DIGITAL RADIOGRAPHY SYSTEM AND DIGITAL RADIOGRAPHY METHOD

CROSS REFERENCE TO RELATED APPLICATION

[0001] The present application claims priority to Chinese patent application No.
202110768526.4, entitled “DIGITAL RADIOGRAPHY SYSTEM AND DIGITAL
RADIOGRAPHY METHOD?”, filed on July 7, 2021, the entire contents of which are

incorporated herein by reference.

TECHNICAL FIELD
[0002] The present disclosure relates to an object detection system, and more particularly to

a digital radiography system and a digital radiography method.

BACKGROUND

[0003] Digital Radiography (DR) is a technology combining computer digital image
processing technology and radiography technology. DR has advantages such as clear image,
fast imaging and less radiation, and is widely used in the field of medical treatment and security
inspection. DR’s basic principle is that after the interaction of rays with an object, due to
different physical properties of the object, amounts of the emitted rays arriving at detectors are
different. According to the detected ray signals, a digital radiography projected image is formed.
[0004] In aconventional digital radiography system, a ray source and the detectors are located
in a same plane, which is perpendicular to a transfer direction of the object. For example, the
detectors are located in a folded line including a main detector arm support and a non-main
detector arm support, and the ray source is arranged in a plane formed by the main detector
arm support and the non-main detector arm support.

[0005] However, this configuration in which the ray source and the detectors are arranged in
the same plane is unable to sufficiently utilize the ray source and the detectors. In addition,
since the ray source and the detectors are required to be arranged in the same plane, the design

of the digital radiography system is limited.
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[0006] The present disclosure provides a digital radiography system and a digital radiography
method, which aim to solve at least one of the above problems.

[0007] One aspect of the present disclosure provides a digital radiography system including:
detectors mounted on a detector arm support formed in a first plane; and a ray source being
non-coplanar with the first plane.

[0008] In the digital radiography system of the above aspect, the detector arm support
includes a first detector arm support and at least one second detector arm support for mounting
the detectors.

[0009] The digital radiography system of the above aspect further includes an image
processing apparatus configured to acquire a corrected detection image according to a target
spot of the ray source, locations of the first detector arm support and the second detector arm
support, a moving speed of an object under detection, and detection values of the first detector
arm support and the second detector arm support.

[0010] In the digital radiography system of the above aspect, the image processing apparatus
includes: a projection acquisition portion configured to acquire projections of the target spot
and the second detector arm support on a plane perpendicular to the first plane and a second
plane formed by the target spot and the first detector arm support; a time deviation correction
portion configured to acquire an angle between the first plane and the second plane using the
projections on the plane perpendicular to the first plane and the second plane, and correct,
according to the angle, a time deviation of detection data due to a distance by which the object
under detection moves from the first plane to the second plane in a transfer direction; and a
space deviation correction portion configured to perform space deviation correction on a
detection value of a projection of each pixel on the second detector arm support on the second
plane, and generate a final image of the object under detection based on the corrected detection
value and the detection value of the first detector arm support.

[0011] In the digital radiography system of the above aspect, the time deviation correction
portion includes: an angle calculation portion configured to calculate, using the plane
perpendicular to the first plane and the second plane, an angle between the second detector arm
support and a projected detector arm support, in which the projected detector arm support is a

projection of the second detector arm support on the second plane in the transfer direction of
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the object under detection; a deviation ratio calculation portion configured to calculate,
according to the angle, a preset equivalent height of the object under detection, and the moving
speed of the object under detection, a ratio of a distance deviation between a detector on the
second detector arm support and a projection of the detector with respect to a reference distance
deviation between a detector on the second detector arm support at the equivalent height and a
projection of the detector, in the transfer direction of the object under detection; and a detection
data correction portion configured to correct, for a time sequence of detection data collected
by the detector on the second detector arm support, a time deviation of the time sequence of
the collected detection data according to the ratio and a time sampling period of a detection
source, so as to obtain corrected time deviation corrected data.

[0012] In the digital radiography system of the above aspect, the space deviation correction
portion re-projects the projected second detector arm support onto a same straight line as the
first detector arm support and acquires the final image of the object under detection.

[0013] In the digital radiography system of the above aspect, detection data at a time point
other than sampling time is obtained by interpolation.

[0014] In the digital radiography system of the above aspect, the interpolation includes one
of nearest neighbor interpolation, linear interpolation and quadratic interpolation.

[0015] The digital radiography system of the above aspect includes a plurality of rows of the
detectors located in different planes, in which a plurality of second detector arm supports are
located in a second plane.

[0016] In the digital radiography system of the above aspect, the image processing apparatus
includes: a sampling point determination portion configured to select a row of detectors from
the plurality of rows of the detectors and acquire a plurality of sampling points of the row of
detectors on an extension line extending from an intersection point between the first detector
arm support and the second detector arm support; an intersection point acquisition portion
configured to acquire a plurality of intersection points respectively between lines connecting
the target spot of the ray source with the plurality of sampling points and the second plane; a
sampling point pixel value acquisition portion configured to calculate, according to a location
of each detector pixel in the second plane and a detection value of the detector pixel, detection

values of the plurality of intersection points as detection values of the plurality of sampling
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points; and an image acquisition portion configured to generate an image of the object under
detection according to the detection values of the plurality of sampling points and a detection
value of a detector on the first detector arm support.

[0017] In the digital radiography system of the above aspect, the image processing apparatus
includes: a projection point determination portion configured to select a row of detectors from
the plurality of rows of the detectors, and acquire, in a projection plane formed by the target
spot of the ray source and the first detection arm support for the row of detectors, any point
located in the projection plane at a side opposite to the first detector arm support with respect
to the second plane and intersects the second plane as a projection point; an intersection point
acquisition portion configured to acquire an intersection point between a line connecting the
target spot with the projection point and the second plane; a projection point pixel value
acquisition portion configured to calculate, according to a location of each detector pixel in the
second plane and a detection value of the detector pixel, a detection value of the intersection
point as a detection value of the projection point; and a corrected image acquisition portion
configured to re-project the projection point onto a same straight line as the main detector arm
support, and generate a corrected image of the object under detection according to a corrected
detection value and a detection value of a detector on the first detector arm support for the row
of detectors.

[0018] In the digital radiography system of the above aspect, the detection value of the
intersection point is obtained by interpolation.

[0019] In the digital radiography system of the above aspect, the interpolation includes one
of nearest neighbor interpolation, linear interpolation and quadratic interpolation.

[0020] In the digital radiography system of the above aspect, the farther the selected row of
detectors away from the ray source, the greater an imaging range of the image of the object
under detection.

[0021] In the digital radiography system of the above aspect, the sampling points are equally
spaced or arbitrarily spaced.

[0022] In the digital radiography system of the above aspect, the plurality of rows of the
detectors are equally spaced or unequally spaced.

[0023] In the digital radiography system of the above aspect, the detectors are arranged in a
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straight line or in an arc.

[0024] In the digital radiography system of the above aspect, under a condition that the
detectors are arranged in an arc, the first detector arm support is a portion mounted with a single
detector or a single module mounted with a plurality of detectors in a straight line.

[0025] The present disclosure further provides a digital radiography method applied to the
above digital radiography system, including: a projection acquisition step, including acquiring
projections of the target spot and the second detector arm support on a plane perpendicular to
the first plane and a second plane formed by the target spot and the first detector arm support;
a time deviation correction step, including acquiring an angle between the first plane and the
second plane using the projections on the plane perpendicular to the first plane and the second
plane, and correcting, according to the angle, a time deviation of detection data due to a distance
by which the object under detection moves from the first plane to the second plane in a transfer
direction; and a space deviation correction step, including performing space deviation
correction on a detection value of a projection of each pixel on the second detector arm support
on the second plane, and generating a final image of the object under detection based on the
corrected detection value and the detection value of the first detector arm support.

[0026] In the above digital radiography method, the time deviation correction step includes:
an angle calculation step, including calculating, using the plane perpendicular to the first plane
and the second plane, an angle between the second detector arm support and a projected
detector arm support, in which the projected detector arm support is a projection of the second
detector arm support on the second plane in the transfer direction of the object under detection;
a deviation ratio calculation step, including calculating, according to the angle, a preset
equivalent height of the object under detection, and the moving speed of the object under
detection, a ratio of a distance deviation between a detector on the second detector arm support
and a projection of the detector with respect to a reference distance deviation between a detector
on the second detector arm support at the equivalent height and a projection of the detector, in
the transfer direction of the object under detection; and a detection data correction step,
including correcting, for a time sequence of detection data collected by the detector on the
second detector arm support, a time deviation of the time sequence of the collected detection

data according to the ratio and a time sampling period of the ray source, so as to obtain
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corrected time deviation corrected data.

[0027] In the above digital radiography method, the space deviation correction step further
includes: re-projecting the projected second detector arm support onto a same straight line as
the first detector arm support and acquiring the final image of the object under detection.
[0028] The present disclosure further provides a digital radiography method applied to the
above digital radiography system, including: a sampling point determination step, including
selecting a row of detectors from the plurality of rows of the detectors and acquiring a plurality
of sampling points of the row of detectors on an extension line extending from an intersection
point between the first detector arm support and the second detector arm support; an
intersection point acquisition step, including acquiring a plurality of intersection points
respectively between lines connecting the target spot of the ray source with the plurality of
sampling points and the second plane; a sampling point pixel value acquisition step, including
calculating, according to a location of each detector pixel in the second plane and a detection
value of the detector pixel, detection values of the plurality of intersection points as detection
values of the plurality of sampling points; and an image acquisition step, including generating
an image of the object under detection according to the detection values of the plurality of
sampling points and a detection value of a detector on the first detector arm support.

[0029] The present disclosure further provides a digital radiography method applied to the
above digital radiography system, including: a projection point determination step, including
selecting a row of detectors from the plurality of rows of the detectors, and acquiring, in a
projection plane formed by the target spot of the ray source and the first detection arm support
for the row of detectors, any point located in the projection plane at a side opposite to the first
detector arm support with respect to the second plane and intersects the second plane as a
projection point; an intersection point acquisition step, including acquiring an intersection point
between a line connecting the target spot with the projection point and the second plane; a
projection point pixel value acquisition step, including calculating, according to a location of
each detector pixel in the second plane and a detection value of the detector pixel, a detection
value of the intersection point as a detection value of the projection point; and a corrected image
acquisition step, including re-projecting the projection point onto a same straight line as the

main detector arm support, and generating a corrected image of the object under detection
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according to a corrected detection value and a detection value of a detector on the first detector
arm support for the row of detectors.

[0030] The present disclosure provides a digital radiography system which is able to
sufficiently utilize the ray source and the detector. In addition, the present disclosure provides

a digital radiography system which can be designed without design space limitation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] Fig. 1 shows a schematic diagram of a digital radiography system according to the
present disclosure;

[0032] Fig. 2 shows a schematic diagram of another digital radiography system according to
the present disclosure;

[0033] Fig. 3 shows a structural diagram of an image processing apparatus according to
Embodiment 1 of the present disclosure;

[0034] Fig. 4 shows a schematic diagram of acquiring projections in a digital radiography
system according to the present disclosure;

[0035] Fig. 5 shows a simplified schematic diagram of a non-main detector arm support, a
projected non-main detector arm support, and a ray source as viewed from the X-axis direction;
[0036] Fig. 6 shows a flowchart of image processing of a digital radiography system
according to Embodiment 1 of the present disclosure;

[0037] Fig. 7 shows a schematic diagram of a digital radiography system in which a plurality
of rows of detector arm supports mounted with detectors are non-coplanar with a target spot;
[0038] Fig. 8 shows a side view of the digital radiography system shown in Fig. 7 as viewed
from the X-axis direction;

[0039] Fig. 9 shows a structural diagram of an image processing apparatus in a digital
radiography system according to Embodiment 2 of the present disclosure;

[0040] Fig. 10 shows a flowchart of an image processing method for the digital radiography
system according to Embodiment 2 of the present disclosure;

[0041] Fig. 11 shows a structural diagram of an image processing apparatus according to
Embodiment 3 of the present disclosure;

[0042] Fig. 12 shows a flowchart of an image processing method for the digital radiography
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system according to Embodiment 3.

DETAILED DESCRIPTION

[0043] Features and exemplary embodiments of various aspects of the present disclosure will
be described in detail below. In order to make the objects, technical solutions and advantages
of the present disclosure clearer, the present disclosure will be further described in detail below
with reference to the accompanying drawings and specific embodiments. It should be
understood that the specific embodiments described herein are only configured to explain the
present disclosure, but not to limit the present disclosure. For those skilled in the art, the present
disclosure can be implemented without some of these specific details. The following
description of the embodiments is merely to provide a better understanding of the present
disclosure by illustrating the examples of the present disclosure.

[0044] The digital radiography system according to the present disclosure is described below
in detail with reference to Figs. 1 and 2. The digital radiography system according to the present
disclosure includes: detectors mounted on a detector arm support formed in a first plane; and a
ray source being non-coplanar with the first plane.

[0045] Fig. 1 shows a schematic diagram of a digital radiography system according to the
present disclosure. The digital radiography system 100 includes a ray source S and detectors L.
The detectors L are mounted on a main detector arm support L1 and a non-main detector arm
support L2, and the main detector arm support L1 and the non-main detector arm support L2
form a plane P. The ray source may be a distributed ray source or a ray target spot source, and
the following embodiments are described by taking the ray target spot source as an example.
The ray source S is located outside the plane P, that is, the ray source S and the detectors L are
located in different planes. The object under detection M is an object to be detected by ray
scanning. Rays emitted by the ray source S are perpendicularly or obliquely incident onto and
received by the detectors L.

[0046] Fig. 2 shows a schematic diagram of another digital radiography system according to
the present disclosure. The digital radiography system 200 includes a ray source Sd and
detectors Ld. The detector arm support for the detectors Ld is formed as an arc, the ray source

Sd is located outside the plane where the arc is located, and the ray source Sd and the detectors
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Ld are located in different planes.

[0047] Herein, the selection of the main detector arm support and the non-main detector arm
support is relative, and if a certain detector arm support is selected as the main detector arm
support, the remaining detector arm supports are all non-main detector arm supports. For
example, in Fig. 1, L1 is the main detector arm support and L2 is the non-main detector arm
support, and alternatively, L2 may be set as the main detector arm support and L1 may be set
as the non-main detector arm support as required.

[0048] Therefore, in order to clearly imaging the object under detection, one or more sets of
detectors that are non-coplanar with the ray source may be added to the original digital
radiography system, and thus utilization of the ray source can be increased.

[0049] In addition, with the above arrangement, under a condition that the installation space
for the digital radiography system is limited, the detectors and the ray source are not required
to be arranged in a same plane, while the ray source may be arranged outside the plane where
the detectors are located, and the flexibility for designing the digital radiography system is
increased.

[0050] An image processing apparatus in the above digital radiography system is described
below. Under a condition that the detectors located in a folded line or an arc are located in the
same plane as the ray source, the detection image obtained directly according to the optical
paths in this arrangement is generally deformed, and for example, the detection image may be
compressed or stretched. This deformation is due to abrupt changes in projections of the
detectors where the arm supports intersect. For solving this problem, the detection data of the
detectors may be re-projected onto a straight line where the main detector is located by means
of known space geometric correction. However, in the digital radiography system of the present
disclosure, deformation of the image of the object under detection obtained according to the
detection data cannot be corrected by means of space geometric correction. The inventor of the
present disclosure has found the reason for this is that not only the object under detection is in
different projection angles in terms of space, but also the projections of the object under
detection are delayed in terms of time. As a result, the deformation of the object under detection
cannot be solved simply by means of two-dimensional space geometric correction. The

inventor of the present disclosure solves the above problems through both of space correction
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and time correction.

[0051] Embodiment 1

[0052] Fig. 3 shows a schematic structural diagram of an image processing apparatus
according to Embodiment 1 of the present disclosure. The image processing apparatus is
configured to acquire a corrected image of the object under detection according to a target spot
of the ray source, locations of the main detector arm support and the non-main detector arm
support, a moving speed of the object under detection, and detection values of the main detector
arm support and the non-main detector arm support. The image processing apparatus 10
includes a projection acquisition portion 101, a time deviation correction portion 102, and a
space deviation correction portion 103.

[0053] Fig. 4 shows a schematic diagram of acquiring projections in a digital radiography
system according to the present disclosure. For example, in Fig. 4, the main detector arm
support L1 and the non-main detector arm supports L2, L3 form a plane P which is generally
perpendicular to the ground (i.e., the plane P is located in a plane formed by an X-axis and a
Y-axis in a rectangular coordinate system). A ray source Sa is located outside the plane P. The
ray source Sa and the main detector arm support L1 form a plane P’ other than the plane P,
when the object under detection W moves along the transfer direction (i.e., a Z direction
perpendicular to the X direction and the Y direction), the time at which the object under
detection W receives rays when passing through the plane P and the plane P’ are different, and
thus the detection image may be bended due to such a time difference. In order to eliminate the
bending, the deviation caused by the time difference should be eliminated. The inventor of the
present disclosure proposes the following solution after discovering the above problem and its
causes: projecting the non-main detector arm L2 onto the plane P’, i.e., the plane P’ formed by
the ray source S and the main detector arm L1, so as to eliminate the time difference.

[0054] Firstly, the projection acquisition portion 101 is configured to acquire projections of
the ray source Sa and the non-main detector arm support L2 (L3) on a plane perpendicular to
the plane P and the plane P’, in which the plane P’ is formed by the ray source Sa and the main
detector arm support L1.

[0055] Fig. 5 shows a simplified schematic diagram of a non-main detector arm support, a

projected non-main detector arm support, and a ray source as viewed from the X-axis direction.
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Reference is made to Figs. 4 and 5 below for illustration.

[0056] When determining the projections, the plane P’ is formed by the ray source Sa and the
main detector arm support L1. Since the main detector arm support L1 is located in the plane
P’, a detection value of the main detector arm support L1 is not required to be processed, and
only the non-main detector arm supports L2 and L3 need to be projected onto the plane P’, so
as to eliminate, when the object under detection W is transferred along the direction Z
perpendicular to the direction X and the direction Y, the time difference between the time at
which the detector on the main detector arm support L1 receives the rays emitted by the ray
source Sa and the time at which the detector on the non-main detector arm supports L2 and L3
receives the rays emitted by the ray source Sa. A projection of the non-main detector arm
support L2 on the plane P’ along the transfer direction of the object under detection W is
referred to as a projected non-main detector arm support L2’°, and a projection of the non-main
detector arm support L3 on the plane P’ along the transfer direction of the object under detection
W is referred to as a projected non-main detector arm support L3’. Herein, the non-main
detector arm support L3 is taken as an example. Referring to Fig. 4, since the plane formed by
the main detector arm support L1 and the non-main detector arm support L2 (L3) is generally
arranged to be parallel to the coordinate XY plane, i.e., perpendicular to the ground, the non-
main detector arm support L3 and the projected non-main detector arm support L3’ herein form
a plane perpendicular to both of the plane P and the plane P’, and a projection of the ray source
Sa on the plane perpendicular to both of the plane P and the plane P’ is Sa’. That is, the plane
perpendicular to both the plane P and the plane P’ is a plane formed by the projection Sa’ of the
ray source and the non-main detector arm support L3.

[0057] Inthis way, after the projections are acquired by the projection acquisition portion 101,
the time deviation correction portion 102 is configured to acquire an angle a between the plane
P and the plane P’ using the projections on the plane perpendicular to the plane P and the plane
P’, and correct, according to the angle a, a time deviation of detection data due to a distance by
which the object under detection W moves from the plane P to the plane P’ in the transfer
direction Z.

[0058] Specifically, the time deviation correction portion 102 includes an angle calculation

portion, a deviation ratio calculation portion, and a detection data correction portion.
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[0059] Since a positional relationship between the detector arm support and the ray source is
fixed after the digital radiography system is installed, in the perpendicular plane, a distance Z0
from the projection Sa’ of the ray source to an extension line of the non-main detector arm
support L2 and a distance HO in a direction of the non-main detector arm support are known,
and the angle calculation portion can calculate the angle o between the plane P and the plane

P’ using the following trigonometric function:
[0060] a=arctan.
HO

[0061] Exemplarily, the distance Z0 is shown as a fixed value herein, but since the actual
situation may be different, the distance Z0 may be alternatively shown as a variable parameter
and determined according to image correction effect.

[0062] Next, the deviation ratio calculation portion is configured to calculate, according to
the above calculated angle, an equivalent height of the object under detection, and the moving
speed of the object under detection, a ratio of a distance deviation between a detector on the
non-main detector arm support and a projection of the detector with respect to a distance
deviation between a detector on the non-main detector arm support at the equivalent height and
a projection of the detector, in the transfer direction of the object under detection W.

[0063] Herein, the equivalent height Hb of the object under detection W may be any height
from a bottom height to a top height of the object under detection. Herein, the equivalent height
refers to a vertical distance from a certain point of the object under detection W to the following
plane: this plane refers to a plane that contains the ray source Sa and is parallel to the coordinate
XZ plane. Therefore, the bottom height refers to a vertical distance from the bottom of the
object under detection W to the above plane, and the top height refers to a vertical distance
from the top of the object under detection W to the above plane.

[0064] Under a condition that a is determined, according to a position, Hi which is known, of
each detector pixel 1 on the non-main detector arm support L3, a distance deviation Si between
each detector pixel i on the non-main detector arm support L3 and the projected plane P’ in the
transfer direction of the object under detection W can be calculated by the following equation:
[0065] Si=Hi*tano.

[0066] Exemplarily, the tangent function is used herein, but when the angle between the non-
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main detector arm support L3 and its projection is small, for example, 5 degrees or less, other
trigonometric function values such as the sine value or the angle itself can be used for the
calculation.

[0067] In addition, a distance deviation Gi of the object under detection W at the equivalent
height Hb is determined, and Gi is a reference distance deviation. Under a condition that the
transfer speed is fixed, the reference distance deviation Gi depends on the value of Hb. In this
way, a ratio Si/Gi of the distance deviation Si between a detector on the non-main detector arm
support and a projection of the detector with respect to the reference distance deviation Gi
between a detector on the non-main detector arm support at the equivalent height Hi and a
projection of the detector, in the transfer direction of the object under detection W, can be
calculated. Under this condition, detection data at a time point other than sampling time points
may be obtained by interpolation. The interpolation may include one of nearest neighbor
interpolation, linear interpolation and quadratic interpolation.

[0068] Under a condition that the above ratio Si/Gi is acquired, the detection data correction
portion is configured to correct, for a time sequence of image data collected by the detector on
the non-main detector arm support, the time sequence of the collected detection data according
to the above ratio Si/Gi and a time sampling period of a detector, so as to obtain corrected time
deviation corrected detection data. As a result, the time deviation of the detection data is
eliminated, and detection data located in different planes are projected onto a same plane, i.e.,
the plane P’ in this embodiment.

[0069] It is assumed that a reading of the detector 1 in the time direction is r(t), and the time
sampling period is TO.

[0070] Under a condition that the data at the detector i is delayed relative to the data at the
main detector arm support, it is assumed that t1=ceil(Si/Gi), t2=floor(Si/Gi), and p=Si/Gi-t2,
then:

[0071] r(t)=p*r(t-t1 *TO)+(1-p)*r(t-t2*T0O),

[0072] in which the ceil function represents the smallest integer greater than a corresponding
value, and the floor function represents the largest integer less than a corresponding value.
[0073] Under a condition that the data at the detector i is advanced relative to the data at the

main detector arm support, t1=ceil(Si/Gi), t2=floor(Si/Gi), and p=Si/Gi-t2, then:
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[0074] r(t)=p*r(t+t1*TO)+(1-p)*r(t+t2*T0O),

[0075] in which the ceil function represents the smallest integer greater than a corresponding
value, and the floor function represents the largest integer less than a corresponding value.
[0076] Through the above processing, the sampled data r(t) can be delayed or advanced to
eliminate deviations due to non-coplanarity of the detectors with the ray source.

[0077] The above processing is performed on each detector on the non-main detector arm
support, so that the time deviations of detection values of all detectors on the non-main detector
arm support can be corrected. Since the main detector arm support is located in the plane P’,
the processing is not required for the detection value of the detector on the main detector arm
support. In this way, detection values of all detector pixels in the plane P’ without time deviation
can be acquired.

[0078] Due to abrupt changes in projections of the detectors where the arm supports intersect,
the image formed from projections for the object under detection W may be compressed or
stretched partially. Under this condition, the space deviation correction portion 103 is
configured to re-project the projected second detector arm support, which is projected onto the
plane P’, onto a same straight line as the main detector arm support, so as to generate the final
image of the object under detection W.

[0079] Known techniques may be employed for the space correction, and will not be repeated
herein.

[0080] Through the above processing, the corrected image for the digital radiography system
in which the ray source and the detectors are in different planes, i.e., not coplanar, can be
obtained. In addition, according to the above processing, the deviations in terms of space and
time of the detection image of the object under detection can be eliminated simultaneously, and
an accurate image of the object under detection is obtained.

[0081] Fig. 6 shows a flowchart of image processing applied to the digital radiography system
of Embodiment 1 of the present disclosure.

[0082] In step S11, projections of the target spot of the ray source and the non-main detector
arm support on the perpendicular plane are acquired, in which the main detector arm support
and the non-main detector arm support are mounted with detectors and located in the first plane,

the target spot and the main detector arm support forms the second plane, and the perpendicular
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plane is perpendicular to the above first and second planes. In step S12, an angle between the
non-main detector arm support and a projected detector arm support of this non-main detector
arm support on the second plane is calculated. The angle is calculated using the trigonometric
functions described above, which will not be repeated herein. In step S13, a distance difference
Gi between a pixel on the non-main detector arm support at the equivalent height of the object
under detection and a projection of the pixel in the transfer direction of the object under
detection is determined. In step S14, a distance difference Si between each pixel on the non-
main detector arm support and a projection of the pixel in the transfer direction of the object
under detection is determined. In step S15, a ratio Si/Gi is determined. In step S16, time
deviation correction is performed on the collected image data according to the ratio. In step
S17, space deviation correction is performed on a detection value of a projection of each pixel
on the non-main detector arm support on the second plane, and a final image of the object under
detection is generated based on the corrected detection value and the detection value of the
main detector arm support.

[0083] The image processing method for digital radiography is described above, and
reference may be made to the description of the apparatus for the details of the method.

[0084] Embodiment 2

[0085] Next, Embodiment 2 of the image processing apparatus in the digital radiography
system of the present disclosure is described with reference to Figs. 7 and 8.

[0086] Embodiment 2 illustrates a digital radiography system in which the detectors and the
target spot are not in a same plane and there are a plurality of rows of detector arm supports.
Fig. 7 shows a schematic diagram of a digital radiography system in which a plurality of rows
of detector arm supports mounted with detectors are non-coplanar with the target spot. Fig. 8
shows a side view of the digital radiography system shown in Fig. 7 as viewed from the X-axis
direction.

[0087] The digital radiography system includes a ray source and a plurality of rows of
detector arm supports which are non-coplanar with the ray source and located in different
planes, and each row of the detector arm supports includes a main detector arm support and a
non-main detector arm. Rays emitted by the ray source may be perpendicularly or obliquely

incident on the detectors.
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[0088] Fig. 9 shows a structural diagram of an image processing apparatus in the digital
radiography system according to Embodiment 2 of the present disclosure. The image
processing apparatus 20 according to Embodiment 2 includes: a sampling point determination
portion 201 configured to select a row of detectors from a plurality of rows of the detectors and
acquire a plurality of sampling points of the row of detectors on an extension line extending
from an intersection point between the main detector arm support and the non-main detector
arm support; an intersection point acquisition portion 202 configured to acquire a plurality of
intersection points respectively between lines connecting the position of the ray source with
the plurality of sampling points and a plane formed by the non-main detector arm supports; a
sampling point pixel value acquisition portion 203 configured to calculate, according to a
location of each detector pixel in the plane formed by the non-main detector arm supports and
a detection value of the detector pixel, detection values of the plurality of intersection points
as detection values of the plurality of sampling points; and an image acquisition portion 204
configured to form a corrected image according to the detection values of the plurality of
sampling points and a detection value of a detector on the first detector arm support.

[0089] Reference is made to Figs. 7 and 8 below for details. The digital radiography system
in Fig. 7 includes a ray source S1 and a plurality of rows of detector arm supports. Each row
of detector arm supports of the plurality of rows of detector arm supports includes a main
detector arm support LB and a non-main detector arm support LA. The non-main detector arm
supports LA constitute a non-main detector plane Pa.

[0090] The sampling point determination portion 201 is configured to select a row of detector
arm supports from the plurality of rows of detector arm supports, the detector arm support at
the outermost side is selected herein, and acquire a plurality of sampling points X of the row
of detector arm supports on an extension line LB’ extending from an intersection point between
the main detector arm support LB and the non-main detector arm support LA, in which the
coordinate of the sampling point X is (xi, y1, zi), and i=1, 2, 3, ....... Herein, it is assumed that
the plurality of sampling points X are equally spaced, but the plurality of sampling points X
may be unequally spaced.

[0091] The intersection point acquisition portion 202 is configured to acquire the intersection

points respectively between the lines connecting the ray source S1 with the sampling points X
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and the plane Pa, which is a plane where a plurality of rows of non-main detector arm supports
are located. That is, the intersection point (xc, yc, zc) between a marker x ray and the plane Pa
is determined according to the coordinate (sXx, sy, sz) of the target spot of the ray source S1, the
coordinate of the sampling point (xi, yi, zi), and the plane where the plurality of rows of non-
main detector arm supports are located.

[0092] The sampling point pixel value acquisition portion 203 is configured to calculate,
according to a location of each detector pixel in the plane Pa and a detection value of the
detector pixel, detection values of the plurality of intersection points (xc, yc, zc) as detection
values of the plurality of sampling points. Herein, the detection value at the intersection point
(xc, yc, zc) is calculated, according to the detection value of each detector pixel in the plane Pa
and the coordinate corresponding to the detector pixel, through interpolation as the reading of
the projection point of the intersection point (xc, yc, zc), i.e., the detection value of the sampling
point X. Herein, the interpolation may include one of nearest neighbor interpolation, linear
interpolation and quadratic interpolation.

[0093] The image acquisition portion 204 is configured to form an image of the object under
detection according to the detection values of the plurality of sampling points and a detection
value of a detector on the main detector arm support LB.

[0094] Therefore, since the detection data from different planes are projected onto a same
main detector arm support and its extension line, the acquired data is of high accuracy and the
generated image is clearer.

[0095] In the selection of the detector arm supports, the detection value of each row of the
detector arm supports may be used to obtain an image of the object under detection, and the
farther the detector arm supports away from the target spot of the ray source, the greater an
imaging range of the image of the object under detection. For the row of the detector arm
supports closest to the target spot of the ray source, the imaging range of the object under
detection is the smallest. Thus, an appropriate detector arm support may be selected as desired.
[0096] Through the above selection, the corrected and accurate image of the object under
detection can still be obtained under a condition that a plurality of rows of the detectors are
arranged.

[0097] An image processing method for the digital radiography system according to
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Embodiment 2 will be described below with reference to Fig. 10. Fig. 10 shows a flowchart of
an image processing method for the digital radiography system of Embodiment 2 of the present
disclosure. In step S21, a row of detectors is selected from the plurality of rows of the detectors,
and a plurality of sampling points of the row of detectors on an extension line extending from
an intersection point between the main detector arm support and the non-main detector arm
support are acquired. In step S22, a plurality of intersection points respectively between lines
connecting the target spot of the ray source with the plurality of sampling points and the plane
formed by the non-main detector arm supports are acquired. In step S23, detection values of
the plurality of intersection points are calculated, according to a location of each detector pixel
in the plane formed by the non-main detector arm supports and a detection value of the detector
pixel, as detection values of the plurality of sampling points. In step S24, an image of the object
under detection is formed according to the detection values of the plurality of sampling points
and a detection value of a detector on the main detector arm support. For the details of the
image processing method, reference is made to the above description of the image processing
apparatus.

[0098] Embodiment 3

[0099] The structure of the digital radiography system in Embodiment 3 is the same as the
structure of the digital radiography system in Embodiment 2, and the difference lies only in the
processing of the image processing apparatus. In the above Embodiment 2, the sampling points
on the main detector arm support are directly acquired and used as the projection points to
acquire the detection values corresponding to the sampling points. Fig. 11 shows a structural
diagram of an image processing apparatus according to Embodiment 3 of the present disclosure.
In the image processing apparatus 30, a projection point determination portion 301 is included
in replace of the sampling point determination portion in Embodiment 2. The projection point
determination portion 301 is configured to select a row of detectors from the plurality of rows
of the detectors, and acquire, in a projection plane formed by the target spot of the ray source
and the main detection arm support of the selected row of detectors, any point located in the
projection plane at a side opposite to the main detector arm support LB with respect to the
plane Pa and intersects the plane Pa as a projection point.

[00100] Actions performed by an intersection point acquisition portion 302 and a sampling
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point pixel value acquisition portion 303 are the same as actions performed by the intersection
point acquisition portion 202 and the sampling point pixel value acquisition portion 203 in
Embodiment 2, and will not be repeated herein.

[00101] Finally, a corrected image acquisition portion 305 is configured to correct the detection
value of the projection point and generate a corrected image of the object under detection
according to a corrected detection value and a detection value of a detector on the main detector
arm support for the row of detectors. In the above projection, the non-main detector arm support
is projected onto the projection plane, i.e., the plane formed by the target spot and the main
detector arm support, and according to Embodiment 1, this operation can eliminate the time
deviation of the detection data. Space deviation correction is also necessary for the detection
data, which is the same as the method mentioned in Embodiment 1, and will not be repeated
herein.

[00102] Fig. 12 shows a flowchart of an image processing method for the image processing
apparatus according to Embodiment 3. In step S31, a row of detectors is selected from the
plurality of rows of the detectors, and in a projection plane formed by the target spot and the
main detection arm support for the row of detectors, any point located in the projection plane
at a side opposite to the main detector arm support with respect to the second plane formed by
the non-main detector arm supports and intersects the second plane is acquired as a projection
point. In step S32, an intersection point between a line connecting the ray source with the
projection point and the plane formed by the non-main detector arm supports is acquired. In
step S33, a detection value of the intersection point is calculated, according to a location of
each detector pixel in the plane formed by the non-main detector arm supports and a detection
value of the detector pixel, as a detection value of the projection point. In step S34, the detection
value of the projection point is corrected, the projection point is re-projected onto a same
straight line as the main detector arm support, and a corrected image of the object under
detection is generated according to a corrected detection value and a detection value of a
detector on the main detector arm support for the row of detectors.

[00103] The image processing apparatus in the digital radiography system has been described
in detail above, but the present disclosure is not limited thereto.

[00104] In the above embodiments, the detector arm support is illustrated as a detector arm
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support in a folded line, but the detector arm support is not such limited and may be in an arc.
The selection of the main detector arm is not limited and may be arbitrary. After the main
detector arm support is determined, other detector arm supports are all non-main detector arm
supports. For the detector arm support in an arc, the selection of the main detector arm support
is determined by a detector module arranged in a straight line or a pixel. The detectors described
above are arranged in a non-closed arrangement, but they may also be arranged in a closed
arrangement.

[00105] In the above embodiments, a non-coplanar distribution with a single light source and
a plurality of detector arm supports is described as an example, but a structure with a plurality
of light sources and a single detector arm support or a structure with a plurality of light sources
corresponding to a plurality of detector arm supports is also possible. In the above embodiments,
the target spot of the ray source is described as an example, but a plurality of ray sources are
also possible, such as a distributed ray source and a traditional optical machine. Such an
arrangement is beneficial for reducing space and improving the utilization of the light source
and the detectors.

[00106] Aspects of the present disclosure are described above with reference to flowcharts
and/or block diagrams of methods, apparatuses (systems) and computer program products
according to the embodiments of the present disclosure. It should be understood that each block
in the flowchart and/or block diagram and a combination of the blocks in the flowchart and/or
block diagram may be implemented by computer program instructions. These computer
program instructions may be provided to a processor of a general-purpose computer, a
specialized computer, or other programmable data processing device to produce a machine, so
that these instructions, executed by the processor of the computers or other programmable data
processing device, enable the implementation of the function/action specified in one or more
blocks of the flowchart and/or block diagram. Such a processor may be, but is not limited to, a
general purpose processor, a specialized processor, a special application processor, or a field
programmable logic circuit. It should also be understood that each block in the block diagram
and/or flowchart and a combination of the blocks in the block diagram and/or flowchart may
also be implemented by specialized hardware that performs specified function or action, or by

a combination of specialized hardware and computer instructions.
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[00107] Although the implementations and the specific embodiments of the present disclosure
are described above with reference to the drawings, various modifications and variations may
be made by those skilled in the art without departing from the gist and scope of the present
disclosure, and such modifications and variations fall within the scope defined by the appended

claims.
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WHAT IS CLAIMED IS:

1. A digital radiography system, comprising:
detectors mounted on a detector arm support formed in a first plane; and

a ray source being non-coplanar with the first plane.

2. The digital radiography system according to claim 1, wherein
the detector arm support comprises a first detector arm support and at least one second

detector arm support for mounting the detectors.

3. The digital radiography system according to claim 2, further comprising:

an image processing apparatus configured to acquire a corrected detection image
according to a target spot of the ray source, locations of the first detector arm support and the
second detector arm support, a moving speed of an object under detection, and detection values

of the first detector arm support and the second detector arm support.

4. The digital radiography system according to claim 3, wherein the image processing
apparatus comprises:

a projection acquisition portion configured to acquire projections of the target spot and
the second detector arm support on a plane perpendicular to the first plane and a second plane
formed by the target spot and the first detector arm support;

a time deviation correction portion configured to acquire an angle between the first plane
and the second plane using the projections on the plane perpendicular to the first plane and the
second plane, and correct, according to the angle, a time deviation of detection data due to a
distance by which the object under detection moves from the first plane to the second plane in
a transfer direction; and

a space deviation correction portion configured to perform space deviation correction on
a detection value of a projection of each pixel on the second detector arm support on the second
plane, and generate a final image of the object under detection based on the corrected detection

value and the detection value of the first detector arm support.
22



5. The digital radiography system according to claim 4, wherein the time deviation
correction portion comprises:

an angle calculation portion configured to calculate, using the plane perpendicular to the
first plane and the second plane, an angle between the second detector arm support and a
projected detector arm support, wherein the projected detector arm support is a projection of
the second detector arm support on the second plane in the transfer direction of the object under
detection;

a deviation ratio calculation portion configured to calculate, according to the angle, a
preset equivalent height of the object under detection, and the moving speed of the object under
detection, a ratio of a distance deviation between a detector on the second detector arm support
and a projection of the detector with respect to a reference distance deviation between a detector
on the second detector arm support at the equivalent height and a projection of the detector, in
the transfer direction of the object under detection; and

a detection data correction portion configured to correct, for a time sequence of detection
data collected by the detector on the second detector arm support, a time deviation of the time
sequence of the collected detection data according to the ratio and a time sampling period of a

detection source, so as to obtain corrected time deviation corrected data.

6. The digital radiography system according to claim 5, wherein
the space deviation correction portion re-projects the projected second detector arm
support onto a same straight line as the first detector arm support and acquires the final image

of the object under detection.

7. The digital radiography system according to claim 5 or 6, wherein

detection data at a time point other than sampling time is obtained by interpolation.

8. The digital radiography system according to claim 7, wherein
the interpolation comprises one of nearest neighbor interpolation, linear interpolation and

quadratic interpolation.
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9. The digital radiography system according to claim 2, comprising:
a plurality of rows of the detectors located in different planes,

wherein a plurality of second detector arm supports are located in a second plane.

10. The digital radiography system according to claim 9, wherein the image processing
apparatus comprises:

a sampling point determination portion configured to select a row of detectors from the
plurality of rows of the detectors and acquire a plurality of sampling points of the row of
detectors on an extension line extending from an intersection point between the first detector
arm support and the second detector arm support;

an intersection point acquisition portion configured to acquire a plurality of intersection
points respectively between lines connecting the target spot of the ray source with the plurality
of sampling points and the second plane;

a sampling point pixel value acquisition portion configured to calculate, according to a
location of each detector pixel in the second plane and a detection value of the detector pixel,
detection values of the plurality of intersection points as detection values of the plurality of
sampling points; and

an image acquisition portion configured to generate an image of the object under detection
according to the detection values of the plurality of sampling points and a detection value of a

detector on the first detector arm support.

11. The digital radiography system according to claim 9, wherein the image processing
apparatus comprises:

a projection point determination portion configured to select a row of detectors from the
plurality of rows of the detectors, and acquire, in a projection plane formed by the target spot
of the ray source and the first detection arm support for the row of detectors, any point located
in the projection plane at a side opposite to the first detector arm support with respect to the
second plane and intersects the second plane as a projection point;

an intersection point acquisition portion configured to acquire an intersection point
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between a line connecting the target spot with the projection point and the second plane;

a projection point pixel value acquisition portion configured to calculate, according to a
location of each detector pixel in the second plane and a detection value of the detector pixel,
a detection value of the intersection point as a detection value of the projection point; and

a corrected image acquisition portion configured to re-project the projection point onto a
same straight line as the main detector arm support, and generate a corrected image of the
object under detection according to a corrected detection value and a detection value of a

detector on the first detector arm support for the row of detectors.

12. The digital radiography system according to claim 10 or 11, wherein

the detection value of the intersection point is obtained by interpolation.

13. The digital radiography system according to claim 12, wherein
the interpolation comprises one of nearest neighbor interpolation, linear interpolation and

quadratic interpolation.

14. The digital radiography system according to claim 10 or 11, wherein
the farther the selected row of detectors away from the ray source, the greater an imaging

range of the image of the object under detection.

15. The digital radiography system according to claim 10, wherein

the sampling points are equally spaced or arbitrarily spaced.

16. The digital radiography system according to claim 10 or 11, wherein

the plurality of rows of the detectors are equally spaced or unequally spaced.

17. The digital radiography system according to claim 1, wherein

the detectors are arranged in a straight line or in an arc.

18. The digital radiography system according to claim 17, wherein
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under a condition that the detectors are arranged in an arc, the first detector arm support
is a portion mounted with a single detector or a single module mounted with a plurality of

detectors in a straight line.

19. A digital radiography method applied to the digital radiography system according to
claim 3, comprising:

a projection acquisition step, comprising acquiring projections of the target spot and the
second detector arm support on a plane perpendicular to the first plane and a second plane
formed by the target spot and the first detector arm support;

a time deviation correction step, comprising acquiring an angle between the first plane
and the second plane using the projections on the plane perpendicular to the first plane and the
second plane, and correcting, according to the angle, a time deviation of detection data due to
a distance by which the object under detection moves from the first plane to the second plane
in a transfer direction; and

a space deviation correction step, comprising performing space deviation correction on a
detection value of a projection of each pixel on the second detector arm support on the second
plane, and generating a final image of the object under detection based on the corrected

detection value and the detection value of the first detector arm support.

20. The digital radiography method according to claim 19, wherein the time deviation
correction step comprises:

an angle calculation step, comprising calculating, using the plane perpendicular to the first
plane and the second plane, an angle between the second detector arm support and a projected
detector arm support, wherein the projected detector arm support is a projection of the second
detector arm support on the second plane in the transfer direction of the object under detection;

a deviation ratio calculation step, comprising calculating, according to the angle, a preset
equivalent height of the object under detection, and the moving speed of the object under
detection, a ratio of a distance deviation between a detector on the second detector arm support
and a projection of the detector with respect to a reference distance deviation between a detector

on the second detector arm support at the equivalent height and a projection of the detector, in
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the transfer direction of the object under detection; and

a detection data correction step, comprising correcting, for a time sequence of detection
data collected by the detector on the second detector arm support, a time deviation of the time
sequence of the collected detection data according to the ratio and a time sampling period of

the ray source, so as to obtain corrected time deviation corrected data.

21. The digital radiography method according to claim 20, wherein
the space deviation correction step further comprises: re-projecting the projected second
detector arm support onto a same straight line as the first detector arm support and acquiring

the final image of the object under detection.

22. A digital radiography method applied to the digital radiography system according to
claim 9, comprising:

a sampling point determination step, comprising selecting a row of detectors from the
plurality of rows of the detectors and acquiring a plurality of sampling points of the row of
detectors on an extension line extending from an intersection point between the first detector
arm support and the second detector arm support;

an intersection point acquisition step, comprising acquiring a plurality of intersection
points respectively between lines connecting the target spot of the ray source with the plurality
of sampling points and the second plane;

a sampling point pixel value acquisition step, comprising calculating, according to a
location of each detector pixel in the second plane and a detection value of the detector pixel,
detection values of the plurality of intersection points as detection values of the plurality of
sampling points; and

an image acquisition step, comprising generating an image of the object under detection
according to the detection values of the plurality of sampling points and a detection value of a

detector on the first detector arm support.

23. A digital radiography method applied to the digital radiography system according to
claim 9, comprising:
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a projection point determination step, comprising selecting a row of detectors from the
plurality of rows of the detectors, and acquiring, in a projection plane formed by the target spot
of the ray source and the first detection arm support for the row of detectors, any point located
in the projection plane at a side opposite to the first detector arm support with respect to the
second plane and intersects the second plane as a projection point;

an intersection point acquisition step, comprising acquiring an intersection point between
a line connecting the target spot with the projection point and the second plane;

a projection point pixel value acquisition step, comprising calculating, according to a
location of each detector pixel in the second plane and a detection value of the detector pixel ,
a detection value of the intersection point as a detection value of the projection point; and

a corrected image acquisition step, comprising re-projecting the projection point onto a
same straight line as the main detector arm support, and generating a corrected image of the
object under detection according to a corrected detection value and a detection value of a

detector on the first detector arm support for the row of detectors.
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