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DETECTORS IN HASH ARRANGEMENT FOR X/GAMMA RAY 

CONTAINER/VEHICLE INSPECTION DEVICE 

The present application is based upon and claims priority to Chinese Patent Application 

No. 201310321325.5, filed on July 29, 2013, the entire contents of which are incorporated 

herein by reference. 

TECHNICAL FIELD 

[0001] The present application generally relates to a safety inspection field using 

X/Gamma ray, and more particularly to a detector arrangement in an X/Gamma ray 

inspection system. 

BACKGROUND 

[0002] In a field of X/Gamma ray safety inspection, an X/Gamma ray 

container/vehicle inspection system is usually used, in which a container serves as an object 

to be inspected. The X/Gamma ray container/vehicle inspection system includes an 

X/Gamma ray imaging subsystem, a scanning control subsystem, a running inspection 

subsystem and a radiation safety subsystem. Herein, the X/Gamma ray imaging subsystem as 

the core of the whole system includes a ray source, a detector and a data acquisition and 

control module, and is configured to generate X/Gamma ray transmission images. When 

scanning a container/vehicle to be inspected, the ray source generates high-energy X/Gamma 

ray pulses penetrating goods to be inspected. The X/Gamma ray is received by a 

high-sensitivity detector array and converted into output signals, which are processed by the 

data acquisition and control module to be into a series of digital image signal in real time. 

Upon completing the whole scanning process, the system automatically generates a complete 

image of the inspected container/vehicle. 

[0003] In order to acquire high quality images, the detector is required to be aimed at 

the direction of the X/Gamma ray source as far as possible. The detector module is 

consisted of a plurality of detector units arranged side by side. Detectors in the existing 

X/Gamma ray container/vehicle inspection system are usually arranged in an array 
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configuration as shown in Fig. 1 or in an arc configuration as shown in Fig. 2. However, both 

of the above configuration manners have obvious disadvantages. 

[0004] Fig. 1 is a schematic diagram of detectors layout in the array configuration. 

The array configuration manner may save space and facilitate folding and transporting. 

However, there exists relatively larger angle differences and gap between respective detector 

modules, which leads to larger scattering crosstalk among detector units in detector modules. 

Fig. 2 is a schematic diagram of detectors layout in the arc configuration. In the arc 

configuration manner, although respective detector units directly face to the direction of beam 

ray, relatively larger space is occupied, and there is farther distance from the detector to a ray 

source (e.g., an accelerator, an X-ray machine and a man-made source, etc.), thereby causing 

a weak signal. 

SUMMARY 

[0005] The present application discloses a new arrangement manner of detectors 

which employs a scattered configuration, each of the detector units is installed aiming at an 

X/Gamma ray source, whereby imaging quality is improved and the size of a detector frame 

is drastically reduced. 

[0006] According to one aspect of the present application, a detector module is 

provided, which is arranged on a detector arm, comprising one or a plurality of detector units 

arranged in a scattered configuration, wherein each of the detector units in the detector 

module is installed aiming at a beam center of a ray source. 

[0007] According to another aspect of the present application, the ray source is an 

X/Gamma ray source. 

[0008] According to another aspect of the present application, an angle at which each 

of the detector units is installed is different from each other and related to a height of the 

corresponding detector unit in the detector arm, so as to ensure each of the detector units to 

be aimed at the beam center. 

[0009] According to another aspect of the present application, the detector module is 

fixed to a detector circuit board on a detector arm, and a shape of the detector circuit board is 

related to a position of the detector circuit board on the detector arm. 
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[0010] According to another aspect of the present application, the shape of the 

detector circuit board comprises a rectangle or a parallelogram in which the difference in 

adjacent interior angles is gradually increased. 

[0011] According to another aspect of the present application, when the shape of the 

detector circuit board is the rectangle, the rectangular detector circuit board on a detector arm 

is arranged in the same horizontal plane position as the ray source; and when the shape of the 

detector circuit board is the parallelogram, the parallelogram detector circuit board in which 

the difference in adjacent interior angles is gradually increased is arranged above or below 

the same horizontal plane position as the ray source, wherein the smaller interior angle of the 

parallelogram is equal to an included angle between the detector aim and ray beams from a 

beam center of the ray source, 

[0012] According to another aspect of the present application, the detector units are 

fixed to the detector circuit board and connected to a data acquisition and control module via 

connection terminals, and crystals and diodes of the detector units are coupled with each 

other by way of end face or side face. 

In addition, the present application also provides a method for installing detector 

modules, wherein each of the detector modules comprises one or a plurality of detector units 

arranged in a scattered configuration, and the method comprises: installing the detector 

modules on a detector arm; and aiming each of the detector units in each of the detector 

modules at a beam center of a ray source. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] For a more complete understanding of the present application, a description of 

the subsequent specification is made in combination with accompanying drawings, wherein: 

[0014] Fig. 1 is a schematic diagram of detectors layout in an array configuration; 

[0015] Fig. 2 is a schematic diagram of detectors layout in an arc configuration; 

[0016] Fig. 3 is a schematic diagram of detectors arranged in a scattered configuration 

according to the present application; 

[0017] Fig. 4 is a schematic diagram of detector units fixed to an arm frame by circuit 

boards in a scattered configuration according to the present application; and 
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[0018] Fig. 5 is a schematic diagram of two typical installation manners of circuit 

boards according to the present application. 

DESCRIPTION OF THE EMBODIMENTS 

[0019] The present application discloses a new arrangement manner of detectors, 

wherein the arrangement manner employs a scattered configuration, and each of the detector 

units is installed to be aimed at an X/Gamma ray source, whereby the size of a detector frame 

may be drastically reduced while improving imaging quality. In order to make the object, the 

technical solution and advantages of the present application more clear, further description of 

the technical solution of the present application is made in reference to accompanying 

drawings and embodiments hereinafter. 

[0020] Fig. 3 is a schematic diagram of detectors arranged in a scattered configuration 

according to the present application. As shown in Fig. 3, on the basis of the original array 

configuration of scattered detectors, each detector module is improved so as to ensure that 

detector units 35 therein are arranged in a scattered configuration and each of the detector 

units 35 is aimed at an X/Gamma ray source 31. X/Gamma ray beams 32 generated by the 

ray source 31 penetrates through a vehicle 33 to be inspected and reaches a detector unit 35. 

An angle at which the detector unit 35 is installed is related to a height of the detector unit. 

Such an arrangement manner not only integrates advantages of both the array configuration 

and the arc configuration, but also makes up for their deficiencies. 

[0021] Referring to Fig. 3, in an embodiment of the present application, a plurality of 

detector modules are arranged on a vertical detector arm 34. Each of the detector module 

comprises a plurality of detector units 35 (e.g. 16 paths, 32 paths, 64 paths, etc.) side by side. 

Each of the detector units 35 in each of the detector modules is aimed at the beam center of 

the ray source 31 according to the direction of X/Gamma ray beam 34 indicated by dash lines 

as shown in Fig. 3, and the position (i.e., an angle between the detector unit and the ground) 

at which the detector unit 35 is arranged on the detector arm 34 is related to the height of the 

detector unit 35. As shown in Fig. 3, for example, the angle between the ground and a 

plurality of detector units 35 in the detector module which is closest to the ground is minimal. 
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As the installation position of a detector module rises, the angle between the ground and a 

plurality of detector units 35 in the detector module is gradually increasing (in the 

embodiment, it changes from negative angles to zero and then to positive angles) so as to aim 

at the beam center of the ray source 31. The angle between the ground and a plurality of 

detector units 35 in the middle detector module is greater than that between the ground and a 

plurality of detector units 35 in the lower detector module. Moreover, as the installation 

position of a detector module continuously rises, the angle between the ground and a plurality 

of detector units 35 in the middle detector module is gradually increasing so as to be aimed at 

the beam center of the ray source 31. Finally, the angle between the ground and a plurality of 

detector units 35 in the top detector module which is farthest from the ground is maximal, 

and the angle between the ground and a plurality of detector units 35 in the upper detector 

modules is gradually increasing so as to aim at the beam center of the ray source 31. In order 

to ensure that each of the detector units 35 in each of the detector modules is aimed at the 

beam center of the ray source 31, the angle between the ground and each of the detector units 

35 is adjusted according to the height of each of the detector units 35 on the detector arm 34. 

[0022] Compared with the arc configuration as shown in Fig. 2, the array 

configuration as shown in Fig. 3 has the advantages of small crosstalk, strong signal and can 

save space. Compared with the array configuration as shown in Fig. 1, the arc configuration 

as shown in Fig. 3 has the advantages of even scattering crosstalk and small noise. In addition, 

the scattered configuration according to the present application may reduce the thickness of 

the detector arm 34 at utmost. 

[0023] Fig. 4 is a schematic diagram of detector units fixed to an arm frame by circuit 

boards in a scattered configuration according to the present application. As shown in Fig. 4, 

in total thirty detector circuit boards 43 are arranged on the detector arm 42. Circuit boards 

may be numbered before installation, for example, from top to bottom, thirty detector circuit 

boards may be numbered as circuit board 1, circuit board 2 ...circuit board 30. The quantity 

of the circuit boards may be more or less. In another embodiment, the detector circuit boards 

43 may also be numbered from bottom to top. A plurality of detector units (e.g. 16-path, 

32-path and 64-path, etc.) are arranged on each of the detector circuit board 43, and the angle 

at which the detector units are arranged on the detector arm 42 is related to the height of the 
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detector units so as to ensure the detector units are aimed at the irradiation direction of the ray 

beam 41. Moreover, the circuit boards 43 at different positions on the detector arm 42 have 

different shapes. In the embodiment as shown in Fig. 4, rectangular circuit boards and 

parallelogram circuit boards are used. As shown in Fig. 4, at a position on the arm frame 42 

located in the same horizontal plane as the ray source (not shown in Fig. 4), the arm frame 42 

is perpendicular to the ray beam 41, and the circuit boards 43 here are shaped like a rectangle. 

As the installation position of the circuit boards 43 on the arm frame rises or descends, the 

included angle between the ray beam 41 and the arm frame 42 deviates from 90°, the circuit 

boards 43 are shaped like a parallelogram in which the difference in adjacent interior angles 

is gradually increasing, wherein one of the interior angles is equal to the included angle 

between the ray beam 41 and the arm frame 42, and is gradually decreasing. Fig. 5 shows 

both typical circuit boards. 

[0024] Fig. 5 is a schematic diagram of two typical installation manners of circuit 

boards according to the present application. The view on the left of Fig. 5 is a schematic view 

of installation manner of rectangular circuit boards as shown in Fig. 4. The view on the right 

of Fig. 5 is a schematic view of installation manner of an exemplary parallelogram circuit 

board of a plurality of parallelogram circuit boards as shown in Fig. 4. 

[0025] As shown in Fig. 5, a circuit board (including a rectangular circuit board or a 

parallelogram circuit board) comprises a detector unit 52 or 52' and a connection terminal 53 

or 53'. The detector unit 52 or 52' is fixed to a circuit board 1. Crystal and diode (not shown 

in Fig. 5) of the detector unit 52 or 52' are connected with each other. The detector unit 52 or 

52' is connected, via the connection terminal 53 or 53', to an electronic system (not shown in 

Fig. 5, e.g., a data acquisition and control module) including a front terminal, a sampling 

holder, a postprocessor, a data memory, a gain controller and a communication device. 

Particularly, the detector unit 52 or 52' may be either a coupler of a photodetector of a single 

crystal, or combination of a coupler of a photodetector and a plurality of smaller crystals. 

The coupled manner of the crystal and the diode may employ arbitrary (e.g., end coupling or 

side coupling). 

[0026] In rectangular circuit boards as shown in the view on the left of Fig. 5, a 

plurality of side-by-side detector units 52 are parallel to the base of the rectangle so that the 
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detector units 52 may be arranged, for example, at such a position on the detector arm with 

the same height as the ray source as shown in Fig. 4. In the parallelogram circuit boards as 

shown in the view on the right of Fig. 5, a plurality of side-by-side detector units 52' are 

parallel to the base of the parallelogram so that the detector units 52' may be arranged, for 

example, on the top of the detector arm as shown in Fig. 4. As previously explained referring 

to Fig. 4, the shape of a parallelogram circuit board 1 as shown in the view on the right of Fig. 

5 may vary with the installation height of the circuit board 1 on the detector arm. The larger 

the difference between the installation height of the circuit board on the detector arm and the 

height of the ray source is, the larger the difference between adjacent interior angles of the 

parallelogram circuit board is, and the further the shape deviates from the rectangle (e.g., the 

shape of a rectangular circuit board as shown in the view on the left of Fig. 5). The smaller 

the difference between the installation height of the circuit board on the detector arm and the 

height of the ray source is, the smaller the difference between adjacent interior angles of the 

parallelogram circuit board is, and the nearer the shape is to the rectangle (e.g., the shape of a 

rectangular circuit board as shown in the view on the left of Fig. 5). 

[0027] What is disclosed above is merely specific embodiments of the present 

application. However, the present application is not limited to this. Those skilled in the art 

may change or modify the present application without departing from the spirit and scope of 

the present application. Obviously these changes and modifications shall fall within the scope 

of protection of claims of the present application. 
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WHAT IS CLAIMED IS: 

1. A detector module, which is arranged on a detector arm, comprising one or a plurality 

of detector units arranged in a scattered configuration, wherein each of the detector units in the 

detector module is installed aiming at a beam center of a ray source, and wherein an angle at 

which each of the detector units is installed is different from each other and related to a height 

of the corresponding detector unit in the detector arm, so as to ensure each of the detector units 

to be aimed at the beam center. 

2. The detector module of claim 1, wherein the ray source is an X/Gamma-ray source. 

3. The detector module of claim 1 or claim 2, wherein the detector module is a detector 

circuit board fixed to the detector arm, and a shape of the detector circuit board is related to a 

position of the detector circuit board on the detector arm. 

4. The detector module of claim 3, wherein the shape of the detector circuit board 

comprises a rectangle or a parallelogram in which the difference in adjacent interior angles is 

gradually increased. 

5. The detector module of claim 4, wherein, when the shape of the detector circuit board is 

the rectangle, the rectangular detector circuit board on a detector arm is arranged in the same 

horizontal plane position as the ray source; and 

when the shape of the detector circuit board is the parallelogram, the parallelogram 

detector circuit board in which the difference in adjacent interior angles is gradually increased 

is arranged above or below the same horizontal plane position as the ray source, wherein the 

smaller interior angle of the parallelogram is equal to an included angle between the detector 

arm and ray beams from a beam center of the ray source. 

6. The detector module of any one of claims 3 to 5, wherein the detector units are fixed to 

the detector circuit board and connected to a data acquisition and control module via connection 

terminals, and crystals and diodes of the detector units are coupled with each other by way of 

end face or side face. 

7. A method for installing detector modules, wherein each of the detector modules 

comprises one or a plurality of detector units arranged in a scattered configuration, and the 

method comprises: 

installing the detector modules on a detector arm; and 
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aiming each of the detector units in each of the detector modules at a beam center of a ray 

source, wherein an angle at which each of the detector units is installed is related to a height of 

the corresponding detector unit in the detector arm. 

8. The method of claim 7, wherein the ray source is an X/Gamma-ray source. 

9. The method of claim 7 or claim 8, wherein the detector modules are respectively fixed 

to detector circuit boards on the detector arm, and shapes of the detector circuit boards are 

respectively related to a position of the detector circuit board on the detector arm. 

10. The method of claim 9, wherein the shape of the detector circuit board comprises a 

rectangle or a parallelogram in which the difference in adjacent interior angles is gradually 

increased. 

11. The method of claim 10, wherein when the shape of the detector circuit board is the 

rectangle, the rectangular detector circuit board on a detector arm is arranged in the same 

horizontal plane position as the ray source; and when the shape of the detector circuit board is 

the parallelogram, the parallelogram detector circuit board in which the difference in adjacent 

interior angles is gradually increased is arranged above or below the same horizontal plane 

position as the ray source, wherein the smaller interior angle of the parallelogram is equal to an 

included angle between the detector arm and ray beams from a beam center of the ray source. 

12. The method of any one of claims 9 to 11, further comprising: fixing the detector units 

to the detector circuit boards and connecting the detector units to a data acquisition and control 

module via connection terminals, and coupling crystals of the detector units with diodes thereof 

by way of end face or side face. 

13. A ray detection system, comprising a ray imaging subsystem configured to generate 

ray transmission images, wherein the ray imaging subsystem comprises: 

a ray source configured to generate ray pulses capable of penetrating a detected object; 

detector modules arranged on a detector arm and comprising one or a plurality of detector 

units arranged in a scattered configuration, wherein each of the detector units in each of the 

detector module is installed to be aimed at the ray source, and the detector modules receive the 

ray pulses generated from the ray source as being capable of penetrating the detected object and 

converting the ray pulses into output signals; and 

a data acquisition and control module configured to generate digital image signal in real 
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time according to the output signals, wherein an angle at which each of the detector units is 

installed is related to a height of the corresponding detector unit in the detector arm. 

14. The ray detection system of claim 13, wherein the ray source is an X/Gamma-ray 

source. 

15. The ray detection system of claim 13 or claim 14, wherein the detector modules are 

detector circuit boards fixed to a support of the detector arm, and a shape of the detector circuit 

board is related to a position of the detector circuit board in the arm support of the detector. 

16. The ray detection system of claim 15, wherein the shapes of the detector circuit board 

comprise a rectangle or a parallelogram in which the difference in adjacent interior angles is 

gradually increased. 

17. The ray detection system of claim 16, wherein when the shape of the detector circuit 

board is the rectangle, the rectangular detector circuit board on a detector arm is arranged in the 

same horizontal plane position as the ray source; and when the shape of the detector circuit 

board is the parallelogram, the parallelogram detector circuit board in which the difference in 

adjacent interior angles is gradually increased is arranged above or below the same horizontal 

plane position as the ray source, wherein the smaller interior angle of the parallelogram is equal 

to an included angle between the detector arm and ray beams from a beam center of the ray 

source. 

18. The ray detection system of any one of claims 15 to 17, wherein the detector units are 

fixed to a detector circuit board and connected to a data acquisition and control module via 

connection terminals, and crystals and diodes of the detector units are coupled with each other 

by way of end face or side face. 

10 
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ABSTRACT 

A ray detection system for an X/Gamma ray container/vehicle inspection device, 

comprising detector modules. The detector modules are installed on a detector arm (34), and 

each detector module comprises one or more detector units (35) in hash arrangement, wherein 

each detector unit (35) in each detector module is installed so as to align with a beam center of 

a ray source (31), thereby significantly reducing the dimension of a detector frame while 

improving the imaging quality. 

(Fig. 3) 
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