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INSPECTION SYSTEM AND INSPECTION METHOD 

 

TECHNICAL FIELD 

[0001] The present disclosure relates to a field of security inspection technology, in 

particular, to an inspection system and an inspection method for a security inspection, and 

more specifically, to an inspection system and an inspection method for a security inspection 

of an aviation pallet cargo. 

 

BACKGROUND 

[0002] A safety of aviation pallet cargo or aviation container is directly related to a 

safety of aviation vehicle (such as aircraft). It is needed to perform a security inspection on an 

aviation pallet cargo before loading the aviation pallet cargo onto an aircraft. The aviation 

pallet cargo may have a large size, usually with a length of 1.2 m, a width of 1.2 m and a 

height of 1.65 m, or even larger. Different types of cargoes may be stacked together inside the 

aviation pallet cargo. 

[0003] Various existing inspection methods for aviation pallet cargoes have respective 

problems. Therefore, there is a need to provide an improved inspection system and inspection 

method, especially an inspection system and an inspection method for an aviation pallet 

cargo. 

[0004] The above information disclosed in this section is just for understanding of a 

background of an inventive concept of the present disclosure. Therefore, the above 

information may contain information that does not constitute a related art. 

 

SUMMARY 

[0005] In an aspect of embodiments of the present disclosure, an inspection system 

for an aviation pallet cargo is provided, including: a ray source configured to emit X-rays and 

arranged to be rotatable between a plurality of scanning positions around a rotation axis, 

where the ray source includes a separate housing to define a vacuum space and includes a 

plurality of target spots enclosed within the housing, and a rotation angle of the ray source 

between two adjacent scanning positions is greater than an angle of adjacent target spots of 
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the ray source relative to the rotation axis; a detector assembly configured to receive X-rays 

emitted from the ray source and passing through an inspection region of the inspection 

system; and a conveying device configured to carry an aviation pallet cargo to be inspected, 

where the ray source and the detector assembly are movable in a traveling direction relative 

to the conveying device so that the aviation pallet cargo to be inspected enters the inspection 

region, and the traveling direction is parallel to the rotation axis, and where the inspection 

system is configured such that: the ray source and the detector assembly move in the 

traveling direction relative to the conveying device and the ray source emits X-rays when the 

ray source is located at one of the plurality of scanning positions; and the ray source rotates 

around the rotation axis to another one of the plurality of scanning positions when the ray 

source and the detector assembly move a predetermined distance in the traveling direction 

relative to the conveying device. 

[0006] According to some embodiments of the present disclosure, the conveying 

device is configured to transport the aviation pallet cargo to be inspected in the traveling 

direction. 

[0007] According to some embodiments of the present disclosure, the ray source is 

always located above the conveying device during a rotation process. 

[0008] According to some embodiments of the present disclosure, the ray source is 

configured to rotate between different scanning positions so that a combined scanning angle 

of the ray source is greater than 180 degrees. 

[0009] According to some embodiments of the present disclosure, the inspection 

system is configured such that the ray source and the detector assembly do not move in the 

traveling direction relative to the conveying device when the ray source rotates between 

different scanning positions. 

[0010] According to some embodiments of the present disclosure, the rotation angle 

of the ray source between two adjacent scanning positions is less than a scanning angle of the 

ray source relative to the rotation axis. 

[0011] According to some embodiments of the present disclosure, the ray source is 

further arranged to be movable between at least two target spot positions, and a rotation angle 

of the ray source between two adjacent target spot positions is less than an angle of two 

adjacent target spots of the ray source relative to the rotation axis or a movement distance of 
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the ray source between two adjacent target spot positions is less than a spacing between two 

adjacent target spots of the ray source. 

[0012] According to some embodiments of the present disclosure, a rotation angle of 

the ray source between two farthest target spot positions is less than the angle of two adjacent 

target spots of the ray source relative to the rotation axis, or a movement distance of the ray 

source between two farthest target spot positions is less than the spacing between two 

adjacent target spots of the ray source. 

[0013] According to some embodiments of the present disclosure, the inspection 

system is further configured to reconstruct a three-dimensional scanning image of the 

aviation pallet cargo to be inspected based on detection data of the detector assembly. 

[0014] According to some embodiments of the present disclosure, the inspection 

system includes a plurality of ray sources, and vacuum spaces of different ray sources are not 

connected. 

[0015] According to some embodiments of the present disclosure, the plurality of ray 

sources are configured to rotate between different scanning positions so that a combined 

scanning angle of the plurality of ray sources is greater than 180 degrees. 

[0016] According to some embodiments of the present disclosure, the plurality of ray 

sources are configured to rotate between different scanning positions synchronously. 

[0017] According to some embodiments of the present disclosure, the plurality of ray 

sources are spaced around the inspection region. 

[0018] According to some embodiments of the present disclosure, the detector 

assembly is arranged to be rotatable around the rotation axis. 

[0019] According to some embodiments of the present disclosure, the plurality of ray 

sources and the detector assembly are arranged to be rotatable around the rotation axis 

synchronously. 

[0020] According to some embodiments of the present disclosure, the detector 

assembly is arranged radially closer to the rotation axis relative to the plurality of ray sources. 

[0021] According to some embodiments of the present disclosure, target spots of the 

plurality of ray sources are located in a first plane. 
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[0022] According to some embodiments of the present disclosure, detector crystals of 

the detector assembly are located in a second plane. 

[0023] According to some embodiments of the present disclosure, the first plane is 

parallel to the second plane, and the target spot of each ray source is arranged to deflect a 

predetermined tilt angle toward the detector assembly along the rotation axis so that the 

X-rays emitted by each ray source are not blocked by the detector assembly before passing 

through the inspection region. 

[0024] According to some embodiments of the present disclosure, the detector 

assembly includes a plurality of detector arms, each detector arm is provided with a plurality 

of detector units, and each detector arm is configured to receive X-rays emitted by at least 

two of the ray sources. 

[0025] According to some embodiments of the present disclosure, each detector unit 

includes a detector crystal, and each detector crystal is arranged at an end of a corresponding 

detector unit facing the ray source along the rotation axis. 

[0026] According to some embodiments of the present disclosure, the plurality of 

detector arms extend completely around the rotation axis to form a detector ring. 

[0027] According to some embodiments of the present disclosure, the inspection 

system further includes a rotary bracket rotatable around the rotation axis, and the plurality of 

ray sources and the detector assembly are installed on the rotary bracket. 

[0028] According to some embodiments of the present disclosure, the detector 

assembly further includes a detector turntable, the plurality of detector arms are fixed to the 

detector turntable, and the detector turntable is detachably fixed to the rotary bracket. 

[0029] According to some embodiments of the present disclosure, the rotation axis is 

parallel to a horizontal direction. 

[0030] According to some embodiments of the present disclosure, a ray emission 

direction of the ray source is not perpendicular to the rotation axis. 

[0031] According to some embodiments of the present disclosure, the inspection 

system is configured such that the ray source does not emit X-rays when the ray source 

rotates between different scanning positions. 

[0032] According to some embodiments of the present disclosure, the ray source and 
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the detector assembly are configured to move a predetermined distance in the traveling 

direction relative to the conveying device so that the aviation pallet cargo to be inspected 

completely passes through the inspection region or the aviation pallet cargo to be inspected 

does not completely pass through the inspection region. 

[0033] According to some embodiments of the present disclosure, the rotation angle 

of the ray source between two adjacent scanning positions is greater than an angle of any two 

target spots of the ray source relative to the rotation axis. 

[0034] In another aspect of embodiments of the present disclosure, an inspection 

method for an aviation pallet cargo is provided, including: (a) loading an aviation pallet cargo 

to be inspected onto a conveying device; (b) positioning a ray source at one of a plurality of 

scanning positions surrounding an inspection region, where the ray source includes a separate 

housing to define a vacuum space and includes a plurality of target spots enclosed within the 

housing; (c) moving the ray source and the detector assembly in a traveling direction relative 

to the conveying device so that the aviation pallet cargo to be inspected enters the inspection 

region, while emitting X-rays from the ray source so that the X-rays pass through the aviation 

pallet cargo to be inspected located in the inspection region and are received by the detector 

assembly until the ray source and the detector assembly move a predetermined distance in the 

traveling direction relative to the conveying device, so as to complete a scanning process; and 

(d) rotating the ray source around a rotation axis to another one of the plurality of scanning 

positions, and repeatedly performing step (c) to complete the scanning process at each of the 

plurality of scanning positions, where a rotation angle of the ray source between two adjacent 

scanning positions is greater than an angle of adjacent target spots of the ray source relative 

to the rotation axis, and the traveling direction is parallel to the rotation axis. 

[0035] According to some embodiments of the present disclosure, the aviation pallet 

cargo to be inspected is transported in the traveling direction by the conveying device. 

[0036] According to some embodiments of the present disclosure, the ray source is 

always located above the conveying device during a rotation process of the ray source. 

[0037] According to some embodiments of the present disclosure, step (c) and step (d) 

are repeated so that a combined scanning angle of the ray source is greater than 180 degrees. 

[0038] According to some embodiments of the present disclosure, the ray source and 

the detector assembly are configured to stop moving relative to the conveying device after 
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each time the aviation pallet cargo to be inspected completely passes through the inspection 

region, and in two adjacent repetitions of step (c), the ray source and the detector assembly 

are configured to move in opposite directions relative to the conveying device. 

[0039] According to some embodiments of the present disclosure, the rotation angle 

of the ray source between two adjacent scanning positions is less than a scanning angle of the 

ray source relative to the rotation axis. 

[0040] According to some embodiments of the present disclosure, the inspection 

method further includes: after completing a scanning process at a scanning position in step (c), 

moving the ray source to one of a plurality of target spot positions and repeatedly performing 

step (c), where the plurality of target spot positions include a current scanning position, and 

where a rotation angle of the ray source between two adjacent target spot positions is less 

than the angle of two adjacent target spots of the ray source relative to the rotation axis, or a 

movement distance of the ray source between two adjacent target spot positions is less than a 

spacing between two adjacent target spots of the ray source. 

[0041] According to some embodiments of the present disclosure, a rotation angle of 

the ray source between two farthest target spot positions is less than the angle of two adjacent 

target spots of the ray source relative to the rotation axis, or a movement distance of the ray 

source between two farthest target spot positions is less than the spacing between two 

adjacent target spots of the ray source. 

[0042] According to some embodiments of the present disclosure, a plurality of ray 

sources are provided to emit X-rays, and vacuum spaces of different ray sources are not 

connected. 

[0043] According to some embodiments of the present disclosure, the inspection 

method further includes: reconstructing a three-dimensional scanning image of the aviation 

pallet cargo to be inspected based on detection data of the detector assembly. 

[0044] According to some embodiments of the present disclosure, the rotation axis is 

parallel to a horizontal direction. 

[0045] According to some embodiments of the present disclosure, a ray emission 

direction of the ray source is not perpendicular to the rotation axis. 

[0046] According to some embodiments of the present disclosure, the ray source is 

configured to not emit X-rays when the ray source rotates between different scanning 



7 

 

positions. 

[0047] According to some embodiments of the present disclosure, the ray source and 

the detector assembly are configured to move a predetermined distance in the traveling 

direction relative to the conveying device so that the aviation pallet cargo to be inspected 

completely passes through the inspection region or the aviation pallet cargo to be inspected 

does not completely pass through the inspection region. 

[0048] According to some embodiments of the present disclosure, the rotation angle 

of the ray source between two adjacent scanning positions is greater than an angle of any two 

target spots of the ray source relative to the rotation axis. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0049] FIG. 1 shows a schematic diagram of an inspection system according to some 

embodiments of the present disclosure. 

[0050] FIG. 2 shows a schematic diagram of an inspection system in operating state 

according to some embodiments of the present disclosure. 

[0051] FIG. 3A shows a schematic diagram of an arrangement of a plurality of ray 

sources according to some embodiments of the present disclosure, in which three ray sources 

are located at a first scanning position. 

[0052] FIG. 3B shows a schematic diagram of an arrangement of a plurality of ray 

sources according to some embodiments of the present disclosure, in which three ray sources 

are located at a second scanning position. 

[0053] FIG. 3C shows a schematic diagram of an arrangement of a plurality of ray 

sources according to some embodiments of the present disclosure, in which a superposition 

state of three ray sources at first and second scanning positions is shown. 

[0054] FIG. 4A shows a schematic diagram of an arrangement of a plurality of ray 

sources according to some embodiments of the present disclosure, in which two ray sources 

are located at a first scanning position. 

[0055] FIG. 4B shows a schematic diagram of an arrangement of a plurality of ray 

sources according to some embodiments of the present disclosure, in which two ray sources 
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are located at a second scanning position. 

[0056] FIG. 4C shows a schematic diagram of an arrangement of a plurality of ray 

sources according to some embodiments of the present disclosure, in which two ray sources 

are located at a third scanning position. 

[0057] FIG. 4D shows a schematic diagram of an arrangement of a plurality of ray 

sources according to some embodiments of the present disclosure, in which a superposition 

state of two ray sources at first to third scanning positions is shown. 

[0058] FIG. 5 shows a schematic diagram of one ray source according to some 

embodiments of the present disclosure, in which a superposition state of one ray source at 

first to sixth scanning positions is shown. 

[0059] FIG. 6A shows a schematic diagram of an arrangement of a plurality of ray 

sources according to some embodiments of the present disclosure, in which three ray sources 

are located at a first scanning position. 

[0060] FIG. 6B shows a schematic diagram of an arrangement of a plurality of ray 

sources according to some embodiments of the present disclosure, in which three ray sources 

are located at a second scanning position. 

[0061] FIG. 6C shows a schematic diagram of an arrangement of a plurality of ray 

sources according to some embodiments of the present disclosure, in which a superposition 

state of three ray sources at first and second scanning positions is shown. 

[0062] FIG. 7 shows a schematic diagram of a detector assembly according to some 

embodiments of the present disclosure. 

[0063] FIG. 8 shows a schematic diagram of a ray source and a detector unit 

according to some embodiments of the present disclosure. 

[0064] FIG. 9 shows a schematic diagram of a detector unit according to some 

embodiments of the present disclosure. 

[0065] FIG. 10A shows a schematic diagram of an arrangement of a plurality of ray 

sources according to some embodiments of the present disclosure, in which three ray sources 

are located at a first target spot position. 

[0066] FIG. 10B shows a schematic diagram of an arrangement of a plurality of ray 
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sources according to some embodiments of the present disclosure, in which three ray sources 

are located at a second target spot position. 

[0067] FIG. 10C shows a schematic diagram of an arrangement of a plurality of ray 

sources according to some embodiments of the present disclosure, in which a superposition 

state of three ray sources at first and second target spot positions is shown. 

[0068] FIG. 11A to FIG. 11C respectively show schematic diagrams of implementing 

an inspection method by using an inspection system according to some embodiments of the 

present disclosure. 

[0069] FIG. 12 shows a schematic cross-sectional view of an inspection system taken 

along a plane parallel to a rotation axis, according to some embodiments of the present 

disclosure. 

[0070] FIG. 13 schematically shows a block diagram of an inspection system 

according to some embodiments of the present disclosure. 

[0071] FIG. 14 schematically shows a block diagram of a control device according to 

some embodiments of the present disclosure. 

[0072] It should be noted that for the sake of clarity, in the figures used to describe 

embodiments of the present disclosure, sizes of layers, structures or regions may be enlarged 

or reduced, that is, those figures are not drawn according to actual scale. 

 

DETAILED DESCRIPTION OF EMBODIMENTS 

[0073] Hereinafter, embodiments of the present disclosure will be described with 

reference to accompanying drawings. The following detailed description and accompanying 

drawings are intended to illustrate principles of the present disclosure. The present disclosure 

is not limited to the described preferred embodiments, and the scope of the present disclosure 

is defined by the appended claims. The present disclosure will now be described in detail 

with reference to exemplary embodiments, some of which are illustrated in the accompanying 

drawings. The following description is given with reference to the accompanying drawings. 

Unless otherwise specified, the same reference numerals in different figures indicate the same 

or similar elements. The solutions described in the following exemplary embodiments do not 

represent all solutions of the present disclosure. Rather, those solutions are just examples of 
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systems and methods of various aspects of the present disclosure that are addressed in the 

appended claims. 

[0074] In a related art, an aviation pallet cargo may be inspected by using a variety of 

methods, for example, including: generating a perspective image using a single-view or 

dual-view X-ray inspection system; piecing together a three-dimensional scanning image 

using a multi-view X-ray inspection system; dismantling the aviation pallet cargo to inspect 

objects one by one and then reloading the objects into an aviation pallet cargo; and generating 

a three-dimensional CT image using a CT scanning system. 

[0075] In the first method described above, the single-view or dual-view X-ray 

inspection system may scan the aviation pallet cargo passing through a scanning region of the 

inspection system and generate a single-view or dual-view perspective image. However, as 

the aviation pallet cargo has a large size and the objects inside are stacked together, there may 

be a serious overlap in the perspective image generated by an existing single-view or 

dual-view X-ray inspection system, which makes it difficult to accurately detect prohibited 

items such as explosives, flammable liquids, knives and guns, etc. from the perspective 

image. 

[0076] In the second method described above, the multi-view X-ray inspection 

system may scan the aviation pallet cargo passing through the scanning region of the 

inspection system and generate multi-view perspective images or stitch the multi-view 

perspective images into a three-dimensional scanning image. By generating scanning images 

from multiple views and piecing together a three-dimensional scanning image, it is possible 

to partially reduce an impact of an image overlap and improve an automatic recognition 

capability. However, such method results in a low pass rate of objects to be inspected and a 

scanning angle is still limited. In addition, the three-dimensional image pieced together has a 

poor quality, and an automatic recognition capability for prohibited items such as explosives 

is limited. 

[0077] In the third method described above, the already loaded aviation pallet cargo is 

dismantled manually for the security inspection of objects one by one, and then the objects 

are reloaded into an aviation pallet cargo. Such method has low efficiency and high labor 

costs. 

[0078] In the fourth method described above, a three-dimensional scanning image 

may be generated by CT scanning and has a high recognition capability. Computed 
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tomography (CT) is widely used in fields such as object detection and medical diagnosis, and 

a three-dimensional scanning image may be generated by CT scanning. According to a 

movement of a ray source relative to an object to be inspected during a scanning process, 

existing CT scanning systems may include a dynamic spiral CT scanning system and a static 

CT scanning system. 

[0079] In the dynamic spiral CT scanning system, while the ray source continuously 

rotates around the object to be inspected during the scanning process, a conveying device 

may transport the object to be inspected horizontally through a scanning region at a constant 

speed. The dynamic spiral CT scanning system generally requires a slip ring and a bearing, 

and the slip ring needs to rotate at a high speed during the scanning process. If the object to 

be inspected has a large size, the slip ring and the bearing of the dynamic spiral CT scanning 

system need to have large diameters, which poses very high requirements to a machining 

accuracy of components as well as rigidity and stability of a support structure in the dynamic 

spiral CT scanning system. In addition, in the dynamic spiral CT scanning system using the 

slip ring, as a ray source and a detector are installed on a turntable with a large diameter and 

rotate synchronously, the conveying device for the dynamic spiral CT scanning system needs 

to be provided at a high position, which increases a difficulty of loading and/or unloading a 

large-sized object onto and/or off the conveying device. 

[0080] In the static CT scanning system, the ray source is fixed during the entire 

scanning process, and an integrated ray source surrounding the inspection region is used for 

scanning. However, when the object to be inspected has a large size, it is difficult to design a 

large-sized integrated ray source, and a manufacturing cost is very high. Moreover, the 

integrated ray source needs to be replaced as a whole when a failure occurs (for example, 

several target spots are damaged), and thus has a poor maintainability. 

[0081] The inspection system and the inspection method according to embodiments 

of the present disclosure may be applicable to a perspective imaging inspection of an object, 

especially an aviation pallet cargo or aviation container, etc. 

[0082] FIG. 1 shows a schematic diagram of an inspection system according to some 

embodiments of the present disclosure. FIG. 2 shows a schematic diagram of an inspection 

system in operating state according to some embodiments of the present disclosure. 

[0083] In an exemplary embodiment, as shown in FIG. 1 and FIG. 2, the inspection 

system includes a plurality of ray sources 100, a detector assembly 200 (not shown in FIG. 1), 
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and a conveying device 300. The inspection system defines an inspection region 30. The ray 

sources 100 are used to emit X-rays. The detector assembly 200 is used to receive X-rays 

emitted from the ray sources 100 and passing through the inspection region. The conveying 

device 300 is used to carry an object to be inspected 10. According to some embodiments of 

the present disclosure, the plurality of ray sources 100 and the detector assembly 200 are 

movable in a traveling direction relative to the conveying device 300. In an exemplary 

embodiment, the conveying device 300 is used to transport the object to be inspected in the 

traveling direction into the inspection region. In an exemplary embodiment, the traveling 

direction is parallel to a horizontal direction. According to some embodiments of the present 

disclosure, the conveying device 300 may reciprocally transport the object to be inspected 

through the inspection region in the traveling direction, that is, transport the object to be 

inspected back and forth in opposite directions. In some embodiments, the conveying device 

300 transports the object to be inspected in a uniform linear motion. 

[0084] In the present disclosure, "axial direction" refers to a direction parallel to the 

traveling direction, and "radial direction" refers to a direction radiating outward from a 

rotation axis or from a central axis of the inspection region (to be described in detail below) 

within a plane perpendicular to the traveling direction, and "circumferential direction" refers 

to a direction that is within the plane perpendicular to the traveling direction and that is 

perpendicular to the "radial direction". 

[0085] The above-mentioned inspection system includes a plurality of ray sources 

100. However, embodiments of the present disclosure are not limited thereto. According to 

some embodiments of the present disclosure, the inspection system may include one or more 

ray sources 100. 

[0086] According to some embodiments of the present disclosure, each ray source 

100 is a distributed ray source. In an exemplary embodiment, each ray source 100 has a 

separate housing 110 to define a separate vacuum space. Each ray source 100 includes a 

plurality of target spots (not shown in FIG. 1 and FIG. 2) enclosed within the housing 110. In 

an exemplary embodiment, the plurality of target spots of each ray source 100 have a uniform 

spacing between target spots. 

[0087] As described above, when the inspection system includes a plurality of ray 

sources 100, each ray source 100 defines a separate vacuum space and therefore does not 

share the vacuum space with other ray sources 100. The vacuum spaces of different ray 
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sources 100 are not connected. According to some embodiments of the present disclosure, 

each ray source 100 may be disassembled from and/or installed in the inspection system 

independently from other ray sources 100. 

[0088] In the present disclosure, the "inspection region" refers to a region where the 

object to be inspected undergoes perspective imaging. When the object to be inspected is 

located in the inspection region 30, X-rays emitted from the ray source 100 may penetrate the 

object to be inspected and be received by the detector assembly 200. In an exemplary 

embodiment, the inspection region includes a first end and a second end. In some 

embodiments, the conveying device 300 may transport the object to be inspected into the 

inspection region from one of the first end and the second end, and out of the inspection 

region from the other of the first end and the second end. 

[0089] According to some embodiments of the present disclosure, the inspection 

region may have a cross-section, such as a rectangular cross-section, in a plane perpendicular 

to the traveling direction. In an exemplary embodiment, the object to be inspected is an 

aviation pallet cargo, or known as an air container. In some embodiments, the cross-section of 

the inspection region may have a length and/or width of 1.5 meters to 1.8 meters to be 

adapted to an inspection of the aviation pallet cargo. For example, the rectangular 

cross-section of the inspection region may have a size of 1.5 m*1.5 m, 1.5 m*1.8 m, or 1.8 

m*1.5 m. 

[0090] As described above, the object to be inspected is an aviation pallet cargo. 

However, embodiments of the present disclosure are not limited thereto. According to some 

embodiments of the present disclosure, the inspection system may also be used to inspect 

other types of objects, especially an object with a large size. 

[0091] According to some embodiments of the present disclosure, when the 

inspection system includes a plurality of ray sources 100, the plurality of ray sources 100 are 

spaced around the inspection region. In some embodiments, when viewed in the traveling 

direction, the plurality of ray sources 100 may include a ray source 100 above the inspection 

region, a ray source 100 on a left side of the inspection region, and/or a ray source 100 on a 

right side of the inspection region. 

[0092] According to some embodiments of the present disclosure, the one or more ray 

sources 100 of the inspection system may move one or more times relative to the inspection 

region, that is, move between two or more scanning positions. Each ray source 100 may have 
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a plurality of scanning positions, and the plurality of scanning positions are distributed 

around the inspection region. In an exemplary embodiment, a movement trajectory of the ray 

source 100 along the plurality of scanning positions is coplanar. In some embodiments, the 

movement trajectory of the ray source 100 along the plurality of scanning positions is 

perpendicular to the traveling direction. 

[0093] In the present disclosure, the "scanning position" refers to a position where a 

ray source 100 may stay and emit X-rays. In some embodiments, the ray source 100 is 

allowed to emit X-rays only when the ray source 100 stays at a scanning position (remains 

stationary). 

[0094] Therefore, the ray source 100 of the inspection system may have a plurality of 

scanning positions and may move between different scanning positions, so that different ray 

emission ranges may be provided and perspective imaging data at different angles may be 

obtained. For example, when the ray source 100 is at a scanning position, the ray source 100 

and the detector assembly 200 may move in the traveling direction relative to the conveying 

device 300, so that the object to be inspected passes through the inspection region (for 

example, from the first end to the second end of the inspection region). While, X-rays emitted 

by the ray source 100 penetrate the object to be inspected and are received by the detector 

assembly 200, so that the inspection system may obtain the perspective imaging data at the 

scanning position, that is, a scanning process is performed. 

[0095] According to some embodiments of the present disclosure, the inspection 

system may be configured such that the one or more ray sources 100 and the detector 

assembly 200 move in the traveling direction relative to the conveying device 300 carrying 

the object to be inspected and the one or more ray sources 100 emit X-rays when the one or 

more ray sources 100 are located at one of the plurality of scanning positions; and the one or 

more ray sources 100 rotate around the rotation axis to another one of the plurality of 

scanning positions after the one or more ray sources 100 and the detector assembly 200 move 

a predetermined distance in the traveling direction relative to the conveying device 300 

carrying the object to be inspected so that the object to be inspected completely passes 

through the inspection region. Therefore, a dynamic-static combined scanning method is used 

in the inspection system. When X-ray scanning is required, the one or more ray sources 100 

stay at a scanning position and emit X-rays, while the one or more ray sources 100 and the 

detector assembly 200 move in the traveling direction relative to the conveying device 300 so 
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that the object to be inspected enters the inspection region. When it is needed to change an 

X-ray emission range, the one or more ray sources 100 move from a current scanning 

position to another scanning position. 

[0096] As described above, the ray source 100 and the detector assembly 200 move a 

predetermined distance in the traveling direction relative to the conveying device 300 so that 

the object to be inspected completely passes through the inspection region. However, 

embodiments of the present disclosure are not limited thereto. According to some 

embodiments of the present disclosure, the ray source 100 and the detector assembly 200 may 

move a predetermined distance in the traveling direction relative to the conveying device 300 

so that the object to be inspected does not completely pass through the inspection region, that 

is, only a part of the object to be inspected is scanned. In some cases, only a partial region in 

the object to be inspected (e.g., aviation pallet cargo) contains objects that need to be scanned. 

After that partial region is scanned at a scanning position, the ray source may move to a next 

scanning position. In this way, the distance that the ray source 100 and the detector assembly 

200 move in the traveling direction relative to the conveying device 300 may be reduced, a 

single scanning time length may be saved, and an overall scanning efficiency may be 

improved. 

[0097] In some embodiments, the predetermined distance may be adaptively 

determined according to the detection data of the detector assembly. 

[0098] In some embodiments, when the ray source 100 moves between different 

scanning positions, the ray source 100 and the detector assembly 200 do not move in the 

traveling direction relative to the conveying device 300. In this case, after a scanning process 

is completed, the object to be inspected waits for the ray source 100 to move to the next 

scanning position, and then the ray source 100 and the detector assembly 200 move in the 

traveling direction relative to the conveying device 300 so that the object to be inspected 

passes through the inspection region again for a next scanning process. In some embodiments, 

after each time the ray source 100 and the detector assembly 200 move the predetermined 

distance in the traveling direction relative to the conveying device 300 so that the object to be 

inspected completely passes through the inspection region and a scanning process is 

completed, the ray source 100 and the detector assembly 200 stops moving in the traveling 

direction relative to the conveying device 300. In this case, in two adjacent passing of the 

object to be inspected through the inspection region, the ray source 100 and the detector 
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assembly 200 may move in opposite directions relative to the conveying device 300. Thus, 

the object to be inspected may be scanned each time it passes through the inspection region, 

so that the inspection efficiency and the object passing rate may be improved. However, 

embodiments of the present disclosure are not limited thereto. In some embodiments, in each 

scanning process performed by the inspection system, the ray source 100 and the detector 

assembly 200 may move in a same direction relative to the conveying device 300 so that the 

object to be inspected passes through the inspection region. In this case, the ray source 100 

and the detector assembly 200 need to return to their respective initial positions relative to the 

conveying device 300 before each scanning process. 

[0099] According to some embodiments of the present disclosure, the ray source 100 

and the detector assembly 200 are configured to be movable in the traveling direction relative 

to the conveying device 300. Here, “movable … relative to …” means that in the traveling 

direction, the ray source 100 and the detector assembly 200 may move relative to the 

conveying device 300. For example, “movable … relative to …” may include at least the 

following cases: the ray source 100 and the detector assembly 200 move in the traveling 

direction while the conveying device 300 does not move in the traveling direction; the ray 

source 100 and the detector assembly 200 do not move in the traveling direction while the 

conveying device 300 moves in the traveling direction; the ray source 100 and the detector 

assembly 200 move in the traveling direction and the conveying device 300 also moves in the 

traveling direction. 

[0100] According to some embodiments of the present disclosure, the inspection 

system may be configured such that the one or more ray sources 100 do not emit X-rays 

when the one or more ray sources 100 move between different scanning positions. In an 

exemplary embodiment, the inspection system may be configured such that when the one or 

more ray sources 100 move between different scanning positions, the one or more ray sources 

100 do not emit X-rays, and the ray source 100 and the detector assembly 200 do not move in 

the traveling direction relative to the conveying device 300. 

[0101] However, embodiments of the present disclosure are not limited thereto. In 

some embodiments, when the one or more ray sources 100 move between different scanning 

positions, the one or more ray sources 100 may emit X-rays, and the ray source 100 and the 

detector assembly 200 may move in the traveling direction relative to the conveying device 

300. In this case, in some embodiments, a rotation speed of the ray source 100 around the 
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rotation axis is less than an equivalent exposure speed of the ray source 100. The equivalent 

exposure speed refers to an angle range of all the target spots of the ray source 100 relative to 

the rotation axis divided by a time length required for all the target spots in the ray source 100 

to complete one round of exposure emission. 

[0102] According to some embodiments of the present disclosure, a movement of the 

ray source 100 between different scanning positions relative to the inspection region may 

include a rotation and a translation, which will be described in detail below. 

[0103] In an exemplary embodiment, the one or more ray sources 100 of the 

inspection system may be rotatable between at least two scanning positions around a rotation 

axis AX. In some embodiments, the rotation axis is parallel to the traveling direction. 

According to some embodiments of the present disclosure, when the inspection system 

includes a plurality of ray sources 100, the plurality of ray sources 100 may rotate between 

different scanning positions synchronously. 

[0104] According to some embodiments of the present disclosure, each ray source 

100 has a scanning angle. Herein, the “scanning angle” of each ray source 100 refers to an 

angle range of all target spots of the ray source 100 relative to the rotation axis. When a ray 

source 100 rotates from one scanning position to another scanning position, the scanning 

angle of the ray source 100 may rotate accordingly. According to some embodiments of the 

present disclosure, the rotation of each ray source 100 between different scanning positions 

may provide a combined scanning angle relative to the rotation axis. In some embodiments, 

when the inspection system includes a plurality of ray sources 100, the rotation of the 

plurality of ray sources 100 between different scanning positions may also provide a 

combined scanning angle relative to the rotation axis. Herein, the "combined scanning angle" 

refers to a scanning angle formed by a combination of the scanning angles of the one or more 

ray sources 100 at a plurality of scanning positions. In some embodiments, the combined 

scanning angle formed by the rotation of the one or more ray sources 100 between different 

scanning positions may be continuous or discontinuous. 

[0105] According to some embodiments of the present disclosure, through the 

rotation of the one or more ray sources 100 between different scanning positions, the 

inspection system may splice out a larger combined scanning angle and ray emission range. 

Therefore, the rotation of the ray source 100 may generate a larger scanning angle than a 

fixed ray source. 
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[0106] According to some embodiments of the present disclosure, the inspection 

system may also reconstruct a three-dimensional scanning image of the object to be inspected 

based on the detection data of the detector assembly 200. In an exemplary embodiment, the 

rotation of the one or more ray sources 100 of the inspection system between different 

scanning positions may generate a combined scanning angle greater than 180 degrees relative 

to the rotation axis. When the inspection system has a combined scanning angle greater than 

180 degrees, the inspection system may generate more complete scanning data, and produce 

better CT scanning effect and better three-dimensional scanning image. 

[0107] According to some embodiments of the present disclosure, as shown in FIG. 

3C, a rotation angle θ of each ray source 100 between two adjacent scanning positions is 

greater than an angle β of adjacent target spots of the ray source 100 relative to the rotation 

axis. Therefore, the rotation of the ray source 100 between different scanning positions may 

generate a combined scanning angle to achieve a wider range of scanning. In some 

embodiments, the rotation angle of each ray source 100 between two adjacent scanning 

positions is greater than the angle of any two target spots of the ray source relative to the 

rotation axis. In some embodiments, the rotation angle of each ray source 100 between two 

adjacent scanning positions is substantially equal to an angle of two farthest target spots of 

the ray source relative to the rotation axis. 

[0108] A structure of the one or more rotatable ray sources according to some 

embodiments of the present disclosure will be described in detail below with reference to the 

accompanying drawings. 

[0109] According to some embodiments of the present disclosure, as shown in FIG. 

3A to FIG. 5, each ray source 100 includes a plurality of target spots 120 spaced apart. It 

should be noted that other structures of the ray source 100 are not shown in FIG. 3A to FIG. 5. 

In an exemplary embodiment, the plurality of target spots 120 of each ray source 100 have a 

uniform spacing between target spots. In some embodiments, the plurality of target spots 120 

of each ray source 100 are distributed along a straight line. 

[0110] An inspection system including three ray sources 100 is illustrated by way of 

example in describing the following exemplary embodiment. According to some 

embodiments of the present disclosure, the inspection system may include three ray sources 

100. In an exemplary embodiment, the three ray sources 100 are spaced apart from each other. 

The three ray sources 100 may be spaced around the inspection region. In some embodiments, 
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each ray source 100 may have two scanning positions. 

[0111] FIG. 3A shows a schematic diagram of an arrangement of a plurality of ray 

sources according to some embodiments of the present disclosure, in which three ray sources 

are located at a first scanning position. FIG. 3B shows a schematic diagram of an 

arrangement of a plurality of ray sources according to some embodiments of the present 

disclosure, in which three ray sources are located at a second scanning position. FIG. 3C 

shows a schematic diagram of an arrangement of a plurality of ray sources according to some 

embodiments of the present disclosure, in which a superposition state of three ray sources at 

first and the second scanning positions is shown. 

[0112] As shown in FIG. 3A, the three ray sources 100 at the first scanning position 

may cover a scanning angle. When the three ray sources 100 are located at the first scanning 

position, target spots 120 of the three ray sources 100 may sequentially emit X-rays in a 

predetermined order, while the conveying device 300 may transport the object to be inspected 

(shown as the shaded portion) through the inspection region (for example, from the first end 

to the second end of the inspection region). Then, the inspection system may complete a 

scanning process at the first scanning position. 

[0113] After the scanning process at the first scanning position is completed, the three 

ray sources 100 may rotate around the rotation axis (for example, in a clockwise direction) to 

the second scanning position. As shown in FIG. 3B, the three ray sources 100 at the second 

scanning position may cover another scanning angle. When the three ray sources 100 are 

located at the second scanning position, the target spots 120 of the three ray sources 100 may 

sequentially emit X-rays in the predetermined order, while the conveying device 300 may 

transport the object to be inspected through the inspection region again (for example, from 

the second end to the first end of the inspection region). Then, the inspection system may 

complete a scanning process at the second scanning position. 

[0114] Through two scanning processes of the three ray sources 100 at the first 

scanning position and the second scanning position, as shown in FIG. 3C, the inspection 

system may combine the scanning angle at the first scanning position and the scanning angle 

at the second scanning position to generate a combined scanning angle. Therefore, the 

combined scanning angle generated by the inspection system through the rotation of the three 

ray sources 100 between the two scanning positions is equivalent to a scanning angle 

generated simultaneously by six ray sources 100. 
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[0115] An inspection system including two ray sources 100 is illustrated by way of 

example in describing the following exemplary embodiment. According to some 

embodiments of the present disclosure, the inspection system may include two ray sources 

100. In an exemplary embodiment, the two ray sources 100 are spaced apart from each other. 

The two ray sources 100 may be spaced around the inspection region. In some embodiments, 

each ray source 100 may have three scanning positions. 

[0116] FIG. 4A shows a schematic diagram of an arrangement of a plurality of ray 

sources according to some embodiments of the present disclosure, in which two ray sources 

are located at a first scanning position. FIG. 4B shows a schematic diagram of an 

arrangement of a plurality of ray sources according to some embodiments of the present 

disclosure, in which two ray sources are located at a second scanning position. FIG. 4C 

shows a schematic diagram of an arrangement of a plurality of ray sources according to some 

embodiments of the present disclosure, in which two ray sources are located at a third 

scanning position. FIG. 4D shows a schematic diagram of an arrangement of a plurality of 

ray sources according to some embodiments of the present disclosure, in which a 

superposition state of two ray sources at first to third scanning positions is shown. 

[0117] As shown in FIG. 4A, two ray sources 100 at the first scanning position may 

cover a first scanning angle. When the two ray sources 100 are located at the first scanning 

position, target spots 120 of the two ray sources 100 may sequentially emit X-rays in a 

predetermined order, while the conveying device 300 may transport the object to be inspected 

(shown as the shaded portion) through the inspection region. Then, the inspection system 

may complete a scanning process at the first scanning position. 

[0118] After the scanning process at the first scanning position is completed, the two 

ray sources 100 may rotate around the rotation axis (for example, in a clockwise direction) to 

the second scanning position. As shown in FIG. 4B, the two ray sources 100 at the second 

scanning position may cover a second scanning angle. When the two ray sources 100 are 

located at the second scanning position, the target spots 120 of the two ray sources 100 may 

sequentially emit X-rays in a predetermined order, while the conveying device 300 may 

transport the object to be inspected through the inspection region again. Then, the inspection 

system may complete a scanning process at the second scanning position. 

[0119] After the scanning process at the second scanning position is completed, the 

two ray sources 100 may rotate around the rotation axis (for example, in a clockwise 
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direction) to the third scanning position. As shown in FIG. 4C, the two ray sources 100 at the 

third scanning position may cover a third scanning angle. When the two ray sources 100 are 

located at the third scanning position, target spots 120 of the two ray sources 100 may 

sequentially emit X-rays in a predetermined order, while the conveying device 300 may 

transport the object to be inspected through the inspection region again. Then, the inspection 

system may complete a scanning process at the third scanning position. 

[0120] Through three scanning processes of the three ray sources 100 at the first to 

third scanning positions, as shown in FIG. 4D, the inspection system may combine the 

scanning angle at the first scanning position, the scanning angle at the second scanning 

position and the scanning angle at the third scanning position to generate a combined 

scanning angle. Therefore, the combined scanning angle generated by the inspection system 

through the rotation of the two ray sources 100 between the three scanning positions is 

equivalent to a scanning angle generated simultaneously by six ray sources 100. 

[0121] As described above, the inspection system includes a plurality of ray sources 

100. However, embodiments of the present disclosure are not limited thereto. In some 

embodiments, the inspection system may include one ray source 100. In some embodiments, 

the ray source 100 may have six scanning positions. FIG. 5 shows a schematic diagram of 

one ray source according to some embodiments of the present disclosure, in which a 

superposition state of one ray source at first to sixth scanning positions is shown. For the 

rotation of one ray source 100 between different scanning positions and the plurality of 

scanning processes, reference may be made to each ray source 100 described above, and 

details will not be repeated here. Through six scanning processes of one ray source 100 at the 

first to sixth scanning positions, as shown in FIG. 5, the inspection system may combine the 

scanning angle at the first scanning position, the scanning angle at the second scanning 

position, ... and the scanning angle at the sixth scanning position to generate a combined 

scanning angle. Therefore, the combined scanning angle generated by the inspection system 

through the rotation of one ray source 100 between the six scanning positions is equivalent to 

a scanning angle generated simultaneously by six ray sources 100. 

[0122] According to some embodiments of the present disclosure, the inspection 

system may splice out a virtual ray source having a combined scanning angle through the 

rotation of the one or more ray sources 100 between different scanning positions. In an 

exemplary embodiment, the rotation of the one or more ray sources 100 of the inspection 
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system between different scanning positions may achieve a combined scanning angle of 

continuous target spots, that is, the target spots of the virtual ray source are continuous. This 

is equivalent to a scanning angle generated simultaneously by a plurality of independent ray 

sources 100 arranged continuously (which together form a multi-segment broken line), or 

equivalent to a scanning angle generated by a multi-segment broken line type ray source 

having continuous target spots (the number of segments of the broken line here depends on 

the number of ray sources 100 and the number of scanning positions). Herein, the 

"continuous target spots" means that a spacing between the target spots of the spliced virtual 

ray source is less than or equal to a minimum target spot spacing that meets a requirement of 

an image spatial resolution of the inspection system. 

[0123] According to some embodiments of the present disclosure, no target spots are 

provided at one or both ends of the ray source 100 in a circumferential direction. For example, 

as the ray source 100 may include components such as a frame structure at one or both ends 

in the circumferential direction, it may fail to provide target spots at the end(s) of the ray 

source 100 in the circumferential direction. In this case, if the plurality of ray sources 100 are 

connected end to end, there may be missing target spots in end regions of two adjacent ray 

sources 100. Similarly, if the virtual ray source spliced by the rotation of the one or more ray 

sources 100 between different scanning positions has a contour of a plurality of ray sources 

connected end to end, there may also be missing target spots in the virtual ray source. 

[0124] In an exemplary embodiment, the rotation angle of the one or more ray 

sources 100 between different scanning positions may be selected so that the spliced virtual 

ray source has no missing target spots. According to some embodiments of the present 

disclosure, as shown in FIG. 3C, the rotation angle θ of each ray source 100 between two 

adjacent scanning positions is less than a scanning angle α of the ray source 100 relative to 

the rotation axis. In some embodiments, a rotation distance of each ray source 100 between 

two adjacent scanning positions is less than a length of the ray source 100 in a rotation 

direction. Thus, in the contour of the virtual ray source spliced by the one or more ray sources 

100 during multiple scanning processes, the contour of the ray source before rotation and the 

contour of the ray source after rotation may partially overlap, so that missing target spots of 

the virtual ray source may be avoided. 

[0125] According to some embodiments of the present disclosure, the inspection 

system is configured such that the one or more ray sources 100 are always located above the 
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conveying device 300 during the rotation process. Thus, the ray source 100 is always located 

above the conveying device 300 during the entire scanning process, that is, it does not rotate 

below the conveying device 300, so that a height of the conveying device 300 may be 

reduced, which may facilitate loading and unloading of the object to be inspected. In addition, 

for example, when the object to be inspected is an aviation pallet cargo, if the ray source 100 

is always located above the conveying device 300, it is possible to mitigate or avoid X-rays 

passing through a pallet of the aviation pallet cargo, thereby reducing or eliminating an 

impact of the pallet on the scanning imaging. For example, the pallet may contain 

high-density metal or plastic, etc., which is not conducive to X-ray fluoroscopy. 

[0126] According to some embodiments of the present disclosure, the inspection 

system is configured such that the rotation range of the one or more ray sources 100 around 

the rotation axis is less than 360 degrees. Thus, the ray source 100 does not need to complete 

an entire circle of rotation, and the inspection system does not require slip rings and 

corresponding bearings, so that the size and manufacturing cost of the inspection system may 

be reduced, and the stability of the inspection system may be improved. 

[0127] It should be understood that the rotation direction (clockwise or 

counterclockwise), the number of scanning positions, the order of passing the scanning 

positions, etc. described above are just illustrative, and should not be considered as limiting 

embodiments of the present disclosure. 

[0128] As described above, a virtual ray source having continuous target spots may 

be spliced out through the rotation of the one or more ray sources 100. However, 

embodiments of the present disclosure are not limited thereto. In some embodiments, in the 

virtual ray source spliced by the rotation of the one or more ray sources 100, there may be a 

region where some target spots are missing, that is, the target spots of the spliced virtual ray 

source may be discontinuous. In a case of missing target spots, according to some 

embodiments of the present disclosure, the inspection system may perform data 

compensation, such as a data compensation algorithm, etc. 

[0129] Three ray sources 100 with two scanning positions, two ray sources 100 with 

three scanning positions and one ray source 100 with six scanning positions are illustrated 

above by way of example in describing the virtual ray source spliced by the rotation of the 

one or more ray sources 100. However, embodiments of the present disclosure are not limited 

thereto. According to embodiments of the present disclosure, the inspection system may 
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include more or fewer ray sources 100 and/or include more or fewer scanning positions. 

[0130] According to some embodiments of the present disclosure, when viewed in the 

traveling direction, the one or more ray sources 100 of the inspection system may be 

translatable between at least two scanning positions. 

[0131] According to some embodiments of the present disclosure, each ray source 

100 has a scanning angle. Here, the “scanning angle” of each ray source 100 refers to an 

angle range of all the target spots of the ray source 100 relative to a central axis of the 

inspection region. The central axis of the inspection region is parallel to the traveling 

direction. Herein, the central axis of the inspection region refers to an axis that passes through 

an approximate center of a cross-section of the inspection region, and the cross-section of the 

inspection region is perpendicular to the traveling direction. When a ray source 100 translates 

from one scanning position to another scanning position, the scanning angle of the ray source 

100 may rotate relative to the central axis. According to some embodiments of the present 

disclosure, a translation of each ray source 100 between different scanning positions may 

provide a combined scanning angle relative to the central axis. In some embodiments, when 

the inspection system includes a plurality of ray sources 100, the translation of the plurality of 

ray sources 100 between different scanning positions may also provide a combined scanning 

angle relative to the central axis. In some embodiments, the combined scanning angle 

generated by the translation of the one or more ray sources 100 between different scanning 

positions may be continuous or discontinuous. 

[0132] According to some embodiments of the present disclosure, through the 

translation of the one or more ray sources 100 between different scanning positions, the 

inspection system may splice out a larger combined scanning angle and ray emission range. 

Therefore, the translation of the ray source 100 may generate a larger scanning angle than a 

fixed ray source. 

[0133] According to some embodiments of the present disclosure, the inspection 

system may also reconstruct a three-dimensional scanning image of the object to be inspected 

based on the detection data of the detector assembly 200. In an exemplary embodiment, the 

translation of the one or more ray sources 100 of the inspection system between different 

scanning positions may generate a combined scanning angle greater than 180 degrees relative 

to the rotation axis. When the inspection system has a combined scanning angle greater than 

180 degrees, the inspection system may generate more complete scanning data, and produce 
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better CT scanning effect and better three-dimensional scanning image. 

[0134] According to some embodiments of the present disclosure, a translation 

distance of each ray source 100 between two adjacent scanning positions is greater than a 

spacing between adjacent target spots of the ray source 100. Therefore, the translation of the 

ray source 100 between different scanning positions may generate a combined scanning angle 

to achieve a wider range of scanning. In some embodiments, the translation distance of each 

ray source 100 between two adjacent scanning positions is greater than the spacing between 

any two target spots of the ray source 100. In some embodiments, the translation distance of 

each ray source 100 between two adjacent scanning positions is substantially equal to a 

spacing between two farthest target spots of the ray source 100. 

[0135] A structure of the one or more translatable ray sources according to some 

embodiments of the present disclosure will be described in detail below with reference to the 

accompanying drawings. 

[0136] According to some embodiments of the present disclosure, as shown in FIG. 

6A to FIG. 6C, each ray source 100 includes a plurality of target spots 120 spaced apart. It 

should be noted note that other structures of the ray source 100 are not shown in FIG. 6A to 

FIG. 6C. In an exemplary embodiment, the plurality of target spots 120 of each ray source 

100 have a uniform spacing between target spots. In some embodiments, the plurality of 

target spots 120 of each ray source 100 are distributed along a straight line. 

[0137] An inspection system including three ray sources 100 is illustrated by way of 

example in describing the following exemplary embodiment. In an exemplary embodiment, 

the three ray sources 100 are spaced apart from each other. The three ray sources 100 may be 

spaced around the inspection region. In some embodiments, each ray source 100 may have 

two scanning positions, and the ray source 100 is translatable between the two scanning 

positions. According to some embodiments of the present disclosure, when the inspection 

system includes a plurality of ray sources 100, the plurality of ray sources 100 may translate 

between different scanning positions synchronously. 

[0138] FIG. 6A shows a schematic diagram of an arrangement of a plurality of ray 

sources according to some embodiments of the present disclosure, in which three ray sources 

are located at a first scanning position. FIG. 6B shows a schematic diagram of an 

arrangement of a plurality of ray sources according to some embodiments of the present 

disclosure, in which three ray sources are located at a second scanning position. FIG. 6C 
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shows a schematic diagram of an arrangement of a plurality of ray sources according to some 

embodiments of the present disclosure, in which a superposition state of three ray sources at 

first and second scanning positions is shown. 

[0139] In some embodiments, when viewed in the traveling direction, the three ray 

sources 100 are respectively arranged on left, upper and right sides of the inspection region, 

as shown in FIG. 6A and FIG. 6B. However, embodiments of the present disclosure are not 

limited thereto. It should be understood that the number and arrangement positions of the 

translatable ray sources, the number of scanning positions and the movement order of the 

scanning positions described herein are just illustrative and should not be considered as 

limiting embodiments of the present disclosure. 

[0140] As shown in FIG. 6A, the three ray sources 100 at the first scanning position 

may cover a scanning angle. When the three ray sources 100 are located at the first scanning 

position, target spots 120 of the three ray sources 100 may sequentially emit X-rays in a 

predetermined order, while the conveying device 300 may transport the object to be inspected 

through the inspection region. Then, the inspection system may complete a scanning process 

at the first scanning position. 

[0141] After the scanning process at the first scanning position is completed, the three 

ray sources 100 may translate to the second scanning position. As shown in FIG. 6B, the 

three ray sources 100 at the second scanning position may cover another scanning angle. 

When the three ray sources 100 are located at the second scanning position, target spots 120 

of the three ray sources 100 may sequentially emit X-rays in a predetermined order, while the 

conveying device 300 may transport the object to be inspected through the inspection region 

again. Then, the inspection system may complete a scanning process at the second scanning 

position. 

[0142] Through two scanning processes of the three ray sources 100 at the first 

scanning position and the second scanning position, as shown in FIG. 6C, the inspection 

system may combine the scanning angle at the first scanning position and the scanning angle 

at the second scanning position to generate a combined scanning angle. Therefore, the 

combined scanning angle generated by the inspection system through the translation of the 

three ray sources 100 between the two scanning positions is equivalent to a scanning angle 

generated simultaneously by six ray sources 100. 

[0143] According to some embodiments of the present disclosure, the inspection 
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system may splice out a virtual ray source having a combined scanning angle through the 

translation of the one or more ray sources 100 between different scanning positions. In an 

exemplary embodiment, the translation of the one or more ray sources 100 of the inspection 

system between different scanning positions may achieve a scanning angle of continuous 

target spots, that is, the target spots of the virtual ray source are continuous. This is equivalent 

to a scanning angle generated simultaneously by a plurality of independent ray sources 

arranged continuously (which together form a multi-segment broken line), or equivalent to a 

scanning angle generated by a multi-segment broken line type ray source having continuous 

target spots (the number of segments of the broken line here depends on the number of ray 

sources 100 and the number of scanning positions).  

[0144] According to some embodiments of the present disclosure, no target spots are 

provided at one or both ends of the ray source 100 in a circumferential direction. For example, 

as the ray source 100 may include components such as a frame structure at one or both ends 

in the circumferential direction, it may fail to provide target spots at the end(s) of the ray 

source 100 in the circumferential direction. In this case, if the plurality of ray sources 100 are 

connected end to end, there may be missing target spots in end regions of two adjacent ray 

sources 100. Similarly, if the virtual ray source spliced by the translation of the one or more 

ray sources 100 between different scanning positions has a contour of a plurality of ray 

sources connected end to end, there may also be missing target spots in the virtual ray source. 

[0145] In an exemplary embodiment, in order to achieve continuous target spots, the 

translation distance of the one or more ray sources 100 between different scanning positions 

may be selected so that the spliced virtual ray source has no missing target spots. According 

to some embodiments of the present disclosure, the translation distance of each ray source 

100 between two adjacent scanning positions is less than a length of the ray source in the 

translation direction. Then, in the contour of the virtual ray source spliced by the one or more 

ray sources 100 during multiple scanning processes, the contour of the ray source before 

translation and the contour of the ray source after translation may partially overlap, so that 

missing target spots of the virtual ray source may be avoided. 

[0146] As described above, the ray source 100 translates once, that is, the ray source 

100 has two scanning positions. However, embodiments of the present disclosure are not 

limited thereto. In some embodiments, the one or more ray sources 100 of the inspection 

system may translate multiple times, that is, translate between at least three scanning 
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positions. 

[0147] As described above, the one or more ray sources may rotate or translate 

between different scanning positions. However, embodiments of the present disclosure are 

not limited thereto. In some embodiments, the ray source(s) of the inspection system may 

always remain stationary, that is, neither rotating nor translating. For example, the inspection 

system may include a plurality of ray sources 100 arranged continuously, and the plurality of 

ray sources 100 have a scanning angle greater than 180 degrees around the inspection region. 

In this case, when the inspection system performs an inspection on an object to be inspected, 

the plurality of ray sources 100 do not need to rotate or translate, and the conveying device 

300 only needs to transport the object to be inspected through the inspection region once, 

without the need of reciprocally transporting the object to be inspected through the inspection 

region. 

[0148] As described above, the plurality of ray sources 100 rotate or translate 

between different scanning positions synchronously. However, embodiments of the present 

disclosure are not limited thereto. In some embodiments, when the inspection system includes 

a plurality of ray sources 100, the plurality of ray sources 100 may rotate or translate between 

different scanning positions asynchronously. 

[0149] As described above, the plurality of target spots in each ray source 100 are 

arranged along a straight line. However, embodiments of the present disclosure are not 

limited thereto. In some embodiments, the plurality of target spots in the ray source 100 may 

also be arranged along an arc line, a broken line, etc. 

[0150] As described above, the plurality of target spots in the ray source 100 has a 

uniform spacing between target spots. However, embodiments of the present disclosure are 

not limited thereto. In some embodiments, the plurality of target spots in the ray source 100 

may also be arranged non-uniformly, that is, the target spots may have non-uniform spacing. 

[0151] As described above, the ray sources 100 are spaced apart. However, 

embodiments of the present disclosure are not limited thereto. In some embodiments, 

different ray sources 100 may also be arranged continuously. For example, in a case that the 

inspection system includes three ray sources 100, the three ray sources 100 may be arranged 

continuously and sequentially; or two of the three ray sources 100 may be arranged 

continuously, and the remaining ray source 100 may be spaced apart from the two ray sources 

100. 
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[0152] A structure of the detector assembly according to some embodiments of the 

present disclosure will be described in detail below with reference to the accompanying 

drawings. According to some embodiments of the present disclosure, the detector assembly 

200 is rotatable around the rotation axis. In an exemplary embodiment, the detector assembly 

200 rotates around the rotation axis synchronously with, that is, co-rotate with the one or 

more ray sources 100 of the inspection system. 

[0153] According to some embodiments of the present disclosure, the detector 

assembly 200 includes a plurality of detector units. In some embodiments, an arrangement of 

the detector units in the detector assembly 200 may be determined according to factors such 

as the arrangement of the ray sources 100 and/or the size of the object to be inspected. In 

some embodiments, for the arrangement of the detector units in the detector assembly 200, a 

cost-effective arrangement may be adopted, that is, the number of detector units is minimized 

to meet imaging needs. 

[0154] FIG. 7 shows a schematic diagram of a detector assembly according to some 

embodiments of the present disclosure. According to some embodiments of the present 

disclosure, the detector assembly 200 includes a plurality of detector arms 210, and each 

detector arm 210 is provided with a plurality of detector units 220. 

[0155] In an exemplary embodiment, the plurality of detector arms 210 of the 

detector assembly 200 extend completely around the inspection region. Thus, the plurality of 

detector arms 210 form a complete and continuous detector ring. In some embodiments, the 

detector ring may be a circular ring, an elliptical ring, a square ring, a rectangular ring, a 

polygonal ring, etc. 

[0156] As described above, the plurality of detector arms 210 form a complete 

detector ring. However, embodiments of the present disclosure are not limited thereto. In 

some embodiments, the detector ring formed by the plurality of detector arms 210 may be 

incomplete, that is, it may include a gap; or the plurality of detector arms 210 may be spaced 

around the inspection region. 

[0157] In some embodiments, when the inspection system includes a plurality of ray 

sources 100, each detector arm 210 of the detector assembly 200 may receive X-rays emitted 

by at least two ray sources 100. Thus, each detector arm 210 may be shared by at least two 

ray sources 100. In an exemplary embodiment, when the inspection system includes a 

plurality of ray sources 100, all target spots of the plurality of ray sources 100 are located in a 
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same plane, that is, the plurality of ray sources 100 are coplanar. Herein, "the target spots are 

located in a same plane" means that beam exit points of the target spots are all located in a 

same plane. In some embodiments, when the inspection system includes a plurality of ray 

sources 100 that are coplanar, each detector arm 210 of the detector assembly 200 may 

receive X-rays emitted by at least two ray sources 100. 

[0158] As described above, the detector assembly 200 is rotatable around the rotation 

axis. However, embodiments of the present disclosure are not limited thereto. In some 

embodiments, the detector assembly 200 may not rotate. In some embodiments, the detector 

assembly 200 may also be rotatable around the rotation axis, but not rotate with the one or 

more ray sources 100 synchronously. 

[0159] In some embodiments, the inspection system may also include a rotary bracket 

400, as shown in FIG. 2. The rotary bracket 400 may rotate around the rotation axis. In an 

exemplary embodiment, the one or more ray sources 100 and the detector assembly 200 are 

installed on the rotary bracket 400. Therefore, a synchronous rotation of the ray source 100 

and the detector assembly 200 may be achieved through the rotary bracket 400. In some 

embodiments, the inspection system may also include a supporting frame 410, which is used 

to rotatably support the rotary bracket 400. 

[0160] In some embodiments, the detector assembly 200 may also include a detector 

turntable 230. The plurality of detector arms 210 may be installed on the detector turntable 

230. The detector turntable 230 may be fixed to the rotary bracket 400. Then, the rotary 

bracket 400 may drive the detector turntable 230 to rotate and drive all the detector arms 210 

to rotate together. In an exemplary embodiment, the detector turntable 230 may be detachably 

fixed to the rotary bracket 400. For example, by removing a connection between the detector 

turntable 230 and the rotary bracket 400, the detector turntable 230 may rotate relative to the 

rotary bracket 400, which may facilitate maintenance or replacement of the detector arm 210 

installed on the detector turntable 230. 

[0161] According to some embodiments of the present disclosure, as shown in FIG. 2, 

the inspection system may also include a shielding component 500. In an exemplary 

embodiment, the shielding component 500 may be arranged around the inspection region of 

the inspection system. In an exemplary embodiment, the one or more ray sources 100 are 

arranged outside the inspection region, that is, on a side of the shielding component 500 away 

from the inspection region. In an exemplary embodiment, the detector assembly 200 is 



31 

 

arranged outside the inspection region, that is, on a side of the shielding component 500 away 

from the inspection region. It should be noted that the shielding component 500 is used to 

shield rays, and openings may be provided at corresponding positions of the ray source 100 

and the detector assembly 200 to prevent the rays from being blocked. 

[0162] According to some embodiments of the present disclosure, the detector 

assembly 200 is arranged radially closer to the rotation axis or the central axis of the 

inspection region than the ray source 100. As shown in FIG. 12, a distance w2 between the 

detector assembly 200 and the rotation axis AX is less than a distance w1 between the ray 

source 100 and the rotation axis AX. In some embodiments, when the inspection system 

includes a plurality of ray sources 100, the detector assembly 200 is arranged radially closer 

to the rotation axis or the central axis of the inspection region than all the ray sources 100. 

Thus, the detector assembly 200 is positioned radially inward of the one or more ray sources 

100. 

[0163] According to some embodiments of the present disclosure, the inspection 

system is configured such that the X-rays emitted by each ray source 100 may not be blocked 

by the detector assembly 200 before passing through the inspection region. In an exemplary 

embodiment, each detector unit 220 of the detector assembly 200 does not block X-rays 

emitted by one or more ray sources 100 on the same side as the detector unit 220, and may 

receive X-rays emitted by one or more ray sources 100 on another side. Here, "the same side" 

means that the detector unit 220 overlaps at least partially with the ray source(s) 100 when 

viewed in the radial direction. 

[0164] A relative position of the ray source and the detector unit according to some 

embodiments of the present disclosure will be described in detail below with reference to the 

accompanying drawings. FIG. 8 shows a schematic diagram of a ray source and a detector 

unit according to some embodiments of the present disclosure. In an exemplary embodiment, 

as shown in FIG. 8, all ray sources 100 (only two ray sources 100 are shown in FIG. 8) 

deflect an angle toward the detector assembly 200 along the rotation axis or along the central 

axis of the inspection region. In some embodiments, each ray source 100 deflects about the 

axis of the target spot 120 of the ray source 100. In some embodiments, a deflection angle of 

the ray source 100 is less than or equal to 1.5 degrees. In some embodiments, the ray 

emission direction of the ray source 100 is not perpendicular to the rotation axis or the central 

axis of the inspection region. 
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[0165] By deflecting the ray source 100 relative to the detector assembly 200, the 

X-rays emitted by the ray source 100 may avoid the detector unit 220 of the detector 

assembly 200 on the same side, and may be received by the detector unit 220 of the detector 

assembly 200 on another side. 

[0166] A specific structure of the detector unit according to some embodiments of the 

present disclosure will be described in detail below with reference to the accompanying 

drawings. FIG. 9 shows a schematic diagram of the detector unit according to some 

embodiments of the present disclosure. As shown in FIG. 9, each detector unit 220 includes a 

detector crystal 221. In an exemplary embodiment, the detector crystal 221 is provided at an 

end of the detector unit 220 facing the ray source 100 along the rotation axis or along the 

central axis of the inspection region. Therefore, each detector unit 220 may not block X-rays 

emitted by the ray source 100 on the same side while receiving X-rays emitted by the ray 

source 100 on another side. 

[0167] In some embodiments, the ray source 100 and the detector unit 220 of the 

detector assembly 200 on the same side at least partially overlap in the axial direction. The 

detector crystal 221 of the detector unit 220 is arranged close to an edge of an X-ray beam 

emitted by the ray source 100 on the same side, so as to avoid blocking X-rays emitted by the 

ray source 100 on the same side. 

[0168] In an exemplary embodiment, all the detector crystals 221 of the detector 

assembly 200 are located in a same plane. Herein, "the detector crystals are located in a same 

plane" means that center planes of the detector crystals are all located in a same plane. For 

example, the center planes of all the detector crystals 221 of the detector assembly 200 are 

located in the same plane through a same positioning reference. 

[0169] As described above, all the target spots of the plurality of ray sources 100 are 

located in the same plane, that is, the plurality of ray sources 100 are coplanar. However, 

embodiments of the present disclosure are not limited thereto. In some embodiments, the 

target spots of the plurality of ray sources 100 may be arranged to be non-coplanar. For 

example, different ray sources 100 may be staggered with each other in the axial direction. 

[0170] In a large object such as an aviation pallet cargo, the items inside often pile up 

and overlap. In order to obtain more internal details in the perspective scanning, it is often 

needed to increase the number of target spots so that the target spot spacing is less than a 

predetermined value, thereby improving the spatial resolution of the image through a 
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scanning method with densified sampling. 

[0171] According to some embodiments of the present disclosure, the one or more ray 

sources 100 may move locally to achieve the densified sampling. In some embodiments, 

when viewed along the rotation axis or the traveling direction, each ray source 100 is 

configured to be locally movable between a plurality of target spot positions. Herein, the 

"target spot position" refers to a position used to increase a density of target spots and enable 

a complete of the scanning process. In an exemplary embodiment, after the inspection system 

completes the scanning process at a scanning position, the ray source may move from a 

current scanning position (as a target spot position) to a next target spot position. In this case, 

the plurality of target spot positions include the current scanning position. 

[0172] According to some embodiments of the present disclosure, the one or more ray 

sources 100 of the inspection system may move locally once or multiple times to increase the 

density of target spots, with two or more target spot positions. The inspection system 

performs a scanning process at each target spot position. According to some embodiments of 

the present disclosure, a local movement of the ray source 100 may include a rotation or a 

translation. 

[0173] A structure of the one or more ray sources that are movable locally according 

to some embodiments of the present disclosure will be described in detail below with 

reference to the accompanying drawings. An inspection system including three ray sources 

100 that translate at different target spot positions is illustrated by way of example in 

describing the following exemplary embodiment. 

[0174] FIG. 10A shows a schematic diagram of an arrangement of a plurality of ray 

sources according to some embodiments of the present disclosure, in which three ray sources 

are located at a first target spot position. When the three ray sources 100 are located at the 

first target spot position, the three ray sources 100 may complete a scanning process at the 

first target spot position. 

[0175] FIG. 10B shows a schematic diagram of an arrangement of a plurality of ray 

sources according to some embodiments of the present disclosure, in which three ray sources 

are located at a second target spot position. After completing the scanning process at the first 

target spot position, the three ray sources 100 may move to the second target spot position. 

When the three ray sources 100 are located at the second target spot position, the three ray 

sources 100 may complete another scanning process at the second target spot position. 
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[0176] FIG. 10C shows a schematic diagram of an arrangement of a plurality of ray 

sources according to some embodiments of the present disclosure, in which a superposition 

state of three ray sources at first and second target spot positions is shown. Through two 

scanning processes of the three ray sources 100 at the first target spot position and the second 

target spot position, as shown in FIG. 10C, the inspection system may combine a target spot 

distribution at the first target spot position and a target spot distribution at the second target 

spot position to generate a combined target spot distribution. Therefore, the inspection system 

may increase the density of target spots through the combined target spot distribution 

generated by the translation of the three ray sources 100 between the two target spot positions, 

so that the spatial resolution of the perspective image may be improved through the scanning 

method with densified sampling. 

[0177] According to some embodiments of the present disclosure, a movement 

distance of each ray source 100 between two adjacent target spot positions is less than a 

movement distance of the ray source 100 between two adjacent scanning positions. In some 

embodiments, a rotation angle of each ray source 100 between two adjacent target spot 

positions (that is, an angle of two adjacent target spot positions relative to the rotation axis or 

the central axis of the inspection region) is less than a rotation angle of the ray source 100 

between two adjacent scanning positions. Therefore, the local movement of the ray source 

between different target spot positions is different from a larger-scale movement of the ray 

source between different scanning positions. The local movement of the ray source between 

different target spot positions is used to generate a combined target spot distribution to 

achieve a local target spot densification, while the movement of the ray source between 

different scanning positions is used to generate a combined scanning angle to achieve a wider 

range of scanning. 

[0178] In some embodiments, the rotation angle of each ray source 100 between two 

adjacent target spot positions is less than the angle of two adjacent target spots of the ray 

source 100 relative to the rotation axis or the central axis of the inspection region. In some 

embodiments, as shown in FIG. 10C, a movement distance h1 of each ray source 100 

between two adjacent target spot positions is less than a target spot spacing h2 between 

adjacent target spots of the ray source 100. In some embodiments, the movement distance of 

each ray source 100 between two adjacent target spot positions may be half or one-third, etc. 

of the target spot spacing. For example, when the movement distance of each ray source 100 

between two adjacent target spot positions is half of the target spacing, the ray source 100 
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may have double the target spot density; and when the movement distance of each ray source 

100 between two adjacent target spot positions is one-third of the target spot spacing, the ray 

source 100 may have three times the target spot density. 

[0179] According to some embodiments of the present disclosure, a movement 

distance of each ray source 100 between two farthest target spot positions is less than the 

target spot spacing between two adjacent target spots of the ray source 100. In some 

embodiments, a rotation angle of each ray source 100 between two farthest target spot 

positions is less than an angle of two adjacent target spots of the ray source 100 relative to the 

rotation axis or the central axis of the inspection region. Thus, the movement of the ray 

source 100 between different target spot positions is a local movement within the target spot 

spacing. Therefore, such local movement of the ray source 100 may increase the target spot 

density more effectively. 

[0180] According to some embodiments of the present disclosure, the inspection 

system may be configured such that the one or more ray sources 100 do not emit X-rays 

when the one or more ray sources 100 move between different target spot positions. 

Therefore, when a target spot densification is required, one or more ray sources 100 stop 

emitting X-rays, and then move from a current target spot position to another target spot 

position. 

[0181] As described above, the ray source 100 translates between different target spot 

positions to achieve the target densification. However, embodiments of the present disclosure 

are not limited thereto. In some embodiments, the ray source 100 may also achieve the target 

densification by rotating between different target spot positions. For the rotation of the ray 

source 100 between different target spot positions, reference may be made to the rotation of 

the ray source 100 between different scanning positions described above, which will not be 

repeated here. 

[0182] An inspection method according to some embodiments of the present 

disclosure will be described in detail below. According to some embodiments of the present 

disclosure, the inspection method may be implemented using any of the inspection systems 

described above. 

[0183] In step S10, the object to be inspected is loaded on the conveying device 300 

of the inspection system. 
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[0184] In step S20, the one or more ray sources 100 of the inspection system are 

located at one of a plurality of scanning positions around the inspection region. 

[0185] In step S30, the one or more ray sources 100 and the detector assembly 200 

move in the traveling direction relative to the conveying device 300 so that the object to be 

inspected may enter the inspection region, while the one or more ray sources 100 emit X-rays 

so that the X-rays pass through the object to be inspected located in the inspection region and 

are received by the detector assembly 200. When the one or more ray sources 100 and the 

detector assembly 200 translate a predetermined distance relative to the conveying device 300 

so that, for example, the object to be inspected completely passes through the inspection 

region (for example, a rear end of the object to be inspected completely passes through a 

beam surface of X-rays), a scanning process is completed. In some embodiments, the rotation 

angle of each ray source 100 between two adjacent scanning positions is greater than the 

angle of adjacent target spots of the ray source 100 relative to the rotation axis. 

[0186] In an exemplary embodiment, the object to be inspected is an aviation pallet 

cargo, or known as an air container. However, embodiments of the present disclosure are not 

limited thereto. According to some embodiments of the present disclosure, the inspection 

method may also be used to inspect other types of objects, especially an object with a large 

size. 

[0187] In step S40, the one or more ray sources 100 rotate to another one of the 

plurality of scanning positions around the rotation axis, and step S30 is repeated to complete 

the scanning process at each of the plurality of scanning positions. 

[0188] The use of two ray sources 100 each having three scanning positions is 

illustrated by way of example with reference to the accompanying drawings in describing the 

following exemplary embodiment. FIG. 11A to FIG. 11C respectively show schematic 

diagrams of implementing an inspection method by using an inspection system according to 

some embodiments of the present disclosure. 

[0189] As shown in FIG. 11A, the two ray sources 100 of the inspection system are 

located at a first scanning position among the three scanning positions around the inspection 

region. Then, the conveying device 300 transports the object to be inspected in the traveling 

direction (first direction), from a first end through the inspection region, while the two ray 

sources 100 emit X-rays. The emitted X-rays pass through the object to be inspected located 

in the inspection region and are received by the detector assembly 200. When the object to be 
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inspected completely passes through the inspection region, the two ray sources 100 stop 

emitting X-rays, and the conveying device 300 stops transporting the object to be inspected. 

Then, a scanning process at the first scanning position is completed. 

[0190] After the scanning process at the first scanning position is completed, as 

shown in FIG. 11B, the two ray sources 100 may rotate (in a clockwise direction as shown in 

FIG. 11A to FIG. 11C) to a second scanning position. Then, the conveying device 300 

transports the object to be inspected in the traveling direction (second direction), from a 

second end through the inspection region, while the two ray sources 100 emit X-rays. The 

emitted X-rays pass through the object to be inspected located in the inspection region and 

are received by the detector assembly 200. When the object to be inspected completely passes 

through the inspection region, the two ray sources 100 stop emitting X-rays, and the 

conveying device 300 stops transporting the object to be inspected. Then, a scanning process 

at the second scanning position is completed. 

[0191] After the scanning process at the second scanning position is completed, as 

shown in FIG. 11C, the two ray sources 100 may continue to rotate (in the clockwise 

direction as shown in FIG. 11A to FIG. 11C) to a third scanning position. Then, the 

conveying device 300 transports the object to be inspected in the traveling direction (first 

direction), from the first end through the inspection region, while the two ray sources 100 

emit X-rays. The emitted X-rays pass through the object to be inspected located in the 

inspection region and are received by the detector assembly 200. When the object to be 

inspected completely passes through the inspection region, the two ray sources 100 stop 

emitting X-rays, and the conveying device 300 stops transporting the object to be inspected. 

Then, a scanning process at the third scanning position is completed. 

[0192] An implementation process of the inspection method has been described above 

by taking the example of using two ray sources 100 each having three scanning positions. 

When more or fewer ray sources 100 are used and/or each ray source 100 has more or fewer 

scanning positions, the inspection method may be performed similarly, as long as the 

scanning process at each of the plurality of scanning positions may be completed, and the 

specific steps will not be repeated here. 

[0193] In an exemplary embodiment, the inspection method may also include, after 

step S30, reconstructing a three-dimensional scanning image (CT image) of the object to be 

inspected based on the detection data of the detector assembly 200. 
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[0194] One or more ray sources 100 are used in the inspection method described 

above. In a case of a plurality of ray sources 100, the vacuum spaces of different ray sources 

100 are not connected. 

[0195] In some embodiments, such as the embodiments shown in FIG. 11A to FIG. 

11C, the conveying device 300 stops moving the object to be inspected after each time the 

object to be inspected completely passes through the inspection region. In two adjacent 

repetitions of step S20, that is, in two adjacent movements of the object to be inspected 

through the inspection region, the object to be inspected is moved in opposite directions. 

Thus, a scanning process may be performed on the object to be inspected each time the object 

to be inspected passes through the inspection region, so that the inspection efficiency and the 

object passing rate may be improved. However, embodiments of the present disclosure are 

not limited thereto. In some embodiments, the inspection method may be implemented to 

transport the object to be inspected through the inspection region in a same direction in each 

scanning process. 

[0196] According to some embodiments of the present disclosure, the rotation angle 

of each ray source 100 between two adjacent scanning positions is less than the scanning 

angle of the ray source 100 relative to the rotation axis. With reference to the above 

description, a plurality of scanning processes of the inspection method may achieve a 

combined scanning angle of continuous target spots. 

[0197] In some embodiments, the conveying device 300 transports the object to be 

inspected in a uniform linear motion. In some embodiments, the ray source 100 stops 

emitting X-rays after each time the aviation pallet cargo to be inspected passes through the 

inspection region. 

[0198] In some embodiments, step S20 and step S30 of the inspection method are 

repeated so that the one or more ray sources 100 have a combined scanning angle greater than 

180 degrees relative to the rotation axis. When the inspection method provides a combined 

scanning angle greater than 180 degrees, it is possible to produce more complete scanning 

data and better CT scanning result. 

[0199] In some embodiments, during the rotation of the one or more ray sources 100, 

the one or more ray sources 100 are always located above the conveying device 300. 

Therefore, the ray source 100 is always located above the conveying device 300 during the 

entire scanning process, that is, it does not rotate below the conveying device 300, so that the 
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height of the conveying device 300 may be reduced, which facilitates loading and unloading 

of the object to be inspected. In addition, for example, when the object to be inspected is an 

aviation pallet cargo, if the ray source 100 is always located above the conveying device 300, 

it is possible to mitigate or avoid X-rays passing through a pallet of the aviation pallet cargo, 

thereby reducing or eliminating an impact of the pallet on the scanning imaging. The pallet 

may contain, for example, high-density metal or plastic, etc. 

[0200] In some embodiments, the inspection method may also include, after 

completing a scanning process at a scanning position in step S20, moving the one or more ray 

sources 100 to one of a plurality of target spot positions and repeatedly performing step S20. 

The plurality of target spot positions include the current scanning position. In this case, the 

inspection method may achieve densified sampling through a local movement of the ray 

source 100. For other implementations of densified sampling or target spot densification, 

reference may be made to the above description, and details will not be repeated here. 

[0201] Other implementations of the inspection system used in the inspection method 

according to some embodiments of the present disclosure may refer to the above description 

and may be accordingly incorporated into embodiments of the inspection method, and details 

will not be described here. 

[0202] It should be understood that the inspection system according to some 

embodiments of the present disclosure may include a control device 900. FIG. 13 

schematically shows a block diagram of an inspection system according to some 

embodiments of the present disclosure. FIG. 14 schematically shows a block diagram of a 

control device according to some embodiments of the present disclosure. With reference to 

FIG. 13 and FIG. 14, the control device 900 may be communicatively connected to the ray 

source 100, the detector assembly 200, the conveying device 300, the detector turntable 230, 

the rotary bracket 400 and other components in the inspection system. The control device 900 

may output various control signals to cause the ray source 100, the detector assembly 200, the 

conveying device 300, the detector turntable 230 and the rotary bracket 400 in the inspection 

system to perform various steps or actions in the inspection method described above. 

[0203] As shown in FIG. 14, an electronic device 900 according to embodiments of 

the present disclosure includes a processor 901, which may execute various appropriate 

actions and processing according to a program stored in a read only memory (ROM) 902 or a 

program loaded into a random access memory (RAM) 903 from a storage part 908. The 
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processor 901 may include, for example, a general-purpose microprocessor (for example, 

CPU), an instruction set processor and/or a related chipset and/or a special-purpose 

microprocessor (for example, an application specific integrated circuit (ASIC)), and the like. 

The processor 901 may further include an on-board memory for caching purposes. The 

processor 901 may include a single processing unit or a plurality of processing units for 

executing different actions of the inspection method according to embodiments of the present 

disclosure. 

[0204] Various programs and data required for operations of the electronic device 900 

are stored in the RAM 903. The processor 901, the ROM 902 and the RAM 903 are 

connected to each other through a bus 904. The processor 901 executes various operations or 

actions of the inspection method according to embodiments of the present disclosure by 

executing the programs in the ROM 902 and/or the RAM 903. It should be noted that the 

program may also be stored in one or more memories other than the ROM 902 and the RAM 

903. The processor 901 may also execute various operations of the inspection method 

according to embodiments of the present disclosure by executing the programs stored in the 

one or more memories. 

[0205] According to embodiments of the present disclosure, the electronic device 900 

may further include an input/output (I/O) interface 905 which is also connected to the bus 

904. The electronic device 900 may further include one or more of the following components 

connected to the I/O interface 905: an input part 906 including a keyboard, a mouse, etc.; an 

output part 907 including a cathode ray tube (CRT), a liquid crystal display (LCD), etc. and a 

speaker, etc.; a storage part 908 including a hard disk, etc.; and a communication part 909 

including a network interface card such as a LAN card, a modem, and the like. The 

communication part 909 performs communication processing via a network such as the 

Internet. A drive 910 is also connected to the I/O interface 905 as required. A removable 

medium 911, such as a magnetic disk, an optical disk, a magneto-optical disk, a 

semiconductor memory, and the like, is installed on the drive 910 as required, so that the 

computer program read therefrom is installed into the storage part 908 as needed. 

[0206] Embodiments of the present disclosure further provide a computer-readable 

storage medium, which may be included in the apparatus/device/system described in the 

aforementioned embodiments; or exist alone without being assembled into the 

apparatus/device/system. The computer-readable storage medium carries one or more 
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programs that when executed, perform the inspection method according to embodiments of 

the present disclosure. 

[0207] According to embodiments of the present disclosure, the computer-readable 

storage medium may be a non-transitory computer-readable storage medium, for example, 

which may include but not be limited to: a portable computer disk, a hard disk, a random 

access memory (RAM), a read-only memory (ROM), an erasable programmable read-only 

memory (EPROM or flash memory), a portable compact disk read-only memory (CD-ROM), 

an optical storage device, a magnetic storage device, or any suitable combination of the above. 

In embodiments of the present disclosure, the computer-readable storage medium may be any 

tangible medium that contains or stores programs that may be used by or in combination with 

an instruction execution system, apparatus or device. For example, according to embodiments 

of the present disclosure, the computer-readable storage medium may include the 

above-mentioned ROM 902 and/or RAM 903 and/or one or more memories other than the 

ROM 902 and RAM 903. 

[0208] Embodiments of the present disclosure further include a computer program 

product, which contains a computer program. The computer program contains program codes 

for performing the methods shown in flowcharts. When the computer program product runs 

on a computer system (such as the above-mentioned inspection system), the program codes 

are used to cause the electronic device to implement the inspection method provided in 

embodiments of the present disclosure. 

[0209] When the computer program is executed by the processor 901, the functions 

defined in the system/apparatus of embodiments of the present disclosure are performed. 

According to embodiments of the present disclosure, the above-mentioned systems, 

apparatuses, modules, units, etc. may be implemented by computer program modules. 

[0210] In an embodiment, the computer program may rely on a tangible storage 

medium such as an optical storage device and a magnetic storage device. In another 

embodiment, the computer program may also be transmitted and distributed in the form of 

signals on a network medium, downloaded and installed through the communication part 909, 

and/or installed from the removable medium 911. The program codes contained in the 

computer program may be transmitted by any suitable network medium, including but not 

limited to a wireless one, a wired one, or any suitable combination of the above. 

[0211] In such embodiments, the computer program may be downloaded and installed 
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from the network via the communication part 909 and/or installed from the removable 

medium 911. When the computer program is executed by the processor 901, the 

above-mentioned functions defined in the systems of embodiments of the present disclosure 

are performed. According to embodiments of the present disclosure, the systems, apparatuses, 

devices, modules, units, etc. described above may be implemented by computer program 

modules. 

[0212] According to embodiments of the present disclosure, the program codes for 

executing the computer programs provided by embodiments of the present disclosure may be 

written in any combination of one or more programming languages. In particular, these 

computing programs may be implemented using high-level procedures and/or object-oriented 

programming languages, and/or assembly/machine languages. Programming languages 

include, but are not limited to, Java, C++, Python, "C" language or similar programming 

languages. The program codes may be completely executed on a user computing device, 

partially executed on a user device, partially executed on a remote computing device, or 

completely executed on a remote computing device or a server. In a case of involving a 

remote computing device, the remote computing device may be connected to the user 

computing device through any kind of network, including local area network (LAN) or wide 

area network (WAN), or may be connected to an external computing device (e.g., through the 

Internet using an Internet service provider). 

[0213] It should be noted that herein, unless otherwise stated, the expression "the 

inspection system is configured to..." means that the processor 901 may generate a control 

signal according to a program stored in the read only memory (ROM) 902 or a program 

loaded from the storage part 908 into the random access memory (RAM) 903, so as to control 

the ray source 100, the detector assembly 200, the conveying device 300, the detector 

turntable 230, the rotary bracket 400 and other components in the inspection system to  

perform various steps or actions in the inspection method described above. 

[0214] Embodiments of the present disclosure provide an inspection system and an 

inspection method in which a dynamic-static combined scanning method is used, especially 

an inspection system and an inspection method for an aviation pallet cargo. An inspection 

system and an inspection method that meet the needs of CT reconstruction are also provided, 

especially an inspection system and an inspection method for an aviation pallet cargo. An 

inspection system and an inspection method that may improve spatial resolution and 
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recognition accuracy are also provided, especially an inspection system and an inspection 

method for an aviation pallet cargo. An inspection system and an inspection method that may 

improve maintainability and reduce costs are also provided, especially an inspection system 

and an inspection method for an aviation pallet cargo. An inspection system and an inspection 

method that reduce the difficulty of loading and unloading objects are also provided, 

especially an inspection system and an inspection method for an aviation pallet cargo. 

[0215] According to embodiments of the present disclosure, a dynamic-static 

combined scanning method is used in the inspection system and the inspection method. It is 

possible to splice out a larger combined scanning angle and ray emission range through the 

rotation or translation of the one or more ray sources relative to the carrying device, so as to 

produce more complete scanning data and better scanning effect. When the combined 

scanning angle meets CT reconstruction needs, it is possible to produce better CT scanning 

effect and better three-dimensional scanning image. The one or more ray sources move 

between different scanning positions relative to the carrying device (the number of 

movements is generally less than 10 times), so that the object passing rate and the imaging 

quality may be improved. The inspection system and the inspection method according to 

embodiments of the present disclosure are particularly suitable for scanning a large-sized 

object such as an aviation pallet cargo. Different from an existing design in which, for 

example, a slip ring is used, embodiments of the present disclosure may reduce the size and 

manufacturing cost of the inspection system and improve the stability of the inspection 

system. The inspection system and the inspection method according to embodiments of the 

present disclosure may also achieve a target spot densification through a local movement of 

the one or more ray sources, thereby improving the spatial resolution and recognition 

accuracy of a perspective image. Different from vertical CT scanning, the inspection system 

and the inspection method according to embodiments of the present disclosure may provide a 

scanning section with a small cross-sectional area, thereby improving the imaging quality. In 

addition, the X-rays may either not pass through or rarely pass through the pallet of the 

aviation pallet cargo, thereby reducing or eliminating the impact of the pallet on the scanning 

imaging. 

[0216] Embodiments of the present disclosure have been described with reference to 

exemplary embodiments. However, it should be understood that embodiments of the present 

disclosure are not limited to the constructions and methods of the aforementioned 

embodiments. On the contrary, embodiments of the present disclosure are intended to cover 
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modified examples and equivalent configurations. In addition, although various elements and 

method steps of the disclosed invention are shown in various exemplary combinations and 

constructions, other combinations including more or fewer elements or methods also fall 

within the scope of embodiments of the present disclosure.  
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What is claimed is: 

 

1. An inspection system for an aviation pallet cargo, comprising: 

 a ray source configured to emit X-rays and arranged to be rotatable between a 

plurality of scanning positions around a rotation axis, wherein the ray source comprises a 

separate housing to define a vacuum space and comprises a plurality of target spots enclosed 

within the housing, and a rotation angle of the ray source between two adjacent scanning 

positions is greater than an angle of adjacent target spots of the ray source relative to the 

rotation axis; 

 a detector assembly configured to receive X-rays emitted from the ray source 

and passing through an inspection region of the inspection system; and 

 a conveying device configured to carry an aviation pallet cargo to be 

inspected, 

 wherein the ray source and the detector assembly are movable in a traveling 

direction relative to the conveying device so that the aviation pallet cargo to be inspected 

enters the inspection region, and the traveling direction is parallel to the rotation axis, and 

 wherein the inspection system is configured such that: the ray source and the 

detector assembly move in the traveling direction relative to the conveying device and the ray 

source emits X-rays, when the ray source is located at one of the plurality of scanning 

positions; and the ray source rotates around the rotation axis to another one of the plurality of 

scanning positions when the ray source and the detector assembly move a predetermined 

distance in the traveling direction relative to the conveying device. 

 

2. The inspection system according to claim 1, wherein the conveying device is 

configured to transport the aviation pallet cargo to be inspected in the traveling direction. 

 

3. The inspection system according to claim 1 or 2, wherein the ray source is 

always located above the conveying device during a rotation process. 

 

4. The inspection system according to claim 1 or 2, wherein the ray source is 

configured to rotate between different scanning positions so that a combined scanning angle 

of the ray source is greater than 180 degrees. 
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5. The inspection system according to claim 1 or 2, wherein the inspection 

system is configured such that the ray source and the detector assembly do not move in the 

traveling direction relative to the conveying device when the ray source rotates between 

different scanning positions. 

 

6. The inspection system according to claim 1 or 2, wherein the rotation angle of 

the ray source between two adjacent scanning positions is less than a scanning angle of the 

ray source relative to the rotation axis. 

 

7. The inspection system according to claim 1 or 2, wherein the ray source is 

further arranged to be movable between at least two target spot positions, and a rotation angle 

of the ray source between two adjacent target spot positions is less than an angle of two 

adjacent target spots of the ray source relative to the rotation axis or a movement distance of 

the ray source between two adjacent target spot positions is less than a spacing between two 

adjacent target spots of the ray source. 

 

8. The inspection system according to claim 7, wherein a rotation angle of the 

ray source between two farthest target spot positions is less than the angle of two adjacent 

target spots of the ray source relative to the rotation axis, or a movement distance of the ray 

source between two farthest target spot positions is less than the spacing between two 

adjacent target spots of the ray source. 

 

9. The inspection system according to claim 1 or 2, wherein the inspection 

system is further configured to reconstruct a three-dimensional scanning image of the 

aviation pallet cargo to be inspected based on detection data of the detector assembly. 

 

10. The inspection system according to claim 1 or 2, wherein the inspection 

system comprises a plurality of ray sources, and vacuum spaces of different ray sources are 

not connected. 

 

11. The inspection system according to claim 10, wherein the plurality of ray 

sources are configured to rotate between different scanning positions so that a combined 

scanning angle of the plurality of ray sources is greater than 180 degrees. 
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12. The inspection system according to claim 11, wherein the plurality of ray 

sources are configured to rotate between different scanning positions synchronously. 

 

13. The inspection system according to claim 12, wherein the plurality of ray 

sources are spaced around the inspection region. 

 

14. The inspection system according to claim 12 or 13, wherein the detector 

assembly is arranged to be rotatable around the rotation axis. 

 

15. The inspection system according to claim 14, wherein the plurality of ray 

sources and the detector assembly are arranged to be rotatable around the rotation axis 

synchronously. 

 

16. The inspection system according to claim 14 or 15, wherein the detector 

assembly is arranged radially closer to the rotation axis relative to the plurality of ray sources. 

 

17. The inspection system according to claim 16, wherein target spots of the 

plurality of ray sources are located in a first plane. 

 

18. The inspection system according to claim 17, wherein detector crystals of the 

detector assembly are located in a second plane. 

 

19. The inspection system according to claim 18, wherein the first plane is parallel 

to the second plane, and the target spot of each ray source is arranged to deflect a 

predetermined tilt angle toward the detector assembly along the rotation axis so that the 

X-rays emitted by each ray source are not blocked by the detector assembly before passing 

through the inspection region. 

 

20. The inspection system according to claim 19, wherein the detector assembly 

comprises a plurality of detector arms, each detector arm is provided with a plurality of 

detector units, and each detector arm is configured to receive X-rays emitted by at least two 

of the ray sources. 

 

21. The inspection system according to claim 20, wherein each detector unit 



48 

 

comprises a detector crystal, and each detector crystal is arranged at an end of a 

corresponding detector unit facing the ray source along the rotation axis. 

 

22. The inspection system according to claim 20 or 21, wherein the plurality of 

detector arms extend completely around the rotation axis to form a detector ring. 

 

23. The inspection system according to claim 22, wherein the inspection system 

further comprises a rotary bracket rotatable around the rotation axis, and the plurality of ray 

sources and the detector assembly are installed on the rotary bracket. 

 

24. The inspection system according to claim 23, wherein the detector assembly 

further comprises a detector turntable, the plurality of detector arms are fixed to the detector 

turntable, and the detector turntable is detachably fixed to the rotary bracket. 

 

25. The inspection system according to claim 1 or 2, wherein the rotation axis is 

parallel to a horizontal direction. 

 

26. The inspection system according to claim 1 or 2, wherein a ray emission 

direction of the ray source is not perpendicular to the rotation axis. 

 

27. The inspection system according to claim 1 or 2, wherein the inspection 

system is configured such that the ray source does not emit X-rays when the ray source 

rotates between different scanning positions. 

 

28. The inspection system according to claim 1 or 2, wherein the ray source and 

the detector assembly are configured to move a predetermined distance in the traveling 

direction relative to the conveying device so that the aviation pallet cargo to be inspected 

completely passes through the inspection region or the aviation pallet cargo to be inspected 

does not completely pass through the inspection region. 

 

29. The inspection system according to claim 1 or 2, wherein the rotation angle of 

the ray source between two adjacent scanning positions is greater than an angle of any two 

target spots of the ray source relative to the rotation axis. 
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30. An inspection method for an aviation pallet cargo, comprising: 

 (a) loading an aviation pallet cargo to be inspected onto a conveying device; 

 (b) positioning a ray source at one of a plurality of scanning positions 

surrounding an inspection region, wherein the ray source comprises a separate housing to 

define a vacuum space and comprises a plurality of target spots enclosed within the housing; 

 (c) moving the ray source and a detector assembly in a traveling direction 

relative to the conveying device so that the aviation pallet cargo to be inspected enters the 

inspection region, while emitting X-rays from the ray source so that the X-rays pass through 

the aviation pallet cargo to be inspected located in the inspection region and are received by 

the detector assembly until the ray source and the detector assembly move a predetermined 

distance in the traveling direction relative to the conveying device, so as to complete a 

scanning process; and 

 (d) rotating the ray source around a rotation axis to another one of the plurality 

of scanning positions, and repeatedly performing step (c) to complete the scanning process at 

each of the plurality of scanning positions, wherein a rotation angle of the ray source between 

two adjacent scanning positions is greater than an angle of adjacent target spots of the ray 

source relative to the rotation axis, and the traveling direction is parallel to the rotation axis. 

 

31. The inspection method according to claim 30, wherein the aviation pallet 

cargo to be inspected is transported in the traveling direction by the conveying device. 

 

32. The inspection method according to claim 30 or 31, wherein the ray source is 

always located above the conveying device during a rotation process of the ray source. 

 

33. The inspection method according to claim 30 or 31, wherein step (c) and step 

(d) are repeated so that a combined scanning angle of the ray source is greater than 180 

degrees. 

 

34. The inspection method according to claim 30 or 31, wherein the ray source 

and the detector assembly are configured to stop moving relative to the conveying device 

after each time the aviation pallet cargo to be inspected completely passes through the 

inspection region, and in two adjacent repetitions of step (c), the ray source and the detector 

assembly are configured to move in opposite directions relative to the conveying device. 
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35. The inspection method according to claim 34, wherein the rotation angle of 

the ray source between two adjacent scanning positions is less than a scanning angle of the 

ray source relative to the rotation axis. 

 

36. The inspection method according to claim 30 or 31, further comprising: after 

completing a scanning process at a scanning position in step (c), moving the ray source to one 

of a plurality of target spot positions and repeatedly performing step (c), wherein the plurality 

of target spot positions comprise a current scanning position, 

 wherein a rotation angle of the ray source between two adjacent target spot 

positions is less than the angle of two adjacent target spots of the ray source relative to the 

rotation axis, or a movement distance of the ray source between two adjacent target spot 

positions is less than a spacing between two adjacent target spots of the ray source. 

 

37. The inspection method according to claim 36, wherein a rotation angle of the 

ray source between two farthest target spot positions is less than the angle of two adjacent 

target spots of the ray source relative to the rotation axis, or a movement distance of the ray 

source between two farthest target spot positions is less than the spacing between two 

adjacent target spots of the ray source. 

 

38. The inspection method according to claim 30 or 31, wherein a plurality of ray 

sources are provided to emit X-rays, and vacuum spaces of different ray sources are not 

connected. 

 

39. The inspection method according to claim 30, further comprising: 

reconstructing a three-dimensional scanning image of the aviation pallet cargo to be inspected 

based on detection data of the detector assembly. 

 

40. The inspection method according to claim 30 or 31, wherein the rotation axis 

is parallel to a horizontal direction. 

 

41. The inspection method according to claim 30 or 31, wherein a ray emission 

direction of the ray source is not perpendicular to the rotation axis. 

 

42. The inspection method according to claim 30 or 31, wherein the ray source is 
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configured to not emit X-rays when the ray source rotates between different scanning 

positions. 

 

43. The inspection method according to claim 30 or 31, wherein the ray source 

and the detector assembly are configured to move a predetermined distance in the traveling 

direction relative to the conveying device so that the aviation pallet cargo to be inspected 

completely passes through the inspection region or the aviation pallet cargo to be inspected 

does not completely pass through the inspection region. 

 

44. The inspection method according to claim 30 or 31, wherein the rotation angle 

of the ray source between two adjacent scanning positions is greater than an angle of any two 

target spots of the ray source relative to the rotation axis. 

  


