RAY SCANNING APPARATUS AND RAY SCANNING SYSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] The present application claims priority to Chinese patent application No.
202110769688. X, entitled "RAY SCANNING APPARATUS AND RAY SCANNING
SYSTEM" filed on July 7, 2021, which is incorporated by reference in its entirety.

TECHNICAL FIELD
[0002] The present application relates to the field of radiation imaging, and specifically to
a ray scanning apparatus for a luggage conveying system and a ray scanning system for

luggage inspection.

BACKGROUND
[0003] Ray scanning technologies, which can eliminate influences of overlapping of
objects, play an important role in security inspection. A conventional ray scanning apparatus
uses a slip ring device to obtain projection data from different angles through rotation of an
X-ray machine and a detecting device, and obtains tomographic images through a
reconstruction method, so as to obtain internal information of inspected luggage. By
cooperating with a dual- or multi-energy imaging technology, the current luggage inspection
apparatus can reconstruct the atomic number and electron density of inspected substance,
thereby recognizing categories of objects and achieving a good effect in the inspection of

explosives, dangerous goods, etc.

SUMMARY

[0004] Existing security ray scanning apparatus still face some shortcomings. For example,
a current airport luggage conveying system usually has a high luggage conveying speed to
satisfy timeliness, which requires a security inspection device to have a corresponding high
inspection speed. The increase in the inspection speed may increase radiation, costs, etc.

[0005] In response to the above problems, the present application provides a ray scanning
apparatus for a luggage conveying system, including a conveying device for conveying an
object under inspection to pass through a scanning area of the ray scanning apparatus; and
a plurality of scanning beam planes disposed on a plurality of scanning planes arranging in

a conveying direction of the object under inspection, each scanning beam plane including a
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ray source module and a detector assembly which are arranged opposite each other, and the
ray source module including a plurality of ray source points for emitting ray beams, where
the ray source modules of the plurality of scanning beam planes are arranged on a lower
side, a left side, and a right side of the scanning area respectively.

[0006] Embodiments of the present application further provide a ray scanning system for
luggage inspection, including the ray scanning apparatus according to the embodiments of
the present application and a luggage conveying system, the luggage conveying system
including a conveying belt for conveying luggage, where the conveying device of the ray
scanning apparatus matches the conveying belt in height and speed.

[0007] The embodiments of the present application provide a mounting-positioning
structure for a ray source module of a ray scanning apparatus, where the ray scanning
apparatus includes the ray source module and a stationary support frame, the mounting-
positioning structure includes a main body, and the main body can be fixedly connected to
the ray source module and the support frame, so that the ray source module can be fixedly
mounted to the support frame through the main body; the mounting-positioning structure
further includes: a moving device, where the ray source module can be moved to a
predetermined mounting position on a first plane through the moving device; a first
positioning device for positioning the ray source module on the first plane; a lifting device
for adjusting a position of the ray source module in a first direction, where the first direction
is perpendicular to the first plane; and a second positioning device for fixing the position of
the ray source module in the first direction.

[0008] By using the mounting-positioning structure according to the foregoing
embodiments, the respective ray source modules of the ray scanning apparatus can be
mounted and detached independently from each other, and beam output angles of the ray
source modules can also be adjusted.

[0009] The embodiments of the present application further provide a mounting-fixing
structure for a detector assembly of a ray scanning apparatus, where the ray scanning
apparatus includes the detector assembly and a stationary support frame, the detector
assembly includes one or more detector sets, each detector set is fixedly mounted to the
support frame or detached from the support frame via the mounting-fixing structure, and the
mounting-fixing structure includes: a first mounting portion fixedly disposed on the detector

set; a second mounting portion fixedly disposed on the support frame and capable of being



in linear moving fit with the first mounting portion, where the detector set can be moved
along the second mounting portion to a predetermined mounting position when the first
mounting portion and the second mounting portion engage with each other; and a fixing
device disposed on a side of the detector set in a width direction to fix the detector set
relative to a mounting reference plane on the support frame.

[0010] By using the mounting-fixing structure according to the foregoing embodiments,
the respective detector sets of the detector assembly can be mounted and detached
independently from each other, and can be configured as required to be mounted, detached
and maintained along the conveying direction of the object under inspection or a direction
perpendicular to the conveying direction, thereby improving the convenience of mounting,
detaching and maintenance of the detector sets.

[0011] Other features and technical advantages of the present application will be clearer
in the following detailed descriptions with reference to the accompanying drawings and

other embodiments.

DESCRIPTION OF THE DRAWINGS
[0012] Fig. 1A illustrates a schematic diagram of an overall structure of a ray scanning
apparatus according to an embodiment of the present application.
[0013] Figs. 1B and 1C illustrate schematic structural diagrams of ray source modules and
detector assemblies of a second scanning beam plane and a third scanning beam plane of
the ray scanning apparatus according to an embodiment of the present application.
[0014] Fig. 2 illustrates a schematic diagram of a shape of a ray beam of a ray source
module according to an embodiment of the present application.
[0015] Figs. 3A and 3B illustrate schematic diagrams of distribution of target spots of a
ray source module when observed from a conveying direction of an object under inspection
according to an embodiment of the present application.
[0016] Fig. 4 illustrates a schematic structural diagram of a detector set according to an
embodiment of the present application.
[0017] Fig. 5 illustrates a schematic structural diagram of a detector unit according to an
embodiment of the present application.
[0018] Figs. 6A-6C illustrate schematic diagrams of a mounting-positioning structure for

a ray source module according to an embodiment of the present application.



[0019] Figs. 7A-7D illustrate schematic diagrams of a mounting-fixing structure for a
detector set according to some embodiments of the present application.

[0020] Figs. 8A-8D illustrate schematic diagrams of a mounting-fixing structure for a
detector set according to some further embodiments of the present application.

[0021] Figs. 9A-9B illustrate schematic diagrams of a mounting-fixing structure for a

detector set according to some other embodiments of the present application.

DETAILED DESCRIPTION

[0022] In order to clearly describe the technical problems to be solved, technical solutions,
and beneficial effects of the present application, the present application will be further
described in detail below with reference to the accompanying drawings and embodiments.
It should be understood that the specific embodiments described here are merely used for
explaining the present application, but not for limiting the scope of the present application.
[0023] In response to the technical problems in existing technologies, the embodiments of
the present application provide a ray scanning apparatus for a luggage conveying system.
The ray scanning apparatus includes a conveying device for conveying an object under
inspection to pass through a scanning area of the ray scanning apparatus, and a plurality of
scanning beam planes disposed on a plurality of scanning planes arranging in a conveying
direction of the object under inspection, where each scanning beam plane includes a
corresponding ray source module and a detector assembly. When the object under inspection
is carried by the conveying device to pass through the scanning area, the plurality of
scanning beam planes scan the object under inspection and generate corresponding digital
signals. The ray scanning apparatus can further include a control device, and the control
device can perform image reconstruction based on the digital signals generated by the
scanning beam planes, so as to obtain internal information of the object under inspection.
Herein, the object under inspection is an item that requires security inspection, such as a
luggage and a package, and the scanning area is defined by the ray source modules and
detector assemblies of the respective scanning beam planes.

[0024] Specifically, each scanning beam plane includes a ray source module and a detector
assembly disposed opposite each other; here, each ray source module of each scanning beam
plane includes a plurality of ray source points for emitting ray beams. The plurality of ray

source modules of the plurality of scanning beam planes are arranged on a lower side, a left



side, and a right side of the scanning area respectively, and optionally, when observed in the
conveying direction of the object under inspection, the plurality of ray source modules of
the plurality of scanning beam planes form a semi-enclosed structure surrounding the
scanning area and opening on an upper side. Since at least one scanning beam plane in which
the ray source module is arranged on the lower side of the scanning area, is provided, the
conveying device of the ray scanning apparatus in the present application may have a
relative high height relative to a surface (such as the ground) where the ray scanning
apparatus is placed, so as to match a conveying line of the object under inspection (such as
the luggage conveying system) which is arranged at upstream or downstream of the ray
scanning apparatus and has a relatively high height (for example, have the same height as a
conveying belt of the luggage conveying system). Herein, the upper side, lower side, left
side, and right side of the scanning area refer to the upper side, lower side, left side, and
right side of the scanning area when observed in the conveying direction of the object under
inspection.

[0025] Moreover, the detector assembly of each scanning beam plane are arranged
opposite to the ray source module and capable of receiving almost all rays penetrating
through the object under inspection. Therefore, the ray scanning apparatus according to the
present application can obtain very comprehensive scanning data, thereby ensuring image
quality. In this case, although the ray source modules are arranged on merely three sides of
the scanning area in the present application, compared to the situation where ray source
modules are arranged on four sides of a scanning area, image quality can still be guaranteed
and the cost of ray source modules can be saved. Further, no ray source module is arranged
on the upper side of the scanning area, which can further facilitate the maintenance of the
ray source modules.

[0026] Moreover, the control device is connected to the respective scanning beam planes,
and controls a beam emitting sequence of the ray source points of the ray source modules
of the respective scanning beam planes, particularly so that the ray source modules of the
respective scanning beam planes simultaneously emit beams from one ray source point.
Consequently, the scanning speed of the ray scanning apparatus can be improved, and the
inspection speed can be improved correspondingly, so that the ray scanning apparatus can
match the conveying line of the object under inspection (such as the luggage conveying

system) which has a relatively high conveying speed and is arranged upstream or



downstream of the ray scanning apparatus (for example, the speed of the conveying device
is the same as that of the conveying belt of the luggage conveying system).

[0027] Moreover, the ray source modules of the respective scanning beam planes may be
configured to emit ray beams of different energy, and optionally, the ray source module
located on the left or right side of the scanning area emits ray beams having higher energy
than that emitted by the ray source module located on the lower side of the scanning area.
In this case, when inspecting a luggage with a relatively small thickness and a relatively
large width, a penetration rate of the rays in a width direction of the luggage can be ensured,
and a quantity of rays that can be detected by the detector assembly can be increased, thereby
improving the image quality.

[0028] The embodiments of the present application are described in detail below with
reference to the accompanying drawings.

[0029] Figs. 1A-1C schematically illustrate structural diagrams of a ray scanning
apparatus according to some embodiments of the present application. Fig. 1A illustrates a
schematic diagram of an overall structure of a ray scanning apparatus, and Fig. 1B and Fig.
1C illustrate schematic structural diagrams of a second scanning beam plane and a third
scanning beam plane of the ray scanning apparatus in Fig. 1 A, respectively. As shown in the
figures, the ray scanning apparatus includes a plurality of scanning beam planes (such as a
first scanning beam plane A, a second scanning beam plane B, and a third scanning beam
plane C), a passage 110, and a conveying device; although the first scanning beam plane A
is not shown separately, the first scanning beam plane A is symmetrically arranged with the
third scanning beam plane C; the conveying device is not shown in the figures either, but
the conveying device is arranged in the passage 110 near a lower surface of the passage 110
and extends through the passage 110. Each scanning beam plane includes a ray source
module and a detector assembly. The conveying device conveys an object under inspection
to pass through a scanning area of each scanning beam plane to scan the object under
inspection. Fig. 1A shows a forward direction Z of the object under inspection, and a
conveying direction of the object under inspection (sometimes referred to as a conveying
direction or Z direction hereinafter) is defined as a direction parallel to the forward direction
of the object under inspection and includes the forward direction and a reverse direction
thereof. Fig. 1 A further shows an XYZ coordinate system, which can be used as a reference

coordinate system to describe the positions of components in the ray scanning apparatus;



these position descriptions are intended to clearly describe the principle of the present
application and have no limit functions. The forward direction Z of the object under
inspection is the same as the Z direction of the XYZ coordinate system.

[0030] The ray scanning apparatus shown in Fig. 1A can further include a control device
(not shown in the figure), and the control device can control operations of various
components of the ray scanning apparatus, such as control emission of rays at each scanning
beam plane and data output of the detector assembly. The control device can further include
an image processing module, which can perform image reconstruction based on output
information from the detector assemblies of the respective scanning beam planes, obtain a
scanning image of the object under inspection, and determine internal information of the
object under inspection.

[0031] According to specific embodiments, the scanning beam planes of the ray scanning
apparatus are disposed on a plurality of scanning planes arranging in the conveying direction
of the object under inspection. The respective scanning planes are spaced apart from each
other at a predetermined distance in the conveying direction of the object under inspection.
Here, in a case that optical paths and/or components of the respective scanning beam planes
do not interfere with each other, the smaller the distance, the better it is to reduce the length
of optical path distribution of the ray scanning apparatus.

[0032] Each scanning beam plane includes a ray source module and a detector assembly
arranged correspondingly. In each scanning beam plane, the ray source module and the
detector assembly can be arranged in the same plane perpendicular to the Z direction, so
that a ray outlet of the ray source module is directly opposite detector crystals, so as to avoid
the influence of tilt of the rays relative to crystal surfaces on the reconstructed image.
Certainly, according to other embodiments, the ray source module and the detector assembly
may be arranged in different planes perpendicular to the Z direction, that is, the ray source
module and the detector assembly may offset each other by a predetermined distance in the
Z direction.

[0033] The ray source module includes a plurality of ray source points for emitting ray
beams. Specifically, the ray source modules may be distributed ray sources, each ray source
module has a plurality of target spots, each target spot may generate a ray beam
independently, and the plurality of target spots may generate ray beams according to a

predetermined time sequence under the control of the control device. The ray beam may be



a fan-shaped beam with a flare angle A, as shown in Fig. 2. Certainly, the ray beam is not
limited to the fan-shaped beam, but may be in other shapes, for example, may be a conical
beam or a parallel beam, which may be set according to specific requirements. Optionally,
the ray source modules are straight-line shaped distributed ray sources, that is, the plurality
of target spots are arranged in a straight line. According to other embodiments, the ray source
modules may alternatively be broken line-shaped or arc-shaped distributed ray sources.
Alternatively, each ray source module may be a ray source group including a plurality of
single-point sources.

[0034] Moreover, in each scanning beam plane, the ray source module is arranged in one
direction of the scanning area, and the ray source modules in all the scanning beam planes
are arranged in different directions of the scanning area, for example, are arranged on the
left side (the first scanning beam plane A), lower side (the second scanning beam plane B),
and right side (the third scanning beam plane C) of the scanning area, respectively.
Optionally, when observed in the conveying direction of the object under inspection, the ray
source modules of these scanning beam planes are arranged as a semi-enclosed structure
surrounding the scanning area and opening on the upper side. Depending on the shape of
the ray source modules (straight line, broken line, arc-shaped, or the like), the semi-enclosed
structure may be a U-shaped structure, a semi-circular structure, a semi-elliptical structure,
or the like. For example, as shown in Fig. 3A and Fig. 3B, when the ray source modules are
in a straight line or broken line shape, the ray source modules of the plurality of scanning
beam planes may be arranged in a U-shaped structure when observed in the conveying
direction of the object under inspection. Moreover, optionally, when observed in the
conveying direction of the object under inspection, the target spots of the plurality of ray
source modules of the plurality of scanning beam planes partially overlap at adjacent ends
of the ray source modules. Specifically, taking the arrangement of the ray source modules
shown in Fig. 3A as an example, when observed in the conveying direction of the object
under inspection, the target spots of the ray source module on the left side of the scanning
area and that of the ray source module on the lower side of the scanning area may partially
overlap at adjacent ends of the ray source modules (namely, at a lower left corner of the U-
shaped structure in the figure), and the target spots of the ray source module on the right
side of the scanning area and that of the ray source module on the lower side of the scanning

area may partially overlap at adjacent ends of the ray source modules (namely, at a lower



right corner of the U-shaped structure in the figure). In this way, it can be further ensured
that the object under inspection is fully covered by the rays, missing of projection data at
corresponding positions of ends of the ray source modules can be avoided, and image quality
can be improved.

[0035] Moreover, in each scanning beam plane, the detector assembly is arranged to
surround the scanning area in at least two sides. For example, in the first scanning beam
plane A, the detector assembly is arranged to surround the scanning area on the upper and
right sides, forming an L-shaped structure; in the second scanning beam plane B, the
detector assembly is arranged to surround the scanning area on the upper, left, and right
sides, forming a U-shaped structure with an opening at the bottom; and in the third scanning
beam plane C, the detector assembly is arranged to surround the scanning area on the upper
and left sides, forming an L-shaped structure. By arranging the detector assemblies to
surround the scanning area in at least two sides, it can be ensured that the detector assemblies
can detect almost all the rays penetrating through the object under inspection, thereby
obtaining very comprehensive scanning data and ensuring image quality. Moreover,
although the detector assemblies in the first scanning beam plane A and the third scanning
beam plane C are formed in the L-shaped structures as shown in Fig. 1A, the detector
assemblies may alternatively be formed in U-shaped structures opened towards the ray
source modules, which can further ensure the comprehensiveness of the scanning data and
1s more conducive to improving the image quality.

[0036] The detector assembly may include a plurality of detector sets, and each detector
set is a detector array including a plurality of detector units. The detector array may be a
straight line-shaped, arc-shaped, or broken line-shaped detector array. In the embodiments
shown in Figs. 1A-1C, the detector assembly of each scanning beam plane is formed by a
plurality of straight-line shaped detector arrays. For example, in each of the first scanning
beam plane A and the third scanning beam plane C, the detector assembly includes two
detector sets, and each detector set is a straight line-shaped detector array; and in the second
scanning beam plane B, the detector assembly includes three detector sets, and each detector
set is a straight line-shaped detector array. Here, the detector set in the form of the straight
line-shaped detector array may be formed in any suitable structure, and according to some
embodiments, its specific structure may be a structure as shown in Fig. 4. As shown in Fig.

4, the detector set 30 includes a plurality of detector units 31 and a detector arm 32, and the



plurality of detector units 31 are arranged side by side in a straight line on the detector arm
32. A specific structure of the detector unit 31 may be a structure as shown in Fig. 5, or may
be any other suitable structure. As shown in Fig. 5, the detector unit 31 includes a detector
crystal 311 for receiving rays. The plurality of detector units 31 are arranged side by side on
the detector arm 32, with the detector crystals 311 facing the same direction. The structure
of the detector arm 32 is not limited to the embodiment shown in Fig. 5, but may be any
other suitable structure (such as structures of detector arms shown in Figs. 7A-9B). The
detector set of the ray scanning apparatus in the present application is not limited to the form
of the straight line-shaped detector array, but may be in a form of an arc-shaped detector
array. The arc-shaped detector array may include a plurality of arc-shaped detector units and
an arc-shaped detector arm, and the plurality of arc-shaped detector units are arranged side
by side on the arc-shaped detector arm, where detector crystals of the detector units face the
same direction.

[0037] In the ray scanning apparatus of the foregoing embodiments, the ray source module
of the second scanning beam plane B is arranged on the lower side of the scanning area, so
that the height of the conveying device can be increased compared to an apparatus without
a ray source module on the lower side of the scanning area. In this case, when the ray
scanning apparatus is applied to the luggage conveying system which includes a conveying
belt with a relatively high height, a luggage can move between the conveying system and
the ray scanning apparatus conveniently. Here, optionally, the conveying device may be
configured to have the same height as the conveying belt of the luggage conveying system,
so as to further facilitate the movement of the luggage.

[0038] In the foregoing embodiments, the ray source modules of the respective scanning
beam planes are mounted and detached independently from each other, that is, each ray
source module has a separate cavity for accommodating a respective ray generation device.
Each ray source module has a separate cavity, which means that the plurality of target spots
of each ray source module share a separate vacuum cavity. This has the following
advantages: compared to a ray source assembly with an integrated annular cavity (namely,
all target spots of the ray source assembly are located in the same annular vacuum cavity),
the shell size of one single ray source module and the volume of the internal vacuum cavity
can be reduced, so that the volume and weight of one single ray source module are reduced

to facilitate mounting and detaching of the ray source assembly; further, each ray source
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module has a separate vacuum cavity, which can reduce the risk of internal ignition when
the ray source module is maintained.

[0039] According to some embodiments, the ray source module of each scanning beam
plane is provided with a mounting-positioning structure to facilitate mounting and
adjustment of the ray source module. By means of the mounting-positioning structure, each
ray source module may be mounted and fixed at a predetermined position in the ray scanning
apparatus (for example, at a specific position in the ray scanning apparatus based on an XYZ
reference coordinate system) to ensure relative positions of the ray source modules and the
detector assemblies. Moreover, by means of the mounting-positioning structure, the ray
source module may further be rotated to adjust a beam output angle of the ray beam. In this
case, when the ray source module and the detector assembly are located in different planes
perpendicular to the Z direction, the beam output angle of the ray beam can be adjusted
through the mounting-positioning structure, so that the center of the ray beam can illuminate
crystal planes.

[0040] The ray source modules of the respective scanning beam planes may be mounted
in different ways due to their different positions in the ray scanning apparatus, and may have
different mounting-positioning structures. For example, the ray source modules on the left
and right sides of the scanning area may be mounted by hoisting with a device such as a
crane. However, the ray source module on the lower side of the scanning area is not suitable
for being mounted by hoisting, but needs to be mounted in other ways. In order to facilitate
the mounting of such ray source module, an embodiment of the present application provides
a mounting-positioning structure, which can conveniently mount and fix the ray source
module that is not suitable for being mounted by hoisting to a predetermined position of the
ray scanning apparatus, and can further rotate the ray source module to adjust the beam
output angle of the ray beam. According to some embodiments, the mounting-positioning
structure includes a main body, and the main body can be fixedly connected to the ray source
module and a support frame of the ray scanning apparatus (the support frame refers to a
stationary support device of the ray scanning apparatus for mounting and fixing the ray
source assembly, detector assembly, and other components), so that the ray source module
can be fixedly mounted to the support frame through the main body. The mounting-
positioning structure includes a moving device, where the ray source module can be moved

to a predetermined mounting position on a first plane (such as an XZ plane in Fig. 1A)
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through the moving device; a first positioning device for positioning the ray source module
on the first plane; a lifting device for adjusting the position of the ray source module in a
first direction (such as a Y direction in Fig. 1A, which is perpendicular to the XZ plane),
where the first direction is perpendicular to the first plane; and a second positioning device
for fixing the position of the ray source module in the first direction.

[0041] Figs. 6A-6C show a specific embodiment of the mounting-positioning structure of
the ray source module 10. As shown in Figs. 6A-6C, the mounting-positioning structure
includes main bodies 11 and 12, respectively located at two ends of the ray source module
10 in a length direction and fixedly connected to the ray source module 10, and the ray
source module 10 is fixedly mounted to the support frame of the ray scanning apparatus
through the main bodies 11 and 12. The moving device of the mounting-positioning
structure is specifically formed as rollers 13 and 14 arranged on the main bodies 11 and 12
respectively, and the ray source module 10 can be pushed to move to the predetermined
mounting position on the XZ plane through the rollers 13 and 14. Certainly, the moving
device of the mounting-positioning structure is not limited to rollers; according to other
embodiments, the ray source module may be moved by sliding, and for example, a linear
sliding fit may be provided between the mounting-positioning structure and the support
frame to move the ray source module 10 to the predetermined mounting position.

[0042] The first positioning device includes first positioning pins 15 and 16, and
corresponding first pin holes (not shown in the figure) disposed on the main bodies 11 and
12 and the support frame of the ray scanning apparatus. After the ray source module 10 is
moved to the predetermined mounting position via the rollers 13 and 14, the first positioning
pins 15 and 16 are inserted into the corresponding first pin holes to position the ray source
module 10 on the XZ plane.

[0043] The lifting device includes the roller 13 disposed at the main body 11, where the
roller 13 is specifically formed as a lifting roller; and the lifting device further includes a
lifting jackscrew 17 disposed on the main body 12, one end of the lifting jackscrew 17 abuts
against the support frame, and the main body 12 and the ray source module 10 can be lifted
or lowered relative to the support frame by screwing the lifting jackscrew 17. By adjusting
the lifting roller 13 and the lifting jackscrew 17, the position of the ray source module 10
relative to the support frame can be adjusted in the Y direction. The second positioning

device is formed as positioning blocks 19 and 20. After the ray source module 10 is adjusted
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to the predetermined position in the Y direction by adjusting the lifting roller 13 and the
lifting jackscrew 17, the positioning blocks 19 and 20 are placed below the main body 11
and 12 respectively to fix the height of the ray source module 10 relative to the support
frame, thereby positioning the ray source module 10 in the first Y direction. Here, optionally,
the positioning block 20 below the main body 12 may be U-shaped, and a lower portion of
the lifting jackscrew 17 is located in an opening of the U-shaped positioning block 20 to
prevent mutual interference between them. Moreover, the mounting-positioning structure
may further include first fixing bolts 21 and 22, and corresponding first threaded holes
disposed in the main bodies 11 and 12, the positioning blocks 19 and 20, and the support
frame. By inserting the first fixing bolts 21 and 22 respectively into the corresponding first
threaded holes and tightening them, the positioning blocks 19 and 20 can be fixed relative
to the main bodies 11 and 12 and the support frame, and the ray source module 10 can be
fixedly connected to the support frame.

[0044] In addition, according to some embodiments, the mounting-positioning structure
further includes an adjusting device for rotating the ray source module around a
predetermined axis to adjust its beam output angle. According to the specific embodiments
of Figs. 6A-6C, the ray source module 10 is provided with a mounting shaft 27, each of the
main bodies 11 and 12 is provided with a shaft hole, and the main bodies 11 and 12 are
mounted on the mounting shaft 27 through the shaft holes. Moreover, the mounting-
positioning structure further includes second positioning pins 23 and 24, and the main bodies
11 and 12 and the ray source module 10 are provided with second pin holes corresponding
to the second positioning pins 23 and 24. By engaging the shaft holes of the main bodies 11
and 12 with the mounting shaft 27, and inserting the second positioning pins 23 and 24 into
the corresponding second pin holes, the main bodies 11 and 12 can be positioned relative to
the ray source module 10. In addition, the mounting-positioning structure further includes
second fixing bolts 25 and 26 for fixedly connecting the main bodies 11 and 12 to the ray
source module 10, and corresponding second threaded holes disposed in the main bodies 11
and 12 and the ray source module 10. By screwing the second fixing bolts 25 and 26 into
the corresponding second threaded holes, the main bodies 11 and 12 can be fixedly
connected to the ray source module 10. By pulling out the second positioning pins 23 and
24 and loosening the second fixing bolts 25 and 26, the main bodies 11 and 12 can be

loosened relative to the ray source module 10. In this state, the adjusting device can drive
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the ray source module 10 to rotate around the mounting shaft 27 relative to the main bodies
11 and 12.

[0045] In a specific embodiment, the adjusting device includes a rotation drive mechanism,
the rotation drive mechanism includes an adjusting block 28 fixed on the ray source module
10 and a jackscrew 29 disposed on the main body 11 and abutting against the adjusting block
28, and the jackscrew 29 can be screwed to push the adjusting block 28 to move, so as to
rotate the ray source module 10. Here, the rotation drive mechanism is disposed on only one
main body of the mounting-positioning structure, that is, only at one end of the ray source
module 10 in the length direction. Since the ray source module 10 is supported by the
mounting shaft 27 at two ends, when the ray source module 10 is pushed to rotate at one
end of the ray source module 10, the entire ray source module 10 can rotate accordingly.
After the ray source module 10 is rotated by a predetermined angle, the second positioning
pins 23 and 24 are inserted into the corresponding second pin holes again, the second fixing
bolts 25 and 26 are screwed into the corresponding second threaded holes again, and the
main bodies 11 and 12 can be fixedly connected to the ray source module 10.

[0046] In the foregoing embodiment, the mounting shaft 27 on the ray source module 10
can coincide with a virtual line which connects the plurality of target spots in the ray source
module 10. Therefore, by rotating the ray source module 10 around the mounting shaft 27,
the ray source module 10 can rotate around a target spot axis.

[0047] Inaddition, although the mounting-positioning structure according to the foregoing
embodiments is described by taking the ray source module 10 as an example, the foregoing
mounting-positioning structure is applicable to the mounting, positioning, and adjustment
of the ray source assembly of any suitable ray scanning apparatus. Certainly, the mounting,
positioning, and adjustment of the ray source module 10 are not limited to using the
mounting-positioning structure in the foregoing embodiments, but may be implemented by
any other suitable structure. For example, in the embodiment shown in Figs. 6A-6C, the
lifting device is implemented by the lifting roller 13 and the lifting jackscrew 17; however,
the lifting device is not limited to the specific structure of the this embodiment, but may be
implemented by any other suitable structure, such as lifting and lowering by means of lifting
jackscrews on both the main bodies. Similarly, specific implementations of the moving

device, the first positioning device, the second positioning device, and the adjusting device
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are not limited to the specific structures in the foregoing embodiments, and any other
suitable structures can be used, as long as their functions can be achieved.

[0048] According to some embodiments, the detector sets of the detector assembly of each
scanning beam plane can be mounted and detached independently from each other, which
can improve the maintainability of the detector assembly. Moreover, the ray scanning
apparatus of the present application includes a mounting-fixing structure for a single
detector set, and by means of the mounting-fixing structure, the detector set can move
relative to its mounting position in the ray scanning apparatus (such as the support frame of
the ray scanning apparatus), so as to be mounted to the mounting position or detached from
the mounting position.

[0049] Hereinafter, the mounting-fixing structure for the detector set according to some
embodiments of the present application will be described in detail. The mounting-fixing
structure for the detector set according to some embodiments of the present application
specifically includes a first mounting portion fixedly disposed on the detector set; a second
mounting portion fixedly disposed on the support frame of the ray scanning apparatus and
in linear moving fit with the first mounting portion, where the detector set can be moved to
a predetermined mounting position along the second mounting portion when the first
mounting portion and the second mounting portion engage with each other; and a fixing
device disposed on a side of the detector set in a width direction to fix the detector set
relative to a mounting reference plane on the support frame. In some specific embodiments,
the detector set is mounted and fixed to the support frame of the ray scanning apparatus via
the detector arm, where the first mounting portion is fixedly disposed on the detector arm
of the detector set, and the fixing device is disposed on a side of the detector arm in the
width direction to fix the detector arm to the support frame, so as to fix the detector set.
[0050] Figs. 7A-7D show a mounting-fixing structure for a detector set 40 according to
some specific embodiments, where Fig. 7A is a three-dimensional diagram of the detector
set in a mounting state, Fig. 7B is a side view of the detector set in the mounting state, Fig.
7C is a three-dimensional diagram of the detector set being detached, and Fig. 7D is a cross-
sectional view of the detector set with a fixing device in the mounting state. The mounting-
fixing structure shown in Figs. 7A-7D is suitable for, for example, the detector sets on the
upper side of the scanning area in the scanning beam planes A, B, and C. With the mounting-

fixing structure of this embodiment, the detector set on the upper side of the scanning area
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can be moved perpendicular to the conveying direction of the object under inspection for
being mounted or detached, and can be fixed or adjusted on a side of the detector assembly
in the conveying direction of the object under inspection.

[0051] As shown in Fig. 7A, the first mounting portion of the mounting-fixing structure
for the detector set 40 includes a slider 42 disposed on the detector arm 41, and the slider
42 extends in a length direction of the detector arm 41; in a state that the detector set 40 is
mounted in the ray scanning apparatus, the length direction of the detector arm 41 is
perpendicular to the conveying direction of the object under inspection, and its width
direction is consistent with the conveying direction of the object under inspection. In Fig.
7A, the slider 42 extends over a portion of the length of the detector arm 41. In other
embodiments, the slider 42 may alternatively extend over the entire length or other length
of the detector arm 41. In addition, the slider 42 may be fixed to the detector arm 41 by bolt
connection or the like. According to other embodiments, the slider 42 may alternatively be
integrally formed with the detector arm 41.

[0052] The second mounting portion is formed as a stationary guide rail 43 matching the
slider 42. The stationary guide rail 43 is fixedly connected to the support frame of the ray
scanning apparatus (not shown in Fig. 7A), or may be integrally formed with the support
frame. A length direction of the stationary guide rail 43 is perpendicular to the conveying
direction of the object under inspection on the ray scanning apparatus. A limit portion (not
shown in the figure) may be disposed at one end of the stationary guide rail 43 in the length
direction; when mounting the detector set 40, the slider 42 is aligned with the stationary
guide rail 43, and the detector set 40 is pushed along the stationary guide rail 43 until
abutting against the limit portion, so as to be moved to the predetermined mounting position.
[0053] The fixing device is disposed on a side of the detector set 40 in the width direction,
and abuts against a surface 44 of a side of the detector arm 41 in the width direction.
Specifically, the fixing device includes a positioning member 45 and a fastener 46, where
the positioning member 45 is fixedly connected to the support frame, its end surface away
from the support frame is formed as a mounting reference plane 47, and the mounting
reference plane 47 is adapted for abutting against the surface 44 of the side of the detector
arm 41 in the width direction. The surface 44 is a mounting surface of the detector arm 41,
and both the surface 44 and the mounting reference plane 47 are formed to have good

flatness, so that when the mounting surface 44 of the detector arm 41 abuts against the
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mounting reference plane 47 for fixing, the detector set 40 can be accurately positioned in
the width direction, namely, the conveying direction of the object under inspection. The
fastener 46 can penetrate through the positioning member 45 and fasten the detector set 40
relative to the end surface of the positioning member 45 (namely, the mounting reference
plane 47). Specifically, the fastener 46 may be, for example, a fastening bolt, and
corresponding threaded holes are disposed on the positioning member 45 and a side surface,
opposite to the positioning member 45, of the detector arm 41. By inserting the fastening
bolt 46 into the corresponding threaded holes and tightening the same, the detector set 40
can be fastened relative to the end surface of the positioning member 45 (namely, the
mounting reference plane 47). A plurality of, such as at least two, fixing devices may be
disposed in the length direction of the detector set 40 to firmly fix the detector set 40 to the
support frame.

[0054] Through the above mounting-fixing structure, when mounting the detector set 40,
in a state that the detector units of the detector set 40 face downwards, the slider 42 on the
detector set 40 is first aligned with the stationary guide rail 43, so as to move the detector
set 40 along the stationary guide rail 43 until the detector set 40 abuts against the limit
portion on the stationary guide rail 43; and then the fastening bolt 46 is inserted into the
corresponding threaded holes on the positioning member 45 and the detector arm 41 and is
tightened, so as to position the detector set 40 relative to the end surface of the positioning
member 45, namely, the mounting reference plane 47. When detaching the detector set 40,
reverse operations can be performed.

[0055] Because the length direction of the stationary guide rail is perpendicular to the
conveying direction of the object under inspection on the ray scanning apparatus and a side
of the detector set 40 in the X direction is not obstructed by a ray source module, the detector
set 40 can be mounted to or detached from the support frame in a direction perpendicular to
the conveying direction of the object under inspection on the ray scanning apparatus by
means of the above mounting-fixing structure. Moreover, the fixing device is disposed on a
side of the detector set in the width direction, namely, a side of the detector assembly in the
Z direction, which facilitates fixing or adjustment of the detector set. Therefore, the detector
set can be easily mounted, detached and maintained by means of the mounting-fixing

structure according to the foregoing embodiment.
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[0056] In addition, optionally, in the above mounting-fixing structure, the second
mounting portion is configured to support the detector set 40 at the predetermined mounting
position in a state of engaging with the first mounting portion. Specifically, the slider 42 is
disposed on two opposite sides of the detector arm 41 in the width direction, and includes
internal extension portions 421 and 422 extending inwards from edges of the two opposite
sides of the detector arm 41 in the width direction (see Fig. 7B); the stationary guide rail 43
includes external extension portions 431 and 432 extending outwards on two opposite sides
in the width direction (see Fig. 7B); and in the state of engagement of the slider 42 and the
stationary guide rail 43, the internal extension portions 421 and 422 of the slider 42 are
located above the external extension portions 431 and 432 of the stationary guide rail 43,
and are in contact and overlapped with the external extension portions 431 and 432. In this
case, after the detector set 40 moves along the stationary guide rail 43 to the predetermined
mounting position, the detector set 40 can be suspended by the external extension portions
431 and 432 of the stationary guide rail 43 through the internal extension portions 421 and
422 of the slider 42. In this way, the stationary guide rail 43 can support the detector set 40
at the predetermined mounting position without other auxiliary structures or tools, and when
fastening the detector set 40, an operator can operate without supporting the detector set 40,
so the convenience of operation is improved.

[0057] Moreover, in the above mounting-fixing structure, the linear moving fit between
the first mounting portion and the second mounting portion is a slider-guide rail fit, or may
be other linear moving fit according to other embodiments, for example, linear sliding or
linear rolling fit, such as linear ball bearing and cylindrical shaft fit.

[0058] The mounting-fixing structure in the foregoing embodiments is applicable to the
detector set on the upper side of the scanning area. Figs. 8 A-8D show a mounting-fixing
structure for a detector set according to other embodiments, where Fig. 8A is a three-
dimensional diagram of the detector set in a mounting state, Fig. 8B is a schematic diagram
of a first mounting portion and a second mounting portion of the mounting-fixing structure
in a separate state, and Fig. 8C and Fig. 8D are three-dimensional diagrams of the first
mounting portion and the second mounting portion of the mounting-fixing structure in an
engaging state from different perspectives.

[0059] The mounting-fixing structure shown in Figs. 8 A-8D is suitable for, for example,

the detector sets on the left or right side of the scanning area in the scanning beam planes A,
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B, and C. With the mounting-fixing structure of the present embodiment, the detector set on
the left or right side of the scanning area can be moved perpendicular to the conveying
direction of the object under inspection for being mounted or detached, and can be fixed or
adjusted on a side of the detector assembly in the Z direction.

[0060] The first mounting portion of the mounting-fixing structure for the detector set 50
is specifically formed as a fixing block 52 disposed on a side of the detector arm 51 in a
width direction, and the fixing block 52 has an opening 53 facing a side of the detector arm
51 in a thickness direction. In the mounting state of the detector set 50, the width direction
of the detector arm 51 is consistent with the conveying direction of the object under
inspection on the ray scanning apparatus, and its length and thickness directions are
perpendicular to the conveying direction of the object under inspection. The opening 53 of
the fixing block 52 may be U-shaped or in other suitable shapes. The fixing block 52 may
be fixedly connected to the detector arm 51 by a bolt or the like, or may be integrally formed
with the detector arm 51.

[0061] The second mounting portion is formed as a cantilever portion 54 fixed on the
support frame of the ray scanning apparatus, the cantilever portion 54 is provided with an
extension portion 55 at an end away from the support frame, and the extension portion 55
is in linear moving fit with the opening 53 on the fixing block 52, that is, the extension
portion 55 can move linearly from an edge of the opening 53 to the inside of the opening
53. The length direction of the cantilever portion 54 is consistent with the conveying
direction of the object under inspection on the ray scanning apparatus. The bottom of the
opening 53 may be used as a limit portion. When mounting the detector set 50, the opening
53 of the fixing block 52 on the detector arm 51 is aligned with the extension portion 55,
and the detector arm 51 is moved linearly relative to the extension portion 55 until the
bottom of the opening 53 abuts against the extension portion 55, so as to limit the detector
set 50 at a predetermined mounting position.

[0062] The fixing device is disposed on a side of the detector arm 51 in the width direction
(on the same side as the fixing block 52), an end surface of the fixing device is formed as a
mounting reference plane, and the fixing device fastens the detector arm 51 relative to the
mounting reference plane. Specifically, the fixing device may include a fixing member 56
and a fastener 57, and an end surface, away from the support frame, of the fixing member

56 is formed as a mounting reference plane 58, which is used for abutting against a surface
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59 of a side of the detector arm 51 in the width direction. The surface 59 is a mounting
surface of the detector arm 51, both the surface 59 and the mounting reference plane 58 are
machined to have good flatness. When the mounting surface 59 of the detector arm 51 abuts
against the mounting reference plane 58 for fixing, the detector set 50 can be accurately
positioned in the conveying direction of the object under inspection. The fastener 57 is used
for fastening the detector arm 51 relative to the end surface 58 of the fixing member 56. The
fastener 57 may be a fixing bolt, corresponding threaded holes are formed on the side,
opposite to the fixing member 56, of the detector arm 51 in the width direction and the fixing
member 56, and the fixing bolt can penetrate through the corresponding threaded holes on
the fixing member 56 and the detector arm 51 and be tightened to fasten the detector set 50
relative to the mounting reference plane 58. In addition, a plurality of, such as at least two,
fixing devices may be provided, and the plurality of fixing devices may be spaced apart
from each other in the length direction of the detector set 50 to firmly fix and position the
detector set 50.

[0063] Through the above mounting-fixing structure, when mounting the detector set 50,
in a state that the detector units face the scanning area and the width direction of the detector
set 50 is consistent with the conveying direction of the object under inspection, the opening
53 of the fixing block 52 on the detector set 50 is first aligned with the extension portion 55
of the cantilever portion 54, and the detector set 50 is moved along the extension portion 55
until the bottom of the opening 53 abuts against the extension portion 55; then, the fastener
57 is inserted into the corresponding threaded holes on the fastener 56 and the detector arm
51 and is tightened, thereby positioning the detector set 50 relative to the mounting reference
plane 58 of the fastener 56. When detaching the detector set 50, reverse operations can be
performed.

[0064] According to the above mounting-fixing structure, the cantilever portion 54 extends
in the conveying direction of the object under inspection in the ray scanning apparatus, the
width direction of the detector set 50 is parallel to the conveying direction of the object
under inspection, and the opening 53 of the fixing block 52 faces a side of the detector set
50 in the thickness direction, by ensuring that the detector crystals face the scanning area
and the length direction of the detector arm is in the Y direction, the detector set 50 can be
mounted or detached along a direction perpendicular to the conveying direction of the object

under inspection. Moreover, the fixing device is disposed on a side of the detector set 50 in
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the width direction, namely, a side of the detector assembly in the Z direction, which
facilitates to fix or adjust the detector set. Therefore, the detector set can be easily mounted,
detached and maintained by means of the mounting-fixing structure according to the
foregoing embodiment.

[0065] In addition, optionally, in the above mounting-fixing structure, the second
mounting portion is configured to support the detector set 50 at the predetermined mounting
position in a state of engaging with the first mounting portion. That is, after the detector set
50 is moved to the predetermined mounting position relative to the extension portion 55 of
the cantilever portion 54, the cantilever portion 54 can support the entire detector set 50
through the fixing block 52 without other auxiliary structures or tools. In this way, when
fastening the detector set 50, neither an additional tool nor an operator is required to support
the detector set 50 for operation, thereby improving the convenience of operation.

[0066] Therefore, with the above mounting-fixing structure of various embodiments
described above, the detector set in the ray scanning apparatus of the present application can
be mounted to or detached from the support frame along a direction perpendicular to the
conveying direction of the object under inspection, can be fixed or adjusted on a side in the
conveying direction of the object under inspection, and thus can be mounted, detached and
maintained conveniently.

[0067] As mentioned above, with the mounting-fixing structure of the foregoing
embodiments, the detector set is mounted or detached in the direction perpendicular to the
conveying direction of the object under inspection. However, in some cases, such operation
is not convenient. As mentioned earlier, it is desirable to set the distance between the
scanning beam planes as short as possible without interference between optical paths and/or
components, so as to reduce the length of optical path distribution of the ray scanning
apparatus. On this premise, because the ray source module is larger than the detector
assembly (especially in the Z direction) in dimension, and the ray source module is located
on an outer side in a direction perpendicular to the conveying direction of the object under
inspection relative to the detector set of other scanning beam planes on the same side as the
ray source module, the mounting or detaching of the detector set in the direction
perpendicular to the conveying direction of the object under inspection may be hindered by
the ray source module of adjacent scanning beam plane (as shown in Fig. 1A, the ray source

module of the first scanning beam plane A may hinder the mounting and detaching of the
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detector set of the second scanning beam plane B). In this case, the detector set of the second
scanning beam plane B, such as the detector set near the ray source module of the first
scanning beam plane A and located on the left side of the scanning area, may be mounted or
detached along the conveying direction of the object under inspection relative to a mounting
position, for example, the support frame, and thus the detector set can be mounted, detached,
fixed, or adjusted without detaching the ray source module, thereby improving operation
convenience. Correspondingly, a different mounting-fixing structure is required for such
mounting and detaching manner. A specific embodiment of such mounting-fixing structure
is described in detail below.

[0068] Similar to the mounting-fixing structure in the foregoing embodiments, the
mounting-fixing structure suitable for mounting and detaching the detector set along the
conveying direction of the object under inspection also specifically includes a first mounting
portion fixedly disposed on the detector set; a second mounting portion fixedly disposed on
the support frame of the ray scanning apparatus and in linear moving fit with the first
mounting portion, where the detector set can move along the second mounting portion to
the predetermined mounting position when the first mounting portion and the second
mounting portion engage with each other; and a fixing device disposed on a side of the
detector set in a width direction to fix the detector set relative to a mounting reference plane
on the support frame. In some specific embodiments, the detector set is mounted and fixed
to the support frame of the ray scanning apparatus via the detector arm, where the first
mounting portion is fixedly disposed on the detector arm, and the fixing device is disposed
on a side of the detector arm in the width direction to fix the detector arm to the support
frame, so as to fix the detector set.

[0069] Figs. 9A-9B show a mounting-fixing structure for a detector set according to some
specific embodiments, where Fig. 9A is an exploded three-dimensional diagram of a
detector arm and the mounting-fixing structure, and Fig. 9B is a partial cross-sectional view
of the detector arm in a mounting and fixing state of the detector set. Figs. 9A and 9B do
not show a complete detector set, but show only a detector arm, where a plurality of detector
units can be arranged side by side in a length direction on the shown detector arm to form a
complete detector set.

[0070] As shown in Figs. 9A and 9B, the first mounting portion of the mounting-fixing

structure for the detector set 60 is specifically formed as a sliding groove 62 extending in
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the width direction of the detector arm 61. In a state of being mounted to the support frame
of the ray scanning apparatus, the width direction of the detector arm 61 is consistent with
the conveying direction of the object under inspection, and its length direction is
perpendicular to the conveying direction of the object under inspection. The second
mounting portion is formed as a sliding rod 63 matching the sliding groove 62. The sliding
groove 62 is formed as a semi-circular, open sliding groove, and the sliding rod 63 is
correspondingly formed as a cylindrical sliding rod. The sliding rod 63 is fixedly disposed
on the support frame or integrally formed with the support frame, and its length direction is
consistent with the conveying direction of the object under inspection. An end, near the
support frame, of the sliding rod 63 is configured to increase in size relative to the remaining
portion of the sliding rod 63 to form a protruding portion 64. An end surface, facing the
detector arm 61, of the protruding portion 64 is formed as a mounting reference plane 65
for abutting against a surface 66 of a side of the detector arm 61 in the width direction. The
surface 66 is a mounting surface of the detector arm 61, and both the surface 66 and the
mounting reference plane 65 are machined to have good flatness. When the mounting
surface 66 of the detector set abuts against the mounting reference plane 65 for positioning,
the detector set 60 can be accurately positioned in the width direction, namely, the conveying
direction of the object under inspection. The protruding portion 64 may further be used as a
limit portion. When mounting the detector set 60, the sliding groove 62 is aligned with the
sliding rod 63, and the detector arm 61 is pushed towards the support frame along the sliding
rod 63 until abutting against the protruding portion 64, so as to be moved to the
predetermined mounting position.

[0071] The fixing device is disposed at the other end, opposite to the protruding portion
64, of the sliding rod 63 and arranged to abut against, together with the protruding portion
64, two sides of the detector arm 61 in the width direction, so as to limit the position of the
detector arm 61 in the width direction. Specifically, the fixing device includes a positioning
sleeve 67 and a fastener 68, the positioning sleeve 67 is sleeved on the other end, opposite
to the protruding portion 64, of the sliding rod 63 and abuts against a surface 69 of the other
side of the detector arm 61 in the width direction, and the fastener 68 fixes the positioning
sleeve 67 to the other end, opposite to the protruding portion 64, of the sliding rod 63.
Specifically, the fastener 68 may be a fastening screw, and threaded holes are disposed on

the positioning sleeve 67 and the other end of the sliding rod 63. By screwing the fastening
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screw into the threaded holes, the positioning sleeve 67 can be fastened relative to the sliding
rod 63, thereby fixing the detector arm 61 in the width direction relative to the sliding rod
63 (namely, the support frame). Meanwhile, because the shape matching of the sliding rod
63 and the sliding groove 62 limits degree of freedom of the detector arm 61, the detector
arm 61 can be fully positioned and fixed.

[0072] Through the above mounting-fixing structure, when mounting the detector set 60,
in a state that the detector units face the scanning area and the width direction of the detector
set 60 is consistent with the conveying direction of the object under inspection, the sliding
groove 62 of the detector arm 61 is first aligned with the sliding rod 63, and the detector
arm 61 is moved along the sliding rod 63 until abutting against the protruding portion 64;
then, the positioning sleeve 67 is sleeved on the end, opposite to the protruding portion 64,
of the sliding rod 63 and fixed with screws relative to the sliding rod 63, thereby fixing the
detector arm 61. When detaching the detector set 60, reverse operations can be performed.
[0073] Through the above mounting-fixing structure, the sliding rod 63 extends in the
conveying direction of the object under inspection, that is, the linear moving fit between the
detector set and the support frame is in the conveying direction of the object under
inspection, the fixing device is disposed on one side of the detector set in the width direction,
and the width direction of the detector set is consistent with the conveying direction of the
object under inspection. Therefore, by means of the above mounting-fixing structure, the
detector set can be moved in the conveying direction of the object under inspection for being
mounted or detached, and can be fixed or adjusted on one side in the conveying direction of
the object under inspection. Therefore, the detector set can be mounted, detached or
maintained from a side surface in the conveying direction of the object under inspection.
Even if the detector set is obstructed by the ray source module of other scanning beam planes
on the outer side in the direction perpendicular to the conveying direction, the mounting,
detaching or maintenance of the detector set can avoid the obstruction of the ray source
module, and can be performed without detaching the ray source module, thereby improving
the convenience of mounting, detaching and maintenance of the detector assembly.

[0074] In addition, optionally, the second mounting portion of the above mounting-fixing
structure is configured to support the detector set 60 at the predetermined mounting position
in a state of engaging with the first mounting portion. Specifically, the second mounting

portion includes two sliding rods 63, and two sliding grooves 62 are correspondingly formed
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on the detector arm 61 at two ends of the detector arm 61 in the length direction, so that
after the detector arm 61 moves to the predetermined mounting position on the two sliding
rods 63, the two sliding rods 63 can support the detector set at the predetermined mounting
position without other auxiliary structures and/or tools. In this way, when fastening the
detector set, neither an additional tool nor an operator is required to support the detector set
for operation, thereby improving the convenience of operation.

[0075] Although the detector arm is shown in the vertical direction in Figs. 9A and 9B, the
above mounting-fixing structure is not limited to be merely used for mounting and detaching
the detector set arranged vertically in the ray scanning apparatus, but can also be used for
detector sets arranged in other directions.

[0076] The mounting-fixing structure between the detector set 60 and the support frame is
not limited to the embodiments shown in Figs. 9A-9B, and other suitable mounting-fixing
structures may also be used. For example, according to some embodiments, the linear
moving fit of the mounting-fixing structure may be replaced by other suitable fits, such as
linear rolling fit between a linear ball bearing and a cylindrical shaft. According to some
other embodiments, the cross-section of the sliding groove 62 is not limited to be semi-
circular, but may be semi-rectangular or the like, and correspondingly, the sliding rod 63 is
not limited to be cylindrical, but may be prism-shaped or the like to match the sliding groove
62.

[0077] Therefore, the detector set of the ray scanning apparatus according to the present
application may be configured to be mounted, detached or maintained along the conveying
direction of the object under inspection, thereby facilitating mounting, detaching and
maintenance thereof.

[0078] However, the embodiments of the present application are not limited to mounting
or detaching all the detector sets only along the conveying direction of the object under
inspection or along the direction perpendicular to the conveying direction of the object under
inspection, it is also available that some of the detector sets may be mounted or detached
along the conveying direction of the object under inspection, and the other detector sets may
be mounted or detached along the direction perpendicular to the conveying direction of the
object under inspection, and which method is used can be determined based on the specific
layout of the ray scanning apparatus, as long as the detector sets can be easily mounted,

detached and maintained.

25



[0079] Moreover, the detector sets of each scanning beam plane in different directions
relative to the scanning area may be mounted to or detached from the support frame by using
different mounting-fixing structures, but by means of mounting reference planes for
different detector sets, the detector sets of the same scanning beam plane can be located at
a predetermined position in the conveying direction of the object under inspection after
being mounted, to ensure that the detector sets are located in the same plane perpendicular
to the Z direction or located in different planes offset by a predetermined distance and
perpendicular to the Z direction, as long as the mounting reference planes for the detector
sets of the same scanning beam plane are correspondingly disposed in the same plane
perpendicular to the Z direction or in different planes offset by the predetermined distance
and perpendicular to the Z direction.

[0080] In addition, the mounting-fixing structures in the foregoing embodiments are not
limited to be used for the detector sets of the ray scanning apparatus of the present
application, but may also be used for detector sets of other suitable ray scanning apparatuses.
[0081] As mentioned earlier, the ray scanning apparatus according to the embodiments of
the present application further include a control device, and the control device is configured
to control a beam emitting sequence of the ray source modules in the respective scanning
beam planes. Optionally, the control device may be configured so that the ray source
modules of the respective scanning beam planes emit beams from one ray source point
simultaneously. For example, the ray source module of the first scanning beam plane A
includes target spots A1, A2, A3, ... An; the ray source module of the second scanning beam
plane B includes target spots B1, B2, B3, ... Bn; and the ray source module of the third
scanning beam plane C includes target spots C1, C2, C3, ... Cn. The control device may
control the target spots of the ray source modules of the scanning beam planes A, B, and C
to simultaneously emit beams in the following sequence: A1IB1C1 — A2B2C2 — A3B3C3
—... AnBnCn. The control device is not limited to controlling the target spots of the plurality
of ray source modules to simultaneously emit beams in the above sequence, that is, the
sequence of the target spots emitting rays in each ray source module is not limited to the
sequence from target spot 1 to target spot n, but may be interval, reverse, or random, as long
as all the target spots in the ray source module can be traversed.

[0082] According to the foregoing embodiments, the ray source modules in the respective

scanning beam planes simultaneously emit beams, thereby improving the scanning speed of
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the ray scanning apparatus. Therefore, when the ray scanning apparatus is applied to the
luggage conveying system or the like, the scanning speed can be matched with the high-
speed luggage conveying speed of the luggage conveying system, thereby avoiding
accumulation of luggage caused by security inspection and improving the luggage
conveying speed. Optionally, the conveying device of the ray scanning apparatus may be
configured to have the same speed as the conveying belt of the luggage conveying system.

[0083] Moreover, compared to the situation where the ray source modules in the scanning
beam planes alternately emit beams, the simultaneous emission of beams by the ray source
modules in the respective scanning beam planes can not only improve the scanning speed,
but also reduce a radiation dose (for example, current may be one-third of the current for
the alternate emission of beams in a case of constant voltage), so as to reduce requirements
on the ray scanning apparatus for shielding radiation and thus reduce device costs.

[0084] According to some embodiments, the ray beams of the ray source modules of the
respective scanning beam planes have different energy. The ray source modules may be
optionally configured to emit ray beams with different energy for different sizes of the object
under inspection in various directions. For example, in a case that the object under
inspection is an airport luggage, the size is usually small in a thickness direction (namely,
the up-down direction of the ray scanning apparatus, the Y direction in Fig. 1A) and large
in a width direction (namely, the left-right direction of the ray scanning apparatus, the X
direction in Fig. 1A); therefore, in order to obtain a high penetration rate in the width
direction, the ray source module arranged on the left or right side of the scanning area (such
as the ray source module of the first scanning beam plane A and the ray source module of
the third scanning beam plane C) may emit ray beams with high energy to ensure the ray
penetration rate in the width direction and increase valid data detected by the detector
assembly, thereby improving image quality. Correspondingly, the ray source module
arranged on the lower side of the scanning area (such as the ray source module of the second
scanning beam plane B) may emit ray beams with lower energy than the ray source module
on the left or right side of the scanning area, thereby reducing the radiation dose while
ensuring the ray penetration rate.

[0085] The various specific embodiments of the ray scanning apparatus according to the

present application are described above.
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[0086] An embodiment of the present application further provides a ray scanning system
for luggage inspection, which includes the ray scanning apparatus described in any of the
foregoing embodiments and a luggage conveying system. The luggage conveying system is
used for conveying a plurality of pieces of luggage at airports and other places, and includes
a conveying belt for bearing luggage movement. The ray scanning apparatus is used for
scanning the plurality of pieces of luggage in the luggage conveying system to inspect
prohibited items and the like in the luggage. The ray scanning apparatus may be arranged at
the beginning, middle part, or end of the luggage conveying system, and the conveying
device of the ray scanning apparatus is arranged adjacent to the conveying belt of the
luggage conveying system, so that the luggage can move between them. The ray scanning
apparatus includes a ray source module arranged below the conveying device, so that the
conveying device has a relatively high height from the ground to match the height of the
conveying belt of the luggage conveying system, or alternatively has the same height as the
conveying belt of the luggage conveying system. Moreover, the ray scanning apparatus
includes a control device, and the control device is configured so that the ray source modules
of the respective scanning beam planes simultaneously emit beams from one target spot to
scan luggage, so that the ray scanning apparatus can inspect the object under inspection,
such as luggage, at a speed matching the conveying speed of the luggage conveying system,
and optionally, the speed of the conveying device of the ray scanning apparatus is the same
as that of the conveying belt of the luggage conveying system. Therefore, the ray scanning
system according to the present application can conveniently convey luggage between the
luggage conveying system and the ray scanning apparatus, and can perform security
inspection on the luggage with a relatively high speed.

[0087] The embodiments of the present application further provide a mounting-positioning
structure for a ray source module and a ray scanning apparatus as defined by the following
items.

[0088] 1. A mounting-positioning structure for a ray source module of a ray scanning
apparatus, the ray scanning apparatus includes the ray source module and a stationary
support frame, the mounting-positioning structure includes a main body, and the main body
can be fixedly connected to the ray source module and the support frame, so that the ray
source module can be fixedly mounted to the support frame through the main body,

[0089] the mounting-positioning structure further includes:
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[0090] a moving device, where the ray source module can be moved to a predetermined
mounting position on a first plane through the moving device;

[0091] a first positioning device for positioning the ray source module on the first plane;
[0092] alifting device for adjusting a position of the ray source module in a first direction,
where the first direction is perpendicular to the first plane; and

[0093] a second positioning device for fixing the position of the ray source module in the
first direction.

[0094] 2. The mounting-positioning structure according to item 1, where the moving
device includes rollers disposed at two ends of the ray source module in a length direction.
[0095] 3. The mounting-positioning structure according to item 1, where the first
positioning device includes a first positioning pin and first pin holes disposed on the main
body and the support frame and corresponding to the first positioning pin.

[0096] 4. The mounting-positioning structure according to item 1, where the lifting device
is disposed at two ends of the ray source module in the length direction, the lifting device is
formed as a lifting roller at one end, and the lifting device is formed as a lifting jackscrew
at the other end.

[0097] 5. The mounting-positioning structure according to item 4, where the second
positioning device is formed as a positioning block, which is placed below the main body
after the ray source module is adjusted by the lifting device to a predetermined position in
the first direction.

[0098] 6. The mounting-positioning structure according to any of items 1-5, further
including:

[0099] an adjusting device for rotating the ray source module around a predetermined axis
to adjust a beam output angle of the ray source module.

[00100] 7. The mounting-positioning structure according to item 6, where the ray source
module is provided with a mounting shaft, the main body is provided with a corresponding
shaft hole, and the main body is mounted on the mounting shaft of the ray source module
through the shaft hole;

[00101] the mounting-positioning structure further includes a positioning member and a
fastener, and the main body is positioned relative to the ray source module through the
positioning member and engagement of the shaft hole with the mounting shaft, and is fixedly

connected to the ray source module through the fastener; and
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[00102] the adjusting device includes a rotation drive mechanism, which can drive the ray
source module to rotate around the mounting shaft when the positioning member and the
fastener are loosened.

[00103] 8. The mounting-positioning structure according to item 7, where the rotation drive
mechanism includes an adjusting block fixed on the ray source module and a jackcrew
disposed on the main body and abutting against the adjusting block, and the jackscrew can
be rotated to push the adjusting block to move, so as to rotate the ray source module.
[00104] 9. The mounting-positioning structure according to item 7, where the positioning
member includes a second positioning pin and corresponding second pin holes formed on
the main body and the ray source module, and the fastener includes a fixing bolt and
corresponding threaded holes formed on the main body and the ray source module.

[00105] 10. A ray scanning apparatus, including a ray source module and a stationary
support frame, where the ray source module is fixedly mounted to the support frame via the
mounting-positioning structure according to any of items 1-9.

[00106] 11. The ray scanning apparatus according to item 10, where the ray scanning
apparatus enables the ray source module to rotate through the mounting-positioning
structure to adjust a beam output angle of the ray source module.

[00107] The embodiments of the present application further provide a mounting-fixing
structure for a detector assembly and a ray scanning apparatus as defined by the following
items.

[00108] 1. A mounting-fixing structure for a detector assembly of a ray scanning apparatus,
the ray scanning apparatus includes the detector assembly and a stationary support frame,
the detector assembly include at least two detector sets, each detector set is fixedly mounted
to the support frame or detached from the support frame via the mounting-fixing structure,
and the mounting-fixing structure includes:

[00109] a first mounting portion fixedly disposed on the detector set;

[00110] a second mounting portion fixedly disposed on the support frame and capable of
being in linear moving fit with the first mounting portion, where the detector set can be
moved along the second mounting portion to a predetermined mounting position when the
first mounting portion and the second mounting portion engage with each other; and
[00111] a fixing device disposed on a side of the detector set in a width direction to fix the

detector set relative to a mounting reference plane on the support frame.
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[00112] 2. The mounting-fixing structure according to item 1, where the second mounting
portion is further configured to support the detector set at the predetermined mounting
position in a state of engaging with the first mounting portion.

[00113] 3. The mounting-fixing structure according to item 1 or 2, where the first mounting
portion includes a slider, the slider extends in a length direction of the detector set, and the
second mounting portion includes a stationary guide rail matching the slider.

[00114] 4. The mounting-fixing structure according to item 3, where the fixing device
includes a fastener and a positioning member disposed on the support frame, an end surface,
away from the support frame, of the positioning member is formed as the mounting
reference plane for abutting against a surface of the side of the detector set in the width
direction, and the fastener penetrates through the positioning member and fastens the
detector set relative to the end surface of the positioning member.

[00115] 5. The mounting-fixing structure according to item 3, where the slider is disposed
on two opposite sides of the detector set in the width direction, and includes internal
extension portions extending inwards from edges of the two opposite sides of the detector
set in the width direction;

[00116] the stationary guide rail includes external extension portions extending outwards
from two opposite sides in the width direction; and

[00117] in an engaging state of the first mounting portion and the second mounting portion,
the internal extension portions of the slider are located above the external extension portions
of the stationary guide rail, and are in contact and overlapped with the external extension
portions, so as to suspend the detector set on the stationary guide rail.

[00118] 6. The mounting-fixing structure according to item 1 or 2, where the first mounting
portion is formed as a sliding groove extending in the width direction of the detector set,
and the second mounting portion is formed as a sliding rod matching the sliding groove.
[00119] 7. The mounting-fixing structure according to item 6, where an end, near the
support frame, of the sliding rod is formed with a protruding portion, and a surface, facing
the detector set, of the protruding portion is formed as the mounting reference plane for
abutting against a surface of the other side of the detector set in the width direction.
[00120] 8. The mounting-fixing structure according to item 7, where the fixing device is

disposed at the other end, opposite to the protruding portion, of the sliding rod, and the

31



fixing device and the protruding portion are arranged to abut against two sides of the
detector set in the width direction respectively.

[00121] 9. The mounting-fixing structure according to item 8, where the fixing device
includes a positioning sleeve and a fastener, the positioning sleeve is sleeved on the other
end of the sliding rod and abuts against the side of the detector set in the width direction,
and the fastener is used for fixing the positioning sleeve to the other end of the sliding rod.
[00122] 10. The mounting-fixing structure according to item 6, where the second mounting
portion includes two sliding rods, the first mounting portion includes two sliding grooves
formed at two ends of the detector set in the length direction, and the two sliding rods engage
with the two sliding grooves respectively to support the detector set at the predetermined
mounting position.

[00123] 11. The mounting-fixing structure according to item 1 or 2, where the first
mounting portion is formed as a fixing block fixed on the side of the detector set in the width
direction, and the fixing block has an opening facing a side of the detector set in a thickness
direction; and

[00124] the second mounting portion is formed as a cantilever portion fixed on the support
frame, an extension portion is disposed at an end, away from the support frame, of the
cantilever portion, and the extension portion can be in linear moving fit with the opening of
the fixing block.

[00125] 12. The mounting-fixing structure according to item 11, where the fixing device
includes a fixing member and a fastener disposed on the support frame, an end surface, away
from the support frame, of the fixing member is formed as the mounting reference plane for
abutting against the surface of the side of the detector set in the width direction, and the
fastener is used for fastening the detector set to the end surface of the fixing member.
[00126] 13. The mounting-fixing structure according to item 11, where in an engaging state
of the first mounting portion and the second mounting portion, the cantilever portion
supports the detector set at the predetermined mounting position through the fixing block.
[00127] 14. A ray scanning apparatus, including a detector assembly and a stationary
support frame, where the detector assembly includes at least two detector sets, and each
detector set is mounted to the support frame or detached from the support frame through the

mounting-fixing structure according to any of items 1-13.
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[00128] 15. The ray scanning apparatus according to item 14, where a width direction of
the detector set is parallel to a conveying direction of an object under inspection, a length
direction and a thickness direction of the detector set are perpendicular to the conveying
direction of the object under inspection, and the conveying direction of the object under
inspection is a direction in which the object under inspection is conveyed to pass through a
scanning area of the ray scanning apparatus.

[00129] 16. The ray scanning apparatus according to item 15, where a mounting reference
plane for each detector set is located in a plane perpendicular to the conveying direction of
the object under inspection.

[00130] 17. The ray scanning apparatus according to item 14 or 15, where the first mounting
portion moves linearly relative to the second mounting portion in a direction parallel to or
perpendicular to the conveying direction of the object under inspection.

[00131] The above descriptions of the present application are for the purpose of illustration
and explanation, but not for exhausting the exact implementations of the present application
or limiting the present application to the described exact implementations. Many
modifications or changes may be made within the scope of the inventive principles of the
present application. The described embodiments are intended to best explain the principles
and practical applications of the present application. The above descriptions enable other
technical personnel in the art to better utilize and practice various embodiments and
modifications of the present application. The scope of the present application is defined by

the appended claims.
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WHAT IS CLAIMED IS:

1. A ray scanning apparatus for a luggage conveying system, comprising:

a conveying device for conveying an object under inspection to pass through a scanning
area of the ray scanning apparatus; and

a plurality of scanning beam planes, respectively disposed on a plurality of scanning
planes arranging in a conveying direction of the object under inspection, each scanning
beam plane comprising a ray source module and a detector assembly which are arranged
opposite each other, and the ray source module comprising a plurality of ray source points
for emitting ray beams,

wherein the ray source modules of the plurality of scanning beam planes are arranged
on a lower side, a left side, and a right side of the scanning area respectively.

2. The ray scanning apparatus according to claim 1, wherein when observed in the
conveying direction of the object under inspection, the ray source modules of the plurality
of scanning beam planes are arranged as a semi-enclosed structure surrounding the scanning

area and opening on an upper side.

3. The ray scanning apparatus according to claim 2, wherein the ray source modules
are distributed ray sources and the distributed ray sources are formed in a straight line,

broken line, or arc shape.

4. The ray scanning apparatus according to any of claims 1-3, wherein in each scanning
beam plane, the detector assembly is arranged to surround the scanning area in at least two

sides.

5. The ray scanning apparatus according to claim 4, wherein in the scanning beam
plane where the ray source module is arranged on the lower side of the scanning area, the
detector assembly is formed in a U-shaped structure surrounding the scanning area and

opening on a lower side.
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6. The ray scanning apparatus according to claim 4, wherein in the scanning beam
plane where the ray source module is arranged on the left or right side of the scanning area,
the detector assembly is formed in an L-shaped or U-shaped structure surrounding the

scanning area.

7. The ray scanning apparatus according to any of claims 1-3, wherein the luggage
conveying system comprises a conveying belt, and a speed and height of the conveying
device match those of the conveying belt of the luggage conveying system.

8. The ray scanning apparatus according to claim 7, wherein the speed and height of
the conveying device are the same as those of the conveying belt of the luggage conveying

system.

9. The ray scanning apparatus according to any of claims 1-3, further comprising a
control device, wherein the control device is configured to control a beam emitting sequence
of the ray source modules in respective scanning beam planes, so that the ray source modules
in the respective scanning beam planes simultaneously emit ray beams from one ray source

point.

10. The ray scanning apparatus according to claim 9, wherein the ray beams of the ray

source modules of the respective scanning beam planes have the same energy.

11. The ray scanning apparatus according to claim 9, wherein the ray beams of the ray
source module arranged on the left or right side of the scanning area have energy higher
than that of the ray beams of the ray source module arranged on the lower side of the

scanning area.

12. A ray scanning system for luggage inspection, comprising the ray scanning
apparatus according to any of claims 1-11 and a luggage conveying system, the luggage
conveying system comprises a conveying belt for conveying luggage, wherein the
conveying device of the ray scanning apparatus matches the conveying belt in height and
speed.
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13. The ray scanning system according to claim 12, wherein the conveying device of
the ray scanning apparatus has the same height and speed as the conveying belt of the

luggage conveying system.

14. A mounting-positioning structure for a ray source module of the ray scanning
apparatus according to any of claims 1-11, wherein the ray scanning apparatus comprises
the ray source module and a stationary support frame, the mounting-positioning structure
comprises a main body, and the main body can be fixedly connected to the ray source
module and the support frame, so that the ray source module can be fixedly mounted to the
support frame through the main body,

the mounting-positioning structure further comprises:

a moving device, wherein the ray source module can be moved to a predetermined
mounting position on a first plane through the moving device;

a first positioning device for positioning the ray source module on the first plane;

a lifting device for adjusting a position of the ray source module in a first direction,
wherein the first direction is perpendicular to the first plane; and

a second positioning device for fixing the position of the ray source module in the first

direction.

15. A mounting-fixing structure for a detector assembly of the ray scanning apparatus
according to any of claims 1-11, wherein the ray scanning apparatus comprises the detector
assembly and a stationary support frame, the detector assembly comprises at least two
detector sets, each detector set is fixedly mounted to the support frame or detached from the
support frame via the mounting-fixing structure, and the mounting-fixing structure
comprises:

a first mounting portion fixedly disposed on the detector set;

a second mounting portion fixedly disposed on the support frame and capable of being
in linear moving fit with the first mounting portion, wherein the detector set can be moved
along the second mounting portion to a predetermined mounting position when the first
mounting portion and the second mounting portion engage with each other; and

a fixing device disposed on a side of the detector set in a width direction to fix the
detector set relative to a mounting reference plane on the support frame.
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