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(54) Apparatus and method for estimating object information

(57) An apparatus and method for estimating object
information is provided. The object information estimat-
ing apparatus includes a database which stores phantom
information obtained by projecting a first energy X-ray on
a phantom, an input unit which receives first object infor-

mation obtained by projecting the first energy X-ray an
an analysis object, and which receives information on a
thickness of the analysis object, and an estimating unit
which estimates second object information based on the
phantom information, the first object information, and the
information on the thickness.
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Description

BACKGROUND

1. Field

[0001] Methods and apparatuses consistent with ex-
emplary embodiments relate to an apparatus and method
for estimating object information.

2. Description of the Related Art

[0002] For quantitative medical imaging or quantitative
imaging using a multi-energy X-ray, for example, a dual
energy X-ray, components of an object to be photo-
graphed, for example, an analysis object, may need to
be calculated.
[0003] In this procedure, when an analysis object, for
example, a human body, is photographed using the multi-
energy X-ray, substance isolation may be performed with
respect to a plurality of substances of the analysis object
based on a combination made in view of a thickness, for
example, an amount, and a mixing ratio of each sub-
stance. Finding an association between an X-ray image
and the combination made in view of the thickness and
the mixing ratio of the plurality of substances may be
referred to as calibration.
[0004] In order to detect substances of the analysis
object using an analysis system for performing the cali-
bration, a plurality of pieces of object information regard-
ing the analysis object may be required for each energy
level. For example, when a dual-energy X-ray is used,
the analysis system may require a low-energy object im-
age and a high-energy object image of the analysis ob-
ject, for detecting the substances of the analysis object.

SUMMARY

[0005] According to exemplary embodiments, there is
provided an apparatus for estimating object information,
the apparatus including a database which stores phan-
tom information obtained by projecting a first energy X-
ray on a phantom, an input unit which receives first object
information obtained by projecting the first energy X-ray
on an analysis object, and which receives information on
a thickness of the analysis object, and an estimating unit
which estimates second object information, based on the
phantom information, the first object information, and the
information on the thickness.
[0006] The second object information may include in-
formation obtained by projecting a second energy X-ray
having an energy level differing from an energy level of
the first energy X-ray.
[0007] The first object information may include an ob-
ject image acquired by projecting the first energy X-ray
on the analysis object, and an intensity value for each of
a plurality of pixels of the object image.
[0008] The phantom information may include a phan-

tom image acquired by projecting the first energy X-ray
on the phantom, and the estimating unit may detect a
first area having the intensity value in the phantom image,
detect a second area corresponding to the information
on the thickness in the phantom image, detect an inter-
secting area of the first area and the second area, and
estimate the second object information by estimating an
intensity value at a second energy level corresponding
to the intersecting area.
[0009] Accordingly, an area having the intensity value
at the high energy level may be obtained from low-energy
object information, without requiring the operation of pro-
jecting a high-energy X-ray, for example on the analysis
object.
[0010] The information on the thickness may include
at least one of a thickness value of the analysis object
and information on an area in which the analysis object
is displayed on the phantom image.
[0011] The estimating unit may estimate at least one
piece of third object information on the analysis object,
based on the estimated second object information.
[0012] According to another aspect of an exemplary
embodiment, there is provided a method of estimating
object information using an object information estimating
apparatus, the method including receiving first object in-
formation obtained by projecting a first energy X-ray on
an analysis object, receiving information on a thickness
of the analysis object, and estimating second object in-
formation based on phantom information stored in a da-
tabase of the object information estimating apparatus,
the first object information, and the information on the
thickness.
[0013] Accordingly, although the analysis object may
be photographed using a single energy level X-ray by
the object information estimating apparatus, an effect of
obtaining object information corresponding to another
energy level may be achieved. Accordingly, object infor-
mation corresponding to multiple energies may be esti-
mated and thus, an analogous effect of photographing
the analysis object using a multi-energy X-ray may be
achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The above and other aspects of exemplary em-
bodiments will become apparent and more readily ap-
preciated from the following detailed description of cer-
tain exemplary embodiments, taken in conjunction with
the accompanying drawings of which:
[0015] FIG. 1 is a diagram illustrating an analysis sys-
tem for analyzing components of an analysis object using
a multi-energy X-ray;
[0016] FIG. 2 is a diagram illustrating a configuration
of an apparatus for estimating object information accord-
ing to exemplary embodiments;
[0017] FIG. 3 is a diagram illustrating a phantom ac-
cording to exemplary embodiments;
[0018] FIG. 4 is a diagram illustrating a phantom image
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acquired by projecting a single energy X-ray on the phan-
tom of FIG. 3;
[0019] FIG. 5 is a diagram illustrating an object image
according to exemplary embodiments;
[0020] FIG. 6 is a diagram illustrating an operation of
acquiring an object image by compressing an analysis
object and projecting an X-ray according to exemplary
embodiments;
[0021] FIG. 7 is a diagram illustrating an operation of
estimating second object information by an estimating
unit of an apparatus for estimating object information ac-
cording to exemplary embodiments; and
[0022] FIG. 8 is a flowchart illustrating a method of es-
timating object information according to exemplary em-
bodiments.

DETAILED DESCRIPTION OF THE EXEMPLARY EM-
BODIMENTS

[0023] Reference will now be made in detail to exem-
plary embodiments, examples of which are illustrated in
the accompanying drawings, wherein like reference nu-
merals refer to the like elements throughout. Exemplary
embodiments are described below in order to explain the
present disclosure by referring to the figures.
[0024] When it is determined that a detailed description
is related to a related known function or configuration
which may make the purpose of the present disclosure
unnecessarily ambiguous in the description, such de-
tailed description will be omitted. Also, terminologies
used herein are defined to appropriately describe the ex-
emplary embodiments and thus may be changed de-
pending on a user, the intent of an operator, or a custom.
Accordingly, the terminologies may be defined based on
the following overall description of this specification.
[0025] FIG. 1 is a diagram illustrating an analysis sys-
tem for analyzing components of an analysis object using
a multi-energy X-ray. For example, FIG. 1 illustrates an
operation of the analysis system performing calibration.
[0026] Referring to FIG. 1, the analysis system may
analyze components of an analysis object to be photo-
graphed, for example, a body part of a human, and the
like. The term "analysis object" may refer to an object to
be analyzed. In this instance, the analysis system may
use phantom information stored in a database 160, and
a low-energy object image 111 and a high-energy object
image 121 acquired by projecting a multi-energy X-ray
110 on the analysis object via an X-ray emitting device.
[0027] In particular, the analysis system may detect an
area 131 having an intensity value IL 113 of a pixel 112
of the low-energy object image 111, in a phantom image
130 acquired by projecting the multi-energy X-ray 110
on a phantom 150. In addition, the analysis system may
detect an area 132 having an intensity value IH 123 of a
pixel 112 of the high-energy object image 121, in the
phantom image 130. According to exemplary embodi-
ments, the analysis system may detect an intersecting
area 140 of the two detected areas, and may detect in-

formation on a thickness and a mixing ratio of a plurality
of substances constituting a part of a phantom corre-
sponding to the detected intersecting area 140. The de-
tected information on the thickness and the mixing ratio
may be used as information about substances constitut-
ing the analysis object.
[0028] FIG. 2 is a diagram illustrating a configuration
of an apparatus for estimating object information accord-
ing to exemplary embodiments.
[0029] Referring to FIG. 2, the object information esti-
mating apparatus may include a database 210, an input
unit 220, and an estimating unit 230.
[0030] The object information estimating apparatus
may estimate object information corresponding to an en-
ergy level differing from a predetermined energy level,
from object information corresponding to the predeter-
mined energy level with respect to an analysis object.
For example, the object information estimating apparatus
may estimate high-energy object information using low-
energy object information, or may estimate low-energy
object information using high-energy object information.
Accordingly, although the analysis object may be photo-
graphed using a single energy level X-ray by the object
information estimating apparatus, an effect of obtaining
object information corresponding to another energy level
may be achieved according to exemplary embodiments.
[0031] The object information estimating apparatus
may refer to the database 210 in which phantom infor-
mation is stored, for estimating the object information.
The phantom information may include information ob-
tained by projecting a first energy X-ray on a phantom
including a plurality of substances. Hereinafter, the phan-
tom and the phantom information will be described with
reference to FIGS. 3 and 4.
[0032] FIG. 3 is a diagram illustrating a phantom ac-
cording to exemplary embodiments.
[0033] Referring to FIG. 3, the phantom may be formed
of two substances. According to exemplary embodi-
ments, each of the substances constituting the phantom
may correspond to one of an adipose tissue and a glan-
dular tissue, although the phantom is not limited thereto
according to other exemplary embodiments.
[0034] The phantom may be manufactured in the form
of a trapezoidal shape 320. Accordingly, thicknesses of
a first substance 311 and/or a second substance 312
different from the first substance constituting the phan-
tom may increase in a direction from a front side corre-
sponding to B 322 to a back side corresponding to C 323.
For example, the sum of the thicknesses of the first sub-
stance 311 and the second substance 312 at the front
side corresponding to B 322 of the phantom may be 5
centimeters (cm). The thicknesses may increase linearly
toward the back side corresponding to C 323, and the
sum of the thicknesses of the first substance 311 and the
second substance 312 at the back side corresponding
to C 323 may be 10 cm. It is understood that the sum of
the thicknesses is not limited to 5 cm ranging up to 10
cm, and many different thicknesses may be used. It is
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further understood that the phantom may have many dif-
ferent types of shapes other than a trapezoidal shape.
[0035] Since the first substance 311 and the second
substance 312 may be combined with each other along
a diagonal, a mixing ratio of the first substance 311 to
the second substance 312 may increase or decrease lin-
early in a direction from a left side corresponding to A
321 to a right side corresponding to B 322 of the phantom.
For example, the ratio of the first substance 311 to the
second substance 312 at the left side corresponding to
A 321 of the phantom may be 10:0. The mixing ratio may
be changed linearly toward the right side corresponding
to B 322, and the mixing ratio of the first substance 311
to the second material 312 at the right side corresponding
to B 322 may be 0:10. It is understood that the mixing
ratio may also be changed in other than a linear fashion.
[0036] According to exemplary embodiments, phan-
tom information may include a phantom image acquired
by projecting an X-ray on a phantom. In particular, the
phantom image may be acquired by projecting the X-ray
on the phantom manufactured as shown in FIG. 3. Ac-
cording to exemplary embodiments, the phantom image
may be acquired by projecting the X-ray from an upper
direction of the phantom.
[0037] FIG. 4 is a diagram illustrating a phantom image
acquired by projecting a single energy X-ray on the phan-
tom of FIG. 3.
[0038] Since the phantom image may be acquired by
projecting the X-ray from an upper direction of the phan-
tom of FIG. 3, the phantom image may be provided in a
quadrangular shape. In this instance, each of a plurality
of pixels of the phantom image may include information
on corresponding thicknesses of the first substance 311
and the second substance 312, and a corresponding mix-
ing ratio of the first substance 311 to the second sub-
stance 312.
[0039] For example, a first pixel 410 may include infor-
mation of thicknesses corresponding to a total thickness
of 5.5 cm and a mixing ratio of the first substance 311 to
the second substance 312 corresponding to 8:2. In ad-
dition, a second pixel 420 may include information of
thicknesses corresponding to a total thickness of 7.5 cm
and a mixing ratio of the first substance 311 to the second
substance 312 corresponding to 5:5.
[0040] Referring back to FIG. 2, the input unit 220 may
receive input first object information obtained by project-
ing a first energy X-ray on the analysis object. The anal-
ysis object may include various targets, for example, a
human, an animal, an object, and the like.
[0041] The object information may include an object
image acquired by projecting the first energy X-ray on
the analysis object, and an intensity value for each of a
plurality of pixels of the object image.
[0042] For example, referring to FIG. 5, the analysis
object may correspond to a breast of a human. When the
single energy X-ray is projected on the analysis object,
object information may include a single energy radiogra-
phy image 510 of the analysis object, and an intensity

value for each pixel of the radiography image 510 of the
analysis object. For example, an intensity value for a first
pixel 521 may be "10," and an intensity value for a second
pixel 522 may be "5."
[0043] The input unit 220 may receive input information
on a thickness of the analysis object. The information on
the thickness of the analysis object may include at least
one of a thickness value of the analysis object and infor-
mation on an area in which the analysis object is dis-
played on the phantom image. For example, referring to
FIG. 6, as a method of obtaining the object information
about the analysis object, a method of acquiring an object
image by compressing the analysis object with two plates
and projecting an X-ray may be used. A thickness value
of the analysis object may be determined by measuring
a distance between the two plates used to compress the
analysis object when an object image is acquired using
the method. In addition, based on previous experiences
in photographing an analysis object, an area in which the
analysis object is to be displayed on the phantom image
may be known in advance. The input unit 220 may receive
input information, such as, for example, information on
the thickness of the analysis object.
[0044] The estimating unit 230 may estimate second
object information, based on the phantom information
stored in the database 210, the first object information,
and the information on the thickness of the analysis ob-
ject.
[0045] The second object information may indicate in-
formation obtained by projecting a second energy X-ray
having an energy level differing from an energy level of
the first energy X-ray. For example, when the energy
level of the first energy X-ray is lower than the energy
level of the second energy X-ray, information obtained
by projecting the second energy X-ray having a higher
energy level than the first energy X-ray may correspond
to the second object information. In this instance, the first
object information may correspond to low-energy object
information, and the second object information may cor-
respond to high-energy object information. Conversely,
when the energy level of the first energy X-ray is higher
than the energy level of the second energy X-ray, infor-
mation obtained by projecting the second X-ray having
a lower energy level than the first energy X-ray may cor-
respond to the second object information. In this in-
stance, the first object information may correspond to
high-energy object information, and the second object
information may correspond to low-energy object infor-
mation.
[0046] According to exemplary embodiments, the es-
timating unit 230 may estimate at least one piece of third
object information on the analysis object, based on the
estimated second object information. For example, in a
case in which an energy level increases sequentially in
an order of a first energy level, a second energy level,
and a third energy level, the estimating unit 230 may es-
timate the third object information on the analysis object
based on the estimated second object information. In this
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instance, the third object information may correspond to
information obtained by projecting an X-ray using the
third energy level having a higher energy level than the
second energy level. As described above, the estimating
unit 230 may perform the operation of estimating object
information repeatedly, thereby estimating a plurality of
pieces of object information from a single piece of object
information. Accordingly, although the analysis object is
photographed using a single energy level X-ray by the
object information estimating apparatus, object informa-
tion corresponding to multiple energies may be estimated
and thus, an analogous effect of photographing the anal-
ysis object using a multi-energy X-ray may be achieved.
[0047] Hereinafter, an operation of the object informa-
tion estimating apparatus which estimates second object
information will be described in detail with reference to
FIG. 7.
[0048] FIG. 7 is a diagram illustrating an operation of
estimating second object information by an estimating
unit of an apparatus which estimates object information
according to exemplary embodiments.
[0049] FIG. 7 illustrates an example of an operation of
the estimating unit 230 of FIG. 2 which estimates high-
energy object information using low-energy object infor-
mation. However, conversely, an operation of estimating
low-energy object information using high-energy object
information may be equally applicable.
[0050] Referring to FIG. 7, first object information re-
ceived by the input unit 220 of the object information es-
timating apparatus of FIG. 2 may include an object image,
and an intensity value for each pixel of the object image.
[0051] When a low-energy X-ray having a frequency
of fL 710 is projected on an analysis object, for example,
a breast of a human, a low-energy object image 711 and
an intensity value IL 713 for each pixel at that moment
may be obtained, and the input unit 220 may receive
input of the low-energy object image 711 and the intensity
value IL 713. For example, an intensity value for a pixel
712 selected by a user in the analysis object, hereinafter,
also referred to as the "selected pixel" 712, may corre-
spond to "10."
[0052] In this instance, the estimating unit 230 may de-
tect a first area 731 having the intensity value IL 713 in
a phantom image 730 stored in the database 210. For
example, when the intensity value IL 713 corresponds to
"10," the estimating unit 230 may detect a portion having
an intensity value of "10" in the phantom image 730,
thereby detecting the first area 731.
[0053] In addition, the estimating unit 230 may detect
a second area 732 corresponding to information on a
thickness of the analysis object in the phantom image
730. For example, when the thickness corresponds to 5
cm, the estimating unit 230 may detect an area having a
thickness of 5 cm in the phantom image 730.
[0054] Further, the estimating unit 230 may detect an
intersecting area 740 in which the first area 731 intersects
the second area 732. The estimating unit 230 may esti-
mate second object information, by estimating an inten-

sity value at a second energy level corresponding to the
intersecting area 740. In particular, the estimating unit
230 may estimate an intensity value at a high energy
level corresponding to the intersecting area 740, and may
detect an area 750 having the estimated intensity value
at the high energy level in the phantom image 730. In
this instance, the area 750 having the intensity value at
the high energy level may correspond to the high-energy
object information.
[0055] Accordingly, the area 750 having the intensity
value at the high energy level may be obtained from the
low-energy object information, without requiring the op-
eration of projecting a high-energy X-ray, for example,
an fH X-ray, on the analysis object.
[0056] FIG. 8 is a flowchart illustrating a method of es-
timating object information according to exemplary em-
bodiments.
[0057] Referring to FIG. 8, in the object information es-
timating method according to exemplary embodiments,
object information corresponding to an energy level dif-
fering from a predetermined energy level may be esti-
mated from object information corresponding to the pre-
determined energy level with respect to an analysis ob-
ject. For example, in the object information estimating
method according to exemplary embodiments, high-en-
ergy object information may be estimated using low-en-
ergy object information, and conversely, low-energy ob-
ject information may be estimated using high-energy ob-
ject information. Accordingly, although the analysis ob-
ject is photographed using a single energy level X-ray by
the object information estimating method, an effect of
obtaining object information corresponding to another
energy level may be achieved according to exemplary
embodiments.
[0058] In operation 810, first object information ob-
tained by projecting a first energy X-ray on an analysis
object and information on a thickness of the analysis ob-
ject may be received. According to exemplary embodi-
ments, the analysis object may include various targets,
for example, a human, an animal, an object, and the like.
[0059] The object information may include an object
image acquired by projecting the first energy X-ray on
the analysis object, and an intensity value for each of a
plurality of pixels of the object image.
[0060] The information on the thickness of the analysis
object may include at least one of a thickness value of
the analysis object and information on an area in which
the analysis object is displayed on a phantom image.
[0061] In operation 820, second object information
may be estimated, based on phantom information stored
in a database, the first object information, and the infor-
mation on the thickness of the analysis object.
[0062] The second object information may indicate in-
formation obtained by projecting a second energy X-ray
having an energy level differing from an energy level of
the first energy X-ray.
[0063] In the object information estimating method ac-
cording to exemplary embodiments, at least one piece
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of third object information with respect to the analysis
object may be estimated based on the estimated second
object information.
[0064] According to exemplary embodiments, a first ar-
ea having an intensity value for each of a plurality of pixels
of the object image included in the first object information
may be detected in the phantom image included in the
phantom information. In addition, a second area corre-
sponding to the information on the thickness of the anal-
ysis object may be detected in the phantom image. Fur-
ther, an intersecting area of the first area and the second
area may be detected. Also, second object information
may be estimated by estimating an intensity value at a
second energy level corresponding to the intersecting
area. In particular, in the object information estimating
method according to exemplary embodiments, an inten-
sity value at the second energy level corresponding to
the intersecting area may be estimated, and an area hav-
ing the estimated intensity value at the second energy
level may be detected in the phantom image. In this in-
stance, the area having the intensity value at the second
energy level may correspond to the second object infor-
mation.
[0065] According to exemplary embodiments, al-
though the analysis object is photographed using a single
energy level X-ray, an object image at another energy
level may be acquired. For example, a high-energy image
may be acquired from a low-energy image of the analysis
object, and conversely, a low-energy image may be ac-
quired from a high-energy image of the analysis object.
[0066] The object information estimating method ac-
cording to the above-described exemplary embodiments
may be recorded in computer-readable media including
program instructions to implement various operations
embodied by a computer. The media may also include,
alone or in combination with the program instructions,
data files, data structures, and the like. Examples of com-
puter-readable media include magnetic media such as
hard disks, floppy disks, and magnetic tape; optical me-
dia such as CD ROM discs and DVDs; magnetooptical
media such as optical discs; and hardware devices that
are specially configured to store and perform program
instructions, such as read-only memory (ROM), random
access memory (RAM), flash memory, and the like. Ex-
amples of program instructions include both machine
code, such as produced by a compiler, and files contain-
ing higher level code that may be executed by the com-
puter using an interpreter. The described hardware de-
vices may be configured to act as one or more software
modules in order to perform the operations of the above-
described exemplary embodiments, or vice versa.
[0067] Although a few exemplary embodiments have
been shown and described, exemplary embodiments are
not limited thereto. Instead, it would be appreciated by
those skilled in the art that changes may be made to
these exemplary embodiments without departing from
the scope of the disclosure as defined by the claims and
their equivalents.

[0068] The invention provides the following further six
aspects counted from one:
[0069] The aspect of an apparatus to analyze an ob-
ject, the apparatus comprising: an X-ray emitter which
emits a first X-ray on the object to obtain first object in-
formation of the object, the first X-ray having a first energy
level; and an estimator which estimates second object
information of the object based on the first object infor-
mation and phantom information obtained by emitting the
first X-ray on a phantom, wherein the second object in-
formation corresponds to information of the object which
is obtainable using a second X-ray having a second en-
ergy level different from the first energy level.
[0070] The apparatus according to the first aspect,
wherein the first object information and the second object
information comprise images of the object at the respec-
tive first and second energy levels, and intensity values
of pixels of the respective images.
[0071] The apparatus according to the first aspect, fur-
ther comprising a database which stores the phantom
information.
[0072] The apparatus according to the first aspect,
wherein the estimating unit further estimates third object
information on the object, based on the estimated second
object information.
[0073] The apparatus according to the first aspect,
wherein the phantom comprises a plurality of substanc-
es.
[0074] The apparatus according to the first aspect,
wherein the estimator further estimates the second object
information based on a thickness of the analysis object.

Claims

1. An apparatus for estimating object information, the
apparatus comprising:

a database which stores phantom information
obtained by projecting a first energy X-ray on a
phantom;
an input unit which receives first object informa-
tion obtained by projecting the first energy X-ray
on an analysis object; and
an estimating unit which estimates second ob-
ject information based on the phantom informa-
tion and the first object information.

2. The apparatus of claim 1,
wherein the input unit further receives information
on a thickness of the analysis object; and
wherein the estimating unit further uses the informa-
tion on the thickness when estimating the second
object information.

3. The apparatus of claim 1 or 2, wherein the second
object information comprises information obtained
by projecting a second energy X-ray having an en-
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ergy level differing from an energy level of the first
energy X-ray.

4. The apparatus of one of claims 1 to 3,
wherein the first object information comprises an ob-
ject image acquired by projecting the first energy X-
ray on the analysis object, and an intensity value for
each of a plurality of pixels of the object image; and/or
wherein the second object information comprises a
second object image acquired by projecting the sec-
ond energy X-ray on the analysis object, and an in-
tensity value for each of a plurality of pixels of the
second object image.

5. The apparatus of claim 4, wherein
the phantom information comprises a phantom im-
age acquired by projecting the first energy X-ray on
the phantom, and
the estimating unit detects a first area having the
intensity value in the phantom image, detects a sec-
ond area corresponding to the information on the
thickness in the phantom image, detects an inter-
secting area of the first area and the second area,
and estimates the second object information by es-
timating an intensity value at a second energy level
corresponding to the intersecting area.

6. The apparatus of one of claims 1 to 5, wherein the
information on the thickness comprises at least one
of a thickness value of the analysis object, and in-
formation on an area in which the analysis object is
displayed on the phantom image.

7. The apparatus of one of claims 1 to 6, wherein the
estimating unit estimates at least one piece of third
object information on the analysis object, based on
the estimated second object information.

8. The apparatus of one of claims 1 to 7, wherein the
phantom comprises a trapezoidal shape.

9. The apparatus of one of claims 1 to 8, wherein the
phantom comprises a plurality of substances, in par-
ticular a first substance corresponding to an adipose
tissue and a second substance corresponding to a
glandular tissue.

10. The apparatus of claim 9, wherein thicknesses of the
plurality of substances increase in a direction from
a front side of the phantom at which the first energy
X-ray is received to a back side opposite the front
side.

11. A method of estimating object information using an
object information estimating apparatus, the method
comprising:

receiving first object information obtained by

projecting a first energy X-ray on an analysis
object; and
estimating second object information based on
phantom information stored in a database of the
object information estimating apparatus and the
first object information.

12. The method of claim 11, further comprising:

receiving information on a thickness of the anal-
ysis object;
wherein the estimating of the second object in-
formation is further based on the information on
the thickness.

13. The method of claim 11 or 12, wherein the first object
information comprises an object image acquired by
projecting the first energy X-ray on the analysis ob-
ject, and an intensity value for each of a plurality of
pixels of the object image.

14. The method of claim 12 or 13, wherein the estimating
comprises:

detecting a first area having the intensity value
in a phantom image included in the phantom in-
formation;
detecting a second area corresponding to the
information on the thickness in the phantom im-
age;
detecting an intersecting area of the first area
and the second area; and
estimating the second object information by es-
timating an intensity value at a second energy
level corresponding to the intersecting area.

15. A non-transitory computer-readable medium com-
prising a program for causing a computer to perform
the method of one of claims 11 to 14.
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