, qui sont des informations concernant une intensité lumineuse de la
lumiére regue par chaque sonde de réception de lumiere (12), dans un cas ou la lumiére avec une certaine
intensité lumineuse est transmise, a partir de chaque sonde de transmission de lumiére (11) formant chaque
ensemble de sondes, a I'objet ;

une étape d’acquisition d’'informations de variation d’intensité lumineuse de I'unité d’acquisition d’informations
de variation d’intensité lumineuse (23), qui acquiert pour chaque ensemble de sondes des informations de
variation d’intensité lumineuse, qui sont des informations concernant une variation d’'intensité lumineuse, a
partir des informations d’intensité lumineuse de référence contenues dans le support de stockage, et des
informations d’intensité lumineuse acquises lors de I'étape d’acquisition d’informations d’intensité lumineuse
(22) ;

une étape d’estimation de I'unité d’estimation (24), qui acquiert des informations de zone de variation de ca-
ractéristique optique, qui sont des informations tridimensionnelles concernant une position avec une variation
d’absorption de lumiére a l'intérieur de I'objet, a I'aide des informations de variation d’intensité lumineuse pour
chaque ensemble de sondes ; et

une étape de sortie de I'unité de sortie (25), qui sort les informations de zone de variation de caractéristique
optique acquises lors de I'étape d’estimation ;

une correction étant effectuée suivant une atténuation de sensibilité selon une profondeur, a I'aide des informations
de sensibilité, qui sont des informations indiquant une relation entre une variation de caractéristique optique et une
variation d’intensité lumineuse, et une dispersion étant introduite afin d’améliorer une résolution spatiale, de sorte
que les informations de zone de variation de caractéristique optique sont acquises.
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