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CALIBRATION ASSEMBLY, CALIBRATION PHANTOM AND CALIBRATION 

METHOD 

 
TECHNICAL FIELD 

[0001] At least one embodiment of the present disclosure relates to a calibration 

phantom for calibrating a CT imaging system, and in particular to a calibration assembly, a 

calibration phantom, and a calibration method for calibrating a CT imaging system before the 

CT imaging system performs a scanning operation. 

 
BACKGROUND 

[0002] The CT (Computed Tomography) imaging technology is currently widely used 

in a plurality of fields such as medical treatment and security inspection, which may acquire a 

three-dimensional image information of an internal structure of a detected object or person 

without damage. In a process of CT imaging, a geometric error of a CT imaging system may 

cause a structure distortion of a reconstructed three-dimensional image, resulting in problems 

such as inaccurate CT values or ring artifacts. The CT imaging system generally includes an 

X-ray machine, an object to be imaged and a detector, and the reconstruction image is generally 

obtained by adjusting a geometric parameter of the X-ray machine or the detector. 

[0003] Before scanning and imaging, it is generally necessary to calibrate the CT 

imaging system by using a calibration phantom. By continuously adjusting a geometric 

parameter value in an imaging method, an optimal geometric parameter value closest to a real 

scanning system structure may be obtained. The existing geometric calibration methods mainly 

aim at a spiral scanning cone beam CT apparatus, and determine a method and an effect of 

member adjustment by manually or electrically adjusting some members on the CT apparatus 

relying on human subjective judgments or objective indicators. The above-mentioned 

adjustment devices and adjustment methods are generally time-consuming and laborious, and 

are greatly affected by subjective factors. Geometric parameters of the existing CT imaging 

systems are numerous and complex, and the optimal image reconstruction effect may not be 

obtained through geometric calibration devices and calibration methods in the related art. 
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SUMMARY 

[0004] In view of at least one technical problems of the above or other aspects of the 

prior art, the embodiments of the present disclosure provide a calibration component, a 

calibration phantom, and a calibration method, which may improve a calibration accuracy of a 

CT imaging system. 

[0005] According to a first aspect of the present disclosure, a calibration assembly is 

provided, including: a base; and a plurality of calibration wires dispersedly connected to the 

base, wherein an absorption capacity of the calibration wire for X rays is greater than an 

absorption capacity of the base for X rays. 

[0006] According to the embodiments of the present disclosure, the calibration assembly 

further includes two mounting portions arranged at two opposite ends of the base. 

[0007] According to the embodiments of the present disclosure, shapes of sections of 

the calibration wires are set as one or more of approximately circular, elliptical, rectangular, 

square and polygon. 

[0008] According to the embodiments of the present disclosure, a diameter of an 

externally tangent circle of the section of the calibration wire is 0.5 to 5 mm. 

[0009] According to the embodiments of the present disclosure, the base forms as a flat 

plate shape, and the calibration wires are arranged on the base in a length direction. 

[0010] According to the embodiments of the present disclosure, a spacing among 

adjacent calibration wires is equal and/or unequal. 

[0011] According to the embodiments of the present disclosure, at least one end of the 

calibration wire protrudes from a side of the base. 

[0012] According to the embodiments of the present disclosure, the base includes two 

sub-bases arranged in parallel, and the calibration wire is connected between the two sub-bases. 

[0013] According to a second aspect of the present disclosure, a calibration phantom is 

provided, including: a supporting frame; and at least one calibration assembly as described 

above, wherein the at least one calibration assembly is connected to an inside of the supporting 

frame, and an absorption capacity of the calibration wire for X rays is greater than an absorption 

capacity of the supporting frame for X rays. 
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[0014] According to the embodiments of the present disclosure, each calibration 

assembly is connected to the inside of the supporting frame through mounting portions 

arranged at two ends of the calibration assembly. 

[0015] According to the embodiments of the present disclosure, the supporting frame is 

set as a substantially hexahedral box; and wherein at least one calibration assembly is arranged 

in a length direction of the supporting frame. 

[0016] According to the embodiments of the present disclosure, projections of 

calibration wires of each calibration assembly in a height direction and/or a length direction of 

the supporting frame do not coincide with each other. 

[0017] According to the embodiments of the present disclosure, projections of at least 

two calibration assemblies arranged in the length direction of the supporting frame in the length 

direction do not coincide with each other. 

[0018] According to the embodiments of the present disclosure, projections of the at 

least two calibration assemblies arranged in the length direction of the supporting frame in the 

height direction do not coincide with each other. 

[0019] According to the embodiments of the present disclosure, projections of at least 

two calibration assemblies in a transverse direction of the supporting frame intersect with each 

other, and projections of the at least two calibration assemblies in the length direction of the 

supporting frame do not coincide with each other. 

[0020] According to a third aspect of the present disclosure, a calibration method is 

provided, including: placing the calibration phantom as described above in a scanning channel 

of a scanning system; performing X-ray scanning on the calibration phantom to obtain an 

imaging result of the calibration phantom; evaluating the imaging result according to a preset 

evaluation method to obtain a first evaluation result; completing a calibration of the scanning 

system in response to the first evaluation result meeting a preset condition; adjusting, in 

response to the first evaluation result not meeting the preset condition, a geometric parameter 

value of a preset system according to the first evaluation result, and repeating the step of 

evaluating the imaging result according to a preset evaluation method. 

[0021] According to the embodiments of the present disclosure, after the step of 

adjusting, in response to the first evaluation result not meeting the preset condition, a geometric 
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parameter value of a preset system according to the first evaluation result, and repeating the 

step of evaluating the imaging result according to a preset evaluation method, the method 

further includes: evaluating the imaging result according to the preset evaluation method to 

obtain a second evaluation result; completing the calibration of the scanning system in response 

to the second evaluation result meeting the preset condition; and adjusting, in response to the 

second evaluation result not meeting the preset condition, the geometric parameter value of the 

preset system according to a reference evaluation result, and repeating the step of evaluating 

the imaging result according to the preset evaluation method, wherein the reference evaluation 

result is characterized as a comparison value between the first evaluation result and the second 

evaluation result adjacent to the first evaluation result. 

[0022] According to the embodiments of the present disclosure, after the step of 

performing X-ray scanning on the calibration phantom to obtain an imaging result of the 

calibration phantom, the method further includes: simulating the imaging result of the 

calibration phantom according to the geometric parameter value of the preset system to obtain 

a simulation result; comparing the simulation result with the imaging result to obtain a 

comparison data; completing the calibration of the scanning system in response to the 

comparison data meeting the preset condition; and adjusting, in response to the comparison 

data not meeting the preset condition, the geometric parameter value of the preset system 

according to the comparison data, and repeating the step of simulating the imaging result of the 

calibration phantom according to the geometric parameter value of the preset system. 

[0023] According to the embodiments of the present disclosure, a length direction of the 

calibration phantom is perpendicular to a scanning direction of the calibration phantom. 

[0024] According to the embodiments of the present disclosure, the performing X-ray 

scanning on the calibration phantom includes: scanning the calibration phantom once in 

response to a size of the calibration phantom being close to a size of the scanning channel of 

the scanning system; and changing a position of the calibration phantom in the scanning 

channel and scanning the calibration phantom for a plurality of times in response to the size of 

the calibration phantom being smaller than the size of the scanning channel of the scanning 

system. 

[0025] According to the embodiments of the present disclosure, the parameter includes: 
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a relative position and a posture between a light source and a detector in the scanning system. 

[0026] According to the embodiments of the present disclosure, the simulation result 

includes one or more of a projection domain simulation result, a projection domain parametric 

simulation result, an image domain simulation result and an image domain parametric 

simulation result. 

[0027] According to the embodiments of the present disclosure, the imaging result 

includes one or more of a scanning data, a DR image, a slice image and a three-dimensional 

reconstructed image. 

[0028] According to the calibration wire, the calibration phantom and the calibration 

method of the above-mentioned embodiments of the present disclosure, by dispersedly 

connecting the calibration wires of the calibration component to the base, and taking advantage 

of the characteristics that the absorption capacity of the calibration wire for X rays is greater 

than the absorption capacity of the base for X rays, the above-mentioned calibration wires are 

applied to the calibration phantom, and the calibration phantom is scanned in the scanning 

system. By continuously adjusting the geometric parameter values in the imaging method, the 

optimal geometric parameter values that are closest to the real scanning system structure may 

be obtained, thereby improving the imaging effect of the scanning system. 

 
BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] The above contents and other objectives, features and advantages of the present 

disclosure will be more apparent through the following descriptions of embodiments of the 

present disclosure with reference to the accompanying drawings. 

[0030] FIG. 1a schematically shows a schematic stereoscopic diagram of a calibration 

assembly according to an exemplary embodiment of the present disclosure. 

[0031] FIG. 1b schematically shows a side view of the calibration assembly shown in 

FIG. 1a. 

[0032] FIG. 2 schematically shows a schematic stereoscopic diagram of a calibration 

assembly according to another exemplary embodiment of the present disclosure. 

[0033] FIG. 3 schematically shows a schematic stereoscopic diagram of a calibration 

assembly according to yet another exemplary embodiment of the present disclosure. 
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[0034] FIG. 4a schematically shows a schematic stereoscopic diagram of a calibration 

assembly according to still another exemplary embodiment of the present disclosure. 

[0035] FIG. 4b schematically shows a side view of a calibration assembly according to 

still another exemplary embodiment of the present disclosure. 

[0036] FIG. 4c schematically shows another calibration wire arrangement of the 

calibration assembly shown in FIG. 4a. 

[0037] FIG. 5 schematically shows a side view of a calibration assembly according to 

still another exemplary embodiment of the present disclosure. 

[0038] FIG. 6 schematically shows a schematic stereoscopic diagram of a calibration 

phantom according to an embodiment of the present disclosure. 

[0039] FIG. 7 shows a simplified schematic diagram of a CT scanning apparatus 

according to an exemplary embodiment of the present disclosure. 

[0040] FIG. 8 shows a schematic principle diagram of a CT imaging system according 

to an exemplary embodiment of the present disclosure. 

[0041] FIG. 9 to FIG. 11 schematically show flow charts of calibration methods 

according to the embodiments of the present disclosure. 

 [Reference Numerals] 

 100 - calibration assembly; 

 101 - base; 

 102 - calibration wire; 

 1021 - calibration wire group; 

 103 - mounting portion; 

 200 - supporting frame; 

 1 - X-ray source; 

 2 - detector array; 

 3 - slip ring; 

 4 - conveyor; 

 5 - detected target; 

 6 - scanning channel; 

 10 - CT imaging system. 
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DETAILED DESCRIPTION OF EMBODIMENTS 

[0042] Embodiments of the present disclosure will be described below with reference to 

the accompanying drawings. However, it should be understood that these descriptions are 

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

following detailed descriptions, for purposes of explanation, numerous specific details are set 

forth in order to provide a comprehensive understanding of the embodiments of the present 

disclosure. However, it is obvious that one or more embodiments may be implemented without 

these specific details. In addition, in the following descriptions, descriptions of well-known 

structures and technologies are omitted to avoid unnecessarily obscuring the concept of the 

present disclosure. 

[0043] Terms used herein are for the purpose of describing specific embodiments only 

and are not intended to limit the present disclosure. Terms such as “comprising”, “including” 

and the like used herein specify a presence of a feature, a step, an operation and/or a component, 

but do not preclude a presence or addition of one or more other features, steps, operations or 

components. 

[0044] All terms (including technical and scientific terms) used herein have the same 

meaning as commonly understood by those skilled in the art, unless otherwise defined. It 

should be noted that the terms used herein should be construed as having meanings consistent 

with the context of the present description and should not be construed in an idealized or overly 

rigid manner. 

[0045] Where expressions like “at least one of A, B, and C, etc.” are used, they should 

generally be interpreted in accordance with the meaning of the expression as commonly 

understood by those skilled in the art (e.g., “a system having at least one of A, B and C” should 

include, but not be limited to, a system having A alone, having B alone, having C alone, having 

A and B, having A and C, having B and C, and/or having A, B, C, etc.). 

[0046] According to a general inventive concept of the present disclosure, there is 

provided a calibration assembly, including: a base and a plurality of calibration wires 

dispersedly connected to the base, wherein an absorption capacity of the calibration wires for 
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X rays is greater than an absorption capacity of the base for X rays. 

[0047] According to another general inventive concept of the present disclosure, there is 

provided a calibration phantom, including: a supporting frame and at least one calibration 

assembly described above connected to an inside of the supporting frame, wherein an 

absorption capacity of the calibration wires for X rays is greater than an absorption capacity of 

the supporting frame for X rays. 
[0048] According to yet another inventive concept of the present disclosure, there is 

provided a calibration method, including: placing the calibration phantom described above in 

a scanning channel of a scanning system; performing X-ray scanning on the calibration 

phantom to obtain an imaging result of the calibration phantom; evaluating the imaging result 

according to a preset evaluation method to obtain a first evaluation result; completing a 

calibration of the scanning system in response to the first evaluation result meeting a preset 

condition; adjusting, in response to the first evaluation result not meeting the preset condition, 

a geometric parameter value of a preset system according to the first evaluation result, and 

repeating the step of evaluating the imaging result according to the preset evaluation method. 

[0049] FIG. 7 shows a simplified schematic diagram of a CT scanning apparatus 

according to an exemplary embodiment of the present disclosure. FIG. 8 shows a schematic 

principle diagram of a CT imaging system according to an exemplary embodiment of the 

present disclosure. 

[0050] A CT imaging system 10 mainly includes a supporting frame, a slip ring (rotating 

gantry) 3 rotatably mounted on the supporting frame, an X-ray source 1 and a detector array 2 

mounted on the slip ring 3. During a process of inspecting an inspected object 5, a controller 

receives an operation command input by a user through a computer at a workstation, and 

controls a driving mechanism to act according to the operation command. The slip ring 3 drives 

the X-ray source 1 and the detector array 2 to rotate under a driving of the driving mechanism. 

At the same time, the X-ray source 1 may generate an X-ray beam under a control of the 

controller. The X-ray beam penetrates the inspected target 5 on a conveyor 4 moving in an 

inspection channel 6 and irradiates onto the detector array 2. The detector array 2 converts the 

received X-ray beam into an electrical signal and transmits the electrical signal to a data 

acquisition module. An image reconstruction module receives data of the data acquisition 

module, reconstructs the received data and generates image data. The generated image data is 
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transmitted to the computer so as to identify and inspect the inspected object. Generally, before 

scanning and imaging, it is usually necessary to calibrate the CT imaging system by using a 

calibration phantom. By continuously adjusting a geometric parameter value in an imaging 

method, an optimal geometric parameter value closest to a real scanning system structure may 

be obtained, thereby improving an imaging effect of the CT imaging system. 

[0051] FIG. 6 schematically shows a schematic stereoscopic diagram of a calibration 

phantom according to an embodiment of the present disclosure. FIG. 1a schematically shows 

a schematic stereoscopic diagram of a calibration assembly according to an exemplary 

embodiment of the present disclosure. FIG. 1b schematically shows a side view of the 

calibration assembly shown in FIG. 1a. 

[0052] Referring to FIG. 6, according to an exemplary embodiment of the present 

disclosure, there is provided a calibration phantom, including a calibration assembly 100 and a 

supporting frame 200. 

[0053] In an embodiment, as shown in FIG. 1a and FIG. 1b, the calibration assembly 

100 includes a base 101 and a plurality of calibration wires 102. The calibration wires 102 are 

dispersedly connected to the base 101, and an absorption capacity of the calibration wire 102 

for X rays is greater than an absorption capacity of the base 101 for X rays. 

[0054] In an embodiment, the calibration assembly 100 further includes two mounting 

portions 103 arranged at two opposite ends of the base 101. 

[0055] The calibration wire 102 may be made of materials having a strong X-ray 

absorption capacity, such as one of iron, copper, lead or cadmium or a combination thereof. 

For example, the calibration wire is made of steel wire. The base 101 may be made of materials 

having a weak X-ray absorption capacity, such as organic glass, acrylic, resin or the like. By 

selecting the above-mentioned materials for the calibration wire 102 and the base 101, the 

calibration wire 102 may be very concentrated in a reconstructed image without divergence, so 

that the reconstructed image of the calibration assembly in the scanning system may be clearly 

distinguished from a background region, and thereby it is easy to determine whether the 

reconstructed image of the calibration wire 102 is good or not. 

[0056] As shown in FIG. 1a and FIG. 1b, a shape of the calibration wire 102 in the 

embodiment of the present disclosure is a long strip, but the shape of the calibration wire 102 
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is not limited to this, and may be approximately a cylinder, a prism, a triangle, or other irregular 

columnar bodies, which will not be illustrated here. A shape of a section of the calibration wire 

may be approximately to a circle, an ellipse, a rectangle, a square, a polygon or other irregular 

shapes. 

[0057] Generally, the shape of the calibration wire 102 is approximate to a cylinder. In 

order to ensure that the reconstructed image of the calibration assembly in the scanning system 

corresponds to a small number of detector pixels, a diameter of the calibration wire 102 may 

be made as small as possible. For example, a diameter range of the calibration wire 102 may 

be determined as 1 to 2 mm, preferably 0.5 to 5 mm. 

[0058] As shown in FIG. 1a, the base 101 is formed as a flat plate shape, and the 

calibration wires 102 are arranged on the base 101 in a length direction. 

[0059] Specifically, in the length direction, a spacing between two adjacent calibration 

wires 102 is generally not specifically limited. For example, in order to facilitate processing 

and calibration, the calibration wires 102 may be spaced by equal spacing on the base 101 in 

the length direction. 

[0060] As a specific embodiment of the present disclosure, at least one end of the above-

mentioned calibration wires 102 protrudes from a side of the base 101, and protruded lengths 

thereof are approximately the same. 

[0061] As shown in FIG. 1a and FIG. 1b, the calibration wires 102 protrude from the 

same side of the base 101. 

[0062] Optionally, one end of a single calibration wire 102 may be fixedly connected to 

the base 101. 

[0063] Optionally, the left end of the calibration wire 102 may be fixedly connected to 

the base 101, and the plurality of calibration wires 102 are arranged in the length direction of 

the base 101. It should be noted here that: in order to facilitate processing and calibration, 

adjacent calibration wires 102 may be spaced by equal spacing, or may be unequally spaced 

according to actual calibration requirements, which will not be specifically limited herein. 

[0064] Optionally, as shown in FIG. 2, the plurality of calibration wires 102 are spaced 

by the equal spacing in the length direction of the base 101 as a calibration wire group 1021, 

and a plurality of calibration wire groups 1021 are arranged in a width direction of the base 



FP240047SG 

11

101. It should be noted here that the spacing among the plurality of calibration wires 102 or 

among the plurality of calibration wire groups 1021 may be equal, or may be unequal according 

to actual calibration requirements, which will not be specifically limited herein. 

[0065] Optionally, as shown in FIG. 3, the plurality of calibration wires 102 are arranged 

on the base 101 in a circumferential direction as a calibration wire group 1021, and a plurality 

of calibration wire groups 1021 are arranged in a radial direction as a plurality of rings. It 

should be noted here that the spacing among the plurality of calibration wires 102 or among 

the plurality of calibration wire groups 1021 may be equal, or may be unequal according to 

actual calibration requirements, which will not be specifically limited herein. 

[0066] FIG. 4a schematically shows a schematic stereoscopic diagram of a calibration 

assembly according to still another exemplary embodiment of the present disclosure. FIG. 4b 

schematically shows a side view of a calibration assembly according to still another exemplary 

embodiment of the present disclosure. As shown in FIG. 4a and FIG. 4b, the calibration wires 

102 protrude from two sides of the base 101. 

[0067] Optionally, a middle portion of the calibration wire 102 may be fixedly connected 

to the base 101, and the plurality of calibration wires 102 are arranged in the length direction 

of the base 101. Spacing among adjacent calibration wires 102 may be equal or unequal, and 

may be set according to actual calibration requirements, which will not be specifically limited 

herein. 

[0068] FIG. 4c schematically shows another calibration wire arrangement of the 

calibration assembly shown in FIG. 4a. 

[0069] As shown in FIG. 4c, axes of the calibration wires 102 fixedly connected to the 

two sides of the base 101 are provided in a non-coaxial way. Specifically, one end of the 

calibration wires 102 may be fixedly connected to upper and lower edge surfaces of the base 

101, respectively, and the plurality of calibration wires 102 are arranged in the length direction 

of the base 101. 

[0070] It should be noted here that the axis of the calibration wire 102 fixedly connected 

to the upper edge surface of the base 101 and the axis of the calibration wire 102 fixedly 

connected to the lower edge surface of the base 101 may be coaxial, as shown in FIG. 4a and 

FIG. 4b, and may also not be coaxial, as shown in FIG. 4c, and may be set according to actual 
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calibration requirements, which will not be specifically limited herein. 

[0071] It should also be noted here that the spacing among adjacent calibration wires 

102 may be equal or unequal, and may be set according to actual calibration requirements, 

which will not be specifically limited herein. 

[0072] FIG. 5 schematically shows a side view of a calibration assembly according to 

still another exemplary embodiment of the present disclosure. As shown in FIG. 5, two ends of 

the calibration wire 102 may be respectively fixed on two sub-bases of the base 101. Optionally, 

the plurality of calibration wires 102 are spaced by the equal spacing in the length direction of 

the base 101. 

[0073] The connection manner of the calibration wires 102 on the base 101 includes but 

is not limited to the connection manner shown in FIG. 1a to FIG. 5. For example, the calibration 

wires arranged in rows may be arranged on the base in a same inclined manner. 

[0074] As shown in FIG. 6, another embodiment of the present disclosure further 

discloses a calibration phantom, including: a supporting frame 200 and at least one calibration 

assembly 100 described above. The calibration assembly 100 is connected to an inside of the 

supporting frame 200 through the mounting portion 103. For example, the mounting portion 

103 may be connected with the supporting frame 200 by a screw. 

[0075] The absorption capacity of the calibration wire 102 for X rays is greater than the 

absorption capacity of the supporting frame 200 for X rays. 

[0076] The number of calibration assemblies may be set according to calibration 

requirements, which will not be specifically limited, and may be, for example, 1, 2, 3, 4, 5, 6, 

7, 8, or the like. 

[0077] The supporting frame 200 may be set as a substantially hexahedral box. 

[0078] In some embodiments where at least two calibration assemblies are provided, the 

calibration assemblies may be arranged in a length direction of the supporting frame 200. In 

some embodiments where only one calibration assembly is provided, a position where the 

calibration assembly is provided is not specifically limited, as long as a calibration task may 

be completed. 

[0079] As shown in FIG. 6, each calibration assembly 100 is staggered in an internal 

space of the supporting frame 200, and projections of the calibration wires 102 of each 
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calibration assembly 100 in a height direction and/or a length direction of the supporting frame 

200 do not coincide with each other. As shown in FIG. 6, in the embodiment, eight groups of 

calibration assemblies 100 are connected to the inside of the supporting frame 200, and 

connection positions and postures of each calibration assembly 100 on the supporting frame 

200 are different from each other. Thus, each calibration assembly 100 may be clearly imaged 

in the scanning system, and the calibration wires 102 in each calibration assembly 100 do not 

coincide with each other, which is convenient for the calibration assembly to be clearly imaged, 

and may obtain a true value of the calibration phantom imaging more accurately and 

conveniently. 

[0080] In an exemplary embodiment, as shown in FIG. 6, projections of at least two 

calibration assemblies arranged in the length direction of the supporting frame 200 in the length 

direction do not coincide with each other. In another exemplary embodiment, projections of at 

least two calibration assemblies arranged in the length direction of the supporting frame 200 in 

the height direction do not coincide with each other. 

[0081] According to the embodiments of the present disclosure, projections of at least 

two calibration assemblies in a transverse direction of the supporting frame 200 intersect with 

each other and projections of at least two calibration assemblies in the length direction of the 

supporting frame 200 do not coincide with each other. 

[0082] The above-mentioned embodiments relate to the “non-coincidence” arrangement 

of projections of the calibration assemblies in different directions, which is mainly for ease of 

calibration. However, in some embodiments, it is possible for the calibration assemblies to 

coincide with each other. For example, the calibration wires are arranged in two dimensions, 

and some calibration wires may coincide at some certain angles, but the calibration wires may 

also be reconstructed. For another example, it is possible that projections on different angles 

may have a calibration wire projection coincidence, which may also be suitable for calibration. 

[0083] It may be understood that the calibration wires may be arranged to be horizontal, 

vertical, left-inclined, and right-inclined with respect to the base 101. There may be one or 

more groups of calibration wires in the calibration phantom. Each group of calibration wires 

may be placed horizontally, vertically, leftward obliquely or rightward obliquely with respect 

to the length direction of the calibration phantom. Height positions of each group of calibration 
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wires may also be varied. 

[0084] In order to obtain a better calibration effect, the calibration phantom in the CT 

scanning system should be a simple and easily distinguishable object so as to facilitate 

evaluating the reconstruction effect in the reconstructed image of the CT scanning system. Thus, 

effective projection information may be obtained from projection data of the calibration 

phantom as a “true value” of the target in the calibration process, so that a calibrated result may 

be as close to the “true value” as possible. In addition, the calibration phantom should cover an 

entire scanning region or a designated calibration region of the CT scanning system as much 

as possible, so that the effect of the reconstructed image within the region after calibration may 

reach an overall optimization, and a significant image quality degradation of the reconstructed 

image in some certain regions may be avoided. 

[0085] As shown in FIG. 7 and FIG. 8, a multi-view scanning imaging manner may be 

implemented for the calibration phantom, that is, a fabricated calibration phantom, the 

inspected object 5 is placed on the conveyor 4 (such as a conveyor belt) moving in the scanning 

channel 6 of the CT scanning system, so that the calibration phantom moves in the scanning 

channel 6 with the conveyor 4, and the X-ray source 1 may generate X-ray beams under the 

control of the controller to achieve the scanning projection imaging under multiple imaging 

viewing angles. If an overall size of the calibration phantom is small, the calibration phantom 

may be placed in different positions and different postures in the scanning channel 6, so that a 

distribution range of the calibration wires 102 covers a main imaging region or the entire 

scanning channel. From a perspective of parameter optimization, the more scanning projection 

data of the calibration wire 102, the larger the distribution range in the scanning channel 6, and 

the more uniform the distribution interval, the greater a tolerance of the calibration method to 

data error, and geometric parameters obtained after calibrating the corresponding projection 

data are also closer to true parameter values, and the effect of the reconstructed three-

dimensional image is better. 

[0086] In order to describe the scanning process of the scanning system in more detail, 

the scanning process is described below with reference to FIGS. 9-11. 

[0087] FIG. 9 schematically shows a flow chart of a calibration method according to the 

embodiments of the present disclosure. 
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[0088] As shown in FIG. 9, another embodiment of the present disclosure further 

discloses a calibration method, including the following steps S110 to S150. 

[0089] Step S110: the calibration phantom described above is placed in a scanning 

channel of a scanning system. 

[0090] Step S120: X-ray scanning is performed on the calibration phantom to obtain an 

imaging result of the calibration phantom, wherein the imaging result may be selected from 

scanning data, a DR image, a slice image and a three-dimensional reconstructed image. 

[0091] Step S130: the imaging result is evaluated according to a preset evaluation 

method to obtain a first evaluation result. 

[0092] Step S140: a calibration of the scanning system is completed in response to the 

first evaluation result meeting a preset condition. 

[0093] Step S150: a geometric parameter value of a preset system is adjusted according 

to the first evaluation result in response to the first evaluation result not meeting the preset 

condition, and the method is returned to step S130. 

[0094] FIG. 10 schematically shows a flowchart of a calibration method according to 

the embodiments of the present disclosure. 

[0095] As shown in FIG. 10, another embodiment of the present disclosure further 

discloses a calibration method, including the following steps S210 to S280. 

[0096] Step S210: the calibration phantom described above is placed in a scanning 

channel of a scanning system. 

[0097] Step S220: X-ray scanning is performed on the calibration phantom to obtain an 

imaging result of the calibration phantom, wherein the imaging result may be selected from 

scanning data, a DR image, a slice image and a three-dimensional reconstructed image. 

[0098] Step S230: the imaging result is evaluated according to a preset evaluation 

method to obtain a first evaluation result. 

[0099] Step S240: a calibration of the scanning system is completed in response to the 

first evaluation result meeting a preset condition. 

[0100] Step S250: a geometric parameter value of a preset system is adjusted according 

to the first evaluation result in response to the first evaluation result not meeting the preset 

condition, and the method is returned to step S230. 
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[0101] Step S260: step S230 is repeated to obtain a second evaluation result. 

[0102] Step S270: the calibration of the scanning system is completed in response to the 

second evaluation result meeting the preset condition. 

[0103] Step S280: the geometric parameter value of the preset system is adjusted 

according to a reference evaluation result in response to the second evaluation result not 

meeting the preset condition, and the method is returned to step S230. 

[0104] The reference evaluation result is characterized as a comparison value between 

the first evaluation result and the second evaluation result adjacent to the first evaluation result. 

Thus, the reference evaluation result is generally a comparison value between evaluation results 

obtained from two adjacent cycles, such as a comparison value between the second evaluation 

result and the third evaluation result, a comparison value between the third evaluation result 

and the fourth evaluation result or the like. 

[0105] FIG. 11 schematically shows a flowchart of a calibration method according to the 

embodiments of the present disclosure. 

[0106] As shown in FIG. 11, another embodiment of the present disclosure further 

discloses a calibration method, including the following steps S310 to S360. 

[0107] Step S310: the calibration phantom described above is placed in a scanning 

channel of a scanning system. 

[0108] Step S320: X-ray scanning is performed on the calibration phantom to obtain an 

imaging result of the calibration phantom, wherein the imaging result may be selected from 

scanning data, a DR image, a slice image or a three-dimensional reconstruction image. 

[0109] Step S330: the imaging result of the calibration phantom is simulated according 

to a geometric parameter value of a preset system to obtain a simulation result, wherein the 

simulation result may be selected from a projection domain simulation result, a projection 

domain parametric simulation result, an image domain simulation result, and an image domain 

parametric simulation result. 

[0110] Specifically, the geometric parameter value of the preset system may be a 

geometric parameter value of an existing system or a geometric parameter value of an adjusted 

system. 

[0111] The simulation method may be selected from one or more of a pure parameter 
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fitting method, a DR modeling projection simulation and a CT reconstructed projection 

simulation. 

[0112] Step S340: the simulation result is compared with an actual result to obtain 

comparison data. It should be noted that the actual result may be a DR image, a slice image or 

a three-dimensional image. 

[0113] Step S350: a calibration of the scanning system is completed in response to the 

comparison data meeting a preset condition. 

[0114] Step S360: the geometric parameter value of the preset system is adjusted 

according to the comparison data in response to the comparison data not meeting the preset 

condition, and the method is returned to step S330. 

[0115] As another specific embodiment of the present disclosure, a length direction of 

the calibration phantom may be perpendicular to a scanning direction of the X-ray source 1, 

and the calibration phantom is scanned at this angle. 

[0116] In step S320, the performing X-ray scanning on the calibration phantom includes: 

scanning the calibration phantom once in response to a size of the calibration phantom being 

close to a size of the scanning channel of the scanning system; and changing a position of the 

calibration phantom in the scanning channel and scanning the calibration phantom for a 

plurality of times in response to the size of the calibration phantom being smaller than a size 

of the scanning channel of the scanning system. In this way, the calibration phantom may cover 

the entire scanning region or the designated calibration region range of the CT imaging system 

as much as possible, so that the effect of image reconstruction within the region range after 

calibration may reach the overall optimization, which may avoid the significant image quality 

degradation of the reconstructed image in some certain regions. 

[0117] Parameters described in step S330 include: a relative position and posture 

between a light source and a detector in the scanning system. In this way, the fabricated 

calibration phantom is placed in the scanning channel of the CT imaging system to achieve the 

scanning and imaging under multiple imaging viewing angles. 

[0118] In such CT imaging system, the X-ray source 1 and the detector array 2 are 

relatively stationary and rotate around the detected target 5 for scanning. In order to obtain a 

reconstructed image of the calibration phantom, the X-ray source and detector array may be set 
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to rotate at different angles for imaging the calibration phantom (for example, scan for 720 

times at an interval of 0.5°). In order to obtain a better reconstruction effect, the scanning angle 

interval may be reduced, or the number of scanning angles may be increased. 

[0119] The calibration method of the embodiments of the present disclosure is described 

above with the CT imaging system having the slip ring. Those skilled in the art will understand 

that the calibration phantom and calibration method of the embodiments of the present 

disclosure may also be applied to a static CT imaging system. In the static CT imaging system, 

the X-ray source and the detector array are fixed with respect to the supporting frame without 

rotation, and the scanning imaging under different viewing angles may be equivalently 

obtained through a plurality of scanning levels. Considering a difference of reference 

coordinate systems of different scanning levels, a common practice is to calibrate the geometric 

parameters of each scanning level separately, and then the coordinate systems of different 

scanning levels are unified to obtain final calibrated geometric parameters of the system. In 

order to reduce an amount of data processing, a belt speed of the conveyor may be reduced 

during a calibration process, so that the calibration wires in each calibration assembly may 

appear in the same reconstruction slice at the same time. 

[0120] By using the calibration assembly, the calibration phantom and the calibration 

method of the present disclosure, by dispersedly connecting the calibration wires of the 

calibration assembly to the base, and taking advantage of the characteristics that the absorption 

capacity of the calibration wire for X rays is greater than the absorption capacity of the base 

for X rays, the above-mentioned calibration wires are applied to the calibration phantom, and 

the calibration phantom is scanned in the scanning system. By continuously adjusting the 

geometric parameter values in the imaging method, the optimal geometric parameter values 

that are closest to the real scanning system structure may be obtained, thereby improving the 

imaging effect of the scanning system. Furthermore, by scanning the calibration phantom for 

imaging for a plurality of times, and determining whether the scanned comparison data meets 

the preset condition, the optimal system geometric parameters may be quickly, effectively and 

accurately obtained, so that the three-dimensional reconstructed image with better image effect 

may be obtained, other system modules are cooperated to more accurately carry out object 

recognition and other works, and a better on-site application effect is obtained and customer 
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satisfaction is improved. 

[0121] Those skilled in the art will understand that features recited in the various 

embodiments and/or the claims of the present disclosure may be combined and/or incorporated 

in a variety of ways, even if such combinations or incorporations are not clearly recited in the 

present disclosure. In particular, the features recited in the various embodiments and/or the 

claims of the present disclosure may be combined and/or incorporated without departing from 

the spirit and teachings of the present disclosure, and all such combinations and/or 

incorporations fall within the scope of the present disclosure. 

[0122] The embodiments of the present disclosure have been described above. However, 

these embodiments are for illustrative purposes only, and are not intended to limit the scope of 

the present disclosure. Although the various embodiments have been described above 

separately, this does not mean that the measures in the various embodiments may not be 

advantageously used in combination. The scope of the present disclosure is defined by the 

appended claims and their equivalents. Without departing from the scope of the present 

disclosure, those skilled in the art may make various substitutions and modifications, and these 

substitutions and modifications should all fall within the scope of the present disclosure. 
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What is claimed is: 
 
1. A calibration assembly, comprising: 

 a base; and 

 a plurality of calibration wires dispersedly connected to the base, wherein an 

absorption capacity of the calibration wire for X rays is greater than an absorption capacity of 

the base for X rays. 

 

2. The calibration assembly according to claim 1, further comprising two 

mounting portions arranged at two opposite ends of the base. 

 

3. The calibration assembly according to claim 1, wherein shapes of sections of 

the calibration wires are set as one or more of approximately circular, elliptical, rectangular, 

square and polygon. 

 

4. The calibration assembly according to claim 3, wherein a diameter of an 

externally tangent circle of the section of the calibration wire is 0.5 to 5 mm. 

 

5. The calibration assembly according to claim 1, wherein the base forms as a flat 

plate shape, and the calibration wires are arranged on the base in a length direction. 

 

6. The calibration assembly according to claim 5, wherein a spacing between 

adjacent calibration wires is equal and/or unequal. 

 

7. The calibration assembly according to any one of claims 1 to 6, wherein at least 

one end of the calibration wire protrudes from a side of the base. 

 

8. The calibration assembly according to any one of claims 1 to 6, wherein the 

base comprises two sub-bases arranged in parallel, and the calibration wire is connected 

between the two sub-bases. 

 

9. A calibration phantom, comprising: 

 a supporting frame; and 
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 at least one calibration assembly according to any one of claims 1 to 8, wherein 

the at least one calibration assembly is connected to an inside of the supporting frame, and an 

absorption capacity of the calibration wire for X rays is greater than an absorption capacity of 

the supporting frame for X rays. 

 

10. The calibration phantom according to claim 9, wherein each calibration 

assembly is connected to the inside of the supporting frame through mounting portions 

arranged at two ends of the calibration assembly. 

 

11. The calibration phantom according to claim 9 or 10, wherein the supporting 

frame is set as a substantially hexahedral box; and 

 wherein at least one calibration assembly is arranged in a length direction of the 

supporting frame. 

 

12. The calibration phantom according to claim 11, wherein projections of 

calibration wires of each calibration assembly in a height direction and/or a length direction of 

the supporting frame do not coincide with each other. 

 

13. The calibration phantom according to claim 12, wherein projections of at least 

two calibration assemblies arranged in the length direction of the supporting frame in the length 

direction do not coincide with each other. 

 

14. The calibration phantom according to claim 13, wherein projections of the at 

least two calibration assemblies arranged in the length direction of the supporting frame in the 

height direction do not coincide with each other. 

 

15. The calibration phantom according to claim 12, wherein projections of at least 

two calibration assemblies in a transverse direction of the supporting frame intersect with each 

other, and projections of the at least two calibration assemblies in the length direction of the 

supporting frame do not coincide with each other. 

 

16. A calibration method, comprising: 

 placing the calibration phantom according to any one of claims 9 to 15 in a 

scanning channel of a scanning system; 
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 performing X-ray scanning on the calibration phantom to obtain an imaging 

result of the calibration phantom; 

 evaluating the imaging result according to a preset evaluation method to obtain 

a first evaluation result; 

 completing a calibration of the scanning system in response to the first 

evaluation result meeting a preset condition; and 

 adjusting, in response to the first evaluation result not meeting the preset 

condition, a geometric parameter value of a preset system according to the first evaluation 

result, and repeating the step of evaluating the imaging result according to a preset evaluation 

method. 

 

17. The method according to claim 16, wherein after the step of adjusting, in 

response to the first evaluation result not meeting the preset condition, a geometric parameter 

value of a preset system according to the first evaluation result, and repeating the step of 

evaluating the imaging result according to a preset evaluation method, the method further 

comprises: 

 evaluating the imaging result according to the preset evaluation method to 

obtain a second evaluation result; 

 completing the calibration of the scanning system in response to the second 

evaluation result meeting the preset condition; and 

 adjusting, in response to the second evaluation result not meeting the preset 

condition, the geometric parameter value of the preset system according to a reference 

evaluation result, and repeating the step of evaluating the imaging result according to the preset 

evaluation method, wherein the reference evaluation result is characterized as a comparison 

value between the first evaluation result and the second evaluation result adjacent to the first 

evaluation result. 

 

18. The method according to claim 16, wherein after the step of performing X-ray 

scanning on the calibration phantom to obtain an imaging result of the calibration phantom, the 

method further comprises: 

 simulating the imaging result of the calibration phantom according to the 

geometric parameter value of the preset system to obtain a simulation result; 

 comparing the simulation result with the imaging result to obtain a comparison 

data; 
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 completing the calibration of the scanning system in response to the comparison 

data meeting the preset condition; and 

 adjusting, in response to the comparison data not meeting the preset condition, 

the geometric parameter value of the preset system according to the comparison data, and 

repeating the step of simulating the imaging result of the calibration phantom according to the 

geometric parameter value of the preset system. 

 

19. The method according to any one of claims 16 to 18, wherein a length direction 

of the calibration phantom is perpendicular to a scanning direction of the calibration phantom. 

 

20. The method according to any one of claims 16 to 18, wherein the performing 

X-ray scanning on the calibration phantom comprises: 

 scanning the calibration phantom once in response to a size of the calibration 

phantom being close to a size of the scanning channel of the scanning system; and 

 changing a position of the calibration phantom in the scanning channel and 

scanning the calibration phantom for a plurality of times in response to the size of the 

calibration phantom being smaller than the size of the scanning channel of the scanning system. 

 

21. The method according to any one of claims 16 to 18, wherein the parameter 

comprises: a relative position and a posture between a light source and a detector in the 

scanning system. 

 

22. The method according to claim 18, wherein the simulation method in the step 

of simulating the imaging result of the calibration phantom according to the geometric 

parameter value of the preset system comprises one or more of a pure parameter fitting method, 

a DR modeling projection simulation and a CT reconstructed projection simulation. 

 

23. The method according to claim 18, wherein the simulation result comprises one 

or more of a projection domain simulation result, a projection domain parametric simulation 

result, an image domain simulation result and an image domain parametric simulation result. 

 

24. The method according to any one of claims 16 to 18, wherein the imaging result 

comprises one or more of a scanning data, a DR image, a slice image and a three-dimensional 

reconstructed image. 


