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Quick vehicle check system and method adopting  

multi-dose regional scanning 

Technical Field 

The present disclosure relates to a quick vehicle check system and method, 

and particularly relates to a quick vehicle check system and method adopting 

multi-dose regional scanning. 

Background Art 

In the field of X-ray security check, a X-ray vehicle check system 

consists of a X-ray imaging sub-system, a scanning control sub-system, an 

operation check sub-system and an radiation security sub-system, wherein 

the X-ray imaging sub-system is the core of the whole system and is composed 

of a radiation source, detectors and a data acquisition and control module, 

and the X-ray imaging sub-system is configured to generate X-ray 

transmitting and/or scattering image. When a checked container/vehicle is 

scanned, the radiation source generates high-energy X-ray pulses 

transmitting the checked goods, and an array of high-sensitivity detectors 

receives X-rays and converts them into output signal, and a series of digital 

image signals are generated in real-time by the data acquisition and control 

module. When the whole scanning procedure is completed, the system 

automatically generates a complete image of the checked vehicle.  

A conventional container/vehicle quick check system adopts an 

accelerator as the radiation source for scan imaging of the container. It 

is found out in the field of X-ray security check that, security check 

efficiency will be largely improved if a driver can drive the vehicle through 

the X-ray check system instead of performing a “park - get off – scan - 

drive” procedure. However, in order to ensure penetration power and image 

quality, X-rays output by the radiation source have relatively high dose 

rates. However, in most commercial working environment, when a high-dose 

X-ray source is used for imaging, the ray dose accumulated in the driver 

during such scanning process will be at an unacceptable level. As specified 

in ANSI/HPS N43.17-2009 the dose received by the driver one time cannot 

exceed 0.25�Sv. Therefore, as shown in Fig. 1, in order to guarantee 

radiation security of the driver, it is necessary to dodge the cab part 

and start high-dose X-ray scanning behind the cab and at a safe distance 
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away from the cab, so as to avoid the out-of-limit X-ray dose for the driver 

which is caused by the scattering generated during high-dose X-ray scanning 

of the radiation source which starts immediately after the driver is dodged. 

As for a container vehicle, there is an enough interval between its cab 

and the rear containers, and thus, such a method can be employed without 

losing scanning information of the containers. However, in addition to 

checking containers in a harbor, the current vehicle quick check system 

is increasingly applied to land border vehicle check and vehicle security 

check in some important places. In such application scenarios, in addition 

to container trucks, common vans, minivans, and even large buses need to 

be checked. For a van, its rear carriage is very close to its front cab, 

so that if a high-dose X-ray scanning starts after leaving an interval as 

safe distance, a part of the carriage behind the cab will have no scanning 

image. For other types of vehicles which need to be checked, such as minivans, 

large buses, a part of vehicle body will have no scanning images either. 

There exists a relatively high risk of supervision for customs smuggling 

check or security check. 

Summary of Invention 

The present disclosure proposes a quick vehicle check system adopting 

multi-dose regional scanning which can perform secure scanning on the whole 

carriage without damaging the driver’s security. 

In one respect, a quick vehicle check system adopting multi-dose regional 

scanning is provided, and comprises a radiation source which produces a 

first X ray with a first dose and a second X ray with a second dose, wherein 

the first dose is smaller than the second dose, and the first X ray is used 

for checking a first part of a checked vehicle and the second X ray is used 

for checking a second part of the checked vehicle; a first sensor for 

detecting a set position of the checked vehicle; a second sensor for 

detecting the passing distance of the checked vehicle; and a control unit 

coupled with the first sensor and the second sensor, which receives the 

set position of the checked vehicle from the first sensor and receives the 

passing distance of the checked vehicle from the second sensor, and when 

it is determined that the set position of the checked vehicle reaches a 

scanning region, the control unit informs the radiation source to emit the 

first X ray; and when the passing distance of the checked vehicle reaches 

the predetermined distance, the control unit informs the radiation source 

to emit the second X ray, so that the second part is scanned. 
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In another respect, a quick vehicle check method with multi-dose regional 

scanning is provided, and comprises steps of emitting a first X ray of a 

first dose when it is detected that a set position of a checked vehicle 

reaches a scanning region; scanning a second part of the checked vehicle 

with a second X-ray of a second dose when the checked vehicle has passed 

a predetermined distance and scanning of a first part of the checked vehicle 

is completed, wherein the first dose is smaller than the second dose; and 

stopping X-ray scanning after the second part of the checked vehicle has 

passed through the scanning region.  

Brief description of drawings

The present disclosure can be more comprehensively understood in 

combination with figures and following descriptions with reference to the 

figures, comprising: 

Fig. 1 illustrates a chart of dose rates in a cab dodging solution in 

the prior art; 

Fig. 2a illustrates a chart of dose rates during scanning a whole vehicle 

with different doses for different regions according to an embodiment of 

the present disclosure;  

Fig. 2b illustrates a chart of dose rates during scanning a train with 

different doses for different regions according to another embodiment of 

the present disclosure;  

Fig. 3a illustrates a flowchart of scanning a whole vehicle with 

different doses for different regions according to an embodiment of the 

present disclosure;  

Fig. 3b illustrates a flowchart of scanning a train with different doses 

for different regions according to another embodiment of the present 

disclosure; and 

Fig. 3c illustrates a flowchart of scanning a whole vehicle with 

different doses for different regions according to yet another embodiment 

of the present disclosure.  

Description of embodiments 
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To further clarify objects, technical solutions and advantages of the 

present disclosure, the technical solutions of the present application will 

be further described in combination with exemplary embodiments, with 

reference to figures. 

Fig. 2a illustrates a chart of dose rates during scanning a whole vehicle 

with different doses for different regions. In the embodiment illustrated 

in Fig.2, the checked vehicle is a van. Similar to that illustrated in Fig.1, 

in the embodiment illustrated in Fig. 2a, it is necessary to dodge the cab 

part of the vehicle to ensure radiation security for the driver. However, 

it is different from the prior art as illustrated in Fig. 1 in that, instead 

of starting high-dose X-ray scanning at a safe distance away from the cab 

and behind the cab, the vehicle is scanned with a first X-ray of low dose 

immediately behind the cab. In particular, scattering resulted from the 

scanning of the vehicle with the first X-ray of low dose would not cause 

out-of-limit X-ray dose for the driver. After the vehicle has passed a first 

predetermined distance, a second X-ray with high dose is employed to scan 

the remaining part of the vehicle with a second predetermined distance. 

Scattering resulted from the scanning with the second X-ray of high dose 

at a first distance away from the cab would not cause out-of-limit X-ray 

dose for the driver either. 

In one implementation, a quick vehicle check system adopting multi-dose 

regional scanning according to the present disclosure is employed. The 

system comprises a radiation source, a first sensor, a second sensor and 

a control unit. The radiation source produces a first X ray with low dose 

and a second X ray with high dose. The first X-ray and second X-ray can 

be dual-energy rays generated from the same one radiation source, or can 

be respectively generated from two radiation sources. The control unit is 

coupled with the first sensor and the second sensor. The first sensor detects 

a set position of the checked vehicle and informs the set position of the 

checked vehicle to the control unit, and the second sensor detects a passing 

distance of the checked vehicle and informs the control unit the passing 

distance of the checked vehicle. In embodiments of the present disclosure, 

the sensor can be an active sensor or a passive sensor. The active sensor 

can be a millimeter wave sensor which senses whether the driver passes the 

scanning region. The passive sensor can be an infrared sensor, light curtain 

or photoelectric switch. When the control unit determines that the set 

position of the checked vehicle reaches the scanning region, the control 
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unit informs the radiation source to emit the first X ray. When the cab 

passes the scanning region, that is, has traveled a predetermined distance, 

the control unit informs the radiation source to emit the second X ray, 

so as to scan the remaining part of the checked vehicle. In one embodiment, 

the second sensor can be a speed sensor, which detects a distance passed 

by the checked vehicle based on the detected vehicle speed and the vehicle 

traveling time after the vehicle reaches the scanning region. In another 

embodiment, the second sensor can be a position sensor such as ground 

induction coil, photoelectric switch, light curtain, laser scanner, and 

the distance from the second sensor to the first sensor is equal to the 

above predetermined distance. A controller determines that the checked 

vehicle has traveled the predetermined distance after it is informed by 

the first sensor that the checked vehicle has passed the set position and 

also informed by the position sensor that the checked vehicle has passed 

the position sensor. 

In the embodiment illustrated in Fig. 2a, the set position of the checked 

vehicle is rear edge of the cab, and the predetermined distance can be 

obtained from a specific vehicle type library, depending on the vehicle 

type, or can be manually specified by inputting it into the control unit 

after manual identification or measurement. In other embodiments, the set 

position of the checked vehicle can be front edge of a carriage or an 

arbitrary position between the front edge of the cab and rear edge of the 

carriage. It is to be noted that, the doses of the first X-ray and second 

X-ray can be adjusted so that scattering generated by the first X-ray in 

a first scanning region and scattering generated by the second X-ray in 

a second scanning region would not cause out-of-limit X-ray dose for the 

driver. 

Fig. 2b illustrates a chart of dose rates during scanning a train with 

different doses for different regions. As an example, Fig. 2b illustrates 

three segments of the train: train head, first carriage and second carriage. 

In the embodiment, X-ray scanning is not applied to the train head, the 

first carriage is scanned with a first X-ray of low dose and the second 

carriage is scanned with a second X-ray of high dose. In particular, 

scattering generated by scanning of the first carriage with the first X-ray 

of low dose would not cause out-of-limited X-ray dose for the driver. After 

the first carriage of the train passes through the scanning area, the second 

X-ray of high dose is used for scanning, and scattering generated thereby 
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would not cause out-of-limit X-ray dose for the driver either. After the 

second carriage of the train has passed through the scanning area, X-ray 

scanning is stopped. 

Similar to the embodiment of Fig. 2a, the embodiment illustrated in Fig. 

2b is also implemented by the quick vehicle check system adopting multi-dose 

regional scanning according to the present disclosure. When a set position 

of a checked vehicle is detected, scanning of a first carriage with a first 

X-ray of low dose is started, and after the first carriage of the checked 

vehicle has passed, a second carriage is scanned with a second X-ray of 

high dose. After the second carriage of the checked vehicle has passed, 

X-ray scanning is stopped. In the present embodiment, the set position of 

the checked vehicle is a hinge joint between the train head and the first 

carriage. Also, the doses of the first X-ray and second X-ray can be adjusted 

so that scattering generated by the first X-ray in the first carriage and 

scattering generated by the second X-ray in the second carriage would not 

cause out-of-limit X-ray dose for the driver. It is apparent for those 

skilled in the art that dodging the respective parts of the train is not 

limited to those described in the above embodiments. As for a train, a 

carriage carrying persons may be the cab at the train head or may be an 

intermediate passenger carriage. So, the train head, the intermediate 

passenger carriage, or the like may be dodged by means of different setting 

of sensors. 

Furthermore, for the van as illustrated in Fig. 2a, the predetermined 

distance may be 1m to 1.5m, while for the train as illustrated in Fig. 2b, 

the second predetermined distance may be set as 10m since its speed is 

relatively high and its carriages are relatively long. Generally, the 

predetermined distance(s) may be set based on sensors and lengths of 

carriages, for example. 

Fig. 3a illustrates a flowchart of scanning a whole vehicle with 

different doses for different regions according to an embodiment of the 

present disclosure. At step S11, a first X-ray is emitted when detecting 

that a set position of the checked vehicle reaches a scanning region. At 

step S12, a second X-ray is emitted after the checked vehicle has passed 

a predetermined distance. The dose of the first X-ray is lower than that 

of the second x-ray. At step S13, after the entirety of the checked vehicle 

has passed the scanning region, X-ray emission is stopped. 
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Fig. 3b illustrates a flowchart of scanning a train with different doses 

for different regions according to another embodiment of the present 

disclosure. At step S21, a first predetermined distance is set. At step 

S22, speed of the checked vehicle is detected. At step S23, it is detected 

whether a set position of the checked vehicle reaches a scanning region. 

At step S24, a time for a cab/train head passing through the scanning region 

is calculated from the speed of the checked vehicle and the predetermined 

distance. At step S25, when the cab/train head passes the scanning region, 

a radiation source emits a first X-ray. At step S26, a time for the cab/train 

head passing through a preset second predetermined distance is calculated 

from the speed of the checked vehicle. At step S27, when the cab/train head 

has passed through the second predetermined distance away from the scanning 

region, a radiation source emits a second X-ray. At step S28, when the 

entirety of the checked vehicle has passed the scanning region, X-ray 

emission is stopped. 

Fig. 3c illustrates a flowchart of regional scanning with different doses 

for a whole vehicle according to yet another embodiment of the present 

disclosure. At step S31, a predetermined distance is set. At step S32, a 

position sensor is provided, which is at the predetermined distance away 

from the set position of the checked vehicle. At step S33, a radiation source 

emits a first X-ray when the set position passes a scanning region. In step 

S34, when the position sensor detects that the checked vehicles has travelled 

the predetermined distance, that is, the checked vehicle passes the position 

sensor, the radiation sources emits a second X-ray. At step S35, when the 

entirety of the checked vehicle has passed the scanning region, X-ray 

emission is stopped. 

The above discloses are only specific embodiments of the present 

disclosures, and the present disclosure is not so limited. Those skilled 

in the art can envisage a variety of variations and modifications for the 

present disclosures without departing from the scope and spirit of the 

present disclosure. It is apparent that such variations and modifications 

all are in the protection scope claimed by the present disclosure. 
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Claims

1. A quick vehicle check system adopting multi-dose regional scanning comprising: 

 a radiation source configured to produce a first X ray with a first dose and a second X ray with a 

second dose, wherein the first dose is smaller than the second dose, and the first X ray is used for 

checking a first part of a checked vehicle having a predetermined distance and the second X ray is used 

for checking a second part of the checked vehicle; 

a first sensor configured to detect a set position of the checked vehicle; 

a second sensor configured to detect the passing distance of the checked vehicle; and  

a control unit coupled with the first sensor and the second sensor, configured to receive the set 

position of the checked vehicle from the first sensor and receive the passing distance of the checked 

vehicle from the second sensor, and when it is determined that the set position of the checked vehicle 

reaches a scanning region, the control unit informs the radiation source to emit the first X ray; and when 

the passing distance of the checked vehicle reaches the predetermined distance, the control unit informs 

the radiation source to emit the second X ray so as to scan the second part, 

wherein the set position of the checked vehicle is rear edge of a cab, front edge of a carriage or an 

arbitrary position therebetween. 

2. The quick vehicle check system according to Claim 1, wherein the second sensor is a speed 

sensor which determines whether the checked vehicle has passed the predetermined distance according to 

vehicle speed and the elapsed time. 

3. The quick vehicle check system according to Claim 1, wherein the second sensor is a position 

sensor, and the distance from the first sensor to the second sensor is equal to the predetermined distance. 

4. The quick vehicle check system according to any of Claims 1-3, further comprising a third 

sensor which is configured to inform the control unit to stop scanning of the radiation source after the 

detection of the rear edge of the checked vehicle. 

5. The quick vehicle check system according to any of Claims 1-3, wherein the first X-ray and/or 

the second X-ray is dual-energy rays.  

6. The quick vehicle check system according to any of Claims 1-3, wherein the checked vehicle is a 

van or a train. 

7. The quick vehicle check system according to any of Claims 1-3, wherein scattering generated by 
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the first X-ray in the first part and scattering generated by the second X-ray in the second part do not 

cause out-of-limit X-ray dose for a driver. 

8. A quick vehicle check method with multi-dose regional scanning comprising steps of: 

 emitting a first X ray of a first dose when it is detected that a set position of a checked vehicle 

reaches a scanning region;  

scanning a second part of the checked vehicle with a second X-ray of a second dose when the 

checked vehicle has passed a predetermined distance and scanning of a first part of the checked vehicle is 

completed, wherein the first dose is smaller than the second dose; and  

stopping X-ray scanning when the second part of the checked vehicle has passed through the 

scanning region, 

wherein the set position of the checked vehicle is a rear edge of a cab, a front edge of a carriage or 

an arbitrary position therebetween.. 

9. The quick vehicle check method according to Claim 8, wherein whether the checked vehicle has 

passed the predetermined distance is detected according to vehicle speed and the elapsed time. 

10. The quick vehicle check method according to Claim 8, wherein a position sensor is employed to 

detect whether the checked vehicle has passed the predetermined distance, and the distance from the 

position sensor to the set position is equal to the predetermined distance. 

11. The quick vehicle check method according to any of Claims8-10, wherein the first X-ray and/or 

the second X-ray is dual-energy rays.  

12. The quick vehicle check method according to any of Claims 8-10, wherein the checked vehicle 

is a van or a train. 

13. The quick vehicle check method according to any of Claims 8-10, wherein scattering generated 

by the first X-ray in the first part and scattering generated by the second X-ray in the second part do not 

cause out-of-limit X-ray dose for a driver. 


