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CT IMAGING SYSTEM 

 

TECHNICAL FIELD  

[0001] The present disclosure relates to a field of ray scanning technologies, and in 

particular, to a CT imaging system. 

 

BACKGROUND 

[0002] A CT (computed tomography) scanning system relates to a non-destructive 

detecting technology widely used in fields such as biomedical, image-guided intervention, 

security inspection, industrial and agricultural production, geophysics, and petroleum 

exploration fields. The CT scanning system has a fast imaging speed and a high accuracy, thus 

may fully present three-dimensional information of an inspected site. 

[0003] With the continuous expansion of CT application scenarios, there is an 

increasing demand for fast CT in more and more fields, such as CT scans of active tissues and 

organs in clinical diagnosis. By using slip ring technologies, the spiral CT greatly reduces 

scanning duration, but the rotational speed of the slip ring has almost reached its limit, making 

it difficult to further shorten the scanning duration. The emergence of multi-source spiral CT 

has further shortened the CT scanning duration, and the multi-source spiral CT has obvious 

advantages in scanning speed. The more sources there are, the less the scanning duration. 

However, the multi-source system also brings challenges such as high costs and large amounts 

of data. 

[0004] In recent years, the emergence of distributed light sources has provided the 

possibility to further shorten the scanning duration. Distributed light sources avoid the use of 

slip rings and only require sequential exposure for imaging, completely avoiding mechanical 

motions. However, existing distributed light source scanning schemes commonly suffer from 

limited angle scanning, data truncation, and motion artifacts, which increase the difficulty of 

data processing and image reconstruction, while the imaging quality may also be affected. 

[0005] It should be noted that the above information disclosed in this section is only 

for the purpose of understanding the background of the inventive concept of the present 

disclosure, and therefore, the above information may include information that does not 
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constitute the related art. 

 

SUMMARY 

[0006] The present disclosure provides a CT imaging system, including: an imaging 

channel, at least a part of the imaging channel extending along a first direction, wherein the 

imaging channel is configured to place an object to be imaged in an imaging process; M 

distributed X-ray sources arranged along a circumferential direction of the imaging channel, 

wherein at least one of the M distributed X-ray sources includes q target spots for emitting rays, 

where M and q are positive integers greater than or equal to 2; and N detectors arranged along 

the circumferential direction of the imaging channel, wherein the N detectors are configured to 

detect rays emitted from the M distributed X-ray sources and penetrating the object to be 

imaged, where N is a positive integer greater than M, wherein the N detectors include first sub-

detectors and second sub-detectors; wherein the CT imaging system includes a plurality of 

imaging components, each of the plurality of imaging components includes at least one 

distributed X-ray source and at least one first sub-detector; in the same imaging component, 

the distributed X-ray source and the first sub-detector are arranged face-to-face in a radial 

direction of the imaging channel, a plurality of target spots of the distributed X-ray source and 

at least a part of the first sub-detector are located in a same plane perpendicular to the first 

direction, and the radial direction is perpendicular to the first direction; and wherein at least 

one second sub-detector is provided on at least one side of the at least one distributed X-ray 

source in the first direction. 

[0007] According to some exemplary embodiments, the distributed X-ray source 

includes a first side and a second side opposite to each other in the first direction, and the first 

side is located downstream of the second side; and wherein in the first direction, each of M’ 

distributed X-ray sources is provided with at least one second sub-detector on the first side; or 

in the first direction, each of the M’ distributed X-ray sources is provided with at least one 

second sub-detector on the second side; or in the first direction, each of M’ distributed X-ray 

sources is provided with at least one second sub-detector on the first side and at least one second 

sub-detector on the second side, where M’ is greater than or equal to 1 and less than or equal 

to M. 
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[0008] According to some exemplary embodiments, the CT imaging system includes a 

plurality of source-detector components, the source-detector component includes the 

distributed X-ray source and at least one second sub-detector; in the same source-detector 

component, an orthographic projection of the distributed X-ray source in the first direction 

overlaps at least partially with an orthographic projection of the at least one second sub-detector 

in the first direction. 

[0009] According to some exemplary embodiments, in the same distributed X-ray 

source, the q target spots are arranged at intervals along a first straight line. 

[0010] According to some exemplary embodiments, in the same source-detector 

component, a dimension of the distributed X-ray source along an extension direction of the 

first straight line is equal to a dimension of the second sub-detector along the extension 

direction of the first straight line. 

[0011] According to some exemplary embodiments, the M distributed X-ray sources 

are uniformly arranged at equal intervals along the circumferential direction of the imaging 

channel; and/or the CT imaging system includes M first sub-detectors uniformly arranged at 

equal intervals along the circumferential direction of the imaging channel. 

[0012] According to some exemplary embodiments, a ray angular coverage range of 

the M distributed X-ray sources is between 90° and 120°; or a ray angular coverage range of 

the M distributed X-ray sources is between 120° and 150°; or a ray angular coverage range of 

the M distributed X-ray sources is between 140° and 160°. 

[0013] According to some exemplary embodiments, the CT imaging system includes 

M first sub-detectors, and the M distributed X-ray sources and the M first sub-detectors are 

alternately arranged along the circumferential direction of the imaging channel. 

[0014] According to some exemplary embodiments, the CT imaging system includes 

M first sub-detectors; and along the circumferential direction of the imaging channel, the M 

distributed X-ray sources and the M first sub-detectors respectively enclose to form closed or 

approximately closed polygons. 

[0015] According to some exemplary embodiments, the CT imaging system includes 

2M second sub-detectors. 

[0016] According to some exemplary embodiments, in the same imaging component, 
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the q target spots of the distributed X-ray source are arranged at intervals along a first straight 

line, the distributed X-ray source has a first dimension along an extension direction of the first 

straight line, the first sub-detector has a second dimension in a direction parallel to the 

extension direction of the first straight line, and the first dimension is smaller than the second 

dimension. 

[0017] According to some exemplary embodiments, the second dimension of the first 

sub-detector is greater than or equal to a dimension of an area of interest of the object to be 

imaged along the direction parallel to the extension direction of the first straight line. 

[0018] According to some exemplary embodiments, the second dimension of the first 

sub-detector satisfies the following equation: LD=d*p, where LD is the second dimension of 

the first sub-detector, d is a movement distance of the object to be imaged in the first direction 

within an exposure period, and p is a ray amplification ratio. 

[0019] According to some exemplary embodiments, the first sub-detector includes a 

plurality of rows of detector units densely arranged along the first direction; or the first sub-

detector includes a plurality of rows of detector units sparsely arranged along the first direction; 

or the first sub-detector includes a plurality of rows of detector units, at least two of the plurality 

of rows of detector units are densely arranged in the first direction in a middle area of the first 

sub-detector; and at least two other of the plurality of rows of detector units are sparsely 

arranged in the first direction on two side areas of the first sub-detector. 

[0020] According to some exemplary embodiments, the second sub-detector includes 

a plurality of rows of detector units densely arranged along the first direction; or the second 

sub-detector includes a plurality of rows of detector units sparsely arranged along the first 

direction; or the second sub-detector includes a plurality of rows of detector units, at least two 

of the plurality of rows of detector units are densely arranged in the first direction in a middle 

area of the second sub-detector, and at least two other of the plurality of rows of detector units 

are sparsely arranged in the first direction on two side areas of the second sub-detector. 

[0021] According to some exemplary embodiments, the plurality of rows of detector 

units include a middle row of detector units located at a middle position of the plurality of rows 

of detector units in the first direction; and wherein in the same imaging component, a plurality 

of target spots of the distributed X-ray source and the middle row of detector units of the first 
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sub-detector are located in a same plane perpendicular to the first direction. 

[0022] According to some exemplary embodiments, in a plane perpendicular to the first 

direction, the M distributed X-ray sources and the N detectors enclose to form a closed or 

approximately closed polygon. 

[0023] According to some exemplary embodiments, a scanning imaging area of the CT 

imaging system is located in a middle area of the polygon. 

[0024] According to some exemplary embodiments, the CT imaging system further 

includes a conveying mechanism located in the imaging channel, wherein the conveying 

mechanism is located in the middle area of the polygon. 

[0025] According to embodiments of the present disclosure, by providing the second 

sub-detector to collaborate with the first sub-detector, it is possible to receive rays from the 

distributed X-ray sources from different angles or positions, thereby expanding a detection 

range. Such three-dimensional spatial arrangement breaks through the existing design of 

circumferential arrangement, enabling the imaging system to detect from multiple angles 

simultaneously, improving the accuracy and breadth of detection, and effectively solving the 

problems of limited angle scanning and data truncation. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] The above and other objectives, features, and advantages of the present 

disclosure will become clearer through the following description of embodiments of the present 

disclosure with reference to the accompanying drawings, in which: 

[0027] FIG. 1 is a schematic structural diagram of a ray scanning imaging system 

according to some exemplary embodiments of the present disclosure; 

[0028] FIG. 2 is a schematic structural diagram of a CT imaging system based on a 

three-stage coplanar scanning structure according to some exemplary embodiments of the 

present disclosure; 

[0029] FIG. 3A is a schematic three-dimensional diagram of the CT imaging system 

based on FIG. 2 according to some exemplary embodiments of the present disclosure, which 

illustrates an arrangement of a plurality of distributed X-ray sources and a plurality of detectors; 

[0030] FIG. 3B is a schematic diagram of an imaging light path of the CT imaging 
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system based on FIG. 2 according to some exemplary embodiments of the present disclosure; 

[0031] FIG. 4A is a schematic plan view illustrating an arrangement of distributed X-

ray sources and detectors included in a CT imaging system according to some exemplary 

embodiments of the present disclosure, where two distributed X-ray sources and two detectors 

are shown; 

[0032] FIG. 4B is a schematic plan view illustrating an arrangement of distributed X-

ray sources and detectors included in a CT imaging system according to some exemplary 

embodiments of the present disclosure, where five distributed X-ray sources and five detectors 

are shown; 

[0033] FIG. 4C is a schematic plan view illustrating an arrangement of distributed X-

ray sources and detectors included in a CT imaging system according to some exemplary 

embodiments of the present disclosure, where a plurality of distributed X-ray sources and a 

plurality of detectors are shown; 

[0034] FIG. 5A is a schematic plane view illustrating an arrangement of distributed X-

ray sources and detectors included in a CT imaging system according to some exemplary 

embodiments of the present disclosure, where the distributed X-ray sources and detectors are 

respectively arranged in circumferential directions, and a ring where the distributed X-ray 

sources are located is an outer ring; 

[0035] FIG. 5B is a schematic plane view illustrating an arrangement of distributed X-

ray sources and detectors included in a CT imaging system according to some exemplary 

embodiments of the present disclosure, where the distributed X-ray sources and detectors are 

respectively arranged in circumferential directions, and a ring where the distributed X-ray 

sources are located is an inner ring; 

[0036] FIG. 6 shows a schematic three-dimensional diagram of a CT imaging system 

according to some exemplary embodiments of the present disclosure, where detectors include 

two types of detectors; 

[0037] FIG. 7 is a schematic diagram of an imaging light path of the CT imaging system 

based on FIG. 6 according to some exemplary embodiments of the present disclosure; 

[0038] FIG. 8 is a schematic diagram of an imaging light path of a CT imaging system 

according to some other exemplary embodiments of the present disclosure; 
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[0039] FIG. 9A is a schematic plan view illustrating an arrangement of distributed X-

ray sources and detectors included in a CT imaging system according to some other exemplary 

embodiments of the present disclosure, where two distributed X-ray sources and two detectors 

are shown; 

[0040] FIG. 9B is a schematic plan view illustrating an arrangement of distributed X-

ray sources and detectors included in a CT imaging system according to some other exemplary 

embodiments of the present disclosure, where five distributed X-ray sources and five detectors 

are shown; 

[0041] FIG. 9C is a schematic plan view illustrating an arrangement of distributed X-

ray sources and detectors included in a CT imaging system according to some other exemplary 

embodiments of the present disclosure, where a plurality of distributed X-ray sources and a 

plurality of detectors are shown; 

[0042] FIG. 9D is a schematic plan view illustrating an arrangement of distributed X-

ray sources and detectors included in a CT imaging system according to some other exemplary 

embodiments of the present disclosure, where the distributed X-ray sources and the detectors 

are respectively arranged in circumferential directions, and a ring where the distributed X-ray 

sources are located is an outer ring; 

[0043] FIG. 9E shows a schematic diagram of an arrangement of a distributed X-ray 

source and a second sub-detector according to some embodiments of the present disclosure; 

[0044] FIG. 9F shows a schematic diagram of an arrangement of a distributed X-ray 

source and a second sub-detector according to some other embodiments of the present 

disclosure; 

[0045] FIG. 10A shows a schematic diagram of a layout design of dense detector 

arrangement according to some embodiments of the present disclosure; 

[0046] FIG. 10B shows a schematic diagram of a layout design of sparse detector 

arrangement according to some other embodiments of the present disclosure; 

[0047] FIG. 10C shows a schematic diagram of a layout design of hybrid detector 

arrangement according to some other embodiments of the present disclosure; 

[0048] FIG. 11A shows a schematic diagram of a ray angular coverage range in a CT 

imaging system according to some embodiments of the present disclosure; 
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[0049] FIG. 11B shows a schematic diagram of a ray angular coverage range in a CT 

imaging system according to some other embodiments of the present disclosure; 

[0050] FIG. 12A shows a schematic diagram of a valid imaging area in a CT imaging 

system according to some embodiments of the present disclosure; 

[0051] FIG. 12B shows a schematic diagram of a valid imaging area in a CT imaging 

system according to some other embodiments of the present disclosure; 

[0052] FIG. 13 is a schematic three-dimensional diagram of a CT imaging system 

according to some exemplary embodiments of the present disclosure, where target spots of the 

distributed X-ray source are obliquely arranged; 

[0053] FIG. 14A is a schematic diagram of a distributed X-ray source of a CT imaging 

system according to some exemplary embodiments of the present disclosure; 

[0054] FIG. 14B is a schematic diagram of a distributed X-ray source of a CT imaging 

system according to some other exemplary embodiments of the present disclosure; 

[0055] FIG. 14C, FIG. 14D and FIG. 14E respectively show schematic diagrams of an 

arrangement of a distributed X-ray source and a second sub-detector according to some 

embodiments of the present disclosure, where FIG. 14C shows that second sub-detectors are 

provided on two sides of a distributed X-ray source, FIG. 14D shows that a second sub-detector 

is provided on an upper side of a distributed X-ray source, and FIG. 14E shows that a second 

sub-detector is provided on a lower side of a distributed X-ray source; 

[0056] FIG. 15A shows a schematic diagram illustrating an arrangement of a second 

sub-detector according to some embodiments of the present disclosure; 

[0057] FIG. 15B shows a schematic diagram of an arrangement of a second sub-

detector according to some other embodiments of the present disclosure; 

[0058] FIG. 16 shows a flowchart of an imaging method for a CT imaging system 

according to some exemplary embodiments of the present disclosure; 

[0059] FIG. 17 shows a schematic diagram of a projection plane of simultaneous beam 

emitting of a plurality of target spots in a CT imaging system according to some exemplary 

embodiments of the present disclosure; 

[0060] FIG. 18 shows a schematic diagram of a projection surface of time-division 

beam emitting of a plurality of target spots in a CT imaging system according to some 
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exemplary embodiments of the present disclosure; 

[0061] FIG. 19A is an image obtained using an imaging system and an imaging method 

in the related art; 

[0062] FIG. 19B is an image obtained using a CT imaging system and an imaging 

method provided in embodiments of the present disclosure; and 

[0063] FIG. 20 schematically shows a block diagram of an electronic apparatus suitable 

for implementing the imaging method according to embodiments of the present disclosure. 

 

DETAILED DESCRIPTION OF EMBODIMENTS 

[0064] Hereinafter, embodiments of the present disclosure will be described with 

reference to the accompanying drawings. However, it should be understood that, these 

descriptions are merely exemplary and not intended to limit the scope of the present disclosure. 

In the following detailed descriptions, for ease of description, many specific details are 

elaborated to provide a comprehensive understanding of embodiments of the present disclosure. 

However, it is evident that one or more embodiments may also be implemented without these 

specific details. Furthermore, in the following descriptions, descriptions of well-known 

structures and techniques are omitted to avoid unnecessary confusion of the concepts of the 

present disclosure. 

[0065] The terms used here are only for describing specific embodiments and are not 

intended to limit the present disclosure. The terms “including”, “comprising”', etc. used herein 

indicate a presence of described features, steps, operations, and/or components, but do not 

exclude a presence or addition of one or more other features, steps, operations, or components. 

[0066] All terms used herein (including technical and scientific terms) have meanings 

commonly understood by those skilled in the art, unless otherwise defined. It should be noted 

that the terms used here should be interpreted as having meanings consistent with the context 

of the specification, and should not be interpreted in an idealized or overly rigid manner. 

[0067] When expressions such as "at least one of A, B,or C" are used, they may 

generally be interpreted according to the meaning commonly understood by those skilled in 

the art (for example, “a system having at least one of A, B, or C” may include but not be limited 

to a system having A alone, a system having B alone, a system having C alone, a system having 
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A and B, a system having A and C, a system having B and C, and/or a system having A, B, and 

C). 

[0068] It should be noted that herein, computed tomography (CT) imaging refers to 

that, after a tomography scan is performed on an object to be imaged using rays, an analog 

signal is received by a detector and converted into a digital signal, an attenuation coefficient of 

each pixel is calculated by an electronic computer, and an image is reconstructed so as to 

present a tomographic structure of various sites of the object to be imaged. 

[0069] Hereinafter, embodiments of the present disclosure will be described in detail 

by taking a CT scanning imaging system for luggage as an example. It should be understood 

that, embodiments of the present disclosure are not limited to the CT scanning imaging scene 

of luggage, and may be applied to various scanning imaging scenarios. For example, 

embodiments of the present disclosure may be applied to scanning imaging scenarios that 

include various different inspection objects, including but not be limited to: vehicle scanning 

imaging, luggage/package scanning imaging, human or animal scanning imaging, organ/tissue 

scanning imaging, small object scanning imaging, large object scanning imaging such as 

containers, etc. It should be noted that, the descriptions of the scanning imaging scenarios here 

are not exhaustive, and the following exemplary descriptions should not be understood as 

limiting the scope of protection of the present disclosure. 

[0070] FIG. 1 is a schematic structural diagram of a ray scanning imaging system 

according to some exemplary embodiments of the present disclosure. In FIG. 1, a CT imaging 

system based on X-ray scanning is illustrated as an example of the ray scanning imaging system. 

As shown in FIG. 1, the CT imaging system according to embodiments includes: a gantry 20, 

a conveying mechanism 40, a controller 50, a data processing device 60 (such as a computer), 

an imaging channel 80, etc. The gantry 20 includes a X-ray source 10 such as an X-ray machine 

that emits X-rays for inspection, and a detection and acquisition device 30. The imaging 

channel 80 extends along a first direction z and is used to place an object 70 to be imaged in 

an imaging process. For example, at least a part of a carrying device may be provided in the 

imaging channel 80, and the object 70 to be imaged may be placed on the carrying device. In 

a scanning process, the object 70 to be imaged may be placed still in an imaging area. For 

another example, at least a part of the conveying mechanism 40 is placed in the imaging 
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channel 80. The conveying mechanism 40 carries the object 70 to be imaged (such as inspected 

luggage) to pass through a scanning area between the X-ray source 10 and the detection and 

acquisition device 30 of the gantry 20. The conveying mechanism 40 may drive the object 70 

to be imaged to move in the first direction z, while rays emitted by the X-ray source 10 may 

penetrate the object 70 to be imaged so as to perform CT scanning on the object 70 to be imaged. 

The detection and acquisition device 30 includes, for example, a detector (such as a flat panel 

detector) and a data collector that adopt structure of module, for detecting the rays transmitted 

through the object 70 to be imaged, obtaining analog signals, and converting the analog signals 

into digital signals, thereby outputting projection data for X-rays of the object 70 to be imaged. 

The controller 50 is used to control a synchronous operation of various parts of the entire 

system. The data processing device 60 is used to process the data collected by the data collector, 

process and reconstruct the data, and output a result. 

[0071] As shown in FIG. 1, the X-ray source 10 is placed on one side of the object 70 

to be imaged; the detection and acquisition device 30, including a detector and a data collector, 

is placed on the other side of the object 70 to be imaged, for obtaining transmission data and/or 

multi-angle projection data of the object 70 to be imaged. The data collector includes a data 

amplifying shaping circuit, which may operate in either (current) integration mode or pulse 

(counting) mode. A data output cable of the detection and acquisition device 30 is connected 

to the controller 50 and the data processing device 60, and the acquired data is stored in the 

data processing device 60 according to a trigger command. 

[0072] In embodiments of the present disclosure, a ray scanning imaging module may 

be deployed in the data processing device 60, the ray scanning imaging module is provided 

with an image recognition model or a target recognition model. The image recognition model 

or the target recognition model may be used in the ray scanning imaging module to recognize 

the acquired on-site data (such as ray scanning images), and the recognition may include target 

detection, such as detecting target objects or objects of interest in the ray scanning images. For 

example, the target object or object of interest may be various prohibited items. It should be 

understood that, a specific category of the target object or object of interest depends on a 

scanning imaging site arranged by the ray scanning imaging system, or in other words, the 

specific category of the target object or object of interest is determined by a user of the ray 
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scanning imaging system according to specific scanning imaging desires, which may be 

dynamically adjusted according to the scanning imaging desires. 

[0073] In embodiments of the present disclosure, the X-ray source 10 may be, for 

example, an X-ray machine. An appropriate X-ray machine target spot size may be determined 

according to an imaging resolution. In other embodiments, an X-ray machine may not be used, 

but a linear accelerator or the like may be used to generate an X-ray beam. 

[0074] The detection and acquisition device 30 includes an X-ray detector and a data 

acquisition circuit, etc. A solid-state detector, a gas detector, or other detectors may be used as 

the X-ray detector, which is not limited in embodiments of the present disclosure. The data 

acquisition circuit includes a readout circuit, an acquisition trigger circuit, a data transmitting 

circuit, etc. 

[0075] A combination of the controller 50 and the data processing device 60 includes, 

for example, a computer installed with a control program and a data processing program, 

responsible for controlling an operation process of the CT imaging device, including 

mechanical rotation, electrical control, safety interlock control, etc., reconstructing CT images 

based on the projection data, training the image recognition model or the target recognition 

model, and recognizing the ray scanning images using the trained image recognition model or 

target recognition model, etc. 

[0076] Furthermore, embodiments of the present disclosure will be described in detail 

by taking the CT imaging system with a three-stage scanning structure as an example. It should 

be understood that, the following CT imaging system with a three-stage coplanar scanning 

structure is an exemplary CT imaging system for ease of description. It should be understood 

to those skilled in the art that, numbers and positions of the X-ray sources and the detectors 

may be adjusted according to specific desires to adapt to objects to be imaged of different sizes 

and shapes. 

[0077] FIG. 2 is a schematic structural diagram of a CT imaging system based on a 

three-stage coplanar scanning structure according to some exemplary embodiments of the 

present disclosure. FIG. 3A is a schematic three-dimensional diagram of the CT imaging 

system based on FIG. 2 according to some exemplary embodiments of the present disclosure, 

which illustrates an arrangement of a plurality of distributed X-ray sources and a plurality of 
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detectors. FIG. 3B is a schematic diagram of an imaging light path of the CT imaging system 

based on FIG. 2 according to some exemplary embodiments of the present disclosure. FIG. 4A 

is a schematic plan view illustrating an arrangement of distributed X-ray sources and detectors 

included in a CT imaging system according to some exemplary embodiments of the present 

disclosure, where two distributed X-ray sources and two detectors are shown; FIG. 4B is a 

schematic plan view illustrating an arrangement of distributed X-ray sources and detectors 

included in a CT imaging system according to some exemplary embodiments of the present 

disclosure, where five distributed X-ray sources and five detectors are shown; FIG. 4C is a 

schematic plan view illustrating an arrangement of distributed X-ray sources and detectors 

included in a CT imaging system according to some exemplary embodiments of the present 

disclosure, where a plurality of distributed X-ray sources and a plurality of detectors are shown. 

[0078] Referring to FIG. 1, FIG. 2, FIG. 3A, FIG. 3B, FIG. 4A, FIG. 4B and FIG. 4C, 

in some exemplary embodiments, the X-ray source 10 of the CT imaging system 100 may 

include a plurality of distributed X-ray sources, such as M distributed X-ray sources, where M 

is a positive integer greater than or equal to 2. In the exemplary embodiments shown in FIG. 2, 

FIG. 3A and FIG. 3B, M=3, that is, three distributed X-ray sources are provided. In the 

exemplary embodiment shown in FIG. 4A, M=2, that is, two distributed X-ray sources are 

provided. In the exemplary embodiment shown in FIG. 4B, M=5, that is, five distributed X-ray 

sources are provided. In the exemplary embodiment shown in FIG. 4C, M is multiple, that is, 

a plurality of distributed X-ray sources are provided. In the present disclosure, for ease of 

description, M distributed X-ray sources are numbered as a first distributed X-ray source 101, 

a second distributed X-ray source 102, a third distributed X-ray source 103, ..., a M-th 

distributed X-ray source 10M. 

[0079] In embodiments of the present disclosure, the distributed X-ray source includes 

a plurality of target spots (also known as focal points). For example, a plurality of X-ray target 

spots may be densely arranged within a vacuum chamber of a ray tube. Compared with an 

existing single X-ray source, the distributed X-ray source has a plurality of separate ray 

emission points, which may operate separately and be controlled separately. For example, the 

distributed X-X-ray source may integrate hundreds of ray target spots within a single tube, each 

of the ray target spots may be separately controlled and quickly switched as needed. For 
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example, an emission of each target spot may be precisely controlled, including parameters 

such as ray intensity and emission time, so that in CT scanning, a ray output may be flexibly 

adjusted according to different scanning sites, object densities, and other factors, thereby 

obtaining higher quality images. For example, the intensity distribution of X-ray beams may 

be modulated by controlling ray intensities of different target spots to meet imaging needs of 

different objects. For another example, by using a distributed X-ray source with a plurality of 

target spots, fast scanning imaging capabilities may be achieved. As a plurality of ray target 

spots are provided, the distributed X-ray source may simultaneously or rapidly scan target 

objects from a plurality of different positions, greatly improving a scanning speed. Compared 

to an existing CT scanning method, complete image information of objects may be obtained in 

a shorter duration, which is of great significance for scenes such as medical emergencies, 

security checks, etc., that require fast imaging. For yet another example, high-quality imaging 

effects, collaborative operate of target spots, and precise control capabilities may be achieved, 

enabling the distributed X-ray source to provide images with higher resolution and lower noise. 

When imaging complex objects or micro structures, internal structures and details of the objects 

may be presented more clearly, providing more accurate information for doctors' diagnosis or 

other application scenarios. 

[0080] Referring to FIG. 1, FIG. 2, FIG. 3A, FIG. 3B, FIG. 4A, FIG. 4B and FIG. 4C, 

in some exemplary embodiments, the detection and acquisition device 30 of the CT imaging 

system 100 may include a plurality of detectors, such as N detectors, where N is a positive 

integer greater than or equal to 2. For example, N is a positive integer greater than or equal to 

M. In the exemplary embodiments shown in FIG. 2, FIG. 3A and FIG. 3B, N=3, that is, three 

detectors are provided. In the exemplary embodiment shown in FIG. 4A, N=2, that is, two 

detectors are provided. In the exemplary embodiment shown in FIG. 4B, N=5, that is, 5 

detectors are provided. In the exemplary embodiment shown in FIG. 4C, N is multiple, that is, 

a plurality of detectors are provided. In the present disclosure, for ease of description, N 

detectors are numbered as a first detector 301, a second detector 302, a third detector 303, ..., 

a N-th detector 30N. 

[0081] Referring to FIG. 2, FIG. 3A, FIG. 3B, FIG. 4A, FIG. 4B and FIG. 4C, in some 

exemplary embodiments, at least one distributed X-ray source among the M distributed X-ray 
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sources includes q target spots 1011, where q is a positive integer greater than or equal to 2. 

For example, the M distributed X-ray sources each include two or more target spots. In the 

embodiment shown in FIG. 2, q=11, that is, the distributed X-ray source includes 11 target 

spots. In the present disclosure, for ease of description, the q target spots 1011 are numbered 

as a first target spot 111, a second target spot 112, a third target spot 113, ..., a q-th target spot 

11q. For example, the q target spots are activated in a predetermined order to emit ray. 

[0082] It should be understood that, the 2, 3, or 5 distributed X-ray sources and the 2, 

3, or 5 detectors described herein are exemplary embodiments and should not be construed as 

limitations on the numbers of the distributed X-ray sources and the detectors in embodiments 

of the present disclosure. In other embodiments, fewer distributed X-ray sources and detectors 

with the number of 4, or more distributed X-ray sources and detectors with the number of 6, 8, 

10, or more may be included in the CT imaging system. When two or more distributed X-ray 

sources and two or more detectors are provided, it is possible to simultaneously or sequentially 

emit and receive rays from different angles and positions, thereby improving imaging speed 

and resolution. Alternatively, three, four, or five distributed X-ray sources and three, four, or 

five detectors are provided, and a combination of three or more distributed X-ray sources and 

detectors may provide more comprehensive and detailed scanning for the imaging of complex 

objects. For another example, six distributed X-ray sources and six detectors are provided, and 

a ray coverage over a larger range may be achieved, which has significant advantages for 

imaging large objects or specific application scenarios that require high resolution. In some 

cases, more than eight distributed X-ray sources and eight detectors may be provided. The 

configuration of more than eight distributed X-ray sources and more than eight detectors may 

achieve more complex scanning modes and multi-angle imaging, providing richer image 

information for security check scenarios, doctor diagnosis, and researcher analysis. It should 

be understood that, with an increase in the number of distributed X-ray sources, the CT imaging 

system may achieve more precise imaging, making it easier to observe micro structures and 

perform high-precision detection tasks. In embodiments of the present disclosure, the number 

of distributed X-ray sources and the number of detectors may be flexibly adjusted according to 

specific application requirements to meet CT imaging requirements in different fields and 

scenarios. 
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[0083] It should also be understood that, the distributed X-ray source shown in FIG. 2 

includes 11 target spots, and the numbers of target spots shown in other drawings are exemplary 

embodiments and should not be understood as limitations on the number of target spots in 

embodiments of the present disclosure. In other embodiments, the distributed X-ray source of 

the CT imaging system may include fewer target spots with the number of less than 10, or more 

target spots with the number of 20, 50, 100, hundreds or more. In embodiments of the present 

disclosure, the number of target spots of the distributed X-ray source may be flexibly adjusted 

according to specific application requirements to meet the CT imaging requirements in 

different fields and scenarios. 

[0084] It should be noted that unless otherwise specified, the expressions "first", 

"second", "third", etc., described herein are intended to refer to different components such as 

distributed X-ray sources, target spots, and detectors more conveniently and quickly in 

description processes, and should not be understood as any form of limitation on structures of 

distributed X-ray sources, target spots, and detectors. In embodiments of the present disclosure, 

the structures of the first distributed X-ray source 101, the second distributed X-ray source 102, 

the third distributed X-ray source 103, ..., and the M-th distributed X-ray source 10M may be 

the same, or at least two of the distributed X-ray sources may have the same structure while at 

least two other of the distributed X-ray sources may have different structures. For example, the 

first distributed X-ray source 101, the second distributed X-ray source 102, the third distributed 

X-ray source 103, ..., the M-th distributed X-ray source 10M may include the same number of 

target spots; or at least one of distributed X-ray sources may include the number of target spots 

different from at least one other of distributed X-ray sources; or any two distributed X-ray 

sources may include different numbers of target spots. In embodiments of the present disclosure, 

the structures of the first detector 301, the second detector 302, the third detector 303, ..., the 

N-th detector 30N may be the same, or at least two of the detectors may have the same structure 

while at least two other of the detectors may have different structures. 

[0085] It should also be noted that, the structure of the distributed X-ray source has 

high flexibility and diversity, and a design and a construction of the distributed X-ray source 

depend on various factors, including but not limited to specific application scenarios, imaging 

requirements, technical requirements, engineering feasibility, etc. Each distributed X-ray 
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source may be separatetly optimized and adjusted according to actual conditions to achieve 

optimal performance. Whether in the fields of medical diagnosis, safety inspection, industrial 

testing, or scientific research, the structure of the distributed X-ray source may be customized 

according to different goals and tasks without being constrained by the simple numbering used 

here. Such numbering is for the convenience of distinguishing and discussing various 

distributed X-ray sources in text descriptions, and should not be misunderstood as providing 

any fixed patterns or limitations on the complex and exquisite structure. 

[0086] Referring to FIG. 1, FIG. 2, FIG. 3A, FIG. 3B, FIG. 4A, FIG. 4B and FIG. 4C, 

herein, for the convenience of description, the first direction z, a second direction x, a third 

direction y, a circumferential direction c, and a radial direction r of the imaging channel are 

respectively described. For example, the first direction z corresponds to an extension direction 

of the imaging channel 80, or corresponds to a movement direction of the object 70 to be 

imaged when the object 70 to be imaged is moving. The second direction x intersects with the 

third direction y, and the first direction z is perpendicular to both the second direction x and the 

third direction y. For example, the second direction x corresponds to a width direction of the 

CT imaging system, and the third direction y corresponds to a height direction of the CT 

imaging system. The circumferential direction c of the imaging channel intersects with the 

radial direction r of the imaging channel, and the first direction z is perpendicular to both the 

circumferential direction c and radial direction r of the imaging channel. For example, the radial 

direction r of the imaging channel 80 corresponds to a direction in which a center of imaging 

channel 80 points towards an outer periphery of the imaging channel 80, and the 

circumferential direction c of the imaging channel 80 corresponds to a direction surrounding 

the imaging channel 80. 

[0087] Referring to FIG. 2, FIG. 3A, FIG. 3B, FIG. 4A, FIG. 4B and FIG. 4C, the M 

distributed X-ray sources 101 to 10M are arranged along the circumferential direction c of 

imaging channel 80. For example, the M distributed X-ray sources 101 to 10M are arranged at 

intervals along the circumferential direction c of imaging channel 80. 

[0088] Continuing to refer to FIG. 2, FIG. 3A, FIG. 3B, FIG. 4A, FIG. 4B and FIG. 4C, 

the N detectors 301 to 30N are arranged along the circumferential direction c of the imaging 

channel 80. For example, the N detectors 301 to 30N are arranged at intervals along the 
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circumferential direction c of the imaging channel 80. 

[0089] In some exemplary embodiments, the M distributed X-ray sources 101 to 10M 

and the N detectors 301 to 30N are alternately arranged along the circumferential direction c 

of the imaging channel 80. For example, the M distributed X-ray sources 101 to10M are 

arranged at equal intervals along the circumferential direction c of the imaging channel 80, 

with one detector provided between two adjacent distributed X-ray sources. The N detectors 

301 to 30N are arranged at equal intervals along the circumferential direction c of the imaging 

channel 80, with one distributed X-ray source provided between two adjacent detectors. 

[0090] It should be understood that, FIG. 2, FIG. 3B, FIG. 4A, FIG. 4B and FIG. 4C 

respectively represent schematic plane diagrams perpendicular to the first direction z, that is, 

paper surfaces on which FIG. 2, FIG. 3B, FIG. 4A, FIG. 4B and FIG. 4C are located are 

perpendicular to the first direction z. As shown in FIG. 2, FIG. 3B, FIG. 4A, FIG. 4B and FIG. 

4C, in the plane perpendicular to the first direction z, the M distributed X-ray sources 101 to 

10M and the N detectors 301 to 30N surround to form a closed or approximately closed polygon. 

For example, in FIG. 2 and FIG. 3B, three distributed X-ray sources 101 to 103 and three 

detectors 301 to 303 surround to form a hexagon; in FIG. 4A, two distributed X-ray sources 

101 and 102 and two detectors 301 and 302 surround to form a quadrilateral; in FIG. 4B, five 

distributed X-ray sources 101 to 105 and five detectors 301 to 305 surround to form a decagon; 

and in FIG. 4C, M distributed X-ray sources 101 to 10M and the N detectors 301 to 30N 

surround to form an (M+N) side polygon. 

[0091] FIG. 5A is a schematic plane view illustrating an arrangement of distributed X-

ray sources and detectors included in a CT imaging system according to some exemplary 

embodiments of the present disclosure, where the distributed X-ray sources and detectors are 

respectively arranged in a circumferential direction, and a ring where the distributed X-ray 

sources are located is an outer ring; FIG. 5B is a schematic plane view illustrating an 

arrangement of distributed X-ray sources and detectors included in a CT imaging system 

according to some exemplary embodiments of the present disclosure, where the distributed X-

ray sources and detectors are respectively arranged in a circumferential direction, and a ring 

where the distributed X-ray sources are located is an inner ring. 

[0092] Referring to FIG. 5A and FIG. 5B, the M distributed X-ray sources 101 to 10M 
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are arranged along the circumferential direction c of the imaging channel 80. In an example, 

the M distributed X-ray sources 101 to 10M are arranged at intervals along the circumferential 

direction c of the imaging channel 80, and the M distributed X-ray sources 101 to 10M form a 

closed or approximate closed polygon. 

[0093] Continuing to refer to FIG. 5A and FIG. 5B, the N detectors 301 to 30N are 

arranged along the circumferential direction c of the imaging channel 80. In an example, the N 

detectors 301 to 30N are arranged at intervals along the circumferential direction c of the 

imaging channel 80, and the N detectors 301 to 30N form a closed or approximate closed 

polygon. 

[0094] In some exemplary embodiments, the M distributed X-ray sources 101 to 10M 

and the N detectors 301 to 30N are respectively arranged along the circumferential direction c 

of the imaging channel 80. For example, the M distributed X-ray sources 101 to 10M are 

arranged at equal intervals along the circumferential direction c of the imaging channel 80, 

approximately located on a first circumference C1. The N detectors 301 to 30N are arranged at 

equal intervals along the circumferential direction c of the imaging channel 80, approximately 

located on a second circumference C2. As shown in FIG. 5A, a radial size of the first 

circumference C1 may be greater than a radial size of the second circumference C2; and as 

shown in FIG. 5B, a radial size of the first circumference C1 may be smaller than a radial size 

of the second circumference C2. 

[0095] It should be understood that, the M distributed X-ray sources 101 to 10M and 

the N detectors 301 to 30N respectively form a closed or approximately closed polygon. For 

ease of description, dashed lines shown in FIG. 5A and FIG. 5B are used to represent tangent 

circles of the closed or approximately closed polygons formed by the M distributed X-ray 

sources 101 to 10M and the N detectors 301 to 30N, that is, the first circumference C1 and the 

second circumference C2, so as to describe the size relationship and the position relationship 

between the geometric shapes formed by the M distributed X-ray sources 101 to 10M and the 

N detectors 301 to 30N. 

[0096] It should be understood that, FIG. 5A and FIG. 5B are schematic plan views 

perpendicular to the first direction z, that is, a paper surface where FIG. 5A is located and a 

paper surface where FIG. 5B is located are perpendicular to the first direction z. 
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[0097] In some exemplary embodiments of the present disclosure, the CT imaging 

system 100 includes a plurality of imaging components. 

[0098] It should be noted that herein, the term "imaging component" may refer to a 

component capable of imaging based on detected ray, which may include a X-ray source for 

emitting ray and a detector for detecting the ray emitted by the X-ray source, and performing 

imaging based on the ray detected by the detector. 

[0099] For example, the imaging component may include at least one distributed X-ray 

source and at least one detector, which are arranged face-to-face in the radial direction r of the 

imaging channel 80 in the same imaging component. For example, in FIG. 2 and FIG. 3B, the 

first distributed X-ray source 101 and the first detector 301 are arranged face-to-face in the 

radial direction r of the imaging channel 80, forming an imaging component; the second 

distributed X-ray source 102 and the second detector 302 are arranged face-to-face in the radial 

direction r of the imaging channel 80, forming an imaging component; the third distributed X-

ray source 103 and the third detector 303 are arranged face-to-face in the radial direction r of 

the imaging channel 80, forming an imaging component. 

[0100] In some exemplary embodiments of the present disclosure, in the same imaging 

component, the target spots of the distributed X-ray source and at least a part of the detector 

are located in a same plane perpendicular to the first direction z. 

[0101] In some exemplary embodiments of the present disclosure, q target spots of at 

least one distributed X-ray source are arranged at intervals along a straight line. By way of 

example, referring to FIG. 3A and FIG. 3B, the q target spots of the first distributed X-ray 

source 101 are arranged at intervals along the first straight line L1. The extension direction of 

the first straight line L1 may be perpendicular to both the first direction z and the radial 

direction r. In the same imaging component including the first distributed X-ray source 101 and 

the first detector 301, the first straight line L1 and at least a part of the first detector 101 (a part 

facing the first distributed X-ray source 101) are located in a same first plane P1 perpendicular 

to the first direction z. 

[0102] In embodiments of the present disclosure, the CT imaging system adopts a 

source-detector coplanar structure. Specifically, the plurality of distributed X-ray sources and 

the plurality of detectors are located in the same plane perpendicular to the first direction z. By 
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adopting the distributed X-ray source and the source detector coplanar design, more complete 

data may be obtained at different angles, thereby reducing signal loss, obtaining finer image 

details, and allowing for faster scanning. 

[0103] It should be noted that herein, unless otherwise specified, expressions such as 

"source-detector coplanar", "coplanar", "located in the same plane" not only include that two 

components (such as the X-ray source and the detector) are located in a same geometric plane, 

but also include that two components (such as the X-ray source and the detector) are located in 

a same engineering plane. For example, the plane where the two components coexist may have 

a certain thickness, which may be determined by process dimensions of the components, for 

example, by a dimension of the target spot of the X-ray source along the first direction z. In a 

case where the detector includes a plurality of rows of detector units, the thickness may be 

determined by a dimension of a single row of detectors along the first direction z. 

[0104] In some exemplary embodiments of the present disclosure, the target spots of 

the M distributed X-ray sources included in the CT imaging system are located in a same plane 

perpendicular to the first direction z. For example, referring to FIG. 3A and FIG. 3B, the q 

target spots of the first distributed X-ray source 101, the q target spots of the second distributed 

X-ray source 102, and the q target spots of the third distributed X-ray source 103 are located 

in the same first plane P1 perpendicular to the first direction z. 

[0105] In embodiments of the present disclosure, an overall source-detector 

arrangement of the CT imaging system adopts a source-detector coplanar structure. By 

adopting the distributed X-ray source and the overall source-detector coplanar design, a 

compact structure and a size reduction of the CT imaging system are achieved, while allowing 

for more complete data to be obtained at different angles, thereby reducing signal loss, 

obtaining finer image details, and allowing for faster scanning. 

[0106] For example, referring to FIG. 2, the CT imaging system 100 may further 

include a collimator 104. For example, the collimator 104 may be located in front of the 

distributed X-ray source to limit a direction and a range of ray beams emitted by the distributed 

X-ray source, ensuring that the ray beams can be accurately projected onto the object to be 

imaged, thereby reducing an interference of scattered rays and improving a clarity of imaging. 

[0107] In embodiments of the present disclosure, the controller 50 may adjust the 
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scanning mode of each target spot in the distributed X-ray source through several key 

parameters to achieve optimal image quality and imaging efficiency. For example, the 

controller 50 may control at least one of the following aspects of each target spot according to 

actual imaging requirements: an activation moment of each target spot, an emission range of 

each target spot, a beam emitting order of of each target spot, an emission intensity of each 

target spot, or a beam emitting combination of the target spots. 

[0108] In embodiments of the present disclosure, the M distributed X-ray sources may 

be arranged at intervals along the circumferential direction of the imaging channel, distributed 

at different angles in the imaging area, for irradiating the object to be imaged from a plurality 

of directions to obtain perspective images at different angles; the N detectors may also be 

arranged at intervals along the circumferential direction of the imaging channel, and are 

arranged opposite to the M distributed X-ray sources, respectively, for receiving ray signals 

transmitted through the object to be imaged and converting the ray signals into electrical signals 

to obtain CT projection data. 

[0109] For example, as shown in FIG. 3A, three distributed X-ray sources are 

distributed at different angles in a polygonal pattern in the imaging area. Such design may 

irradiate the object to be imaged with rays from a plurality of directions, thereby obtaining 

perspective images at different angles; three detectors are opposite to the distributed X-ray 

sources, respectively, and are arranged around the imaging area to receive the ray signals 

transmitted through the object to be imaged. A positional relationship between the detectors 

and the X-ray sources ensures that the system may obtain high-quality CT projection data. 

[0110] As shown in FIG. 3B, dashed lines marked in the figure represent farthest paths 

of the imaging light paths of the X-rays emitted from the distributed X-ray sources to reach the 

detectors on the opposite side after passing through the object to be imaged. For example, for 

the first distributed X-ray source 101 located on an upper side, a light path LP1 represents a 

light path of rays emitted from the first target spot located on a leftmost side and incident onto 

a rightmost unit of the first detector 301; a light path LP2 represents a light path of rays emitted 

from the q-th target spot located on a rightmost side and incident onto a leftmost unit of the 

first detector 301, and the two light paths LP1 and LP2 intersect at a point Q1 in the plane P1 

where the sources and the detectors are located. An area enclosed by the two light paths LP1 



23 

 

and LP2 and a detection surface of the first detector 301 is a first imaging area of the imaging 

component including the first distributed X-ray source 101 and the first detector 301. For the 

second distributed X-ray source 102 located on a left side, a light path LP3 represents a light 

path of rays emitted from the first target spot located on a topmost side and incident onto a 

lowermost unit of the second detector 302, and a light path LP4 represents a light path of rays 

emitted from the q-th target spot located on a lowermost side and incident onto a topmost unit 

of the second detector 302. The two light paths LP3 and LP4 intersect at a point Q2 in the plane 

P1 where the sources and the detectors are located. An area enclosed by the two light paths LP3 

and LP4 and a detection surface of the second detector 302 is a second imaging area of the 

imaging component including the second distributed X-ray source 102 and the second detector 

302. For the third distributed X-ray source 103 located on a right side, a light path LP5 

represents a light path of rays emitted from the first target spot located on a topmost side and 

incident onto a lowermost unit of the third detector 303, and a light path LP6 represents a light 

path of rays emitted from the q-th target spot located on a lowermost side and incident onto a 

topmost unit of the third detector 303. The two light paths LP5 and LP6 intersect at a point Q3 

in the plane P1 where the sources and detectors are located. An area enclosed by the two light 

paths LP5 and LP6 and a detection surface of the third detector 303 is a third imaging area of 

the imaging component including the third distributed X-ray source 103 and the third detector 

303. An overlapping area of the first imaging area, the second imaging area, and the third 

imaging area forms a polygonal area, for example, in the example of FIG. 3B, an approximate 

triangular area is formed, and a maximum inscribed circle of the polygonal area forms a valid 

imaging area S. 

[0111] Although the closed-loop structure in which the target spots of the distributed 

X-ray sources and the detectors are coplanar and distributed around the object to be imaged 

may bring convenience in design and operation, a limited coverage range of ray angles due to 

the sources and the detectors arranging at intervals and a limited length ratio of sources and 

detectors may lead to a problem of limited angle scanning. Thus, in the process of image 

reconstruction, relevant issues of limited angle reconstruction need to be considered, and an 

area of the object to be imaged is limited. In addition, due to the limited valid imaging area 

covered by the scanning paths, when a certain part of the object to be imaged exceed the valid 
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imaging area S, the projection data of said part may not be obtained, resulting in missing or 

distorted information, that is, data truncation, in some areas of the reconstructed image. In 

practical applications, especially when detecting complex or high-density objects, the problem 

of data truncation may affect the comprehensiveness and accuracy of detection and imaging. 

[0112] For another scanning imaging scheme for distributed light sources, the related 

art has proposed a scanning system in which the target spot of the X-ray source and the detector 

are distributed in different planes, that is, the target spot and the detector are distributed in two 

or more planes. In this scanning method, the object is scanned by the ray obliquely, resulting 

in the problem of data truncation. 

[0113] On this basis, embodiments of the present disclosure further provide a CT 

imaging system, in which two types of detectors are provided, one type of detectors are as 

described above, which are provided face-to-face with the various distributed X-ray sources; 

and the other type of detectors are provide on a same side as the distributed X-ray sources. 

Herein, for the convenience of description, these two types of detectors are respectively 

referred to as a first sub-detector and a second sub-detector. 

[0114] In some embodiments of the present disclosure, by providing a plurality of 

target spots of the distributed X-ray source and the first sub-detector in the same plane 

perpendicular to the imaging channel, and providing the second sub-detector on the same side 

as the X-ray source, the valid imaging area is expanded, the imaging quality of object edges 

and corners is improved, thereby achieving more complete and effective ray projection and 

reception, and improving the imaging efficiency. 

[0115] For example, some embodiments of the present disclosure provide a CT 

imaging system, including: an imaging channel, where at least a part of the imaging channel 

extends along the first direction, and the imaging channel is used to place the object to be 

imaged in the imaging process; M distributed X-ray sources arranged at intervals along the 

circumferential direction of the imaging channel, where at least one distributed X-ray source 

includes q target spots configured to be activated in a predetermined order to emit rays, and 

where M and q are both positive integers greater than or equal to 2; and N detectors arranged 

at intervals along the circumferential direction of the imaging channel, where the N detectors 

are used to detect rays emitted from the M distributed X-ray sources and penetrating the object 
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to be imaged, and where N is a positive integer greater than M. The detectors include a first 

sub-detector and a second sub-detector. The CT imaging system includes a plurality of imaging 

components, and the imaging component includes at least one distributed X-ray source and at 

least one first sub-detector. In the same imaging component, the distributed X-ray source and 

the first sub-detector are arranged face-to-face in the radial direction of the imaging channel. 

In the same imaging component, the plurality of target spots of the distributed X-ray source 

and at least a part of the first sub-detector are located in the same plane perpendicular to the 

first direction, and the radial direction is perpendicular to the first direction. At least one second 

sub-detector is provided on at least one side of at least one distributed X-ray source in the first 

direction. 

[0116] In this embodiment, by providing the second sub-detector on the same side of 

the X-ray source, X-rays may be simultaneously received by sub-detectors including the first 

and second sub-detectors after penetrating the object to be imaged, thereby enhancing coverage 

of different angles, reducing data truncation or loss, and improving detection accuracy. 

[0117] FIG. 6 shows a schematic three-dimensional diagram of a CT imaging system 

according to some exemplary embodiments of the present disclosure, where detectors include 

two types of detectors. FIG. 7 is a schematic diagram of an imaging light path of the CT 

imaging system based on FIG. 6 according to some exemplary embodiments of the present 

disclosure. FIG. 9A is a schematic plan view illustrating an arrangement of distributed X-ray 

sources and detectors included in a CT imaging system according to some other exemplary 

embodiments of the present disclosure, where two distributed X-ray sources and two detectors 

are shown; FIG. 9B is a schematic plan view illustrating an arrangement of distributed X-ray 

sources and detectors included in a CT imaging system according to some other exemplary 

embodiments of the present disclosure, where five distributed X-ray sources and five detectors 

are shown; FIG. 9C is a schematic plan view illustrating an arrangement of distributed X-ray 

sources and detectors included in a CT imaging system according to some other exemplary 

embodiments of the present disclosure, where a plurality of distributed X-ray sources and a 

plurality of detectors are shown; FIG. 9D is a schematic plan view illustrating an arrangement 

of distributed X-ray sources and detectors included in a CT imaging system according to some 

other exemplary embodiments of the present disclosure, where the distributed X-ray sources 
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and the detectors are respectively arranged in circumferential directions, and a ring where the 

distributed X-ray sources are located is an outer ring. 

[0118] It should be noted that, without conflict, the contents and features described in 

the previous text may be combined with the various embodiments described in the following, 

which will not be repeated in the various embodiments described in the following in order to 

save space. For example, in embodiments described below, a CT imaging system with a three-

stage scanning structure is taken as an example to provide a detailed description of 

embodiments of the present disclosure. It should be understood that, the following three-stage 

scanning structure CT imaging system is an exemplary CT imaging system structure for ease 

of description. Those skilled in the art should understand that the numbers and positions of the 

X-ray sources and the detectors may be adjusted according to specific needs to adapt to the 

objects to be imaged of different sizes and shapes. For example, the cases of 3 distributed X-

ray sources, 2 distributed X-ray sources, 5 distributed X-ray sources, and M distributed X-ray 

sources described above may be combined with the various embodiments described below. 

[0119] Referring to FIG. 6, FIG. 7, FIG. 9A, FIG. 9B, FIG. 9C and FIG. 9D, in some 

exemplary embodiments, the X-ray source of the CT imaging system 200 may include a 

plurality of distributed X-ray sources such as M distributed X-ray sources, where M is a 

positive integer greater than or equal to 2. Herein, for the convenience of description, the M 

distributed X-ray sources are numbered as a first distributed X-ray source 210, a second 

distributed X-ray source 220, a third distributed X-ray source 230, ... and a M-th distributed X-

ray source 2M0. 

[0120] In some exemplary embodiments, the detection and acquisition device 30 of the 

CT imaging system 200 may include a plurality of detectors, such as N detectors 202, where N 

is a positive integer greater than or equal to 2. For example, N is a positive integer greater than 

or equal to M. In this embodiment, two types of detectors may be provided, that is to say, the 

detectors 202 may include a first sub-detector 2021 and a second sub-detector 2022. For 

example, the CT imaging system 200 may include N1 first sub-detectors 2021 and N2 second 

sub-detectors 2022. N is a sum of N1 and N2, where N1 is a positive integer greater than or 

equal to 2 and N2 is a positive integer greater than or equal to 2. 

[0121] For example, N1 may be equal to M, that is, the number of the first sub-detectors 
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is equal to the number of the distributed X-ray sources. 

[0122] In the present disclosure, for the convenience of description, the N1 first sub-

detectors are numbered as a 1st first sub-detector 20211, a 2nd first sub-detector 20212, a 3rd 

first sub-detector 20213, ... and N1-th first sub-detector 2021N1; the N2 second sub-detectors 

are numbered as a 1st second sub-detector 20221, a 2nd second sub-detector 20222, a 3rd 

second sub-detector 20223, ... and N2-th second sub-detector 2022N2. 

[0123] In this embodiment, the CT imaging system 200 may include: an imaging 

channel 80, where at least a part of the imaging channel 80 extends along the first direction z, 

and the imaging channel 80 is used to place the object 70 to be imaged in the imaging process; 

M distributed X-ray sources arranged at intervals along the circumferential direction c of the 

imaging channel 80, where at least one distributed X-ray source includes q target spots 2011 

configured to be activated in a predetermined order to emit rays, and where M and q are both 

positive integers greater than or equal to 2; and N detectors 202 arranged at intervals along the 

circumferential direction c of the imaging channel 80, where the N detectors 202 are used to 

detect the rays emitted from the M distributed X-ray sources and penetrating the object 70 to 

be imaged, and where N is a positive integer greater than M. The detector 202 includes a first 

sub-detector 2021 and a second sub-detector 2022. The CT imaging system 200 includes a 

plurality of imaging components, the imaging component includes at least one distributed X-

ray source and at least one first sub-detector 2021. In the same imaging component, the 

distributed X-ray source and the first sub-detector 2021 are arranged face-to-face in the radial 

direction r of the imaging channel 80. In the same imaging component, a plurality of target 

spots 2011 of the distributed X-ray source and at least a part of the first sub-detector 2021 are 

located in the same plane perpendicular to the first direction z, where the radial direction r is 

perpendicular to the first direction z. At least one second sub-detector 2022 is provided on at 

least one side of the at least one distributed X-ray source in the first direction z. 

[0124] In this embodiment, the distributed X-ray source and the first sub-detector 2021 

are not only arranged at intervals in the circumferential direction c, but also at least a part of 

the first sub-detector and at least one of a plurality of target spots are in a plane perpendicular 

to the imaging channel 80. Moreover, by providing the second sub-detector 2022 to collaborate 

with the first sub-detector 2021, it is possible to receive rays from the distributed X-ray source 
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from different angles or positions, thereby expanding a detection range. Such three-

dimensional spatial arrangement breaks through the existing design of circumferential 

arrangement, enabling the CT imaging system 200 to detect from a plurality of angles 

simultaneously, improving the accuracy and breadth of detection, and effectively solving the 

problems of limited angle scanning and data truncation. 

[0125] Referring to FIG. 6, FIG. 7, FIG. 9A, FIG. 9B, FIG. 9C and FIG. 9D, the M 

distributed X-ray sources 210 to 2M0 are arranged along the circumferential direction c of the 

imaging channel 80. For example, the M distributed X-ray sources 210 to 2M0 are arranged at 

intervals along the circumferential direction c of the imaging channel 80. 

[0126] Continuing to refer to FIG. 6, FIG. 7, FIG. 9A, FIG. 9B, FIG. 9C and FIG. 9D, 

the N1 first sub-detectors are arranged along the circumferential direction c of the imaging 

channel 80. For example, the N1 first sub-detectors are arranged at intervals along the 

circumferential direction c of the imaging channel 80. 

[0127] In some exemplary embodiments, the M distributed X-ray sources 210 to 2M0 

and the N1 first sub-detectors are alternately arranged along the circumferential direction c of 

the imaging channel 80. For example, the M distributed X-ray sources 210 to 2M0 are arranged 

at equal intervals along the circumferential direction c of the imaging channel 80, with one first 

sub-detector provided between two adjacent distributed X-ray sources. The N1 first sub-

detectors are arranged at equal intervals along the circumferential direction c of the imaging 

channel 80, with one distributed X-ray source between two adjacent first sub-detectors. 

[0128] In some exemplary embodiments, the M distributed X-ray sources and M first 

sub-detectors respectively enclose to form closed or approximately closed polygons. For 

example, the M distributed X-ray sources 210 to 2M0 are arranged at equal intervals along the 

circumferential direction c of the imaging channel 80, approximately located on a first 

circumference C1. The M first sub-detectors 20211 to 2021N1 are arranged at equal intervals 

along the circumferential direction c of the imaging channel 80, approximately located on a 

second circumference C2. 

[0129] It should be understood that, FIG. 7, FIG. 9A, FIG. 9B, FIG. 9C and FIG. 9D 

show schematic plane views perpendicular to the first direction z, that is, paper surfaces on 

which FIG. 7, FIG. 9A, FIG. 9B, FIG. 9C and FIG. 9D are located are perpendicular to the first 
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direction z. As shown in FIG. 7, FIG. 9A, FIG. 9B, FIG. 9C and FIG. 9D, in the plane 

perpendicular to the first direction z, the M distributed X-ray sources 210 to 2M0 and the N1 

first sub-detectors enclose to form a closed or approximately closed polygon. For example, in 

FIG. 7, three distributed X-ray sources 210 to 230 and three first sub-detectors 20211 to 20213 

enclose to form a hexagon; in FIG. 9A, two distributed X-ray sources 210 and 220 and two 

first sub-detectors 20211 and 20212 enclose to form a quadrilateral; in FIG. 9B, five distributed 

X-ray sources 210 to 250 and five first sub-detectors 20211 to 20215 enclose to form a decagon; 

in FIG. 9C, M distributed X-ray sources 210 to 2M0 and N1 first sub-detectors 20211 to 

2021N1 enclose to form a (M+N1) side polygon; and in FIG. 9D, three distributed X-ray 

sources 210 to 230 and three first sub-detectors 20211 to 20213 respectively enclose to form 

triangles. 

[0130] The arrangement of the X-ray source and detector determines a spatial 

resolution and a field of view of CT imaging. A geometric layout of this closed or 

approximately closed polygon optimizes the viewing angle of the imaging system, allowing 

each detector to receive signals from different angles, effectively increasing the number of 

projection data to cover the imaging area to the maximum extent. 

[0131] Referring to FIG. 6, the distributed X-ray source may include a first side 211 

and a second side 212 arranged opposite to each other in the first direction z, for example, the 

first side 211 is located downstream of the second side 212. 

[0132] In embodiments of the present disclosure, for at least one distributed X-ray 

source, one or more second sub-detectors may be provided on at least one of the first side 211 

and the second side 212 of the distributed X-ray source in the first direction z. 

[0133] FIG. 9E shows a schematic diagram of an arrangement of the distributed X-ray 

source and the second sub-detector according to some embodiments of the present disclosure. 

FIG. 9F shows a schematic diagram of an arrangement of the distributed X-ray source and the 

second sub-detector according to some other embodiments of the present disclosure. 

[0134] Referring to FIG. 6, in the first direction z, second sub-detectors 2022 are 

respectively provided on the first side 211 and the second side 212 of the distributed X-ray 

source. 

[0135] Referring to FIG. 9E, in the first direction z, only the first side 211 of the 
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distributed X-ray source is provided with a second sub-detector 2022. 

[0136] Referring to FIG. 9F, in the first direction z, only the second side 212 of the 

distributed X-ray source is provided with a second sub-detector 2022. 

[0137] In embodiments of the present disclosure, in the first direction z, each of M’ 

distributed X-ray sources is provided with at least one second sub-detector 2022 on the first 

side 211; alternatively, in the first direction z, each of M’ distributed X-ray sources is provided 

with at least one second sub-detector 2022 on the second side 212; alternatively, in the first 

direction z, each of M’ distributed X-ray sources is provided with at least one second sub-

detector 2022 on the first side 211 and at least one second sub-detector 2022 on the second side 

212, where M’ is greater than or equal to 1 and less than or equal to M. 

[0138] In this embodiment, the second sub-detector 2022 is provided and a position of 

the second sub-detector is flexibly arranged to better cooperate with the first detector 2021. 

Rays emitted by the distributed X-ray sources may be received from different angles or 

positions, thereby expanding the detection range. Such three-dimensional spatial arrangement 

method breaks through the existing design of circumferential arrangement, enabling the 

imaging system to detect from multiple angles simultaneously, improving the accuracy and 

breadth of detection, and effectively solving the problems of limited angle scanning and data 

truncation. 

[0139] By way of example, N2=2M, that is, the number of second sub-detectors N2 

may be equal to twice the number of distributed X-ray sources, that is, one second sub-detector 

is provided on each of two sides of each distributed X-ray source. Through such arrangement, 

the detection range is expanded for each distributed X-ray source, better improving the 

accuracy and breadth of detection, thereby effectively solving the problems of limited angle 

scanning and data truncation. 

[0140] In some exemplary embodiments of the present disclosure, the CT imaging 

system 200 includes a plurality of imaging components. 

[0141] For example, in this embodiment, the imaging component may include at least 

one distributed X-ray source, at least one first sub-detector, and at least a part of at least one 

second sub-detector. In the same imaging component, the distributed X-ray source and the first 

sub-detector are arranged face-to-face in the radial direction r of the imaging channel 80, and 
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the distributed X-ray source and at least a part of the second sub-detector are arranged face-to-

face in the radial direction r of the imaging channel 80. For example, in FIG. 6 and FIG. 7, the 

first distributed X-ray source 210 and the 1st first sub-detector 20211 are arranged face-to-face 

in the radial direction r of the imaging channel 80, the first distributed X-ray source 210 and a 

part of the 3rd second sub-detector, and a part of the 4th second sub-detector are arranged face-

to-face in the radial direction r of the imaging channel 80, the first distributed X-ray source 210 

and a part of the 5th second sub-detector, and a part of the 6th second sub-detector are arranged 

face-to-face in the radial direction r of the imaging channel 80, and these face-to-face arranged 

elements form an imaging component; Similarly, the second distributed X-ray source 220 and 

parts of the detectors arranged face-to-face with the second distributed X-ray source form an 

imaging component, and the third distributed X-ray source 230 and parts of the detectors 

arranged face-to-face with the third distributed X-ray source form an imaging component. 

[0142] In some exemplary embodiments of the present disclosure, in the same imaging 

component, a plurality of target spots of the distributed X-ray source and at least a part of the 

first sub-detector are located in a same plane perpendicular to the first direction z. 

[0143] In some exemplary embodiments of the present disclosure, q target spots of at 

least one distributed X-ray source are arranged at intervals along a straight line. By way of 

example, referring to FIG. 6 and FIG. 7, the q target spots of the first distributed X-ray source 

210 are arranged at intervals along the first straight line L1. The extension direction of the first 

straight line L1 may be perpendicular to both the first direction z and the radial direction r. In 

the same imaging component including the first distributed X-ray source 210 and the 1st first 

sub-detector 20211, the first straight line L1 and at least a part of the 1st first sub-detector 

20211 (a part facing the first distributed X-ray source 210) are located in the same first plane 

P1 perpendicular to the first direction z. 

[0144] In embodiments of the present disclosure, the CT imaging system adopts the 

source-detector coplanar structure. Specifically, a plurality of distributed X-ray sources and a 

part of a plurality of first sub-detectors are located in the same plane perpendicular to the first 

direction z. By adopting the distributed X-ray source and the source-detector coplanar design, 

more complete data are obtained at different angles, thereby reducing signal loss, obtaining 

finer image details, and allowing for faster scanning. 
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[0145] In some exemplary embodiments of the present disclosure, the target spots of 

the M distributed X-ray sources included in the CT imaging system are located in the same 

plane perpendicular to the first direction z. For example, referring to FIG. 6 and FIG. 7, the q 

target spots of the first distributed X-ray source 210, the q target spots of the second distributed 

X-ray source 220, and the q target spots of the third distributed X-ray source 230 are located 

in the same first plane P1 perpendicular to the first direction z. 

[0146] In embodiments of the present disclosure, the overall source-detector 

arrangement of the CT imaging system adopts the source-detector coplanar structure. By 

adopting the distributed X-ray source and the overall source-detector coplanar design, a 

compact structure and a size reduction of the CT imaging system are achieved, while allowing 

for more complete data to be obtained at different angles, thereby reducing signal loss, 

obtaining finer image details, and allowing for faster scanning. 

[0147] In embodiments of the present disclosure, the controller 50 may adjust the 

scanning mode of each target spot in the distributed X-ray source through several key 

parameters to achieve optimal image quality and imaging efficiency. For example, the 

controller 50 may control at least one of the following aspects of each target spot according to 

actual imaging requirements: an activation moment of each target spot, an emission range of 

each target spot, a beam emitting order of each target spot, an emission intensity of each target 

spot, or a beam emitting combination of the target spots. 

[0148] In embodiments of the present disclosure, the M distributed X-ray sources may 

be arranged at intervals along the circumferential direction of the imaging channel, distributed 

at different angles in the imaging area, for irradiating the object to be imaged from a plurality 

of directions to obtain perspective images at different angles; the N1 first sub-detectors may 

also be arranged at intervals along the circumferential direction of the imaging channel, 

respectively facing the M distributed X-ray sources. 

[0149] For example, as shown in FIG. 6, three distributed X-ray sources are distributed 

at different angles in a polygonal pattern in the imaging area. Such design may irradiate the 

object to be imaged with rays from a plurality of directions, thereby obtaining perspective 

images at different angles; opposite to the distributed X-ray sources, three detectors are 

arranged around the imaging area to receive the ray signals transmitted through the object to 
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be imaged. The positional relationship between the detectors and the X-ray sources ensures 

that the system may obtain high-quality CT projection data. 

[0150] As shown in FIG. 7, dashed lines marked in the figure represent farthest paths 

of the imaging light paths of the X-rays emitted from the distributed X-ray sources to reach the 

detectors on the opposite side after passing through the object to be imaged. For example, for 

the first distributed X-ray source 210 located on an upper side, a light path LP10 represents a 

light path of rays emitted from a leftmost first target spot and incident onto a detection unit of 

a second sub-detector on the opposite side. It should be noted that, due to a presence of a second 

sub-detector opposite to the first distributed X-ray source 210, the light path LP10 may irradiate 

the object to be imaged at a larger angle. 

[0151] For example, a light path LP20 represents a light path of rays emitted from the 

q-th target spot located on a rightmost side and incident onto a detection unit of another second 

sub-detector on the opposite side. It should still be noted that, due to a presence of another 

second sub-detector opposite to the first distributed X-ray source 210, the light path LP20 may 

irradiate the object to be imaged at a larger angle. 

[0152] The two light paths LP10 and LP20 intersect at a point Q10 in the plane P1 

where the sources and the detectors are located. An area enclosed by the two light paths LP10 

and LP20 and a detection surface of the detector is a first imaging area. 

[0153] For the second distributed X-ray source 220 located on one side, a light path 

LP30 represents a light path of rays emitted from the first target spot located on a topmost side 

and incident onto a detection unit of the second sub-detector on the opposite side. A light path 

LP40 represents a path of rays emitted from the q-th target spot located at a lowermost side and 

incident onto a detection unit of another second sub-detector on the opposite side. The two light 

paths LP30 and LP40 intersect at a point Q20 in the plane P1 where the sources and detectors 

are located. An area enclosed by the two light paths LP30 and LP40 and a detection surface of 

the detector is a second imaging area. 

[0154] For the third distributed X-ray source 230 located on the other side, a light path 

LP50 represents a light path of rays emitted from the first target spot located on a topmost side 

and incident onto a detection unit of a second sub-detector on the opposite side. A light path 

LP60 represents a light path of rays emitted from the q-th target spot located at a lowermost 
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side and incident onto a detection unit of another second sub-detector on the opposite side. The 

two light paths LP50 and LP60 intersect at a point Q30 in the plane P1 where the sources and 

detectors are located. An area enclosed by the two light paths LP50 and LP60 and a detection 

surface of the detector is a third imaging area. 

[0155] An overlapping area of the first imaging area, the second imaging area, and the 

third imaging area forms a polygonal area. For example, in the example of FIG. 7, a triangular 

area is formed, and a maximum inscribed circle of the polygonal area forms a valid imaging 

area S10. 

[0156] FIG. 8 is a schematic diagram of an imaging light path of a CT imaging system 

according to some other exemplary embodiments of the present disclosure. It should be noted 

that, the schematic imaging light path diagram shown in FIG. 8 may be considered as a 

comparative example of the schematic imaging light path diagram shown in FIG. 7. That is, 

the only difference between the CT imaging system targeted by FIG. 8 and the CT imaging 

system targeted by FIG. 7 (i.e., the CT imaging system shown in FIG. 6) is that: the second 

sub-detectors described above are not provided in the CT imaging system targeted by FIG. 8. 

[0157] As shown in FIG. 8, dashed lines marked in the figure represent farthest paths 

of the imaging light paths of the X-rays emitted from the distributed X-ray sources to reach the 

detectors on the opposite side after passing through the object to be imaged. It should be noted 

that, the light paths of the distributed X-ray sources have been simplified in FIG. 8 for 

conciseness. Due to overlapping of light paths of rays emitted by the distributed X-ray sources, 

each light path shown by the dashed line in FIG. 8 may represent some overlapped ray light 

paths. Therefore, FIG. 8 may be regarded as a simplified version of the light paths in FIG. 3B. 

[0158] For example, as shown in FIG. 8, for the first distributed X-ray source 101 

located on an upper side, a light path LP01 represents a light path of rays emitted from the first 

target spot located on a leftmost side and incident onto a rightmost unit of the first detector 301; 

a light path LP02 represents a light path of rays emitted from the q-th target spot located on a 

rightmost side and incident onto a leftmost unit of the first detector 301. The two light paths 

LP01 and LP02 intersect at a point Q01 in the plane P1 where the sources and detectors are 

located. An area enclosed by the two light paths LP01 and LP02 and a detection surface of the 

first detector 301 is a first imaging area of the imaging component including the first distributed 
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X-ray source 101 and the first detector 301. For the second distributed X-ray source 102 located 

on one side, a light path LP03 represents a light path of rays emitted from the first target spot 

located on a topmost side and incident onto a lowermost unit of the second detector 302, and a 

light path LP04 represents a light path of rays emitted from the q-th target spot located on a 

lowermost side and incident onto a topmost unit of the second detector 302. The two light paths 

LP03 and LP04 intersect at a point Q02 in the plane P1 where the sources and detectors are 

located. An area enclosed by the two light paths LP03 and LP04 and a detection surface of the 

second detector 302 is a second imaging area of the imaging component including the second 

distributed X-ray source 102 and the second detector 302. For the third distributed X-ray source 

103 located on the other side, a light path LP05 represents a light path of rays emitted from the 

first target spot located on a topmost side and incident onto a lowermost unit of the third 

detector 303, and a light path LP06 represents a light path of rays emitted from the q-th target 

spot located on a lowermost side and incident onto a topmost unit of the third detector 303. The 

two light paths LP05 and LP06 intersect at a point Q03 in the plane P1 where the sources and 

detectors are located. An area enclosed by the two light paths LP05 and LP06 and a detection 

surface of the third detector 303 is a third imaging area of the imaging component including 

the third distributed X-ray source 103 and the third detector 303. An overlapping area of the 

first imaging area, the second imaging area, and the third imaging area forms a polygonal area, 

for example, in the example of FIG. 8, a triangular area is formed, and a maximum inscribed 

circle of the polygonal area forms a valid imaging area S1. 

[0159] In FIG. 8, due to the absence of the second sub-detectors, only the region S1 in 

the object to be imaged may be completely covered by the detector, and there is a data 

truncation problem outside the region S1 (covered by only part of rays). However, in the system 

shown in FIG. 7, at least one side of the distributed X-ray source is provided with the second 

sub-detector, the angle range of the ray of each X-ray source that may be received by the 

detector is expanded. That is to say, by providing the second sub-detector, the valid imaging 

area may be expanded from S1 to S10 without changing positions and sizes of other 

components, thereby effectively reducing or even avoiding the data truncation problems. 

[0160] It should be noted that, for a system with sources and detectors arranging in the 

circumferential direction, the rays intersect in a central area, forming a polygonal valid imaging 
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area, and an intersection is a main imaging area. For the convenience of comparison and 

description, a tangent circle of the polygon is taken as the valid imaging area. 

[0161] In embodiments of the present disclosure, the detector may be a single row 

detector, a multi-row detector, or an area detector, and suitable detector types may be selected 

in different application scenarios to optimize imaging efficiency and effect. Among them, the 

single row detector includes a plurality of detection units arranged along a straight line; the 

multi-row detector includes a plurality of rows of detector units, each row of detector units 

includes a plurality of detector units, forming a matrix or grid like structure; the area detector 

covers a large flat area, in which detection units are densely arranged to form a continuous 

detection surface. 

[0162] In embodiments of the present disclosure, a flexible detector layout design 

suitable for the first sub-detector 2021 and the second sub-detector 2022 is also provided. That 

is to say, different arrangements may be designed to meet different imaging needs. 

[0163] FIG. 10A shows a schematic diagram of a layout design of dense detector 

arrangement according to some embodiments of the present disclosure; FIG. 10B shows a 

schematic diagram of a layout design of sparse detector arrangement according to some other 

embodiments of the present disclosure; FIG. 10C shows a schematic diagram of a layout design 

of hybrid detector arrangement according to some other embodiments of the present disclosure. 

[0164] Referring to FIG. 10A, FIG. 10B and FIG. 10C, for example, the first sub-

detector 2021 may include a plurality of rows of detector units DU, which are densely arranged 

along the first direction z; alternatively, the first sub-detector 2021 may include a plurality of 

rows of detector units DU sparsely arranged along the first direction z; alternatively, the first 

sub-detector 2021 may include a plurality of rows of detector units DU, with at least two of the 

plurality of rows of detector units DU densely arranged in the first direction z in a middle area 

of the first sub-detector 2021, and at least two other of the plurality of rows of detector units 

DU sparsely arranged in the first direction z on two side areas of the first sub-detector 2021. 

[0165] Similarly, the second sub-detector 2022 may include a plurality of rows of 

detector units DU densely arranged along the first direction z; alternatively, the second sub-

detector 2022 may include a plurality of rows of detector units DU sparsely arranged along the 

first direction z; alternatively, the second sub-detector 2022 may include a plurality of rows of 
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detector units DU, with at least two of the plurality of rows of detector units DU densely 

arranged in the first direction z in a middle area of the second sub-detector 2022, and at least 

two other of the plurality of rows of detector units DU sparsely arranged in the first direction 

z on two side areas of the second sub-detector 2022. 

[0166] According to embodiments of the present disclosure, in a case of dense 

arrangement, the detectors may acquire more ray information, thereby enhancing the details of 

the image, which is particularly useful in imaging micro areas or situations requiring high-

precision observation, such layout is suitable for high-resolution imaging, such as detecting 

micro structures or medical applications that require precise measurements; in a case of sparse 

arrangement, the costs and complexity may be reduced, or a sufficient image quality may be 

achieved without the need for high-resolution imaging, making it suitable for large-scale 

imaging or situations with high imaging speed requirements; for applications that require 

consideration of cost, imaging range, and detailed imaging of the central area, such as certain 

types of medical diagnosis or industrial examinations, the advantages of the above two 

configurations may be combined, the dense arrangement may be used in the middle area of the 

detector to ensure the high resolution of the imaging central area, while the sparse arrangement 

on the two sides may expand the imaging range while controlling the costs and the data 

processing complexity. 

[0167] In embodiments of the present disclosure, the plurality of rows of detector units 

may further include a middle row of detector units, which is located at a middle position of the 

plurality of rows of detector units in the first direction z. In the same imaging component, the 

plurality of target spots of the distributed X-ray source and the middle row of detector units of 

the first sub-detector are located in a same plane perpendicular to the first direction. That is, 

the plurality of target spots of the distributed X-ray source and the middle row of detector units 

of the first sub-detector may be located in the same plane, ensuring a precise alignment between 

the X-ray source and detector, and improving the imaging quality and consistency. 

[0168] According to embodiments of the present disclosure, the CT imaging system 

200 may further include a plurality of source-detector components, the source-detector 

component includes a distributed X-ray source and at least one second sub-detector 2022. The 

plurality of source-detector components may be flexibly combined and arranged to meet 
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different imaging needs. For example, the CT imaging systems may adapt to imaging 

requirements of different sizes, shapes, or resolutions by adding or reducing the source-detector 

components. 

[0169] For example, an odd number of source-detector components may be provided, 

which may be three as shown in FIG. 6, or may be five, etc. By using an odd number of source-

detector components, a symmetry and a balanced geometric center may be constructed, which 

helps optimize a distribution of rays and enable the CT imaging system to achieve more 

uniform coverage at different angles; meanwhile, an odd number of sources may evenly 

distribute rays, providing more consistent exposure in different directions of the object to be 

imaged, thereby reducing imaging errors caused by angular deviations. 

[0170] In embodiments of the present disclosure, in the same source-detector 

component, an orthographic projection of the distributed X-ray source in the first direction z 

overlaps at least partially with an orthographic projection of at least one second sub-detector 

2022 in the first direction z. That is to say, in the CT imaging system 200 according to 

embodiments of the present disclosure, the arrangement of the distributed X-ray source and the 

second sub-detector relative to the object to be imaged ensures that they have a good geometric 

alignment relationship in the imaging process to achieve a good detection effect. 

[0171] Furthermore, in the same source-detector component, as shown in FIG. 6, a 

dimension d11 of the distributed X-ray source along the extension direction of the first straight 

line L1 and a dimension d12 of the second sub-detector 2022 along the extension direction of 

the first straight line L1 may be substantially equal to each other(dimensions of various 

distributed X-ray source are the same). Such design may ensure that the rays emitted by the X-

ray source may be effectively captured by the detector along an entire length of the imaging 

channel. 

[0172] FIG. 11A shows a schematic diagram of a ray angular coverage range in a CT 

imaging system according to some embodiments of the present disclosure; FIG. 11B shows a 

schematic diagram of a ray angular coverage range in a CT imaging system according to some 

other embodiments of the present disclosure. It should be noted that, in the CT imaging systems 

illustrated in FIG. 11A and FIG. 11B, no second sub-detector is provided. 

[0173] Taking the arrangement of providing three distributed X-ray sources as an 
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example, as shown in FIG. 11A, a ray angular coverage range is represented by the line 

connecting a center point of the polygon and an edge of the distributed X-ray source. FIG. 11A 

shows that each X-ray source covers an angle of 30°, and a total scanning coverage range of 

90° is provided; as shown in FIG. 11B, each X-ray source in FIG. 11B covers an angle of 54°, 

and a total scanning coverage range of 162° is provided. 

[0174] Referring to FIG. 11A and FIG. 11B, the dimension of the X-ray source or a 

ratio of the dimension of the X-ray source to the dimension of the detector may be altered while 

keeping factors such as a relative position of the source and the detector, and a distance between 

the source and the detector constant, so that the ray angular coverage range of each distributed 

X-ray source may be changed, thereby a scanning coverage range of the CT imaging system 

may be changed. For example, by increasing the dimension of the distributed X-ray source 

(such as increasing the dimension of a single distributed X-ray source from the dimension 

shown in FIG. 11A to the dimension shown in FIG. 11B) or increasing the ratio of the 

dimension of the distributed X-ray source to the dimension of the detector, while keeping 

factors such as the relative position of the source and the detector and the distance between the 

source and the detector constant, the ray angular coverage range of a single distributed X-ray 

source may be increased, for example, from 30° to 54°. Correspondingly, the scanning coverage 

range of the CT imaging system may be increased from 90° to 162°. 

[0175] FIG. 12A shows a schematic diagram of a valid imaging area in a CT imaging 

system according to some embodiments of the present disclosure; FIG. 12B shows a schematic 

diagram of a valid imaging area in a CT imaging system according to some other embodiments 

of the present disclosure. It should be noted that, in the CT imaging systems illustrated in FIG. 

12A and FIG. 12B, no second sub-detector is provided. 

[0176] By referring to FIG. 12A and FIG. 12B, while keeping factors such as the 

relative position of the source and the detector and the distance between the source and the 

detector constant, the imaging area of each distributed X-ray source may be altered by changing 

the dimension of the X-ray source or the ratio of the dimension of the X-ray source to the 

dimension of the detector, thereby changing the valid imaging area of the CT imaging system. 

For example, by reducing the dimension of the distributed X-ray source (such as reducing the 

dimension of a single distributed X-ray source from the dimension shown in FIG. 12A to the 
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dimension shown in FIG. 12B) or reducing the ratio of the dimension of the distributed X-ray 

source to the dimension of the detector, while keeping factors such as the relative position of 

the source and the detector and the distance between the source and the detector constant, the 

imaging area of a single distributed X-ray source may be increased. Correspondingly, the valid 

imaging area of the CT imaging system increases from Sa to Sb. 

[0177] With reference to FIG. 11A, FIG. 11B, FIG. 12A and FIG. 12B, reducing the 

dimension of the distributed X-ray source or decreasing the ratio of the dimension of the 

distributed X-ray source to the dimension of the detector while keeping factors such as the 

relative position of the source and the detector and the distance between the source and the 

detector constant may increase the valid imaging area of the CT imaging system, but the 

scanning coverage range of the CT imaging system may be reduced; increasing the dimension 

of the distributed X-ray source or increasing the ratio of the dimension of the distributed X-ray 

source to the dimension of the detector may increase the scanning coverage range of the CT 

imaging system, but the valid imaging area of the CT imaging system may be reduced. 

[0178] In embodiments of the present disclosure, by arranging the second sub-detector 

on a side of the X-ray source, it is possible to achieve an increase in the valid imaging area and 

an increase in the scanning coverage range, that is, the valid imaging area and the scanning 

coverage range may both be considered, thereby effectively improving the imaging quality. 

[0179] Referring back to FIG. 6, FIG. 7, FIG. 9A, FIG. 9B, FIG. 9C, FIG. 9D, FIG. 9E 

and FIG. 9F, in embodiments of the present disclosure, by arranging the second sub-detector 

on a side of the X-ray source, the ray angular coverage range of the M distributed X-ray sources 

may reach a range of 90° to 120°; alternatively, the ray angular coverage range of the M 

distributed X-ray sources may reach a range of 120° to 150°; alternatively, the ray angular 

coverage range of the M distributed X-ray sources may reach a range of 140° to 160°. 

[0180] In embodiments of the present disclosure, in the same imaging component, the 

distributed X-ray source has a first dimension a1 along the extension direction of the first 

straight line L1, the first sub-detector 2021 has a second dimension a2 along the direction 

parallel to the extension direction of the first straight line L1, and the first dimension a1 is 

smaller than the second dimension a2. The valid coverage range of the detector is greater than 

a length of a target spot line array, thereby facilitating a complete reception of ray beams 
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emitted by each target spot by the detector and increasing the valid imaging area. 

[0181] Through different methods for processing moving and stationary objects, 

embodiments of the present disclosure further provide a method for optimizing detector 

dimension so as to ensure a complete image data acquisition under various imaging conditions. 

For a moving object, a movement distance of the object and a ray amplification ratio needs to 

be consider by the detector to ensure coverage of all possible motion ranges; for a stationary 

object, the detector needs to ensure a coverage of an area of interest. 

[0182] Specifically, for a moving object, a minimum dimension required for the 

detector may be calculated according to a movement speed of the object to be imaged and the 

ray geometric relationship. The dimension of the first sub-detector 2021 in the first direction z 

satisfies the following equation: 

[0183] LD=d*p  (1) 

[0184] where LD is the dimension of the first sub-detector in the first direction, d is a 

movement distance of the object to be imaged in the first direction within one exposure period, 

and p is the ray amplification ratio. The ray amplification ratio is defined as a ratio of a 

dimension of an image on the detector to an actual dimension of the object, describing a degree 

to which the image is amplified in the imaging process due to the different distances between 

the object and the detector. 

[0185] For a stationary object, the dimension of the first sub-detector 2021 in the first 

direction z may be greater than or equal to the dimension of the area of interest of the object to 

be imaged in the first direction z, thereby ensuring that the detector may fully cover the area to 

be imaged, so as to obtain the complete projection data and avoid loss of the image information. 

[0186] In embodiments of the present disclosure, as shown in FIG. 7, FIG. 9A, FIG. 

9B and FIG. 9C, the M distributed X-ray sources 210 to 2M0 and the N1 first sub-detectors 

surround to form a closed or approximately closed polygon in the plane perpendicular to the 

first direction z. The valid imaging area S1 of the CT imaging system 200 may be located in 

the middle area of the polygon described above. It should be noted that, the term "middle area" 

here refers to an area where a geometric center of the polygon is located and/or an area where 

the geometric center is located that expands radially outward by a predetermined distance. 

Through such arrangement, the center of the imaging area coincides or almost coincides with 



42 

 

the geometric center of the polygon, which may enable the rays to uniformly cover the area of 

interest of the object to be imaged, thereby avoiding loss of edge data. 

[0187] In embodiments of the present disclosure, the conveying mechanism 40 is 

located in the middle area of the polygon described above. Such layout supports a collaboration 

between the valid imaging area of the CT imaging system and the conveying mechanism. The 

conveying mechanism may move the object to be imaged to the middle area of the polygon, so 

that the object to be imaged may always be located in an ideal imaging position in the imaging 

process, further improving the accuracy and consistency of imaging. Furthermore, the 

conveying mechanism may be controlled to ensure a stable and smooth movement of the object 

to be imaged in the imaging process, reducing or even avoiding issues such as image blur or 

deformation caused by positional deviation or irregular motion. 

[0188] FIG. 13 is a schematic three-dimensional diagram of a CT imaging system 

according to some exemplary embodiments of the present disclosure, where target spots of the 

distributed X-ray source are obliquely arranged. 

[0189] As shown in FIG. 13, the CT imaging system 300 may include: an imaging 

channel, where at least a part of the imaging channel extends along the first direction z, and the 

imaging channel is used to place the object to be imaged in the imaging process; M distributed 

X-ray sources 310 arranged at intervals along a circumferential direction of the imaging 

channel, where at least one distributed X-ray source 310 includes q target spots 3011, which 

are configured to be activated in a predetermined order to emit rays, and where M and q are 

both positive integers greater than or equal to 2; and N detectors 402 arranged at intervals along 

the circumferential direction of the imaging channel 80, for detecting the rays emitted from the 

M distributed X-ray sources 310 and penetrating the object to be imaged, where N is a positive 

integer greater than or equal to M. 

[0190] FIG. 14A is a schematic diagram of a distributed X-ray source of a CT imaging 

system according to some exemplary embodiments of the present disclosure. 

[0191] In some exemplary embodiments, the detector 402 includes a first sub-detector 

4021, or the detector 402 consists of a first sub-detector 4021. That is to say, in this embodiment, 

as shown in FIG. 14A, the second sub-detector described above is not provided on an upper 

side or a lower side of the distributed X-ray source 310. 
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[0192] In this embodiment, the CT imaging system 300 includes a plurality of imaging 

components, the imaging component includes at least one distributed X-ray source 310 and at 

least one first sub-detector 4021. In the same imaging component, the distributed X-ray source 

310 and the first sub-detector 4021 are arranged face-to-face in a radial direction r of the 

imaging channel. In the same imaging component, at least one target spot 3011 of the 

distributed X-ray source and at least a part of the first sub-detector 4021 are located in a same 

plane perpendicular to the first direction z, and the radial direction is perpendicular to the first 

direction z. In addition, the q target spots included in at least one of the M distributed X-ray 

sources are arranged obliquely relative to the first direction z. 

[0193] The movement of objects in data acquisition may lead to inconsistency between 

consecutive image frames, which may result in motion artifacts. According to embodiments of 

the present disclosure, when the object to be imaged moves relative to the CT imaging system 

(e.g., the conveying mechanism drives the object to be imaged to move), the q target spots 

included in at least one of the M distributed X-ray sources are arranged obliquely relative to 

the first direction z, that is, there is a certain angle (refer to an angle θ in FIG. 14A) between 

an arrangement direction of the target spots and the first direction z, which reduces or even 

avoids motion artifacts, and thus improving the imaging quality. 

[0194] In embodiments of the present disclosure, the CT imaging system 300 further 

includes a controller configured to control a beam emitting time interval of the plurality of 

target spots and control the movement speed of the object to be imaged. 

[0195] As shown in FIG. 14A, the q target spots 3011 of the distributed X-ray source 

may be arranged at intervals along the first straight line L1. For example, the inclination angle 

θ of the first straight line L1 relative to the first direction z may satisfy the following equation: 

[0196] cosθ=v*t/s  (2) 

[0197] where s is a distance between two adjacent target spots among the q target spots, 

along the extension direction of the first straight line L1; v is a movement speed of the object 

to be imaged; and t is a beam emitting time interval of the distributed X-ray source. 

[0198] As shown in FIG. 14A, the movement distance of the object 70 to be imaged 

along the first direction z within the beam emitting time interval t is v*t. The i-th target point 

and the (i+1)-th target point are two adjacent target spots, with a distance s along the extension 
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direction of the first straight line L1. In the movement of the object 70 to be imaged along the 

first direction z, the i-th target point and the (i+1)-th target point emit beam in sequence 

according to the beam emitting time interval t. By setting s*cosθ=v*t, the rays emitted by the 

i-th target point and the (i+1)-th target point scan a same cross-section of the object 70 to be 

imaged perpendicular to the first direction z. That is, when imaging the moving object 70 to be 

imaged, by designing an inclination angle of the target spots, the distance between the target 

spots, the beam emitting time interval, and the movement speed, the plurality of target spots 

and the object to be imaged are relatively stationary along the moving direction, thus a higher 

spatial resolution of a current scanning area may be obtained. 

[0199] FIG. 14B is a schematic diagram of a distributed X-ray source of a CT imaging 

system according to some other exemplary embodiments of the present disclosure. 

[0200] According to embodiments of the present disclosure, an inclination arrangement 

of the target spots relative to the first direction z may be achieved through different designs, 

thereby obtaining inclined target spots. 

[0201] Referring to FIG. 14A and FIG. 14B, the distributed X-ray source 310 includes 

a X-ray source body 3012 and q target spots 3011 provided on the X-ray source body 3012. 

[0202] As shown in FIG. 14A, the X-ray source body 3012 may be perpendicular to 

the first direction z, that is, two surfaces (an upper surface and a lower surface in FIG. 14A) of 

the X-ray source body 3012 along the first direction z are perpendicular to the first direction z. 

The q target spots 3011 provided on the X-ray source body 3012 are inclined relative to the 

two surfaces (the upper and lower surfaces in FIG. 14A) of the X-ray source body 3012 along 

the first direction z, so that the q target spots 3011 are obliquely arranged relative to the first 

direction z. In this embodiment, the plurality of target spots may be flexibly inclined relative 

to the X-ray source body 3012 to enhance a design freedom of the system. 

[0203] As shown in FIG. 14B, the q target spots 3011 provided on the X-ray source 

body 3012 are arranged parallel to the two surfaces (upper and lower surfaces in FIG. 14B) of 

the X-ray source body 3012 along the first direction z. The X-ray source body 3012 may be 

arranged obliquely with respect to the first direction z, that is, the two surfaces (the upper and 

lower surfaces in FIG. 14B) of the X-ray source body 3012 along the first direction z are 

arranged obliquely relative to the first direction z. In this way, the q target spots 3011 are 
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arranged obliquely relative to the first direction z. In this embodiment, an entire X-ray source 

body may be directly inclined, which is more convenient and easier to ensure an inclination 

consistency of all the target spots. 

[0204] In embodiments of the present disclosure, the q target spots 3011 of the M 

distributed X-ray sources 310 may also be arranged obliquely relative to the first direction z. 

The inclined arrangement of the q target spots of each distributed X-ray source may better adapt 

to a geometric shape and a moving state of the object to be imaged. 

[0205] In embodiments of the present disclosure, the q target spots 3011 of the M 

distributed X-ray sources 310 may also have equal inclination angles relative to the first 

direction z. The equal inclination angles of the q target spots in each distributed X-ray source 

may ensure a consistent coverage of the entire imaging area by the X-ray source. 

[0206] In embodiments of the present disclosure, the q target spots 3011 of the M 

distributed X-ray sources 310 may have z-direction position coordinates in the first direction z. 

The z-direction position coordinates of the i-th target spots of the M distributed X-ray sources 

310 may be equal to each other; or the z-direction position coordinates of the i-th target spots 

of the M distributed X-ray sources 310 may also be unequal to each other, where 1≤i≤q. That 

is, according to specific imaging requirements, the z-direction positions of the target spots may 

be adjusted to optimize the projection angle and distribution density of the rays. 

[0207] Furthermore, the controller 50 may be used to control the target spots of the M 

distributed X-ray sources 310 with equal z-direction position coordinates to emit beams 

simultaneously. The equal z-direction position coordinates mean that these target spots are 

located on a same horizontal plane in the z-direction, or in other words, they are located at a 

same height in the CT scanning area. Therefore, such design ensures that the rays emitted by 

these target spots penetrate a same imaging cross-section, thereby ensuring that multi-angle 

data of the same cross-section may be acquired simultaneously, which helps to improve the 

details and accuracy of the cross-section image, and also reduces blurring and distortion caused 

by object movement. 

[0208] In embodiments of the present disclosure, the detector 402 may further include 

a second sub-detector 4022. At least one second sub-detector 4022 is provided on at least one 

side of at least one distributed X-ray source 310 in the first direction z. 
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[0209] FIG. 14C, FIG. 14D and FIG. 14E show schematic diagrams of arrangements 

of a distributed X-ray source and a second sub-detector according to some embodiments of the 

present disclosure, where FIG. 14C shows that a second sub-detector is provided on each of 

two sides of a distributed X-ray source, FIG. 14D shows that a second sub-detector is provided 

on an upper side of a distributed X-ray source, and FIG. 14E shows that a second sub-detector 

is provided on a lower side of a distributed X-ray source. 

[0210] Referring to FIG. 14C, in the first direction z, the second sub-detector 4022 is 

provided on each of the first side and the second side (upper and lower sides in FIG. 14C) of 

the distributed X-ray source. 

[0211] Referring to FIG. 14D, in the first direction z, the second sub-detector 4022 is 

only provided on the first side 211 (the upper side in FIG. 14D) of the distributed X-ray source. 

[0212] Referring to FIG. 14E, in the first direction z, the second sub-detector 4022 is 

only provided on the second side 212 (the lower side in FIG. 14E) of the distributed X-ray 

source. 

[0213] In embodiments of the present disclosure, the plurality of target spots of at least 

one distributed X-ray source are arranged obliquely relative to the first direction z. Moreover, 

in the first direction z, each of M’ distributed X-ray sources is provided with at least one second 

sub-detector 4022 on the first side 211; alternatively, in the first direction z, each of M’ 

distributed X-ray sources is provided with at least one second sub-detector 4022 on the second 

side 212; alternatively, in the first direction z, each of M’ distributed X-ray sources is provided 

with at least one second sub-detector 4022 on the first side 211 and at least one second sub-

detector 4022 on the second side 212, where M’ is greater than or equal to 1 and less than or 

equal to M. 

[0214] In this embodiment, by obliquely arranging the plurality of target spots of the 

distributed X-ray source and providing the second sub-detector 4022, the position of the second 

sub-detector may be flexibly arranged to better collaborate with the first sub-detector 4021, the 

rays from the distributed X-ray source may be received from different angles or positions, 

thereby expanding the detection range. Such three-dimensional spatial arrangement method 

breaks through the existing design of circumferential arrangement, enabling the CT imaging 

system to detect from a plurality of angles simultaneously, improving the accuracy and breadth 
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of detection, and effectively solving the problems of limited angle scanning and data truncation. 

[0215] By way of example, N2=2M, that is, the number of second sub-detectors N2 

may be equal to twice the number of distributed X-ray sources, which means that there is one 

second sub-detector on each of two sides of each distributed X-ray source. Through such 

arrangement, the detection range may be expanded for each distributed X-ray source, better 

improving the accuracy and breadth of detection, thereby effectively solving the problems of 

limited angle scanning and data truncation. 

[0216] FIG. 15A shows a schematic diagram illustrating an arrangement of a second 

sub-detector according to some embodiments of the present disclosure. FIG. 15B shows a 

schematic diagram of an arrangement of a second sub-detector according to some other 

embodiments of the present disclosure. 

[0217] Referring to FIG. 14C, FIG. 14D and FIG. 14E, in a case where the X-ray source 

body 3012 is perpendicular to the first direction z, the second sub-detector 4022 may be 

perpendicular to the first direction z. That is, the X-ray source body 3012 is parallel to the 

second sub-detector 4022. 

[0218] Referring to FIG. 15A, in a case where the X-ray source body 3012 is arranged 

obliquely relative to the first direction z, the second sub-detector 4022 may be arranged parallel 

to the X-ray source body 3012, that is, the second sub-detector 4022 may be arranged obliquely 

relative to the first direction z. That is, two surfaces of the second sub-detector 4022 in the first 

direction z are obliquely arranged relative to the first direction z. 

[0219] Referring to FIG. 15B, in a case where the X-ray source body 3012 is arranged 

obliquely relative to the first direction z, the second sub-detector 4022 may not be arranged 

parallel to the X-ray source body 3012, and at least one of the two surfaces of the second sub-

detector 4022 in the first direction z is perpendicular to the first direction z. 

[0220] According to embodiments of the present disclosure, a selection of inclined or 

vertical arrangement depends on a specific imaging goal, a nature of the object, and a desired 

imaging effect. The arrangement of the second sub-detector inclined at a certain angle relative 

to the first direction z may optimize the coverage of the detector on a specific area, especially 

in scenes that require capturing a motion trajectory or irregular shape of dynamic objects, but 

may require more complex calibration and algorithm tuning; the vertical arrangement is usually 
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simple, easy to implement, and does not require complex angle calibration. 

[0221] It should be noted that, a technical solution of the CT imaging system 300 

provided in embodiments of the present disclosure may be combined with relevant features in 

the CT imaging system 200, and such combination is not limited by specific forms and methods, 

aiming to achieve better technical effects through various possible combinations. On this basis, 

an integration between the two systems may be flexibly adjusted and optimized according to 

actual application scenarios. 

[0222] Embodiments of the present disclosure further provide an imaging method for 

a CT imaging system. FIG. 16 shows a flowchart of an imaging method for a CT imaging 

system according to some exemplary embodiments of the present disclosure. 

[0223] As shown in FIG. 16, the imaging method may include steps S110 to S140. It 

should be noted that, the steps S110 to S140 are not limitations on an order of the imaging 

method. Without conflict, the imaging methods may be executed in parallel or in an order 

different from the one described herein. 

[0224] In step S110, an object to be imaged is provided in an imaging channel. 

[0225] In embodiments of the present disclosure, the object to be imaged may be 

controlled to move at a predetermined speed in the imaging channel. 

[0226] In step S120, q target spots of at least one of M distributed X-ray sources are 

controlled to emit ray beams according to a predetermined beam emitting sequence and a 

predetermined beam emitting time interval to form an imaging area. 

[0227] Furthermore, in order to reduce image artifacts caused by object motion, on the 

basis of the CT imaging system 300 in which the q target spots included in at least one of the 

M distributed X-ray sources are arranged obliquely relative to the first direction z, the control 

of the beam emitting time interval may be combined to ensure a continuity of image acquisition. 

Specifically, the beam emitting time interval may be determined based on an inclination angle 

of the q target spots relative to the first direction z. 

[0228] In embodiments of the present disclosure, at the same moment, only one of the 

M distributed X-ray sources may generate X-rays. Alternatively, at the same moment, the 

plurality of target spots of the same distributed X-ray source may generate X-rays. Alternatively, 

at the same moment, the target spots of the plurality of distributed X-ray sources at same 
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positions may generate X-rays. 

[0229] For example, when the object to be imaged is located in the imaging area, the 

k-th target spots of at least two of the M distributed X-ray sources may be controlled to emit 

beams simultaneously, where 1≤k≤q. The “emit beams simultaneously” refers to that in the 

imaging process, the emission of the ray beams may be precisely controlled in milliseconds or 

less, thereby controlling the target spots of at least two or more of the M distributed X-ray 

sources to emit ray beams at almost the same moment. The simultaneous beam emitting may 

obtain a large amount of data in a very short duration, significantly reducing an imaging 

duration. 

[0230] FIG. 17 shows a schematic diagram of a projection plane of simultaneous beam 

emitting of a plurality of target spots in a CT imaging system according to some exemplary 

embodiments of the present disclosure. 

[0231] As shown in FIG. 17, when the object to be imaged is located in the imaging 

area, the plurality of target spots may be controlled to emit beams in the following order: in a 

case where j values from 1 to q-1 in sequence, the j-th target spots of the M distributed X-ray 

sources emit beams simultaneously; then, the (j+1)-th target spots of the M distributed X-ray 

sources emit beams simultaneously. In the first direction z, the (j+1)-th target spot is located 

downstream of the j-th target spot. 

[0232] For example, the order of beam emitting may be: the first target spots of all 

distributed X-ray sources, the second target spots of all distributed X-ray sources, ..., and so on. 

The first and second are only used to represent a positional relationship among X-ray sources 

or target spots. The beam emitting time interval may be determined based on the following 

equation: 

[0233] t=s*cosθ/v  (3) 

[0234] where t is the beam emitting time interval, s is the distance between two adjacent 

target spots among the q target spots, v is the moving speed, and θ is the inclination angle of 

the q target spots relative to the first direction. 

[0235] In embodiments of the present disclosure, when the object to be imaged is 

located in the imaging area, it is also possible to control the k-th target spots of at least two of 

the M distributed X-ray sources for a time-division beam emitting. The “time-division beam 
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emitting” corresponds to “emit beam simultaneously”, which refers to that in the imaging 

process, rays from different distributed X-ray sources may be emitted in sequence according to 

a predetermined beam emitting sequence and a predetermined beam emitting time interval, 

thereby separating the emitted beams in a time dimension. The time-division beam emitting 

may reduce a mutual interference between different ray beams, reduce signal overlap and noise, 

thereby improving the clarity and contrast of imaging. 

[0236] FIG. 18 shows a schematic diagram of a projection surface of time-division 

beam emitting of a plurality of target spots in a CT imaging system according to some 

exemplary embodiments of the present disclosure. 

[0237] As shown in FIG. 18, when the object to be imaged is located in the imaging 

area, the plurality of target spots may be controlled to emit beams in the following order: in a 

case where j values from 1 to q-1 in sequence, the j-th target spots of the M distributed X-ray 

sources sequentially emit beams in a time-division manner; then, the (j+1)-th target spots of 

the M distributed X-ray sources sequentially emit beams in a time-division manner, where in 

the first direction, the (j+1)-th target spot is located downstream of the j-th target spot. 

[0238] For example, the beam emitting order may be: the first target spot of the first 

distributed X-ray source, the first target spot of the second distributed X-ray source, ..., the first 

target spot of the N-th distributed X-ray source, the second target spot of the first distributed 

X-ray source, the second target spot of the second distributed X-ray source, ..., the second target 

spot of the N-th distributed X-ray source, and so on. The beam emitting time interval may be 

determined based on the following equation, 

[0239] t=s*cosθ/(M*v)  (4) 

[0240] where t is the beam emitting time interval, s is the distance between two adjacent 

target spots among the q target spots, v is the moving speed, and θ is the inclination angle of 

the q target spots relative to the first direction. 

[0241] In embodiments of the present disclosure, the beam emitting time interval 

satisfies: in the imaging process, the q target spots are in a relatively stationary state with the 

object to be imaged along the first direction, so that a higher spatial resolution of the current 

scanning area may be obtained. 

[0242] By controlling the inclination of the X-ray source, a plurality of ray beams may 
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scan the same cross-section during motion of an object. In this way, although a position of the 

object in space changes, the imaging process captures a relatively “stationary” perspective 

since the rays are always aligned with a specific part of the object. Therefore, such relatively 

stationary state ensures that the captured image does not experience a positional displacement 

due to the movement of the object in the imaging process. When the rays always irradiate on a 

same interface or path of the object, the continuity of image acquisition is maintained, greatly 

reducing the artifacts caused by motion. 

[0243] In embodiments of the present disclosure, the beam emitting time interval of the 

CT imaging system may reach a microsecond level; a single acquisition duration of the detector 

may be in a range of 30 to 150 microseconds; and an imaging resolution of the imaging method 

may be in a range of 1 to 30 milliseconds. 

[0244] In step S130, at least one detector is used to detect a ray emitted from at least 

one distributed X-ray source and penetrating the object to be imaged, and generate projection 

data based on the detected ray. 

[0245] In embodiments of the present disclosure, when the ray penetrates the object to 

be imaged, tissues or substances of different densities and compositions may have different 

effects on absorption and scattering of the ray, which will be converted into projection data. 

These data are two-dimensional representations of an internal structure of the object, including 

information of viewing the imaged object from different angles. 

[0246] In step 140, a computed tomography image of the object to be imaged is 

generated according to the projection data. Algorithms such as back projection and iterative 

reconstruction may be used to convert the two-dimensional projection data into three-

dimensional images. 

[0247] In embodiments of the present disclosure, the precise timing control and data 

acquisition of the imaging process are achieved by using the predetermined beam emitting 

sequence and the predetermined beam emitting time interval determined based on the 

inclination angle of the target spots relative to the first direction. The inclination arrangement 

of target spots and the precise beam emitting time interval may provide richer angle data, 

increase data redundancy, and help with subsequent image reconstruction and artifact reduction. 

The imaging method provided by the present disclosure not only significantly improves the 
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imaging accuracy and quality, optimizes a synchronization of beam emitting and data 

acquisition in dynamic imaging, but also effectively reduces image distortion and artifacts 

caused by object movement. 

[0248] FIG. 19A is an image obtained using an imaging system and an imaging method 

in the related art. FIG. 19B is an image obtained using the CT imaging system and the imaging 

method provided in embodiments of the present disclosure. Referring to FIG. 19A and FIG. 

19B, in embodiments of the present disclosure, in the imaging process, the q target spots are in 

a relatively stationary state with the object to be imaged along the first direction, which 

effectively avoids motion artifacts and obtains high-quality images. 

[0249] FIG. 20 schematically shows a block diagram of an electronic apparatus suitable 

for implementing the imaging method according to embodiments of the present disclosure. The 

electronic apparatus shown in FIG. 20 is only an example and should not impose any 

limitations on functionalities and scopes of use of embodiments of the present disclosure. 

[0250] As shown in FIG. 20, an electronic apparatus 2000 according to embodiments 

of the present disclosure includes a processor 2001 that may perform various appropriate 

operations and processing based on programs stored in a read-only memory (ROM) 2002 or 

programs loaded from a storage part 2008 to a random access memory (RAM) 2003. The 

processor 2001 may include, for example, a general-purpose microprocessor (such as a CPU), 

an instruction set processor, and/or related chipsets and/or dedicated microprocessors (such as 

application specific integrated circuits (ASICs)), and so on. The processor 2001 may also 

include an onboard memory for caching purposes. The processor 2001 may include a single 

processing unit or a plurality of processing units for executing different operations of the 

method flow according to embodiments of the present disclosure. 

[0251] Various programs and data required for operating the electronic apparatus 2000 

are stored in the RAM 2003. The processor 2001, the ROM 2002, and the RAM 2003 are 

connected to each other through a bus 2004. The processor 2001 performs various operations 

of the method flow according to embodiments of the present disclosure by executing programs 

in the ROM 2002 and/or the RAM 2003. It should be noted that, the programs may also be 

stored in one or more memories other than ROM 2002 and RAM 2003. The processor 2001 

may also perform various operations of the method flow according to embodiments of the 



53 

 

present disclosure by executing the programs stored in the one or more memories. 

[0252] According to embodiments of the present disclosure, the electronic apparatus 

2000 may further include an input/output (I/O) interface 2005, which is also connected to the 

bus 2004. The electronic apparatus 2000 may also include one or more of the following 

components connected to the input/output (I/O) interface 2005: an input part 2006 including a 

keyboard, a mouse, etc.; an output part 2007 including cathode ray tubes (CrT), liquid crystal 

displays (LCD), and speakers; a storage part 2008 including a hard disk; and a communication 

part 2009 including network interface cards such as a LAN card, a modem, etc. The 

communication part 2009 performs communication processing via a network such as the 

Internet. A drive 2010 is also connected to the input/output (I/O) interface 2005 as needed. A 

removable medium 2020, such as a magnetic disk, an optical disk, a magneto-optical disk, a 

semiconductor memory, etc., is installed on drive 2010 as needed, so that computer programs 

read from the removable medium may be installed to the storage part 2008 as needed. 

[0253] According to embodiments of the present disclosure, the method flow according 

to embodiments of the present disclosure may be implemented as a computer software program. 

For example, embodiments of the present disclosure include a computer program product, 

including a computer program carried on a computer-readable storage medium, the computer 

program includes program codes for executing the method shown in the flowchart. In such 

embodiments, the computer program may be downloaded and installed from the network 

through the communication part 2009, and/or installed from the removable medium 2020. 

When the computer program is executed by the processor 2001, it performs the above-

described functions defined in the system of embodiments of the present disclosure. According 

to embodiments of the present disclosure, the system, apparatus, device, modules, units, etc. 

described above may be implemented through a computer program module. 

[0254] The present disclosure further provides a computer-readable storage medium, 

which may be included in the apparatus/device /system described in the above embodiments; 

it may also exist independently without being assembled into the apparatus/device/system. The 

above-described computer-readable storage medium carries one or more programs, and the 

method according to embodiments of the present disclosure is implemented when the one or 

more programs are executed. 
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[0255] According to embodiments of the present disclosure, the computer-readable 

storage medium may be a non-volatile computer-readable storage medium, for example, 

including but not be limited to: a portable computer disk, a hard drive, a random access memory 

(RAM), a read-only memory (ROM), an erasable programmable read-only memory (EQROM 

or flash memory), a portable compact disk read-only memory (CD-ROM), an optical storage 

device, a magnetic storage device, or any suitable combination thereof. In the present 

disclosure, the computer-readable storage medium may be any tangible medium including or 

storing programs that may be used by an instruction execution system, apparatus, or device or 

in combination with the instruction execution system, apparatus, or device. 

[0256] For example, according to embodiments of the present disclosure, the computer-

readable storage medium may include one or more memories other than ROM 2002 and/or 

RAM 2003 described above. 

[0257] Embodiments of the present disclosure further include a computer program 

product including a computer program including program codes for executing the method 

provided by embodiments of the present disclosure. When the computer program product is 

run on the electronic apparatus, the program codes are used to enable the electronic apparatus 

to implement the method provided by embodiments of the present disclosure. 

[0258] When the computer program is executed by the processor 2001, it performs the 

above-described functions defined in the system/device of embodiments of the present 

disclosure. According to embodiments of the present disclosure, the system, device, modules, 

units, etc. described above may be implemented through a computer program module. 

[0259] In an embodiment, the computer program may rely on a tangible storage 

medium such as an optical storage device, a magnetic storage device, etc. In another 

embodiment, the computer program may also be transmitted and distributed in a form of signals 

over network media, and downloaded and installed through the communication part 2009, 

and/or installed from the removable medium 2020. The program codes included in the 

computer program may be transmitted via any suitable network medium, including but not be 

limited to a wireless connection, a wired connection, etc., or any suitable combination thereof. 

[0260] According to embodiments of the present disclosure, program codes for 

executing the computer program provided by embodiments of the present disclosure may be 
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written in any combination of one or more programming languages. Specifically, these 

computer programs may be implemented using high-level procedural and/or object-oriented 

programming languages, and/or assembly/machine languages. The programming languages 

include but are not limited to programming languages such as Java, C++, qython, “C” language, 

or the like. The program codes may be executed entirely on a user computing apparatus, 

partially on a user apparatus, partially on a remote computing apparatus, or entirely on a remote 

computing apparatus or server. In cases involving a remote computing apparatus, the remote 

computing apparatus may be connected to the user computing apparatus through any type of 

network, including local area networks (LANs) or wide area networks (WANs), or may be 

connected to an external computing apparatus (such as using internet service providers for 

internet connection). 

[0261] The flowchart and block diagram in the accompanying drawings illustrate 

possible implementation architectures, functions, and operations of the system, method, and 

computer program product according to the various embodiments of the present disclosure. In 

this regard, each box in the flowchart or block diagram may represent a module, program 

segment, or a part of code that includes one or more executable instructions for implementing 

specified logical functions. It should also be noted that, in some alternative implementations, 

the functions marked in the boxes may occur in an order different from those marked in the 

drawings. For example, two consecutive boxes may actually be executed in parallel, and 

sometimes they may also be executed in a reverse order, depending on the functions involved. 

It should also be noted that, each box in the block diagram or flowchart, as well as combinations 

of boxes in the block diagram or flowchart, may be implemented using a dedicated hardware 

based system that perform specified functions or operations, or may be implemented using a 

combination of dedicated hardware and computer instructions. Those skilled in the art may 

understand that, the features described in the various embodiments of the present disclosure 

may be combined and/or incorporated in various ways, even if such combinations or 

incorporations are not explicitly described in the present disclosure. Specifically, the features 

described in the various embodiments of the present disclosure may be combined and/or 

incorporated in various ways without departing from the spirit and teachings of the present 

disclosure. All these combinations and/or incorporations fall within the scope of the present 
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disclosure. 

[0262] Embodiments of the present disclosure have been described above. However, 

these embodiments are for illustrative purposes only and not to limit the scope of the present 

disclosure. Although each embodiment has been described separately above, it does not mean 

that the measures in each embodiment cannot be effectively combined. Without departing from 

the scope of the present disclosure, those skilled in the art may make various substitutions and 

modifications, and all the substitutions and modifications fall within the scope of the present 

disclosure. 
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What is claimed is: 

 

1.  A CT imaging system, comprising: 

 an imaging channel, at least a part of the imaging channel extending along a first 

direction, wherein the imaging channel is configured to place an object to be imaged in an 

imaging process; 

 M distributed X-ray sources arranged along a circumferential direction of the 

imaging channel, wherein at least one of the M distributed X-ray sources comprises q target 

spots for emitting rays, where M and q are positive integers greater than or equal to 2; and 

 N detectors arranged along the circumferential direction of the imaging channel, 

wherein the N detectors are configured to detect rays emitted from the M distributed X-ray 

sources and penetrating the object to be imaged, where N is a positive integer greater than M, 

 wherein the N detectors comprise first sub-detectors and second sub-detectors; 

 wherein the CT imaging system comprises a plurality of imaging components, 

each of the plurality of imaging components comprises at least one distributed X-ray source 

and at least one first sub-detector; in the same imaging component, the distributed X-ray source 

and the first sub-detector are arranged face-to-face in a radial direction of the imaging channel, 

a plurality of target spots of the distributed X-ray source and at least a part of the first sub-

detector are located in a same plane perpendicular to the first direction, and the radial direction 

is perpendicular to the first direction; and 

 wherein at least one second sub-detector is provided on at least one side of the at 

least one distributed X-ray source in the first direction. 

 

2. The CT imaging system according to claim 1, wherein the distributed X-ray 

source comprises a first side and a second side opposite to each other in the first direction, and 

the first side is located downstream of the second side; and 

 wherein in the first direction, each of M’ distributed X-ray sources is provided 

with at least one second sub-detector on the first side; or in the first direction, each of the M’ 

distributed X-ray sources is provided with at least one second sub-detector on the second side; 

or in the first direction, each of M’ distributed X-ray sources is provided with at least one 



58 

 

second sub-detector on the first side and at least one second sub-detector on the second side, 

where M’ is greater than or equal to 1 and less than or equal to M. 

 

3. The CT imaging system according to claim 1 or 2, wherein the CT imaging 

system comprises a plurality of source-detector components, the source-detector component 

comprises the distributed X-ray source and at least one second sub-detector; in the same source-

detector component, an orthographic projection of the distributed X-ray source in the first 

direction overlaps at least partially with an orthographic projection of the at least one second 

sub-detector in the first direction. 

 

4. The CT imaging system according to claim 3, wherein in the same distributed X-

ray source, the q target spots are arranged at intervals along a first straight line. 

 

5. The CT imaging system according to claim 4, wherein in the same source-

detector component, a dimension of the distributed X-ray source along an extension direction 

of the first straight line is equal to a dimension of the second sub-detector along the extension 

direction of the first straight line. 

 

6. The CT imaging system according to any one of claims 1 to 2 and 4 to 5, wherein 

the M distributed X-ray sources are uniformly arranged at equal intervals along the 

circumferential direction of the imaging channel; and/or 

 the CT imaging system comprises M first sub-detectors uniformly arranged at 

equal intervals along the circumferential direction of the imaging channel. 

 

7. The CT imaging system according to any one of claims 1 to 2 and 4 to 5, wherein 

a ray angular coverage range of the M distributed X-ray sources is between 90° and 120°; or 

 a ray angular coverage range of the M distributed X-ray sources is between 120° 

and 150°; or 

 a ray angular coverage range of the M distributed X-ray sources is between 140° 

and 160°. 
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8. The CT imaging system according to any one of claims 1 to 2 and 4 to 5, wherein 

the CT imaging system comprises M first sub-detectors, and the M distributed X-ray sources 

and the M first sub-detectors are alternately arranged along the circumferential direction of the 

imaging channel. 

 

9. The CT imaging system according to any one of claims 1 to 2 and 4 to 5, wherein 

the CT imaging system comprises M first sub-detectors; and along the circumferential direction 

of the imaging channel, the M distributed X-ray sources and the M first sub-detectors 

respectively enclose to form closed or approximately closed polygons. 

 

10. The CT imaging system according to any one of claims 1 to 2 and 4 to 5, wherein 

the CT imaging system comprises 2M second sub-detectors. 

 

11. The CT imaging system according to claim 7, wherein in the same imaging 

component, the q target spots of the distributed X-ray source are arranged at intervals along a 

first straight line, the distributed X-ray source has a first dimension along an extension direction 

of the first straight line, the first sub-detector has a second dimension in a direction parallel to 

the extension direction of the first straight line, and the first dimension is smaller than the 

second dimension. 

 

12. The CT imaging system according to claim 11, wherein the second dimension of 

the first sub-detector is greater than or equal to a dimension of an area of interest of the object 

to be imaged along the direction parallel to the extension direction of the first straight line. 

 

13. The CT imaging system according to claim 11 or 12, wherein the second 

dimension of the first sub-detector satisfies the following equation: 

 LD=d*p, 

 where LD is the second dimension of the first sub-detector, d is a movement 

distance of the object to be imaged in the first direction within an exposure period, and p is a 
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ray amplification ratio. 

 

14. The CT imaging system according to any one of claims 1 to 2, 4 to 5 and 11 to 

12, wherein the first sub-detector comprises a plurality of rows of detector units densely 

arranged along the first direction; or 

 the first sub-detector comprises a plurality of rows of detector units sparsely 

arranged along the first direction; or 

 the first sub-detector comprises a plurality of rows of detector units, at least two 

of the plurality of rows of detector units are densely arranged in the first direction in a middle 

area of the first sub-detector; and at least two other of the plurality of rows of detector units are 

sparsely arranged in the first direction on two side areas of the first sub-detector. 

 

15. The CT imaging system according to any one of claims 1 to 2, 4 to 5 and 11 to 

12, wherein the second sub-detector comprises a plurality of rows of detector units densely 

arranged along the first direction; or 

 the second sub-detector comprises a plurality of rows of detector units sparsely 

arranged along the first direction; or 

 the second sub-detector comprises a plurality of rows of detector units, at least 

two of the plurality of rows of detector units are densely arranged in the first direction in a 

middle area of the second sub-detector, and at least two other of the plurality of rows of detector 

units are sparsely arranged in the first direction on two side areas of the second sub-detector. 

 

16. The CT imaging system according to claim 14, wherein the plurality of rows of 

detector units comprise a middle row of detector units located at a middle position of the 

plurality of rows of detector units in the first direction; and 

 wherein in the same imaging component, a plurality of target spots of the 

distributed X-ray source and the middle row of detector units of the first sub-detector are 

located in a same plane perpendicular to the first direction. 

 

17. The CT imaging system according to claim 1 or 2, wherein in a plane 
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perpendicular to the first direction, the M distributed X-ray sources and the N detectors enclose 

to form a closed or approximately closed polygon. 

 

18. The CT imaging system according to claim 17, wherein a scanning imaging area 

of the CT imaging system is located in a middle area of the polygon. 

 

19. The CT imaging system according to claim 18, further comprising a conveying 

mechanism located in the imaging channel, wherein the conveying mechanism is located in the 

middle area of the polygon. 

 

  




