
NUC19D021-WO; 
FP230093SG; Original 

1 
 

SYSTEM AND METHOD OF PERFORMING SECURITY INSPECTION OF 

HUMAN BODY BASED ON MILLIMETER-WAVE 
 

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

202011178188.0 filed on October 28, 2020, the content of which is incorporated herein in its 

entirety by reference. 

 

TECHNICAL FIELD 

[0002] Embodiments of the present disclosure generally relate to a field of security 

inspection, and in particular, to a system and a method of performing security inspection of 

human body based on millimeter-wave for improving a passing rate of security inspection. 

 

BACKGROUND 

[0003] In order to ensure public safety, security inspections in important public places 

are a necessary means. At present, the most widely used imaging security technologies are 

mainly X-ray imaging technology and millimeter-wave imaging technology. A 

millimeter-wave detection and imaging technology has many advantages, such as no harm to 

a human body in use due to non-ionizing radiation, penetrating human clothing, and 

recognizing various metal and non-metal prohibited items. In recent years, with a 

development of millimeter-wave technology and a reduction of device cost, the 

millimeter-wave imaging has been widely used in a field of human body security inspection. 

[0004] Although a millimeter-wave security inspection instrument has a series of 

advantages compared to a metal detection gate, there are still problems such as a person to be 

inspected is required to be scanned in a stopped state and an efficiency of passing is low. In a 

practical security inspection, for an existing active millimeter-wave imaging system, it is 

required that the person to be inspected stands in a designated posture for a certain period of 

time in front of the security inspection instrument or rotates in a designated posture in front of 

the security inspection instrument. Although a high recognition rate can be ensured, the 

person to be inspected is required to continuously adjust his/her standing posture and stays 

within an inspection channel for a long time, thereby limiting the passing rate. 
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SUMMARY 

[0005] According to an aspect of the present disclosure, a method of performing 

security inspection of human body based on millimeter-wave is provided, including: 

displaying, by a first display device, information related to a designated posture to a person to 

be inspected before the person to be inspected enters an inspection channel defined by a 

millimeter-wave human body security inspection instrument, wherein the designated posture 

is expected to be taken by the person to be inspected when scanning the person to be 

inspected with the millimeter-wave human body security inspection instrument; guiding the 

person to be inspected to enter the inspection channel and stand at a designated standing 

position within the inspection channel in a standing posture substantially complying with the 

designated posture; scanning, by the millimeter-wave human body security inspection 

instrument, the person to be inspected, so as to obtain millimeter-wave scanning data of the 

person to be inspected; and performing, by a workstation, a reconstruction of 

millimeter-wave scanning image of the person to be inspected, a confirmation for the 

standing posture of the person to be inspected, and a recognition of a suspected item of the 

person to be inspected, based on the millimeter-wave scanning data. 

[0006] In some embodiments, the first display device is disposed at a top of the 

millimeter-wave human body security inspection instrument, so as to allow the person to be 

inspected to see the information displayed by the first display device before entering the 

inspection channel. 

[0007] In some embodiments, at least one of a video of posing the designated posture, 

a text of prompting the designated posture, or a picture of the designated posture is displayed 

to the person to be inspected by the first display device. 

[0008] In some embodiments, the method further includes displaying, by a second 

display device, information related to the designated posture to the person to be inspected 

standing at the designated standing position within the inspection channel. 

[0009] In some embodiments, an image of a character in the designated posture is 

displayed by the second display device, and the method further includes: acquiring a visible 

light image of the person to be inspected standing at the designated standing position in the 

standing posture, and displaying the visible light image on the second display device, so as to 
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guide the person to be inspected to adjust the standing posture of the person to be inspected 

according to a comparison between the visible light image and the image of the character in 

the designated posture. 

[0010] In some embodiments, the method further includes: guiding, by an audio 

device, the person to be inspected to see the information displayed by the first display device, 

and/or to stand at the designated standing position in the standing posture substantially 

complying with the designated posture through a voice prompt. 

[0011] In some embodiments, determining whether the standing posture of the person 

to be inspected meets a requirement of the designated posture or not is performed based on a 

reconstructed millimeter-wave scanning image. 

[0012] In some embodiments, the method further includes: guiding the person to be 

inspected to leave the inspection channel after determining that the standing posture of the 

person to be inspected meets a requirement of the designated posture; and analyzing a 

reconstructed millimeter-wave scanning image to recognize whether the person to be 

inspected is carrying the suspected item or not when the person to be inspected is leaving the 

inspection channel. 

[0013] In some embodiments, the method further includes: performing, by a graphics 

processing unit at the workstation, the reconstruction of millimeter-wave scanning image of 

the person to be inspected, the confirmation for the standing posture of the person to be 

inspected and the recognition of the suspected item of the person to be inspected. 

[0014] In some embodiments, the method further includes: 

 acquiring a first scanning dataset related to a front of the person to be 

inspected and a second scanning dataset related to a back of the person to be inspected, 

wherein a column direction of the first scanning dataset and a column direction of the second 

scanning dataset are identical to a height direction of the person to be inspected;  

 combining columns of the first scanning dataset to obtain a column of first 

combined data represented by Y1, and combining columns of the second scanning dataset to 

obtain a column of second combined data represented by Y2;  

 performing a cross-correlation operation on the first combined data Y1 and the 

second combined data Y2 according to an equation:  

 , 
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 where t is a height corresponding to the first combined data Y1 or the second 

combined data Y2; and 

 determining a value of  corresponding to a maximum of  as a height 

difference between the first scanning dataset and the second scanning dataset, and performing 

a registration between the first scanning dataset and the second scanning dataset based on the 

height difference, so as to perform the reconstruction of millimeter-wave scanning image of 

the person to be inspected. 

[0015] According to another aspect of the present disclosure, a system of performing 

security inspection of human body based on millimeter-wave is provided, including: a 

millimeter-wave human body security inspection instrument, wherein the millimeter-wave 

human body security inspection instrument defines an inspection channel, and is configured 

to scan a person to be inspected standing at a designated standing position within the 

inspection channel, so as to acquire millimeter-wave scanning data of the person to be 

inspected; a first display device disposed at a position which is viewable by the person to be 

inspected before the person to be inspected enters the inspection channel, wherein the first 

display device is configured to display information related to a designated posture, which is 

expected to be taken by the person to be inspected when scanning the person to be inspected 

with the millimeter-wave human body security inspection instrument; and a workstation 

configured to perform a reconstruction of millimeter-wave scanning image of the person to 

be inspected, a confirmation for a standing posture of the person to be inspected and a 

recognition of a suspected item of the person to be inspected based on the millimeter-wave 

scanning data. 

[0016] In some embodiments, the first display device is disposed at a top of the 

millimeter-wave human body security inspection instrument to face to the person to be 

inspected being about to enter the inspection channel. 

[0017] In some embodiments, each of two opposite tops of the millimeter-wave 

human body security inspection instrument is provided with the first display device in a 

passing direction of the person to be inspected. 

[0018] In some embodiments, the first display device is configured to display at least 

one of a video of posing the designated posture, a text of prompting the designated posture, or 

a picture of the designated posture to the person to be inspected. 

[0019] In some embodiments, the system of performing security inspection of human 
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body based on millimeter-wave further includes: a second display device disposed within the 

inspection channel to display information related to the designated posture to the person to be 

inspected standing at the designated standing position. 

[0020] In some embodiments, the system of performing security inspection of human 

body based on millimeter-wave further includes: a visible light imaging device configured to 

acquire a visible light image of the person to be inspected standing at the designated standing 

position in the standing posture, and the second display device is configured to display an 

image of a character in the designated posture and the visible light image to guide the person 

to be inspected to adjust the standing posture of the person to be inspected according to a 

comparison between the visible light image and the image of the character in the designated 

posture. 

[0021] In some embodiments, the system of performing security inspection of human 

body based on millimeter-wave further includes: an audio device configured to guide the 

person to be inspected to see the information displayed by the first display device, and/or to 

stand at the designated standing position in the standing posture substantially complying with 

the designated posture through a voice prompt. 

[0022] In some embodiments, the workstation is configured to determine whether the 

standing posture of the person to be inspected meets a requirement of the designated posture 

or not based on a reconstructed millimeter-wave scanning image. 

[0023] In some embodiments, the system of performing security inspection of human 

body based on millimeter-wave is configured to guide the person to be inspected to leave the 

inspection channel through a voice prompt and/or a visual prompt after determining that the 

standing posture of the person to be inspected meets a requirement of the designated posture; 

and the workstation is configured to analyze a reconstructed millimeter-wave scanning image 

to recognize whether the person to be inspected is carrying the suspected item or not when 

the person to be inspected is leaving the inspection channel. 

[0024] In some embodiments, the workstation includes a graphics processing unit 

configured to perform the reconstruction of millimeter-wave scanning image of the person to 

be inspected, the confirmation for the standing posture of the person to be inspected and the 

recognition of the suspected item of the person to be inspected. 

[0025] In some embodiments, the millimeter-wave human body security inspection 
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instrument includes: 

 a first millimeter-wave scanning unit and a second millimeter-wave scanning 

unit on opposite sides of the inspection channel in a horizontal direction perpendicular to a 

direction of the person to be inspected passing through the inspection channel, wherein the 

first millimeter-wave scanning unit and the second millimeter-wave scanning unit are 

configured to perform millimeter-wave scanning on a front of the person to be inspected and 

a back of the person to be inspected standing at the designated standing position in the 

standing posture complying with the designated posture, respectively, so as to obtain a first 

scanning dataset related to the front of the person to be inspected and a second scanning 

dataset related to the back of the person to be inspected, wherein a column direction of the 

first scanning dataset and a column direction of the second scanning dataset are identical to a 

height direction of the person to be inspected, and 

 the workstation is further configured to: 

 combine, in a row direction of the first scanning dataset, columns of the first 

scanning dataset to obtain a column of first combined data represented by Y1, and combine, 

in a row direction of the second scanning dataset, columns of the second scanning dataset to 

obtain a column of second combined data represented by Y2;  

 perform a cross-correlation operation on the first combined data Y1 and the 

second combined data Y2 according to an equation:  

 ,  

 where t is a height corresponding to the first combined data Y1 or the second 

combined data Y2; and 

 determine a value of  corresponding to a maximum of  as a height 

difference between the first scanning dataset and the second scanning dataset, and perform a 

registration between the first scanning dataset and the second scanning dataset based on the 

height difference, so as to perform the reconstruction of millimeter-wave scanning image of 

the person to be inspected. 

[0026] Other objects and advantages of the present disclosure will be apparent from 

the following detailed description of the present disclosure with reference to the 

accompanying drawings, and may assist in a comprehensive understanding of the present 

disclosure. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] The features and advantages of the present disclosure may be more clearly 

understood with reference to accompanying drawings, and the accompanying drawings are 

schematic and should not be construed as any limitation on the present disclosure, in which: 

[0028] FIG. 1 shows a perspective view of a structure of a millimeter-wave human 

body security inspection instrument according to an exemplary embodiment of the present 

disclosure;  

[0029] FIG. 2 shows a block diagram of an arrangement of a system of performing 

security inspection of human body based on millimeter-wave according to an exemplary 

embodiment of the present disclosure;  

[0030] FIG. 3 shows a schematic diagram of a time distribution of human body 

security inspection according to the exemplary embodiment of the present disclosure;  

[0031] FIG. 4 shows a flowchart of a method of performing security inspection of 

human body based on millimeter-wave according to the embodiment of the present 

disclosure;  

[0032] FIG. 5 shows a flowchart of a method of performing security inspection of 

human body based on millimeter-wave according to a specific example of the present 

disclosure; and 

[0033] FIG. 6 shows a flowchart of a method of registering scanning data according 

to a specific example of the present disclosure. 

 

DETAILED DESCRIPTION OF EMBODIMENTS 

[0034] With reference to accompanying drawings in embodiments of the present 

disclosure, the technical solution in embodiments of the present disclosure will be described 

clearly and completely. Apparently, embodiments described are only some embodiments of 

the present disclosure, rather than all embodiments. Based on embodiments in the present 

disclosure, all other embodiments derived by those of ordinary skill in the art without creative 

labor, fall within the scope of protection of the present disclosure. 

[0035] In addition, in the following detailed descriptions, for purposes of explanation, 
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many specific details are elaborated to provide a comprehensive understanding of 

embodiments of the present disclosure. However, it is clearly that one or more embodiments 

may be implemented without these specific details. In other cases, well-known structures and 

devices are illustrated to simplify the accompanying drawings. 

[0036] FIG. 1 schematically shows a human body imaging device for security 

inspection according to an exemplary embodiment of the present disclosure. FIG. 2 

schematically shows an arrangement of a system of performing security inspection of human 

body according to an exemplary embodiment of the present disclosure, and the system of 

performing security inspection includes the human body imaging device shown in FIG. 1. 

The human body imaging device is, for example, a millimeter-wave human body security 

inspection instrument 100, which is used for performing scanning on a body of a person to be 

inspected to obtain a millimeter-wave human body image or corresponding millimeter-wave 

scanning data. As shown in FIG. 3, a scanning duration is T1, which depends on specific 

operations of different types of millimeter-wave human body security inspection instruments, 

and for example, may be approximately 2 seconds. For example, the millimeter-wave human 

body security inspection instrument may achieve imaging, by collecting a millimeter-wave 

radiation of an object itself or by collecting a millimeter-wave reflected or scattered by the 

object, based on a passive or passive millimeter-wave imaging technology. For example, the 

millimeter-wave human body security inspection instrument may include a millimeter-wave 

transmitting and receiving device, such as a millimeter-wave antenna array for transmitting 

and receiving millimeter-wave signals and a millimeter-wave transceiver associated with the 

millimeter-wave antenna array. 

[0037] The millimeter-wave human body security inspection instrument may include 

a cylindrical scanning system, a plane scanning system, and an area array scanning system. In 

the illustrated embodiment, the millimeter-wave human body security inspection instrument 

100 is in a form of a security inspection gate, which defines an inspection channel 101. A 

security inspection is performed on the person to be inspected standing at a designated 

standing position within the inspection channel 101 in an appropriate standing posture. For 

example, the millimeter-wave human body security inspection instrument may include a 

linear array plane up and down scanning type security inspection gate, a linear array plane 

left and right scanning type security inspection gate, a polygonal line array up and down 

scanning security inspection gate, or a linear array turntable rotating security inspection gate, 

or an arc or a cylindrical scanning type security inspection gate. Accordingly, the 
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millimeter-wave human body security inspection instrument may have different forms of 

scanning surfaces for scanning the body of the person to be inspected, such as a plane array 

scanning surface 110 shown in the drawing. 

[0038] In the embodiment shown in FIG. 1, the millimeter-wave human body security 

inspection instrument in the form of the security inspection gate includes a first 

millimeter-wave scanning unit and a second millimeter-wave scanning unit arranged 

oppositely, such as a millimeter-wave transmitting and receiving device or a detector array. 

The first millimeter-wave scanning unit and the second millimeter-wave scanning unit are 

located on opposite sides of the inspection channel in a horizontal direction perpendicular to a 

direction of the person to be inspected passing through the inspection channel 101. The first 

millimeter-wave scanning unit and the second millimeter-wave scanning unit are used to 

perform millimeter-wave scanning on a front of the person to be inspected and a back of the 

person to be inspected standing at a designated standing position within the inspection 

channel 101 in the standing posture complying with a designated posture, respectively, so as 

to obtain a first scanning dataset related to the front of the person to be inspected and a 

second scanning dataset related to the back of the person to be inspected. Each of the first 

scanning dataset and the second scanning dataset may be in a form of two-dimensional data 

matrix, and a column direction of the first scanning dataset and a column direction of the 

second scanning dataset are identical to a height direction of the person to be inspected. 

[0039] The system of security inspection further includes a workstation 200, such as 

an operation terminal in a central control room or an operation console, and for example, may 

be implemented by a computer. The workstation may reconstruct a millimeter-wave scanning 

image of the person to be inspected based on the obtained millimeter-wave scanning data, 

confirm the standing posture of the person to be inspected, and analyze the millimeter-wave 

scanning image to recognize whether the person to be inspected is carrying a suspected or 

prohibited item or not, etc.. The workstation 200 itself has a processor 210, such as a central 

processing unit (CPU), for performing routine operations of the workstation; and a 

millimeter-wave scanning image, a result of determining the standing posture, and/or a result 

of recognizing the suspected item may be displayed by a monitor 230 of the workstation 200. 

As shown in FIG. 3, a duration of an image reconstruction is T2, and a duration of an image 

analysis is T3, which depend on a performance of processing data of the workstation. For 

example, a graphics card including a GPU (Graphics Processor) 220 may be used to 

accelerate the reconstruction of a scanned image and/or the image analysis. 
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[0040] In some examples, the image analysis includes a confirmation for the standing 

posture and a recognition of the suspected item, etc., that is, it may be determined, based on 

the reconstructed millimeter-wave scanning image, whether the standing posture of the 

person to be inspected meets a requirement of the designated posture or not when scanning 

the person to be inspected. In other examples, alternatively or additionally, it may be 

determined, based on a visible light image of the person to be inspected (for example, 

obtained through a separately disposed imaging device such as a camera), whether the 

standing posture of the person to be inspected meets the requirement of the designated 

posture or not when scanning the person to be inspected. It may be determined, in various 

methods, such as manual or automatic mode, whether the standing posture of the person to be 

inspected is correct or meets the requirement of the designated posture or not based on the 

image of the person to be inspected. For example, it may be determined whether a difference 

(such as a difference between boundaries of graphics) between an image of a character 

corresponding to the designated posture and the image (such as the millimeter-wave scanning 

image or the visible light image) of the person to be inspected is within a predetermined 

threshold range or not. In the manual mode, whether the standing posture of the person to be 

inspected meets the requirement of the designated posture or not may be manually 

determined by the operator based on the standing posture of the person to be inspected at the 

designated standing position or based on an image of the standing posture of the person to be 

inspected (for example, based on an image displayed on the monitor 230). Alternatively or 

additionally, whether the standing posture of the person to be inspected meets the requirement 

of the designated standing posture or not may be determined in the automatic mode, for 

example, by means of a processor. Alternatively or additionally, it may be determined 

whether the standing posture of the person to be inspected meets the requirement of the 

designated posture or not before scanning the body of the person to be inspected in the 

standing posture with the millimeter-wave human body security inspection instrument. 

[0041] In the practical security inspection, for the millimeter-wave imaging system, it 

is usually required that the security inspection is performed on the person to be inspected in a 

designated posture. Different persons to be inspected have different understandings of a 

correct standing posture and may take different times to pose correctly. As a result, it takes a 

long duration Tx (see FIG. 3) for a person to be inspected to adjust his/her standing posture 

before formally scanning. The system of security inspection according to embodiments of the 

present disclosure further includes a first display device 120, which is disposed at a position 
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that allows the person to be inspected to see it before entering the inspection channel 101, and 

displays information related to the designated posture expected to be taken by the person to 

be inspected when scanning the person to be inspected with the millimeter-wave human body 

security inspection instrument. Therefore, the person to be inspected may watch the 

information displayed by the first display device 120 when queuing up, waiting for inspection 

or when other inspected persons are being inspected, understand and learn a correct standing 

posture for scanning in advance. After entering the inspection channel 101 and standing in the 

designated standing position, the person to be inspected may immediately pose a posture 

substantially consistent with or complying with the designated standing posture, thereby 

reducing a probability of wrong standing posture of the person to be inspected, and greatly 

shortening the duration Tx for adjusting the standing posture. 

[0042] The first display device may be disposed at any appropriate position where the 

first display device can be seen by the person to be inspected before entering the inspection 

channel 101. In the illustrated embodiment, the first display device 120 is disposed at a top of 

the millimeter-wave human body security inspection instrument 100 and located above an 

entrance of the inspection channel 101, so as to face to the person to be inspected who is 

about to enter the inspection channel. Alternatively, the first display device may be disposed 

on a side frame of the security inspection gate. In some examples, in a passing direction of 

the person to be inspected, each of two opposite tops of the millimeter-wave human body 

security inspection instrument is provided with the first display device. The person to be 

inspected may see information related to the designated posture displayed by the first display 

device before entering the inspection channel from any side of the security inspection 

instrument, so as to achieve forward and reverse inspection and passage of the 

millimeter-wave human body security inspection instrument, thereby improving a flexibility 

of an arrangement and an operation of the security inspection instrument, and improving an 

efficiency of security inspection. 

[0043] The first display device may display information related to the designated 

posture to the person to be inspected in various methods, such as playing a video or an 

animation of posing the designated posture, displaying a text of prompting the designated 

posture or a picture of the designated posture, etc. For example, these information may be 

displayed in different regions 121, 122, and 123 of the first display device, respectively. The 

first display device may include a display screen, such as an LCD or LED display monitor, 

and may also include various graphics, image pointers/indicators, etc. 
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[0044] As shown in FIG. 1, the system of security inspection may further include a 

second display device 130, which may be disposed within the inspection channel, such as on 

the scanning surface 110, to display information related to the designated posture, such as an 

image of a character in the designated posture, to the person to be inspected standing at the 

designated standing position, so as to further clarify the requirement of the designated posture 

to the person to be inspected. In some examples, a visible light imaging device (not shown), 

such as a camera, may also be provided, the visible light imaging device is used to obtain a 

visible light image of the person to be inspected standing at the designated standing position 

within the inspection channel 101 in the standing posture. The visible light image may be 

displayed or projected on the second display device 130 to guide the person to be inspected to 

adjust his/her standing posture according to a comparison between the visible light image and 

the image of the character in the designated posture, so that the person to be inspected can 

quickly pose the standing posture that meets the requirement of the designated posture, 

thereby further shortening the duration for adjusting the standing posture. In addition, the 

obtained visible light image may also be sent to the workstation or the operator terminal, so 

as to determine whether the standing posture of the person to be inspected meets the 

requirement of scanning or not by the operator based on the visible light image or based on 

both the visible light image and the reconstructed millimeter-wave scanning image. 

[0045] In some embodiments, the system of performing security inspection of human 

body based on millimeter-wave may further include an audio device 300, such as a speaker, 

the audio device 300 is used to guide the person to be inspected to see the information 

displayed by the first display device 120 through a voice prompt, and/or guide the person to 

be inspected to stand at the designated standing position within the inspection channel in the 

standing posture substantially complying with the designated posture, so as to further shorten 

the duration for adjusting the standing posture. In addition, the audio device 300 

communicates with the workstation or the operator terminal. It is possible to play prompt 

information to the person to be inspected as desired by using the audio device 300, such as, 

guiding the person to be inspected to see the information displayed by the first display device 

120, reminding the person to be inspected to enter the inspection channel as soon as possible, 

guiding the person to be inspected to pose an appropriate posture within the inspection 

channel, precautions about scanning, reminding that scanning is completed, guiding the 

person to be inspected to leave the inspection channel as soon as possible, and guiding the 

person to be inspected to a manual inspection station 400 for further inspecting as required, 
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etc., so as to minimize the time the person to be inspected spends undergoing the security 

inspection. 

[0046] In some embodiments, as shown in FIG. 1, the system of performing security 

inspection of human body based on millimeter-wave may further include a triggering device 

140, which is, for example, disposed at an entrance of the security inspection gate or the 

entrance of the inspection channel 101. When the person to be inspected enters the inspection 

channel, the triggering device is triggered or activated, which may cause the audio device 300 

to play a voice prompt and/or cause the second display device 130 to display information 

related to the designated posture and perform guiding on the standing posture of the person to 

be inspected, such as guiding the person to be inspected to see the information displayed by 

the second display device 130, so as to cause the person to be inspected to stand at the 

designated standing position within the inspection channel in the standing posture 

substantially complying with the designated posture, thereby further shortening the duration 

for adjusting the standing posture. As an example, the triggering device may take a form of an 

active infrared intrusion switch or the like. 

[0047] If the standing posture of the person to be inspected is incorrect or does not 

meet the requirement of the designated posture, the system of security inspection will guide 

the person to be inspected to adjust his/her standing posture (such as using the above display 

devices and/or the audio device), and re-perform millimeter-wave scanning, the 

reconstruction of the image and the confirmation for the standing posture. According to 

embodiments of the present disclosure, the system of security inspection guides the person to 

be inspected to leave the inspection channel through the voice prompt and/or a visual prompt, 

after determining that the standing posture of the person to be inspected meets the 

requirement of the designated posture. The workstation analyzes the reconstructed 

millimeter-wave scanning image to recognize whether the person to be inspected is carrying 

the suspected item or not when the person to be inspected is leaving the inspection channel. 

When the person to be inspected is walking out of the inspection channel, the operation of 

performing image analysis to recognize the suspected item by the workstation is performed at 

the same time. In this way, the person to be inspected does not need to spend time waiting in 

the inspection channel for the suspected item to be recognized, so as to further reduce a 

residence time for the person to be inspected within the inspection channel. In addition, the 

next person to be inspected may enter the inspection channel and pose a standing posture, so 

as to improve an efficiency of the entire system of security inspection. 
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[0048] “Image reconstruction” refers to a reconstruction of acquired binary scanning 

data into a visual image. In some cases, when the scanning units on both sides of the security 

inspection instrument respectively acquire scanning data related to the front of the person to 

be inspected and scanning data related to the back of the person to be inspected, a height of 

the person to be inspected corresponding to the scanning data related to the front of the 

person to be inspected may not be identical to a height of the person to be inspected 

corresponding to the scanning data related to the back of the person to be inspected. It is 

possible to perform a registration between the scanning data related to the front of the person 

to be inspected and the scanning data related to the back of the person to be inspected for 

further analysis. In some embodiments of the present disclosure, in addition to using the 

graphics card including the GPU (Graphics Processor) to accelerate scanning image 

reconstruction and/or image analysis, the following method of registering data is also 

provided to further accelerate image reconstruction. 

[0049] For example, a registration is performed on the above scanning data at the 

workstation. For example, as shown in FIG. 6, the following operations may be performed by 

the workstation or a GPU of the workstation.  

[0050] Columns of the first scanning dataset related to the front of the person to be 

inspected are combined in a row direction of the first scanning dataset to obtain a column of 

the first combined data represented by Y1, and columns of a second scanning dataset related 

to the back of the person to be inspected are combined in a row direction of the second 

scanning dataset to obtain a column of the second combined data represented by Y2. For 

example, this combination may be to combine data in a same row of each scanning dataset, 

and the column of the formed combined data is a column of one-dimensional data. 

[0051] Then, a cross-correlation operation, such as a convolution operation, is 

performed on the obtained first combined data Y1 and the obtained second combined data Y2 

according to the following equation: 

 ,  

 where t is a height corresponding to the first combined data Y1 or the second 

combined data Y2, and may represent a height difference between the scanning data in the 

first scanning dataset and the corresponding scanning data in the second scanning dataset; 

and a value of  corresponding to a maximum of  is determined as a height difference 
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between the first scanning dataset and the second scanning dataset, and a registration between 

the first scanning dataset and the second scanning dataset is performed based on the height 

difference, so as to perform the reconstruction of millimeter-wave scanning image of the 

person to be inspected. 

[0052] By adopting this simple and feasible registration method, it is possible to 

achieve a rapid registration between the scanning data related to the front of the person to be 

inspected and the scanning data related to the back of the person to be inspected, so as to 

further shorten the duration for image reconstruction.  

[0053] Embodiments of the present disclosure further provides a method of 

performing security inspection on human body based on millimeter-wave scanning of human 

body, which may be implemented by, for example, the system of performing security 

inspection of human body described above. With this method, the residence time of the 

person to be inspected within the inspection channel may be reduced and the passing 

efficiency may be improved. FIGS. 4 and 5 respectively illustrate flowcharts of the method of 

performing security inspection of human body based on millimeter-wave according to 

exemplary embodiments of the present disclosure. This method mainly includes steps S10 to 

S13. 

[0054] In S10, before an person to be inspected enters an inspection channel defined 

by a millimeter-wave human body security inspection instrument, information related to a 

designated posture expected to be taken when scanning the person to be inspected with the 

millimeter-wave human body security inspection instrument is displayed to the person to be 

inspected, for example, by a first display device. 

[0055] In S11, the person to be inspected is guided to enter the inspection channel and 

stand at a designated standing position within the inspection channel in a standing posture 

substantially complying with the designated posture.  

[0056] In S12, the person to be inspected is scanned by the millimeter-wave human 

body security inspection instrument, so as to obtain millimeter-wave scanning data. 

[0057] In S13, various operations, such as reconstructing the millimeter-wave 

scanning image of the person to be inspected, confirming whether the standing posture of the 

person to be inspected meets a requirement of the designated posture or not when scanning 

the person to be inspected, and recognizing whether the person to be inspected is carrying a 
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suspected item or not, are performed by a workstation based on the millimeter-wave scanning 

data. For example, these operations may be accelerated by using a graphics processor (GPU) 

at the workstation.  

[0058] In order to further shorten the duration for image reconstruction, as shown in 

FIG. 6, the following data registration operation may be performed by the workstation or a 

GPU of the workstation. 

[0059] Columns of the first scanning dataset related to the front of the person to be 

inspected are combined in a row direction of the first scanning dataset to obtain a column of 

the first combined data represented by Y1, and columns of a second scanning dataset related 

to the back of the person to be inspected are combined in a row direction of the second 

scanning dataset to obtain a column of the second combined data represented by Y2. 

[0060] A cross-correlation operation, such as a convolution operation, is performed 

on the obtained first combined data Y1 and the obtained second combined data Y2 according 

to the following equation:  

 ,  

 where t is a height corresponding to the first combined data Y1 or the second 

combined data Y2, and  represents a height difference between the scanning data in the 

first scanning dataset and the corresponding scanning data in the second scanning dataset; 

and a value of  corresponding to a maximum of  is determined as a height difference 

between the first scanning dataset and the second scanning dataset, and a registration between 

the first scanning dataset and the second scanning dataset is performed based on the height 

difference, so as to perform the reconstruction of millimeter-wave scanning image of the 

person to be inspected. 

[0061] When it is determined that the person to be inspected is suspected of carrying 

a prohibited item, the result may be displayed to the operator, and if necessary, an alarm may 

be issued to guide the person to be inspected suspected of carrying the prohibited item to 

undergo further inspection, such as manual inspection at the manual inspection station. When 

it is determined that the person to be inspected is not carrying the prohibited item, the person 

to be inspected may be allowed to pass, and then it may be performed the security inspection 

on next person to be inspected. 
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[0062] The first display device may be disposed on the millimeter-wave human body 

security inspection instrument, be disposed at the top of the millimeter-wave human body 

security inspection instrument and be located above the entrance of the inspection channel, so 

as to allow the person to be inspected to see the information displayed by the first display 

device before entering the inspection channel. The first display device may display a video of 

posing the designated posture, a text of prompting the designated posture, or a picture of the 

designated posture, etc., to the person to be inspected. As a result, the person to be inspected 

may watch the information displayed by the first display device when queuing up, waiting for 

inspection or when other inspected persons are being inspected, understand and learn a 

correct standing posture for scanning in advance. After entering the inspection channel and 

standing in the designated standing position, the person to be inspected may immediately 

pose a posture substantially consistent with or complying with the designated standing 

posture, so as to reduce a probability of wrong standing posture of the person to be inspected, 

and greatly shorten the duration for adjusting the standing posture. 

[0063] Furthermore, when the person to be inspected is located within the inspection 

channel, the second display device may also display information related to the designated 

posture to the person to be inspected standing at the designated standing position. For 

example, the second display device may display an image of a character in the designated 

posture, and may also acquire a visible light image of the person to be inspected standing at 

the designated standing position and display the visible light image to guide the person to be 

inspected to adjust his/her standing posture according to a comparison between the visible 

light image and the image of the character in the designated posture. In some examples, as 

assistance, it may be possible to guide the person to be inspected to see the information 

displayed by the first display device and/or guide the person to be inspected to stand at the 

designated standing position in a standing posture substantially complying with the 

designated posture through a voice prompt. 

[0064] As mentioned above, it may be determined whether the standing posture of the 

person to be inspected meets the requirement of the designated posture or not based on the 

reconstructed millimeter-wave scanning image, the visible light image of the standing posture 

of the person to be inspected acquired separately, or both the reconstructed millimeter-wave 

scanning image and the visible light image. In some embodiments of the present disclosure, 

after determining that the standing posture of the person to be inspected meets the 

requirement of the designated posture, the person to be inspected is guided to leave the 
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inspection channel. When the person to be inspected is leaving the inspection channel, the 

reconstructed millimeter-wave scanning image is analyzed to recognize whether the person to 

be inspected is carrying the suspected item or not. Therefore, the person to be inspected does 

not need to spend time waiting in the inspection channel for the suspected item to be 

recognized, so as to reduce a residence time for the person to be inspected within the 

inspection channel and improve a passing efficiency of the entire system of security 

inspection. 

[0065] Although embodiments of the present disclosure have been illustrated and 

described, it may be understood by those of ordinary skill in the art that these embodiments 

may be changed without departing from the principle and spirit of the present disclosure. The 

scope of the present disclosure is defined by the appended claims and their equivalents. 
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What is claimed is: 

 

1. A method of performing security inspection of human body based on 

millimeter-wave, comprising: 

 displaying, by a first display device, information related to a designated 

posture to a person to be inspected before the person to be inspected enters an inspection 

channel defined by a millimeter-wave human body security inspection instrument, wherein 

the designated posture is expected to be taken by the person to be inspected when scanning 

the person to be inspected with the millimeter-wave human body security inspection 

instrument; 

 guiding the person to be inspected to enter the inspection channel and stand at 

a designated standing position within the inspection channel in a standing posture 

substantially complying with the designated posture; 

 scanning, by the millimeter-wave human body security inspection instrument, 

the person to be inspected, so as to obtain millimeter-wave scanning data of the person to be 

inspected; and 

 performing, by a workstation, a reconstruction of millimeter-wave scanning 

image of the person to be inspected, a confirmation for the standing posture of the person to 

be inspected, and a recognition of a suspected item of the person to be inspected, based on the 

millimeter-wave scanning data. 

 

2. The method of performing security inspection of human body based on 

millimeter-wave of claim 1, wherein the first display device is disposed at a top of the 

millimeter-wave human body security inspection instrument, so as to allow the person to be 

inspected to see the information displayed by the first display device before entering the 

inspection channel. 

 

3. The method of performing security inspection of human body based on 

millimeter-wave of claim 1, wherein at least one of a video of posing the designated posture, 

a text of prompting the designated posture, or a picture of the designated posture is displayed 

to the person to be inspected by the first display device. 

 

4. The method of performing security inspection of human body based on 

millimeter-wave of any one of claims 1 to 3, further comprising: 



NUC19D021-WO; 
FP230093SG; Original 

20 
 

 displaying, by a second display device, information related to the designated 

posture to the person to be inspected standing at the designated standing position within the 

inspection channel. 

 

5. The method of performing security inspection of human body based on 

millimeter-wave of claim 4, wherein an image of a character in the designated posture is 

displayed by the second display device, and  

 wherein the method further comprises: 

 acquiring a visible light image of the person to be inspected standing at the 

designated standing position in the standing posture, and displaying the visible light image on 

the second display device, so as to guide the person to be inspected to adjust the standing 

posture of the person to be inspected according to a comparison between the visible light 

image and the image of the character in the designated posture. 

 

6. The method of performing security inspection of human body based on 

millimeter-wave of any one of claims 1 to 5, further comprising:  

 guiding, by an audio device, the person to be inspected to see the information 

displayed by the first display device and/or to stand at the designated standing position in the 

standing posture substantially complying with the designated posture through a voice prompt. 

 

7. The method of performing security inspection of human body based on 

millimeter-wave of any one of claims 1 to 5, wherein determining whether the standing 

posture of the person to be inspected meets a requirement of the designated posture or not is 

performed based on a reconstructed millimeter-wave scanning image. 

 

8. The method of performing security inspection of human body based on 

millimeter-wave of any one of claims 1 to 5, further comprising:  

 guiding the person to be inspected to leave the inspection channel after 

determining that the standing posture of the person to be inspected meets a requirement of the 

designated posture; and 

 analyzing a reconstructed millimeter-wave scanning image to recognize 

whether the person to be inspected is carrying the suspected item or not when the person to 

be inspected is leaving the inspection channel. 
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9. The method of performing security inspection of human body based on 

millimeter-wave of any one of claims 1 to 5, further comprising: 

 performing, by a graphics processing unit GPU at the workstation, the 

reconstruction of millimeter-wave scanning image of the person to be inspected, the 

confirmation for the standing posture of the person to be inspected and the recognition of the 

suspected item of the person to be inspected. 

 

10. The method of performing security inspection of human body based on 

millimeter-wave of any one of claims 1 to 5, further comprising: 

 acquiring a first scanning dataset related to a front of the person to be 

inspected and a second scanning dataset related to a back of the person to be inspected, 

wherein a column direction of the first scanning dataset and a column direction of the second 

scanning dataset are identical to a height direction of the person to be inspected;  

 combining, in a row direction of the first scanning dataset, columns of the first 

scanning dataset to obtain a column of first combined data represented by Y1, and combining, 

in a row direction of the second scanning dataset, columns of the second scanning dataset to 

obtain a column of second combined data represented by Y2;  

 performing a cross-correlation operation on the first combined data Y1 and the 

second combined data Y2 according to an equation:  

 , 

 where t is a height corresponding to the first combined data Y1 or the second 

combined data Y2; and 

 determining a value of  corresponding to a maximum of  as a height 

difference between the first scanning dataset and the second scanning dataset, and performing 

a registration between the first scanning dataset and the second scanning dataset based on the 

height difference, so as to perform the reconstruction of millimeter-wave scanning image of 

the person to be inspected. 

 

11. A system of performing security inspection of human body based on 

millimeter-wave, comprising: 

 a millimeter-wave human body security inspection instrument (100), wherein 

the millimeter-wave human body security inspection instrument (100) defines an inspection 

channel (101), and is configured to scan a person to be inspected standing at a designated 
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standing position within the inspection channel (101), so as to acquire millimeter-wave 

scanning data of the person to be inspected;  

 a first display device (120) disposed at a position which is viewable by the 

person to be inspected before the person to be inspected enters the inspection channel, 

wherein the first display device (120) is configured to display information related to a 

designated posture, which is expected to be taken by the person to be inspected when the 

scanning the person to be inspected with the millimeter-wave human body security inspection 

instrument; and 

 a workstation (200) configured to perform a reconstruction of millimeter-wave 

scanning image of the person to be inspected, a confirmation for a standing posture of the 

person to be inspected and a recognition of a suspected item of the person to be inspected 

based on the millimeter-wave scanning data. 

 

12. The system of performing security inspection of human body based on 

millimeter-wave of claim 11, wherein the first display device is disposed at a top of the 

millimeter-wave human body security inspection instrument to face to the person to be 

inspected being about to enter the inspection channel.  

 

13. The system of performing security inspection of human body based on 

millimeter-wave of claim 12, wherein each of two opposite tops of the millimeter-wave 

human body security inspection instrument is provided with the first display device in a 

passing direction of the person to be inspected. 

 

14. The system of performing security inspection of human body based on 

millimeter-wave of claim 11, wherein the first display device is configured to display at least 

one of a video of posing the designated posture, a text of prompting the designated posture, or 

a picture of the designated posture to the person to be inspected.  

 

15. The system of performing security inspection of human body based on 

millimeter-wave of any one of claims 11 to 14, further comprising:  

 a second display device (130) disposed within the inspection channel to 

display information related to the designated posture to the person to be inspected standing at 

the designated standing position. 
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16. The system of performing security inspection of human body based on 

millimeter-wave of claim 15, further comprising:  

 a visible light imaging device configured to acquire a visible light image of the 

person to be inspected standing at the designated standing position in the standing posture,  

 wherein the second display device is configured to display an image of a 

character in the designated posture and the visible light image to guide the person to be 

inspected to adjust the standing posture of the person to be inspected according to a 

comparison between the visible light image and the image of the character in the designated 

posture.  

 

17. The system of performing security inspection of human body based on 

millimeter-wave of any one of claims 11 to 16, further comprising: 

 an audio device (300) configured to guide the person to be inspected to see the 

information displayed by the first display device and/or to stand at the designated standing 

position in the standing posture substantially complying with the designated posture through 

a voice prompt.  

 

18. The system of performing security inspection of human body based on 

millimeter-wave of any one of claims 11 to 16, wherein the workstation is configured to 

determine whether the standing posture of the person to be inspected meets a requirement of 

the designated posture or not based on a reconstructed millimeter-wave scanning image.  

 

19. The system of performing security inspection of human body based on 

millimeter-wave of any one of claims 11 to 16, wherein the system of performing security 

inspection of human body based on millimeter-wave is configured to guide the person to be 

inspected to leave the inspection channel through a voice prompt and/or a visual prompt after 

determining that the standing posture of the person to be inspected meets a requirement of the 

designated posture, and  

 the workstation is configured to analyze a reconstructed millimeter-wave 

scanning image to recognize whether the person to be inspected is carrying the suspected 

item or not when the person to be inspected is leaving the inspection channel. 

 

20. The system of performing security inspection of human body based on 

millimeter-wave of any one of claims 11 to 16, wherein the workstation comprises a graphics 



NUC19D021-WO; 
FP230093SG; Original 

24 
 

processing unit GPU configured to perform the reconstruction of millimeter-wave scanning 

image of the person to be inspected, the confirmation for the standing posture of the person to 

be inspected and the recognition of the suspected item of the person to be inspected.  

 

21. The system of performing security inspection of human body based on 

millimeter-wave of any one of claims 11 to 16, wherein the millimeter-wave human body 

security inspection instrument comprises: 

 a first millimeter-wave scanning unit and a second millimeter-wave scanning 

unit on opposite sides of the inspection channel in a horizontal direction perpendicular to a 

direction of the person to be inspected passing through the inspection channel, wherein the 

first millimeter-wave scanning unit and the second millimeter-wave scanning unit are 

configured to perform millimeter-wave scanning on a front of the person to be inspected and 

a back of the person to be inspected standing at the designated standing position in the 

standing posture complying with the designated posture, respectively, so as to obtain a first 

scanning dataset related to the front of the person to be inspected and a second scanning 

dataset related to the back of the person to be inspected, and wherein a column direction of 

the first scanning dataset and a column direction of the second scanning dataset are identical 

to a height direction of the person to be inspected, and 

 wherein the workstation is further configured to: 

 combine, in a row direction of the first scanning dataset, columns of the first 

scanning dataset to obtain a column of first combined data represented by Y1, and combine, 

in a row direction of the second scanning dataset, columns of the second scanning dataset to 

obtain a column of second combined data represented by Y2;  

 perform a cross-correlation operation on the first combined data Y1 and the 

second combined data Y2 according to an equation:  

 ,  

 where t is a height corresponding to the first combined data Y1 or the second 

combined data Y2; and 

 determine a value of  corresponding to a maximum of  as a height 

difference between the first scanning dataset and the second scanning dataset, and perform a 

registration between the first scanning dataset and the second scanning dataset based on the 

height difference, so as to perform the reconstruction of millimeter-wave scanning image of 

the person to be inspected.  


