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(57) ABSTRACT 
A radiological image processing apparatus of this invention 
includes a separating device, an adjusting device and a 
removing device. Since a corrected image is generated using 
the radiological image taken through an object under exami 
nation, each image can be acquired by one radiographic 
operation without acquiring data for grid correction before 
hand. The radiological image taken through the object is 
separated into a grid image and a non-grid image, and a 
corrected image is generated by adjusting intensity of the 
grid image on real space based on the non-grid image. Thus 
a high-precision correcting process is realized by one radio 
graphic operation. 
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RADIOLOGICAL MAGE PROCESSING 
APPARATUS AND RADIOLOGICAL MAGE 

PROCESSING PROGRAM 

TECHNICAL FIELD 

This invention relates to a radiological image processing 
apparatus and a radiological image processing program for 
processing radiological images taken through a grid for 
removing scattered radiation. 

BACKGROUND ART 

A radiological image processing apparatus accumulates 
radiation energy transmitted through an object under exami 
nation, in an image sensor called “flat panel radiation 
detector (FPD: Flat Panel Detector), and converts it into 
electric signals for visualization. At this time, the FPD 
accumulates linear radiation energy transmitted through the 
object, but at the same time accumulates also low-energy 
radiation scattered about when transmitted through the 
object. Consequently, image quality will be lowered, Such 
that the contrast of the radiological image taken is lowered 
by the scattered radiation. Usually, in order to remove this 
scattered radiation, radiography is carried out through a grid 
constructed by arranging alternately a radiation absorbing 
layer which uses lead or the like with a high rate of radiation 
absorption and a radioparent layer which uses aluminum, 
paper or the like with a low rate of radiation absorption. 

However, when an object is radiographed through the 
grid, a figure with a striped pattern (grid figure) under the 
influence of the radiation absorbing layers will be superim 
posed on a radiological image which is a photo image. 
Conventionally, to reduce this grid figure, there is an oscil 
lating system for oscillating the grid during radiography. 
However, the apparatus is enlarged by realizing this oscil 
lating system, to give rise to a problem of high cost, for 
example. 

Then, in order to remove the grid figure with variations 
due to the grid, there is a technique in which, based on 
sensitivity variations of a plurality of pixels constituting an 
image sensor, an image for correction for correcting a 
radiological image of an object under examination is created 
from image data obtained beforehand through the grid and 
without the object, and image components due to the grid are 
removed using the image for correction (see Patent Docu 
ment 1, for example). In addition, there are techniques of 
carrying out filtering based on a relationship between grid 
frequency relating to grids and sampling frequency of image 
sensors, in order to cope with two or more types of grids and 
various image sensors (see Patent Documents 2-4, for 
example). 

Patent Document 1 
Unexamined Patent Publication No. 2005-324069 
Patent Document 2 
U.S. Pat. No. 2,507,659 (pages 1, 3-5, and FIGS. 1-3, 7) 
Patent Document 3 
Unexamined Patent Publication No. 2004-344670 (page 

7, FIG. 7, Table 1) 
Patent Document 4 
Unexamined Patent Publication No. 2003-26.0053 (page 

6, Table 1) 

DISCLOSURE OF THE INVENTION 

Problem to be Solved by the Invention 

However, in the case of Patent Document 1 noted above, 
it is necessary to take an image for correction serving as 
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2 
reference for grid figure removable, beforehand through the 
grid and without an object under examination as noted 
above. In fact, it is troublesome, and practically unrealistic, 
to acquire an image for correction without the object before 
hand on each occasion of use. In order to obtain high 
precision correction results, it is necessary to ensure that 
radiographic environments, conditions and so on are in 
complete agreement between when the image for correction 
is acquired and when the object is actually radiographed. In 
many cases, it is practically difficult to have radiographic 
environments and conditions in complete agreement in 
actual use situations. 

In the case of Patent Document 1 noted above, grid stripe 
components are selected by spatial filtering from a target 
image which is the target of correction, on an assumption 
that grid stripes are steady over the entire image. Since the 
inclination of the radiation absorbing layers in the grid 
actually varies with image positions, the frequency bands of 
the grid stripes may be different between the central portion 
and peripheral portions of the image, and thus not neces 
sarily steady. Therefore, correction results are low in accu 
racy since correction is carried out, using the image for 
correction whose frequency band, actually, is not steady, on 
the assumption that the frequency band is steady over the 
entire image. Although variations in sensitivity can be 
reduced by generating an image for correction beforehand, 
high-precision correction cannot necessarily be realized 
since no consideration is made about variations in the 
accuracy of the correction itself when the image for correc 
tion is created. 

This invention has been made having regard to the state 
of the art noted above, and its object is to provide a 
radiological image processing apparatus and a radiological 
image processing program which can realize a high-preci 
sion correcting process by one radiographic operation with 
out acquiring data for grid correction beforehand. 

Means for Solving the Problem 

To fulfill the above object, this invention provides the 
following construction. 
A radiological image processing apparatus of this inven 

tion is a radiological image processing apparatus for pro 
cessing a radiological image taken through a grid for remov 
ing scattered radiation, comprising a separating device for 
separating the radiological image into a grid image including 
components of a grid figure due to the grid and a non-grid 
image including other components; an adjusting device for 
adjusting intensity of the grid image on real space based on 
the non-grid image to generate an adjusted image; and a 
removing device for Subtracting the adjusted image from the 
non-grid image to generate a corrected image free of influ 
ences of the grid. 

According to the radiological image processing apparatus 
of this invention, the separating device separates a radio 
logical image into a grid image including components of a 
grid figure due to the grid and a non-grid image including 
other components. Based on the non-grid image, the adjust 
ing device adjusts the intensity of the grid image on real 
space to generate an adjusted image. Then, the removing 
device Subtracts the adjusted image from the non-grid image 
to generate a corrected image free of the influence of the 
grid. Since the corrected image is generated using the 
radiological image taken through the object under exami 
nation, there is no need to take an image for correction 
beforehand not through the object, and through the grid, for 
use as a reference for grid figure removal. The images can 
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be acquired from one radiographic operation, without 
requiring radiographic environments and conditions to be in 
complete agreement, and with no restrictions, either. The 
radiological image taken through the object is separated into 
the grid image and non-grid image, and the intensity of the 
grid image is adjusted on real space based on the non-grid 
image to generate a corrected image. Thus, variations of 
each pixel are taken into account by the adjusted intensity in 
each pixel of the grid image, to realize a high-precision 
correcting process. As a result, a high-precision correcting 
process is realized by one radiographic operation without 
acquiring data for grid correction beforehand. 
One example of the above separating device is arranged 

to separate the grid image and the non-grid image on a 
spatial frequency domain. The components of the grid figure 
and other components can be separated with increased 
reliability by the separation on the spatial frequency domain. 
Of course, another example of the separating device may 
separate the grid image and non-grid image on real space. 

Further, the separating device is arranged to separate 
image components by selecting a periodic pattern in the 
radiological image. Particularly, since the components of the 
grid figure often are in a periodic pattern with a frequency 
band of a certain specific range, it is preferable that the 
image components are separated by bandpass filter process 
ing which passes through the specific frequency band cor 
responding to the grid figure. In addition, using the fact that 
the radiological image with the grid figure Superimposed 
thereon has a periodic pattern on real space, the separating 
device may separate the image components by selecting 
components similar to trigonometric functions concerning 
profiles of intensity on a real space of the radiological image. 
When adjusting the intensity of the grid image on the real 

space based on the non-grid image, the adjusting device 
adjusts the intensity of the grid image to generate the 
adjusted image so that components similar to the grid image 
be excluded from an image obtained by Subtracting the 
adjusted image from the non-grid image. Specifically, the 
adjusting device is arranged, when a local intensity variation 
in a grid position of the non-grid image is not monotonic, to 
adjust the intensity of the grid image to generate the adjusted 
image so that intensity in a grid position of the grid image 
become equal to the local intensity variation in the grid 
position of the non-grid image. Or the adjusting device is 
arranged to adjust the intensity of the grid image to generate 
the adjusted image so that intensity in a grid position of the 
grid image become equal to a difference between intensity in 
a grid position of the non-grid image and intensity in a grid 
position of an image obtained by Smoothing the non-grid 
image. By adjusting in this way, components similar to the 
grid image are not included in the image (i.e. corrected 
image) obtained by Subtracting the adjusted image from the 
non-grid image, which realizes a still higher-precision cor 
rection. 
A radiological image processing program of this invention 

is a radiological image processing program for causing a 
computer to process a radiological image taken through a 
grid for removing scattered radiation, comprising a separat 
ing step for separating the radiological image into a grid 
image including components of a grid figure due to the grid 
and a non-grid image including other components; an adjust 
ing step for adjusting intensity of the grid image on real 
space based on the non-grid image to generate an adjusted 
image; and a removing step for Subtracting the adjusted 
image from the non-grid image to generate a corrected 
image free of influences of the grid; processes in these steps 
being executed by the computer. 
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4 
According to the radiological image processing program 

of this invention, since a corrected image is generated using 
the radiological image taken through the object under 
examination, the images can be acquired from one radio 
graphic operation, without acquiring data for grid correction 
beforehand. The radiological image taken through the object 
is separated into the grid image and non-grid image, and the 
intensity of the grid image is adjusted on real space based on 
the non-grid image to generate a corrected image. Thus, a 
high-precision correcting process is realized by one radio 
graphic operation. 

Effects of the Invention 

According to the radiological image processing apparatus 
and radiological image processing program of this inven 
tion, since a corrected image is generated using the radio 
logical image taken through the object under examination, 
the images can be acquired from one radiographic operation, 
without acquiring data for grid correction beforehand. The 
radiological image taken through the object is separated into 
the grid image and non-grid image, and the intensity of the 
grid image is adjusted on real space based on the non-grid 
image to generate a corrected image. Thus, a high-precision 
correcting process is realized by one radiographic operation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a radiological image pro 
cessing apparatus according to an embodiment; 

FIG. 2 is a schematic view of a detecting plane of a flat 
panel radiation detector (FPD); 

FIGS. 3 (a)-(c) are schematic views of images illustrating 
separation; 

FIG. 4 is a flow chart showing a flow of a series of 
adjustments; and 

FIGS. 5 (a)-(c) are schematic views of profiles illustrating 
the adjustments. 

DESCRIPTION OF REFERENCES 

4. . . image processor 
31 . . . grid 
41 . . . separating unit 
42 . . . adjusting unit 
43 . . . removing unit 

EMBODIMENT 

An embodiment of this invention will be described here 
inafter with reference to the drawings. FIG. 1 is a block 
diagram of a radiological image processing apparatus 
according to the embodiment. FIG. 2 is a schematic view of 
a detecting plane of a flat panel radiation detector (FPD). 
FIG. 3 is a schematic view of images illustrating separation. 
FIG. 4 is a flow chart showing a flow of a series of 
adjustments. FIG. 5 is a schematic view of profiles illus 
trating the adjustments. 
The radiological image processing apparatus according to 

this embodiment, as shown in FIG. 1, includes a top board 
1 for Supporting a patient M, a radiation Source 2 (e.g. an 
X-ray tube) for emitting radiation (e.g. X-rays) toward the 
patient M, a flat panel radiation detector (hereinafter abbre 
viated as “FPD) 3 for detecting the radiation emitted from 
the radiation source 2 and transmitted through the patient M, 
an image processor 4 for carrying out image processes based 
on the radiation detected by the FPD 3, and a display 5 for 



US 9,655,570 B2 
5 

displaying various radiological images having undergone 
the image processes by the image processor 4. The display 
5 is in the form of a display device such as a monitor, 
television or the like. A grid 31 is attached to the detecting 
plane of the FPD 3. 

The image processor 4 includes a central processing unit 
(CPU) and others. The programs and the like for carrying out 
various image processes are written and stored in a storage 
medium represented by a ROM (Read-only Memory). The 
CPU of the image processor 4 reads from the storage 
medium and executes the programs and the like to carry out 
image processes corresponding to the programs. In particu 
lar, a separating unit 41, an adjusting unit 42 and an 
removing unit 43, described hereinafter, of the image pro 
cessor 4 execute a program relating to separation of a 
radiological image, intensity adjustment of a grid image, and 
removal of the influence of the grid, to carry out separation 
of the radiological image, intensity adjustment of the grid 
image and removal of the influence of the grid correspond 
ing to the program, respectively. The program relating to 
separation of the radiological image, intensity adjustment of 
the grid image and removal of the influence of the grid 
corresponds to the radiological image processing program in 
this invention. 

The image processor 4 includes the separating unit 41 
which separates a radiological image into a grid image 
including components of a grid figure due to the grid 31 and 
a non-grid image including other components, and the 
adjusting unit 42 which adjusts the intensity of the grid 
image in real space based on the non-grid image to generate 
an adjusted image, and the removing unit 43 which subtracts 
the adjusted image from the non-grid image to generate a 
corrected image free of the influence of the grid. The 
separating unit 41 corresponds to the separating device in 
this invention. The adjusting unit 42 corresponds to the 
adjusting device in this invention. The removing unit 43 
corresponds to the removing device in this invention. 
The FPD 3, as shown in FIG. 2, has a plurality of 

detecting elements d sensitive to radiation arranged in a 
two-dimensional matrix form on the detecting plane thereof. 
The detecting elements d detect the radiation by converting 
the radiation transmitted through the patient M into elec 
tronic signals, storing them once, and reading the electric 
signals stored. The electric signal detected by each detecting 
element d is converted into a pixel value corresponding to 
the electric signal. A radiological image is outputted by 
allotting the pixel values to pixels corresponding to positions 
of the detecting elements. The radiological image is sent to 
the separating unit 41 of the image processor 4 (see FIG. 1). 

Actual radiography and flows of data relating to each 
image will be described. By depressing a radiographing 
button not shown, radiation is generated from the radiation 
source 2, the radiation is emitted toward the patient M, and 
radiography is started as interlocked therewith. The radia 
tion generated passes through the patient M, and enters the 
FPD 3 through the grid 31. The FPD 3 carries out radiog 
raphy by detecting the radiation and outputting a radiologi 
cal image. Since the grid 31 is disposed adjacent the 
detecting plane of the FPD 3 as noted above, the grid 31 
removes scattered radiation generated when the radiation is 
transmitted through the patient M. Therefore, the radiologi 
cal image outputted from the FPD 3 has the grid figure 
superimposed thereon due to the influence of the grid 31. 
The radiological image with this grid figure Superimposed 

thereon is sent to the separating unit 41 of the image 
processor 4. The separating unit 41 separates the radiologi 
cal image into a grid image including components of the grid 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
figure and a non-grid image including other components. 
This embodiment uses frequency analysis for separating the 
components. That is, since the components of the grid figure 
often are in a periodic pattern with a frequency band of a 
certain specific range, the components are separated by 
bandpass filter processing which passes through the specific 
frequency band corresponding to the grid figure. 
Where the grid 31 is rated (i.e. a grid designed according 

to the standard), known grid density D of the rated grid 31, 
and sampling pitch Ps, and sampling frequency fs of the 
image sensor of the FPD 3 which are also known are used, 
thereby to derive grid frequency f. of the grid from the 
equation: f. PsDfs. On the other hand, Nyquist frequency 
f, is expressed as /2 of sampling frequency f. i.e. f f/2. 
Based on the sampling theorem, if f>f grid frequency f. 
will be the frequency of the grid figure. If f.sf., 2f-f. (i.e. 
fo-f) will be the frequency of the grid figure. And only the 
frequency of the grid figure is passed by bandpass filter 
processing. The radiological image is separated into the 
passed frequency components of the grid figure as the grid 
image, and remaining frequency components as the non-grid 
image. 
Where the grid 31 is not rated (i.e. not steady over the 

entire image) but, as noted hereinbefore, the frequency 
bands of the grid stripes are different between the central 
portion and peripheral portions of the image, the grid image 
and non-grid image are separated on the spatial frequency 
domain instead of using the above sampling theorem. Spe 
cifically, the grid image and non-grid image are separated by 
obtaining a power spectrum from the Fourier transform of 
the radiological image, and regarding the frequency band of 
the range where the power spectrum shows a local maxi 
mum value as the frequency of the grid figure. 

This will be described more particularly. Assuming that 
the longitudinal and transverse directions of the radiological 
image are X-direction and y-direction, and that each pixel 
value is f(x, y), F (u, v) after the Fourier transform on the 
spatial frequency domain is expressed by the following 
equation (1) using f(x, y): 

In the above equation (1), j is a complex number, and X. 
is a total of y=0 to N-1 and a total of X=0 to N-1. 

Image F (u, v) on the spatial frequency domain where the 
Fourier transform was carried out of the radiological image 
f(x, y) by the above equation (1) is as shown in FIG. 3 (a). 
That is, FIG. 3 (a) shows image F (u, v) visualizing the 
power spectrum of radiological image f(x, y). The image in 
FIG. 3 (a) is divided into blocks of a predetermined size set 
beforehand. FIG. 3 (b) shows spectrum data with replace 
ment by average spectral intensity in each block. The 
spectrum data of FIG. 3 (b) is scanned, and results of 
selection of blocks in positions showing the local maximum 
value are shown in FIG. 3 (c). In FIG. 3 (c), the blocks in the 
positions shown in black in the figure are selected as the 
local maximum value. 

If image F (u, v) on the spatial frequency domain (after 
the Fourier transform) is free of the influence of the grid, 
intensity will decrease monotonically from the image center 
toward the edges in FIG. 3. If there are locations which take 
the local maximum value, instead of decreasing monotoni 
cally, Such locations (blocks) can be considered the fre 
quency band of the grid figure. Therefore, a scan is carried 
out from the image center in FIG. 3. As does "monotonic' 
in the intensity adjustment of the grid image described 
hereinafter, "monotonic' in this specification refers to varia 
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tions of intensity without taking the extreme value, and 
intensity varying with the extreme value is considered not 
"monotonic'. 
The components having undergone the Fourier transform 

are separated by bandpass filter processing into components 
of the frequency band corresponding to the selected block 
positions (black blocks in FIG.3 (c)) and components of the 
frequency band corresponding to the other positions (white 
portions in FIG. 3 (c)). The grid image and non-grid image 
are generated by carrying out the inverse Fourier transform 
to visualize each. f(x, y) after the inverse Fourier transform 
is expressed by the following equation (2) using F (u, v). 

In the above equation (2), X is a total of v=0 to N-1 and 
a total of u=0 to N-1. 

Thus, where the grid 31 is rated, the frequency of the grid 
figure is obtained by the sampling theorem, and image 
components are separated by the bandpass filter processing 
which passes the frequency of the grid figure. Where the grid 
31 is not rated, the grid image and non-grid image are 
separated on the spatial frequency domain by regarding the 
frequency corresponding to the block positions where the 
power spectrum has the local maximum value on the spatial 
frequency domain by the Fourier transform as frequency of 
the grid figure, and separating image components by the 
bandpass filter processing which passes the frequency of the 
grid figure. 
The technique of separation is not limited to the above 

contents. The grid image and non-grid image may be sepa 
rated, for example, by separating a frequency band larger 
than a predetermined value set beforehand and other fre 
quency bands. Instead of being limited to separating the grid 
image and non-grid image on the spatial frequency domain, 
the fact that the radiological image with the grid figure 
Superimposed thereon has a periodic pattern on real space 
may be used, and image components may be separated by 
selecting components similar to trigonometric functions 
(e.g. Sine waves, cosine waves, products or Sums thereof, or 
other products or Sums) concerning profiles of intensity on 
the real space of the radiological image. That is, using a 
profile on real space of the radiological image and compo 
nents similar to trigonometric functions, similar components 
(extreme value) from a profile (section of the grid figure) 
perpendicular to the grid figure may be selected, and the 
selected components may be regarded as a grid image. The 
frequency analysis also is not limited to the Fourier trans 
form, but a different frequency analysis may be used. Such 
as wavelet transform or Gabor filter. The separation of the 
radiological image by the separating unit 41 corresponds to 
the separating step in this invention. 

The grid image and non-grid image generated by the 
separating unit 41 are sent to the adjusting unit 42, and only 
the non-grid image is sent to the removing unit 43. The 
adjusting unit 42 adjusts the intensity of the grid image to 
generate an adjusted image, so that components similar to 
the grid image may not be included in an image obtained by 
Subtracting the adjusted image described hereinafter from 
the non-grid image. In this embodiment, the adjusting unit 
42 carries out adjustments according to the flow in FIG. 4. 

(Step S1) Extreme Value? 
The grid image is scanned in the direction perpendicular 

to the grid figure (sectional direction of the grid figure), to 
check whether the intensity of an observed pixel indicates a 
pixel showing the extreme value. Specifically, a comparison 
is made between the grid image and non-grid image con 
cerning profiles of the intensity perpendicular to the grid 
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8 
figure (section of the grid figure). FIG. 5 (a) shows a profile 
of the grid image. FIG. 5 (b) shows a profile of the non-grid 
image in the same position as in FIG. 5 (a) and at a time of 
not being monotonic. FIG. 5 (c) shows a profile of the 
non-grid image in the same position as in FIG. 5 (a) and at 
a time of being monotonic. 

(Step S2) Next Pixel 
When, in the profile shown in FIG. 5 (a), the intensity of 

the observed pixel does not indicate a pixel showing the 
extreme value, attention moves to a next pixel along the 
direction perpendicular to the grid figure. The operation 
returns to step S1, and repeats steps S1 and S2 to scan along 
the direction perpendicular to the grid figure until a pixel 
showing the extreme value is found. 

(Step S3) Monotonic? 
When, in the profile shown in FIG. 5 (a), the intensity of 

the observed pixel indicates a pixel showing the extreme 
value, it is checked whether the non-grid image varies 
locally monotonically in a position where intensity shows a 
local maximum or a local minimum (i.e. grid position of the 
grid image) as shown in FIG. 5 (a). That is, it is checked 
whether the local intensity variation in the grid position of 
the non-grid image is monotonic. Whether the non-grid 
image varies locally monotonically is determined by com 
paring the intensities of points corresponding to positions 
where the local maximum and local minimum of the inten 
sity of the grid image reverse (A and C in FIG. 5 (a)) and an 
inward position of the extreme value (B in FIG. 5 (a)). 
Assume that the non-grid images corresponding to points A, 
Band C of the grid image are A, B' and C as shown in FIGS. 
5 (b) and 5 (c), an average value of the intensity at A and 
the intensity at C is compared with the intensity at B', and 
when there is a difference exceeding a predetermined range, 
it is determined not monotonic. 
When B' of the non-grid image has the extreme value as 

shown in FIG. 5 (b), the difference between the average 
value of the intensity at A and the intensity at C" and the 
intensity at B' exceeds the predetermined range, and thus it 
is determined not monotonic. This intensity at B' is regarded 
as having the extreme value under the influence of the 
intensity at B of the grid image. That is, although the 
non-grid image is separated by the separating unit 41 from 
the grid image including components of the grid figure, 
components influenced by the intensity at B of the grid 
image are, though Small in quantity, included in the non-grid 
image. It can be considered that, because of this, the local 
intensity variation in the grid position of the non-grid image 
is not monotonic. When it is not monotonic, the operation 
proceeds to the following step S4. 

Conversely, when B' of the non-grid image does not have 
the extreme value as shown in FIG. 5 (c), an average value 
of the intensity at A with low intensity and the intensity at 
C" with high intensity, by offset of the intensities at A and 
C", becomes such that the intensity is not different from the 
intensity at B' in the middle. Therefore, the difference 
between the average value of the intensity at A and the 
intensity at C" and the intensity at B' falls within the 
predetermined range, and thus it is determined monotonic. 
When it is monotonic, the operation skips the next step S4, 
and proceeds to the further following step S5. 

(Step S4) Adjustment 
When the local intensity variation in the grid position of 

the non-grid image is determined not monotonic in step S3. 
the intensity of the grid image is adjusted to a fixed multiple 
so that the intensity in the grid position (i.e. B) of the grid 
image may become equal to the local intensity variation 
(difference between the average value of the intensity at A 
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and the intensity at C", and the intensity at B') in the grid 
position (i.e. B') of the non-grid image. 

(Step S5) all Pixels? 
Steps S1-S4 (or steps S1-S3 when monotonic) are carried 

out about one observed pixel, and it is checked whether all 
the pixels have been scanned. When all the pixels have been 
scanned, a series of adjustments is ended noting that all the 
pixels in the grid image have undergone the intensity adjust 
ment by the adjusting unit 42. When all the pixels have not 
been scanned, the operation returns to step S1 to repeat steps 
S1-S4 (or steps S1-S3 when monotonic) for scanning along 
the direction perpendicular to the grid figure until all the 
pixels are done. 

Thus, the series of adjustments is ended by carrying out 
steps S1-S5. The technique of adjustment is not limited to 
the contents described above. Although it is checked 
whether the local intensity variation in the grid position of 
the non-grid image is monotonic, as an alternative thereto, 
the adjusting unit 42 may create an image by Smoothing the 
non-grid image, and the adjusting unit 42 may adjust the 
intensity of the grid image and generate an adjusted image, 
so that the intensity in the grid position (B) of the grid image 
may become equal to a difference between the intensity in 
the grid position (B') of the non-grid image and the intensity 
of the grid position of the above smoothed image. The 
intensity adjustment of the grid image by the adjusting unit 
42 corresponds to the adjusting step in this invention. 
The adjusted image generated through the adjustment by 

the adjusting unit 42 is sent to the removing unit 43, while 
the non-grid image generated by the separating unit 41 as 
noted hereinbefore is sent to the removing unit 43. The 
removing unit 43 subtracts the adjusted image from the 
non-grid image to generate a corrected image free of the 
influence of the grid. The removal of the influence of the grid 
by the removing unit 43 corresponds to the removing step in 
this invention. 

The corrected image generated through the removal by 
the removing unit 43 is sent to the display 5, and the display 
unit 5 makes a display output of the corrected image. The 
corrected image generated through the removal by the 
removing unit 43 may be written and stored in a storage 
medium represented by a RAM (Random-Access Memory) 
or the like, to be read as necessary and outputted for printing 
by a printing device represented by a printer or the like. 

According to the radiological image processing apparatus 
in this embodiment, the separating unit 41 separates a 
radiological image into a grid image including components 
of a grid figure due to the grid 31 and a non-grid image 
including other components. Based on the non-grid image, 
the adjusting unit 42 adjusts the intensity of the grid image 
on real space to generate an adjusted image. Then, the 
removing unit 43 Subtracts the adjusted image from the 
non-grid image to generate a corrected image free of the 
influence of the grid. Since the corrected image is generated 
using the radiological image taken through the patient M, 
there is no need to take an image for correction beforehand 
through the grid 31 and without the patient M, for use as a 
reference for grid figure removal. The images can be 
acquired from one radiographic operation, without requiring 
environments and conditions in complete agreement, and 
with no restrictions, either. The radiological image taken 
through the patient M is separated into the grid image and 
non-grid image, and the intensity of the grid image is 
adjusted on real space based on the non-grid image to 
generate a corrected image. Thus, variations of each pixel 
(e.g. variations in the sensitivity of the image sensor of FPD 
3, and variations of the correction and so on) are taken into 
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10 
account by the adjusted intensity in each pixel of the grid 
image, to realize a high-precision correcting process. As a 
result, a high-precision correcting process is realized by one 
radiographic operation without acquiring data for grid cor 
rection beforehand. 

In this embodiment, when the grid 31 is not rated, the 
separating unit 41 separates the grid image and non-grid 
image on the spatial frequency domain. The components of 
the grid figure and other components can be separated with 
increased reliability by the separation on the spatial fre 
quency domain. Of course, the grid image and non-grid 
image may be separated on real space as noted in the 
modification which selects components similar to trigono 
metric functions concerning profiles of intensity on real 
space of the radiological image. 
The separating unit 41 separates image components by 

selecting a periodic pattern in the radiological image. As 
noted hereinbefore, since the components of the grid figure 
often are in a periodic pattern with a frequency band of a 
certain specific range, it is preferable that the image com 
ponents are separated by bandpass filter processing which 
passes through the specific frequency band corresponding to 
the grid figure. 
When the intensity of the grid image is adjusted on real 

space based on the non-grid image, the adjusting unit 42 
adjusts the intensity of the grid image to generate an adjusted 
image, so that components similar to the grid image may not 
be included in an image obtained by Subtracting the adjusted 
image from the non-grid image. Specifically, when the local 
intensity variation in a grid position of the non-grid image is 
not monotonic, the adjusting unit 42 adjusts the intensity of 
the grid image to generate an adjusted image so that the 
intensity in the grid position of the grid image may become 
equal to the local intensity variation in the grid position of 
the non-grid image. By adjusting in this way, components 
similar to the grid image are not included in the image (i.e. 
corrected image) obtained by Subtracting the adjusted image 
from the non-grid image, which realizes a still higher 
precision correction. 

This invention is not limited to the foregoing embodi 
ment, but may be modified as follows: 

(1) The foregoing embodiment has been described taking 
X-rays as an example of radiation. However, it is applicable 
to radiation other than X-rays (such as gamma rays). 

(2) In the foregoing embodiment, the radiological image 
processing apparatus is constructed for medical use to 
conduct radiography of a patient placed on the top board 1 
as shown in FIG. 1. This is not limitative. For example, it 
may be a construction like a nondestructive testing apparatus 
for industrial use which conducts radiography of an object 
(in this case, a subject tested) conveyed on a belt, or a 
construction like an X-ray CT apparatus for medical use. A 
radiographic apparatus may be in the form of a separate 
apparatus as an external apparatus, which apparatus simply 
includes a separating device, an adjusting device and a 
removing device. 

(3) The grid image appears easily where use is made of an 
image sensor like a flat panel radiation detector (FPD) 
having detecting elements arranged to correspond to pixels, 
respectively. Therefore, where this invention is applied to an 
FPD, it will be especially useful in that high-precision 
correction is realized. However, the image sensor is not 
limited to an FPD. This invention is applicable to any image 
sensor used generally. 
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The invention claimed is: 
1. A radiological image processing apparatus for process 

ing a radiological image taken through a grid for removing 
scattered radiation, comprising a separating device for sepa 
rating the radiological image into a grid image including 
components of a grid figure due to the grid and a non-grid 
image including other components: an adjusting device for 
adjusting intensity of the grid image on real space based on 
the non-grid image to generate an adjusted image; and a 
removing device for Subtracting the adjusted image from the 
non-grid image to generate a corrected image free of influ 
ences of the grid. 

2. The radiological image processing apparatus according 
to claim 1, wherein the separating device is arranged to 
separate the grid image and the non-grid image on a spatial 
frequency domain. 

3. The radiological image processing apparatus according 
to claim 1, wherein the separating device is arranged to 
separate image components by selecting a periodic pattern in 
the radiological image. 

4. The radiological image processing apparatus according 
to claim 3, wherein the separating device is arranged to 
separate the image components by bandpass filter processing 
which passes through a specific frequency band. 

5. The radiological image processing apparatus according 
to claim 3, wherein the separating device is arranged to 
separate the image components by selecting components of 
trigonometric functions concerning profiles of intensity on a 
real space of the radiological image. 

6. The radiological image processing apparatus according 
to claim 1, wherein the adjusting device is arranged to adjust 
the intensity of the grid image to generate the adjusted image 
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so that components of the grid image are excluded from an 
image obtained by Subtracting the adjusted image from the 
non-grid image. 

7. The radiological image processing apparatus according 
to claim 6, wherein the adjusting device is arranged, when 
a local intensity variation in a grid position of the non-grid 
image is not monotonic, to adjust the intensity of the grid 
image to generate the adjusted image so that intensity in a 
grid position of the grid image become equal to the local 
intensity variation in the grid position of the non-grid image. 

8. The radiological image processing apparatus according 
to claim 6, wherein the adjusting device is arranged to adjust 
the intensity of the grid image to generate the adjusted image 
so that intensity in a grid position of the grid image become 
equal to a difference between intensity in a grid position of 
the non-grid image and intensity in a grid position of an 
image obtained by Smoothing the non-grid image. 

9. A radiological image processing program for causing a 
computer to process a radiological image taken through a 
grid for removing scattered radiation, comprising a separat 
ing step for separating the radiological image into a grid 
image including components of a grid figure due to the grid 
and a non-grid image including other components; an adjust 
ing step for adjusting intensity of the grid image on real 
space based on the non-grid image to generate an adjusted 
image; and a removing step for Subtracting the adjusted 
image from the non-grid image to generate a corrected 
image free of influences of the grid; processes in these steps 
being executed by the computer. 

10. The radiological image processing apparatus accord 
ing to claim 5, wherein the components of trigonometric 
functions are sine waves, cosine waves, products or sums 
thereof, or other products or sums. 

k k k k k 


