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(57) 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 speci?c 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] It has been proposed to use stimulable phosphors in 
radiation image recording and reproducing systems. Spe 
ci?cally, 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, US. 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 speci?c 
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 speci?c structure of the object, is obtained. By the 
utiliZation of the thus obtained difference signal, a visible 
radiation image, Which represents only the speci?c 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 speci?c 
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 speci?cation, 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. Speci?cally, the ?rst stimulable 
phosphor sheet, upon Which the radiation having a loW 
energy level impinges, may be represented by IPl, 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 ?rst stimulable phos 
phor sheet IPl 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. 



US 2002/0085671 A1 

[0008] wherein 

0009 re resents the mean attenuation coef?cient #1’; P 
of the bone With respect to the ?rst stimulable 
phosphor sheet IP1, 

[0010] pkg represents the mean attenuation coef?cient 
of the soft tissue With respect to the ?rst stimulable 
phosphor sheet IP1, 

0011 ‘ re resents the mean attenuation coef?cient ?rs P 
of the bone With respect to the second stimulable 
phosphor sheet IP2, 

[0012] pkg‘ represents the mean attenuation coef?cient 
of the soft tissue With respect to the second stimu 
lable phosphor sheet IP2, 

[0013] tS represents the thickness of the bone, 

[0014] tB represents the thickness of the soft tissue, 
and 

[0015] each of L0 and H0 represents the ?xed 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 coef?cient 
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 coef?cient of 
the substance is Weighted With the energy distribution of the 
detected radiation and averaged. The thus obtained value is 
de?ned as the mean attenuation coefficient. Accordingly, the 
mean attenuation coefficient varies for different thicknesses 
of the substance. 

[0018] In cases Where L represented by Formula (1) shoWn 
above is multiplied by the factor of pig‘, and H represented 
by Formula (2) shoWn above is multiplied by the factor of 
Pig, the difference betWeen #EH and pt?‘ L may be repre 
sented by Formula (3) shoWn beloW. 

[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 pkg‘, and H 
represented by Formula (2) shoWn above is multiplied by the 
factor of pkg, the difference betWeen pkSH and pkg‘ L may be 
represented by Formula (4) shoWn beloW. 

[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 coef?cient, by Which L is 
multiplied, and the mean attenuation coefficient, by Which H 
is multiplied, act as the Weight factors. 

[0023] The mean attenuation coef?cients, 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 coef?cient 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 coef?cient 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 coef?cient 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 speci?c 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 speci?c 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 coef?cient of the certain substance With respect 
to each of the tWo radiation images, Which are associated 



US 2002/0085671 A1 

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 ?rst energy subtrac 
tion processing method and a ?rst energy subtraction pro 
cessing apparatus in accordance With the present invention 
are based on such ?ndings. 

[0028] Speci?cally, the present invention provides a ?rst 
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 speci?c 
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 coef?cients 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 speci?c structures contained in the 
object are set. For eXample, in cases Where the speci?c 
structures are the soft tissue and the bone of the human body, 
one mean attenuation coef?cient 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 speci?c 
structures are the soft tissue and the bone of the human body, 
siX kinds (=3><2) 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 I2, the 
relationship represented by the formula ln(I1)—ln(I2)=ln(I1/ 
I2) 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 ?rst 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 speci?c 
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 ?rst energy subtraction processing apparatus 
in accordance With the present invention should preferably 
be modi?ed 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 

Jul. 4, 2002 

[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 ?rst energy subtraction process 
ing apparatus in accordance With the present invention 
should more preferably be modi?ed 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 ?rst 
recording medium, on Which a program for causing a 
computer to eXecute the ?rst 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 coef?cient 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 coef?cient 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 coef?cient 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 
?cient 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 coef?cient deviates from a true 






















































