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(57) ABSTRACT 

A nondestructive inspection device 1 comprises an X-ray 
indicator 20, a low-energy detector 32, a high-energy detec 
tor 42, a low-energy transmittance calculation unit 72, a 
high-energy transmittance calculation unit 74, a detection 
unit 76, and a correction unit 78. The calculation unit 72 
calculates a value indicating the transmittance of transmis 
sion X-rays in a low energy range. The calculation unit 74 
calculates a value indicating the transmittance of transmis 
sion X-rays in a high energy range. The detection unit 76 
detects a positional deviation detail of the X-ray indicator 20 
according to a ratio between the transmittances calculated by 
both of the calculation units 72, 74. When the positional 
deviation detail of the X-ray indicator 20 is detected by the 
detection unit 76, according to the positional deviation 
detail, the correction unit 78 corrects X-ray luminance data 
detected by the detectors 32, 42. 

11 Claims, 15 Drawing Sheets 
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1. 

NONDESTRUCTIVE INSPECTION DEVICE 
AND METHOD FOR CORRECTING 

LUMINANCE DATA WITH 
NONDESTRUCTIVE INSPECTION DEVICE 

TECHNICAL FIELD 

The present invention relates to a nondestructive inspec 
tion device and a method for correcting luminance data with 
the nondestructive inspection device. 

BACKGROUND ART 

Inspection devices of a dual energy type have been known 
which irradiate Subjects to be inspected Such as foods and 
industrial products with radiations such as X-rays and detect 
the radiations transmitted through the subjects in different 
ranges such as low and high energy ranges, so as to perform 
nondestructive inspections. Such a nondestructive inspec 
tion device can acquire radiation images in low and high 
energy ranges at the same time. 

Carrying out predetermined operations (such as division, 
Subtraction, addition, and multiplication) between the radia 
tion images acquired in the different energy ranges makes it 
possible to highly accurately determine distributions of 
components intricately mixing together, detect foreign mat 
ters which are hard to get a contrast, and so forth. For 
acquiring radiation images in different energy ranges, such 
an inspection device is equipped with detectors correspond 
ing to the respective energy ranges and employs a structure 
in which the detectors are arranged in a vertical row (see 
FIG. 9 of Patent Literature 1), for example. 

CITATION LIST 

Patent Literature 

Patent Literature 1: Japanese Patent Application Laid 
Open No. H04-002.907 

SUMMARY OF INVENTION 

Technical Problem 

Meanwhile, in the inspection device constructed such that 
the detectors are stacked in two stages, its radiation Source 
is a point light Source, while there is a distance between an 
image pickup device included in the detector on the 
upstream side in an irradiation direction of the radiation and 
an image pickup device included in the detector on the 
downstream side, whereby a deviation occurs between 
images acquired by the respective image pickup devices (see 
FIG. 3(b)). Therefore, correspondences between pixels of 
the detectors on the upstream and downstream sides are 
determined beforehand by using a calibration member and 
the like, so that a radiation image in which the pixels of the 
upstream and downstream detectors correspond with each 
other can be acquired when performing a nondestructive 
inspection device. 

However, when continuously performing nondestructive 
inspections, the light source position of the radiation Source 
may shift (exhibit a focal shift) due to displacement or 
deformation (thermal expansion) caused by the temperature 
of the radiation source or nondestructive inspection device, 
whereby the pixels of the upstream and downstream detec 
tors brought into correspondence with each other may fail to 
correspond with each other. If the pixels thus fail to corre 
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2 
spond with each other between the detectors, when carrying 
out a predetermined operation between radiation images, 
pseudo-edges occurring in results of operations and the like 
may prevent appropriate radiation operation images from 
being acquired, thereby lowering the measuring accuracy in 
the nondestructive inspection. When continuously perform 
ing nondestructive inspections in-line, calibration is hard to 
perform for each inspection, which makes it necessary to 
detect early if the pixels fail to correspond with each other 
and then correct radiation images such that the pixels 
correspond with each other. 

Solution to Problem 

The nondestructive inspection device in accordance with 
one aspect of the present invention is a device comprising a 
conveyor unit, a radiation source, first and second radiation 
detectors, first and second calculation units, a detection unit, 
and a correction unit. The conveyor unit conveys a subject 
to be inspected in a predetermined direction. The radiation 
source irradiates the conveyor unit with a radiation directed 
So as to intersect a conveying direction caused by the 
conveyor unit. The first radiation detector detects the radia 
tion emitted from the radiation source in a first energy range. 
The second radiation detector detects the radiation emitted 
from the radiation source in a second energy range higher 
than the first energy range. 
The first calculation unit calculates from luminance data 

of the radiation detected by the first radiation detector a 
value indicating a first transmittance in the first energy range 
of the radiation transmitted from the radiation source 
through the subject. The second calculation unit calculates 
from luminance data of the radiation detected by the second 
radiation detector a value indicating a second transmittance 
in the second energy range of the radiation transmitted from 
the radiation source through the Subject. According to a ratio 
or difference between the value indicating the first transmit 
tance calculated by the first calculation unit and the value 
indicating the second transmittance calculated by the second 
calculation unit, the detection unit detects a positional devia 
tion detail of the radiation source. When the positional 
deviation detail of the radiation source is detected by the 
detection unit, the correction unit corrects according to the 
positional deviation detail at least one of the luminance data 
of the radiation detected by the first and second radiation 
detectors. 
The correction method in accordance with one aspect of 

the present invention is a correction method, in a nonde 
structive inspection device comprising a conveyor unit that 
conveys a subject to be inspected in a predetermined direc 
tion, a radiation source that irradiates the conveyor unit with 
a radiation directed so as to intersect a conveying direction 
caused by the conveyor unit, a first radiation detector that 
detects the radiation emitted from the radiation source in a 
first energy range, and a second radiation detector that 
detects the radiation emitted from the radiation source in a 
second energy range higher than the first energy range, for 
correcting at least one of luminance data detected by the first 
and second radiation detectors. 

This correction method comprises a first calculation step, 
a second calculation step, a detection step, and a correction 
step. The first calculation step calculates from luminance 
data of the radiation detected by the first radiation detector 
a value indicating a first transmittance in the first energy 
range of the radiation transmitted from the radiation Source 
through the Subject. The second calculation step calculates 
from luminance data of the radiation detected by the second 
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radiation detector a value indicating a second transmittance 
in the second energy range of the radiation transmitted from 
the radiation source through the Subject. According to a ratio 
or difference between the value indicating the first transmit 
tance calculated at the first calculation step and the value 
indicating the second transmittance calculated at the second 
calculation step, the detection step detects a positional 
deviation detail of the radiation source. When the positional 
deviation detail of the radiation source is detected by the 
detection step, the correction step corrects according to the 
positional deviation detail at least one of the luminance data 
of the radiation detected by the first and second radiation 
detectors. 

In the above-mentioned aspect, the values indicating the 
respective transmittances in the first and second energy 
ranges of the radiation transmitted through the Subject are 
calculated from luminance data, and the positional deviation 
detail of the radiation source is detected according to a ratio 
or difference between the values indicating the transmit 
tances. While radiations such as X-rays have such a property 
as to be easier to pass through an object as their energy is 
higher, for example, referring to the values indicating trans 
mittances of an object in both of detectors adjusted such that 
their pixels and the like correspond with each other can 
detect if and how the pixels of the detectors fail to corre 
spond with each other, whereby the positional deviation 
detail can be seen. As a result, the above-mentioned aspect 
can detect early if the pixels of the radiation detectors fail to 
correspond with each other and correct luminance data from 
the detectors such that the pixels correspond with each other 
again. 
The above-mentioned aspect calculates the values indi 

cating the respective transmittances in the first and second 
energy ranges of the radiation by utilizing luminance data. 
Since the luminance data usually acquired by radiation 
detectors of nondestructive inspection devices are utilized, 
the transmittances can easily be determined without requir 
ing new detectors to be provided separately. However, new 
detectors may be provided in addition. The second energy 
range detected by the second radiation detector is only 
required to be higher than the first energy range in total and 
may partly overlap the first energy range. 

In the nondestructive inspection device and correction 
method in accordance with another aspect, the detection unit 
may store therein two thresholds of upper and lower limits 
set by a radiation transmittance of the subject and detect the 
positional deviation detail of the radiation source by com 
paring the ratio or difference between the values indicating 
the first and second transmittances with both of the upper 
and lower thresholds. In this case, for detecting the posi 
tional deviation detail of the radiation source, the thresholds 
are set according to a distinct radiation transmittance for 
each subject to be inspected, whereby the positional devia 
tion detail of the radiation Source can be seen more securely. 

In the nondestructive inspection device and correction 
method in accordance with still another aspect, each of the 
first and second radiation detectors may have a detection 
region extending in a detection direction intersecting the 
conveying and irradiation directions, while the detection 
unit may detect the positional deviation detail of the radia 
tion Source by comparing with the upper and lower thresh 
olds a transmittance pattern constituted by an assembly of 
ratios or differences of values indicating the first and second 
transmittances while corresponding to the detection region. 
In this case, the positional deviation detail of the radiation 
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4 
Source can be detected by comparing the transmittance 
pattern with the thresholds, whereby the detection process 
ing can be made simpler. 

In the nondestructive inspection device and correction 
method in accordance with yet another aspect, the detection 
unit may determine that the radiation source is shifted in the 
detection direction when a location corresponding to one 
end of the Subject in the transmittance pattern is higher than 
the upper threshold while a location corresponding to the 
other end of the subject in the transmittance pattern is lower 
than the lower threshold. When it is determined by the 
detection unit that the radiation source is shifted in the 
detection direction, the correction unit may perform reset 
processing for setting a new reference pixel by moving at 
least one of reference pixels for causing respective lumi 
nance data from the first and second radiation detectors to 
correspond with each other to another pixel, so as to correct 
at least one of the luminance data from the first and second 
radiation detectors. 
When it is determined by the detection unit that the 

radiation source is shifted in the detection direction, the 
correction unit may also perform readjustment processing 
for readjusting a magnification of each of pixels constituting 
the first and second radiation detectors, so as to correct one 
of the luminance data from the first and second radiation 
detectors. This can detect a shift in the detection direction of 
the radiation Source securely and correct the luminance data 
according to the shift. 

In the nondestructive inspection device and correction 
method in accordance with a further aspect, the detection 
unit may determine that the radiation source is shifted in the 
irradiation direction if each of locations corresponding to 
both ends of the subject in the transmittance pattern is lower 
than the lower threshold or higher than the upper threshold. 
When it is determined by the detection unit that the radiation 
source is shifted in the irradiation direction, the correction 
unit may also perform readjustment processing for readjust 
ing a magnification of each of pixels constituting the first 
and second radiation detectors, so as to correct one of the 
luminance data from the first and second radiation detectors. 
When it is determined by the detection unit that the 

radiation source is shifted in the irradiation direction, the 
correction unit may perform reset processing for setting a 
new reference pixel by moving at least one of reference 
pixels for causing respective luminance data from the first 
and second radiation detectors to correspond with each other 
to another pixel, so as to correct at least one of the luminance 
data from the first and second radiation detectors. This can 
detect a shift in the irradiation direction of the radiation 
Source securely and correct the luminance data according to 
the shift. 

In the nondestructive inspection device in accordance 
with a still further aspect, the second radiation detector may 
be located downstream of the first radiation detector in the 
irradiation direction of the radiation. This can detect early if 
pixels of radiation detectors Stacked in two stages fail to 
correspond with each other and correct luminance data from 
the detectors such that the pixels correspond with each other 
aga1n. 

Advantageous Effects of Invention 

One aspect of the present invention makes it possible to 
detect early if pixels of radiation detectors fail to correspond 
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with each other and correct luminance data Such that the 
pixels correspond with each other. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a perspective view of the nondestructive inspec 
tion device in accordance with an embodiment. 

FIG. 2 is a schematic structural diagram of the nonde 
structive inspection device illustrated in FIG. 1. 

FIGS. 3(a) and 3(b) are side and front views, respectively, 
illustrating correspondences between pixels of detectors. 

FIG. 4(a) is a diagram for explaining the magnification 
between pixels corresponding with each other, while FIG. 
4(b) is a chart illustrating an example of how to create 
correction data. 

FIG. 5 is a chart illustrating an example of luminance data 
of X-rays transmitted through a Subject to be inspected. 

FIGS. 6(a) and 6(b) are charts illustrating outlines of a 
shading correction, while representing states before and 
after the correction, respectively. 

FIGS. 7(a) and 7(b) are charts illustrating outlines of a 
dark current correction, while representing states before and 
after the correction, respectively. 

FIGS. 8(a) to 8(d) are charts illustrating respective trans 
mittance patterns. 

FIGS. 9(a) and 9(b) are diagrams illustrating a case where 
an X-ray source is shifted to one side of a detection direction 
X in the nondestructive inspection device depicted in FIG. 
1, while representing states before and after the shift, 
respectively. 

FIG. 10 is a diagram enlarging a part of FIG. 9(b). 
FIGS. 11(a) and 11(b) are diagrams illustrating a case 

where the X-ray source is shifted to the lower side of an 
irradiation direction Z in the nondestructive inspection 
device depicted in FIG. 1, while representing states before 
and after the shift, respectively. 

FIG. 12 is an enlarged view of a part of FIG. 11(b). 
FIGS. 13(a) and 13(b) are diagrams illustrating a case 

where the X-ray source is shifted to the upper side of the 
irradiation direction Z in the nondestructive inspection 
device depicted in FIG. 1, while representing states before 
and after the shift, respectively. 

FIG. 14 is a diagram enlarging a part of FIG. 13(b). 
FIG. 15 is a flowchart illustrating a correction method in 

the nondestructive inspection device depicted in FIG. 1. 

DESCRIPTION OF EMBODIMENTS 

In the following, preferred embodiments of the present 
invention will be explained in detail with reference to the 
accompanying drawings. In the explanation, the same con 
stituents or those having the same functions will be referred 
to with the same signs while omitting their overlapping 
descriptions. 
As illustrated in FIGS. 1 and 2, a nondestructive inspec 

tion device 1 is a device which irradiates a subject S to be 
inspected with X-rays emitted from an X-ray source in an 
irradiation direction Zand detects transmission X-rays trans 
mitted through the subject S in the emitted X-rays in a 
plurality of energy ranges. The nondestructive inspection 
device 1 inspects foreign matters in the Subject S. baggage, 
and the like included by using a transmitted X-ray image. 
The nondestructive inspection device 1 comprises a belt 
conveyor 10, an X-ray irradiator 20, a low-energy image 
acquisition unit 30, a high-energy image acquisition unit 40, 
a control unit 50, an image processor 60, and an analyzer 70. 
The low-energy image acquisition unit 30, high-energy 
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6 
image acquisition unit 40, and control unit 50 constitute a 
dual image acquisition device 80. 
The belt conveyor 10, as illustrated in FIG. 1, has a belt 

unit 12 on which the subject S is mounted. The belt conveyor 
10 moves the belt unit 12 in a conveying direction Y, so as 
to convey the subject S in the conveying direction Y at a 
predetermined conveying speed. The conveying speed of the 
subject S is 48 m/min, for example. The belt conveyor 10 
can change its conveying speed to Such a rate as 24 m/min 
or 96 m/min, for example, as necessary. The subject S to be 
conveyed by the belt conveyor 10, whose examples widely 
cover foods such as meat and retort pouches, rubber prod 
ucts such as tires, baggage for security check, resin products, 
metal products such as wires, resource materials such as 
minerals, wastes for separation or resource recovery, and 
electronic components, is not restricted in particular. 
The X-ray irradiator 20 is a device for irradiating the 

subject S with the X-rays in the irradiation direction Z and 
functions as an X-ray source. The X-ray irradiator 20 is a 
point light source and performs such irradiation as to dis 
perse the X-rays over a predetermined angle range in a 
detection direction X which is orthogonal to the irradiation 
direction Z and conveying direction Y. The X-ray irradiator 
20 is arranged above the belt unit 12 with a predetermined 
distance therefrom Such that the dispersing X-rays cover the 
whole width (in the detection direction X) of the subject S 
while orienting the X-ray irradiation direction Z to the belt 
unit 12. The X-ray irradiator 20 is constructed such that, 
while a predetermined divisional range S., in the longitudinal 
direction of the subject S (conveying direction Y) is 
employed as an irradiation range (see FIG. 3(a)), the whole 
length of the subject S is irradiated with the X-rays as being 
conveyed in the conveying direction Y by the belt conveyor 
10. 
The low-energy image acquisition unit 30 has a low 

energy detector 32 and a low-energy image correction unit 
34. 
The low-energy detector 32 is located on the upstream 

side in the X-ray entrance direction Z and detects, in the 
X-rays emitted from the X-ray irradiator 20, those in a 
low-energy range transmitted through a predetermined divi 
sional range S. of the subject S (see FIG. 3(a)), so as to 
generate low-energy image data. The low-energy detector 32 
can similarly detect, in the X-rays emitted from the X-ray 
irradiator 20, those in the low-energy range transmitted 
through the belt conveyor 10 without the subject S. 
The low-energy detector 32 includes a low-energy scin 

tillator layer and a low-energy line sensor. The low-energy 
Scintillator layer extends along the detection direction X and 
converts an image of X-rays in the low-energy range to an 
optical image. The low-energy line sensor has a plurality of 
pixels 32, (n=1 to N, where N is an integer) arranged along 
the detection direction X (see FIG. 3(b)) and acquires a 
low-energy image produced by the optical image converted 
by the Scintillator layer. The low-energy image acquired by 
the line sensor is constituted by an assembly of luminance 
data obtained for the individual pixels 32 of the line sensor. 
The low-energy image correction unit 34 is constructed 

Such as to amplify and correct the low-energy-range lumi 
nance data generated for each pixel by the low-energy 
detector 32 and acquire thus amplified and corrected low 
energy image. The low-energy image correction unit 34 has 
an amplifier 34a for amplifying the low-energy-range lumi 
nance data, an A/D conversion unit 34b for A/D-converting 
the low-energy-range luminance data amplified by the 
amplifier 34a, a correction circuit 34c for performing pre 
determined correction processing for the luminance data 
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converted by the A/D conversion unit 34b, and an output 
interface 34d for outputting the luminance data corrected by 
the correction circuit 34c to the outside as low-energy image 
data. 
The high-energy image acquisition unit 40 has a high 

energy detector 42 and a high-energy image correction unit 
44. 
The high-energy detector 42 is located downstream of the 

low-energy detector 32 in the X-ray entrance direction Zand 
detects, in the X-rays emitted from the X-ray irradiator 20, 
those in a high-energy range transmitted through the prede 
termined divisional range S., of the subject S and the 
low-energy detector 32, so as to generate high-energy image 
data. The high-energy detector 42 can similarly detect, in the 
X-rays emitted from the X-ray irradiator 20, those in the 
high-energy range transmitted through the belt conveyor 10 
without the subject S. The low-energy range detected by the 
low-energy detector 32 and the high energy range detected 
by the high-energy detector 42 are not required to be clearly 
distinguishable from each other, but may overlap each other 
tO SOme eXtent. 

The high-energy detector 42 includes a high-energy Scin 
tillator layer and a high-energy line sensor. The high-energy 
Scintillator layer extends along the detection direction X and 
converts an image of X-rays in the high-energy range to an 
optical image. The high-energy line sensor has a plurality of 
pixels 42, (n=1 to N, where N is an integer) arranged along 
the detection direction X (see FIG. 3(b)) and acquires a 
high-energy image produced by the optical image converted 
by the Scintillator layer. The high-energy image acquired by 
the line sensor is constituted by an assembly of luminance 
data obtained for the individual pixels 42 of the line sensor. 
The low-energy detector 32 and high-energy detector 42 
may be constituted by identical line sensors with different 
Scintillator layers. 
The high-energy image correction unit 44 is constructed 

Such as to amplify and correct the high-energy-range lumi 
nance data generated for each pixel by the high-energy 
detector 42 and acquire thus amplified and corrected high 
energy image. The high-energy image correction unit 44 has 
an amplifier 44.a for amplifying the high-energy-range lumi 
nance data, an A/D conversion unit 44b for A/D-converting 
the high-energy-range luminance data amplified by the 
amplifier 44a, a correction circuit 44c for performing pre 
determined correction processing for the luminance data 
converted by the A/D conversion unit 44b, and an output 
interface 44d for outputting the luminance data corrected by 
the correction circuit 44c to the outside as high-energy 
image data. 
The control unit 50 controls detection timings of the 

transmission X-rays in the low-energy detector 32 and 
high-energy detector 42 such that the same divisional range 
S in the conveying direction Y of the subject S is detected 
by both of the detectors 32, 42. The detection timing control 
by the control unit 50 can reduce deviations in images 
occurring when the low- and high-energy image data are 
Subjected to Subtraction processing. 

Since the X-ray irradiator 20 is a point light source from 
which X-rays spread radially, there are locations where the 
pixels 32, of the low-energy detector 32 and the pixels 42, 
of the high-energy detector 42 fail to correspond with each 
other completely on the upper and lower sides in the Z 
direction. That is, the correspondence between the respec 
tive pixels 32, 42, of the low- and high-energy detectors 32. 
42 shifts in the detection directionX more toward ends in the 
detection direction X. Therefore, the control unit 50 outputs 
control signals to the correction circuits 34c., 44c and the like 
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8 
such that the respective pixels 32, 42 of the low- and 
high-energy detectors 32, 42 in the detection direction X of 
the subject S correspond with each other, thereby regulating 
the correspondence between the luminance data for each 
pixel of the low-energy detector 32 and the luminance data 
for each pixel of the high-energy detector 42. 

Specifically, as illustrated in FIG. 3, for example, a 
calibration member as the subject S is conveyed by the belt 
conveyor 10 and irradiated with the X-rays from the X-ray 
irradiator 20. Then, as illustrated in FIG. 3(b), the control 
unit 50 sets a pixel 32 (the 100th pixel from the leftmost 
end) of the low-energy detector 32 corresponding to one end 
(depicted left end) of the subject S as a first reference pixel, 
and a pixel 42's (the 98th pixel from the leftmost end) of the 
high-energy detector 42 corresponding to the one end of the 
subject S as a second reference pixel. The first and second 
reference pixels are pixels corresponding with each other 
and shifted from each other by several pixels in the detection 
direction X. 
The correspondence between the pixels is similarly 

shifted at the other end (the depicted right side); for 
example, while a pixel 32 (the 1100th pixel from the 
leftmost end) of the low-energy detector 32 corresponds to 
the other end of the subject S, a pixel 42 (the 1003rd 
pixel from the leftmost end) of the high-energy detector 42 
corresponds thereto. Since the corresponding pixels thus 
shift in the detection direction X, the pixel region corre 
sponding to the subject S covers 1000 pixels from the pixels 
32 to 32 in the low-energy detector 32 but 1005 pixels 
from the pixels 42s to 42 in the high-energy detector 42. 
Therefore, the control unit 50 sets the corresponding pixel 
region of the low-energy detector 32 (1000 pixels of the 
pixels 32 to 32) and the corresponding pixel region of 
the high-energy detector 42 (1005 pixels of the pixels 42s 
to 42), which differ from each other. 
The control unit 50 thus having set the corresponding 

pixel regions with pixel numbers different from each other 
performs correction processing Such as to increase the 
number of items of luminance data from the low-energy 
detector 32 to 100.5% as illustrated in FIG. 4(a), for 
example, in order for the respective luminance data from the 
low- and high energy detectors 32, 42 to correspond with 
each other. The control unit 50 may also perform correction 
processing Such as to decrease the number of items of 
luminance data from the high-energy detector 42 to 99.5%. 
An example of processing for correcting (increasing or 
decreasing) the number of data items is a technique known 
as so-called linear interpolation, which may be used for 
changing the number of data items. The example illustrated 
in FIG. 4(b) connects three actually measured data items A 
with a virtual line and equally divides the line connecting the 
actually measured data items so as to yield the number of 
data items required for interpolation, thereby acquiring 4 
corrected data items V, for example. 
By using such a technique, the control unit 50 corrects the 

1000 items of luminance data acquired from the low-energy 
detector 32, so as to obtain 1005 items of luminance data. 
The control unit 50 can perform such control as to make thus 
corrected respective luminance data from the low-energy 
detector 32 and respective luminance data from the high 
energy detectors 42 correspond with each other one by one. 
Such correction processing is called magnification correc 
tion processing; for example, Subjecting thus processed both 
luminance data to predetermined arithmetic processing can 
yield luminance data corresponding to the Subject S as 
illustrated in FIG. 5. The luminance data in FIG. 5 represents 
both ends of the subject S as edges L and R, respectively. 
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The image processor 60 is a device which performs 
arithmetic processing (Subtraction processing) for obtaining 
difference data between the low-energy image data detected 
and generated by the low-energy image acquisition unit 30 
and the high-energy image data detected and generated by 
the high-energy image acquisition unit 40, so as to produce 
a Subtraction image which is a synthetic image. For both 
energy image data inputted to the image processor 60, the 
control unit 50 controls detection timings such that the 
image data correspond with each other in the conveying 
direction Y and regulates the correspondence between the 
pixels. 
The image processor 60 outputs the Subtraction image 

produced by Such arithmetic processing to a display or the 
like so as to render it onto the latter. Displaying the output 
makes foreign matters and the like included in the subject S 
visible without destroying the subject S. Data may be 
outputted alone without displaying the Subtraction image, so 
as to detect foreign matters and the like included in the 
Subject S directly from image data by detection processing 
thereon. 

The analyzer 70 is a device for detecting a positional 
deviation detail of the X-ray irradiator 20 from a transmit 
tance pattern which is an assembly of ratios of X-ray 
transmittances of corresponding locations S, in the Subject S 
detected by the low- and high-energy detectors 32, 42 and 
performing correction processing corresponding to thus 
detected positional deviation detail. While the nondestruc 
tive inspection device 1 keeps inspecting foreign matters and 
the like, the focal position of the X-ray irradiator 20 may 
shift due to thermal expansions and the like, so that the 
correspondence between the pixels 32, 42, adjusted before 
hand by the control unit 50 (e.g., the above-mentioned 
magnification correction or the like) may be lost, whereby 
pseudo-edges may occur at the edges L., R (see FIG. 5), 
which are luminance data corresponding to both ends of the 
subject S. 

In this embodiment, the analyzer 70 detects the positional 
deviation detail of the X-ray irradiator 20 and performs 
correction processing for the luminance data, so as to inhibit 
the pseudo-edges from occurring. As illustrated in FIG. 2, 
the analyzer 70 has a low-energy transmittance calculation 
unit 72, a high-energy transmittance calculation unit 74, a 
detection unit 76, and a correction unit 78. 
From the X-ray luminance data detected by the low 

energy detector 32, the low-energy transmittance calculation 
unit 72 calculates the X-ray transmittance of the subject S in 
the low-energy range for each corresponding region S. The 
low-energy transmittance calculation unit 72 includes a 
correction value calculation unit 72a, a storage unit 72b, a 
luminance correction unit 72c, and a transmittance calcula 
tion unit 72d. 

The correction value calculation unit 72a acquires the 
X-ray luminance data in the low-energy range in a state 
without the subject S (e.g., a state where the belt conveyor 
10 is installed alone) from the low-energy detector 32 at first. 
Thus acquired X-ray raw luminance data RL (n=1 to N. 
where N is an integer) in the low-energy range is data 
corresponding to the individual pixels 32, arranged along 
the detection direction X of the low-energy detector 32 and 
fluctuates as illustrated in FIG. 6(a), for example. 

FIG. 6(a) illustrates an example in which the low-energy 
detector 32 is constructed by joining 10 line sensors each 
having 128 pixels in the X direction (i.e., 1280 pixels). Such 
fluctuations occur even in the state without the subject S 
because intensity fluctuates along the detection direction X 
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10 
in the X-rays from the X-ray irradiator 20, detection sensi 
tivity fluctuates in the low-energy detector 32, and so forth. 

Therefore, by performing shading correction and the like, 
the correction value calculation unit 72a corrects the lumi 
nance fluctuation for each pixel 32, so as to normalize all the 
raw luminance data RL to a luminance value of 3200, for 
example. Letting DL be thus normalized luminance value 
and FL be a correction coefficient, their relationship can be 
represented by the following expression (1): 

DL=FLXRL, (1) 

Then, from the above expression (1), the correction value 
calculation unit 72a calculates the correction function FL 
used in the correction for normalization to the luminance 
value DL. The correction function FL is a function corre 
sponding to the raw luminance data RL from all the pixels 
32, and the correction value calculation unit 72a outputs the 
calculated correction function FL to the storage unit 72b. 
The correction value calculation unit 72a also outputs the 
normalized luminance value DL as basic luminance data to 
the storage unit 72b. The average, maximum, or minimum 
value of the raw luminance data may be used for the 
luminance value DL, or the latter may be set as appropriate. 
As preprocessing for acquiring the X-ray raw luminance 
data RL, a dark current correction Such as the one illus 
trated in FIG. 7 may be performed so as to eliminate the 
initial noise (see FIG. 7(b)), which makes it possible to 
perform more accurate measurement. 
The storage unit 72b stores the correction function FL and 

the normalized luminance value DL which are outputted 
from the correction value calculation unit 72a. The storage 
unit 72b outputs the correction function FL or normalized 
luminance value DL to the luminance correction unit 72c 
and transmittance calculation unit 72d, which will be 
explained later, in response to calls from the luminance 
correction unit 72c and transmittance calculation unit 72d. 
The luminance correction unit 72c acquires X-ray raw 

luminance RL (n=1 to N, where N is an integer) in the 
low-energy range in the State where the Subject S exists for 
each corresponding region S, from the low-energy detector 
32. The X-ray raw luminance data RL corresponds to the 
individual pixels 32, of the low-energy detector 32 and is 
sequentially acquired for the respective corresponding loca 
tions S of the subject S. 
Upon acquiring the X-ray raw luminance data RL in the 

low-energy range for each corresponding region S, the 
luminance correction unit 72c calls the correction function 
FL from the storage unit 72b in order to perform a correction 
similar to the above-mentioned shading correction and mul 
tiplies each raw data item by the correction function FL as 
represented by the following expression (2), so as to obtain 
corrected individual luminance data DL (n=1 to N, where 
N is an integer): 

Upon acquiring the corrected individual luminance data 
DL, the luminance correction unit 72c outputs the acquired 
luminance data DL to the transmittance calculation unit 
72d. 
Upon acquiring the corrected luminance data DL, the 

transmittance calculation unit 72d obtains the normalized 
luminance value DL from the storage unit 72b and calculates 
a transmittance PL-DL/DL in the low-energy range. The 
transmittance calculation unit 72d outputs the calculated 
transmittance PL to the detection unit 76. 
From the X-ray luminance data detected by the high 

energy detector 42, the high-energy transmittance calcula 
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tion unit 74 calculates the X-ray transmittance in the high 
energy range of the Subject S for each corresponding region 
S. Each item of luminance data calculated by the high 
energy transmittance calculation unit 74 is data adjusted 
Such as to have the same corresponding region S of the 
Subject S as with its corresponding luminance data calcu 
lated by the low-energy transmittance calculation unit 72. 
The high-energy transmittance calculation unit 74 includes 
a correction value calculation unit 74a, a storage unit 74b, a 
luminance correction unit 74c, and a transmittance calcula 
tion unit 74d. 

The correction value calculation unit 74a acquires the 
X-ray luminance data in the high-energy range in a state 
without the subject S (e.g., a state where the belt conveyor 
10 is installed alone) from the high-energy detector 42 at 
first. Thus acquired X-ray raw luminance data RH (n=1 to 
N, where N is an integer) in the high-energy range is data 
corresponding to the individual pixels 42, arranged along 
the detection direction X of the high-energy detector 42 and 
fluctuates as with the data from the low-energy detector 32. 

Therefore, by performing shading correction and the like, 
the correction value calculation unit 74a corrects the lumi 
nance fluctuation for each pixel 42, so as to normalize all 
the raw luminance data RH, to a luminance value of 3200, 
for example, as with the correction value calculation unit 
72a. Letting DH be thus normalized luminance value and 
FH be a correction coefficient, their relationship can be 
represented by the following expression (3): 

Then, from the above expression (3), the correction value 
calculation unit 74a calculates the correction function FH 
used in the correction for normalization to the luminance 
value DH. The correction function FH is a function corre 
sponding to the raw luminance data RH, from all the pixels 
42, and the correction value calculation unit 74a outputs the 
calculated correction function FH to the storage unit 74b. 
The correction value calculation unit 74a also outputs the 
normalized luminance value DH as basic luminance data to 
the storage unit 74b. 

The storage unit 74b stores the correction function FH and 
the normalized luminance value DH which are outputted 
from the correction value calculation unit 74a. The storage 
unit 74b outputs the correction function FH or normalized 
luminance value DH to the luminance correction unit 74c 
and transmittance calculation unit 74d, which will be 
explained later, in response to calls from the luminance 
correction unit 74c and transmittance calculation unit 74d. 
The luminance correction unit 74c continuously acquires 

X-ray raw luminance RH' (n=1 to N, where N is an integer) 
in the high-energy range in the state where the Subject S 
exists for each corresponding region S, from the high 
energy detector 42. The X-ray raw luminance data RH, 
corresponds to the individual pixels 42, of the high-energy 
detector 42 and is sequentially acquired for the respective 
corresponding locations S of the Subject S. 
Upon acquiring the X-ray raw luminance data RH, in the 

high-energy range for each corresponding region S, the 
luminance correction unit 74c calls the correction function 
FH from the storage unit 74b in order to perform a correction 
similar to the above-mentioned shading correction and mul 
tiplies each raw data item by the correction function FH as 
represented by the following expression (4). So as to acquire 
corrected individual luminance data DH, (n=1 to N, where 
N is an integer): 
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Upon acquiring the corrected individual luminance data 
DH', the luminance correction unit 74c outputs the acquired 
luminance data DH, to the transmittance calculation unit 
74d. 
Upon acquiring the corrected luminance data DH', the 

transmittance calculation unit 74d obtains the normalized 
luminance value DH from the storage unit 74b and calcu 
lates a transmittance PH=DH/DH in the high-energy range. 
The transmittance calculation unit 74d outputs the calculated 
transmittance PH to the detection unit 76. 
By computing a ratio between the transmittance PL 

(=DL/DL) calculated by the low-energy transmittance cal 
culation unit 72 and the transmittance PH (=DH/DH) 
calculated by the high-energy transmittance calculation unit 
74, the detection unit 76 detects the positional deviation 
detail of the X-ray irradiator 20. This ratio is represented by 
the following expression (5): 

Transmittance ratio=PH/PL (5) 

The detection unit 76 determines whether or not a trans 
mittance pattern as a data series for each region S of the 
transmittance ratio PH/PL based on the above-mentioned 
expression (5) matches any of patterns illustrated in FIGS. 
8(a) to 8(d). That is, the detection unit 76 determines 
whether there is a place where the transmittance ratio PH/PL 
is smaller than a threshold A (lower threshold) or greater 
than a threshold B (upper threshold). 
Though specific relationships between the individual pat 

terns represented in FIG. 8 and the positional deviation 
detail of the X-ray irradiator 20 will be explained later. The 
pattern represented in FIG. 8(a) illustrates a case where the 
X-ray irradiator 20 is shifted to one side (left side) of the 
detection direction X. The pattern represented in FIG. 8(b) 
illustrates a case where the X-ray irradiator 20 is shifted to 
the other side (right side) of the detection direction X. The 
pattern represented in FIG. 8(c) illustrates a case where the 
X-ray irradiator 20 is shifted to the lower side of the 
irradiation direction Z. The pattern represented in FIG. 8(d) 
illustrates a case where the X-ray irradiator 20 is shifted to 
the upper side of the irradiation direction Z. 

This embodiment sets the threshold A to 1, for which a 
reason will be explained in brief. Since X-rays having higher 
energy are easier to pass through objects, if X-rays having 
traveled the same route (i.e., the same material part) in the 
Subject S are detected in low- and high-energy ranges, the 
transmittance in the high-energy range will always be 
higher. For example, when X-rays transmitted through a 
wire are detected in low- and high-energy ranges, the 
transmittance in the low-energy range is 0.181, while the 
transmittance in the high-energy range is 0.327, whereby the 
transmittance ratio PH/PL=1.807, which is greater than 1. 

That is, when the transmittance ratio PH/PL is greater than 
1, X-rays having traveled the same route (i.e., the same 
material part) in the subject S are highly likely to be detected 
in the low- and high-energy ranges, whereby it can be 
determined that the correspondence adjusted beforehand 
such that the pixels 32, of the low-energy detector 32 and the 
pixels 42 of the high-energy detector 42 correspond with 
each other is maintained. When the transmittance in the 
high-energy range is lower than the transmittance in the 
low-energy range, on the other hand, X-rays having failed to 
travel the same route (having passed different material parts) 
in the subject S are highly likely to be compared with each 
other, whereby it can be determined that the correspondence 
adjusted beforehand such that the pixels 32, of the low 
energy detector 32 and the pixels 42, of the high-energy 
detector 42 correspond with each other is not maintained. 
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This embodiment uses a test piece made of aluminum as 
a calibration member. According to the transmittance of 
X-rays through aluminum, the transmittance ratio PH/PL at 
the time when the aluminum test piece is irradiated with the 
X-rays falls within the range of 1.1 to 2, for example. 
Therefore, in addition to the lower threshold A, this embodi 
ment sets the upper threshold B to 2. The upper threshold B 
is changed for each member to be irradiated with the X-rays, 
so as to be adjusted into a range suitable for the member. The 
upper threshold B preferably varies its value depending on 
the X-ray transmittance in the material of the subject S to be 
irradiated with the X-rays and is set appropriately according 
to the X-ray transmittance of the subject S. 

The relationship between the individual patterns repre 
sented in FIGS. 8(a) to 8(d) and the positional deviation 
detail of the X-ray irradiator 20 will now be explained more 
specifically with reference to FIGS. 9 to 14. 

First, the case where the X-ray irradiator 20 is shifted to 
one side (depicted left side) of the detection direction X will 
be explained with reference to FIGS. 9 and 10. When the 
X-ray irradiator 20 shifts from the position illustrated in 
FIG. 9(a) to that illustrated in FIG. 9(b), pixels of the 
detectors 32, 42 detecting both ends of the subject S and 
thereabout also shift individually. Specifically, before the 
X-ray irradiator 20 shifts, a pixel 32a of the detector 32 and 
a pixel 42a of the detector 42 correspond with each other at 
a location corresponding to the left end of the subject S, 
while a pixel 32s of the detector 32 and a pixel 42s of the 
detector 42 correspond with each other at a location corre 
sponding to the right end of the Subject S. 
When the X-ray irradiator 20 shifts to the left side of the 

detection direction X, however, a pixel 32b of the detector 
32 and a pixel 42c of the detector 42 correspond with each 
other at a location corresponding to the left end of the 
subject S, while a pixel 32t of the detector 32 and a pixel 42u 
of the detector 42 correspond with each other at a location 
corresponding to the right end of the subject S. Meanwhile, 
in the detectors 32, 42, the magnification correction and the 
like are performed by the control unit 50 as mentioned above 
so that the pixels correspond with each other, whereby a 
pixel 42b is allocated as the pixel of the detector 42 
corresponding to the pixel 32b of the detector 32, while a 
pixel 42t is allocated as the pixel of the detector 42 corre 
sponding to the pixel 32t of the detector 32. 
The pixel 32b of the detector 32 detects the subject S, 

whereas the pixel 42b of the detector 42 corresponding to the 
pixel 32b detects a state where the subject S does not exist 
(air). As a result, for example, the transmittance PL from the 
pixel 32b detecting the subject S is 33%, while the trans 
mittance PH from the pixel 42b not detecting the subject S 
is substantially 100%, whereby their transmittance ratio 
PH/PL is 3.03. That is, the location corresponding to one end 
of the subject S yields a value greater than the upper 
threshold B. 

The pixel 32t of the detector 32 detects the state where the 
subject S does not exist (air), whereas the pixel 42t of the 
detector 42 corresponding to the pixel 32t detects the subject 
S. As a result, for example, the transmittance PL from the 
pixel 32t not detecting the subject S is substantially 100%, 
while the transmittance PH from the pixel 42t detecting the 
subject S is 33%, whereby their transmittance ratio PH/PL 
is 0.33. That is, the location corresponding to the other end 
of the subject S yields a value smaller than the lower 
threshold A. 

Thus, when the X-ray irradiator 20 shifts to the left side 
of the detection direction X. Such a transmittance pattern as 
that illustrated in FIG. 8(a) appears so as to become higher 
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than the upper threshold B at the location corresponding to 
the left end of the subject S and lower than the lower 
threshold A at the location corresponding to the right end of 
the subject S. When the X-ray irradiator 20 shifts to the right 
side of the detection direction X, by contrast, such a trans 
mission pattern as that illustrated in FIG. 8(b), which is 
symmetrical to that of FIG. 8(a) about a line, appears So as 
to become higher than the upper threshold B at the location 
corresponding to the right end of the subject S and lower 
than the lower threshold A at the location corresponding to 
the left end of the subject S. 
The case where the X-ray irradiator 20 shifts to the lower 

side of the irradiation direction Zwill now be explained with 
reference to FIGS. 11 and 12. When the X-ray irradiator 20 
shifts from the position illustrated in FIG. 11(a) to the 
position illustrated in FIG. 11(b), the pixels of the detectors 
32, 42 detecting both ends of the subject S and thereabout 
when irradiated by the X-ray irradiator 20 also shift indi 
vidually. Specifically, before the X-ray irradiator 20 shifts, 
the pixel 32a of the detector 32 and the pixel 42a of the 
detector 42 correspond with each other at a location corre 
sponding to the left end of the subject S, while the pixel 32s 
of the detector 32 and the pixel 42s of the detector 42 
correspond with each other at a location corresponding to 
the right end of the subject S. 
When the X-ray irradiator 20 shifts to the lower side of the 

irradiation direction Z, however, the pixel 32b of the detec 
tor 32 and the pixel 42c of the detector 42 correspond with 
each other at a location corresponding to the left end of the 
subject S, while a pixel 32t of the detector 32 and the pixel 
42u of the detector 42 correspond with each other at a 
location corresponding to the right end of the subject S. 
Meanwhile, in the detectors 32, 42, the magnification cor 
rection and the like are performed by the control unit 50 as 
mentioned above so that the pixels correspond with each 
other, whereby the pixel 42b is allocated as the pixel of the 
detector 42 corresponding to the pixel 32b of the detector 32, 
while the pixel 42t is allocated as the pixel of the detector 42 
corresponding to the pixel 32t of the detector 32. 
The pixel 32b of the detector 32 detects the state where 

the subject S does not exist (air), whereas the pixel 42b of 
the detector 42 corresponding to the pixel 32b detects the 
subject S. As a result, for example, the transmittance PL 
from the pixel 32b not detecting the subject S is substantially 
100%, while the transmittance PH from the pixel 42b 
detecting the subject S is 33%, whereby their transmittance 
ratio PH/PL is 0.33. That is, the location corresponding to 
one end of the subject S yields a value smaller than the lower 
threshold A. 
The pixel 32t of the detector 32 detects the state where the 

subject S does not exist (air), whereas the pixel 42t of the 
detector 42 corresponding to the pixel 32t detects the subject 
S. As a result, for example, the transmittance PL from the 
pixel 32t not detecting the subject S is substantially 100%, 
while the transmittance PH from the pixel 42t detecting the 
subject S is 33%, whereby their transmittance ratio PH/PL 
is 0.33. That is, the location corresponding to the other end 
of the subject S also yields a value smaller than the lower 
threshold A. Thus, when the X-ray irradiator 20 shifts to the 
lower side of the irradiation direction Z, such a transmittance 
pattern as that illustrated in FIG. 8(c) appears so as to 
become smaller than the lower threshold A at the locations 
corresponding to both of the left and right ends of the subject 
S. 
The case where the X-ray irradiator 20 shifts to the upper 

side of the irradiation direction Zwill now be explained with 
reference to FIGS. 13 and 14. When the X-ray irradiator 20 
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shifts from the position illustrated in FIG. 13(a) to the 
position illustrated in FIG. 13(b), the pixels of the detectors 
32, 42 detecting both ends of the subject S and thereabout 
when irradiated by the X-ray irradiator 20 also shift indi 
vidually. Specifically, before the X-ray irradiator 20 shifts, 
the pixel 32a of the detector 32 and the pixel 42a of the 
detector 42 correspond with each other at a location corre 
sponding to the left end of the subject S, while the pixel 32s 
of the detector 32 and the pixel 42s of the detector 42 
correspond with each other at a location corresponding to 
the right end of the subject S. 
When the X-ray irradiator 20 shifts to the upper side of the 

irradiation direction Z, however, the pixel 32b of the detec 
tor 32 and the pixel 42c of the detector 42 correspond with 
each other at a location corresponding to the left end of the 
subject S, while the pixel 32t of the detector 32 and the pixel 
42u of the detector 42 correspond with each other at a 
location corresponding to the right end of the Subject S. 
Meanwhile, in the detectors 32, 42, the magnification cor 
rection and the like are performed by the control unit 50 as 
mentioned above so that the pixels correspond with each 
other, whereby the pixel 42b is allocated as the pixel of the 
detector 42 corresponding to the pixel 32b of the detector 32, 
while the pixel 42t is allocated as the pixel of the detector 42 
corresponding to the pixel 32t of the detector 32. 

The pixel 32b of the detector 32 detects the subject S, 
whereas the pixel 42b of the detector 42 corresponding to the 
pixel 32b detects the state where the subject S does not exist 
(air). As a result, for example, the transmittance PL from the 
pixel 32b detecting the subject S is 33%, while the trans 
mittance PH from the pixel 42b not detecting the subject S 
is substantially 100%, whereby their transmittance ratio 
PH/PL is 3.03. That is, the location corresponding to one end 
of the subject S yields a value greater than the upper 
threshold B. 

The pixel 32t of the detector 32 detects the subject S, 
whereas the pixel 42t of the detector 42 corresponding to the 
pixel 32t detects the state where the subject S does not exist 
(air). As a result, for example, the transmittance PL from the 
pixel 32t detecting the subject S is 33%, while the trans 
mittance PH from the pixel 42t not detecting the subject S 
is substantially 100%, whereby their transmittance ratio 
PH/PL is 3.03. That is, the location corresponding to the 
other end of the subject S also yields a value greater than the 
upper threshold B. Thus, when the X-ray irradiator 20 shifts 
to the upper side of the irradiation direction Z, such a 
transmittance pattern as that illustrated in FIG. 8(d) appears 
so as to become greater than the upper threshold B at the 
locations corresponding to both of the left and right ends of 
the subject S. 

The detection unit 76 produces a detection result indicat 
ing whether the transmittance pattern constituted by an 
assembly of the acquired transmittance ratio PH/PL corre 
sponds to any of the patterns of FIG. 8 or falls between the 
thresholds A, B without matching to any of the patterns and 
outputs the result to the correction unit 78. 
Upon receiving the detection result concerning the posi 

tional deviation detail of the X-ray irradiator 20 from the 
detection unit 76, the correction unit 78 generates according 
to the positional deviation detail a correction instruction 
signal for correcting at least one of X-ray luminance data 
detected by the low- and high-energy detectors 32, 42. 
An example of signals generated by the correction unit 78 

is such an instruction signal that, when it is determined by 
the detection unit 76 that the X-ray irradiator 20 is shifted in 
the detection direction X, one reference pixel 42a in the 
reference pixels 32a, 42a for making the luminance data 
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from the detectors 32, 42 correspond with each other is 
moved in increments of one pixel to the side opposite from 
the side of the detection direction X to which the X-ray 
irradiator 20 is shifted. 
The correction signal may also be one in which the other 

reference pixel 32a is moved to the same side of the 
detection direction X as with the X-ray irradiator 20 in 
increments of one pixel or by a Sub-pixel unit such as 0.1 
pixel. 
The correction signal may include a correction instruction 

for performing readjustment processing for readjusting the 
magnification of each of the pixels constituting both of the 
detectors 32, 42 along with thus resetting the reference pixel. 

Another example of correction indication signals gener 
ated by the correction unit 78 is such a signal that, when it 
is determined by the detection unit 76 that the X-ray 
irradiator 20 is shifted in the irradiation direction Z, read 
justment processing for readjusting the magnification of 
each of the pixels constituting the detectors 32, 42 is 
performed. This signal may enhance and reduce the mag 
nification of the pixels of the low-energy detector 32 when 
the X-ray irradiator 20 shifts to the lower and upper sides of 
the irradiation direction Z, respectively. 
When the X-ray irradiator 20 shifts to the lower side of the 

irradiation direction Z before thus readjusting the magnifi 
cation, the correction signal may be such that one reference 
pixel 42a in the reference pixels 32a, 42a for making the 
luminance data from the detectors 32, 42 correspond with 
each other is moved outward in increments of one pixel or 
such that the other reference pixel 32a is moved inward in 
increments of one pixel. When the X-ray irradiator 20 shifts 
to the upper side of the irradiation direction Z, on the other 
hand, the correction signal may be such that one reference 
pixel 42a in the reference pixels 32a, 42a for making the 
luminance data from the detectors 32, 42 correspond with 
each other is moved inward in increments of one pixel or 
such that the other reference pixel 32a is moved outward in 
increments of one pixel. 
The correction unit 78 outputs such a correction signal to 

the control unit 50 and causes the control unit 50 and the 
correction circuits 34c., 44c and the like controlled by the 
control unit 50 to execute processing Such as resetting of the 
reference pixels or readjustment of the magnification, 
thereby correcting the luminance data from the detectors 32. 
42. 

Meanwhile, the above-mentioned embodiment performs 
correction processing Such that the luminance value DL used 
in the low-energy transmittance calculation unit 72 and the 
luminance value DH used in the high-energy transmittance 
calculation unit 74 become the same value. In this case, the 
calculated transmittances have the same denominator, which 
makes it unnecessary to calculate the transmittances directly, 
whereby the transmittance calculation units 72, 74 may be 
constructed without the transmittance calculation units 72d, 
74d. In this structure, the luminance correction unit 72c 
outputs the luminance data DL, as it is to the detection unit 
76, while the luminance correction unit 74c outputs the 
luminance data DH, as it is to the detection unit 76. Here, 
the corrected luminance data DL, functions as one of values 
indicating the transmittance in the low-energy range, while 
the corrected luminance data DH, functions as one of values 
indicating the transmittance in the high-energy range. 

In the above-mentioned case, upon acquiring the cor 
rected luminance data DL, and DH, from the luminance 
correction units 72c and 74c, respectively, the detector 76 
calculates the transmittance ratio=PH/PL from these lumi 
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nance data. Since the luminance values DL and DH are the 
same, the transmittance ratio PH/PL is represented by the 
following expression (7): 

Transmittance ratio=PH/PL=DH, VDL' (7) 

Then, the detection unit 76 performs detection processing 
similar to the processing mentioned above, so as to detect 
the positional deviation detail of the X-ray irradiator 20. 
A correction method for detecting the positional deviation 

detail of the X-ray irradiator 20 and correcting the lumi 
nance data in the nondestructive inspection device 1 will 
now be explained with reference to FIG. 15. In the following 
explanation, the corrected luminance data DL, and DH, are 
utilized as they are as the transmittances PL and PH, 
respectively. 

First, from the low-energy detector 32, the correction 
value calculation unit 72a acquires the X-ray luminance data 
RL, in the low-energy range in the State without the Subject 
S. Thereafter, the correction value calculation unit 72a 
Subjects the X-ray luminance data RL to shading correction 
and the like, so as to correct fluctuations in luminance 
among the pixels 32, thereby normalizing all the raw 
luminance data RL to a luminance value of 3200, for 
example. Then, from the above-mentioned expression (1), 
the correction value calculation unit 72a calculates the 
correction function FL used in the correction for normaliza 
tion to the luminance value DL (step S1). 

Subsequently, from the low-energy detector 32, the lumi 
nance correction unit 72c acquires the X-ray raw luminance 
data RL in the low energy range in the state where the 
Subject S exists. Upon acquiring the X-ray raw luminance 
data RL in the low-energy range, the luminance correction 
unit 72c calls the correction function FL from the storage 
unit 72b and multiplies each raw data item by the correction 
function FL as represented by the above-mentioned expres 
sion (2), so as to obtain corrected individual luminance data 
DL (step S2). The corrected individual luminance data 
DL, thus obtained is outputted to the detection unit 76. 
From the high-energy detector 42, the correction value 

calculation unit 74a acquires the X-ray luminance data RH, 
in the high-energy range in the state without the Subject S. 
Thereafter, the correction value calculation unit 74a subjects 
the X-ray luminance data RH, to shading correction and the 
like, so as to correct fluctuations in luminance among the 
pixels 42, thereby normalizing all the raw luminance data 
RH, to a luminance value of 3200, for example. Then, from 
the above-mentioned expression (3), the correction value 
calculation unit 74a calculates the correction function FH 
used in the correction for normalization to the luminance 
value DH (step S3). 

Subsequently, from the high-energy detector 42, the lumi 
nance correction unit 74c acquires the X-ray raw luminance 
data RH' in the high energy range in the state where the 
Subject S exists. Upon acquiring the X-ray raw luminance 
data RH in the high-energy range, the luminance correction 
unit 74c calls the correction function FH from the storage 
unit 74b and multiplies each raw data item by the correction 
function FH as represented by the above-mentioned expres 
sion (4), so as to obtain corrected individual luminance data 
DH," (step S4). The corrected individual luminance data 
DH, thus obtained is outputted to the detection unit 76. 

Next, from the transmittance PL (=DL) calculated by the 
low-energy transmittance calculation unit 72 and the trans 
mittance PH (=DH) calculated by the high-energy trans 
mittance calculation unit 74, the detection unit 76 computes 
a transmittance pattern as a data series for each region S of 
the transmittance ratio PH/PL (step S5). Then, the detection 
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18 
unit 76 determines whether the computed transmittance 
pattern matches any of patterns illustrated in FIGS. 8(a) to 
8(d) or, matches none of the patterns illustrated in FIGS. 8(a) 
to 8(d). 
When the transmittance pattern matches any of the pat 

terns of FIGS. 8(a) to 8(d) according to the determination at 
step S6, the method proceeds to step S7, where the lumi 
nance data is corrected in conformity to the matched pattern 
as mentioned above. An example of luminance data correc 
tion is such that, when it is determined by the detection unit 
76 that the X-ray irradiator 20 is shifted in the detection 
direction X, one reference pixel 42a in the reference pixels 
32a, 42a for making the luminance data from the detectors 
32, 42 correspond with each other is moved in increments of 
one pixel to the side opposite from the side of the detection 
directionX to which the X-ray irradiator 20 is shifted. Along 
with thus resetting the reference pixel, readjustment pro 
cessing for readjusting the magnification of each of the 
pixels constituting both of the detectors 32, 42 may be 
performed. 
When the transmittance pattern matches none of the 

patterns of FIGS. 8(a) to 8(d) according to the determination 
at step S6, by contrast, the method returns to steps S1, S3, 
So as to repeat similar processing. 

In the nondestructive inspection device 1, the foregoing 
can detect early if pixels of the detectors 32, 42 stacked in 
two stages fail to correspond with each other and correct 
luminance data such that the pixels 32, 42, correspond with 
each other again. 

Thus, the nondestructive inspection device 1 of this 
embodiment calculates values indicating respective trans 
mittances in both energy ranges of X-rays transmitted 
through the subject S from the luminance data and detects 
the positional deviation detail of the X-ray irradiator 20 
according to the ratio between the values indicating the 
transmittances. While radiations such as X-rays have such a 
property as to be easier to pass through an object as their 
energy is higher, referring to the ratio of the values indicat 
ing the transmittances of the object in both detectors 
adjusted such that their pixels and the like correspond with 
each other can detect if and how the pixels of the detectors 
32, 42 fail to correspond with each other, whereby the 
positional deviation detail of the X-ray irradiator 20 can be 
seen. As a result, the nondestructive inspection device 1 can 
detect early if the pixels of the detectors 32, 42 stacked in 
two stages fail to correspond with each other and correct the 
luminance data from the detectors 32, 42 such that the pixels 
can correspond with each other again. 

In addition, the nondestructive inspection device 1 calcu 
lates the values indicating the transmittances in both energy 
ranges of X-rays by utilizing luminance data. This makes it 
easy to determine the transmittances without requiring new 
detectors to be provided separately. 

In the nondestructive inspection device 1 and correction 
method, the detection unit 76 stores therein two thresholds 
A, B of upper and lower limits set by the X-ray transmittance 
of the subject S and detects the positional deviation detail of 
the X-ray irradiator 20 by comparing the ratio between the 
values indicating both transmittances with the thresholds A, 
B. In this case, for detecting the positional deviation detail 
of the X-ray irradiator 20, the thresholds are set according to 
a distinct radiation transmittance for each subject S to be 
inspected, whereby the positional deviation detail of the 
X-ray irradiator 20 can be seen more securely. 

In the nondestructive inspection device 1 and correction 
method, each of the detectors 32, 42 has a detection region 
extending in a detection direction intersecting the conveying 
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and irradiation directions, while the detection unit 76 detects 
the positional deviation detail of the radiation source by 
comparing with the upper and lower thresholds A, B a 
transmittance pattern constituted by an assembly of ratios 
between the values indicating both transmittances while 
corresponding to the detection region. Therefore, the posi 
tional deviation detail of the radiation source can be detected 
by comparing the transmittance pattern with the thresholds, 
whereby the detection processing can be performed simpler. 

While preferred embodiments of the present invention are 
explained in detail in the foregoing, the present invention is 
not limited thereto but can be modified in various ways. For 
example, while the analysis unit 70 determines the posi 
tional deviation of the X-ray irradiator 20 by comparing the 
transmittance ratio PH/PL with the thresholds A, B in the 
above-mentioned embodiments, a difference between the 
transmittance PL in the low-energy range and the transmit 
tance PH in the high-energy range may be compared with 
the thresholds A, B as represented by the following expres 
sion (8), so as to detect the positional deviation detail of the 
X-ray irradiator 20. 

Threshold BDPH-PL>Threshold A. (8) 

In this case, for example, a location where the transmit 
tance pattern constituted by the assembly of PH-PL is 
smaller than 0 which is the threshold A and a location where 
PH-PL is greater than the threshold B are detected, and 
according thereto the correction unit 78 performs predeter 
mined correction processing. The threshold B in this case 
can also be set as appropriate according to the X-ray 
transmittance of the subject S. The same holds when a 
transmittance ratio PL/PH which is the inverse of the 
transmittance ratio PH/PL is employed as a reference in 
place thereof. 
The correction functions FL, FH, which are set such that 

the basic luminance data DL and DH are identical to each 
other in the above-mentioned embodiments, may be set Such 
that the basic luminance data DL and DH do not become the 
same value depending on the luminance data acquired. In 
this case, however, the transmittances cannot omit their 
denominators and thus are required to be compared with 
each other. The detection by comparison is similar to that in 
the above-mentioned embodiments. 

While the above-mentioned embodiments employ X-ray 
luminance data in the ranges in the State without the Subject 
S (e.g., a state where the belt conveyor 10 is installed alone) 
as the basic luminance data for calculating the transmit 
tances PH, PL, when inspecting the subject S contained in a 
tray mounted on the belt conveyor 10 separate therefrom, 
X-ray luminance data may be determined in a state including 
the tray in addition to the belt conveyor 10, i.e., in a part not 
included in the subject S, as the basic luminance data for 
calculating the transmittances PH, PL, and the transmit 
tances may be calculated by using them. 

The correspondence between the detectors 32, 42, which 
is compared for each of the pixels 32, 42, in the above 
mentioned embodiments, may be compared for each prede 
termined region, and reference pixels, magnification, and the 
like may be set with reference thereto. This can prevent 
errors caused by noise and the like from being detected. 
While the above-mentioned embodiments set the reference 
pixels 32 and 429s with reference to left edges corre 
sponding to the left ends of the detectors 32, 42, the 
reference edges may be set with reference to right edges 
corresponding to the right ends of the detectors 32, 42 or a 
center point as a matter of course. 
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While the above-mentioned embodiments are explained 

by a case where the image correction units 34, 44 and the 
transmittance calculation units 72, 74 are provided sepa 
rately, the transmittances may be calculated in the transmit 
tance calculation units 72, 74 by using data outputted from 
output interfaces of the image correction units 34, 44. That 
is, functions of the transmittance calculation units 72, 74 
may be partly or wholly in common with the image correc 
tion units 34, 44. 

REFERENCE SIGNS LIST 

1 . . . Nondestructive inspection device; 10 . . . Belt 
conveyor; 20 . . . X-ray irradiator; 32 . . . Low-energy 
detector; 42 . . . High-energy detector; 50 . . . Control unit; 
70 . . . Analyzer, 72 . . . Low-energy transmittance calcu 
lation unit, 74 . . . High-energy transmittance calculation 
unit; 76 . . . Detection unit; 78 . . . Correction unit. 
The invention claimed is: 
1. A nondestructive inspection device comprising: 
a conveyor unit that conveys a subject to be inspected in 

a predetermined direction; 
an X-ray radiation Source that irradiates the conveyor unit 

with a radiation directed so as to intersect a conveying 
direction caused by the conveyor unit; 

a first X-ray radiation detector that detects the radiation 
emitted from the radiation source in a first energy 
range. 

a second X-ray radiation detector that detects the radiation 
emitted from the radiation source in a second energy 
range higher than the first energy range; 

a first calculation unit that calculates from luminance data 
of the radiation detected by the first radiation detector 
a value indicating a first transmittance in the first 
energy range of the radiation transmitted from the 
radiation source through the Subject; 

a second calculation unit that calculates from luminance 
data of the radiation detected by the second radiation 
detector a value indicating a second transmittance in 
the second energy range of the radiation transmitted 
from the radiation Source through the Subject; 

a detection unit that detects a positional deviation detail of 
the radiation Source according to a ratio or difference 
between the value indicating the first transmittance 
calculated by the first calculation unit and the value 
indicating the second transmittance calculated by the 
second calculation unit; and 

a correction unit that corrects, when the positional devia 
tion detail of the radiation source is detected by the 
detection unit, according to the positional deviation 
detail at least one of the luminance data of the radiation 
detected by the first and second radiation detectors. 

2. The nondestructive inspection device according to 
claim 1, 

wherein the detection unit stores therein two thresholds of 
upper and lower limits set by a radiation transmittance 
of the subject and detects the positional deviation detail 
of the radiation source by comparing the ratio or 
difference between the values indicating the first and 
second transmittances with both of the upper and lower 
thresholds. 

3. The nondestructive inspection device according to 
claim 2, 

wherein each of the first and second radiation detectors 
has a detection region extending in a detection direction 
intersecting the conveying and irradiation directions; 
and 
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wherein the detection unit detects the positional deviation 
detail of the radiation source by comparing with the 
upper and lower thresholds a transmittance pattern 
constituted by an assembly of ratios or differences of 
values indicating the first and second transmittances 
while corresponding to the detection region. 

4. The nondestructive inspection device according to 
claim 3, 

wherein the detection unit determines that the radiation 
Source is shifted in the detection direction when a 
location corresponding to one end of the subject in the 
transmittance pattern is higher than the upper threshold 
while a location corresponding to the other end of the 
subject in the transmittance pattern is lower than the 
lower threshold. 

5. The nondestructive inspection device according to 
claim 4. 

wherein, when it is determined by the detection unit that 
the radiation source is shifted in the detection direction, 
the correction unit performs reset processing for setting 
a new reference pixel by moving at least one of 
reference pixels for causing respective luminance data 
from the first and second radiation detectors to corre 
spond with each other to another pixel, so as to correct 
at least one of the luminance data from the first and 
second radiation detectors. 

6. The nondestructive inspection device according to 
claim 4. 

wherein, when it is determined by the detection unit that 
the radiation source is shifted in the detection direction, 
the correction unit performs readjustment processing 
for readjusting a magnification of each of pixels con 
stituting the first and second radiation detectors, so as 
to correct one of the luminance data from the first and 
second radiation detectors. 

7. The nondestructive inspection device according to 
claim 3, 

wherein the detection unit determines that the radiation 
source is shifted in the irradiation direction if each of 
locations corresponding to both ends of the subject in 
the transmittance pattern is lower than the lower thresh 
old or higher than the upper threshold. 

8. The nondestructive inspection device according to 
claim 7. 

wherein, when it is determined by the detection unit that 
the radiation source is shifted in the irradiation direc 
tion, the correction unit performs readjustment process 
ing for readjusting a magnification of each of pixels 
constituting the first and second radiation detectors, so 
as to correct one of the luminance data from the first 
and second radiation detectors. 
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9. The nondestructive inspection device according to 

claim 7. 
wherein, when it is determined by the detection unit that 

the radiation source is shifted in the irradiation direc 
tion, the correction unit performs reset processing for 
setting a new reference pixel by moving at least one of 
reference pixels for causing respective luminance data 
from the first and second radiation detectors to corre 
spond with each other to another pixel, so as to correct 
at least one of the luminance data from the first and 
second radiation detectors. 

10. The nondestructive inspection device according to 
claim 1, 

wherein the second radiation detector is located down 
stream of the first radiation detector in the irradiation 
direction of the radiation. 

11. A correction method, in a nondestructive inspection 
device comprising a conveyor unit that conveys a subject to 
be inspected in a predetermined direction, an X-ray radiation 
Source that irradiates the conveyor unit with a radiation 
directed so as to intersect a conveying direction caused by 
the conveyor unit, a first X-ray radiation detector that detects 
the radiation emitted from the radiation source in a first 
energy range, and a second X-ray radiation detector that 
detects the radiation emitted from the radiation source in a 
Second energy range higher than the first energy range, for 
correcting at least one of luminance data detected by the first 
and second radiation detectors, the method comprising: 

a first calculation step of calculating from luminance data 
of the radiation detected by the first radiation detector 
a value indicating a first transmittance in the first 
energy range of the radiation transmitted from the 
radiation source through the subject; 

a second calculation step of calculating from luminance 
data of the radiation detected by the second radiation 
detector a value indicating a second transmittance in 
the second energy range of the radiation transmitted 
from the radiation source through the subject; 

a detection step of detecting a positional deviation detail 
of the radiation source according to a ratio or difference 
between the value indicating the first transmittance 
calculated at the first calculation step and the value 
indicating the second transmittance calculated at the 
second calculation step; and 

a correction step of correcting, when the positional devia 
tion detail of the radiation source is detected at the 
detection step, according to the positional deviation 
detail at least one of the luminance data of the radiation 
detected by the first and second radiation detectors. 
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