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(7) ABSTRACT

Each of image signals representing radiation images of a
single object is weighted with a weight factor. Signal com-
ponents of the weighted image signals representing corre-
sponding pixels in the radiation images are subtracted from
each other, and a difference signal representing an image of
a specific structure of the object is obtained. The weight
factor is set for each pixel in each radiation image and in
accordance with a difference between logarithmic values of
radiation doses with respect to corresponding pixels in the
radiation images, or in accordance with a logarithmic value
of a ratio between the radiation doses with respect to the
corresponding pixels in the radiation images.
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ENERGY SUBTRACTION PROCESSING METHOD
AND APPARATUS

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] This invention relates to an energy subtraction
processing method and apparatus, wherein energy subtrac-
tion processing is performed on a plurality of image signals
representing radiation images of an object. This invention
also relates to a recording medium, on which a program for
causing a computer to execute the energy subtraction pro-
cessing method has been recorded and from which the
computer is capable of reading the program.

[0003] 2. Description of the Related Art

[0004] 1t has been proposed to use stimulable phosphors in
radiation image recording and reproducing systems. Spe-
cifically, a radiation image of an object, such as a human
body, is recorded on a sheet provided with a layer of the
stimulable phosphor (hereinafter referred to as a stimulable
phosphor sheet). The stimulable phosphor sheet, on which
the radiation image has been stored, is then exposed to
stimulating rays, such as a laser beam, which cause the
stimulable phosphor sheet to emit light in proportion to the
amount of energy stored thereon during its exposure to the
radiation. The light emitted by the stimulable phosphor
sheet, upon stimulation thereof, is photoelectrically detected
and converted into a digital image signal. The image signal
is then processed and used for the reproduction of the
radiation image of the object as a visible image on a
recording material.

[0005] Also, techniques for performing energy subtraction
processing on radiation images have heretofore been known.
(The energy subtraction processing techniques are disclosed
in, for example, U.S. Pat. Nos. 4,855,598 and 4,896,037,
5,485,371.) With the energy subtraction processing tech-
niques, an object is exposed to several kinds of radiation
having different energy distributions. Alternatively, the
energy distribution of the radiation carrying image informa-
tion of an object is changed after the radiation has been
irradiated onto one of a plurality of radiation detecting
means (e.g., the stimulable phosphor sheets described
above), after which the radiation impinges upon the second
radiation detecting means. In this manner, a plurality of
radiation images, in which different images of a specific
structure of the object are embedded, are obtained. There-
after, image signal components of the image signals repre-
senting the plurality of the radiation images, which image
signal components represent corresponding pixels in the
radiation images, are multiplied by appropriate weight fac-
tors, and the thus weighted image signal components are
subjected to a subtraction process. From the subtraction
process, a difference signal, which represents only the image
of the specific structure of the object, is obtained. By the
utilization of the thus obtained difference signal, a visible
radiation image, which represents only the specific structure
of the object, is capable of being reproduced.

[0006] In the aforesaid radiation image recording and
reproducing systems utilizing the stimulable phosphor
sheets, the radiation image having been stored on the stimu-
lable phosphor sheet is read out directly as an electric image
signal. Therefore, with the radiation image recording and
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reproducing systems, the energy subtraction processing is
capable of being performed easily. In cases where the energy
subtraction processing is to be carried out by using the
stimulable phosphor sheets, radiation images may be stored
on, for example, two stimulable phosphor sheets such that
the parts of the radiation images corresponding to a specific
structure may be different in the two radiation images. For
such purposes, a two-shot energy subtraction processing
technique may be employed wherein the operation for
recording a radiation image is performed twice with two
kinds of radiation having different energy distributions.
Alternatively, a one-shot energy subtraction processing tech-
nique may be employed wherein, for example, two stimu-
lable phosphor sheets placed one upon the other (they may
be in contact with each other or spaced away from each
other) are simultaneously exposed to radiation, which car-
ries image information of an object, such that the two
stimulable phosphor sheets are exposed to radiation having
different energy distributions. In cases where the two-shot
energy subtraction processing technique is employed, and
radiation images are to be recorded on an increased number
of the stimulable phosphor sheets, the same number of
image recording operations as that of the stimulable phos-
phor sheets are performed. For example, in cases where the
two-shot energy subtraction processing technique is
employed, and radiation images are to be recorded on three
stimulable phosphor sheets, three image recording opera-
tions are performed. Therefore, in this specification, the
energy subtraction processing technique, in which multiple
image recording operations are performed, is referred to as
the multi-shot energy subtraction processing technique
(including the two-shot energy subtraction processing tech-
nique).

[0007] With the energy subtraction processing techniques
utilizing the stimulable phosphor sheets, for example, in
cases where the object is a human body, two radiation
images of the human body may be formed on the stimulable
phosphor sheets with two kinds of radiation having different
energy distributions (i.e., radiation having a high energy
level and radiation having a low energy level), and two
image signals representing the two radiation images may be
obtained. Also, the two image signals may be weighted with
appropriate weight factors, and the difference signal may be
obtained by performing a subtraction process on the
weighted image signals. In this manner, a radiation image, in
which only the pattern of a soft tissue of the human body is
illustrated, and a radiation image, in which only the pattern
of a bone of the human body is illustrated, are capable of
being obtained. The operation processing is performed in the
manner described below. Specifically, the first stimulable
phosphor sheet, upon which the radiation having a low
energy level impinges, may be represented by IP1, and the
second stimulable phosphor sheet, upon which the radiation
having a high energy level impinges, may be represented by
IP2. Also, a logarithmic value of a radiation dose (i.e., a
logarithmic radiation dose), which the first stimulable phos-
phor sheet IP1 receives, may be represented by L, and the
logarithmic value of the radiation dose (i.e., the logarithmic
radiation dose), which the second stimulable phosphor sheet
IP2 receives, may be represented by H. In such cases, L. and
H may be represented respectively by Formula (1) and
Formula (2) shown below.

L=-psts—pptn+lo @
H=—pists-ppta+H, @
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[0008] wherein

0009 represents the mean attenuation coefficient
Hg TCP
of the bone with respect to the first stimulable
phosphor sheet IP1,

[0010] g represents the mean attenuation coefficient
of the soft tissue with respect to the first stimulable
phosphor sheet IP1,

0011 ' represents the mean attenuation coefficient
Hp 0P
of the bone with respect to the second stimulable
phosphor sheet 1P2,

[0012] ' represents the mean attenuation coefficient
of the soft tissue with respect to the second stimu-
lable phosphor sheet IP2,

[0013] tg represents the thickness of the bone,
[0014] tg represents the thickness of the soft tissue,
and

[0015] each of L, and H, represents the fixed number
depending upon the radiation source.

[0016] As the logarithmic radiation doses L and H, the
image signals having been obtained from the stimulable
phosphor sheets IP1 and IP2 may be employed respectively.

[0017] A substance has a radiation attenuation coefficient
depending upon radiation energy. Also, in cases where the
radiation irradiated to the object is not monochromatic and
is distributed over a certain energy range, the energy distri-
bution of the detected radiation (e.g., the radiation imping-
ing upon the stimulable phosphor sheet) changes depending
upon the thickness of a substance contained in the object (in
cases where the object is the human body, a bone or a soft
tissue). Such a phenomenon is referred to as the beam
hardening. Therefore, the radiation attenuation coefficient of
the substance is weighted with the energy distribution of the
detected radiation and averaged. The thus obtained value is
defined as the mean attenuation coefficient. Accordingly, the
mean attenuation coefficient varies for different thicknesses
of the substance.

[0018] Incases where Lrepresented by Formula (1) shown
above is multiplied by the factor of #g', and H represented
by Formula (2) shown above is multiplied by the factor of
Hg, the difference between g#gH and g#g' L may be repre-
sented by Formula (3) shown below.

HuH-pul=(pspts s e )ts (s Ho s Lo) (©)

[0019] In this manner, a difference signal, which repre-
sents a soft tissue image illustrating only the soft tissue and
is free from the thickness of the bone, is capable of being
obtained.

[0020] Also, in cases where L represented by Formula (1)
shown above is multiplied by the factor of #g', and H
represented by Formula (2) shown above is multiplied by the
factor of wg, the difference between ugH and gg' L may be
represented by Formula (4) shown below.

s H—pts'L=(pts e prspts Mp+ (s Hopts'Lo) ©

[0021] In this manner, a difference signal, which repre-
sents a bone image illustrating only the bone and is free from
the thickness of the soft tissue, is capable of being obtained.
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[0022] In each of Formula (3) and Formula (4) shown
above, the mean attenuation coefficient, by which L is
multiplied, and the mean attenuation coefficient, by which H
is multiplied, act as the weight factors.

[0023] The mean attenuation coefficients, which are
employed as the weight factors in each of Formula (3) and
Formula (4) shown above, are determined by, for example,
being presumed from the image signal having been obtained
from the stimulable phosphor sheet, upon which the radia-
tion having a low energy level impinged. Therefore, in cases
where the energy subtraction processing is performed, an
identical value of the mean attenuation coefficient is
employed as the weight factor with respect to all of the
pixels in each radiation image. However, the thickness of the
substance contained in the object ((in cases where the object
is the human body, the bone or the soft tissue) varies for
different sites in the object. Also, as described above, the
mean attenuation coefficient varies for different thicknesses
of the substance contained in the object. Therefore, for
example, in cases where the object is the human body, the
thickness of the soft tissue or the thickness of the bone is not
uniform in accordance with the site in the object. Accord-
ingly, in cases where an identical value of the mean attenu-
ation coefficient is employed as the weight factor with
respect to all of the pixels in each radiation image, the
problems occur in that an unnecessary structure pattern
cannot be removed perfectly. As a result, the bone pattern
remains unremoved in the soft tissue image, and the soft
tissue pattern remains unremoved in the bone image.

SUMMARY OF THE INVENTION

[0024] The primary object of the present invention is to
provide an energy subtraction processing method, wherein
only a specific structure pattern contained in an object image
is capable of being extracted accurately.

[0025] Another object of the present invention is to pro-
vide an apparatus for carrying out the energy subtraction
processing method.

[0026] The specific object of the present invention is to
provide a recording medium, on which a program for
causing a computer to execute the energy subtraction pro-
cessing method has been recorded and from which the
computer is capable of reading the program.

[0027] As will be described later, in cases where a differ-
ence between logarithmic values of radiation doses at the
time of formation of two radiation images is calculated, or
a logarithmic value of a ratio between the radiation doses at
the time of formation of two radiation images is calculated,
a certain relationship is obtained between the difference
between the logarithmic values of the radiation doses, or the
logarithmic value of the ratio between the radiation doses,
and the mean attenuation coefficient of a certain substance
with respect to each of the two radiation images, which are
associated with the calculation of the difference between the
logarithmic values of the radiation doses or the calculation
of the logarithmic value of the ratio between the radiation
doses. In cases where the relationship described above is
determined previously, if the difference between the loga-
rithmic values of the radiation doses or the logarithmic value
of the ratio between the radiation doses is found, the mean
attenuation coefficient of the certain substance with respect
to each of the two radiation images, which are associated
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with the calculation of the difference between the logarith-
mic values of the radiation doses or the calculation of the
logarithmic value of the ratio between the radiation doses,
will be capable of being calculated. A first energy subtrac-
tion processing method and a first energy subtraction pro-
cessing apparatus in accordance with the present invention
are based on such findings.

[0028] Specifically, the present invention provides a first
energy subtraction processing method, comprising the steps
of:

[0029] i) obtaining a plurality of image signals, each
of which represents one of a plurality of radiation
images of a single object and is made up of a series
of image signal components, the plurality of the
radiation images having been formed respectively
with a plurality of kinds of radiation (such as x-rays
or y-rays) having different energy distributions and
carrying image information of the object, different
images of at least part of the object being embedded
in the plurality of the radiation images,

[0030] ii) weighting each of the image signals with a
predetermined weight factor, and

[0031] iii) performing a subtraction process on the
image signal components of the weighted image
signals, which image signal components represent
corresponding pixels in the radiation images, a dif-
ference signal representing an image of a specific
structure of the object being thereby obtained,

[0032] wherein the improvement comprises the
step of:

[0033] setting the predetermined weight factor
with respect to each of pixels in each of the
radiation images and in accordance with a dif-
ference between logarithmic values of radiation
doses with respect to the corresponding pixels
in the radiation images at the time of the for-
mation of the plurality of the radiation images,
or in accordance with a logarithmic value of a
ratio between the radiation doses with respect to
the corresponding pixels in the radiation images
at the time of the formation of the plurality of
the radiation images.

[0034] In order for the image signals representing the
radiation images to be obtained, the plurality of kinds of the
radiation having different energy distributions and carrying
the image information of the object may be caused to
impinge upon radiation detecting means, such as stimulable
phosphor sheets or semiconductor sensors, and the image
signals in accordance with the received radiation doses may
be detected by the radiation detecting means. In cases where
the radiation detecting means is constituted of the semicon-
ductor sensors, a signal outputted from each of the semi-
conductor sensors may be taken as the image signal. In cases
where the radiation detecting means is constituted of the
stimulable phosphor sheets, in the same manner as that in the
radiation image recording and reproducing systems
described above, each of the stimulable phosphor sheets
may be exposed to the stimulating rays, which cause the
stimulable phosphor sheet to emit light in proportion to the
amount of energy stored thereon during its exposure to the
radiation, the emitted light may be photoelectrically
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detected, and the image signal may thereby be obtained. The
formation of the plurality of the radiation images may be
performed with the one-shot energy subtraction processing
technique or the multi-shot energy subtraction processing
technique.

[0035] The predetermined weight factor corresponds to
each of the mean attenuation coefficients in Formula (3) or
Formula (4) shown above. With respect to one radiation
image, the same number of the mean attenuation coefficients
as that of the kinds of the specific structures contained in the
object are set. For example, in cases where the specific
structures are the soft tissue and the bone of the human body,
one mean attenuation coefficient of the soft tissue and one
mean attenuation coefficient of the bone are obtained with
respect to one radiation image. Therefore, in cases where
three radiation images are to be processed, and the specific
structures are the soft tissue and the bone of the human body,
six kinds (=3x2) of the mean attenuation coefficients are
obtained.

[0036] The term “radiation dose at the time of formation
of a radiation image” as used herein means the dose of
radiation, which carries the image information of the object
and impinges upon the radiation detecting means when the
image of the object is formed on the radiation detecting
means. The radiation dose is capable of being obtained by
directly detecting the radiation impinging upon the radiation
detecting means. However, it is not always possible to detect
the radiation dose with respect to each of the pixels in the
radiation image. However, when the dose of radiation
impinging upon the radiation detecting means is large, the
image signal obtained from the radiation detecting means
takes a large signal value. Thus the signal value of the image
signal has the correspondence relationship with the radiation
dose. Therefore, the image signal, which has been obtained
from the radiation detecting means (and has not yet been
subjected to image processing), should preferably be
regarded as the radiation dose and utilized for the setting of
the mean attenuation coefficient.

[0037] In cases where the radiation doses with respect to
two radiation images are represented by I1 and 12, the
relationship represented by the formula In(I1)-In(I12)=In(I1/
12) is obtained. Therefore, the “difference between the
logarithmic values of the radiation doses with respect to the
corresponding pixels in the radiation images” and the “loga-
rithmic value of the ratio between the radiation doses with
respect to the corresponding pixels in the radiation images”
take an identical value.

[0038] As for the relationship between the predetermined
weight factor and the difference between the logarithmic
values of the radiation doses with respect to the correspond-
ing pixels in the radiation images, or the relationship
between the predetermined weight factor and the logarith-
mic value of the ratio between the radiation doses with
respect to the corresponding pixels in the radiation images,
a table representing the relationship or a functional expres-
sion representing the relationship may be utilized. In cases
where the table representing the relationship described
above is utilized, reference may be made to the table, and the
predetermined weight factor may thereby be set. In cases
where the functional expression representing the relation-
ship is utilized, operation processing may be performed with
the functional expression, and the predetermined weight
factor may thereby be set.
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[0039] The relationship between the predetermined weight
factor and the difference between the logarithmic values of
the radiation doses describe above, or the relationship
between the predetermined weight factor and the logarith-
mic value of the ratio between the radiation doses described
above, varies for different image recording conditions
employed in the image recording operation, such as the
voltage of a radiation source, the kind of the radiation
source, and the sensitivity of the radiation detecting means.
Therefore, a plurality of tables or functions in accordance
with various different image recording conditions should
preferably be prepared previously, and a table or a function
should preferably be selected in accordance with the image
recording conditions. Also, the predetermined weight factor
should preferably be set by the utilization of the thus
selected table or the thus selected function.

[0040] The present invention also provides a first energy
subtraction processing apparatus, comprising:

[0041] i) means for obtaining a plurality of image
signals, each of which represents one of a plurality of
radiation images of a single object and is made up of
a series of image signal components, the plurality of
the radiation images having been formed respec-
tively with a plurality of kinds of radiation having
different energy distributions and carrying image
information of the object, different images of at least
part of the object being embedded in the plurality of
the radiation images, and

[0042] ii) means for weighting each of the image
signals with a predetermined weight factor, and
performing a subtraction process on the image signal
components of the weighted image signals, which
image signal components represent corresponding
pixels in the radiation images, in order to obtain a
difference signal representing an image of a specific
structure of the object,

[0043] wherein the improvement comprises the
provision of:

[0044] setting means for setting the predeter-
mined weight factor with respect to each of
pixels in each of the radiation images and in
accordance with a difference between logarith-
mic values of radiation doses with respect to the
corresponding pixels in the radiation images at
the time of the formation of the plurality of the
radiation images, or in accordance with a loga-
rithmic value of a ratio between the radiation
doses with respect to the corresponding pixels
in the radiation images at the time of the for-
mation of the plurality of the radiation images.

[0045] The first energy subtraction processing apparatus
in accordance with the present invention should preferably
be modified such that the apparatus further comprises stor-
age means for storing information representing a table or a
function, which represents a relationship between the pre-
determined weight factor and the difference between the
logarithmic values of the radiation doses with respect to the
corresponding pixels in the radiation images, or which
represents a relationship between the predetermined weight
factor and the logarithmic value of the ratio between the
radiation doses with respect to the corresponding pixels in
the radiation images, the relationship having been deter-
mined previously, and
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[0046] the setting means makes reference to the table
or the function having been stored in the storage
means and sets the predetermined weight factor.

[0047] In such cases, the first energy subtraction process-
ing apparatus in accordance with the present invention
should more preferably be modified such that the storage
means stores a plurality of tables or functions, which rep-
resent the relationships having been set in accordance with
various different image recording conditions at the time of
formation of radiation images, and

[0048] the setting means accepts selection of a table
or a function in accordance with image recording
conditions having been set at the time of the forma-
tion of the plurality of the radiation images, makes
reference to the thus selected table or the thus
selected function, and thereby sets the predetermined
weight factor.

[0049] The present invention further provides a first
recording medium, on which a program for causing a
computer to execute the first energy subtraction processing
method in accordance with the present invention has been
recorded and from which the computer is capable of reading
the program.

[0050] As described above, in cases where the difference
between the logarithmic values of the radiation doses at the
time of the formation of two radiation images is calculated,
or the logarithmic value of the ratio between the radiation
doses at the time of the formation of the two radiation
images is calculated, a certain relationship is obtained
between the difference between the logarithmic values of the
radiation doses, or the logarithmic value of the ratio between
the radiation doses, and the mean attenuation coefficient of
a certain substance with respect to each of the two radiation
images, which are associated with the calculation of the
difference between the logarithmic values of the radiation
doses or the calculation of the logarithmic value of the ratio
between the radiation doses. In cases where the relationship
described above is determined previously, if the difference
between the logarithmic values of the radiation doses or the
logarithmic value of the ratio between the radiation doses is
found, the mean attenuation coefficient of the certain sub-
stance with respect to each of the two radiation images,
which are associated with the calculation of the difference
between the logarithmic values of the radiation doses or the
calculation of the logarithmic value of the ratio between the
radiation doses, will be capable of being calculated. Also, in
cases where at least three radiation images are formed, the
mean attenuation coefficient of a certain substance with
respect to one of the at least three radiation images has a
certain relationship with the difference between the loga-
rithmic values of the radiation doses with respect to the other
two radiation images, or with the logarithmic value of the
ratio between the radiation doses with respect to the other
two radiation images. Therefore, the mean attenuation coef-
ficient of the certain substance with respect to the one
radiation image is capable of being calculated in accordance
with the difference between the logarithmic values of the
radiation doses with respect to the other two radiation
images, or in accordance with the logarithmic value of the
ratio between the radiation doses with respect to the other
two radiation images. Further, in the strict sense, the thus
calculated mean attenuation coefficient deviates from a true
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value due to adverse effects of a noise and scattered radia-
tion. A second energy subtraction processing method and a
second energy subtraction processing apparatus in accor-
dance with the present invention are based on such findings.

[0051] Specifically, the present invention still further pro-
vides a second energy subtraction processing method, com-
prising the steps of:

[0052] i) obtaining a plurality of image signals, each
of which represents one of a plurality of, at least
three, radiation images of a single object and is made
up of a series of image signal components, the
plurality of the radiation images having been formed
respectively with a plurality of kinds of radiation
(such as X-rays or y-rays) having different energy
distributions and carrying image information of the
object, different images of at least part of the object
being embedded in the plurality of the radiation
images,

[0053] ii) weighting each of two representative image
signals, which are representative of the plurality of
the image signals, with a predetermined weight
factor, and

[0054] iii) performing a subtraction process on the
image signal components of the weighted image
signals, which image signal components represent
corresponding pixels in the two radiation images
represented by the two representative image signals,
a difference signal representing an image of a spe-
cific structure of the object being thereby obtained,

0055] wherein the improvement comprises the
p p
steps of:
[0056] a) setting a mean attenuation coefficient

with respect to each of all of the radiation
images, with respect to each of pixels in each of
the radiation images, and in accordance with a
difference between logarithmic values of radia-
tion doses with respect to the corresponding
pixels in the radiation images at the time of the
formation of the plurality of the radiation
images, or in accordance with a logarithmic
value of a ratio between the radiation doses with
respect to the corresponding pixels in the radia-
tion images at the time of the formation of the
plurality of the radiation images, the setting of
the mean attenuation coefficient being per-
formed for each of combinations of two radia-
tion images, which two radiation images are
associated with a calculation of the difference
between the logarithmic values of the radiation
doses or a calculation of the logarithmic value
of the ratio between the radiation doses and are
selected from the plurality of the radiation
images,

[0057] b) calculating a mean value of the mean
attenuation coefficients, which have thus been
set with respect to an identical radiation image
among all of the radiation images and for all of
the combinations of the two radiation images
selected from the plurality of the radiation
images, the mean value of the mean attenuation
cocfficients being calculated with respect to
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each of pixels in the identical radiation image,
a plurality of mean values being obtained with
respect to all of the radiation image, and

[0058] c) setting representative values of the
mean values, which representative values cor-
respond to the radiation images represented by
the two representative image signals, as the
predetermined weight factors for the two rep-
resentative image signals.

[0059] In the second energy subtraction processing
method in accordance with the present invention, as in the
first energy subtraction processing method in accordance
with the present invention, in order for the image signals
representing the radiation images to be obtained, the plural-
ity of kinds of the radiation having different energy distri-
butions and carrying the image information of the object
may be caused to impinge upon the radiation detecting
means, such as stimulable phosphor sheets or semiconductor
sensors, and the image signals in accordance with the
received radiation doses may be detected by the radiation
detecting means. In cases where the radiation detecting
means is constituted of the semiconductor sensors, a signal
outputted from each of the semiconductor sensors may be
taken as the image signal. In cases where the radiation
detecting means is constituted of the stimulable phosphor
sheets, in the same manner as that in the radiation image
recording and reproducing systems described above, each of
the stimulable phosphor sheets may be exposed to the
stimulating rays, which cause the stimulable phosphor sheet
to emit light in proportion to the amount of energy stored
thereon during its exposure to the radiation, the emitted light
may be photoelectrically detected, and the image signal may
thereby be obtained. The formation of the plurality of the
radiation images may be performed with the one-shot energy
subtraction processing technique or the multi-shot energy
subtraction processing technique.

[0060] In the second energy subtraction processing
method in accordance with the present invention, the energy
subtraction processing is performed on the two representa-
tive image signals, which are representative of the plurality
of the image signals representing the plurality of (at least
three) radiation images. In cases where the image recording
operation is performed by utilizing at least three radiation
detecting means, at least three image signals representing the
radiation images are obtained in accordance with the at least
three radiation detecting means. In such cases, as the two
representative image signals, two arbitrary image signals
selected from the at least three image signals may be
employed.

[0061] Also, in cases where the stimulable phosphor sheet
is employed as the radiation detecting means, a two-surface
read-out technique may be employed, wherein the stimulat-
ing rays are irradiated to opposite surfaces of the stimulable
phosphor sheet or only one surface of the stimulable phos-
phor sheet, and light emitted from one surface of the
stimulable phosphor sheet and light emitted from the other
surface of the stimulable phosphor sheet are detected pho-
toelectrically. The two-surface read-out technique described
above is described in, for example, U.S. Pat. No. 4,346,295.
In cases where the two-surface read-out technique described
above is employed, two image signals are obtained from one
stimulable phosphor sheet. In the second energy subtraction
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processing method in accordance with the present invention,
the two image signals having been obtained from one
stimulable phosphor sheet with the two-surface read-out
technique described above are also processed as the image
signals representing two independent radiation images. In
cases where the two-surface read-out technique described
above is employed, a larger number of image signals than
that of the radiation detecting means are obtained. In such
cases, a mean signal value of the two image signals having
been obtained from one stimulable phosphor sheet may be
calculated and taken as one of the two representative image
signals, which are representative of the plurality of the
image signals.

[0062] The term “radiation dose at the time of formation
of a radiation image” as used herein means the dose of
radiation, which carries the image information of the object
and impinges upon the radiation detecting means when the
image of the object is formed on the radiation detecting
means. The radiation dose is capable of being obtained by
directly detecting the radiation impinging upon the radiation
detecting means. However, it is not always possible to detect
the radiation dose with respect to each of the pixels in the
radiation image. However, when the dose of radiation
impinging upon the radiation detecting means is large, the
image signal obtained from the radiation detecting means
takes a large signal value. Thus the signal value of the image
signal has the correspondence relationship with the radiation
dose. Therefore, in the second energy subtraction processing
method in accordance with the present invention, as in the
first energy subtraction processing method in accordance
with the present invention, the image signal, which has been
obtained from the radiation detecting means (and has not yet
been subjected to image processing), should preferably be
regarded as the radiation dose and utilized for the setting of
the mean attenuation coefficient.

[0063] The mean attenuation coefficient is set for each of
specific structures contained in the object. Therefore, with
respect to one radiation image, the same number of the mean
attenuation coefficients as that of the kinds of the specific
structures contained in the object are set. For example, in
cases where the specific structures are the soft tissue and the
bone of the human body, one mean attenuation coefficient of
the soft tissue and one mean attenuation coefficient of the
bone are obtained with respect to one radiation image.

[0064] As will be described later, in cases where the
difference between the logarithmic values of the radiation
doses at the time of the formation of two radiation images is
calculated, or the logarithmic value of the ratio between the
radiation doses at the time of the formation of the two
radiation images is calculated, a certain relationship is
obtained between the difference between the logarithmic
values of the radiation doses, or the logarithmic value of the
ratio between the radiation doses, and the mean attenuation
coefficient of a certain substance with respect to each of the
two radiation images, which are associated with the calcu-
lation of the difference between the logarithmic values of the
radiation doses or the calculation of the logarithmic value of
the ratio between the radiation doses. Also, in cases where
at least three radiation images are formed, the mean attenu-
ation coefficient of a certain substance with respect to one of
the at least three radiation images has a certain relationship
with the difference between the logarithmic values of the
radiation doses with respect to the other two radiation
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images, or with the logarithmic value of the ratio between
the radiation doses with respect to the other two radiation
images. Therefore, the mean attenuation coefficient of the
certain substance with respect to the one radiation image is
capable of being calculated in accordance with the differ-
ence between the logarithmic values of the radiation doses
with respect to the other two radiation images, or in accor-
dance with the logarithmic value of the ratio between the
radiation doses with respect to the other two radiation
images. Accordingly, for each of the combinations of the two
radiation images, which two radiation images are associated
with the calculation of the difference between the logarith-
mic values of the radiation doses or the calculation of the
logarithmic value of the ratio between the radiation doses
and are selected from the plurality of the radiation images,
the mean attenuation coefficients with respect to all of the
radiation images are capable of being set.

[0065] For example, in cases where the specific structures
are the soft tissue and the bone of the human body, and three
radiation images are to be processed, with respect to each of
the specific structures, there are three kinds of the combi-
nations of the two radiation images, which two radiation
images are associated with the calculation of the difference
between the logarithmic values of the radiation doses or the
calculation of the logarithmic value of the ratio between the
radiation doses. Therefore, for each of the three kinds of the
combinations, the mean attenuation coefficients with respect
to all of the radiation images (i.c., with respect to the three
radiation images) are set. Also, for one radiation image, the
mean attenuation coefficient is set for each of the soft tissue
and the bone. Accordingly, in such cases, 18 kinds [= the
number of the combinations (3)x the number of the radiation
images (3)x the number of the specific structures (2)] of the
mean attenuation coefficients are set.

[0066] The mean value of the mean attenuation coeffi-
cients, which have been set with respect to the identical
radiation image among all of the radiation images and for all
of the combinations of the two radiation images selected
from the plurality of the radiation images, is calculated with
respect to each of the radiation images and with respect to
each of the specific structures contained in the object. For
example, in cases where the number of the radiation images
is three, as the mean value of the mean attenuation coeffi-
cients, which have been set with respect to the identical
radiation image, three mean values are calculated for the
three radiation images and with respect to each of the
specific structures contained in the object. Therefore, in
cases where three radiation images are to be processed, and
the specific structures are the soft tissue and the bone of the
human body, six kinds (=3x2) of the mean values are
obtained.

[0067] The mean value described above may be a simple
arithmetic mean value. However, it is considered that, due to
adverse effects of a noise contained in the radiation, scat-
tered radiation, and the like, the mean attenuation coefficient
deviates from a true value, i.e. the value which will be
obtained in cases where the noise, the scattered radiation,
and the like, are not contained in the radiation. Also, it is
considered that the deviation of the mean attenuation coef-
ficient occurs in the normal distribution. Therefore, the mean
value of the mean attenuation coefficients described above
should preferably be calculated with a weighted mean
calculating process, in which the mean attenuation coeffi-
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cients are weighted in accordance with standard deviations
of the mean attenuation coefficients.

[0068] In the second energy subtraction processing
method in accordance with the present invention, the dif-
ference signal is obtained from the two representative image
signals, which are representative of the plurality of the
image signals representing the plurality of the radiation
images. As described above, in cases where the image
recording operation is performed by utilizing at least three
radiation detecting means, at least three image signals rep-
resenting the radiation images are obtained in accordance
with the at least three radiation detecting means. In such
cases, two arbitrary image signals are selected as the two
representative image signals from the at least three image
signals and subjected to the energy subtraction processing.
In such cases, as the representative values of the mean
values, the mean values, which have been calculated with
respect to the radiation images represented by the two
representative image signals having been selected, are
employed.

[0069] Also, in cases where the stimulable phosphor sheet
is employed as the radiation detecting means, and the
two-surface read-out technique described above are
employed, the mean signal value of the two image signals
having been obtained from one stimulable phosphor sheet
may be calculated and taken as one of the two representative
image signals, which are representative of the plurality of
the image signals. In such cases, as one of the representative
values of the mean values, the value obtained by averaging
the mean values having been calculated with respect to the
radiation images represented by the two image signals, from
which the mean signal value has been calculated, may be
employed.

[0070] As described above, in cases where the radiation
doses with respect to two radiation images are represented
by I1 and 12, the relationship represented by the formula
In(I11)-In(12)=In(11/12) is obtained. Therefore, the “differ-
ence between the logarithmic values of the radiation doses
with respect to the corresponding pixels in the radiation
images” and the “logarithmic value of the ratio between the
radiation doses with respect to the corresponding pixels in
the radiation images” take an identical value.

[0071] As for the relationship between the mean attenua-
tion coefficient and the difference between the logarithmic
values of the radiation doses with respect to the correspond-
ing pixels in the radiation images, or the relationship
between the predetermined weight factor and the logarith-
mic value of the ratio between the radiation doses with
respect to the corresponding pixels in the radiation images,
a table representing the relationship or a functional expres-
sion representing the relationship may be utilized. In cases
where the table representing the relationship described
above is utilized, reference may be made to the table, and the
mean attenuation coefficient may thereby be set. In cases
where the functional expression representing the relation-
ship is utilized, operation processing may be performed with
the functional expression, and the mean attenuation coeffi-
cient may thereby be set.

[0072] The relationship between the mean attenuation
coefficient and the difference between the logarithmic values
of the radiation doses describe above, or the relationship
between the mean attenuation coefficient and the logarithmic
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value of the ratio between the radiation doses described
above, varies for different image recording conditions
employed in the image recording operation, such as the
voltage of a radiation source, the kind of the radiation
source, and the sensitivity of the radiation detecting means.
Therefore, a plurality of tables or functions in accordance
with various different image recording conditions should
preferably be prepared previously, and a table or a function
should preferably be selected in accordance with the image
recording conditions. Also, the mean attenuation coefficient
should preferably be set by the utilization of the thus
selected table or the thus selected function.

[0073] As described above, in the second energy subtrac-
tion processing method in accordance with the present
invention, the mean value of the mean attenuation coeffi-
cients should preferably be calculated with a weighted mean
calculating process, in which the mean attenuation coeffi-
cients are weighted in accordance with standard deviations
of the mean attenuation coefficients.

[0074] In such cases, the weighting of each of the mean
attenuation coefficients having been set in accordance with
a radiation image, which contains more of scattered radia-
tion than the other radiation images among the plurality of
the radiation images, should preferably be set to be lighter
than the weighting of the mean attenuation coefficient hav-
ing been set in accordance with the other radiation images.

[0075] By way of example, in cases where the plurality of
the radiation images are formed with the one-shot energy
subtraction processing technique, the radiation image, which
has been obtained with the radiation detecting means located
at a position close to the object, contains more of the
scattered radiation than the radiation images, which have
been obtained with the radiation detecting means located at
positions remote from the object. Therefore, in such cases,
the term “radiation image containing more of scattered
radiation than the other radiation images” as used herein
means the radiation image, which has been obtained with the
radiation detecting means located at the position closest to
the object.

[0076] In cases where the thickness of the object is large,
much of scattered radiation occurs. Also, in cases where the
thickness of the object is large, the dose of the radiation
impinging upon the radiation detecting means becomes
small. Therefore, in the second energy subtraction process-
ing method in accordance with the present invention, with
respect to the radiation image, which contains more of the
scattered radiation than the other radiation images, the
weighting of each of the mean attenuation coefficients
having been set in accordance with the radiation image
should preferably be set to be light in cases where the
radiation dose is small.

[0077] The present invention also provides a second
energy subtraction processing apparatus, comprising:

[0078] i) means for obtaining a plurality of image
signals, each of which represents one of a plurality
of, at least three, radiation images of a single object
and is made up of a series of image signal compo-
nents, the plurality of the radiation images having
been formed respectively with a plurality of kinds of
radiation having different energy distributions and
carrying image information of the object, different
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images of at least part of the object being embedded
in the plurality of the radiation images, and

[0079] 1ii) means for weighting each of two represen-
tative image signals, which are representative of the
plurality of the image signals, with a predetermined
weight factor, and performing a subtraction process
on the image signal components of the weighted
image signals, which image signal components rep-
resent corresponding pixels in the two radiation
images represented by the two representative image
signals, in order to obtain a difference signal repre-
senting an image of a specific structure of the object,

[0080] wherein the improvement comprises the
provision of:

[0081] a) mean attenuation coefficient setting
means for setting a mean attenuation coefficient
with respect to each of all of the radiation
images, with respect to each of pixels in each of
the radiation images, and in accordance with a
difference between logarithmic values of radia-
tion doses with respect to the corresponding
pixels in the radiation images at the time of the
formation of the plurality of the radiation
images, or in accordance with a logarithmic
value of a ratio between the radiation doses with
respect to the corresponding pixels in the radia-
tion images at the time of the formation of the
plurality of the radiation images, the setting of
the mean attenuation coefficient being per-
formed for each of combinations of two radia-
tion images, which two radiation images are
associated with a calculation of the difference
between the logarithmic values of the radiation
doses or a calculation of the logarithmic value
of the ratio between the radiation doses and are
selected from the plurality of the radiation
images,

[0082] b) mean value calculating means for cal-
culating a mean value of the mean attenuation
coefficients, which have thus been set with
respect to an identical radiation image among
all of the radiation images and for all of the
combinations of the two radiation images
selected from the plurality of the radiation
images, the mean value of the mean attenuation
cocfficients being calculated with respect to
each of pixels in the identical radiation image,
a plurality of mean values being obtained with
respect to all of the radiation image, and

[0083] c) setting means for setting representa-
tive values of the mean values, which represen-
tative values correspond to the radiation images
represented by the two representative image
signals, as the predetermined weight factors for
the two representative image signals.

[0084] The second energy subtraction processing appara-
tus in accordance with the present invention should prefer-
ably be modified such that the apparatus further comprises
storage means for storing information representing a table or
a function, which represents a relationship between the mean
attenuation coefficient and the difference between the loga-
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rithmic values of the radiation doses with respect to the
corresponding pixels in the radiation images, or which
represents a relationship between the mean attenuation coef-
ficient and the logarithmic value of the ratio between the
radiation doses with respect to the corresponding pixels in
the radiation images, the relationship having been deter-
mined previously, and

[0085] the mean attenuation coefficient setting means
makes reference to the table or the function having
been stored in the storage means and sets the mean
attenuation coefficient.

[0086] In such cases, the second energy subtraction pro-
cessing apparatus in accordance with the present invention
should more preferably be modified such that the storage
means stores a plurality of tables or functions, which rep-
resent the relationships having been set in accordance with
various different image recording conditions at the time of
formation of radiation images, and

[0087] the mean attenuation coefficient setting means
accepts selection of a table or a function in accor-
dance with image recording conditions having been
set at the time of the formation of the plurality of the
radiation images, makes reference to the thus
selected table or the thus selected function, and
thereby sets the mean attenuation coefficient.

[0088] In the second energy subtraction processing appa-
ratus in accordance with the present invention, the mean
value calculating means should preferably be means for
calculating the mean value of the mean attenuation coeffi-
cients with a weighted mean calculating process, in which
the mean attenuation coefficients are weighted in accordance
with standard deviations of the mean attenuation coeffi-
cients.

[0089] In such cases, the mean value calculating means
should preferably set the weighting of each of the mean
attenuation coefficients having been set in accordance with
a radiation image, which contains more of scattered radia-
tion than the other radiation images among the plurality of
the radiation images, to be lighter than the weighting of the
mean attenuation coefficient having been set in accordance
with the other radiation images.

[0090] Also, in such cases, in the second energy subtrac-
tion processing apparatus in accordance with the present
invention, the mean value calculating means should prefer-
ably operate such that, with respect to the radiation image,
which contains more of the scattered radiation than the other
radiation images, the weighting of each of the mean attenu-
ation coefficients having been set in accordance with the
radiation image is set to be light in cases where the radiation
dose is small.

[0091] The present invention further provides a second
recording medium, on which a program for causing a
computer to execute the second energy subtraction process-
ing method in accordance with the present invention has
been recorded and from which the computer is capable of
reading the program.

[0092] The first energy subtraction processing method and
the first energy subtraction processing apparatus in accor-
dance with the present invention are based on the findings
that the certain relationship is obtained between the differ-



US 2002/0085671 Al

ence between the logarithmic values of the radiation doses
with respect to the radiation images, or the logarithmic value
of the ratio between the radiation doses with respect to the
radiation images, and the mean attenuation coefficient, i.e.
the weight factor. With the first energy subtraction process-
ing method and the first energy subtraction processing
apparatus in accordance with the present invention, on the
basis of the findings described above, the predetermined
weight factor is set with respect to each of the pixels in each
of the radiation images and in accordance with the difference
between the logarithmic values of the radiation doses with
respect to the corresponding pixels in the radiation images at
the time of the formation of the plurality of the radiation
images, or in accordance with the logarithmic value of the
ratio between the radiation doses with respect to the corre-
sponding pixels in the radiation images at the time of the
formation of the plurality of the radiation images. The
radiation dose with respect to each of the pixels in each of
the radiation images varies in accordance with the thickness
of the specific structure contained in the object. Therefore,
the predetermined weight factor, which has been set with
respect to each of the pixels in each of the radiation images
and in accordance with the difference between the logarith-
mic values of the radiation doses with respect to the corre-
sponding pixels in the radiation images, or in accordance
with the logarithmic value of the ratio between the radiation
doses with respect to the corresponding pixels in the radia-
tion images, takes a value in accordance with the thickness
of the specific structure. Accordingly, in cases where the
image signals are multiplied by the predetermined weight
factors, which have thus been set, and the thus weighted
image signals are subtracted from each other, regardless of
the thickness of the structure contained in the object, a
pattern of an unnecessary structure is capable of being
removed approximately perfectly. As a result, the difference
signal representing an image, in which only a pattern of the
specific structure is illustrated accurately, is capable of being
obtained.

[0093] Also, with the first energy subtraction processing
method and the first energy subtraction processing apparatus
in accordance with the present invention, the table or the
function, which represents the relationship between the
predetermined weight factor and the difference between the
logarithmic values of the radiation doses, or which repre-
sents the relationship between the predetermined weight
factor and the logarithmic value of the ratio between the
radiation doses, may be determined previously. In such
cases, reference may be made to the table or the function,
and the predetermined weight factor is capable of being set
easily. Therefore, the calculation of the difference signal is
capable of being made efficiently.

[0094] Further, with the first energy subtraction processing
method and the first energy subtraction processing apparatus
in accordance with the present invention, the plurality of the
tables or the functions, which represent the relationships
having been set in accordance with various different image
recording conditions, may be prepared previously. Also, a
table or a function may be selected in accordance with the
image recording conditions having been set at the time of the
formation of the plurality of the radiation images. Reference
may be made to the thus selected table or the thus selected
function, and the predetermined weight factor may thereby
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be set. In such cases, only the pattern of the specific structure
is capable of being extracted accurately regardless of the
image recording conditions.

[0095] The second energy subtraction processing method
and the second energy subtraction processing apparatus in
accordance with the present invention are based on the
findings that the certain relationship is obtained between the
difference between the logarithmic values of the radiation
doses with respect to the radiation images, or the logarithmic
value of the ratio between the radiation doses with respect to
the radiation images, and the mean attenuation coefficient of
a certain substance with respect to each of the two radiation
images, which are associated with the calculation of the
difference between the logarithmic values of the radiation
doses or the calculation of the logarithmic value of the ratio
between the radiation doses. With the second energy sub-
traction processing method and the second energy subtrac-
tion processing apparatus in accordance with the present
invention, on the basis of the findings described above, in
accordance with the difference between the logarithmic
values of the radiation doses with respect to the radiation
images, or in accordance with the logarithmic value of the
ratio between the radiation doses with respect to the radia-
tion images, the mean attenuation coefficient is calculated
for each of the combinations of the two radiation images,
which two radiation images are associated with the calcu-
lation of the difference between the logarithmic values of the
radiation doses or the calculation of the logarithmic value of
the ratio between the radiation doses. Specifically, the mean
attenuation coefficient is set with respect to each of all of the
radiation images, and the setting of the mean attenuation
coefficient is performed for each of the combinations of the
two radiation images, which two radiation images are asso-
ciated with the calculation of the difference between the
logarithmic values of the radiation doses or the calculation
of the logarithmic value of the ratio between the radiation
doses. Also, a calculation is made to find the mean value of
the mean attenuation coefficients, which have thus been set
with respect to an identical radiation image among all of the
radiation images and for all of the combinations of the two
radiation images selected from the plurality of the radiation
images. The mean value of the mean attenuation coefficients
is calculated with respect to each of the pixels in the
identical radiation image. A plurality of the mean values are
thus obtained with respect to all of the radiation image.
Further, the representative values of the mean values, which
representative values correspond to the radiation images
represented by the two representative image signals to be
subjected to the energy subtraction processing, are deter-
mined. The thus determined representative values are set as
the predetermined weight factors for the two representative
image signals, and the energy subtraction processing is
performed by the utilization of the predetermined weight
factors.

[0096] Therefore, in cases where the image signals are
multiplied by the predetermined weight factors, which have
thus been set, and the thus weighted image signals are
subtracted from each other, regardless of the thickness of the
structure contained in the object, a pattern of an unnecessary
structure is capable of being removed approximately per-
fectly. As a result, the difference signal representing an
image, in which only a pattern of the specific structure is
illustrated accurately, is capable of being obtained.
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[0097] As described above, in the strict sense, the mean
attenuation coefficient deviates from the true value due to
adverse effects of the noise and the scattered radiation.
However, with the second energy subtraction processing
method and the second energy subtraction processing appa-
ratus in accordance with the present invention, the plurality
of the mean attenuation coefficients are calculated with
respect to each of the radiation images, and the mean value
of the mean attenuation coefficients is calculated with
respect to each radiation image. Also, the representative
values of the thus calculated mean values are set as the
predetermined weight factors in the energy subtraction pro-
cessing. Therefore, the mean attenuation coefficients com-
paratively close to the true values are capable of being
utilized in the energy subtraction processing. Accordingly,
the pattern of the specific structure is capable of being
extracted accurately.

[0098] Also, with the second energy subtraction process-
ing method and the second energy subtraction processing
apparatus in accordance with the present invention, the table
or the function, which represents the relationship between
the mean attenuation coefficient and the difference between
the logarithmic values of the radiation doses, or which
represents the relationship between the mean attenuation
coefficient and the logarithmic value of the ratio between the
radiation doses, may be determined previously. In such
cases, reference may be made to the table or the function,
and the mean attenuation coefficient is capable of being set
easily. Therefore, the calculation of the difference signal is
capable of being made efficiently.

[0099] Further, with the second energy subtraction pro-
cessing method and the second energy subtraction process-
ing apparatus in accordance with the present invention, the
plurality of the tables or the functions, which represent the
relationships having been set in accordance with various
different image recording conditions, may be prepared pre-
viously. Also, a table or a function may be selected in
accordance with the image recording conditions having been
set at the time of the formation of the plurality of the
radiation images. Reference may be made to the thus
selected table or the thus selected function, and the mean
attenuation coefficient may thereby be set. In such cases,
only the pattern of the specific structure is capable of being
extracted accurately regardless of the image recording con-
ditions.

[0100] Furthermore, it is considered that the deviation of
the mean attenuation coefficient from the true value occurs
in the normal distribution. Therefore, with the second energy
subtraction processing method and the second energy sub-
traction processing apparatus in accordance with the present
invention, the mean value of the mean attenuation coeffi-
cients described above maybe calculated with the weighted
mean calculating process, in which the mean attenuation
coefficients are weighted in accordance with the standard
deviations of the mean attenuation coefficients. In such
cases, the predetermined weight factors are capable of being
set accurately.

[0101] Also, deviations of the mean attenuation coeffi-
cients having been set in accordance with a radiation image,
which contains much of the scattered radiation, from the true
values are large due to the adverse effects of the scattered
radiation. Therefore, with the second energy subtraction
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processing method and the second energy subtraction pro-
cessing apparatus in accordance with the present invention,
the weighting of each of the mean attenuation coefficients,
which have been set in accordance with a radiation image
containing more of scattered radiation than the other radia-
tion images among the plurality of the radiation images, in
accordance with the standard deviations of the mean attenu-
ation coefficients may be set to be lighter than the weighting
of the mean attenuation coefficient having been set in
accordance with the other radiation images. In such cases,
the effects of the mean attenuation coefficients, which devi-
ate largely from the true values due to the scattered radiation,
are capable of being suppressed. Therefore, the predeter-
mined weight factors are capable of being set more accu-
rately.

[0102] Further, in cases where the thickness of the object
is large, the radiation dose becomes small, and the amount
of the scattered radiation becomes large. Therefore, in the
second energy subtraction processing method in accordance
with the present invention, with respect to the radiation
image, which contains more of the scattered radiation than
the other radiation images, the weighting of each of the
mean attenuation coefficients, which have been set in accor-
dance with the radiation image, in accordance with the
standard deviations of the mean attenuation coefficients may
be set to be light in cases where the radiation dose is small.
In such cases, the adverse effects of the scattered radiation
are capable of being minimized.

BRIEF DESCRIPTION OF THE DRAWINGS

[0103] FIG. 1 is a schematic view showing an example of
how radiation images are recorded on stimulable phosphor
sheets,

[0104] FIG. 2 is a perspective view showing a radiation
image read-out apparatus, in which a first embodiment of the
energy subtraction processing apparatus in accordance with
the present invention is employed,

[0105] FIG. 3A is a graph showing a relationship between
radiation energy and mean attenuation coefficients of a bone
and a soft tissue of a human body,

[0106] FIG. 3B is a graph showing how the mean attenu-
ation coefficient of the soft tissue is capable of being
approximately represented with the mean attenuation coef-
ficient of the bone,

[0107] FIG. 4A is a graph showing a relationship between
a logarithmic radiation dose difference and the mean attenu-
ation coefficient of the bone, which relationship is obtained
when a thickness of the bone is set at various different
values,

[0108] FIG. 4B is a graph showing a relationship between
the logarithmic radiation dose difference and the mean
attenuation coefficient of the soft tissue, which relationship
is obtained when a thickness of the soft tissue is set at
various different values,

[0109] FIG. 5 is a flow chart showing how the first
embodiment of the energy subtraction processing apparatus
in accordance with the present invention operates,

[0110] FIG. 6 is a perspective view showing a radiation
image read-out apparatus, in which a second embodiment of
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the energy subtraction processing apparatus in accordance
with the present invention is employed,

[0111] FIG. 7 is a schematic view showing a different
example of how radiation images are recorded on stimulable
phosphor sheets,

[0112] FIG. 8 is a perspective view showing a radiation
image read-out apparatus, in which a third embodiment of
the energy subtraction processing apparatus in accordance
with the present invention is employed,

[0113] FIG. 9 is an explanatory view showing how setting
means is constituted and how processing in the setting
means is performed,

[0114] FIG. 10 is a graph showing a relationship between
the logarithmic radiation dose difference, which is calcu-
lated for each of combinations of two stimulable phosphor
sheets among stimulable phosphor sheets IP1, IP2, and 1P3,
and the mean attenuation coefficient with respect to a certain
stimulable phosphor sheet, which relationship has been
determined experimentally by the inventors,

[0115] FIG. 11 is a graph showing a relationship between
the logarithmic radiation dose difference and the mean
attenuation coefficient,

[0116] FIG. 12 is a flow chart showing how the third
embodiment of the energy subtraction processing apparatus
in accordance with the present invention operates,

[0117] FIG. 13 is a schematic view showing a further
different example of how radiation images are recorded on
stimulable phosphor sheets,

[0118] FIG. 14 is a perspective view showing a radiation
image read-out apparatus, in which a fourth embodiment of
the energy subtraction processing apparatus in accordance
with the present invention is employed,

[0119] FIG. 15 is a graph showing a function f, whose
value becomes small as the radiation dose becomes small,
and

[0120] FIG. 16 is a perspective view showing a radiation
image read-out apparatus, in which a fifth embodiment of
the energy subtraction processing apparatus in accordance
with the present invention is employed.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0121] The present invention will hereinbelow be
described in further detail with reference to the accompa-
nying drawings.

[0122] FIG. 1 shows an example of a radiation image
recording apparatus for performing a one-shot energy sub-
traction processing technique, in which radiation 2 carrying
image information of an object 1 is irradiated simulta-
neously to a first stimulable phosphor sheet IP1 and a second
stimulable phosphor sheet IP2 such that the two stimulable
phosphor sheets IP1 and IP2 are exposed respectively to two
kinds of radiation having different energy distributions. As
illustrated in FIG. 1, the first stimulable phosphor sheet IP1
is located at a position close to a radiation source 3 for
producing the radiation 2, and the second stimulable phos-
phor sheet IP2 is located at a position remote from the
radiation source 3 and with a slight spacing from the first
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stimulable phosphor sheet IP1. Also, a radiation energy
converting filter 5, which may be constituted of a copper
plate, is located between the first stimulable phosphor sheet
IP1 and the second stimulable phosphor sheet IP2. In this
state, the radiation source 3 is driven. As a result, a radiation
image of the object 1 is formed on the first stimulable
phosphor sheet IP1 and with the radiation 2 having a low
energy level and containing the so-called “soft rays.” Also,
a radiation image of the object 1 is formed on the second
stimulable phosphor sheet IP2 and with the radiation 2,
which has a high energy level and from which the soft rays
have been removed. At this time, the relationship between
the position of the object 1 and the position of the first
stimulable phosphor sheet IP1, and the relationship between
the position of the object 1 and the position of the second
stimulable phosphor sheet IP2 are identical with each other.
In this manner, two radiation images, in which different
images of at least part of the object 1 are embedded, are
stored respectively on the two stimulable phosphor sheets
IP1 and IP2.

[0123] FIG. 2 is a perspective view showing a radiation
image read-out apparatus, in which a first embodiment of the
energy subtraction processing apparatus in accordance with
the present invention is employed. With reference to FIG. 2,
of the two stimulable phosphor sheets IP1 and IP2, on which
the radiation images of the object 1 have been stored, the
first stimulable phosphor sheet IP1 is firstly set on an endless
belt 9. The first stimulable phosphor sheet IP1 is moved by
the endless belt 9 in the sub-scanning direction indicated by
the arrow Y. At the same time, a laser beam 11, which serves
as stimulating rays, is produced by a laser beam source 10.
The laser beam 11 is deflected by a scanning mirror 12 and
caused to scan the first stimulable phosphor sheet IP1 in the
main scanning directions indicated by the double-headed
arrow X. When the first stimulable phosphor sheet IP1 is
exposed to the laser beam 11, the first stimulable phosphor
sheet IP1 emits light 13 in proportion to the amount of
energy stored thereon during its exposure to the radiation 2.
The emitted light 13 enters into a light guide member 14,
which is made from a transparent acrylic plate, from one end
face of the light guide member 14. The emitted light 13 is
guided through repeated total reflection inside of the light
guide member 14 and detected by a photomultiplier 15. The
photomultiplier 15 generates an analog output signal Q1
corresponding to the intensity of the emitted light 13, i.e.
representing the radiation image having been stored on the
first stimulable phosphor sheet IP1.

[0124] The output signal Q1 is logarithmically converted
by a logarithmic converter 16 and is then converted by an
analog-to-digital converter 17 into a digital image signal S1.
Thereafter, the radiation image having been stored on the
second stimulable phosphor sheet IP2 is read out in the same
manner as that described above, and an output signal Q2
representing the radiation image is thereby obtained. The
output signal Q2 is logarithmically converted by the loga-
rithmic converter 16 and is then converted by the analog-
to-digital converter 17 into a digital image signal S2.

[0125] The image signal S1 and the image signal S2 are
fed into subtraction processing means 18. In the subtraction
processing means 18, energy subtraction processing is per-
formed on the image signal S1 and the image signal S2.
From the energy subtraction processing, a difference signal
Sg representing a soft tissue image, in which only a pattern
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of a soft tissue contained in the object 1 is illustrated, and a
difference signal Sy representing a bone image, in which
only a pattern of a bone contained in the object 1 is
illustrated, are obtained. Weight factors for the image signals
S1 and S2, which weight factors are to be utilized for the
energy subtraction processing, are set by setting means 19.
The setting means 19 makes reference to a table T having
been stored in storage means 20 and sets the weight factors.
How the weight factors are set will be described hereinbe-
low.

[0126] In the subtraction processing means 18, the energy
subtraction processing is performed with Formula (5) shown
below, and the difference signal Sq representing the soft
tissue image, in which only the pattern of the soft tissue
contained in the object 1 is illustrated, is obtained. Also, the
energy subtraction processing is performed with Formula (6)
shown below, and the difference signal Sy representing the
bone image, in which only the pattern of the bone contained
in the object is illustrated, is obtained.

Ss=ppS2-4p'S1=(usttp'~pts tp) s +(ppl 2—ptpl1o) ®
Sp=ptsS2-pts"S1=(pts ttp—ptsptn )+ (5120125 Tlo) Q)
[0127] wherein

0128 represents the mean attenuation coefficient
Hg TCP
of the bone with respect to the first stimulable
phosphor sheet IP1,

[0129] ug represents the mean attenuation coefficient
of the soft tissue with respect to the first stimulable
phosphor sheet IP1,

[0130] ' represents the mean attenuation coefficient
of the bone with respect to the second stimulable
phosphor sheet 1P2,

[0131] g represents the mean attenuation coefficient
of the soft tissue with respect to the second stimu-
lable phosphor sheet IP2,

[0132] tg represents the thickness of the bone,
[0133] tg represents the thickness of the soft tissue,
and

[0134] each of 11, and 12, represents the fixed num-
ber depending upon the radiation source.

[0135] In Formula (5) and Formula (6), the mean attenu-
ation coefficients, by which the image signals S1 and S2 are
multiplied, act as the weight factors.

[0136] A substance has a radiation attenuation coefficient
depending upon radiation energy. Also, in cases where the
radiation irradiated to the object is not monochromatic and
is distributed over a certain energy range, the energy distri-
bution of the radiation impinging upon each of the first
stimulable phosphor sheet IP1 and the second stimulable
phosphor sheet IP2 changes depending upon the thickness of
a substance (i.e., the bone or the soft tissue) contained in the
object. Such a phenomenon is referred to as the beam
hardening. Therefore, in this embodiment, the radiation
attenuation coefficient of the substance is weighted with the
energy distribution of the detected radiation (i.e., the radia-
tion having impinged upon the stimulable phosphor sheet)
and averaged. The thus obtained value is defined as the mean
attenuation coefficient. Accordingly, the mean attenuation
coefficient varies for different thicknesses of the substance.
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[0137] As for each of substances (e.g., the bone and the
soft tissue of the human body) having the characteristics
such that the mean attenuation coefficient decreases
smoothly with respect to radiation energy, the relationship
between the radiation energy of the radiation, which has
passed through each substance, and the mean attenuation
coefficient of the substance is capable of being approxi-
mately represented by a simple formula. For example, the
relationship indicated by the upper curve in FIG. 3A is
obtained between the radiation energy and mean attenuation
coefficient of the bone of the human body. Also, the rela-
tionship indicated by the lower curve in FIG. 3A is obtained
between the radiation energy and mean attenuation coeffi-
cient of the soft tissue of the human body. FIG. 3B is a graph
showing how the mean attenuation coefficient of the soft
tissue is capable of being approximately represented with
the mean attenuation coefficient of the bone. As illustrated in
FIG. 3B, in cases where the mean attenuation coefficient of
the bone is multiplied by a fixed number, p, and a fixed
number, q (q>0), is added to the thus obtained product, the
mean attenuation coefficient of the soft tissue is capable of
being approximately represented with the mean attenuation
coefficient of the bone. The approximate representation is
represented by Formula (7) shown below. In this embodi-
ment, the character “S” attached to the mean attenuation
coefficient represents the soft tissue, and the character “B”
attached to the mean attenuation coefficient represents the
bone.

Hs=Pim+q ™
[0138] Also, in cases where the mean attenuation coeffi-
cient of the soft tissue is multiplied by a fixed number, p',
and a fixed number, q' (q'>0), is added to the thus obtained
product, the mean attenuation coefficient of the bone is
capable of being approximately represented with the mean
attenuation coefficient of the soft tissue. The approximate
representation is represented by Formula (8) shown below.

HePHsq' ®
[0139] In cases where the energy distribution of the radia-
tion 2 produced by the radiation source 3 is represented by
S (E), and the sensitivity of the first stimulable phosphor
sheet IP1 and the second stimulable phosphor sheet IP2 with
respect to the radiation energy is represented by D (E), an
energy distribution I1(E) of the radiation impinging upon the
first stimulable phosphor sheet IP1 maybe represented by
Formula (9) shown below. Also, an energy distribution 12
(E) of the radiation impinging upon the second stimulable
phosphor sheet IP2 may be represented by Formula (10)
shown below.

(E)=SEDE)exp|-uts(E)ts—pn(E)ts] ©
12(E)=S(E )exp| ~pup(E)tip=ttonE )iy} D(E)exp[-
usEts—ps(Ets) (10)

[0140] wherein

[0141] ug (E) represents the radiation attenuation
coefficient of the soft tissue,

[0142] ug (E) represents the radiation attenuation
coefficient of the bone,

[0143] up (E) represents the radiation attenuation
coefficient of the stimulable phosphor sheet,

[0144] uc, (E) represents the radiation attenuation
coefficient of the radiation energy converting filter,
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0145] t, represents the thickness of the stimulable
1 I€P
phosphor sheet, and

[0146] t., represents the thickness of the radiation
energy converting filter.

[0147] In cases where S(E)D(E) in Formula (9) is replaced
by A(E), and S(E)exp [tz (E)trp—tic,(E)tc, JD(E) in For-
mula (10) is replaced by B(E), a radiation dose I1 of the
radiation impinging upon the first stimulable phosphor sheet
IP1 may be represented by Formula (11) shown below, and
a radiation dose I2 of the radiation impinging upon the
second stimulable phosphor sheet IP2 may be represented by
Formula (12) shown below.

1= [ 1(E)dE= | A(E)expl-ts (Bt (E)tsAE

2= 2(E)dE={ B(E)expl-ts (E)is—1n(E) i 1dE

an
12

[0148] The integration is performed with respect to the
entire energy range of the radiation.

[0149] As described above, the mean attenuation coeffi-
cient is defined as a value obtained from the calculation, in
which the radiation attenuation coefficient of a substance is
weighted with the energy distribution of the detected radia-
tion and averaged. Therefore, the mean attenuation coeffi-
cient of the soft tissue with respect to the first stimulable
phosphor sheet IP1 may be represented by Formula (13)
shown below. Also, the mean attenuation coefficient of the
bone with respect to the first stimulable phosphor sheet IP1
may be represented by Formula (14) shown below.

f us(EM(E)XAE (13

J1EdE

Hs =

fﬂS(E)A(E)eXP[—#S(E)[S - pp(E)igldE

JAEexpl—ps(E)ts — pp(E)gldE

f up(EMI(E)E (14

M T edE

fMB(E)A(E)eXp[—Ms(E)Is - pp(E)igldE

T [AEexpl-ps(Exs — pp(E)gldE

[0150] Further, the mean attenuation coefficient of the soft
tissue with respect to the second stimulable phosphor sheet
IP2 may be represented by Formula (15) shown below.
Furthermore, the mean attenuation coefficient of the bone
with respect to the second stimulable phosphor sheet 1P2
maybe represented by Formula (16) shown below.

us(EMI2(E)AE (15)

B = [R2EdE

fﬂs(E)B(E)eXp[—Ms(E)ls — pug(E)igldE

T [BEyexpl-ps (Exs - un(EvsldE

13

Jul. 4, 2002

-continued
f e (E)I2(EYAE (16)
S JwaE
f Hp(E)B(Eexp[—us (E)ts — up(E)ipldE

[B(E)expl-ps(Exs — pg(E)gldE

[0151] In cases where the relationship represented by
Formula (7) shown above is obtained, from Formula (11)
and Formula (12) shown above, the difference between a
logarithmic value In(I1) of the radiation dose I1 and a
logarithmic value In(I2) of the radiation dose 12 maybe
represented by Formula (17) shown below. (The logarithmic
value of the radiation dose will hereinbelow be referred to as
the logarithmic radiation dose.)

A(E)expl-pus (E)is — up(E)isld E
[B(E)expl-ps(Exs — up(E)igldE

an

In({1) = In({2) = lnf

f A(E)expl—ps(E)ts + [pup(E) + glis}
expi—[pus(E) + glts — pp(E)igld E
[B(Eyexpi-ps(EXs + [pus(E) + qlis)
expi—[pup(E) + glts — pp(E)igld E

fA(E)eXP —pp(E)(pts + 1) — qis]dE
[B(EYexpl-pp(E)pis +15) — qis]dE

=In

f A(E)exp[-up(E)pts + 15)ldE
[B(E)expl-pup(E)pis + i5)AE

[0152] From Formula (17), it can be found that, in cases
where the difference 1In(I1)-In(12) between the logarithmic
radiation doses In(I1) and In(12), is calculated, the logarith-
mic radiation doses In(I1) and In(I12), each of which was
expressed with two variables of tg and tg, are capable of
being expressed with one variable of ptg+tg. As an aid in
facilitating the explanation, replacement may be made such
that t=ptg+t;. In such cases, Formula (17) is capable of being
rewritten as Formula (18) shown below.

A(E)exp[-pg(EN]dE
[B(E)exp[-pup(E)IAE

(13)
In({1) = In(i2) = lnf

[0153] As for the mean attenuation coefficients with
respect to the first stimulable phosphor sheet IP1, in cases
where the relationship represented by Formula (7) is applied
to Formula (13) and Formula (14) shown above, and the
expressions are arranged, Formula (13) and Formula (14) are
capable of being rewritten respectively as Formula (19) and
Formula (20).

f s (EYA(E)expl—ps(EXIAE 19

o T A Bexpl—us (EXIAE
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-continued

f ps(EVA(EYexpl- s (ENIAE GO

JAEexpl-us(E)YAE

/_TB=

[0154] Also, as for the mean attenuation coefficients with
respect to the second stimulable phosphor sheet IP2, in cases
where the relationship represented by Formula (7) is applied
to Formula (15) and Formula (16) shown above, and the
expressions are arranged, Formula (15) and Formula (16) are
capable of being rewritten respectively as Formula (21) and
Formula (22).

f ps(EYB(EYexp|—pus(ENId E eh

[B(E)expl-ps(EYIE

f p5(E)B(E)expl-pg(EMIAE e

JB(E)expl-pg (EXIAE

[0155] When the thickness of the substance becomes
large, the difference between the radiation dose I1 of the
radiation impinging upon the first stimulable phosphor sheet
IP1 and the radiation dose 12 of the radiation impinging upon
the second stimulable phosphor sheet IP2 becomes small.
Therefore, it may be assumed that Formula (18) shown
above is a monotonously decreasing function with respect to
“t.” Also, in cases where the mean attenuation coefficient
decreases monotonously with respect to the radiation energy
as illustrated in FIG. 3A, if the thickness of the substance
becomes large, and the radiation after passing through the
substance is biased to the high energy level side, the mean
attenuation coefficient will decrease. Accordingly, it may be
assumed that Formula (19), Formula (20), Formula (21), and
Formula (22) shown above are monotonously decreasing
functions with respect to “t.” Values of functions, which
undergo a monotonous decrease through the intermediary of
a certain variable, have a one-to-one correspondence rela-
tionship. Therefore, the values of the function of Formula
(18) and the function of each of Formula (19), Formula (20),
Formula (21), and Formula (22), which functions undergo
the monotonous decrease through the intermediary of the
variable “t,” have the one-to-one correspondence relation-
ship. Accordingly, as represented by each of Formula (23),
Formula (24), Formula (25), and Formula (26) shown below,
the relationship through each of certain functions Fg, Fy, Fg/',
and Fg' is obtained between the logarithmic radiation dose
difference and the mean attenuation coefficient.

#s=Fg[In(11)-In(12)] (23)
Hp=FglIn(I1)-In(12)] 24)
#s=Fs[In(I1)-In(12)] 25)
#e=Fy[In(I1)-1n(12)] 26)

[0156] Therefore, in cases where each of the functions Fg,
Fg, Fy', and Fy' is determined previously through experi-
ments, the mean attenuation coefficient is capable of being
calculated from the logarithmic radiation dose difference.
FIG. 4A is a graph showing a relationship between the
logarithmic radiation dose difference (between the first
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stimulable phosphor sheet IP1 and the second stimulable
phosphor sheet IP2) and the mean attenuation coefficient of
the bone with respect to the first stimulable phosphor sheet
IP1, which relationship has been obtained experimentally
when the thickness of the bone was set at various different
values. FIG. 4B is a graph showing a relationship between
the logarithmic radiation dose difference (between the first
stimulable phosphor sheet IP1 and the second stimulable
phosphor sheet IP2) and the mean attenuation coefficient of
the soft tissue with respect to the first stimulable phosphor
sheet IP1, which relationship has been obtained experimen-
tally when the thickness of the soft tissue was set at various
different values. From FIG. 4A and FIG. 4B, it can be found
that the logarithmic radiation dose difference and the mean
attenuation coefficient have the curvilinear relationship with
each other, which may be represented by a certain function.

[0157] In this embodiment, (four kinds of) the relation-
ships between the logarithmic radiation dose differences and
the mean attenuation coefficients (i.e., the mean attenuation
coefficient of the soft tissue with respect to the first stimu-
lable phosphor sheet IP1, the mean attenuation coefficient of
the bone with respect to the first stimulable phosphor sheet
IP1, the mean attenuation coefficient of the soft tissue with
respect to the second stimulable phosphor sheet IP2, and the
mean attenuation coefficient of the bone with respect to the
second stimulable phosphor sheet IP2), which relationships
are represented by the functions Fg, Fy, F¢', and Fy', are
determined previously as the table T. The information rep-
resenting the table T is stored in the storage means 20. Also,
reference is made to the table T, and the mean attenuation
coefficients, i.e. the weight factors, which are to be utilized
in the subtraction processing means 18 for calculating the
difference signal Sq and the difference signal Sy respectively
with Formula (5) and Formula (6), are set by the setting
means 19.

[0158] 1t is not always possible to directly detect the
radiation dose with respect to each of the pixel positions on
each of the first stimulable phosphor sheet IP1 and the
second stimulable phosphor sheet IP2. However, when the
dose of radiation impinging upon each of the first stimulable
phosphor sheet IP1 and the second stimulable phosphor
sheet IP2 is large, each of the image signal S1 and the image
signal S2, which are obtained respectively from the first
stimulable phosphor sheet IP1 and the second stimulable
phosphor sheet IP2, takes a large signal value. Thus the
signal value of the image signal S1 has the correspondence
relationship with the radiation dose I1. Also, the signal value
of the image signal S2 has the correspondence relationship
with the radiation dose I12. Therefore, in this embodiment,
the image signal S1 and the image signal S2, which have
been obtained from the logarithmic conversion and the
analog-to-digital conversion, are utilized respectively as the
radiation dose Ii and the radiation dose 12. In such cases,
since the image signal S1 and the image signal S2 have
already been subjected to the logarithmic conversion, the
difference signal between the image signal S1 and the image
signal S2 corresponds to the logarithmic radiation dose
difference 1n(I1)-1In(I2) Therefore, in the storage means 20,
the table T is stored as the table representing the relation-
ships between the difference signals S1-S2 and the mean
attenuation coefficients.

[0159] How the first embodiment of the energy subtraction
processing apparatus in accordance with the present inven-
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tion operates will be described hereinbelow. FIG. § is a flow
chart showing how the first embodiment of the energy
subtraction processing apparatus in accordance with the
present invention operates. With reference to FIG. §, in a
step S1, the output signal Q1 having been detected from the
first stimulable phosphor sheet IP1 and the output signal Q2
having been detected from the second stimulable phosphor
sheet IP2 are subjected to the logarithmic conversion per-
formed by the logarithmic converter 16. In a step S2, the
output signal Q1 and the output signal Q2, which have been
obtained from the logarithmic conversion, are subjected to
the analog-to-digital conversion performed by the analog-
to-digital converter 17. The digital image signal S1 and the
digital image signal S2 are obtained from the analog-to-
digital conversion. The digital image signal S1 and the
digital image signal S2 are fed into the setting means 19. In
a step S3, in the setting means 19, the difference signal
S1-S2, which corresponds to the logarithmic radiation dose
difference In(I1)-In(I2), is calculated with respect to the
corresponding pixels in the radiation images represented by
the image signal S1 and the image signal S2. Also, reference
is made to the table T in accordance with the difference
signal S1-82, and the mean attenuation coefficients of the
soft tissue and the bone with respect to the first stimulable
phosphor sheet IP1 and the mean attenuation coefficients of
the soft tissue and the bone with respect to the second
stimulable phosphor sheet IP2 are set as the weight factors
and with respect each of the pixels in the radiation images.
The information representing the weight factors is fed into
the subtraction processing means 18. In a step S4, in the
subtraction processing means 18, the energy subtraction
processing is performed, wherein the image signal S1 and
the image signal S2 are weighted with the weight factors,
and the operation processing represented by Formula (5)
shown above and the operation processing represented by
Formula (6) shown above are performed. From the energy
subtraction processing, the difference signal Sq representing
the soft tissue image, in which only the pattern of the soft
tissue contained in the object 1 is illustrated, and the
difference signal Sy representing the bone image, in which
only the pattern of the bone contained in the object 1 is
illustrated, are obtained. In this stage, the processing with
the first embodiment of the energy subtraction processing
apparatus in accordance with the present invention is fin-
ished. The thus obtained difference signal Sq and the thus
obtained difference signal Sy are fed into reproducing means
(not shown), such as a printer or a CRT display device, and
utilized for reproducing visible images to be utilized in
making a diagnosis.

[0160] As described above, the first embodiment of the
energy subtraction processing apparatus in accordance with
the present invention is based on the findings that the certain
relationship is obtained between the difference between the
logarithmic values of the radiation doses with respect to the
first stimulable phosphor sheet IP1 and the second stimu-
lable phosphor sheet IP2, i.e. the logarithmic radiation dose
difference between the first stimulable phosphor sheet IP1
and the second stimulable phosphor sheet IP2, and the mean
attenuation coefficient. With the first embodiment, on the
basis of the findings described above, the mean attenuation
coefficient, i.e. the weight factor to be utilized in the energy
subtraction processing, is set with respect to each of the
pixels in each of the radiation images and in accordance with
the logarithmic radiation dose difference. The radiation dose
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with respect to each of the pixels in each of the radiation
images varies in accordance with the thickness of the
specific structure (i.e., each of the soft tissue and the bone)
contained in the object 1. Therefore, the mean attenuation
coefficient, which has been set with respect to each of the
pixels in each of the radiation images and in accordance with
the difference between the logarithmic values of the radia-
tion doses with respect to the corresponding pixels in the
radiation images, takes a value in accordance with the
thickness of each of the soft tissue and the bone. Accord-
ingly, in cases where the energy subtraction processing, in
which the mean attenuation coefficients having been set are
utilized as the weight factors for the image signal S1 and the
image signal S2, is performed, the difference signal Sq
representing the soft tissue image, in which only the pattern
of the soft tissue contained in the object 1 is illustrated
accurately, and the difference signal Sy representing the
bone image, in which only the pattern of the bone contained
in the object 1 is illustrated accurately, are capable of being
obtained regardless of the thicknesses of the soft tissue and
the bone contained in the object 1.

[0161] Also, in the first embodiment described above, the
table T, which represents the relationships between the
logarithmic radiation dose differences and the mean attenu-
ation coefficients, is determined previously. Therefore, the
weight factors are capable of being set easily. Accordingly,
the calculation of the difference signal Sg and the calculation
of the difference signal Sg are capable of being made
efficiently.

[0162] In the first embodiment described above, each of
the mean attenuation coefficients is set in accordance with
the logarithmic radiation dose difference 1n(I1)-In(12)
between the radiation dose I1 and the radiation dose I2.
Alternatively, since the relationship represented by the for-
mula In(I1)-1n(12)=In(11/12) is obtained, each of the mean
attenuation coefficients may be set in accordance with the
logarithmic value In(I1/12) of the ratio I1/12 between the
radiation dose I1 and the radiation dose 12.

[0163] Also, in the first embodiment described above, the
relationships between the logarithmic radiation dose differ-
ences and the mean attenuation coefficients are determined
as the table T. Alternatively, the information representing the
functions Fg, Fg, Fg', and Fg' may be stored in the storage
means 20, and the mean attenuation coefficient may be
calculated from the logarithmic radiation dose difference
In(I1)-1In(I2) by the utilization of each of the functions Fyg,
Fg, Fg', and Fg'.

[0164] The relationship between the logarithmic radiation
dose difference and the mean attenuation coefficient varies
for different image recording conditions employed in the
image recording operation, such as the voltage of the radia-
tion source 3, the kind of the radiation source 3, and the
sensitivities of the first stimulable phosphor sheet IP1 and
the second stimulable phosphor sheet IP2. Therefore, as in
a second embodiment of the energy subtraction processing
apparatus in accordance with the present invention, which
second embodiment is illustrated in FIG. 6, a plurality of
tables T1, T2, . . . in accordance with various different image
recording conditions may be prepared previously, and the
information representing the plurality of the tables T1,
T2, . . . may be stored in the storage means 20. Also, the
image recording conditions employed in the image
recording
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operation may be inputted from input means 21, which may
be constituted of a keyboard, a mouse device, or the like.
Further, a table T appropriate for the image recording
conditions may be selected in accordance with the inputted
image recording conditions, and the mean attenuation coef-
ficient may be set by the utilization of the selected table T.

[0165] Further, in the first and second embodiments
described above, the first stimulable phosphor sheet IP1 and
the second stimulable phosphor sheet IP2 are employed as
the radiation detecting means, and the image signal S1 and
the image signal S2 are obtained from the first stimulable
phosphor sheet IP1 and the second stimulable phosphor
sheet IP2. Alternatively, other kinds of radiation detecting
means, such as X-ray film and semiconductor sensors, may
be employed.

[0166] Furthermore, in the first and second embodiments
described above, the one-shot energy subtraction processing
technique, wherein the two radiation images to be subjected
to the energy subtraction processing are formed simulta-
neously with one image recording operation, is employed.
However, the energy subtraction processing apparatus in
accordance with the present invention is not limited to the
utilization of the one-shot energy subtraction processing
technique. The energy subtraction processing apparatus in
accordance with the present invention is also applicable to
the cases where a multi-shot energy subtraction processing
technique, in which at least two kinds of radiation having
different energy distributions are irradiated one after the
other to the object, and the radiation images are formed on
at least two stimulable phosphor sheets one after the 10 other
with at least two image recording operations, is employed,
and the image signals obtained with the multi-shot energy
subtraction processing technique are subjected to the energy
subtraction processing. In cases where the multi-shot energy
subtraction processing technique is employed, a plurality of
image signals are obtained. of the plurality of the image
signals, two image signals are selected and subjected to the
energy subtraction processing.

[0167] FIG. 7 shows a different example of a radiation
image recording apparatus for performing the one-shot
energy subtraction processing technique, in which the radia-
tion 2 carrying the image information of the object 1 is
irradiated simultaneously to the first stimulable phosphor
sheet IP1, the second stimulable phosphor sheet IP2, and a
third stimulable phosphor sheet IP3 such that the three
stimulable phosphor sheets IP1, IP2, and IP3 are exposed
respectively to three kinds of radiation having different
energy distributions. As illustrated in FIG. 7, the first
stimulable phosphor sheet IP1 is located at a position close
to the radiation source 3 for producing the radiation 2, and
the second stimulable phosphor sheet IP2 is located at a
position remote from the radiation source 3 and with a slight
spacing from the first stimulable phosphor sheet IP1. Also,
the third stimulable phosphor sheet IP3 is located at a
position, which is remoter from the radiation source 3 than
the second stimulable phosphor sheet IP2 is, and with a
slight spacing from the second stimulable phosphor sheet
IP2. Further, a radiation energy converting filter SA, which
may be constituted of a copper plate, is located between the
first stimulable phosphor sheet IP1 and the second stimu-
lable phosphor sheet IP2, and a radiation energy converting
filter 5B, which may be constituted of a copper plate, is
located between the second stimulable phosphor sheet P2
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and the third stimulable phosphor sheet IP3. In this state, the
radiation source 3 is driven. As a result, a radiation image of
the object 1 is formed on the first stimulable phosphor sheet
IP1 and with the radiation 2 having a low energy level and
containing the so-called “soft rays.” Also, a radiation image
of the object 1 is formed on the second stimulable phosphor
sheet IP2 and with the radiation 2, which has a medium
energy level and from which the soft rays have been
removed. Further, a radiation image of the object 1 is formed
on the third stimulable phosphor sheet IP3 and with the
radiation 2, which has a high energy level and from which
the soft rays have been removed even further. At this time,
the relationship between the position of the object 1 and the
position of the first stimulable phosphor sheet IP1, the
relationship between the position of the object 1 and the
position of the second stimulable phosphor sheet P2, and
the relationship between the position of the object 1 and the
position of the third stimulable phosphor sheet IP3 are
identical with one another. In this manner, three radiation
images, in which different images of at least part of the
object 1 are embedded, are stored respectively on the three
stimulable phosphor sheets IP1, IP2, and IP3.

[0168] FIG. 8 is a perspective view showing a radiation
image read-out apparatus, in which a third embodiment of
the energy subtraction processing apparatus in accordance
with the present invention is employed. With reference to
FIG. 8, of the three stimulable phosphor sheets IP1, IP2, and
IP3, on which the radiation images of the object 1 have been
stored, the first stimulable phosphor sheet IP1 is firstly set on
the endless belt 9. The first stimulable phosphor sheet IP1 is
moved by the endless belt 9 in the sub-scanning direction
indicated by the arrow Y. At the same time, the laser beam
11, which serves as stimulating rays, is produced by the laser
beam source 10. The laser beam 11 is deflected by the
scanning mirror 12 and caused to scan the first stimulable
phosphor sheet IP1 in the main scanning directions indicated
by the double-headed arrow X. When the first stimulable
phosphor sheet IP1 is exposed to the laser beam 11, the first
stimulable phosphor sheet IP1 emits the light 13 in propor-
tion to the amount of energy stored thereon during its
exposure to the radiation 2. The emitted light 13 enters into
the light guide member 14, which is made from a transparent
acrylic plate, from one end face of the light guide member
14. The emitted light 13 is guided through repeated total
reflection inside of the light guide member 14 and detected
by the photomultiplier 15. The photomultiplier 15 generates
the analog output signal Q1 corresponding to the intensity of
the emitted light 13, i.e. representing the radiation image
having been stored on the first stimulable phosphor sheet
IP1.

[0169] The output signal Q1 is logarithmically converted
by the logarithmic converter 16 and is then converted by the
analog-to-digital converter 17 into the digital image signal
S1. Thereafter, the radiation image having been stored on the
second stimulable phosphor sheet IP2 is read out in the same
manner as that described above, and the output signal Q2
representing the radiation image is thereby obtained. The
output signal Q2 is logarithmically converted by the loga-
rithmic converter 16 and is then converted by the analog-
to-digital converter 17 into the digital image signal S2. Also,
the radiation image having been stored on the third stimu-
lable phosphor sheet IP3 is read out in the same manner as
that described above, and an output signal Q3 representing
the radiation image is thereby obtained. The output signal
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Q3 is logarithmically converted by the logarithmic converter
16 and is then converted by the analog-to-digital converter
17 into a digital image signal S3.

[0170] The image signal S1, the image signal S2, and the
image signal S3 are fed into subtraction processing means
118. In the subtraction processing means 118, energy sub-
traction processing is performed on the received image
signals. From the energy subtraction processing, the differ-
ence signal Sq representing the soft tissue image, in which
only the pattern of the soft tissue contained in the object 1
is illustrated, and the difference signal Sy representing the
bone image, in which only the pattern of the bone contained
in the object 1 is illustrated, are obtained. Weight factors for
the image signals S1, S2, and S3, which weight factors are
to be utilized for the energy subtraction processing, are set
by setting means 119. The setting means 119 makes refer-
ence to a table T" having been stored in the storage means 20
and sets the weight factors. How the weight factors are set
will be described hereinbelow.

[0171] FIG. 9 is an explanatory view showing how the
setting means 119 is constituted and how processing in the
setting means 119 is performed. As illustrated in FIG. 9, the
setting means 119 comprises mean attenuation coefficient
calculating means 119A and weighted mean value calculat-
ing means 119B. The mean attenuation coefficient calculat-
ing means 119A calculates the mean attenuation coefficients
in the manner described later. The weighted mean value
calculating means 119B calculates weighted mean values of
the mean attenuation coefficients, which have been calcu-
lated by the mean attenuation coefficient calculating means
119A, in order to calculate the weight factors for use in the
energy subtraction processing performed by the subtraction
processing means 118.

[0172] In the subtraction processing means 118, the
energy subtraction processing is performed on a combina-
tion of the image signal S1 and the image signal S2, a
combination of the image signal S1 and the image signal S3,
or a combination of the image signal S2 and the image signal
S3. By way of example, in cases where the energy subtrac-
tion processing is to be performed on the combination of the
image signal S1 and the image signal S2, in the same manner
as that in the first embodiment described above, the energy
subtraction processing is performed with Formula (5) shown
below, and the difference signal Sq representing the soft
tissue image, in which only the pattern of the soft tissue
contained in the object 1 is illustrated, is obtained. Also, the
energy subtraction processing is performed with Formula (6)
shown below, and the difference signal Sy representing the
bone image, in which only the pattern of the bone contained
in the object 1 is illustrated, is obtained.

Ss=ppS2-4p'S1=(usttp'~pts tp) s +(ppl 2—ptpl1o) ®
Sp=psS2-p5"S1=(tts tip—ptspt )i +H(pts126-p5 Tl (6)
[0173] wherein
[0174] gy represents the mean attenuation coefficient
of the bone with respect to the first stimulable
phosphor sheet IP1,

[0175] ug represents the mean attenuation coefficient
of the soft tissue with respect to the first stimulable
phosphor sheet Ipl,

[0176] pyg' represents the mean attenuation coefficient
of the bone with respect to the second stimulable
phosphor sheet 1P2,
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[0177] ug' represents the mean attenuation coefficient
of the soft tissue with respect to the second stimu-
lable phosphor sheet 1P2,

[0178] tg represents the thickness of the bone,

[0179] tg represents the thickness of the soft tissue,
and

[0180] each of I1, and I2, represents the fixed num-

ber depending upon the radiation source.

[0181] In Formula (5) and Formula (6), the mean attenu-
ation coefficients, by which the image signals S1 and S2 are
multiplied, act as the weight factors.

[0182] A substance has a radiation attenuation coefficient
depending upon radiation energy. Also, in cases where the
radiation irradiated to the object is not monochromatic and
is distributed over a certain energy range, the energy distri-
bution of the radiation impinging upon each of the first
stimulable phosphor sheet IP1, the second stimulable phos-
phor sheet IP2, and the third stimulable phosphor sheet IP3
changes depending upon the thickness of a substance (i.e.,
the bone or the soft tissue) contained in the object. Such a
phenomenon is referred to as the beam hardening. There-
fore, in the third embodiment, the radiation attenuation
coefficient of the substance is weighted with the energy
distribution of the detected radiation (i.e., the radiation
having impinged upon the stimulable phosphor sheet) and
averaged. The thus obtained value is defined as the mean
attenuation coefficient. Accordingly, the mean attenuation
coefficient varies for different thicknesses of the substance.

[0183] As described above with reference to Formulas (7)
through Formula (22), in cases where it is assumed that only
the first stimulable phosphor sheet IP1 and the second
stimulable phosphor sheet IP2 are utilized, the relationship
through each of the certain functions Fg, Fg, Fg', and Fg' is
obtained between the logarithmic radiation dose difference
and the mean attenuation coefficient. The relationship is
represented by each of Formula (23), Formula (24), Formula
(25), and Formula (26) shown below. (In this case, tCu in
Formula (10) shown above represents the thickness of the
radiation energy converting filter 5A.)

#s=Fg[In(11)-In(12)] (23)
#e=Fg[In(I1)-1n(12)] (24)
ps=F<Tn(D-In(12)] ©9)
pp=FTin(1)-In(2)] 26)

[0184] Therefore, in cases where each of the functions Fg,
Fg, Fg', and Fy' is determined previously through experi-
ments, the mean attenuation coefficient is capable of being
calculated from the logarithmic radiation dose difference.
FIG. 4A shows the relationship between the logarithmic
radiation dose difference (between the first stimulable phos-
phor sheet IP1 and the second stimulable phosphor sheet
IP2) and the mean attenuation coefficient of the bone with
respect to the first stimulable phosphor sheet IP1, which
relationship has been obtained experimentally when the
thickness of the bone was set at various different values.
FIG. 4B shows the relationship between the logarithmic
radiation dose difference (between the first stimulable phos-
phor sheet IP1 and the second stimulable phosphor sheet
IP2) and the mean attenuation coefficient of the soft tissue
with respect to the first stimulable phosphor sheet IP1, which
relationship has been obtained experimentally when the
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thickness of the soft tissue was set at various different
values. From FIG. 4A and FIG. 4B, it can be found that the
logarithmic radiation dose difference and the mean attenu-
ation coefficient have the curvilinear relationship with each
other, which may be represented by a certain function.

[0185] The mean attenuation coefficient of the bone and
the mean attenuation coefficient of the soft tissue are cal-
culated with respect to each of the first stimulable phosphor
sheet IP1, the second stimulable phosphor sheet P2, and the
third stimulable phosphor sheet IP3. As an aid in facilitating
the explanation, the mean attenuation coefficient (of each of
the bone and the soft tissue) with respect to the first
stimulable phosphor sheet IP1 may be represented by
#(IP1). Also, the mean attenuation coefficient (of each of the
bone and the soft tissue) with respect to the second stimu-
lable phosphor sheet IP2 may be represented by u(IP2).
Further, the mean attenuation coefficient (of each of the bone
and the soft tissue) with respect to the third stimulable
phosphor sheet IP3 may be represented by u(IP3). In such
cases, as described above, the mean attenuation coefficients
#(IP1) and u(IP2) are capable of being calculated from the
logarithmic radiation dose difference between the first
stimulable phosphor sheet IP1 and the second stimulable
phosphor sheet IP2. Also, the mean attenuation coefficients
#(IP1) and u(IP3) are capable of being calculated from the
logarithmic radiation dose difference between the first
stimulable phosphor sheet IP1 and the third stimulable
phosphor sheet IP3. Further, the mean attenuation coeffi-
cients w(IP2) and u(IP3) are capable of being calculated
from the logarithmic radiation dose difference between the
second stimulable phosphor sheet IP2 and the third stimu-
lable phosphor sheet IP3. Therefore, the mean attenuation
coefficient (#(IP1) with respect to the first stimulable phos-
phor sheet IP1 is capable of being calculated from the
logarithmic radiation dose difference between the first
stimulable phosphor sheet IP1 and the second stimulable
phosphor sheet IP2, and from the logarithmic radiation dose
difference between the first stimulable phosphor sheet IP1
and the third stimulable phosphor sheet IP3. Also, the mean
attenuation coefficient w(IP2) with respect to the second
stimulable phosphor sheet IP2 is capable of being calculated
from the logarithmic radiation dose difference between the
first stimulable phosphor sheet IP1 and the second stimu-
lable phosphor sheet IP2, and from the logarithmic radiation
dose difference between the second stimulable phosphor
sheet IP2 and the third stimulable phosphor sheet IP3.
Further, the mean attenuation coefficient #(IP3) with respect
to the third stimulable phosphor sheet IP3 is capable of being
calculated from the logarithmic radiation dose difference
between the first stimulable phosphor sheet IP1 and the third
stimulable phosphor sheet IP3, and from the logarithmic
radiation dose difference between the second stimulable
phosphor sheet IP2 and the third stimulable phosphor sheet
IP3.

[0186] 1t is herein assumed that the relationship repre-
sented by Formula (27) shown below is obtained between
the mean attenuation coefficient 4(IP1) with respect to the
first stimulable phosphor sheet IP1 and the logarithmic
radiation dose difference between the first stimulable phos-
phor sheet IP1 and the second stimulable phosphor sheet
IP2. Also, it is herein assumed that the relationship repre-
sented by Formula (28) shown below is obtained between
the mean attenuation coefficient 4(IP1) with respect to the
first stimulable phosphor sheet IP1 and the logarithmic
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radiation dose difference between the first stimulable phos-
phor sheet IP1 and the third stimulable phosphor sheet IP3.

#(IP1)=F[In(I1)-1n(12)] (27
#(IP1)=G[In(I1)-1n(I3)] (28)
[0187] wherein
[0188] 13 represents the dose of the radiation imping-

ing upon the third stimulable phosphor sheet IP3,

[0189] F represents the function representing the
relationship between the logarithmic radiation dose
difference In(I1)-In(I2) and the mean attenuation
coefficient y#(IP1), and

[0190] G represents the function representing the
relationship between the logarithmic radiation dose
difference In(I1)-In(I3) and the mean attenuation
coefficient u(IP1).

[0191] In cases where Formula (27) is solved for the
logarithmic radiation dose difference In(I1)-1n(12), Formula
(29) shown below is obtained. Also, in cases where Formula
(28) is solved for the logarithmic radiation dose difference
In(11)-1In(I3), Formula (30) shown below is obtained.

In(IL)-1n(12)=F [u(IP1)] (29)
In(I1)-1n(13)=G " [u(IP1)] (30)
[0192] wherein

[0193] I represents the inverse function of F, and
[0194] G represents the inverse function of G.

[0195] A calculation of the difference between Formula
(29) and Formula (30), i.e. -Formula (29)+Formula (30),
yields Formula (31) shown below.

—{In(I]) — In(12)} +{ln() - In(I3)} = In(/2) — In(I3) 31)

= —F Y u(PhH} + G [w(IP])]

= (—F '+ G YH[uuPn)]

[0196] InFormula (31), the part -F~'+G~" is the function.
When the inverse function (-F~'+G™")™" of the function
(-F+G™) is utilized, Formula (32) shown below is
obtained.

#(IPD)=(-F 4G~ [In(2)~1n(13 )] (32)
[0197] From Formula (32), it can be found that the mean
attenuation coefficient #(IP1) with respect to the first stimu-
lable phosphor sheet IP1 is capable of being calculated also
from the logarithmic radiation dose difference In(12)-1n(13)

between the second stimulable phosphor sheet IP2 and the
third stimulable phosphor sheet IP3.

[0198] In the same manner as that described above, it can
be found that the mean attenuation coefficient u(IP2) with
respect to the second stimulable phosphor sheet IP2 is
capable of being calculated also from the logarithmic radia-
tion dose difference In(I1)-1In(I3) between the first stimu-
lable phosphor sheet IP1 and the third stimulable phosphor
sheet IP3. Further, it can be found that the mean attenuation
coefficient ((IP3) with respect to the third stimulable phos-
phor sheet IP3 is capable of being calculated also from the
logarithmic radiation dose difference In(I1)-1n(I2) between
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the first stimulable phosphor sheet IP1 and the second
stimulable phosphor sheet IP2. Therefore, the mean attenu-
ation coefficients p(IP1), w(IP2), and w(IP3) with respect to
all of the first stimulable phosphor sheet IP1, the second
stimulable phosphor sheet IP2, and the third stimulable
phosphor sheet IP3 are capable of being calculated from the
logarithmic radiation dose difference, which is calculated for
any of combinations of two stimulable phosphor sheets
among the first stimulable phosphor sheet IP1, the second
stimulable phosphor sheet IP2, and the third stimulable
phosphor sheet IP3. FIG. 10 is a graph showing a relation-
ship between the log arithmic radiation dose difference,
which is calculated for each of combinations of two stimu-
lable phosphor sheets among the stimulable phosphor sheets
IP1, IP2, and IP3, and the mean attenuation coefficient with
respect to a certain stimulable phosphor sheet, which rela-
tionship has been determined experimentally by the inven-
tors. As illustrated in FIG. 10, it can be found that the mean
attenuation coefficient is capable of being calculated from
the logarithmic radiation dose difference, which is calcu-
lated for any of the combinations of two stimulable phos-
phor sheets among the first stimulable phosphor sheet IP1,
the second stimulable phosphor sheet IP2, and the third
stimulable phosphor sheet IP3.

[0199] The mean attenuation coefficients with respect to
the stimulable phosphor sheets IP1, IP2; and IP3, which
mean attenuation coefficients are calculated from the loga-
rithmic radiation dose difference In(11)-1In(12), will herein-
below be represented respectively by u,(IP1), u,(IP2), and
1,(IP3). Also, the mean attenuation coefficients with respect
to the stimulable phosphor sheets IP1, IP2, and IP3, which
mean attenuation coefficients are calculated from the loga-
rithmic radiation dose difference In(11)-1n(I3), will herein-
below be represented respectively by u,(IP1), u,(IP2), and
4>(IP3). Further, the mean attenuation coefficients with
respect to the stimulable phosphor sheets IP1, IP2, and 1P3,
which mean attenuation coefficients are calculated from the
logarithmic radiation dose difference In(I12)-In(I3), will
hereinbelow be represented respectively by u,(IP1), 1,(IP2),
and u5(IP3).

[0200] In the third embodiment, for each of the logarith-
mic radiation dose differences 1n(I1)-In(12), In(I1)-1n(13),
and In(I2)-In(I3) among the three stimulable phosphor
sheets IP1, IP2, and IP3, the relationship between the
logarithmic radiation dose difference and each of mean
attenuation coefficients y, (IP1) 1, (IP2), and p,(IP3), where
k=1 to 3, with respect to all of the stimulable phosphor
sheets IP1, IP2, and IP3 is determined previously as the table
T'. The information representing the table T is stored in the
storage means 20. Also, reference is made to the table T', and
the mean attenuation coefficients g (IP1), 1w, (IP2), and
w(IP3), where k=1 to 3, are thereby capable of being
determined.

[0201] In the third embodiment, the mean attenuation
coefficients g (IP1), 1, (IP2), and z, (IP3), where k=1 to 3,
are determined for each of the bone and the soft tissue.
Therefore, as the table T', 18 kinds [= the number of the
combinations for the calculation of the logarithmic radiation
dose difference (3)x the number of the stimulable phosphor
sheets (3)x the number of the specific structures (2)] of
tables are prepared. The information representing the 18
kinds of the tables acting as the table T' is stored in the
storage means 20.
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[0202] The radiation 2 impinging upon each of the stimu-
lable phosphor sheets IP1, IP2, and IP3 contains quantum
noise and scattered radiation, which is scattered when the
radiation 2 passes through the object 1. Therefore, it is
considered that, due to adverse effects of the quantum noise
contained in the radiation 2, the scattered radiation, and the
like, the logarithmic radiation dose difference deviates from
a true value, i.e. the logarithmic radiation dose difference
which will be obtained in cases where the noise, the scat-
tered radiation, and the like, are not contained in the radia-
tion 2. Accordingly, as illustrated in FIG. 11, it is considered
that the mean attenuation coefficient deviates from a true
value. Also, it is considered that the deviations of the
logarithmic radiation dose difference and the mean attenu-
ation coefficient from the true values occur in the normal
distribution. As illustrated in FIG. 11, in cases where the
relationship between the logarithmic radiation dose differ-
ence and the mean attenuation coefficient is represented by
a certain function F, the normal distribution of the mean
attenuation coefficient changes depending upon the normal
distribution of the logarithmic radiation dose difference and
the inclination of the function F.

[0203] As an aid in facilitating the explanation, replace-
ment may be made with respect to the logarithmic radiation
dose differences such that In(I1)-In(12)=Ia, In(I1)-1n(I3)=Ib,
and In(12)-1In(I3)=Ic. Also, the mean attenuation coefficients
with respect to the first stimulable phosphor sheet IP1, which
are calculated from the logarithmic radiation dose differ-
ences la, Ib, and Ic, may be represented respectively by
1,(IP1), p,(IP1), and p5(IP1). Further, the function, which
represents the relationship between the logarithmic radiation
dose difference Ia and the mean attenuation coefficient
u,(IP1),maybe represented by F, ;. Furthermore, the func-
tion, which represents the relationship between the logarith-
mic radiation dose difference Ib and the mean attenuation
coefficient u,(IP1),maybe represented by F,,. Also, the
function, which represents the relationship between the
logarithmic radiation dose difference Ic and the mean attenu-
ation coefficient p5(IP1), may be represented by F, 5. Fur-
ther, standard deviations of the logarithmic radiation dose
differences Ia, Ib, and Ic may be represented respectively by
04, ob, and oc. In such cases, a standard deviation ou,(IP1)
of the mean attenuation coefficient u,(IP1), which is calcu-
lated from the logarithmic radiation dose difference Ia, may
be represented by Formula (33) shown below. Also, a
standard deviation ou,(IP1) of the mean attenuation coef-
ficient u,(IP1), which is calculated from the logarithmic
radiation dose difference Ib, may be represented by Formula
(34) shown below. Further, a standard deviation ous(IP1) of
the mean attenuation coefficient u5(IP1), which is calculated
from the logarithmic radiation dose difference Ic, may be
represented by Formula (35) shown below.

dF_ (1 33
o (IPH) = ;11; 2 oa (33)
dF_,(Ib 34
o, (IP1) = ;wzb( ) b (34
dFy_3(1 35
o (IP) = ;136( 2 ac (35

[0204] A probability p; ;(¢r;) that the calculated mean
attenuation coefficient g, (IP1) will be a true mean attenua-
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tion coefficient u(IP1) (hereinbelow referred to simply as
tr,) may be represented by Formula (36) shown below.
Also, a probability p, ,(tr) that the calculated mean attenu-
ation coefficient u,(IP1) will be the true mean attenuation
coefficient yr; may be represented by Formula (37) shown
below. Further, a probability p, ,(#r,) that the calculated
mean attenuation coefficient u5(IP1) will be the true mean
attenuation coefficient y; may be represented by Formula
(38) shown below.

pi-1{prs) = (36)
1 o [_ (7 —m UPDY }
V2r ca(dFi_ (la){ dIa) Aoa(dFi_i(la){d o)

pr-2(prs) = 37
1 exp[_ (7 — 2 IPD)Y? }
2r ob(d Fi_2(Ib) [ d Ib) AUob(d Fy_o(1b) [ d 1)}
) 1 [ (ur = ps(IPD)Y } (38)
_ = exp|—
P e se@Fis o dlo | 2ocdFi o] dIoF
[0205] 1t is herein assumed that the true mean attenuation

coefficient up, is calculated as yp, obtained in cases where

the value of py (1) P12t ) P1.s(tr) takes the maximum
value. In such cases, the condition required for the value of

P1.1(tr) P1o(er) P1s(tr:) to take the maximum value is
that, as represented by Formula (39) shown below, the
absolute value of the sum of exp [] in Formula (36), Formula
(37), and Formula (38) becomes minimum.

(39
(pr = (IPDY

(= UPD? (i = UPD?

dFi(0b)) 2 dF sdong|
Z{Ub( dlb ]} 2{“( dic ]}

[0206] As an aid in facilitating the explanation, replace-
ment may be made as represented by Formula (40), Formula
(41), and Formula (42) shown below.

Fi_(la)\2 (40)

Al :o'a( dla )
_(FiaUbnY? 1)

A2 ‘Ub( aib ]
Fi_3(le)\? 42)

Al =U—C( dlc )
[0207] In such cases, the true mean attenuation coefficient

Lt may be represented by Formula (43) shown below.
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_ Ay UPD + A UPD + Ay ps (IP1) (43)
= A1+ A2 + A3

[0208] Therefore, as for the first stimulable phosphor sheet
IP1, the mean value of the mean attenuation coefficients
w,(IP1), 1,(IP1), and p5(IP1) may be calculated with the
weighted mean calculating process, wherein the mean
attenuation coefficients y,(IP1), #,(IP1), and u5(IP1), which
have been calculated with respect to the first stimulable
phosphor sheet IP1 and respectively from the logarithmic
radiation dose differences Ia, Ib, and Ic among the stimulable
phosphor sheets IP1, IP2, and IP3, are weighted with the
coefficients A, ;, A;,, and A, 5 calculated in accordance
with the standard deviations of the mean attenuation coef-
ficients u,(IP1), u,(IP1), and w,(IP1). In this manner, the
mean attenuation coefficient ur,, which is closest to the true
value, is capable of being calculated.

[0209] In the same manner, as for the second stimulable
phosphor sheet IP2, the mean value of the mean attenuation
coefficients u,(IP2), u,(IP2), and u5(IP2) maybe calculated
with the weighted mean calculating process, wherein the
mean attenuation coefficients u,(IP2), 1,(IP2), and u;(IP2),
which have been calculated with respect to the second
stimulable phosphor sheet IP2 and respectively from the
logarithmic radiation dose differences Ia, Ib, and Ic among
the stimulable phosphor sheets IP1, IP2, and IP3, are
weighted with the coefficients (which may be represented by
A, 1, A,,, and A, ;) calculated in accordance with the
standard deviations of the mean attenuation coefficients
1,(IP2), 1,(IP2), and u,(IP2). The weighted mean calculat-
ing process is made with Formula (44) shown below. In this
manner, the mean attenuation coefficient tp,, which is
closest to the true value, is capable of being calculated.
Further, as for the third stimulable phosphor sheet IP3, the
mean value of the mean attenuation coefficients u,(IP3),
1(IP3), and 15(IP3) may be calculated with the weighted
mean calculating process, wherein the mean attenuation
coefficients u;(IP3), u,(IP3), and p5(IP3), which have been
calculated with respect to the third stimulable phosphor
sheet IP3 and respectively from the logarithmic radiation
dose differences Ia, Ib, and Ic among the stimulable phos-
phor sheets IP1, IP2, and IP3, are weighted with the coef-
ficients (which maybe represented by A; ;, A, and A, 5)
calculated in accordance with the standard deviations of the
mean attenuation coefficients u;(IP3), u,(IP3), and u;(IP3).
The weighted mean calculating process is made with For-
mula (45) shown below. In this manner, the mean attenua-
tion coefficient g5, which is closest to the true value, is
capable of being calculated.

_ A UPD) + Ap i (IP2) + Ap 3113 (IP2) G2
72 =
A1 +Ar 2+ A2

_ Az UP3) + Az ip (IP3) + A3313(IP3) (45)
= As_1 +As 2+ As3

[0210] In the manner described above, the standard devia-
tion of each of the mean attenuation coefficients ,(IP1),
where k=1 to 3, (of each of the bone and the soft tissue) is
calculated in accordance with the table T' and the standard
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deviation of each of the logarithmic radiation dose differ-
ences 1n(I1)-1n(12), In(I1)-1n(I3), and In(12)-In(I3). Also,
the standard deviation of each of the mean attenuation
coefficients y, (IP2), where k=1 to 3, (of each of the bone and
the soft tissue) is calculated in accordance with the table T'
and the standard deviation of each of the logarithmic radia-
tion dose differences In(I1)-1n(12), In(I1)-In(I3), and In(12)-
In(I3). Further, the standard deviation of each of the mean
attenuation coefficients 4, (IP3), where k=1 to 3, (of each of
the bone and the soft tissue) is calculated in accordance with
the table T' and the standard deviation of each of the
logarithmic radiation dose differences 1n(I1)-1n(12), In(I1)-
In(13), and In(12)-1n(I3). Furthermore, the coefficients A,_,
Ay 5, and A,_;, where k=1 to 3, to be utilized in the
weighted mean calculating processes are calculated in accor-
dance with the standard deviations of the mean attenuation
coefficients g (IP1), 1, (IP2), and 2, (IP3), where k=1 to 3.
The information representing the coefficients A, _;, A, ,,
and A,_5, where k=1 to 3, is stored in the storage means 20.
Also, as described above, in the mean attenuation coefficient
calculating means 119A, the mean attenuation coefficients
w(IP1) with respect to the first stimulable phosphor sheet
IP1, the mean attenuation coefficients g, (IP2) with respect to
the second stimulable phosphor sheet IP2, and the mean
attenuation coefficients 1, (IP3) with respect to the third
stimulable phosphor sheet IP3 are calculated. Further, in the
weighted mean value calculating means 119B, the mean
value of the mean attenuation coefficients £4(IP1), the mean
value of the mean attenuation coefficients g, (IP2), and the
mean value of the mean attenuation coefficients u, (IP3) are
calculated with the weighted mean calculating processes,
wherein the mean attenuation coefficients g, (IP1) the mean
attenuation coefficients p, (IP2), and the mean attenuation
coefficients i, (IP3) are weighted with the coefficients A,_,
Ay, and A,_; having been calculated in accordance with
the standard deviations of the mean attenuation coefficients
w (IP1), 1, (IP2), and u, (IP3) In this manner, the true mean
attenuation coefficients p(IP1), p(IP2), and u(IP3) are
capable of being calculated. Specifically, as the true mean
attenuation coefficients p(IP1), 4(IP2), and u(IP3), the
mean attenuation coefficients of the bone and the soft tissue,
which are shown below, are calculated.

[0211] 45, #s (with respect to the first stimulable
phosphor sheet IP1)

[0212] wy, #s' (With respect to the second stimulable
phosphor sheet IP2)

[0213] wug", #s" (with respect to the third stimulable
phosphor sheet IP3)

[0214] In the subtraction processing means 118, the
energy subtraction processing is performed on the combi-
nation of the image signal S1 and the image signal S2, the
combination of the image signal S1 and the image signal S3,
or the combination of the image signal S2 and the image
signal S3. In cases where the energy subtraction processing
is to be performed on the combination of the image signal S1
and the image signal S2, the energy subtraction processing
is performed in accordance with Formula (5) and Formula
(6) shown above. In cases where the energy subtraction
processing is to be performed on the combination of the
image signal S1 and the image signal S3, the energy
subtraction processing is performed in accordance with
Formula (46) and Formula (47) shown below. In cases where
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the energy subtraction processing is to be performed on the
combination of the image signal S2 and the image signal S3,
the energy subtraction processing is performed in accor-
dance with Formula (48) and Formula (49) shown below.

Ss=ppS3-pp"Sl=(psptp" 5" tp)ls+(1p130-45" 1) (46)
Sp=psS3—ps"S1=(pts "ttt " +(pts130=15"Tlo) (47
[0215] wherein

[0216] gy represents the mean attenuation coefficient
of the bone with respect to the first stimulable
phosphor sheet IP1,

[0217] pg represents the mean attenuation coefficient
of the soft tissue with respect to the first stimulable
phosphor sheet IP1,

[0218] wy" represents the mean attenuation coeffi-
cient of the bone with respect to the third stimulable
phosphor sheet 1P3,

[0219] pg" represents the mean attenuation coeffi-
cient of the soft tissue with respect to the third
stimulable phosphor sheet 1P3,

[0220]

[0221] tg represents the thickness of the soft tissue,
and each of I1, and I3, represents the fixed number
depending upon the radiation source.

ts represents the thickness of the bone,

Ss=tn'S3—ptn" S2=(pts 1" 5"t )is+(1tn 130115120 (48)
Septs'S3-1t5"S2=(ps "t i V(185 145 "12) (49)
[0222] wherein

[0223] uy' represents the mean attenuation coefficient
of the bone with respect to the second stimulable
phosphor sheet 1P2,

[0224] pg' represents the mean attenuation coefficient
of the soft tissue with respect to the second stimu-
lable phosphor sheet 1P2,

[0225] py" represents the mean attenuation coeffi-
cient of the bone with respect to the third stimulable
phosphor sheet 1P3,

[0226] pg' represents the mean attenuation coefficient
of the soft tissue with respect to the third stimulable
phosphor sheet 1P3,

[0227] tg represents the thickness of the bone,

[0228] tg represents the thickness of the soft tissue,
and

[0229] each of 12, and 13, represents the fixed num-

ber depending upon the radiation source.

[0230] The combination of the image signals to be sub-
jected to the energy subtraction processing may be selected
previously.

[0231] Also, it is not always possible to directly detect the
radiation dose with respect to each of the pixel positions on
each of the first stimulable phosphor sheet IP1, the second
stimulable phosphor sheet IP2, and the third stimulable
phosphor sheet IP3. However, when the dose of radiation
impinging upon each of the first stimulable phosphor sheet
IP1, the second stimulable phosphor sheet IP2, and the third
stimulable phosphor sheet IP3 is large, each of the image
signal S1, the image signal S2, and the image signal S3,
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which are obtained respectively from the first stimulable
phosphor sheet IP1, the second stimulable phosphor sheet
IP2, and the third stimulable phosphor sheet IP3, takes a
large signal value. Thus the signal value of the image signal
S1 has the correspondence relationship with the radiation
dose I1. Also, the signal value of the image signal S2 has the
correspondence relationship with the radiation dose I2.
Further, the signal value of the image signal S3 has the
correspondence relationship with the radiation dose I3.
Therefore, in the third embodiment, the image signal S1, the
image signal S2, and the image signal S3, which have been
obtained from the logarithmic conversion and the analog-
to-digital conversion, are utilized respectively as the radia-
tion dose I1, the radiation dose 12, and the radiation dose 13.
In such cases, since the image signal S1, the image signal S2,
and the image signal S3 have already been subjected to the
logarithmic conversion, the difference signal S1-S2
between the image signal S1 and the image signal S2
corresponds to the logarithmic radiation dose difference
In(11)-1In(12). Also, the difference signal S1-S3 between the
image signal S1 and the image signal S3 corresponds to the
logarithmic radiation dose difference In(I1)-1n(I3). Further,
the difference signal S2—-S3 between the image signal S2 and
the image signal S3 corresponds to the logarithmic radiation
dose difference 1n(I2)-1n(I3). Therefore, in the storage
means 20, the table T is stored as the table representing the
relationship between the difference signals S1-S2 and the
mean attenuation coefficients, the relationship between the
difference signals S1-S3 and the mean attenuation coeffi-
cients, and the relationship between the difference signals
S$2-S83 and the mean attenuation coefficients.

[0232] How the third embodiment of the energy subtrac-
tion processing apparatus in accordance with the present
invention operates will be described here in below. FIG. 12
is a flow chart showing how the third embodiment of the
energy subtraction processing apparatus in accordance with
the present invention operates. With reference to FIG. 12, in
a step S1, the output signal Q1 having been detected from
the first stimulable phosphor sheet IP1, the output signal Q2
having been detected from the second stimulable phosphor
sheet P2, and the output signal Q3 having been detected
from the third stimulable phosphor sheet IP3 are subjected
to the logarithmic conversion performed by the logarithmic
converter 16. In a step S2, the output signal Q1, the output
signal Q2, and the output signal Q3, which have been
obtained from the logarithmic conversion, are subjected to
the analog-to-digital conversion performed by the analog-
to-digital converter 17. The digital image signal S1, the
digital image signal S2, and the digital image signal S3 are
obtained from the analog-to-digital conversion. The digital
image signal S1, the digital image signal S2, and the digital
image signal 83 are fed into the mean attenuation coefficient
calculating means 119A of the setting means 119. In a step
S3, in the mean attenuation coefficient calculating means
119A of the setting means 119, the difference signal S1-S2,
which corresponds to the logarithmic radiation dose differ-
ence In(I1)-In(I2), is calculated with respect to the corre-
sponding pixels in the radiation images represented by the
image signal S1 and the image signal S2. Also, the difference
signal S1-83, which corresponds to the logarithmic radia-
tion dose difference In(I1)-In(I3), is calculated with respect
to the corresponding pixels in the radiation images repre-
sented by the image signal S1 and the image signal S3.
Further, the difference signal S2-S3, which corresponds to
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the logarithmic radiation dose difference In(I2)-In(I3), is
calculated with respect to the corresponding pixels in the
radiation images represented by the image signal S2 and the
image signal S3. Furthermore, reference is made to the table
T' in accordance with the difference signals S1-S2, S1-S3,
and S2-S3. In this manner, the mean attenuation coefficients
of the soft tissue and the bone with respect to the first
stimulable phosphor sheet IP1, the mean attenuation coef-
ficients of the soft tissue and the bone with respect to the
second stimulable phosphor sheet IP2, and the mean attenu-
ation coefficients of the soft tissue and the bone with respect
to the third stimulable phosphor sheet IP3, are calculated.
The calculations of the mean attenuation coefficients are
made for each of the difference signals S1-S2, S1-S3, and
S2-S3.

[0233] Also, in a step S4, in the weighted mean value
calculating means 119B, with respect to each of the stimu-
lable phosphor sheets IP1, IP2, and IP3, the weighted mean
value of the mean attenuation coefficients, which have been
calculated respectively for the difference signals S1-S2,
S1-S3, and S2-S83, is calculated. The weighted mean val-
ues, which have thus been calculated with respect to the
stimulable phosphor sheets IP1, IP2, and IP3, are set as the
weight factors. The information representing the weight
factors is fed into the subtraction processing means 118. In
a step S5, in the subtraction processing means 118, in cases
where the energy subtraction processing is to be performed
on the image signal S1 and the image signal S2, the energy
subtraction processing is performed, wherein the image
signal S1 and the image signal S2 are weighted with the
weight factors, and the operation processing represented by
Formula (5) shown above and the operation processing
represented by Formula (6) shown above are performed.
From the energy subtraction processing, the difference sig-
nal Sq representing the soft tissue image, in which only the
pattern of the soft tissue contained in the object 1 is
illustrated, and the difference signal Sy representing the
bone image, in which only the pattern of the bone contained
in the object 1 is illustrated, are obtained. In this stage, the
processing with the third embodiment of the energy sub-
traction processing apparatus in accordance with the present
invention is finished. The thus obtained difference signal Sq
and the thus obtained difference signal Sy are fed into
reproducing means (not shown), such as a printer or a CRT
display device, and utilized for reproducing visible images
to be utilized in making a diagnosis.

[0234] As described above, the third embodiment of the
energy subtraction processing apparatus in accordance with
the present invention is based on the findings that the certain
relationship is obtained between the difference between the
logarithmic values of the radiation doses with respect to the
two stimulable phosphor sheets among the first stimulable
phosphor sheet IP1, the second stimulable phosphor sheet
IP2, and the third stimulable phosphor sheet IP3, i.e. the
logarithmic radiation dose difference between the two stimu-
lable phosphor sheets, and the mean attenuation coefficient.
With the third embodiment, on the basis of the findings
described above, the mean attenuation coefficients g, (IP1),
w(IP2), and w,(IP3), where k=1 to 3, are calculated in
accordance with the logarithmic radiation dose differences
In(11)-1In(12), In(11)-1n(I3), and In(I12)-1n(I3) and for all of
the combinations of the two radiation images associated
with the calculations of the logarithmic radiation dose
differences. Also, the weighted mean value of the mean
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attenuation coefficients 1 (IP1) with respect to the first
stimulable phosphor sheet IP1, the weighted mean value of
the mean attenuation coefficients 1, (IP2) with respect to the
second stimulable phosphor sheet IP2, and the weighted
mean value of the mean attenuation coefficients 1, (IP3) with
respect to the third stimulable phosphor sheet IP3 are
calculated. The weighted mean values, which have thus been
calculated, are set as the weight factors to be utilized in the
energy subtraction processing.

[0235] Therefore, in cases where the energy subtraction
processing, in which the weighted mean values having been
calculated are utilized as the weight factors for the two
image signals among the image signal S1, the image signal
S2, and the image signal S3, is performed, the difference
signal Sq representing the soft tissue image, in which only
the pattern of the soft tissue contained in the object 1 is
illustrated accurately, and the difference signal S represent-
ing the bone image, in which only the pattern of the bone
contained in the object 1 is illustrated accurately, are capable
of being obtained regardless of the thicknesses of the soft
tissue and the bone contained in the object 1.

[0236] Also, in the third embodiment described above, the
table T', which represents the relationships between the
logarithmic radiation dose differences and the mean attenu-
ation coefficients, is determined previously. Therefore, the
weight factors are capable of being set easily. Accordingly,
the calculation of the difference signal Sg and the calculation
of the difference signal Sy are capable of being made
efficiently.

[0237] Further, as described above, in the strict sense, the
mean attenuation coefficient deviates from the true value due
to adverse effects of the noise and the scattered radiation.
However, with the third embodiment, the plurality of the
mean attenuation coefficients g, (IP1) with respect to the first
stimulable phosphor sheet IP1, the plurality of the mean
attenuation coefficients u, (IP2) with respect to the second
stimulable phosphor sheet IP2, and the plurality of the mean
attenuation coefficients 1 (IP3) with respect to the third
stimulable phosphor sheet IP3 are calculated. Also, the
weighted mean value of the mean attenuation coefficients
w(IP1), the weighted mean value of the mean attenuation
coefficients 14, (IP2), and the weighted mean value of the
mean attenuation coefficients 4, (IP3) are calculated respec-
tively in accordance with the standard deviations of the
mean attenuation coefficients g, (IP1), 1, (IP2), and 1, (IP3).
The weighted mean values having thus been calculated are
set as the weight factors. Therefore, the mean attenuation
coefficients comparatively close to the true values are
capable of being utilized in the energy subtraction process-
ing. Accordingly, the pattern of the soft tissue and the pattern
of the bone are capable of being extracted accurately.

[0238] In the third embodiment described above, the
image recording operation is performed on the three stimu-
lable phosphor sheets IP1, IP2, and IP3, and the energy
subtraction processing is performed on the two image sig-
nals, which are among the image signals S1, S2, and S3
having been obtained from the three stimulable phosphor
sheets IP1, IP2, and IP3. Alternatively, as illustrated in FIG.
13, the two stimulable phosphor sheets IP1 and IP3 may be
utilized, and the radiation energy converting filter § may be
located between the two stimulable phosphor sheets IP1 and
IP3. In this state, the image recording operation may be
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performed. Also, the two-surface read-out technique
described in, for example, U.S. Pat. No. 4,346,295 may be
performed on the stimulable phosphor sheet IP1, and two
image signals S1 and S2 may be obtained from the stimu-
lable phosphor sheet IP1. The two image signals S1 and S2
may be averaged, and a mean image signal Sm may thereby
be obtained. Further, the energy subtraction processing may
be performed on the mean image signal Sm and the image
signal S3, which has been obtained from the stimulable
phosphor sheet IP3. A fourth embodiment of the energy
subtraction processing apparatus in accordance with the
present invention, which is constituted in the manner
described above, will be described hereinbelow.

[0239] FIG. 14 is a perspective view showing a radiation
image read-out apparatus for performing the two-surface
read-out technique, in which a fourth embodiment of the
energy subtraction processing apparatus in accordance with
the present invention is employed. With reference to FIG.
14, the stimulable phosphor sheet IP1 or the stimulable
phosphor sheet IP3 is placed on endless belts 92 and 95 and
moved in the sub-scanning direction indicated by the arrow
Y. The laser beam source 10 and the scanning mirror 12 are
located above the endless belts 9a and 9b. The laser beam
source 10 produces the laser beam 11 serving as the stimu-
lating rays, which cause the stimulable phosphor sheet IP1
or IP3 to emit light in proportion to the amount of energy
stored thereon during its exposure to the radiation. The
scanning mirror 12 reflects and deflects the laser beam 11,
which has been produced by the laser beam source 10, such
that the laser beam 11 may scan the stimulable phosphor
sheet IP1 or IP3 in the main scanning directions indicated by
the double headed arrow X. A light guide member 14a is
located above and close to the position (i.e., the scanning
position) on the stimulable phosphor sheet IP1 or IP3, which
is being scanned with the laser beam 11. The light guide
member 14a collects the light, which is emitted by the
stimulable phosphor sheet IP1 or IP3 when it is scanned with
the laser beam 11, from above the stimulable phosphor sheet
IP1 or IP3. Also, a light guide member 14b is located below
the scanning position on the stimulable phosphor sheet IP1
or IP3, which is being scanned with the laser beam 11. The
light guide member 14b is located perpendicularly to the
stimulable phosphor sheet IP1 or IP3 and collects the light,
which is emitted by the stimulable phosphor sheet IP1 or IP3
when it is scanned with the laser beam 11, from below the
stimulable phosphor sheet IP1 or IP3. The light guide
members 14a and 14b are located such that they may
respectively be in close contact with photomultipliers 154
and 15b, which photoelectrically detect the light emitted by
the stimulable phosphor sheet IP1 or IP3. The photomulti-
pliers 154 and 15b are respectively connected to logarithmic
converters 16a and 16b. The logarithmic converters 16a and
16b are respectively connected to analog-to-digital convert-
ers 17a and 17b.

[0240] With the radiation image read-out apparatus of
FIG. 14, the image read-out operation is performed in the
manner described below. Specifically, the stimulable phos-
phor sheet IP1, on which the radiation image has been
stored, is conveyed by the endless belts 92 and 9b in the
sub-scanning direction indicated by the arrow Y. Also, the
laser beam 11 is produced by the laser beam source 10. The
laser beam 11, which has been produced by the laser beam
source 10, is reflected and deflected by the scanning mirror
12. The laser beam 11, which has thus been reflected and
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deflected by the scanning mirror 12, impinges upon the
stimulable phosphor sheet IP1 and scans it in the main
scanning directions indicated by the double headed arrow X.
The main scanning directions are approximately normal to
the sub-scanning direction indicated by the arrow Y. When
the stimulable phosphor sheet IP1 is exposed to the laser
beam 11, the exposed portion of the stimulable phosphor
sheet IP1 emits light in proportion to the amount of energy
stored thereon during its exposure to the radiation. The light,
which is emitted upwardly from the upper surface (the one
surface) of the stimulable phosphor sheet IP1, is represented
by reference numeral 134. The light, which is emitted
downwardly from the lower surface (the other surface) of
the stimulable phosphor sheet IP1, is represented by refer-
ence numeral 13b. The emitted light 134 enters into the light
guide member 14a from one end face of the light guide
member 14a. The emitted light 134 is guided through
repeated total reflection inside of the light guide member
144 and detected by the photomultiplier 15a. The photo-
multiplier 15a generates the analog output signal Q1 corre-
sponding to the intensity of the emitted light 13a, ie.
representing the radiation image having been stored on the
stimulable phosphor sheet IP1.

[0241] Also, the emitted light 13b enters into the light
guide member 145 from one end face of the light guide
member 14b. The emitted light 13 is guided through
repeated total reflection inside of the light guide member
14b and detected by the photomultiplier 15b. The photo-
multiplier 15b generates the analog output signal Q2 corre-
sponding to the intensity of the emitted light 13b, ie.
representing the radiation image having been stored on the
stimulable phosphor sheet IP1.

[0242] The output signal Q1 is logarithmically converted
by the logarithmic converter 16a and is then converted by
the analog-to-digital converter 174 into the digital image
signal S1. Also, the output signal Q2 is logarithmically
converted by the logarithmic converter 165 and is then
converted by the analog-to-digital converter 17b into the
digital image signal S2.

[0243] Further, in the same manner as that described
above for the stimulable phosphor sheet IP1, the radiation
image having been stored on the stimulable phosphor sheet
IP3 is read out from the stimulable phosphor sheet IP3. In
this case, only the emitted light 13a, which is emitted from
the one surface of the stimulable phosphor sheet IP3 when
the stimulable phosphor sheet IP3 is scanned with the laser
beam 11, is detected by the photo multiplier 154 via the light
guide member 144. In this manner, the output signal Q3 is
obtained. The output signal Q3 is logarithmically converted
by the logarithmic converter 16a and is then converted by
the analog-to-digital converter 174 into the digital image
signal S3.

[0244] The image signal S1, the image signal S2, and the
image signal S3 are fed into the setting means 119. In the
setting means 119, in the same manner as that in the third
embodiment described above, reference is made to the table
T, and the mean attenuation coefficients with respect to the
stimulable phosphor sheets IP1 and IP3 are calculated. Also,
the weighted mean calculating processes are performed, and
the weight factors to be utilized in the energy subtraction
processing performed by the subtraction processing means
118 are set.
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[0245] 1In the fourth embodiment, the two image signals
S1 and S2 are obtained from the stimulable phosphor sheet
IP1. Therefore, with respect to the stimulable phosphor sheet
IP1, two kinds of the mean attenuation coefficients, i.e. the
mean attenuation coefficient with respect to the radiation
image detected from the one surface of the stimulable
phosphor sheet IP1 and the mean attenuation coefficient with
respect to the radiation image detected from the other
surface of the stimulable phosphor sheet IP1, are calculated.
Specifically, the dose of the radiation impinging upon the
one surface of the stimulable phosphor sheet IP1 may be
represented by I1, the dose of the radiation impinging upon
the other surface of the stimulable phosphor sheet IP1 may
be represented by 12, and the dose of the radiation impinging
upon the stimulable phosphor sheet IP3 may be represented
by 13. Also, the logarithmic radiation dose differences
among the radiation doses I1, 12, and I3 may be calculated.
Further, it may be regarded that the one surface of the
stimulable phosphor sheet IP1 corresponds to the first stimu-
lable phosphor sheet IP1 in the third embodiment described
above, and the other surface of the stimulable phosphor
sheet IP1 corresponds to the second stimulable phosphor
sheet IP2 in the third embodiment described above. In such
cases, the mean attenuation coefficients are capable of being
calculated in the same manner as that in the third embodi-
ment described above. In the fourth embodiment, the storage
means 20 stores the information representing the relation-
ships between each of the logarithmic radiation dose differ-
ences and the mean attenuation coefficients with respect to
the one surface of the stimulable phosphor sheet IP1, the
other surface of the stimulable phosphor sheet IP1, and the
stimulable phosphor sheet IP3.

[0246] In the manner described above, the mean attenua-
tion coefficients with respect to the one surface of the
stimulable phosphor sheet IP1, the other surface of the
stimulable phosphor sheet IP1, and the stimulable phosphor
sheet IP3 are calculated for each of the logarithmic radiation
dose differences. Also, in the same manner as that in the
third embodiment described above, the weighted mean value
of the mean attenuation coefficients with respect to the one
surface of the stimulable phosphor sheet IP1, the weighted
mean value of the mean attenuation coefficients with respect
to the other surface of the stimulable phosphor sheet IP1,
and the weighted mean value of the mean attenuation
coefficients with respect to the stimulable phosphor sheet
IP3 are calculated. In this manner, for each of the soft tissue
and the bone, the true mean attenuation coefficient g (IP1
one surface) with respect to the one surface of the stimulable
phosphor sheet IP1, the true mean attenuation coefficient
u(TP1 other surface) with respect to the other surface of the
stimulable phosphor sheet IP1 and the true mean attenuation
coefficient 4 (IP3) with respect to the stimulable phosphor
sheet IP3 are capable of being calculated.

[0247] 1In the fourth embodiment, in the subtraction pro-
cessing means 118, the mean image signal Sm, which is the
mean value of the image signal S1 having been obtained
from the one surface of the stimulable phosphor sheet IP1
and the image signal S2 having been obtained from the other
surface of the stimulable phosphor sheet IP1, is calculated.
Also, the energy subtraction processing is performed on the
mean image signal Sm and the image signal S3. Therefore,
in the setting means 119, the mean value of the true mean
attenuation coefficient ¢ (IP1 one surface) and the true mean
attenuation coefficient #(IP1 other surface) is calculated as
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a true mean attenuation coefficient gy, (IP1). The true mean
attenuation coefficient pr, (IP1) is utilized as the weight
factor for the mean image signal Sm. More specifically, as
the true mean attenuation coefficient g (IP1), the mean
attenuation coefficients of the bone and the soft tissue, which
are shown below, are calculated.

[0248]  pimms s
[0249] In the subtraction processing means 118, the

energy subtraction processing is performed on the mean
image signal Sm and the image signal S3 and in accordance
with Formula (50) and

Ss=ptemS3-pn" Sm=(smtp" s "Hpm )ls+ (#pml30-

#p"Tmy) (50)

Sp=ptsw S35 "Sm=(tts" pm st et (smI30—

#"Tmg) D
[0250] wherein

[0251] g, represents the mean attenuation coeffi-

cient of the bone with respect to the stimulable
phosphor sheet IP1,

[0252] g, represents the mean attenuation coeffi-
cient of the soft tissue with respect to the stimulable
phosphor sheet IP1,

[0253] py" represents the mean attenuation coeffi-
cient of the bone with respect to the stimulable
phosphor sheet IP3,

[0254] ug" represents the mean attenuation coeffi-
cient of the soft tissue with respect to the stimulable
phosphor sheet IP3,

[0255] tg represents the thickness of the bone,
[0256] tg represents the thickness of the soft tissue,
and

[0257] each of Im, and I3, represents the fixed num-
ber depending upon the radiation source.

[0258] As described above, in cases where the mean image
signal Sm of the image signal S1 and the image signal S2,
which have been obtained from the two surfaces of the
stimulable phosphor sheet IP1, is calculated, and the energy
subtraction processing is performed on the mean image
signal Sm and the image signal S3, which has been obtained
from the stimulable phosphor sheet IP3, the mean attenua-
tion coefficients are capable of being calculated in the same
manner as that in the third embodiment described above.
Therefore, regardless of the thicknesses of the soft tissue and
the bone contained in the object 1, the difference signal Sq
representing the soft tissue image, in which only the pattern
of the soft tissue contained in the object 1 is illustrated
accurately, and the difference signal Sy representing the
bone image, in which only the pattern of the bone contained
in the object 1 is illustrated accurately, are capable of being
obtained.

[0259] In the fourth embodiment, the stimulable phosphor
sheet IP1 is scanned with the laser beam 11 having been
produced by the one laser beam source 10. Alternatively, the
laser beam sources and the scanning mirrors may be located
on both the one surface side and the other surface side of the
stimulable phosphor sheet IP1, and the laser beams maybe
irradiated to the two surfaces of the stimulable phosphor
sheet IP1. Also, the light emitted from the one surface of the
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stimulable phosphor sheet IP1 and the light emitted from the
other surface of the stimulable phosphor sheet IP1 may be
detected, and the two image signals S1 and S2 may thereby
be obtained.

[0260] In the third and fourth embodiments described
above, the true mean attenuation coefficients are calculated
with the weighted mean calculating processes, wherein the
mean attenuation coefficients g, (IP1) having been calculated
with respect to the first stimulable phosphor sheet IP1, the
mean attenuation coefficients g, (IP2) having been calculated
with respect to the second stimulable phosphor sheet IP2,
and the mean attenuation coefficients £ (IP3) having been
calculated with respect to the third stimulable phosphor
sheet IP3, where k=1 to 3, are weighted with the coefficients
A1, Ay, and A,_; having been calculated in accordance
with the standard deviations of the mean attenuation coef-
ficients u, (IP1), 1, (IP2), and 4, (IP3). However, the image
signal S1, which has been obtained from the first stimulable
phosphor sheet IP1 located at the position close to the object
1, contains more of the adverse effects of the scattered
radiation than the image signals S2 and S3, which have been
obtained from the stimulable phosphor sheets IP2 and IP3
located at the positions remote from the object 1. Therefore,
the deviation of the true mean attenuation coefficient
#(IP1), which has been calculated with respect to the first
stimulable phosphor sheet IP1, from the true value is large
due to the adverse effects of the scattered radiation. Accord-
ingly, for example, as for the first stimulable phosphor sheet
IP1, when the true mean attenuation coefficient is calculated
with Formula (43) shown above, the coefficients A, ; and
A may be multiplied by a coefficient o(<1). In this manner,
the weighting of each of the mean attenuation coefficients
#,(IP1) and u,(IP1), which have been calculated in accor-
dance with the dose of the radiation impinging upon the first
stimulable phosphor sheet IP1, may be set to be light. In
such cases, the effects of the mean attenuation coefficients,
which deviate largely from the true values due to the
scattered radiation, are capable of being suppressed. There-
fore, the weight factors are capable of being set more
accurately.

[0261] Further, in cases where the thickness of the object
1 is large, the radiation dose becomes small, and the amount
of the scattered radiation becomes large. Therefore, for
example, as for the first stimulable phosphor sheet IP1, when
the true mean attenuation coefficient is calculated with
Formula (43) shown above, the coefficients A; ; and A, ,
may be multiplied by a function “f” illustrated in FIG. 15,
whose value becomes small when the radiation dose
becomes small. In this manner, the weighting of each of the
mean attenuation coefficients u,(IP1) and u,(IP1), which
have been calculated in accordance with the dose of the
radiation impinging upon the first stimulable phosphor sheet
IP1, should preferably be set to be light in accordance with
the radiation dose, i.e. in accordance with the thickness of
the object 1.

[0262] In such cases, the adverse effects of the scattered
radiation are capable of being minimized. Therefore, the
predetermined weight factors are capable of being set more
accurately.

[0263] Inlicu of the weighted mean calculating processes
being performed, a simple mean value of the mean attenu-
ation coefficients g (IP1) having been calculated with
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respect to the first stimulable phosphor sheet IP1, a simple
mean value of the mean attenuation coefficients u, (IP2)
having been calculated with respect to the second stimulable
phosphor sheet IP2, and a simple mean value of the mean
attenuation coefficients p4 (IP3) having been calculated with
respect to the third stimulable phosphor sheet IP3 may be
calculated. The thus calculated simple mean values maybe
employed as the true mean attenuation coefficients.

[0264] In the third and fourth embodiments described
above, the mean attenuation coefficients are set in accor-
dance with the logarithmic radiation dose difference In(I1)-
In(12), and so on, among the radiation dose I1, the radiation
dose 12, and the radiation dose I3. Alternatively, since the
relationship represented by the formula In(I1)-In(I2)=In(I1/
12) is obtained, the mean attenuation coefficients may be set
in accordance with the logarithmic value In(I1/12) of the
ratio I1/I12 between the radiation dose I1 and the radiation
dose 12, the logarithmic value In(I1/13) of the ratio 11/13
between the radiation dose I1 and the radiation dose 13, and
the logarithmic value 1n(I2/13) of the ratio 12/13 between the
radiation dose 12 and the radiation dose 13.

[0265] Also, in the third and fourth embodiments
described above, the relationships between the logarithmic
radiation dose differences and the mean attenuation coeffi-
cients are determined as the table T'. Alternatively, the
information representing the functions, which represent the
relationships between the logarithmic radiation dose differ-
ences and the mean attenuation coefficients, may be stored
in the storage means 20, and the mean attenuation coefficient
may be calculated from the logarithmic radiation dose
differences In(I1)-In(12), and so on, by the utilization of
each of the functions.

[0266] The relationship between the logarithmic radiation
dose difference and the mean attenuation coefficient varies
for different image recording conditions employed in the
image recording operation, such as the voltage of the radia-
tion source 3, the kind of the radiation source 3, and the
sensitivities of the first stimulable phosphor sheet IP1, the
second stimulable phosphor sheet IP2, and the third stimu-
lable phosphor sheet IP3. Therefore, as in a fifth embodi-
ment of the energy subtraction processing apparatus in
accordance with the present invention, which fifth embodi-
ment is illustrated in FIG. 16, a plurality of tables T'1,
T2, .. .in accordance with various different image recording
conditions may be prepared previously, and the information
representing the plurality of the tables T'1, T'2, . . . may be
stored in the storage means 20. Also, the image recording
conditions employed in the image recording operation may
be inputted from the input means 21, which may be consti-
tuted of a keyboard, a mouse device, or the like. Further, a
table T' appropriate for the image recording conditions may
be selected in accordance with the inputted image recording
conditions, and the mean attenuation coefficient may be set
by the utilization of the selected table T'.

[0267] Further, in the third, fourth, and fifth embodiments
described above, the first stimulable phosphor sheet IP1, the
second stimulable phosphor sheet IP2, and the third stimu-
lable phosphor sheet IP3 are employed as the radiation
detecting means, and the image signal S1, the image signal
S2, and the image signal S3 are obtained from the first
stimulable phosphor sheet IP1, the second stimulable phos-
phor sheet IP2, and the third stimulable phosphor sheet IP3.
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Alternatively, other kinds of radiation detecting means, such
as X-ray film and semiconductor sensors, may be employed.

[0268] Furthermore, in the third embodiment described
above, the one-shot energy subtraction processing tech-
nique, wherein the three radiation images to be subjected to
the energy subtraction processing are formed simulta-
neously with one image recording operation, is employed.
However, the energy subtraction processing apparatus in
accordance with the present invention is not limited to the
utilization of the one-shot energy subtraction processing
technique. The energy subtraction processing apparatus in
accordance with the present invention is also applicable to
the cases where a multi-shot energy subtraction processing
technique, in which at least three kinds of radiation having
different energy distributions are irradiated one after the
other to the object, and the radiation images are formed on
at least three stimulable phosphor sheets one after the other
with at least three image recording operations, is employed,
and the image signals obtained with the multi-shot energy
subtraction processing technique are subjected to the energy
subtraction processing.

[0269] In the first, second, third, fourth, and fifth embodi-
ments described above, the object is the human body, and the
radiation image representing the soft tissue of the human
body and the radiation image representing the bone of the
human body are obtained. For example, in industrial product
producing fields, radiation images of a certain product are
recorded before a durability test is performed and after the
durability test has been performed, the energy subtraction
processing is performed on image signals representing the
radiation images, and a change in structure of the product is
thereby detected. Also, in food product producing fields, the
energy subtraction processing is performed on an image
signal representing a radiation image of a normal food
product and an image signal representing a radiation image
of a food product to be delivered, and a foreign matter
inspection of the food product having been produced is
thereby made. The energy subtraction processing apparatus
in accordance with the present invention is also applicable to
the energy subtraction processing for the fields other than the
medical field.

What is claimed is:
1. An energy subtraction processing method, comprising
the steps of:

i) obtaining a plurality of image signals, each of which
represents one of a plurality of radiation images of a
single object and is made up of a series of image signal
components, the plurality of the radiation images hav-
ing been formed respectively with a plurality of kinds
of radiation having different energy distributions and
carrying image information of the object, different
images of at least part of the object being embedded in
the plurality of the radiation images,

ii) weighting each of the image signals with a predeter-
mined weight factor, and

iii) performing a subtraction process on the image signal
components of the weighted image signals, which
image signal components represent corresponding pix-
els in the radiation images, a difference signal repre-
senting an image of a specific structure of the object
being thereby obtained,
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wherein the improvement comprises the step of:

setting the predetermined weight factor with respect
to each of pixels in each of the radiation images
and in accordance with a difference between loga-
rithmic values of radiation doses with respect to
the corresponding pixels in the radiation images at
the time of the formation of the plurality of the
radiation images, or in accordance with a loga-
rithmic value of a ratio between the radiation
doses with respect to the corresponding pixels in
the radiation images at the time of the formation of
the plurality of the radiation images.

2. A method as defined in claim 1 wherein reference is
made to a table or a function, which represents a relationship
between the predetermined weight factor and the difference
between the logarithmic values of the radiation doses with
respect to the corresponding pixels in the radiation images,
or which represents a relationship between the predeter-
mined weight factor and the logarithmic value of the ratio
between the radiation doses with respect to the correspond-
ing pixels in the radiation images, the relationship having
been determined previously, and

the predetermined weight factor is thereby set.

3. A method as defined in claim 2 wherein a plurality of
tables or functions, which represent the relationships having
been set in accordance with various different image record-
ing conditions at the time of formation of radiation images,
are prepared,

selection of a table or a function is accepted in accordance
with image recording conditions having been set at the
time of the formation of the plurality of the radiation
images,

reference is made to the thus selected table or the thus
selected function, and

the predetermined weight factor is thereby set.
4. An energy subtraction processing apparatus, COmpris-
ing:

i) means for obtaining a plurality of image signals, each
of which represents one of a plurality of radiation
images of a single object and is made up of a series of
image signal components, the plurality of the radiation
images having been formed respectively with a plural-
ity of kinds of radiation having different energy distri-
butions and carrying image information of the object,
different images of at least part of the object being
embedded in the plurality of the radiation images, and

ii) means for weighting each of the image signals with a
predetermined weight factor, and performing a subtrac-
tion process on the image signal components of the
weighted image signals, which image signal compo-
nents represent corresponding pixels in the radiation
images, in order to obtain a difference signal represent-
ing an image of a specific structure of the object,

wherein the improvement comprises the provision of:

setting means for setting the predetermined weight
factor with respect to each of pixels in each of the
radiation images and in accordance with a differ-
ence between logarithmic values of radiation
doses with respect to the corresponding pixels in
the radiation images at the time of the formation of

27

Jul. 4, 2002

the plurality of the radiation images, or in accor-

dance with a logarithmic value of a ratio between

the radiation doses with respect to the correspond-

ing pixels in the radiation images at the time of the

formation of the plurality of the radiation images.

5. An apparatus as defined in claim 4 wherein the appa-

ratus further comprises storage means for storing informa-

tion representing a table or a function, which represents a

relationship between the predetermined weight factor and

the difference between the logarithmic values of the radia-

tion doses with respect to the corresponding pixels in the

radiation images, or which represents a relationship between

the predetermined weight factor and the logarithmic value of

the ratio between the radiation doses with respect to the

corresponding pixels in the radiation images, the relation-
ship having been determined previously, and

the setting means makes reference to the table or the
function having been stored in the storage means and
sets the predetermined weight factor.

6. An apparatus as defined in claim 5 wherein the storage
means stores a plurality of tables or functions, which rep-
resent the relationships having been set in accordance with
various different image recording conditions at the time of
formation of radiation images, and

the setting means accepts selection of a table or a function
in accordance with image recording conditions having
been set at the time of the formation of the plurality of
the radiation images, makes reference to the thus
selected table or the thus selected function, and thereby
sets the predetermined weight factor.
7. A recording medium, on which a program for causing
a computer to execute an energy subtraction processing
method has been recorded and from which the computer is
capable of reading the program, the energy subtraction
processing method comprising:

i) obtaining a plurality of image signals, each of which
represents one of a plurality of radiation images of a
single object and is made up of a series of image signal
components, the plurality of the radiation images hav-
ing been formed respectively with a plurality of kinds
of radiation having different energy distributions and
carrying image information of the object, different
images of at least part of the object being embedded in
the plurality of the radiation images,

ii) weighting each of the image signals with a predeter-
mined weight factor, and

iii) performing a subtraction process on the image signal
components of the weighted image signals, which
image signal components represent corresponding pix-
els in the radiation images, a difference signal repre-
senting an image of a specific structure of the object
being thereby obtained,

wherein the program comprises the procedure for:

setting the predetermined weight factor with respect
to each of pixels in each of the radiation images
and in accordance with a difference between loga-
rithmic values of radiation doses with respect to
the corresponding pixels in the radiation images at
the time of the formation of the plurality of the
radiation images, or in accordance with a loga-
rithmic value of a ratio between the radiation
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doses with respect to the corresponding pixels in
the radiation images at the time of the formation of
the plurality of the radiation images.
8. A recording medium as defined in claim 7 wherein the
procedure for setting the predetermined weight factor is a
procedure for:

making reference to a table or a function, which repre-
sents a relationship between the predetermined weight
factor and the difference between the logarithmic val-
ues of the radiation doses with respect to the corre-
sponding pixels in the radiation images, or which
represents a relationship between the predetermined
weight factor and the logarithmic value of the ratio
between the radiation doses with respect to the corre-
sponding pixels in the radiation images, the relation-
ship having been determined previously, and

thereby setting the predetermined weight factor.

9. A recording medium as defined in claim 8 wherein, in
cases where a plurality of tables or functions, which repre-
sent the relationships having been set in accordance with
various different image recording conditions at the time of
formation of radiation images, are prepared, the procedure
for setting the predetermined weight factor is a procedure
for:

accepting selection of a table or a function in accordance
with image recording conditions having been set at the
time of the formation of the plurality of the radiation
images,

making reference to the thus selected table or the thus
selected function, and

thereby setting the predetermined weight factor.
10. An energy subtraction processing method, comprising
the steps of:

i) obtaining a plurality of image signals, each of which
represents one of a plurality of, at least three, radiation
images of a single object and is made up of a series of
image signal components, the plurality of the radiation
images having been formed respectively with a plural-
ity of kinds of radiation having different energy distri-
butions and carrying image information of the object,
different images of at least part of the object being
embedded in the plurality of the radiation images,

ii) weighting each of two representative image signals,
which are representative of the plurality of the image
signals, with a predetermined weight factor, and

iii) performing a subtraction process on the image signal
components of the weighted image signals, which
image signal components represent corresponding pix-
els in the two radiation images represented by the two
representative image signals, a difference signal repre-
senting an image of a specific structure of the object
being thereby obtained,

wherein the improvement comprises the steps of:

a) setting a mean attenuation coefficient with respect
to each of all of the radiation images, with respect
to each of pixels in each of the radiation images,
and in accordance with a difference between loga-
rithmic values of radiation doses with respect to
the corresponding pixels in the radiation images at
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the time of the formation of the plurality of the
radiation images, or in accordance with a loga-
rithmic value of a ratio between the radiation
doses with respect to the corresponding pixels in
the radiation images at the time of the formation of
the plurality of the radiation images, the setting of
the mean attenuation coefficient being performed
for each of combinations of two radiation images,
which two radiation images are associated with a
calculation of the difference between the logarith-
mic values of the radiation doses or a calculation
of the logarithmic value of the ratio between the
radiation doses and are selected from the plurality
of the radiation images,

b) calculating a mean value of the mean attenuation
coefficients, which have thus been set with respect
to an identical radiation image among all of the
radiation images and for all of the combinations of
the two radiation images selected from the plural-
ity of the radiation images, the mean value of the
mean attenuation coefficients being calculated
with respect to each of pixels in the identical
radiation image, a plurality of mean values being
obtained with respect to all of the radiation image,
and

¢) setting representative values of the mean values,

which representative values correspond to the

radiation images represented by the two represen-
tative image signals, as the predetermined weight

factors for the two representative image signals.
11. A method as defined in claim 10 wherein reference is
made to a table or a function, which represents a relationship
between the mean attenuation coefficient and the difference
between the logarithmic values of the radiation doses with
respect to the corresponding pixels in the radiation images,
or which represents a relationship between the mean attenu-
ation coefficient and the logarithmic value of the ratio
between the radiation doses with respect to the correspond-
ing pixels in the radiation images, the relationship having

been determined previously, and

the mean attenuation coefficient is thereby set.

12. Amethod as defined in claim 11 wherein a plurality of
tables or functions, which represent the relationships having
been set in accordance with various different image record-
ing conditions at the time of formation of radiation images,
are prepared,

selection of a table or a function is accepted in accordance
with image recording conditions having been set at the
time of the formation of the plurality of the radiation
images,

reference is made to the thus selected table or the thus
selected function, and

the mean attenuation coefficient is thereby set.

13. A method as defined in claim 10, 11, or 12 wherein the
mean value of the mean attenuation coefficients is calculated
with a weighted mean calculating process, in which the
mean attenuation coefficients are weighted in accordance
with standard deviations of the mean attenuation coeffi-
cients.

14. A method as defined in claim 13 wherein the weight-
ing of each of the mean attenuation coefficients having been
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set in accordance with a radiation image, which contains
more of scattered radiation than the other radiation images
among the plurality of the radiation images, is set to be
lighter than the weighting of the mean attenuation coefficient
having been set in accordance with the other radiation
images.

15. Amethod as defined in claim 14 wherein, with respect
to the radiation image, which contains more of the scattered
radiation than the other radiation images, the weighting of
each of the mean attenuation coefficients having been set in
accordance with the radiation image is set to be light in cases
where the radiation dose is small.

16. An energy subtraction processing apparatus, compris-
ing:

i) means for obtaining a plurality of image signals, each
of which represents one of a plurality of, at least three,
radiation images of a single object and is made up of a
series of image signal components, the plurality of the
radiation images having been formed respectively with
a plurality of kinds of radiation having different energy
distributions and carrying image information of the
object, different images of at least part of the object
being embedded in the plurality of the radiation
images, and

i) means for weighting each of two representative image
signals, which are representative of the plurality of the
image signals, with a predetermined weight factor, and
performing a subtraction process on the image signal
components of the weighted image signals, which
image signal components represent corresponding pix-
els in the two radiation images represented by the two
representative image signals, in order to obtain a dif-
ference signal representing an image of a specific
structure of the object,

wherein the improvement comprises the provision of:

a) mean attenuation coefficient setting means for
setting a mean attenuation coefficient with respect
to each of all of the radiation images, with respect
to each of pixels in each of the radiation images,
and in accordance with a difference between loga-
rithmic values of radiation doses with respect to
the corresponding pixels in the radiation images at
the time of the formation of the plurality of the
radiation images, or in accordance with a loga-
rithmic value of a ratio between the radiation
doses with respect to the corresponding pixels in
the radiation images at the time of the formation of
the plurality of the radiation images, the setting of
the mean attenuation coefficient being performed
for each of combinations of two radiation images,
which two radiation images are associated with a
calculation of the difference between the logarith-
mic values of the radiation doses or a calculation
of the logarithmic value of the ratio between the
radiation doses and are selected from the plurality
of the radiation images,

b) mean value calculating means for calculating a
mean value of the mean attenuation coefficients,
which have thus been set with respect to an
identical radiation image among all of the radia-
tion images and for all of the combinations of the
two radiation images selected from the plurality of
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the radiation images, the mean value of the mean
attenuation coefficients being calculated with
respect to each of pixels in the identical radiation
image, a plurality of mean values being obtained
with respect to all of the radiation image, and

¢) setting means for setting representative values of
the mean values, which representative values cor-
respond to the radiation images represented by the
two representative image signals, as the predeter-
mined weight factors for the two representative
image signals.

17. An apparatus as defined in claim 16 wherein the
apparatus further comprises storage means for storing infor-
mation representing a table or a function, which represents
a relationship between the mean attenuation coefficient and
the difference between the logarithmic values of the radia-
tion doses with respect to the corresponding pixels in the
radiation images, or which represents a relationship between
the mean attenuation coefficient and the logarithmic value of
the ratio between the radiation doses with respect to the
corresponding pixels in the radiation images, the relation-
ship having been determined previously, and

the mean attenuation coefficient setting means makes
reference to the table or the function having been stored
in the storage means and sets the mean attenuation
coefficient.

18. An apparatus as defined in claim 17 wherein the
storage means stores a plurality of tables or functions, which
represent the relationships having been set in accordance
with various different image recording conditions at the time
of formation of radiation images, and

the mean attenuation coefficient setting means accepts
selection of a table or a function in accordance with
image recording conditions having been set at the time
of the formation of the plurality of the radiation images,
makes reference to the thus selected table or the thus
selected function, and thereby sets the mean attenuation
coefficient.

19. An apparatus as defined in claim 16, 17, or 18 wherein
the mean value calculating means is means for calculating
the mean value of the mean attenuation coefficients with a
weighted mean calculating process, in which the mean
attenuation coefficients are weighted in accordance with
standard deviations of the mean attenuation coefficients.

20. An apparatus as defined in claim 19 wherein the mean
value calculating means sets the weighting of each of the
mean attenuation coefficients having been set in accordance
with a radiation image, which contains more of scattered
radiation than the other radiation images among the plurality
of the radiation images, to be lighter than the weighting of
the mean attenuation coefficient having been set in accor-
dance with the other radiation images.

21. An apparatus as defined in claim 20 wherein the mean
value calculating means operates such that, with respect to
the radiation image, which contains more of the scattered
radiation than the other radiation images, the weighting of
each of the mean attenuation coefficients having been set in
accordance with the radiation image is set to be light in cases
where the radiation dose is small.

22. Arecording medium, on which a program for causing
a computer to execute an energy subtraction processing
method has been recorded and from which the computer is
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capable of reading the program, the energy subtraction
processing method comprising:

i) obtaining a plurality of image signals, each of which
represents one of a plurality of, at least three, radiation
images of a single object and is made up of a series of
image signal components, the plurality of the radiation
images having been formed respectively with a plural-
ity of kinds of radiation having different energy distri-
butions and carrying image information of the object,
different images of at least part of the object being
embedded in the plurality of the radiation images,

ii) weighting each of two representative image signals,
which are representative of the plurality of the image
signals, with a predetermined weight factor, and

iii) performing a subtraction process on the image signal
components of the weighted image signals, which
image signal components represent corresponding pix-
els in the two radiation images represented by the two
representative image signals, a difference signal repre-
senting an image of a specific structure of the object
being thereby obtained,

wherein the program comprises the procedures for:

a) setting a mean attenuation coefficient with respect
to each of all of the radiation images, with respect
to each of pixels in each of the radiation images,
and in accordance with a difference between loga-
rithmic values of radiation doses with respect to
the corresponding pixels in the radiation images at
the time of the formation of the plurality of the
radiation images, or in accordance with a loga-
rithmic value of a ratio between the radiation
doses with respect to the corresponding pixels in
the radiation images at the time of the formation of
the plurality of the radiation images, the setting of
the mean attenuation coefficient being performed
for each of combinations of two radiation images,
which two radiation images are associated with a
calculation of the difference between the logarith-
mic values of the radiation doses or a calculation
of the logarithmic value of the ratio between the
radiation doses and are selected from the plurality
of the radiation images,

b) calculating a mean value of the mean attenuation
coefficients, which have thus been set with respect
to an identical radiation image among all of the
radiation images and for all of the combinations of
the two radiation images selected from the plural-
ity of the radiation images, the mean value of the
mean attenuation coefficients being calculated
with respect to each of pixels in the identical
radiation image, a plurality of mean values being
obtained with respect to all of the radiation image,
and

¢) setting representative values of the mean values,
which representative values correspond to the
radiation images represented by the two represen-
tative image signals, as the predetermined weight
factors for the two representative image signals.
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23. A recording medium as defined in claim 22 wherein
the procedure for setting the mean attenuation coefficient is
a procedure for:

making reference to a table or a- function, which repre-
sents a relationship between the mean attenuation coef-
ficient and the difference between the logarithmic val-
ues of the radiation doses with respect to the
corresponding pixels in the radiation images, or which
represents a relationship between the mean attenuation
coefficient and the logarithmic value of the ratio
between the radiation doses with respect to the corre-
sponding pixels in the radiation images, the relation-
ship having been determined previously, and

thereby setting the mean attenuation coefficient.

24. A recording medium as defined in claim 23 wherein,
in cases where a plurality of tables or functions, which
represent the relationships having been set in accordance
with various different image recording conditions at the time
of formation of radiation images, are prepared, the proce-
dure for setting the mean attenuation coefficient is a proce-
dure for:

accepting selection of a table or a function in accordance
with image recording conditions having been set at the
time of the formation of the plurality of the radiation
images,

making reference to the thus selected table or the thus
selected function, and

thereby setting the mean attenuation coefficient.

25. A recording medium as defined in claim 22, 23, or 24
wherein the procedure for calculating the mean value of the
mean attenuation coefficients is a procedure for calculating
the mean value of the mean attenuation coefficients with a
weighted mean calculating process, in which the mean
attenuation coefficients are weighted in accordance with
standard deviations of the mean attenuation coefficients.

26. A recording medium as defined in claim 25 wherein
the procedure for calculating the mean value of the mean
attenuation coefficients is a procedure for:

setting the weighting of each of the mean attenuation
coefficients having been set in accordance with a radia-
tion image, which contains more of scattered radiation
than the other radiation images among the plurality of
the radiation images, to be lighter than the weighting of
the mean attenuation coefficient having been set in
accordance with the other radiation images, and

thereby calculating the mean value of the mean attenua-

tion coefficients.

27. A recording medium as defined in claim 26 wherein
the procedure for calculating the mean value of the mean
attenuation coefficients is a procedure for operating such
that, with respect to the radiation image, which contains
more of the scattered radiation than the other radiation
images, the weighting of each of the mean attenuation
coefficients having been set in accordance with the radiation
image is set to be light in cases where the radiation dose is
small.
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