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SCANNING IMAGING SYSTEM FOR SECURITY INSPECTION 

OF AN OBJECT AND IMAGING METHOD THEREOF 

 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims priority to Chinese Patent Application No. 

201710882633.3, filed on September 26, 2017, which is hereby incorporated by 

reference in its entirety. 

 

FIELD OF THE INVENTION 

[0002] The disclosure relates to a field of radiation imaging, and in particular to a 

scanning imaging system for security inspection of an object and an imaging method 

thereof. 

 

BACKGROUND 

[0003] At present, security matters are being paid more and more attentions, and 

various public places are equipped with a variety of security inspection devices. 

Security inspectors may recognize dangerous objects from transmission images of 

objects to be inspected. The transmission images of an object to be inspected include 

two-dimensional and three-dimensional images, wherein the three-dimensional 

images are more recognizable than the two-dimensional images as problems caused 

by overlapping of the two-dimensional images along the thickness direction thereof 

may be eliminated. Usually, the imaging of a three-dimensional image of the object to 

be inspected is to revolve radiographic sources around the object to be inspected and 

to reconstruct an image of the internal structure of the object to be inspected by using 

transmission data from different angles of the object to be inspected. 

[0004] Because of the complex structure of the equipment to revolve the 

radiographic sources around the object to be inspected, a linear scanning based 

imaging method is developed, in which the radiographic sources are fixed at one side 

of a scanning channel and the object to be inspected is moved relative to the 

radiographic sources along a broken line, and the transmission data of the object to be 

inspected from different angles are used to reconstruct the image of the internal 

structure of the object to be inspected.  

[0005] However, the inventor of this application found that data in a cone angle 

direction of the radiographic sources is incomplete in the linear scanning based 
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imaging method, which leads to existence of artifacts in the reconstructed image of 

the object to be inspected. 

 

SUMMARY OF THE INVENTION 

[0006] Embodiments of the disclosure provide a scanning imaging system for 

security inspection of an object and an imaging method thereof, which may solve the 

problem that the data in the cone angle direction of the radiographic sources is 

incomplete and thus eliminate the artifacts in the reconstructed image of the object to 

be inspected.  

[0007] In a first aspect, embodiments of the disclosure provide a scanning imaging 

system for security inspection of an object, comprising: 

[0008] a conveying unit configured for bringing the object to move along a 

conveying direction of the conveying unit; 

[0009] a plurality of radiographic sources at one side of the conveying unit, the 

plurality of radiographic sources being arranged successively in a direction vertical to 

a plane, in which the conveying unit is located, and configured for alternately emitting 

ray beams to form a scanning area; 

[0010] a linear detector array at the other side of the conveying unit, the linear 

detector array being configured for detecting first projection images, which are 

formed after the ray beams emitted by the plurality of radiographic sources penetrate 

through the object, in the process of the object passing through the scanning area; and 

[0011] an imaging unit configured for obtaining a first reconstructed image of the 

object based on the first projection images of the plurality of radiographic sources. 

[0012] In some embodiments of the first aspect, the plurality of radiographic sources 

are arranged such that a projection of a vertical line, on which the plurality of 

radiographic sources are located, on the linear detector array is at a middle position of 

the linear detector array.  

[0013] In some embodiments of the first aspect, the linear detector array comprises a 

plurality of linear-array detectors arranged successively along the conveying direction 

of the conveying unit, the plurality of linear-array detectors being configured for 

detecting the first projection images, which are formed after the ray beams emitted by 

the plurality of radiographic sources penetrate through the object, in the process of the 

object passing through the scanning area, respectively. 

[0014] In some embodiments of the first aspect, the plurality of linear-array 

detectors are arranged centripetally around a vertical line, on which the plurality of 
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radiographic sources are located.   

[0015] In some embodiments of the first aspect, the scanning imaging system further 

comprises a revolving unit at one end or both ends of the conveying unit, the 

revolving unit being configured for revolving the object through a preset angle when 

the object passes through the scanning area and moves to an end of the conveying unit, 

wherein 

[0016] the conveying unit is further configured for bringing the revolved object to 

pass through the scanning area,  

[0017] the linear detector array is further configured for detecting second projection 

images, which are formed after the ray beams emitted by the plurality of radiographic 

sources penetrate through the revolved object, in the process of the revolved object 

passing through the scanning area, and 

[0018] the imaging unit is further configured for obtaining a second reconstructed 

image of the object based on the first projection images and the second projection 

images of the plurality of radiographic sources. 

[0019] In some embodiments of the first aspect, the scanning imaging system further 

comprises a pulse generator configured for generating a trigger pulse sequence for 

controlling the plurality of radiographic sources to alternately emit the ray beams. 

[0020] In some embodiments of the first aspect, the trigger pulse sequence 

comprises trigger pulse signals corresponding to the plurality of radiographic sources 

one by one within each cycle, the trigger pulse signals being used for controlling the 

radiographic sources to emit the ray beams with the same energy. 

[0021] In some embodiments of the first aspect, the trigger pulse sequence 

comprises trigger pulse signal groups corresponding to the plurality of radiographic 

sources one by one within each cycle, the trigger pulse signal group comprising a first 

trigger pulse signal and a second trigger pulse signal, which are used for controlling a 

corresponding radiographic source to emit a first sub ray beam with first energy and a 

second sub ray beam with second energy in turn.  

[0022] In some embodiments of the first aspect, the scanning imaging system further 

comprises a decomposing unit configured for decomposing the first projection images 

into first sub projection images corresponding to the first sub ray beam and second 

sub projection images corresponding to the second sub ray beam, wherein 

[0023] the imaging unit is further configured for obtaining the first reconstructed 

image of the object based on the first sub projection images and the second sub 
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projection images. 

[0024] In some embodiments of the first aspect, the radiographic sources are 

acceleration radiographic sources.  

[0025] In a second aspect, embodiments of the disclosure provide a scanning 

imaging method for security inspection of an object, the scanning imaging method 

applied to the above scanning imaging system for security inspection of an object and 

comprising: 

[0026] enabling the plurality of radiographic sources to alternately emit ray beams to 

form a scanning area; 

[0027] enabling the conveying unit to bring the object to move along a conveying 

direction and thus pass through the scanning area; 

[0028] detecting, by the linear detector array, first projection images, which are 

formed after the ray beams emitted by the plurality of radiographic sources penetrate 

through the object, in the process of the object passing through the scanning area; and 

[0029] obtaining, by the imaging unit, a first reconstructed image of the object based 

on the first projection images of the plurality of radiographic sources. 

[0030] In some embodiments of the second aspect, the linear detector array 

comprises a plurality of linear-array detectors arranged successively along the 

conveying direction of the conveying unit, the scanning imaging method further 

comprising: detecting, respectively by the plurality of linear-array detectors, the first 

projection images, which are formed after the ray beams emitted by the plurality of 

radiographic sources penetrate through the object, in the process of the object passing 

through the scanning area.  

[0031] In some embodiments of the second aspect, the step of obtaining the first 

reconstructed image of the object comprises: reconstructing the first reconstructed 

image of the object from the first projection images of the plurality of radiographic 

sources with a CT reconstructing algorithm.  

[0032] In some embodiments of the second aspect, the scanning imaging system 

further comprises a revolving unit at one or both ends of the conveying unit, the 

scanning imaging method further comprising:  

[0033] revolving, by the revolving unit, the object through a preset angle when the 

object passes through the scanning area and moves to an end of the conveying unit;  

[0034] bringing, by the conveying unit, the revolved object to pass through the 

scanning area; 
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[0035] detecting, by the linear detector array, second projection images, which are 

formed after the ray beams emitted by the plurality of radiographic sources penetrate 

through the revolved object, in the process of the revolved object passing through the 

scanning area; and 

[0036] obtaining, by the imaging unit, a second reconstructed image of the object 

based on the first projection images and the second projection images of the plurality 

of radiographic sources. 

[0037] In some embodiments of the second aspect, the scanning imaging system 

further comprises a pulse generator, before the step of forming the scanning area, the 

scanning imaging method further comprising: generating, by the pulse generator, a 

trigger pulse sequence for controlling the plurality of radiographic sources to 

alternately emit the ray beams. 

[0038] In some embodiments of the second aspect, the trigger pulse sequence 

comprises trigger pulse signals corresponding to the plurality of radiographic sources 

one by one within each cycle, the trigger pulse signals being used for controlling the 

radiographic sources to emit the ray beams with the same energy. 

[0039] In some embodiments of the second aspect, the trigger pulse sequence 

comprises trigger pulse signal groups corresponding to the plurality of radiographic 

sources one by one within each cycle, the trigger pulse signal group comprising a first 

trigger pulse signal and a second trigger pulse signal, which are used for controlling a 

corresponding radiographic source to emit a first sub ray beam with first energy and a 

second sub ray beam with second energy in turn.  

[0040] In some embodiments of the second aspect, the scanning imaging system 

further comprises a decomposing unit, the step of obtaining the first reconstructed 

image of the object comprising: 

[0041] decomposing, by the decomposing unit, the first projection images into first 

sub projection images corresponding to the first sub ray beam and second sub 

projection images corresponding to the second sub ray beam;  

[0042] obtaining, by the imaging unit, the first reconstructed image of the object 

based on the first sub projection images and the second sub projection images.     

[0043] In the scanning imaging system for security inspection of an object in 

accordance with embodiments of the disclosure, during security inspection of the 

object, the object may be brought by the conveying unit to move along the conveying 

direction of the conveying unit and thus pass through the scanning area formed by the 

ray beams alternately emitted by the plurality of radiographic sources arranged 



 

 6 

successively along the direction vertical to the plane in which the conveying unit is 

located; the first projection images, which are formed after the ray beams emitted by 

the plurality of radiographic sources penetrate through the object, in the process of the 

object passing through the scanning area are detected by the linear detector array; the 

first reconstructed image of the object is obtained by the imaging unit based on the 

first projection images of the plurality of radiographic sources. As the plurality of 

radiographic sources are distributed at different heights, the imaging unit may obtain 

multiple sets of data in the cone angle direction of the plurality of radiographic 

sources at different heights in one scanning process, thus solving the problem that the 

data in the cone angle direction of the radiographic sources is incomplete and 

eliminating the artifacts in the reconstructed image of the object to be inspected.  

 

DESCRIPTION OF THE DRAWINGS 

[0044] The disclosure may be better understood from description of specific 

implementations in conjunction with the accompanying drawings, in which same or 

similar reference numbers represent same or similar features. 

[0045] Fig. 1 is a schematic diagram of a three-dimensional structure of a scanning 

imaging system for security inspection of an object in accordance with an 

embodiment of the disclosure; 

[0046] Fig. 2 is a top view of the scanning imaging system for security inspection of 

an object in accordance with an embodiment of the disclosure; 

[0047] Fig. 3 is a sectional view of the scanning imaging system for security 

inspection of an object along the O-O plane in Fig. 2 in accordance with an 

embodiment of the disclosure; 

[0048] Fig. 4 is a sectional view of the scanning imaging system for security 

inspection of an object along the O-O plane in Fig. 2 in accordance with another 

embodiment of the disclosure; 

[0049] Fig. 5 is a layout diagram of a plurality of linear-array detectors in 

accordance with an embodiment of the disclosure; 

[0050] Fig. 6 is a schematic diagram of ray beams emitted by radiographic sources 

being obliquely incident to a crystal in the prior art; 

[0051] Fig. 7 is a schematic diagram of the ray beams emitted by the radiographic 

sources being obliquely incident to the crystal in accordance with an embodiment of 

the disclosure; 

[0052] Fig. 8 is a workflow diagram of the scanning imaging system for security 
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inspection of an object in accordance with an embodiment of the disclosure; 

[0053] Fig. 9 is another workflow diagram of the scanning imaging system for 

security inspection of an object in accordance with an embodiment of the disclosure; 

[0054] Fig. 10 is yet another workflow diagram of the scanning imaging system for 

security inspection of an object in accordance with an embodiment of the disclosure; 

[0055] Fig. 11 is an image of an object to be inspected generated by a linear 

scanning trajectory based imaging system in the prior art; 

[0056] Fig. 12 is an image of the object to be inspected generated by the scanning 

imaging system in accordance with an embodiment of the disclosure; 

[0057] Fig. 13 is a schematic diagram of a trigger pulse sequence in accordance with 

an embodiment of the disclosure; 

[0058] Fig. 14 is a schematic diagram of the trigger pulse sequence in accordance 

with another embodiment of the disclosure; 

[0059] Fig. 15 is a schematic diagram of the trigger pulse sequence in accordance 

with yet another embodiment of the disclosure; 

[0060] FIG. 16 is a flow chart of an imaging method of the scanning imaging system 

for security inspection of an object in accordance with an embodiment of the 

disclosure; 

[0061] FIG. 17 is a flow chart of the imaging method of the scanning imaging 

system for security inspection of an object in accordance with another embodiment of 

the disclosure; 

[0062] FIG. 18 is a flow chart of the imaging method of the scanning imaging 

system for security inspection of an object in accordance with yet another 

embodiment of the disclosure. 

 

DETAILED DESCRIPTION 

[0063] Features and exemplary embodiments of various aspects of embodiments of 

the disclosure will be described in detail below. In the detailed description below, a 

number of specific details are presented in order to provide a thorough understanding 

of embodiments of the disclosure. 

[0064] Embodiments of the disclosure provide a scanning imaging system for 

security inspection of an object and an imaging method thereof, which are suitable for 

security inspection of objects in various public places, capable of obtaining 

distribution maps of attenuation coefficients within the objects and automatically 
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recognizing dangerous objects, and advantageous in security inspection of large-size 

objects such as containers. 

[0065] Fig. 1 is a schematic diagram of a structure of the scanning imaging system 

for security inspection of an object in accordance with an embodiment of the 

disclosure. As shown in Fig. 1, the scanning imaging system includes a conveying 

unit 101, a plurality of radiographic sources 102, a linear detector array 103 and an 

imaging unit (not shown).  

[0066] The conveying unit 101 is configured for bringing the object to move along a 

conveying direction (as indicated by an arrow in Fig. 1) of the conveying unit 101. 

The conveying unit 101 may be embodied as for example, a belt conveyor, a link 

conveyor, a gear conveyor or any other conveyors. There is no restriction on the 

conveying unit. Usually, an object to be inspected is placed above the conveying unit 

101. It should be noted that a power mechanism of the conveying unit 101 may 

support both one-way conveying and two-way conveying. 

[0067] The plurality of radiographic sources 102 are located at one side of the 

conveying unit 101 and arranged successively in a direction vertical to a plane, in 

which the conveying unit 101 is located. That is, the plurality of radiographic sources 

102 are distributed at different heights on a vertical line. The plurality of radiographic 

sources 102 alternately emit ray beams to form a scanning area. For example, the 

radiographic sources 102 may be acceleration radiographic sources having adjustable 

energy and strong penetrating power. 

[0068] The linear detector array 103 is located at the other side of the conveying unit 

101 and arranged corresponding to the plurality of radiographic sources 102. The 

linear detector array 103 is configured for detecting first projection images, which are 

formed after the ray beams emitted by the plurality of radiographic sources 102 

penetrate through the object, in the process of the object passing through the scanning 

area. The ray beams emitted by the plurality of radiographic sources 102 will decay 

after penetrating through the object, that is, a part of the ray beams will be absorbed 

by the object, so the first projection images will be formed after the decay. 

[0069] The ray beam emitted by each radiographic source 102 corresponds to a set 

of first projection images, and the ray beams emitted by the plurality of radiographic 

sources 102 may correspond to multiple sets of first projection images.  

[0070] The imaging unit is configured for obtaining a first reconstructed image of 

the object based on the first projection images of the plurality of radiographic sources 
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102, that is, the multiple sets of first projection images. For example, a CT 

reconstructing algorithm may be used for reconstructing the first reconstructed image 

of the object from the first projection images of the plurality of radiographic sources 

102. The first reconstructed image may be a distribution map of attenuation 

coefficients, an atomic number map and / or an electron density map. The CT 

reconstructing algorithm may be an iterative reconstructing algorithm, for example, an 

algebraic reconstructing algorithm, a statistical iterative algorithm and so on.  

[0071] As described above, in the scanning imaging system for security inspection 

of an object in accordance with embodiments of the disclosure, in security inspection 

of the object, the conveying unit 101 brings the object to move along the conveying 

direction of the conveying unit 101 and thus pass through the scanning area formed by 

the ray beams alternately emitted by the plurality of radiographic sources 102 

arranged in the direction vertical to the plane, in which the conveying unit is located; 

the linear detector array 103 detects the first projection images, which are formed 

after the ray beams emitted by the plurality of radiographic sources 102 penetrate 

through the object, in the process of the object passing through the scanning area; the 

imaging unit obtains the first reconstructed image of the object based on the first 

projection images of the plurality of radiographic sources 102. As the plurality of 

radiographic sources 102 are distributed at different heights, the imaging unit may 

obtain multiple sets of data in a cone angle direction of the plurality of radiographic 

sources 102 at different heights, thus solving the problem that data in the cone angle 

direction of the radiographic sources 102 is incomplete in the prior art and eliminating 

artifacts in the reconstructed image of the object. 

[0072] In a preferred example, as shown in Fig. 2, the plurality of radiographic 

sources 102 are arranged such that a projection of a vertical line, on which the 

plurality of radiographic sources 102 are located, on the linear detector array 103 is at 

a middle position of the linear detector array 103. The plurality of radiographic 

sources 102 are arranged in a manner shown in Fig. 2, in which the distance between 

points A and C and the distance between points A and B are equal. As radiation doses 

of the ray beams decay inversely proportional to the square of the distances, there is 

no obvious noise difference between the multiple sets of first projection images (i.e. 

projection data) corresponding to the plurality of radiographic sources 102, which 

improves consistency and accuracy of the projection data for imaging. 

[0073] In order to completely cover the object to be inspected in height, the number 
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of the radiographic sources 102 may be determined according to distances between 

the radiographic sources 102 and the linear detector array 103. For example, more 

radiographic sources 102 may be arranged at locations nearer to the linear detector 

array 103, and less radiographic sources 102 may be arranged at locations farther to 

the linear detector array 103. 

[0074] For example, as shown in Figs. 3 and 4, point D indicates the height of the 

object to be inspected, and the distance between the vertical line, on which the 

radiographic sources 102 are located, and the linear detector array 103 is less in Fig. 3 

than in Fig. 4. In order to completely cover the object 104 to be inspected in height 

(that is, in order to cover the point D), it is necessary to arrange at least three 

radiographic sources 102 in Fig. 3 and arrange at least two radiographic sources 102 

in Fig. 4.  

[0075] According to embodiments of the disclosure, the linear detector array 103 

may include a plurality of linear-array detectors 1031 (see Fig. 1) arranged 

successively along the conveying direction of the conveying unit 101, and the 

plurality of linear-array detectors 1031 are configured for detecting the first projection 

images, which are formed after the ray beams emitted by the plurality of radiographic 

sources 102 penetrate through the object, in the process of the object passing through 

the scanning area, respectively. Compared with plane-array detectors, the arrangement 

of the plurality of linear-array detectors 1031 is more flexible and costless. 

[0076] In an example, the number of radiographic sources 102 is M, the number of 

linear-array detectors 1031 in the linear detector array 103 is N, and both M and N are 

positive integers greater than 2. Each linear-array detector 1031 may capture a 

transmission image of the ray beam emitted by each radiographic source 102 at a 

certain angle, that is, a piece of projection data, so M*N pieces of projection data may 

be obtained during a single scanning process. 

[0077] In a preferred example, the plurality of linear-array detectors 1031 are 

arranged centripetally around the vertical line, on which the plurality of radiographic 

sources 102 are located. Fig. 5 is a top view of the plurality of linear-array detectors 

1031. Each linear-array detector 1031 shown in Fig. 5 is arranged to deflect towards 

the vertical line, on which the radiographic sources 102 are located. 

[0078] Each linear-array detector 1031 may be composed of a plurality of sub 

detectors stacked along the height direction thereof, and there may exist a gap 

between two neighboring sub detectors or the neighboring sub detectors may be 
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connected seamless. For example, each sub detector may be a rectangular crystal. 

Here, a surface facing towards the radiographic sources 102 of each rectangular 

crystal is called a light receiving surface, or a surface wholly facing towards the 

radiographic sources 102 of each linear-array detector 1031 is called the light 

receiving surface. The ray beams emitted by the radiographic sources 102 will pass 

through the light receiving surface and enter each rectangular crystal, and the 

projection images are generated after the ray beams are absorbed by the rectangular 

crystal. Furthermore, “the plurality of linear-array detectors 1031 are arranged 

centripetally around the vertical line, on which the plurality of radiographic sources 

102 are located” may be further interpreted as “the plurality of linear-array detectors 

1031 are arranged such that a line vertical to the light receiving surface of each 

linear-array detector 103 crosses or intersects the vertical line, on which the plurality 

of radiographic sources 102 are located”. 

[0079] Fig. 6 is a schematic diagram of the ray beams emitted by the radiographic 

sources 102 being obliquely incident to the crystal in the prior art. As can be seen 

from Fig. 6, when the ray beams are obliquely incident to the crystal, the thickness 

penetrated through by the ray beams of the crystal (shown by dotted line 601) is far 

smaller than the actual thickness of the crystal, and the equivalent area of the crystal 

(shown by dashed section 602) is far greater than the actual area of the light receiving 

surface of the crystal. 

[0080] Fig. 7 is a schematic diagram of the ray beams emitted by the radiographic 

sources 102 being vertically incident to the crystal in an embodiment of the disclosure. 

As shown in Fig. 7, when the ray beams are vertically incident to the crystal, the 

thickness penetrated through by the ray beams of the crystal (shown by dotted line 

701) is equal to the thickness of the crystal, and the equivalent area of the crystal is 

equal to the actual area of the light receiving surface of the crystal. 

[0081] Therefore, as compared with the ray beams being obliquely incident to the 

crystal in the prior art, the ray beams being vertically incident to the crystal in the 

disclosure, on the one hand, may increase the thickness effectively penetrated through 

by the ray beams of the crystal, increase the penetrating power of the ray beams and 

thus make the projection data carried by the detected projection images more 

comprehensive; on the other hand, may make the equivalent area of the crystal equal 

to the actual area of the light receiving surface, improve the spatial resolution of the 

ray beams and thus make the resolution of the projection data carried by the detected 
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projection images higher. 

[0082] According to an embodiment of the disclosure, the scanning imaging system 

further includes a revolving unit 901 (see Fig. 9) at one end or both ends of the 

conveying unit 101, the revolving unit 901 being configured for revolving the object 

through a preset angle when the object passes through the scanning area and moves to 

an end of the conveying unit 101. 

[0083] The conveying unit 101 is further configured for bringing the revolved object 

to pass through the scanning area; the linear detector array 103 is further configured 

for detecting second projection images, which are formed after the ray beams emitted 

by the plurality of radiographic sources 102 penetrate through the revolved object, in 

the process of the revolved object passing through the scanning area; and the image 

unit is further configured for obtaining a second reconstructed image of the object 

based on the first projection images and the second projection images of the plurality 

of radiographic sources 102.  

[0084] It should be noted that the steps of revolving the object 104 to be inspected 

through the preset angle and bringing the object 104 to be inspected to pass through 

the scanning area may be repeated many times. Usually, the larger the number of the 

object passing through the scanning area in one inspection, the more comprehensive 

the object is irradiated, and the higher the quality of the reconstructed image is. 

[0085] In an example, if the number of the object passing through the scanning area 

is two during one inspection, the preset angle of revolving the object may be set to 

90 10   in order to make the object to be completely irradiated. 

[0086] In another example, if the number of the object passing through the scanning 

area is N during one inspection and N is a positive integer, the preset angle of 

revolving the object may be set to  180 / 10N
  in order to make the object to be 

completely irradiated. 

[0087] According to an embodiment of the disclosure, the scanning imaging system 

further includes a channel, which mainly provides a radiation protection and shielding 

function. A shielding door is provided at the exit and entrance of the channel, and the 

conveying unit 101 is configured to pass through the channel. 

[0088] The working process of the scanning imaging system of embodiments of the 

disclosure is described in detail below. Specifically, as can be seen from Figs. 8 to 10, 

work steps of the scanning imaging system are the following: 

[0089] the object 104 to be inspected is fixed on the conveying unit 101 to make the 
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object move along the conveying direction of the conveying unit 101 (see Fig. 8); 

[0090] the ray beams are emitted alternately by the plurality of radiographic sources 

102 distributed along the vertical direction to form the scanning area; 

[0091] the first projection images, which are formed after the ray beams emitted by 

the plurality of radiographic sources 102 penetrate through the object, in the process 

of the object passing through the scanning area are detected by the linear detector 

array 103; 

[0092] when the object 104 to be inspected moves to the end of the conveying unit 

101, the object 104 to be inspected is revolved by the revolving unit 901 arranged at 

the end of the conveying unit through the preset angle (see Fig. 9); 

[0093] the revolved object 104 to be inspected is brought by the conveying unit 101 

to pass through the scanning area again (see Fig. 10); 

[0094] the second projection images, which are formed after the ray beams emitted 

by the plurality of radiographic sources 102 penetrate through the revolved object to 

be inspected again, in the process of the revolved object 104 to be inspected passing 

through the scanning area again are detected by the linear detector array 103; and 

[0095] the second reconstructed image of the object to be inspected is obtained by 

the imaging unit based on the first projection images and the second projection images 

of the plurality of radiographic sources 102. 

[0096] In order to show the effect of the scanning imaging system of the 

embodiments of the disclosure more visually, please refer to Figs. 11 and 12. 

[0097] Fig. 11 is an image of the object 104 to be inspected, which is generated by a 

linear scanning trajectory based imaging system in the prior art. It is found that there 

are obvious cone artifacts at positions indicated by arrows in upper and lower parts of 

the image. 

[0098] Fig. 12 is an image of the object 104 to be inspected, which is generated by 

the scanning imaging system of embodiments of the disclosure. It is found that the 

cone artifacts are effectively restricted, and the generated image is more clear and 

balanced. 

[0099] According to an embodiment of the disclosure, the scanning imaging system 

further includes a pulse generator (not shown) configured for generating a trigger 

pulse sequence for controlling the plurality of radiographic sources 102 to emit the ray 

beams alternately. Specifically, the pulse trigger sequence may include the following 

situations: 
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[0100] In a first situation, the trigger pulse sequence includes trigger pulse signals 

corresponding to the plurality of radiographic sources 102 one by one within one 

cycle, and the trigger pulse signals are used to control the radiographic sources 102 to 

emit the ray beams with the same energy. 

[0101] For example, Fig. 13 shows the trigger pulse signals corresponding to three 

radiographic sources 102 one by one. The horizontal coordinate axis represents time 

and the trigger pulse signals corresponding to the three radiographic sources 102 one 

by one are alternately arranged along the time axis. The vertical coordinate axis 

represents energy, and the energy indicated by all of the trigger pulse signals is E1. 

The projection image data obtained by this way is complete data applicable for 

mono-energy CT reconstruction. 

[0102] In a second situation, the trigger pulse sequence includes multiple groups of 

trigger pulse signals within one cycle, each group corresponding to a corresponding 

one radiographic source 102. The group of trigger pulse signals includes a first trigger 

pulse signal and a second trigger pulse signal, which are used to control a 

corresponding one radiographic source 102 to emit a first sub ray beam with first 

energy and a second sub ray beam with second energy in turn. The radiographic 

sources 102 may be dual-energy accelerators with adjustable energy. 

[0103] For example, Fig. 14 shows groups of trigger pulse signals corresponding to 

the three radiographic sources 102 one by one, that is, each radiographic source 102 

emits two ray beams. The horizontal coordinate axis represents time, and the groups 

of trigger pulse signals corresponding to the three radiographic sources 102 one by 

one are alternately arranged along the time axis. The vertical coordinate axis 

represents energy, and the energy indicated by the first trigger pulse signal in each 

group of trigger pulse signals is E2, and the energy indicated by the second trigger 

pulse signal in each group of trigger pulse signals is E3. The projection image data 

obtained by this way is complete data applicable for dual-energy CT reconstruction. 

[0104] Principles of dual-energy CT reconstructing an image is described below: 

[0105] Firstly, the object to be inspected is scanned by dual-energy rays to obtain 

dual-energy projection data . 

[0106] Secondly, based on a pre-built lookup table or by solving equations, 

projection values of base material coefficients corresponding to the dual-energy 

projection data are calculated. The way to create the lookup table is to select two basic 

materials, calculate projection values of the double-energy rays penetrating through 
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the two base materials of different thicknesses, and create the lookup table according 

to relationships between high-low energy projection values and different 

combinations of thicknesses. The method of solving equations is to, get a 

corresponding combination of thicknesses by calculating high-low energy projection 

equations under decomposition of the base materials based on actual high-low energy 

projection values. 

[0107] Thirdly, the distribution map of the base material coefficients may be 

obtained from the projection values of the base materials. The atomic number, the 

characteristic density image and the attenuation coefficient image of the object to be 

inspected at any energy may be obtained from the base material coefficient 

distribution, so as to classify the object in substance and recognize the object 

automatically. 

[0108] It should be noted that in order to implement dual-energy CT reconstruction 

based on the projection image data in the second situation, the scanning imaging 

system further includes a decomposing unit configured for decomposing first sub 

projection images and second sub projection images corresponding to the first sub ray 

beam and the second sub ray beam from the first projection images. The imaging unit 

is further configured for obtaining the first reconstructed image of the object 104 to be 

inspected based to the first sub projection images and the second sub projection 

images. 

[0109] In a third situation, the radiographic sources 102 may be mono-energy 

accelerators with adjustable energy. The trigger pulse sequence includes trigger pulse 

signals corresponding to the plurality of radiographic sources 102 one by one within 

one cycle. In the first scanning process for the object 104 to be inspected, the trigger 

pulse signals are used to control the radiographic sources 102 to emit the ray beams 

with the same first energy; in the second scanning process for the object 104 to be 

inspected, the trigger pulse signals are used to control the radiographic sources 102 to 

emit the ray beams with the same second energy. 

[0110] For example, the energy indicated by all of the trigger pulse signals is E1 

during the first scanning process (see Fig. 13); the energy indicated by all of the 

trigger pulse signals is E4 during the second scanning process (see Fig. 15). The 

projection image data obtained in this way may also be used for dual-energy CT 

reconstruction. The obtained image information of the object 104 to be inspected 

includes high energy attenuation coefficients, low energy attenuation coefficients, 



 

 16 

atomic numbers, electron densities and so on, so the object to be inspected may be 

classified in substance and recognized automatically. 

[0111] FIG. 16 is a flow diagram of a scanning imaging method for security 

inspection of an object in accordance with an embodiment of the disclosure, which is 

applied to the above described scanning imaging system for security inspection of an 

object. The scanning imaging method in FIG. 16 includes steps 161 to 164. 

[0112] In step 161, the plurality of radiographic sources 102 are enabled to 

alternately emit the ray beams to form the scanning area. 

[0113] In step 162, the conveying unit 101 is enabled to bring the object to move 

along the conveying direction and thus pass through the scanning area. 

[0114] In step 163, the first projection images, which are formed after the ray beams 

emitted by the plurality of radiographic sources 102 penetrate through the object, in 

the process of the object passing through the scanning area are detected by the linear 

detector array 103.  

[0115] In step 164, the first reconstructed image of the object is obtained by the 

imaging unit based on the first projection images of the plurality of radiographic 

sources 102. 

[0116] In a preferred embodiment, the linear detector array 103 includes a plurality 

of linear-array detectors 1031 successively arranged along the conveying direction of 

the conveying unit 101, and the scanning imaging method further includes: detecting, 

by the plurality of linear-array detectors 1031, the first projection images, which are 

formed after the ray beams emitted by the plurality of radiographic sources 102 

penetrate through the object, in the process of the object passing through the scanning 

area, respectively.  

[0117] Specifically, the step of obtaining the first reconstructed image of the object 

includes: reconstructing the first reconstructed image of the object from the first 

projection images of the plurality of radiographic sources with a CT reconstructing 

algorithm.  

[0118] Fig. 17 is a flow diagram of a scanning imaging method for security 

inspection of an object in accordance with another embodiment of the disclosure. The 

difference between Fig. 17 and FIG. 16 is that FIG. 17 further includes steps 165 to 

168 after step 103. 

[0119] In step 165, when the object passes through the scanning area and moves to 

the end of the conveying unit 101, the object is revolved through the preset angle by 
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the revolving unit 901, wherein the revolving unit 901 is located at one end or both 

ends of the conveying unit 101 (see Fig. 9). 

[0120] In step 166, the revolved object is brought by the conveying unit 101 to pass 

through the scanning area again.  

[0121] In step 167, the second projection images, which are formed after the ray 

beams emitted by the plurality of radiographic sources 102 penetrate through the 

revolved object, in the process of the revolved object passing through the scanning 

area are detected by the linear detector array 103. 

[0122] In step 168, the second reconstructed image of the object is obtained by the 

imaging unit based on the first projection images and the second projection images of 

the plurality of radiographic sources 102. 

[0123] According to an embodiment of the disclosure, the scanning imaging system 

further includes the pulse trigger, and before the step of enabling the plurality of 

radiographic sources 102 to alternately emit the ray beams to form the scanning area, 

the scanning imaging method further includes: generating, by the pulse trigger, the 

trigger pulse sequence for controlling the plurality of radiographic sources 102 to 

alternately emit the ray beams.  

[0124] The trigger pulse sequence may include the trigger pulse signals 

corresponding to the plurality of radiographic sources 102 one by one within one 

cycle, and the trigger pulse signals are used to control the radiographic sources 102 to 

emit the ray beams with the same energy. 

[0125] The trigger pulse sequence may also include the multiple groups of trigger 

pulse signals within one cycle, the group corresponding to a corresponding 

radiographic source 102. The group of trigger pulse signals includes the first trigger 

pulse signal and the second trigger pulse signal, which are used to control a 

corresponding radiographic source 102 to emit the first sub ray beam having first 

energy and a second sub ray beam having second energy.  

[0126] In view of the situation that the group of trigger pulse signals includes the 

first trigger pulse signal and the second trigger pulse signal, the scanning imaging 

system further includes a decomposing unit. Fig. 18 is a flow diagram of the scanning 

imaging method for security inspection of an object in accordance with another 

embodiment of the disclosure. The difference between Fig. 18 and FIG. 16 is that step 

164 in FIG. 16 may be divided into steps 1641 and step 1642 in Fig. 18. 

[0127] In step 1641, the first sub projection images corresponding to the first sub ray 
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beam and the second sub projection image corresponding to the second sub ray beam 

are decomposed by the imaging unit from the first projection images.  

[0128] In step 1642, the first reconstructed image of the object is obtained by the 

imaging unit based on the first sub projection images and the second sub projection 

images. 

[0129] It should be clarified that respective embodiments in the description are 

described in a progressive manner, and the same or similar parts of respective 

embodiments may be referenced to by each other, and each embodiment focuses on 

the difference between the embodiment and the other embodiments. For device 

embodiments, related parts may be seen in the method embodiment of the disclosure. 

The embodiments of the disclosure are not limited to the specific steps and structures 

shown in the above drawings and described above. The person skilled in the art may, 

after understanding the spirit of the embodiments of the disclosure, make various 

changes, modifications and additions, or change the order between steps. Moreover, 

for the sake of simplicity, detailed description of known methods and techniques are 

omitted here. Any person skilled in the art can easily think of changes or replacements 

within the technical scope disclosed by the present invention, which should be 

covered by the protection scope of the present invention. Therefore, the protection 

scope of the present invention shall be subject to the protection scope of the claims. 
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What is claimed is: 

 

1. A scanning imaging system for security inspection of an object, comprising: 

a conveying unit configured for bringing the object to move along a conveying 

direction of the conveying unit; 

a plurality of radiographic sources at one side of the conveying unit, the plurality 

of radiographic sources being arranged successively in a direction vertical to a plane, 

in which the conveying unit is located, and configured for alternately emitting ray 

beams to form a scanning area; 

a linear detector array at the other side of the conveying unit, the linear detector 

array being configured for detecting first projection images, which are formed after 

the ray beams emitted by the plurality of radiographic sources penetrate through the 

object, in the process of the object passing through the scanning area; and 

an imaging unit configured for obtaining a first reconstructed image of the object 

based on the first projection images of the plurality of radiographic sources, 

wherein the linear detector array comprises a plurality of linear-array detectors 

arranged successively along the conveying direction of the conveying unit, and 

wherein the plurality of linear-array detectors are arranged centripetally around a 

vertical line, on which the plurality of radiographic sources are located, and each 

linear-array detector is arranged to deflect towards the vertical line, on which the 

radiographic sources are located. 

 

2. The scanning imaging system of claim 1, wherein the plurality of radiographic 

sources are arranged such that a projection of a vertical line, on which the plurality of 

radiographic sources are located, on a plane, in which the linear detector array is 

located, is at a middle position of the linear detector array.  

 

3. The scanning imaging system of claim 1, the plurality of linear-array detectors 

being configured for detecting the first projection images, which are formed after the 

ray beams emitted by the plurality of radiographic sources penetrate through the 

object, in the process of the object passing through the scanning area, respectively. 

 

4. The scanning imaging system of claim 1, further comprising a revolving unit 

at an end of the conveying unit, the revolving unit being configured for revolving the 
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object through a preset angle when the object passes through the scanning area and 

moves to an end of the conveying unit, wherein 

the conveying unit is further configured for bringing the revolved object to pass 

through the scanning area,  

the linear detector array is further configured for detecting second projection 

images, which are formed after the ray beams emitted by the plurality of radiographic 

sources penetrate through the revolved object, in the process of the revolved object 

passing through the scanning area, and 

the imaging unit is further configured for obtaining a second reconstructed image 

of the object based on the first projection images and the second projection images of 

the plurality of radiographic sources. 

 

5. The scanning imaging system of claim 1, further comprising a pulse generator 

configured for generating a trigger pulse sequence for controlling the plurality of 

radiographic sources to alternately emit the ray beams. 

 

6. The scanning imaging system of claim 5, wherein the trigger pulse sequence 

comprises trigger pulse signals corresponding to the plurality of radiographic sources 

one by one within each cycle, the trigger pulse signals being used for controlling the 

radiographic sources to emit the ray beams with the same energy. 

 

7. The scanning imaging system of claim 5, wherein the trigger pulse sequence 

comprises trigger pulse signal groups corresponding to the plurality of radiographic 

sources one by one within each cycle, the trigger pulse signal group comprising a first 

trigger pulse signal and a second trigger pulse signal, which are used for controlling a 

corresponding radiographic source to emit a first sub ray beam with first energy and a 

second sub ray beam with second energy in turn.  

 

8. The scanning imaging system of claim 7, further comprising a decomposing 

unit configured for decomposing the first projection images into first sub projection 

images corresponding to the first sub ray beam and second sub projection images 

corresponding to the second sub ray beam, wherein 

the imaging unit is further configured for obtaining the first reconstructed image 

of the object based on the first sub projection images and the second sub projection 
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images. 

 

9. The scanning imaging system of claim 1, wherein the radiographic sources are 

acceleration radiographic sources.  

 

10. A scanning imaging method for security inspection of an object, the scanning 

imaging method applied to the scanning imaging system for security inspection of an 

object, the method comprising: 

enabling a plurality of radiographic sources to alternately emit ray beams to form 

a scanning area; 

enabling a conveying unit to bring the object to move along a conveying 

direction and thus pass through the scanning area; 

detecting, by a linear detector array, first projection images, which are formed 

after the ray beams emitted by the plurality of radiographic sources penetrate through 

the object, in the process of the object passing through the scanning area; and 

obtaining, by an imaging unit, a first reconstructed image of the object based on 

the first projection images of the plurality of radiographic sources. 

 

11. The scanning imaging method of claim 10, wherein the linear detector array 

comprises a plurality of linear-array detectors arranged successively along the 

conveying direction of the conveying unit, the scanning imaging method further 

comprising: 

detecting, respectively by the plurality of linear-array detectors, the first 

projection images, which are formed after the ray beams emitted by the plurality of 

radiographic sources penetrate through the object, in the process of the object passing 

through the scanning area.  

 

12. The scanning imaging method of claim 10, wherein the step of obtaining the 

first reconstructed image of the object comprises: 

reconstructing the first reconstructed image of the object from the first projection 

images of the plurality of radiographic sources with a CT reconstructing algorithm.  

 

13. The scanning imaging method of claim 10, wherein the scanning imaging 

system further comprises a revolving unit at an end of the conveying unit, the 
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scanning imaging method further comprising: 

revolving, by the revolving unit, the object through a preset angle when the 

object passes through the scanning area and moves to an end of the conveying unit;  

bringing, by the conveying unit, the revolved object to pass through the scanning 

area; 

detecting, by the linear detector array, second projection images, which are 

formed after the ray beams emitted by the plurality of radiographic sources penetrate 

through the revolved object, in the process of the revolved object passing through the 

scanning area; and 

obtaining, by the imaging unit, a second reconstructed image of the object based 

on the first projection images and the second projection images of the plurality of 

radiographic sources. 

 

14. The scanning imaging method of claim 10, wherein the scanning imaging 

system further comprises a pulse generator, before the step of forming the scanning 

area, the scanning imaging method further comprising: 

generating, by the pulse generator, a trigger pulse sequence for controlling the 

plurality of radiographic sources to alternately emit the ray beams. 

 

15. The scanning imaging method of claim 14, wherein the trigger pulse 

sequence comprises trigger pulse signals corresponding to the plurality of 

radiographic sources one by one within each cycle, the trigger pulse signals being 

used for controlling the radiographic sources to emit the ray beams with the same 

energy. 

 

16. The scanning imaging method of claim 14, wherein the trigger pulse 

sequence comprises trigger pulse signal groups corresponding to the plurality of 

radiographic sources one by one within each cycle, the trigger pulse signal group 

comprising a first trigger pulse signal and a second trigger pulse signal, which are 

used for controlling a corresponding radiographic source to emit a first sub ray beam 

with first energy and a second sub ray beam with second energy in turn.  

 

17. The scanning imaging method of claim 16, wherein the scanning imaging 

system further comprises a decomposing unit, the step of obtaining the first 
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reconstructed image of the object comprising: 

decomposing, by the decomposing unit, the first projection images into first sub 

projection images corresponding to the first sub ray beam and second sub projection 

images corresponding to the second sub ray beam;  

obtaining, by the imaging unit, the first reconstructed image of the object based 

on the first sub projection images and the second sub projection images.     

 

 

 


