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DESCRIPTION

Technical Field

[0001] The present invention relates to a radiation detection device, a radiation Image
acquiring system, a radiation inspection system, and a radiation detection method.

Background Art

[0002] Conventionally, it has been common to allow X-rays to transmit through a subject being
a specimen such as food or drugs and make an inspection based on a transmission X-ray
Image thereof to determine the existence of a foreign substance in a subject. For such an
Inspection, an X-ray image acquiring device including an X-ray source for irradiating X-rays to
the subject and a linear line sensor for detecting a transmission image of X-rays irradiated to
the subject from the X-ray source has been used.

[0003] However, In the case of detection of transmitted X-rays by a single line sensor with no
energy discrimination function, because of the absence of an energy discrimination function,
the detection accuracy may decline due to a difference In the composition of a foreign
substance contained in the subject (for example, a difference of whether being bone or meat
or whether being cartilage or a foreign substance in a meat inspection) and a difference In
thickness. Therefore, it has been proposed to arrange In parallel two line sensors for detecting

X-rays of different energy ranges, acquire a subtraction image being a difference data image

from X-ray images detected by these two line sensors, and thereby improve the detection
accuracy Iirrespective of the composition and thickness of a foreign substance contained in a

subject (refer to, for example, Patent Literature 1).

[0004] Patent Literature 2 describes a radiograph x-ray detector array comprising a first linear
array and a second linear array. A radiation source alternately generates high- and low- energy
level rays and the first and second linear arrays and simultaneously detect the dual-energy

rays generated alternately by the radiation source by synchronizing generation of the rays.

[0005] Patent Literature 3 describes a single X-ray generation part provided with a plurality of
X-ray sensors for receiving X rays from the X-ray generation part and a quality varying body
made to differentiate the quality of individual X rays to the X-ray sensors from the X-ray
generation part.

[0006] Patent Literature 4 describes an X-ray image capable of easily discriminating the
thickness of matter to be inspected.

Citation List
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Patent Literature

[0007]

Patent Literature 1: Japanese Published Unexamined Patent Application H10-318943
Patent Literature 2: GB 2 438 317 A

Patent Literature 3: JP 2002 168803 A

Patent Literature 4: JP HO8 68768 A

Summary of Invention

Technical Problem

[0008] However, according to investigation by the inventors of the present invention, it has
been found that an image part indicating a foreign substance etc., may have unclear edges In
a subtraction image in an attempt to acquire a subtraction image from X-ray image of a subject
detected and generated by two line sensors arranged in parallel. For this reason, detection of
a foreign substance etc., contained in a subject cannot always be performed with accuracy by
merely using two line sensors.

[0009] The present invention has therefore been made In view of such problems, and an
object thereof is to provide a radiation detection device, a radiation image acquiring system, a
radiation detection system, and a radiation detection method capable of improving the
detection accuracy of a foreign substance etc., contained in a subject.

Solution to Problem

[0010] This object Is accomplished by the subject matter of independent claims. The
dependent claims concern particular embodiments.

[0011] The Inventors have devoted themselves to continuous study In order to attain the
above-mentioned object, and found out that unclear edges of an image part indicating a
foreign substance etc., in an energy subtraction image are caused mainly by the existence of a
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dead zone region sandwiched by the two line sensors. The dead zone region can indeed be
reduced to the extent possible, but Is inevitably generated when different pixels are provided
on an identical chip. Then, the inventors completed the present invention upon obtaining the
knowledge that the detection accuracy in a foreign substance inspection by two line sensors
can be improved by performing adjustment of X-ray detection timing by two line sensors based
on the width of the dead zone region.

[0012] More specifically, a radiation detection device according to the present invention is
claimed in claim 1.

[0013] Moreover, a radiation inspection method according to the present invention iIs claimed
In claim 7.

[0014] In the radiaion detection device and the radiation inspection method, the timing control
section, based on the width of the predetermined region, controls the detection timing of at
least the second detector so that radiation image data to be generated by the first detector and
radiation image data to be generated by the second detector mutually correspond. The
detection timing in the second detector where a shift (delay etc.,) has occurred with respect to
the detection timing In the first detector due to the existence of the predetermined region is
thereby adjusted, so that radiation image data to be generated by the first detector and
radiation image data to be generated by the second detector mutually correspond. And, In a
subtraction image that i1s acquired from mutually corresponding two sets of radiation image
data, an unclear edge part 1s reduced. As a result, the detection accuracy of a foreign
substance etc., contained in the subject can be improved.

[0015] Moreover, when generating a subtraction image, an unclear edge part can be generally
reduced by Image processing. However, In an attempt to reduce an unclear edge part by
Image processing when detecting a foreign substance contained in a subject to be conveyed at
a high speed (for example, 80m per minute), the image processing speed may not easily
respond to the high conveying speed. To cope therewith, according to the radiation detection
device and the radiation inspection method mentioned above, the detection timing of a
radiation image i1s controlled to reduce an unclear edge part from a subtraction image, and
thus a subtraction image with a reduced unclear edge part can be speedily generated even
when the conveying speed of the subject is a high speed. As a result, even In a high-speed
foreign substance inspection, the detection accuracy of a foreign substance etc., contained In
the subject can be improved.

[0016] A radiation iImage acquiring system according to the present invention may include: the
aforementioned radiation detection device; and a timing calculating section for calculating the
detection timing based on the width of the predetermined region. The timing control section, by
using the detection timing calculated by the timing calculating section, can control detection
timing etc., of the second detector to generate a subtraction image with a reduced unclear
edge part.
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[0017] A radiation inspection system according to the present invention is claimed in claim 6.

Advantageous Effects of Invention

[0018] According to the present invention, the detection accuracy of a foreign substance etc.,
contained in a subject can be improved.

Brief Description of Drawings

[0019]

[FIG 1] Fig. 1 1s a perspective view of an X-ray image acquiring system according to the
present embodiment.

[FIG. 2] Fig. 2 Is a schematic configuration diagram of the X-ray image acquiring system
according to the present embodiment.

[FIG. 3] Fig. 3 Is a side view of a dual energy sensor according to the present embodiment.
[FIG. 4] Fig. 4 1s a view showing a subject containing a foreign substance.

[FIG. 5] Fig. 5 1s a diagram showing a control pulse signal of each detector in an X-ray image
acquiring system according to a comparative example.

[FIG. 6] Figs. 6 are diagrams each showing an energy sensor image or an energy output to be
generated by the X-ray image acquiring system according to the comparative example.

[FIG. 7] Fig. 7(a) Is a diagram showing a control pulse signal of each detector in the X-ray
Image acquiring system according to the present embodiment, and Fig. 7(b) Is a high-
frequency signal for generating a control pulse signal.

[FIG. 8] Figs. 8 are diagrams each showing an energy sensor image or an energy output to be
generated by the X-ray image acquiring system according to the present embodiment.

[FIG. 9] Fig. 9(a) 1s a view showing a region to be detected by a low-energy detector, and Fig.
9(b) I1s a view showing a region to be detected by a high-energy detector, each showing an
Irradiating region when a subject S has a thickness.

[FIG. 10] Fig. 10 1s a view showing a state where the detecting regions shown In Figs 9. are
coincident.

[FIG 11] Fig. 11 1s a view showing a state where the detecting regions shown in Figs. 9 are not
coincident.

[FIG. 12] Fig. 12 I1s a diagram showing another embodiment of an energy image correcting
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section.

Description of Embodiments

[0020] Hereinafter, a preferred embodiment of an X-ray image acquiring system according to
the present invention will be described with reference to the drawings. Also, the same or
corresponding parts are denoted with the same reference numerals In description of the
drawings, and overlapping description will be omitted.

[0021] FIg. 1 I1s a perspective view of an X-ray image acquiring system according to the
present embodiment, and Fig. 2 i1s a schematic configuration diagram of the X-ray image
acquiring system according to the present embodiment. As shown in Fig. 1 and Fig. 2, the X-
ray image acquiring system (radiation image acquiring system, radiation inspection system) 1
IS an apparatus that irradiates X-rays (radiation) from an X-ray source (radiation source) to a
subject S, and detects, of the irradiated X-rays, transmitted X-rays having been transmitted
through the subject S In a plurality of energy ranges. The X-ray image acquiring system 1
carries out, by using a transmission X-ray image, detection of a foreign substance contained In
the subject S and a baggage inspection etc. The X-ray image acquiring system 1 thus
configured Includes a belt conveyor (conveying section) 10, an X-ray Irradiator (radiation
irradiator) 20, a low-energy image acquiring section 30, a high-energy image acquiring section
40, a timing control section 50, a timing calculating section 60, and an image processor
(composite iImage generating section, composite image output section) 70. The low-energy
Image acquiring section 30, the high-energy image acquiring section 40, and the timing control
section 50 compose a dual image acquiring device (radiation detection device) 80.

[0022] The belt conveyor 10, as shown In Fig. 1, Iincludes a belt portion 12 on which the
subject S Is placed. The belt conveyor 10 makes the belt portion 12 move In a conveying
direction A (from an upstream side at the left-hand side of Fig. 1 to a downstream side at the
right-hand side of Fig. 1) to thereby convey the subject S in the conveying direction A at a
predetermined conveying speed. The conveying speed of the subject S Is, for example,
48m/minute. The belt conveyor 10 can, If necessary, be changed in speed by a belt conveyor
control section 14 to a conveying speed of, for example, 24m/minute or 96m/minute.
Moreover, the belt conveyor control section 14 can change the height position of the belt
portion 12. Changing the height position of the belt portion 12 allows changing a distance
between the X-ray irradiator 20 and the subject S (equal to "FOD" to be described later). This
change makes it possible to change the resolution of an X-ray transmission image to be
obtained by the low-energy image acquiring section 30 and the high-energy image acquiring
section 40. Here, examples of the subject S to be conveyed by the belt conveyor 10 broadly
Include resource materials such as minerals, waste products for segregation and resource
recovery (recycling), and electronic components, besides food such as edible meat, rubber
products such as tires, baggage and cargo subjected to inspection for the sake of security and
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safety.

[0023] The X-ray irradiator 20 I1s a device that irradiates X-rays to the subject S as an X-ray
source. The X-ray irradiator 20 1s a point source, which irradiates while diffusing X-rays at a
predetermined angular range in a fixed irradiation direction. The X-ray irradiator 20 is arranged
above the belt portion 12 at a predetermined distance from the belt portion 12 so that the
direction of X-ray irradiation is oriented to the belt portion 12 and the diffusing X-rays extend In
the entire width direction (direction perpendicular to the conveying direction A) of the subject S.
Moreover, the X-ray irradiator 20, in a length direction (direction parallel to the conveying
direction A) of the subject S, has a predetermined divided range In the length direction as its
Irradiation range, and Is structured so that X-rays are irradiated to the subject S across the
length direction thereof as a result of the subject S being conveyed by the belt conveyor 10 In
the conveying direction A

[0024] The low-energy image acquiring section 30 Includes a low-energy detector (first
detector) 32 and a low-energy image correcting section 34.

[0025] The low-energy detector 32 detects, of the X-rays irradiated from the X-ray irradiator
20, X-rays In a low-energy range (first energy range) having been transmitted through the
subject S to generate low-energy image data (first radiation image data). The low-energy
detector 32 1s formed of, for example, a linear line sensor with a length equal to or more than
the width of the subject S, and arranged below an upstream side of the belt portion 12 so as to
be perpendicular to the conveying direction A with an X-ray detection plane thereof opposed to
the X-ray irradiator 20.

[0026] The low-energy image correcting section 34 is a part that amplifies and corrects the
low-energy image data generated by the low-energy detector 32. The low-energy image
correcting section 34 includes an amplifier 34a that amplifies low-energy image data, an A/D
converter 34b that A/D-converts the low-energy image data amplified by the amplifier 34a, a
correction circuit 34c that carries out a predetermined correction processing for the low-energy
Image data converted by the A/D converter 34b, and an output interface 34d that externally
outputs the image data corrected by the correction circuit 34c.

[0027] The high-energy image acquiring section 40 includes a high-energy detector (second
detector) 42 and a high-energy image correcting section 44.

[0028] The high-energy detector 42 detects, of the X-rays irradiated from the X-ray irradiator
20, X-rays In a high-energy range (second energy range) having been transmitted through the
subject S to generate high-energy image data (second radiation image data). The high-energy
detector 42 is formed of, for example, a linear line sensor with a length equal to or more than
the width of the subject S, and arranged below a downstream side of the belt portion 12 so as
to be perpendicular to the conveying direction A with an X-ray detection plane thereof opposed
to the X-ray detector 20. However, the low-energy range in which X-rays are detected by the
low-energy detector 32 and the high-energy range in which X-rays are detected by the high-
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energy detector 42 are not clearly distinguished, and the energy ranges are overlapped with
each other to some extent.

[0029] The high-energy image correcting section 44 is a part that amplifies and corrects the
high-energy image data generated by the high-energy detector 42. The high-energy image
correcting section 44 includes an amplifier 44a that amplifies high-energy image data, an A/D
converter 44b that A/D-converts the high-energy image data amplified by the amplifier 44a, a
correction circuit 44c that carries out a predetermined correction processing for the high-
energy image data converted by the A/D converter 44b, and an output interface 44d that
externally outputs the image data corrected by the correction circuit 44c.

[0030] Here, the low-energy detector 32 and the high-energy detector 42 will be described In
detail. As shown In Fig. 1 and Fig. 3, the low-energy detector 32 is a line sensor with a sensing
width of LW along the conveying direction A. In addition, the high-energy detector 42 is a line
sensor with a sensing width of HW along the conveying direction A. The sensing width of LW
and the sensing width of HW, In the present embodiment, are the same width, and for
example, 0.8mm. Moreover, the low-energy detector 32 having the sensing width LV and the
high-energy detector 42 having the sensing width HW thus configured are arranged and fixed
onto a base 84 In parallel with a dead zone region (predetermined region) 82 having a dead
zone width NW sandwiched therebetween along the convening direction A, that is, a short-side
direction of each detector being a line sensor, and compose a dual energy sensor 86, which Is
a semiconductor detector.

[0031] In the dual energy sensor 86, In order to minimize a parallax between a low-energy
Image and a high-energy image (difference Iin the path of X-rays Incident from the X-ray
source), the distance between both detectors 32, 42 is set to be as narrow as possible.
Therefore, the dead zone width NW of the dead zone region 82 Is set to be as narrow as
possible with such a minimum thickness as to prevent electrons in each detector 32, 42 from
flowing into the other detector. Such a dead zone width NW is, In the present embodiment, for
example, 0.4mm, which is narrower than the sensing width LW HW (0.8mm) of each detector

32,42

[0032] In addition, as the low-energy detector 32 and the high-energy detector 42 to compose
the dual energy sensor 86, for example, one with an energy discrimination function for which a
low-energy cutting filter is arranged on a high-energy sensor may be used. Alternatively, a
scintillator for converting X-rays in a low-energy range to visible light and a scintillator for
converting X-rays in a high-energy range to visible light may be used to provide both detectors
32, 42 with different wavelength sensitivities, so as to allow detecting different energy ranges.
In addition, filters may be arranged on scintillators having different wavelength sensitivities.
Further, there may be one with an energy discrimination function by a direct conversion
method of CdTe (cadmium telluride) or the like.

[0033] The timing control section 50 controls the detection timing of transmitted X-rays in the
low-energy detector 32 and the detection timing of transmitted X-rays in the high-energy
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detector 42. The timing control section 50, to the low-energy detector 32, outputs low-energy
sensor control pulses of a predetermined frequency as shown in Fig. 7(a). Moreover, the
timing control section 50, to the high-energy detector 42, outputs a high-energy sensor control
pulse signal of the same frequency as that of low-energy sensor control pulses and delayed In
the rising spot of pulses by a predetermined time T (hereinafter, sometimes referred to as a
"delay time T"). When such control pulses are input, each detector 32, 42 outputs, as image
data, transmitted X-rays received on a one-cycle basis of each control pulse every time each
cycle ends.

[0034] The delay time T Is equivalent to an image mismatch that is generated between low-
energy image data to be detected and generated by the low-energy detector 32 and high-
energy image data to be detected and generated by the high-energy detector 42 when a
control pulse signal of a predetermined frequency as shown in Fig. 5 is input simultaneously to
the low-energy detector 32 and the high-energy detector 42. More specifically, the delay time T
IS an adjustment time that is determined from the dead zone width NW of the dead zone region
82 In the dual energy sensor 86, speed at which the subject S passes through the dead zone
region 82 (that is, the conveying speed M), etc.

[0035] When the timing control section 50 generates the control pulse signal including the
delay time T, a PLL (Phase Locked Loop) or the like Is used to generate a high-frequency
signal for timing control shown in Fig. 7(b). As such a high-frequency signal, for example, in the
case of driving at a pixel clock required for sensor drive of about 200kHz in the energy detector
32, 42 or the like, using a signal of a frequency of 20MHz or more about 100 times that
frequency allows meticulous control. In the case of a pixel clock for sensor drive of about
1MHz, using likewise a signal of 100MHz or more allows meticulous control. The higher the
frequency of a high-frequency signal, the more flexibly a change in conveying speed M, pixel
clock, or the likke can be responded to, and thus meticulous control can be performed. In
addition, a high-frequency oscillator for a delay signal may be used, in place of the PLL, to
generate a delay control pulse signal.

[0036] The timing control section 50 generates the control pulse signal including the delay time
T from such a high-frequency signal generated by using a PLL or the like. Then, the timing
control section 50 controls the timing for detecting transmitted X-rays in the low-energy
detector 32 and the high-energy detector 42 based on the delay time T so that the low-energy
Image data and the high-energy image data respectively correspond to thereby reduce the
Image mismatch.

[0037] The timing calculating section 60 calculates a delay time T, which 1s a detection timing
to be used by the timing control section 50. The timing calculating section 60 calculates the
delay time T by the following formula (1) based on the dead zone width NW of the dead zone
region 82 In the dual energy sensor 86 and speed at which the subject S passes through the
dead zone region 82 (that is, the conveying speed M). Although description will be given In the
present embodiment of an example of the case where FOD (Focus Object Distance) shown In
Fig. 2 and FDD (Focus Detector Distance) being a distance between the X-ray irradiator 20



DK/EP 3128315 T3

and each detector 32, 42 are equal to each other, and thus an X-ray transmission image iIs not
magnified (that is, when the magnification ratio R i1s 1) for ease In description, the magnification
ratio R is not limited thereto:

T=NW/M ... (1)

The delay time T In the detection timing of the high-energy detector 42 relative to the detection
timing of the low-energy detector 32 Is calculated by the formula (1). Then, the timing
calculating section 60 outputs the calculated delay time T to the timing control section 50 as
detection timing. In addition, the dead zone width NW and the conveying speed M are input to
the timing calculating section 60 via an input section or the like.

[0038] The image processor /0 Is a device that performs an arithmetic processing for
obtaining difference data between the low-energy image data detected and generated by the
low-energy detector 32 and the high-energy image data detected and generated by the high-
energy detector 42, and generates an energy subtraction image, which is a composite image.
Both energy image data to be input to the image processor 70 have been controlled in terms of
detection timing, by the timing control section 50, so that mutual image data correspond. The
Image processor /0 outputs to display the energy subtraction image generated by the
arithmetic processing on a display or the like. This output display allows visually confirming a
foreign substance contained In the subject S. In addition, without outputting to display an
energy subtraction image, only data output may be performed so as to detect a foreign
substance etc., contained in the subject S directly from image data by a detection processing in
the Image data.

[0039] Here, a calculation method of the delay time T In detection timing to be used by the
timing control section 50 and actions will be described by taking an example of acquiring a
transmission X-ray image of a subject S (refer to Fig. 4) and detecting a foreign substance O
contained in the subject S. The subject S to be used for the description Is supposed to be one
having a length of 4.0mm In a direction along the conveying direction A and containing a
foreign substance O (having a length OW of 0.omm) smaller than the sensing width LW, HW
(hereinafter, referred to also as a "pixel pitch”) of each detector 32, 42 In a predetermined
position. The sensing width LW, HW of each detector 32, 42 is 0.8mm, and for acquiring a
shape without geometric contraction of the entire subject S having a length of 4.0mm, that is, a
transmission X-ray image for inspection of a length of not more than 0.8mm at a detection
width of 0.8mm, five or more sets of divided image data are respectively required. Moreover, it
IS supposed that the conveying speed of the belt conveyor 10 is 0.8mm/milisecond
(48m/minute). In addition, 1t Is supposed for ease In description that the thickness of the
subject S Is so thin as not to cause blur due to the thickness, and as described above, FOD
and FDD shown In Fig. 2 are equal to each other, and thus an X-ray transmission image Is not
magnified (having a magnification ratio R of 1).

[0040] First, description will be given of a case, as a comparative example, of acquiring a
radiation image of the subject S without using the delay time T In detection timing, by using Fig.
5 and Figs. 6. In this case, for acquiring an X-ray image of the subject S to be conveyed In the
conveying direction A at a conveying speed of 0.8mm/millisecond, the timing control section
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50, as shown In Fig. 5, outputs control pulses of the same frequency that are the same In the
detection timing of the low-energy detector 32 and the high-energy detector 42 simultaneously
to the low-energy detector 32 and the high-energy detector 42 to acquire divided image data
for every 0.8mm In each detector 32, 42.

[0041] A low-energy output by pixels of the low-energy detector 32 corresponding to a line P of
Fig. 6(a) 1s shown In Fig. 6(d). Likewise, a high-energy output by pixels of the high-energy
detector 42 corresponding to the line P of Fig. 6(a) is shown In Fig. 6(e). When a first divided
range S1 (first 0.8mm equivalent) located at the front of the subject S passes over a detection
plane, which 1s an imaging region of the low-energy detector 32, the low-energy detector 32
Images the first divided range S1 of the subject S In the low-energy range to, as shown in Fig.
6(b), first generate first divided image data S1;. The subject S thereafter moves at a conveying

speed of 0.8mm/millisecond, and after one millisecond, of the first divided range S1 of the
subject S, a part corresponding to leading 0.4mm is located over a detection plane, which Is an
Imaging region of the high-energy detector 42, and a part corresponding to remaining 0.4mm
IS located over the dead zone region 82. In the comparative example, X-ray detection in both
energy detectors 32, 42 i1s controlled by equally-timed control pulses, and thus as described
above, while a part of the subject S 1s located over the dead zone region 82, the high-energy
detector 42 generates first divided image data S1y corresponding to the first divided range $S1

(first divided image data S1,) of the subject S. In addition, simultaneously with the high-energy
detector 42 generating the first divided image data S1y, the low-energy detector 32 generates

second divided image data S2; in a second divided range 32 following the first divided range
ST.

[0042] Between the first divided image data S1; generated by the low-energy detector 32 and
the first divided image data S1y generated by the high-energy detector 42, a mismatch is

generated based on the dead zone width NW of the dead zone region 82 and the speed at
which the subject S moves through that dead zone region (that is, the conveying speed M).
Then, while maintaining the mismatch, the low-energy detector 32 and the high-energy
detector 42 that are controlled by control pulse signals output simultaneously at the same
frequency successively detect transmitted X-rays to generate remaining divided image data. As
a result, the low-energy detector 32 that detects transmitted X-rays from the subject S In the
low-energy range generates divided image data (five sets of divided image data of S1, S2,

S31, 94, and S5) for a low-energy image as shown In Fig. 6(b). On the other hand, the high-

energy detector 42 that detects transmitted X-rays from the subject S in the high-energy range
generates divided image data (six sets of divided image data of S1y, S2H, S3H, S44, So5H, and

S6H) for a high-energy image as shown in Fig. 6(c).

[0043] Here, comparing the divided image data shown In Fig. 6(b) and the divided image data
shown In Fig. 6(c) Indicates that there is no correspondence obtained between both divided
Image data by reference to the subject S, due to the mismatch based on the dead zone width
NW and the conveying speed M. Therefore, for example, a site where data on a foreign
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substance O part iIs most contained Is one set of image data, such as divided image data $S4,

INn a low-energy image by the low-energy detector 32, whereas in a high-energy image by the
high-energy detector 42, as shown In Fig. 6(c), the site Is across two sets of divided image
data of divided image data S44 and S54. In addition, a low-energy output corresponding to the

low-energy image, as shown in Fig. 6(d), 1s remarkably changed in detection value in only one
pixel pitch corresponding to the divided image data S4, to indicate a position where the foreign

substance O Is contained, whereas a high-energy output corresponding to the high-energy
Image, as shown In Fig. 6(e), I1s slightly changed in detection value (for example, about a half
of the change In detection value of the low-energy output) in two pixel pitches corresponding to
the divided image data S44 and S54 to roughly indicate a position where the foreign substance

O Is contained. As a result, the site and amount of change In direction value are different
between both energy outputs.

[0044] The image processor 70, In an attempt to acquire a subtraction image based on the
detection value data (refer to Figs. 6(d) and (e)) different in the site and amount of change In
detection value as such, as a result of the site and amount of change in detection value due to
the foreign subject O becoming unclear, can no longer acquire a subtraction image where the
position of the foreign substance O In the subject S I1s shown with accuracy. Moreover, because
the divided Iimage data corresponding to each detection value data are respectively
mismatched, a rising part in brightness of each edge part shown In Fig. 6(f) i1s also blurred. As
a result, it becomes even more difficult to obtain a subtraction image where the position of the
foreign substance O In the subject S i1s shown with accuracy. As such, without controlling the
detection timing In the low-energy detector 32 and the detection timing in the high-energy
detector 42 with accuracy, the detection accuracy of a foreign substance may decline due to
the mismatch and blur as described above.

[0045] Next, description will be given of a case of acquiring a low-energy image and a high-
energy image of the subject S using the delay time T In detection timing so that both energy
Images correspond, In order to prevent such generation of mismatch and blur, by using Figs. 7
and Figs. 8.

[0046] In this case, for acquiring an X-ray image of the subject S to be conveyed In the
conveying direction A at a conveying speed of 0.8mm/millisecond, the timing control section
50, as shown In Figs. 7, outputs control pulses of the same frequency where the detection
timing of the high-energy detector 42 is delayed by the predetermined time T with respect to
the detection timing of the low-energy detector 32 to the low-energy detector 32 and the high-
energy detector 42 to acquire divided image data for every 0.8mm In each detector 32, 42.

[0047] More specifically, when the first divided range S1 (first 0.8mm equivalent) at the front of
the subject S passes over a detection plane, which is an imaging region of the low-energy
detector 32, the low-energy detector 32 images the first divided range S1 of the subject S In
the low-energy range to, as shown in Fig. 8(b), first generate first divided image data S1,. The

subject S thereafter moves at a conveying speed of 0.8mm/millisecond, and after one
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millisecond, of the first divided range S1 of the subject S, a part corresponding to leading
0.4mm Is located over a detection plane, which is an imaging region of the high-energy
detector 42, and a part corresponding to remaining 0.4mm Is located over the dead zone
region 82. In the present embodiment using the delay time T, X-ray detection in the high-
energy detector 42 is delayed by a time until moving the subject S another 0.4mm so that the
predetermined divided position at the front of the subject S I1s not located over the dead zone
region 82. The delay tme T, on the conditions described above, Is calculated as 0.5
milliseconds from the formula (1).

[0048] The high-energy detector 42 acquires the first divided image data S14 corresponding to

the first divided range S1 of the subject S, due to the high-energy sensor control pulse signal
with the delay time T provided as 0.5 milliseconds, when the first divided range S1 of the
subject S has passed the dead zone region 82, that is, the entire first divided range S1 of the
subject S has reached over the detection plane of the high-energy detector 42. In addition,
before the high-energy detector 42 generates the first divided image data S14 (before the

delay time T elapses), the low-energy detector 32 generates the second divided image data
S2| following the first divided image data S1.

[0049] Between the first divided image data S1; generated by the low-energy detector 32 and
the first divided image data S14 generated by the high-energy detector 42, there i1s no

mismatch based on the dead zone width NW of the dead zone region 82 and the speed at
which the subject S moves through that dead zone region 82 (that is, the conveying speed M),
and as shown In Figs. 8(b) and (c), both image data correspond. Then, while both image data
remain corresponding, the low-energy detector 32 and the high-energy detector 42 that are
controlled by control pulse signals output at the same frequency in consideration of the delay
time T based on the dead zone width NW etc., successively detect transmitted X-rays to
generate remaining divided image data. As a result, the low-energy detector 32 that detects
transmitted X-rays from the subject S In the low-energy range generates divided image data
(five sets of divided image data of S1;, S2, S3(, 5S4, and S5) for a low-energy image as

shown In Fig. 8(b), while the high-energy detector 42 that detects transmitted X-rays from the
subject S In the high-energy range generates divided image data (five sets of divided image
data of S1x, S2H, S3H, S4H, and S54) for a high-energy image as shown in Fig. 8(c). In

addition, both image data respectively correspond in the image ranges of the subject S.

[0050] Here, comparing the divided image data shown In Fig. 8(b) and the divided image data
shown In Fig. 8(c) Indicates that there Is correspondence obtained between both divided image
data by reference to the subject S, due to the delay time T based on the dead zone width NW
and the conveying speed M. Therefore, for example, a site where data on a foreign substance
O part Is most contained is one set of Image data, such as divided image data S4, in a low-

energy image by the low-energy detector 32, and also in a high-energy image by the high-
energy detector 42, the site Is one set of Image data, such as divided image data S44. In

addition, a low-energy output corresponding to the low-energy image, as shown in Fig. 8(d), Is
remarkably changed In detection value In only one pixel pitch corresponding to the divided
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Image data S4, to indicate a position where the foreign substance O is contained, and a high-

energy output corresponding to the high-energy image, as shown In Fig. 8(e), Is also
remarkably changed In detection value In only one pixel pitch corresponding to the divided
Image data S44 to indicate a position where the foreign substance O Is contained. As a result,

the site and amount of change In direction value are coincident between both energy outputs.
However, the foreign substance O does not need to be always contained in one divided image,
and it suffices that a divided image where the foreign substance O Is contained in a low-energy
Image and a divided image where the foreign substance O Is contained in a high-energy image
are coincident.

[0051] The image processor 70, In an attempt to acquire a subtraction image based on the
detection value data (refer to Figs. 8(d) and (e)) coincident in the site and amount of change In
detection value as such, as a result of the site and amount of change in detection value due to
the foreign subject O becoming clear, can acquire a subtraction image where the position of
the foreign substance O In the subject S iIs shown with accuracy. Moreover, because the
divided image data corresponding to each detection value data respectively correspond, a
rising part in brightness of each edge part shown In Fig. 8(f) also becomes distinct. As a result,
a subtraction image where the position of the foreign substance O In the subject S Is shown
with greater accuracy can be acquired. As such, as a result of the detection timing in the low-
energy detector 32 and the detection timing in the high-energy detector 42 being controlled
with accuracy due to the delay time T based on the dead zone width NW and the conveying
speed M, decline in detection accuracy of a foreign substance due to the mismatch and blur as
described above can be prevented, so that it becomes possible to detect a foreign substance
with accuracy.

[0052] As has been described above, In the X-ray image acquiring system 1, the timing control
section 50, based on the dead zone width NV of the dead zone region 82 and the conveying
speed M, controls to delay the detection timing of at least the high-energy detector 42 so that
low-energy image data to be generated by the low-energy detector 32 and high-energy image
data to be generated by the high-energy detector 42 mutually correspond. The detection
timing In the high-energy detector 42 where a shift (delay etc.,) has occurred with respect to
the detection timing Iin the low-energy detector 32 due to the existence of the dead zone region
82 Is thereby adjusted, so that low-energy image data to be generated by the low-energy
detector 32 and high-energy image data to be generated by the high-energy detector 42
mutually correspond. And, In a subtraction image that is acquired from mutually corresponding
two sets of energy image data, changes In detection value Iindicating a foreign substance
become clear, and an unclear edge part i1s reduced. As a result, the detection accuracy of a
foreign substance O etc., contained in the subject S can be improved.

[0053] Moreover, In the above-mentioned embodiment, provided Is the timing calculating
section 60 for calculating detection timing based on the dead zone width NW and the
conveying speed M. The timing control section 50, by using the detection timing calculated by
the timing calculating section 60, can control detection timing etc., of the low-energy detector to
generate a subtraction image with a reduced unclear edge part.
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[0054] The low-energy detector 32 iIs a line sensor that generates low-energy image data In
successive divided image data, the high-energy detector 42 i1s a line sensor that generates
high-energy image data in successive divided image data, and the timing control section 50 is
structured so as to control to delay the detection timing of at least the line sensor of the high-
energy detector 42 based on the dead zone width NW and the conveying speed M so that a
detection range In the subject S indicated Iin divided image data by a line sensor according to
the low-energy detector 32 and a detection range in the subject S indicated In divided image
data by a line sensor according to the high-energy detector 42 are coincident. By thus
controlling to delay the detection timing of the line sensor of the high-energy detector 42 so
that the detection ranges of the subject S indicated by the divided image data are coincident, In
a subtraction image, changes in detection value indicating a foreign substance become clear,
and an unclear edge part is reduced.

[0055] Although a preferred embodiment of the present invention has been described in the
above, the present invention is by no means limited to the above-mentioned embodiment, and
various modifications can be made. For example, in the above-mentioned embodiment, a
description has been given in the case where FOD and FDD shown In Fig. 2 are equal to each
other, and thus an X-ray transmission image i1s not magnified, however, the present invention
can also be applied to a case where FOD and FDD are different from each other to cause
magnification. The magnification ratio R 1s 2 times when, for example, FOD:FDD = 1:2, and an
X-ray transmission image Is also magnified 2 times. If, for example, the conveying speed M Is
0.4mm/millisecond, an image In each detector 32, 42 Is projected at a speed equal to
0.8mm/millisecond. The delay time T In consideration of such a magnification ratio is calculated
by using the following formula (2) in place of the formula (1).

T=NW/(MxR) ... (2)

In addition, the magnification ratio R is input to the timing calculating section 60 from a storage
device (not shown) or the like In the X-ray image acquiring system 1.

[0056] Moreover, In the above-mentioned embodiment, although a description has been given
assuming that the subject S has virtually no thickness, the present invention can also be
applied to a case where the subject S has a predetermined thickness, for example, as shown
In Figs. 9. In this case, FOD Is calculated with reference to the height of a bottom surface part
of the subject S to determine a magnification ratio R, and the delay time T is calculated by the
formula (2) or the like. Then, the subject S I1s conveyed by the belt conveyor 10 as in the
above-mentioned embodiment to, as shown In Fig. 9(a), first detect a low-energy image in the
region R1 of the subject S by the low-energy detector 32 and generate low-energy image data.
The subject S thereafter moves in the conveying direction A according to the delay time T to,
as shown in Fig. 9(b), detect a high-energy image in the region R2 of the subject S by the high-
energy detector 42 and generate high-energy image data. The region R1 and the region R2
are substantially coincident in a lower irradiation plane R1a, R2a of an illustrated lower surface
of the subject S, and the low-energy image in the region R1 and the high-energy image in the
region R2, as shown In Fig. 10, Iinclude X-ray transmission data of a part corresponding to a
shared region R3. The larger the shared region R3, the less mismatch i1s generated between
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both energy images, so that the detection accuracy of the foreign substance O contained in the
subject S can be improved.

[0057] Description will be given, as a case where the subject S has a thickness as such, of a
case where the thickness of the subject S is 100mm, the distance between the X-ray irradiator
20 and each detector 32, 42 1s 600mm, the distance between the detector 32, 42 and the
subject S (lower surface) Is 10mm, the distance between the X-ray irradiator 20 and the
subject S (upper surface) Is 490mm, the sensing width LW, HW of each detector 32, 42 is
0.8mm, and the dead zone width NW of the dead zone region 82 i1s 0.4mm. In addition, the X-
ray Irradiator 20 Is arranged so as to be located above a middle portion of the dead zone
region 82 between both detectors 32, 42. In this case, transmission X-rays to be irradiated to
the sensing width of 0.8mm have a width of approximately 0.78/7mm at a position (lower
Irradiation plane R1a, R2a) 10mm closer to the X-ray irradiator 20 from the detector 32, 42,
and have a width of approximately 0.653mm at a position (upper irradiation plane R1b, R2b)
110mm closer to the X-ray irradiator 20 from the detector 32, 42. Then, as a result of making
the lower irradiation planes R1a and R2a having the width of approximately 0.787mm
coincident, an overlap (shared region R3) in irradiation range between the low-energy side and
the high-energy side results in approximately 70%. In addition, when, as shown In Fig. 11, the
lower irradiation plane R1a of the region R1 and the lower irradiation plane R2a of the region
R2 are not completely coincident (when, for example, there 1s 0.2mm of mismatch in the
above-described example), the shared part R3 therebetween Is smaller than that shown In Fig.
10, and the overlap In irradiation range between the low-energy side and the high-energy side
results In, for example, approximately 40%. In this case, mismatch between both energy

Images Is Increased, so that the detection accuracy of a foreign substance contained In the
subject S may decline.

[0058] Moreover, In the above-mentioned embodiment, the low-energy image and the high-
energy image are separately output, from the output interface 34d of the low-energy image
correcting section 34 and the output interface 44d of the high-energy image correcting section
44, to the image processor /0, however, as shown in Fig. 12, both energy images may be
output from a common output interface 36a to the image processor 70. Moreover, In the
above-mentioned embodiment, there Is provided a configuration including the low-energy
detector 32 at an upstream side In the conveying direction A, and at a downstream side, a
high-energy detector 42, however, the high-energy detector 42 may be provided at an
upstream side In the conveying direction A, and the low-energy detector 32, at a downstream
side. Further, In the above-mentioned embodiment, the detection timing of the high-energy
detector 42 is delayed by a predetermined time T, however, the detection timing of the low-
energy detector 32 may be advanced by a predetermined time T conversely, or it may be
possible to advance the detection timing of the low-energy detector 32 as well as delay the
detection timing of the high-energy detector 42 so as to shift both detection timings by a
predetermined time 1. Moreover, In the above-mentioned embodiment, the detection timing In
the two ranges of low energy and high energy iIs controlled, however, it may of course be
possible to control the detection timing In three or more ranges.



DK/EP 3128315 T3

[0059] Moreover, In the above-mentioned embodiment, a description has been given of the
case where a low-energy wavelength range and a high-energy wavelength range have an
overlap to some extent, however, a low-energy wavelength range and a high-energy
wavelength range may not be partially overlapped. Moreover, in the above-mentioned
embodiment, a description has been given in an example where two line sensors are provided
on one chip, however, the two detectors 32, 42 do not need to be always provided on one chip,
two Independent detectors may be arranged in parallel to have a wider width of the dead zone
region. Further, in the present embodiment, a spot source Is used as the X-ray source, a line-
shaped X-ray source may of course be used. Although, in the above-mentioned embodiment,
the X-ray image acquiring system 1 Is used for detection of the foreign substance O from the
subject S, the X-ray image acquiring system 1 may be used for a baggage inspection etc.

[0060] It i1s preferable that the first detector is a first line sensor that generates the first
radiation image data in successive divided image data, the second detector is a second line
sensor that generates the second radiation image data in successive divided image data, and
the timing control section controls to delay detection timing of at least the second line sensor
based on a width of the predetermined region so that a detection range In the subject of
divided image data by the first line sensor and a detection range in the subject of divided
Image data by the second line sensor are coincident. By thus controlling to delay the detection
timing of the second line sensor so that the detection ranges of the subject indicated by the
divided image data are equalized, an unclear edge part in a subtraction image can be reliably
reduced.

[0061] The width of the redetermined region Is a width along a short-side direction of the first
detector or the second detector and smaller than a sensing width to sense radiation in the first
detector or the second detector. The width of the predetermined region being narrow allows
preventing geometric blur in a subtraction image based on a radiation image to be generated
by the first detector or the second detector.

[0062] The radiation image acquiring system may include a composite image generating
section for generating a composite image by synthesizing radiation image data generated by
the first detector and radiation image data generated by the second detector while being
controlled by the timing control section so as to mutually correspond. Such a composite image
generating section allows acquiring a subtraction image with a reduced unclear edge part.

[0063] It Is preferable that the timing control section controls detection timing of at least the
second detector, based on a magnification ratio being a ratio of a distance between the
radiation irradiator and the subject to a distance between the radiation irradiator and the first
detector or the second detector, besides the width of the predetermined region and the
conveying speed mentioned above. Performing control including the magnification ratio allows
performing detection of a foreign substance contained in the subject and a baggage inspection
etc., with greater accuracy.

Industrial Applicability
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[0064] The present invention Is directed to a radiation detection device, a radiation image
acquiring system, a radiation inspection system, and a radiation detection method, and can
Improve the detection accuracy of a foreign substance etc., contained in a subject.

Reference Signs List

[0065]

1
X-ray image acquiring system

10
belt conveyor
20
X-ray irradiator
30
low-energy image acquiring section
32
low-energy detector
34
low-energy image correcting section
40
high-energy image acquiring section
42
high-energy detector
44
high-energy image correcting section
50
timing control section
60
timing calculating section
70
Image processor
30
dual image acquiring device
82
dead zone region
34
base
86

dual energy sensor
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conveying direction

V]

conveying speed
0

foreign subject
R

magnification ratio
S

subject
T

delay time
HW, LW

sensing width
R1,R2

Irradiation region
R3

shared region
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DETEKTERINGSANORDNING, SYSTEM TIL OPTAGELSE AF STRALING.
STRALINGSINSPEKTIONSSYSTEM OG FREMGANGSMADE TIL STRALINGSDETEKTERING
PATENTKRAV

. Rgntgendetekteringsanordning, der omfatter:

en fgrste linjesensor (32) til detektering af rgntgen, der transmitteres gennem personen, Og

generering af tgrste rgntgenbilleddata;

en anden linjesensor (42), der er anbragt parallel med den fgrste linjesensor med et dgdzoneomrade
med en forudbestemt bredde, der er indlejret derimellem, og til detektering aft rgntgen, der transmitteres
gennem personen, og generering at anden rgntgenbilleddata, hvor den fgrste linjesensor (32) detekterer
rgntgen 1 et fgrste energiinterval og den anden linjesensor (42) detekterer rgntgen 1 et andet energiinterval,

hvor ét af disse energiintervaller er et lavenergiinterval og det andet er et hgjenergiinterval; og

en timing-styringssektion (50) til udsendelse af fgrste styringsimpulser til den fgrste linjesensor

(32) og udsendelse at anden styringsimpulser til den anden linjesensor (42), kendetegnet ved, at:

den forudbestemte bredde er smallere end en detekteringsbredde at den fgrste linjesensor og en

detekteringsbredde at den anden linjesensor,

Og
timing-styringssektionen (50) er konfigureret til at styre for saledes at forsinke detekteringstiming

af mindst den anden linjesensor 1 forhold til detekteringstiming af den fgrste linjesensor, saledes at fgrste

rgntgenbilleddata og anden rgntgenbilleddata svarer til hinanden.

2. Rgntgendetekteringsanordning 1fglge krav 1, hvor den ftgrste linjesensor (32) og den anden

linjesensor (42) er konfigureret til fastggrelse pa en basis (84).

3. Rgntgendetekteringsanordning 1fglge et hvilket som helst at kravene 1 til 2, hvor en frekvens af de
anden styringsimpulser og en frekvens af de fdgrste styringsimpulser er ens, og et stigningspunkt for de

anden styringsimpulser forsinker et stigningspunkt for de tgrste styringsimpulser med en torsinkelsestid.

4. Rgntgendetekteringsanordning 1tglge et hvilket som helst at kravene 1 til 3, hvor den
forudbestemte bredde er indstillet til at vare sa smal som muligt med en sidan minimumstykkelse for at

forhindre eletroner 1 hver linjesensor (32, 42) 1 at strgmme 1nd 1 den anden linjesensor.

3. Rgntgendetekteringsanordning 1fglge et hvilket som helst at kravene 1 til 4, hvor timing-
styringssektionen er konfigureret til at generere de tgrste styringsimpulser og de anden styringsimpulser ved

hjelp af en faselast slgjfe eller en hgjfrekvensoscillator.
0. Rgntgeninspektionssystem, der omftatter:
en rgntgenbestraler (20) til bestraling af en person med rgntgen;

en transportsektion (10) til transport at personen 1 en transportretning ved en forudbestemt

transporthastighed og

rgntgendetekteringsanordningen itglge et hvilket som helst at kravene 1 til 3.
7. Rgntgendetekteringsfremgangsmade, der omfatter:

udsendelse af fgrste styringsimpulser til en f@grste linjesensor (32);

detektering af rgntgen, der transmitteres gennem personen ved hjelp af den fgrste linjesensor (32);
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-0
udsendelse at anden styringsimpulser til en anden linjesensor (42), der er anbragt parallelt med den
fgrste linjesensor (12) med et dgdzoneomrade med en forudbestemt bredde indlejret derimellem, hvor den
forste linjesensor (32) detekterer rgntgen 1 et tgrste energiinterval og den anden linjesensor (42) detekterer
rgntgen 1 et andet energiinterval, hvor ét at disse energiintervaller er et lavenergiinterval og det andet er et
hgjenergiinterval; og
detektering af rgntgen, der transmitteres gennem personen ved hjelp at den anden linjesensor (42),

kendetegnet ved, at:

den forudbestemte bredde er smallere end en detekteringsbredde at den fgrste linjesensor (32) og

en detekteringsbredde at den anden linjesensor (42), og

forsinkelse af detekteringstiming atf mindst den anden linjesensor (42) 1 forhold til
detekteringstiming af den fgrste linjesensor (32) styres saledes, at fgrste rgntgenbilleddata og anden

rgntgenbilleddata svarer til hinanden.
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Fig.3
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Fig.4
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Fig.5
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Fig.10




DK/EP 3128315 T3

Fig.11
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Fig.12
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