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PERSONNEL SECURITY INSPECTION METHOD AND PERSONNEL SECURITY
INSPECTION SYSTEM

TECHNICAL FIELD

The present disclosure generally relates to the field of security inspection

technology, and particularly to the field of terahertz wave security inspection.

BACKGROUND

Security inspection has gradually become a trend. However, traditional security
inspection methods are too inefficient to meet the needs of general security
inspection, especially during peak hours, they will cause serious congestion and
affect people's travel. For example, although security gates can detect metal articles
carried by people, they require people to pass through one by one, trace detection
devices cannot be barrier-free accessible because of the need for sampling, and the
hand-touch method is more inefficient and difficult to operate.

Some new technologies such as millimeter wave and terahertz can image body
surface with high resolution in real time, which brings great convenience for
personnel security inspection. However, these two technologies have their own
characteristics and are suitable for different applications. Passive millimeter wave
and terahertz can perform long-distance dynamic imaging on pedestrians and carry
out security inspection on pedestrians imperceptibly, which can truly achieve
non-interventional and non-cooperative security inspection, but the imaging
resolution is low and the penetration is not high, so the ability to accurately identify
contraband remains to be improved. Active millimeter wave imaging is clear and has
higher penetration, but it requires a person to stand as required for short-range
imaging, which is an interventional security inspection and not suitable for general

use.
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The present disclosure proposes a personnel security inspection system
installable on a security inspection site where security inspection needs to be
performed, the personnel security inspection system comprising at least one passive
inspection device arranged at the security inspection site, and an active inspection
device, the security inspection site comprising a security inspection passage that
allows a crowd to travel therethrough, wherein,

the passive inspection device is provided along the security inspection passage
and configured to acquire, for example, terahertz and/or millimeter wave radiation
emitted from a person in a crowd travelling through the security inspection passage
and to form a passive real-time dynamic inspection image of the person, for example,
a terahertz and/or millimeter wave real-time dynamic inspection image of the person,
S0 as to determine a suspect carrying a suspected contraband; and

the active inspection device is provided within a re-inspection area and
configured to emit, for example, terahertz and/or millimeter wave, toward a static
person in the re-inspection area and to form an active inspection image, for example,
a terahertz and/or millimeter wave inspection image, of the static person, so as to
perform re-inspection on the suspect.

The present disclosure further proposes a personnel security inspection method,
comprising:

acquiring, for example, terahertz and/or millimeter wave radiation emitted from a
person of a crowd at the security inspection site and forming a passive real-time
dynamic inspection image, for example, a terahertz and/or millimeter wave real-time
dynamic inspection image, of the person, so as to determine a suspect carrying a
suspected contraband; and

irradiating a static person with terahertz and/or millimeter wave in a
re-inspection area of the security inspection site and collecting reflected wave to
form an active inspection image, for example, a terahertz and/or millimeter wave

inspection image of the static person, so as to perform re-inspection on the suspect.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 schematically shows an arrangement diagram of a personnel security
inspection system according to an embodiment of the present disclosure.

Figure 2 schematically shows a re-inspection area according to an embodiment
of the present disclosure.

Figure 3 schematically shows identity binding in a security inspection method
according to an embodiment of the present disclosure.

Figure 4 schematically shows a working mode of a security inspection
system/security inspection method according to an embodiment of the present

disclosure.

DETAILED DESCRIPTION

The present disclosure proposes a personnel security inspection method and

system in which a passive security inspection device, for example, a terahertz and/or
millimeter wave device, and an active security inspection device, for example, a
terahertz and/or millimeter wave device, are cooperatively used, wherein most
pedestrians will pass without any suspicion after imperceptibly being subjected to
inspection of passive millimeter wave, terahertz or other electromagnetic wave
inspection device, the speed of pass will not be affected and everyone is subjected
to the inspection; when the passive security inspection device such as a millimeter
wave, terahertz or other electromagnetic wave inspection device found that there is
a suspected contraband on a person, the person carrying the suspected contraband
will be guided to an active security inspection device, for example, terahertz and/or
millimeter wave inspection device, in a re-inspection area to be subjected to a
further inspection to verify whether a contraband is carried by the person. The
method and system can improve efficiency, find contraband accurately, and also
save security personnel. It is very suitable for providing effective security inspection
for public transportation, major events, key areas, densely populated areas, and the

like.
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Figure 1 schematically shows a diagram of an application of a personnel
security inspection system according to an embodiment of the present disclosure in
a security inspection area of a transportation hub such as a subway station, a
railway station, an airport and the like, or in a security inspection area of a large
assembly, or in a security inspection area of a crowded area. The security inspection
area may comprise a security inspection passage for a person to pass therethrough
and a re-inspection area 20 for further inspection on a suspect.

The personnel security inspection system comprises at least one passive
terahertz and/or millimeter wave inspection device 110, 120, an active terahertz
and/or millimeter wave inspection device 400, and a data processing system 600
provided at the security inspection site. It should be known that herein the passive
inspection device may be a passive inspection device for other electromagnetic
waves, and the active inspection device may be an active inspection device for other
electromagnetic waves. The passive terahertz inspection devices and/or passive
millimeter wave inspection devices 110, 120 are provided along the security
inspection passage, and it may be possible to arrange one, two or more passive
inspection devices, for example, one passive terahertz inspection device, or a
combination of one passive terahertz inspection device and one passive millimeter
wave inspection device, or two passive terahertz inspection devices, etc. In the
exemplary embodiment shown in Figure 1, two passive terahertz inspection devices
110, 120 are provided along the security inspection passage. Those skilled in the art
should understand that either or both of the passive terahertz inspection devices 110,
120 may also be passive millimeter wave inspection device(s). The passive terahertz
inspection devices 110, 120 are provided along the security inspection passage, and
configured to acquire terahertz and/or millimeter wave radiation emitted from a
person in a crowd traveling through the security inspection passage and to form a
passive terahertz and/or millimeter wave real-time dynamic image. The data
processing system 600 is configured to determine a suspect carrying a suspected
contraband based on the passive terahertz and/or millimeter wave real-time dynamic

image.
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In the exemplary embodiment shown in Figure 1, the security inspection
passage is further provided with an article inspection device 200, which may be, for
example, a luggage security inspection machine 200. Those skilled in the art should
understand that the present disclosure does not exclude the design of using an
inspection device capable of simultaneously inspecting human bodies and articles in
the security inspection passage.

In an embodiment, an article can associated with a person, for example, the
article is affixed with the same sign, such as a two-dimensional code, as the person
carrying the article, so that when the person is determined as a suspect, the article
carried by the person will be identified and separated for further inspection. The
article inspection may be performed by millimeter wave inspection, or X-ray
transmission inspection, and after it is determined that a suspected contraband is
carried by the article, an individual inspection or even manual inspection may be
conducted. The result of the article inspection can be fed back to the personnel
inspection process. For example, when the article inspection device 200 finds that
the article contains a suspected contraband, the data processing system 600 of the
personnel security inspection system identifies the person to whom the article
belongs and determines the person as a suspect, then the personnel security
inspection system performs re-inspection on the suspect.

According to embodiments of the present disclosure, the personnel security
inspection system can determine the suspect based on the passive terahertz wave
imaging result, and then perform re-inspection on the suspect and his article, such
as bags and suitcases. According to embodiments of the present disclosure, based
on that the article carried by the person, such as bags and suitcases, contains a
suspected contraband, the personnel security inspection system can determine the
person to whom the article belongs as a suspect, and then perform re-inspection on
the suspect and the article carried thereon, such as bags and suitcases.

In the exemplary embodiment shown in Figure 1, a large number of people are
arranged in the security inspection passage to pass through the security inspection

passage along a certain route (as indicated by solid arrows in Figure 1). The passive
5



10

15

20

25

30

terahertz inspection devices 110 and 120 are disposed at positions that do not affect
the traveling of the crowd. For example, as shown in Figure 1, the passive terahertz
inspection devices 110 and 120 are provided at both ends of the security inspection
passage. Those skilled in the art should understand that the passive terahertz
inspection devices 110 and 120 may also be provided at one end and/or sides
and/or other positions of the security inspection passage.

The re-inspection area 20 is arranged at a position where the crowd does not
need to pass. For example, as shown in Figure 1, it is arranged at a corner at the
end of the security inspection passage where the crowd does not need to pass, so
as to prevent the re-inspection area 20 from affecting the traveling of people and
reducing inspection efficiency. An active inspection device 400 may be placed in the
re-inspection area 20 of the security inspection site 10. In an embodiment, the active
inspection device 400 is an active terahertz inspection device that irradiates a static
person with terahertz wave and collect reflected wave to form an active terahertz
image so as to perform re-inspection on the suspect. In an embodiment, the active
inspection device 400 is an active millimeter wave inspection device that irradiates a
static or standing-still person with millimeter wave and collect reflected wave to form
an active millimeter wave image so as to perform re-inspection on the suspect. In
another embodiment, the active inspection device 400 comprises an active terahertz
inspection device and an active millimeter wave inspection device. The data
processing system 600 is configured to perform re-inspection on the suspect with
active terahertz and/or millimeter wave images.

In the embodiment shown in Figure 1, the passive terahertz inspection devices
110 and 120 perform real-time dynamic imaging on the person entering the security
inspection passage, and the person is imperceptibly subjected to the inspection of
the terahertz inspection devices. In this process, the articles or luggage carried by
the person can be put into an article or luggage inspection machine 200 for luggage
inspection.

In the exemplary embodiment shown in Figure 1, the security inspection

passage is further provided with a visible light video monitoring device 300. It should
6



10

15

20

25

30

be noted that the visible light video monitoring device 300 in Figure 1 is
schematically shown for clarity, and its specific position relative to other devices,
such as the position relative to the passive inspection devices 110 and 120, is not
limited to that shown in Figure 1. For example, the visible light video monitoring
device 300 may be provided together with the passive terahertz inspection devices
110, 120 or in the vicinity of the passive terahertz inspection devices 110, 120. In
addition, the visible light video monitoring device 300 schematically shown in Figure
1 may comprise one or more visible light video monitoring devices, such as one or
more cameras. When the device comprises a plurality of visible light video
monitoring devices 300, these visible light video monitoring devices 300 may be
arranged at different positions. Those skilled in the art should understand that other
auxiliary devices such as cameras, RFID, infrared and the like can be further or
alternatively deployed according to the needs and the conditions of the security
inspection site, so as to assist in personnel recognition, human-package binding,
behavior recognition, etc. through algorithms such as facial recognition, iris, gait
analysis, etc.

In an embodiment, the data processing system 600 is configured to compare
the visible light video with the terahertz and/or millimeter wave image of the suspect
carrying the suspected contraband in the passive terahertz and/or millimeter wave
real-time dynamic image, so as to determine a visible light image of the suspect and
a visible light image of the suspected contraband in the visible light video. With the
help of the auxiliary information of the visible light video of the visible light video
monitoring device 300, identity binding or association can be performed. In other
words, the visible light video monitoring device 300 acquires a visible light video, and
the data processing system 600 associates the suspect carrying the suspected
contraband in the passive terahertz and/or millimeter wave real-time dynamic image
(video) acquired by the passive terahertz inspection device with the corresponding
personnel image in the visible light video, for example, determines the suspect in the
visible light video according to the comparison between the position of the suspect in

the passive terahertz real-time dynamic image and the position of the suspect in the
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visible light video, or according to the body shape comparison of the suspect.

Identity recognition information of a person can be obtained by facial features in
the visible light image of the person in the visible light video, for example, the
person's identity information can be obtained through the person’s portrait. After the
identity information of the suspect is obtained through the visible light video, the
terahertz image of the suspect and the terahertz image of the suspected contraband
in the passive terahertz and/or millimeter wave real-time dynamic image and the
visible light image of the suspect in the visible light video can be associated with or
bound to the identity recognition information of the suspect.

The identity recognition information may be a facial image of the suspect
obtained from the visible light video, and may also include other associated
information obtained based on the facial image of the suspect, such as name and ID
number.

Figure 3 schematically shows an identity binding mode in a security inspection
method according to an embodiment of the present disclosure, where a solid line
represents the identity binding mode of the personnel security inspection system
installed or equipped with only one passive terahertz inspection device 110 or 120, a
dotted line plus a solid line represents the identity binding mode of the personnel
security inspection system including two passive terahertz inspection devices 110
and 120.

In an embodiment of the personnel security inspection system including one
passive terahertz inspection device 110 or 120, the passive terahertz inspection
device 110 or 120 obtains a real-time dynamic image of a person on the security
inspection passage, that is, a terahertz video-1, and at the same time, the visible
light video monitoring device 300 obtains a visible light video of the person on the
security inspection passage. The data processing system 600 can compare the
visible light video with the terahertz video-1, that is, compare the images in the two
videos, for example, locate the suspect in the terahertz video-1 who may carry a
contraband, and also locate the image of the suspect in the visible light video, thus

associating the terahertz image of the suspect with the visible light image of the
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suspect. In addition, based on the visible light video, the data processing system 600
can perform face recognition, gait analysis, and the like to obtain the identity
recognition information of the person corresponding to the image, thereby
determining the identity information of the suspect, etc., thereby distinguishing the
person in the crowd in the visible light video. In other embodiments, more identity
recognition information can be obtained, and the identity card information of the
suspect can be obtained through the face image. In the case of a higher security
level, identification and/or association of physiological information, such as
fingerprint identification and/or fingerprint association, iris identification and/or iris
association, may also be performed. According to this embodiment, the data
processing system 600 can correspond/ associate the suspect image in the
terahertz video-1 to/with the suspect in the visible light image and bind it to the
identity recognition information.

In an embodiment of the personnel security inspection system including two
passive terahertz inspection devices 110 and 120 (for example, as shown in Figure
1), the two terahertz inspection devices 110 and 120 simultaneously obtain real-time
dynamic images of a person in the security inspection passage, that is, terahertz
video-1 and terahertz video-2. It is advantageous to install two passive terahertz
inspection devices 110 and 120 to obtain passive terahertz images on the front and
back of the person, making inspection more comprehensive. The data processing
system 600 can compare the terahertz video-1 and the terahertz video-2 with the
visible light video to perform the identity binding.

When the person in the security inspection passage carries contraband, the
images formed by the passive terahertz inspection devices and/or millimeter wave
inspection devices 110, 120 include passive terahertz and/or millimeter wave images
of the contraband, and the data processing system 600 can thus determine that the
person is a suspect carrying a contraband. The passive terahertz and/or millimeter
wave image of the person who do not carry a contraband does not display a
contraband. According to an embodiment of the present disclosure, in the case of

determining the suspect based on the terahertz and/or millimeter wave video, the
9
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data processing system 600 may further determine the identity recognition
information of the suspect corresponding to the image of the suspect, for example,
determine the identity recognition information of the suspect in the manner shown in
Figure 3. Specifically, the data processing system 600 of the personnel security
inspection system can determine the identity recognition information associated with
each person in the visible light video, and can also compare the visible light video
with the passive terahertz and/or millimeter wave video, that is, it can associate each
person image in the visible light video with the corresponding person image in the
terahertz and/or millimeter wave video, so that after the suspect in the passive
terahertz and/or millimeter wave video is determined, the identity recognition
information of the suspect can be directly obtained.

According to an embodiment of the present disclosure, the passive terahertz
inspection device 110, 120 acquires the terahertz and/or millimeter wave radiation
emitted from a person in the crowd traveling through the security inspection passage
and forms a passive terahertz and/or millimeter wave real-time dynamic image, the
visible light video monitoring device 300 obtains a visible light video, and in the case
of an infrared light device (in other embodiments), an infrared light video of the
person in the crowd traveling through the security inspection passage can also be
obtained; the data processing system 600 analyzes the passive terahertz image, the
visible light video or the infrared light video (in other embodiments, it may also be a
video using other electromagnetic waves). For example, it is possible to perform a
multi-modal intelligent fusion for the terahertz, infrared or visible light images, make
a model training of the collected data with a detection framework, obtain an
intelligent recognition model applied to the terahertz device, then determine whether
there is a suspect image through an intelligent recognition algorithm, and if any, the
type, material and location information of the suspected article in the suspect image,
thereby obtaining whether the corresponding person carries a contraband, and if any;,
the type, material and location information of the suspected article. In the case
where both the visible light video image and the passive terahertz and/or millimeter

wave video image are used to find the suspected article and the suspect, obviously it
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may also be possible to compare the terahertz and/or millimeter wave video with the
visible light video, and naturally, the comparison can be used for identity binding.

In an embodiment, the passive terahertz inspection device acquires the
terahertz and/or millimeter wave radiation emitted by a person in the crowd traveling
through the security inspection passage and forms a passive terahertz and/or
millimeter wave real-time dynamic image, the visible light video monitoring device
300 obtains a visible light video, and in the case of an infrared light device, it can
also obtain an infrared light video of the person in the crowd traveling through the
security inspection passage, and the data processing system 600 analyzes the
passive terahertz image, the visible light video or the infrared light video. The data
processing system 600 may be configured to perform inspection by applying an
image training method and/or an intelligent recognition model.

For example, in an embodiment, the method of applying a multi-modal fusion
image training comprises: performing a pixel-level registration of the terahertz image,
visible light or infrared camera/image; performing a fusion of the registered images
to obtain a multi-modal fusion image, which contains the information of the
suspected article detected by the terahertz image, the visible light image information
such as visible light face, clothes, shape and the like, or the temperature of the
infrared image; collecting enough data to fuse, marking the type, material and
location information of the suspected article in the fusion image, sending it to the
detection framework for a model training, and obtaining an intelligent detection
model; and, in the actual security inspection scene, applying the fusion algorithm
and the trained detection model for detection and recognition.

For example, in another embodiment, the method of applying a multi-modal
fusion image training includes no fusion before the training, comprising: performing a
pixel-level registration of the terahertz, visible light or infrared cameras/images;
marking the type and location information of the suspected article in the terahertz
image, or marking the type, material and location information of the suspected article
in the terahertz and infrared images (terahertz and infrared are combined for

detection of material), sending it to the detection framework for a model training, and
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obtaining an intelligent detection model; binding the terahertz, infrared and visible
light images using the comparison of the registered images, performing the identity
recognition by using the face, etc., and identifying the suspect with the visible light
information when the suspected article is detected in the terahertz; and, in the actual
security inspection scene, applying the trained detection model for inspection and
recognition.

In an embodiment, the data processing system 600 is configured to apply an
intelligent recognition model that establishes multiple classifications of suspected
contrabands, collects the shape, material and location information of the suspected
contraband corresponding to each classification in the passive terahertz and/or
millimeter wave real-time dynamic image based on the terahertz and/or millimeter
wave image of the suspect in the passive terahertz and/or millimeter wave real-time
dynamic image, the visible light image of the suspect, and the terahertz and/or
millimeter wave image and visible light image of the suspected contraband, and
collects the shape, material and location information of the suspected contraband
corresponding to each classification in the active terahertz and/or millimeter wave
image for model training, so that the intelligent recognition model can recognize the
suspected contraband in the crowd and determine one person in the crowd as the
suspect who carries the suspected contraband.

The intelligent recognition model has the learning ability. After training, that is,
inputting a large number of terahertz and/or millimeter wave images and visible light
images of persons, terahertz and/or millimeter wave images and visible light images
of contrabands, and multiple classifications, it established multiple classifications of
contrabands and the corresponding relationship between the shape, material and
location information of each classified contraband and the each classification, so
that after entering new person terahertz and/or millimeter wave images and visible
light images, it can automatically obtain the shape, material and location information
of the contraband and determine the suspect.

Specifically, for example, the intelligent recognition model includes a first neural

network, which includes an input layer and an output layer and related parameters,
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where the terahertz and/or millimeter wave image of the suspect in the passive
terahertz and/or millimeter wave real-time dynamic image, the visible light image of
the suspect, and the terahertz and/or millimeter wave image and visible light image
of the suspected contraband are used as the input layer, and the shape, material
and location information of the suspected contraband are used as the output layer.
First, known contraband may be placed in different parts of the person, then the
terahertz and/or millimeter wave image of the suspect in the passive terahertz and/or
millimeter wave real-time dynamic image and the visible light image of the person
carrying the contraband as well as the terahertz and/or millimeter wave image and
visible light image of the suspected contraband are input to the input layer, and
parameters of the first neural network are determined by combining with the known
shape, material and location information of the contraband. The trained first neural
network is continuously trained during the inspection process to perform the
inspection.

In an embodiment of the present disclosure, the data processing system 600 of
the personnel security inspection system further collects the shape, material and
location information of the suspected contraband after re-inspection corresponding
to each classification for model training, so that the intelligent recognition model can
identify the suspected contraband in the crowd and determine a person in the crowd
as the suspect carrying the suspected contraband. During the re-inspection, the
information of the millimeter wave image is used to check the suspect, for example,
check the type and material of the suspected article carried by the suspect. In the
re-inspection, in order to determine the suspected article, the suspect may be
requested to show the suspected article, thereby obtaining accurate information of
the suspected article. The data processing system 600 collects accurate information
of the suspected article to train the intelligent recognition model.

In an embodiment, the personnel security inspection system further comprises
an article inspection device 200 that can be used to detect whether the bags,
luggage, and other articles carried by the person contain the suspected article. For

example, the article inspection device 200 is configured to check whether the article
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contains a suspected contraband by irradiating the article with rays and collecting
transmitted rays for imaging. In this embodiment, the identity binding is performed on
the person and the article carried by the person (such as bags, suitcases). For
example, a sign such as a two-dimensional code, serial number, personal identity
number, name, etc. is attached to the article to form a binding or belonging
relationship with the person. When the article is detected at the article inspection
deice 200, if a suspected article is found, the person bound to the article is
determined as the suspect, and then the suspect is tracked and directed to the
active millimeter wave for fine inspection. When the article inspection device 200
does not detect any suspected article, and if the passive (for example, terahertz)
inspection device detects that the person carries a suspected article, the suspect is
tracked and directed to the active millimeter wave for fine inspection. When the
article inspection device 200 does not detect any suspected article, and if the
passive (for example, terahertz) inspection device and the active inspection device
400 do not detect a suspected article carried by the person either, the person is
released or allowed to pass. In this embodiment, the location of the article inspection
device may be as shown in Figure 1. The article inspection device and the passive
inspection devices 110, 120 may perform inspection on persons and articles carried
by them in parallel.

In an embodiment, as shown in Figure 4, the personnel security inspection
system may comprise two article inspection devices 200. The terahertz passive
inspection device 100 divides persons into suspects and non-suspects by collecting
terahertz electromagnetic waves emitted by the persons. The articles carried by the
suspects are placed on the article inspection device 200-1 for inspection, that is, the
article inspection device 200-1 emits rays (such as commonly used X-rays) to the
article carried by the suspect and collects the rays transmitting the article for imaging.
If the article inspection device 200-1 detects that the article of the suspect contains a
suspected article, the suspect is located and directed or guided to be subjected to
the active inspection of, for example, millimeter waves, and an open-package fine

inspection can be performed on the article; if the article inspection device 200-1
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detects that the article of the suspect does not contain any suspected article, the
suspect is located and directed or guided to be subjected to the active inspection of,
for example, millimeter waves. For a non-suspect, if the article inspection device
200-2 finds no suspected article in the article of the non-suspect, the non-suspect
may be released or allowed to pass.

According to the embodiments of the present disclosure, the execution order of
the relevant steps required for the identity binding of the suspect (such as the
comparison of the visible light video with the terahertz and/or millimeter wave video,
the acquisition of the identity recognition information based on the visible light video,
etc.) and the steps of searching for the suspect image based on the terahertz and/or
millimeter wave video can be adjusted or alternated according to the needs of actual
applications, without necessarily following a certain order.

It should be noted that identity recognition is a broad concept, and the way to
associate a person's image with the passed person belongs to identity recognition.
The information about the person used for identity recognition belongs to identity
recognition information, including but not limited to face recognition information, gait
information, iris information and ID card information. For example, the identity
recognition information may also include the suspect's location information (for
example, it can be determined by the suspect's location in the visible video image),
the suspect's appearance information (for example, the suspect's image obtained
from the visible light video and / or the gender, height, clothing and other information
obtained from the image; the face recognition information, gait information and the
like also belong to the appearance information), and the like. The purpose of
performing identity recognition and/or obtaining identity recognition information is to
determine and guide the suspect, that is, to determine and guide the suspect by
using the identity recognition information of the suspect. For example, when the
suspect is found, the system will automatically give an alarm; the alarm methods can
be: determine the suspect in the terahertz and visible light video, give the type and
location information of the suspected article; use augmented reality to put the alarm

information into the real field to determine the suspect and the location of the
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suspected article on the suspect, such as spotlight focusing on the suspect, infrared
indicating the suspect, etc.; or prompt by voice the last 6 digits of the suspect's ID
card or other information with unique identification that will not disclose personal
privacy. Then, the security inspector can guide the suspect out of the crowd and
enter the re-inspection area 20 according to the alarm information, or the suspect
himself can also enter the re-inspection area 20 according to the automatic voice
prompt or automatic light arrow. Alternatively, a controllable gate exit can be
provided, which can prevent the suspect from leaving the security inspection site 10
according to the bound identity recognition information of the suspect, so as to force
the suspect to enter the re-inspection area 20 for further security inspection. The
above-mentioned alarm, locking, guidance and control of suspects can be used in
comparison.

The active terahertz and/or millimeter wave inspection device 400 is provided
within the re-inspection area 20, and the suspect needs to be subject to a further
inspection by the active terahertz and/or millimeter wave inspection device. The
re-inspection area 20 may be, for example, as shown in the top view of Figure 2,
which includes an active millimeter wave inspection device 400. A suspect 1
cooperates with the security inspection of the active millimeter wave inspection
device or the active terahertz inspection device 400 according to the voice and icon
prompts of the active millimeter wave inspection device or active terahertz inspection
device 400. For example, the suspect may stand according to the icon indication of
the active millimeter wave inspection device or active terahertz inspection device
400, and stand still for a period of time (for example, two seconds) to be subjected to
the inspection, during which the active millimeter wave inspection device or active
terahertz inspection device 400 emits millimeter wave or terahertz wave to scan the
human body, and obtains the active millimeter wave or terahertz wave image by
detecting the reflected wave. The data processing system 600 (not shown in Figure
2) analyzes the active millimeter wave or terahertz wave image, automatically
detects the suspected contraband, and identifies the category, material and location

information of the suspected contraband; then the type and location of the suspected
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contraband are displayed on a display device or prompted by voice. If the active
millimeter wave image identifies that the suspected contraband is not really a
contraband, the suspect is identified as a person not carrying a contraband and is
released or allowed to pass; if the millimeter wave or terahertz wave inspection
device 400 further reports the presence of a contraband, the suspect is determined
as carrying a contraband.

In actual operation, a security inspector 2 may be arranged to monitor the
suspect to take out the suspected article according to the automatic voice prompt of
the millimeter wave inspection device 400, or dispose or conduct further inspection
on the suspect according to the location of the red alarm suspect box marked on the
display device. However, it should be understood that the security inspector is not
necessary, and the security inspector is not a composition part of the security
inspection system of the present disclosure.

In an embodiment of the present disclosure, the personnel security inspection
system may further comprise a controllable gate exit provided on the security
inspection site 10, which is configured to prevent the suspect from leaving the
security inspection site 10 without permission based on the identity recognition
information of the suspect and to allow the non-contraband to leave the security
inspection site 10 based on the information determined by the re-inspection area 20
that the suspected contraband is not a contraband.

The embodiments of the present disclosure further provide a personnel security
inspection method, comprising:

acquiring, for example, terahertz and/or millimeter wave radiation emitted from a
person in a crowd on the security inspection site 10 and forming a passive terahertz
and/or millimeter wave real-time dynamic image to determine the suspect carrying
the suspected contraband; and irradiating a static or standing-still person with
terahertz and/or millimeter wave and collecting reflected wave to form an active
terahertz and/or millimeter wave image for re-inspection of the suspect in the
re-inspection area 20 of the security inspection site 10.

The passive terahertz and/or millimeter wave real-time dynamic image may be
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acquired, for example, by at least one passive terahertz and/or millimeter wave
inspection device. The active terahertz and/or millimeter wave image may be
acquired, for example, by an active terahertz and/or millimeter wave inspection
device. Referring to Fig. 1, a large number of people can pass through the security
inspection passage along a certain route (as shown by the solid line arrows in Figure
1), and the people are imperceptibly subject to the inspection of the passive
inspection device, that is, the passive terahertz and / or millimeter wave real-time
dynamic image is acquired by the passive terahertz inspection device and/or the
passive millimeter wave inspection device. One or more suspects carrying
suspected contrabands are determined based on the passive terahertz and/or
millimeter wave real-time dynamic images, and then the suspect enters the
re-inspection area 20 (for example, along the dotted line arrow in Figure 1) for
re-inspection. The re-inspection area 20 may be arranged as described in Figure 1,
S0 as to avoid obstructing the crowd to pass through the security inspection site 10.

According to an embodiment of the present disclosure, the personnel security
inspection method further comprises: determining the suspect carrying the
suspected contraband based on the passive terahertz and/or millimeter wave
real-time dynamic image. This step can be performed, for example, by the data
processing system 600 as described above.

According to an embodiment of the present disclosure, the personnel security
inspection method further comprises:

obtaining a visible light video of a person in the crowd passing through the
security inspection passage; and

comparing the visible light video with the terahertz and/or millimeter wave image
of the suspect carrying the suspected contraband in the passive terahertz and/or
millimeter wave real-time dynamic image, so as to determine the visible light image
of the suspect and the visible light image of the suspected contraband in the visible
light video, wherein the visible light video can be obtained, for example, by the light
video monitoring device as described above, and the determination may be made,

for example, by the data processing system 600 as described above.
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According to an embodiment of the present disclosure, the personnel security
inspection method further comprises: obtaining identity recognition information of the
suspect based on the visible light image of the suspect, and binding the terahertz
and/or millimeter wave image of the suspect in the passive terahertz and/or
millimeter wave real-time dynamic image, the visible light image of the suspect and
the visible light image of the suspected contraband to the identity recognition
information of the suspect. The identity recognition information may include, for
example, the contents described above. The binding may be implemented as
described above (for example, referring to Figure 3), and may be implemented, for
example, by the data processing system 600.

According to an embodiment of the present disclosure, the personnel security
inspection method further comprises:

applying an intelligent recognition model that establishes multiple classifications
of suspected contrabands, collects the shape, material, location information of the
suspected contraband corresponding to each classification in the passive terahertz
and/or millimeter wave real-time dynamic image based on the terahertz and/or
millimeter wave image of the suspect in the passive terahertz and/or millimeter wave
real-time dynamic image, the visible light image of the suspect, and the terahertz
and/or millimeter wave image and visible light image of the suspected contraband,
and collects the shape, material and location information of the suspected
contraband corresponding to each classification in the active terahertz and/or
millimeter wave image for model training, so that the intelligent recognition model
can recognize the suspected contraband in the crowd and determine a person in the
crowd as the suspect carrying the suspected contraband. The intelligent recognition
model may have, for example, the features as described above.

According to an embodiment of the present disclosure, the personnel security
inspection method further comprises:

based on the suspect carrying the suspected contraband recognized by the
intelligent recognition model applied to the data processing system 600, prompting

the suspect to enter the re-inspection area 20 for re-inspection.
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According to an embodiment of the present disclosure, the prompt system
prompts the suspect to enter the re-inspection area 20 for re-inspection in the way of
manual prompt, or light prompt with colorful light illumination, or voice broadcasting
of the identity recognition information of the suspect. The prompt may be
implemented, for example, in various ways as described above.

According to an embodiment of the present disclosure, the personnel security
inspection method further comprises:

imaging the suspect carrying the suspected contraband in the re-inspection
area 20, identifying the shape, material and location information of the suspected
contraband and applying the intelligent recognition model to determine whether the
suspected contraband really belongs to the contrabands, and reporting in the form of
image or voice. The above steps in the re-inspection area 20 may be, for example,
as described above with reference to Figure 2.

According to an embodiment of the present disclosure, the personnel security
inspection method further comprises: collecting the shape, material and location
information of the suspected contraband corresponding to each classification after
the re-inspection for model training, so that the intelligent recognition model can
recognize the suspected contraband in the crowd and determine a person in the
crowd as the suspect carrying the suspected contraband.

According to an embodiment of the present disclosure, acquiring the terahertz
and/or millimeter wave radiation emitted by the person in the crowd on the security
inspection site 10 and forming the passive terahertz and/or millimeter wave real-time
dynamic image comprises: acquiring the terahertz and/or millimeter wave radiation
emitted from the person in the crowd at the security inspection site 10 from two
perspectives or two different positions, and forming two sets of passive terahertz
and/or millimeter wave real-time dynamic images. The above steps can be
performed, for example, by the arrangement of the passive inspection devices 110
and 120 as described above.

According to an embodiment of the present disclosure, the personnel security

inspection method further comprises irradiating the article not carried by the crowd
20



10

15

20

25

with rays and checking whether the article contains a suspected contraband by
means of imaging. The step can be performed, for example, by the article inspection
device as described above (for example, referring to Figure 1 and Figure 4).

In an embodiment of the present disclosure, the personnel security inspection
method further comprises:

providing a controllable gate exit at the security inspection site 10, which is
configured, according to an embodiment of the present disclosure, to prevent the
suspect from leaving the security inspection site 10 without permission based on the
identity recognition information of the suspect and to allow the non-contraband to
leave the security inspection site 10 based on the information determined by the
re-inspection area 20 that the suspected contraband is not a contraband.

Advantageous effects of the present disclosure include conducting general
inspection of the crowd to find the suspect carrying the suspected contraband by
collecting the terahertz radiation or millimeter wave radiation of the crowd without
interfering with the traveling of the crowd, and performing fine inspection on a small
number of suspects, which avoids spending a lot of time to perform fine inspections
on a large number of persons, thus improving the efficiency of security inspection
and also ensuring the accuracy of security inspection. In the fine inspection, the
millimeter wave device only needs one security inspector for monitoring and
assistance, which reduces personnel consumption. Since most people are safe and
unsuspected, these people may pass through the security inspection passage
without intervention, which will not affect the travelling speed of the crowd or the
traveling habits of people, and saves a lot of security inspection workload. A small
number of suspected persons are subjected to terahertz initial inspection and then
millimeter wave fine inspection, which can greatly improve the reliability of security

inspection.
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Claims

1. A personnel security inspection system installable at a security
inspection site where security inspection needs to be performed, the personnel
security inspection system comprising at least one passive inspection device,
an active inspection device and a data processing system provided at the
security inspection site, the security inspection site comprising a security
inspection passage that allows a crowd to travel therethrough, wherein,

the passive inspection device is provided along the security inspection
passage, and configured to acquire radiation emitted from a person in the crowd
travelling through the security inspection passage and to form a passive real-
time dynamic inspection image of the person;

the active inspection device is provided within a re-inspection area and
configured to emit radiation toward a static person in the re-inspection area and
to form an active inspection image of the static person; and

the data processing system is configured to determine a suspect carrying
a suspected contraband based on the passive real-time dynamic inspection
image, and to perform re-inspection on the suspect with the active inspection

image.

2. The personnel security inspection system according to claim 1,
wherein,

the passive inspection device is configured to acquire terahertz and/or
millimeter wave radiation emitted from the person in the crowd traveling through
the security inspection passage and to form a passive terahertz and/or
millimeter wave real-time dynamic inspection image of the person;

the active inspection device is provided within the re-inspection area and
configured to emit terahertz and/or millimeter wave toward the static person in
the re-inspection area and to form an active terahertz and/or millimeter wave

inspection image of the static person;
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the personnel security inspection system comprises two passive
inspection devices configured to acquire the passive terahertz and/or millimeter
wave real-time dynamic inspection image from different perspectives or by
means of being disposed at either end of a straight line segment of the security
inspection passage respectively, so as to determine the suspect carrying the
suspected contraband; preferably, the passive inspection devices are passive

terahertz inspection devices and/or passive millimeter wave inspection devices.

3. The personnel security inspection system according to claim 2,
further comprising at least one of:

a visible light video monitoring device provided at the security inspection
site and configured to acquire a visible light video of the person in the crowd
traveling through the security inspection passage, wherein the data processing
system is further configured to compare the visible light video with the terahertz
and/or millimeter wave inspection image of the suspect carrying the suspected
contraband in the passive terahertz and/or millimeter wave real-time dynamic
inspection image, so as to determine a visible light image of the suspect and a
visible light image of the suspected contraband in the visible light video;

an article inspection device configured to check whether an article
contains a suspected contraband by irradiating the article with rays for imaging;
wherein the person is bound to the article carried thereon, so that the person
owning the article is determined as the suspect when the article is detected as
containing a suspected contraband; and

a controllable gate exit provided at the security inspection site and
configured to prevent the suspect from leaving the security inspection site
without permission based on the identity recognition information of the suspect
and to allow a non-contraband to leave the security inspection site based on the
information determined at the re-inspection area that the suspected contraband
is not a contraband.
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4. The personnel security inspection system according to claim 3,
wherein

the data processing system is further configured to obtain identity
recognition information of the suspect based on the visible light image of the
suspect, and bind the terahertz and/or millimeter wave inspection image of the
suspect in the passive terahertz and/or millimeter wave real-time dynamic
inspection image, the visible light image of the suspect and the visible light
image of the suspected contraband to the obtained identity recognition

information of the suspect.

5. The personnel security inspection system according to claim 4,
wherein

the data processing system is further configured to apply an intelligent
recognition model that establishes a plurality of classifications of suspected
contrabands, collects shape, material and location information of the suspected
contraband corresponding to each of the classifications in the passive terahertz
and/or millimeter wave real-time dynamic inspection image based on the
terahertz and/or millimeter wave inspection image of the suspect in the passive
terahertz and/or millimeter wave real-time dynamic inspection image, the visible
light image of the suspect, and the terahertz and/or millimeter wave inspection
image and visible light image of the suspected contraband, and collects the
shape, material and location information of the suspected contraband
corresponding to each of the classifications in the active terahertz and/or
millimeter wave inspection image for model training, so that the intelligent
recognition model is capable of recognizing the suspected contraband in the
crowd and determining a person in the crowd as the suspect carrying the
suspected contraband;

the data processing system is further configured to collect the shape,
material and location information of the suspected contraband corresponding to
each of the classifications after the re-inspection for model training, so that the
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intelligent recognition model is capable of recognizing the suspected
contraband in the crowd and determining a person in the crowd as the suspect

carrying the suspected contraband.

6. The personnel security inspection system according to claim 5,
further comprising a prompt system configured to prompt the suspect to enter
the re-inspection area for re-inspection in response to the suspect carrying the
suspected contraband being recognized by the intelligent recognition model
applied to the data processing system, the re-inspection area being located
outside the security inspection passage of the security inspection site;

the active terahertz and/or millimeter wave inspection device is
configured to image the suspect carrying the suspected contraband in the re-
inspection area, recognizes the shape, material and location information of the
suspected contraband and applies the intelligent recognition model to determine
whether the suspected contraband belongs to the contrabands, and reporting in

the form of a image or voice.

7. A personnel security inspection method, comprising:

acquiring electromagnetic wave radiation emitted from a person in a
crowd at a security inspection site and forming a passive real-time dynamic
inspection image to determine a suspect carrying a suspected contraband; and

performing re-inspection on the suspect by irradiating a static person with
electromagnetic wave in a re-inspection area of the security inspection site and

collecting reflected wave to form an active inspection image.

8. The personnel security inspection method according to claim 7,
further comprising:
acquiring terahertz and/or millimeter wave radiation emitted from the

person in the crowd at the security inspection site and forming a passive
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terahertz and/or millimeter wave real-time dynamic inspection image to
determine the suspect carrying the suspected contraband; and

performing re-inspection on the suspect by irradiating the static person
with terahertz and/or millimeter wave in the re-inspection area of the security
inspection site and collecting reflected wave to form a passive terahertz and/or

millimeter wave inspection image.

9. The personnel security inspection method according to claim 8,
further comprising:

obtaining a visible light video of the person in the crowd travelling
through the security inspection passage; and

comparing the visible light video with the terahertz and/or millimeter wave
inspection image of the suspect carrying the suspected contraband in the
passive terahertz and/or millimeter wave real-time dynamic inspection image,
so as to determine a visible light image of the suspect and a visible light image
of the suspected contraband in the visible light video; the method further
comprises: obtaining identify recognition information of the suspect based on
the visible light image of the suspect, and binding the terahertz and/or millimeter
wave inspection image of the suspect in the passive terahertz and/or millimeter
wave real-time dynamic inspection image, the visible light image of the suspect
and the visible light image of the suspected contraband to the obtained identify
recognition information of the suspect;

the method further comprises:

applying an intelligent recognition model that establishes a
plurality of classifications of suspected contrabands, and
collecting shape, material and location information of the

suspected contraband corresponding to each of the classifications in the

passive terahertz and/or millimeter wave real-time dynamic inspection

image based on the terahertz and/or millimeter wave inspection image of

the suspect in the passive terahertz and/or millimeter wave real-time
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dynamic image, the visible light image of the suspect, and the terahertz
and/or millimeter wave inspection image and visible light image of the
suspected contraband, and collecting the shape, material and location
information of the suspected contraband corresponding to each of the
classifications in the active terahertz and/or millimeter wave inspection
image, for training the model, so that the intelligent recognition model is
capable of recognizing the suspected contraband in the crowd and
determining a person in the crowd as the suspect carrying the suspected
contraband.

10.  The personnel security inspection method according to claim 9,

further comprising:

prompting the suspect to enter the re-inspection area to be subjected to

the re-inspection based on the suspect carrying the suspected contraband
recognized by the intelligent recognition model applied by the data processing

system,;

the method further comprises:
prompting the suspect to enter the re-inspection area to be

subjected to the re-inspection in way of manual prompt, or light prompt with
colorful light illumination, or voice broadcasting of the identity recognition
information of the suspect.

11.  The personnel security inspection method according to claim 10,

further comprising:

collecting the shape, material and location information of the suspected

contraband corresponding to each of the classifications after the re-inspection,
for training the model, so that the intelligent recognition model is capable of
recognizing the suspected contraband in the crowd and determining a person in
the crowd as the suspect carrying the suspected contraband.
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12.  The personnel security inspection method according to claim 10,
further comprising:

imaging the suspect carrying the suspected contraband in the re-
inspection area,

recognizing the shape, material and location information of the suspected
contraband,

applying the intelligent recognition model to determine whether the
suspected contraband belongs to the contrabands, and

reporting in the form of image or voice.

13.  The personnel security inspection method according to claim 8,
wherein acquiring the terahertz and/or millimeter wave radiation emitted from
the person in the crowd on the security inspection site and forming the passive
terahertz and/or millimeter wave real-time dynamic inspection image of the
person comprise:

acquiring the terahertz and/or millimeter wave radiation emitted from the
person in the crowd at the security inspection site from two perspectives or two
different positions and forming two sets of passive terahertz and/or millimeter

wave real-time dynamic inspection images.

14.  The personnel security inspection method according to claim 8,

further comprising :

irradiating an article not carried by the crowd with rays and checking
whether the article contains a suspected contraband by irradiating with rays and
collecting transmitted rays for imaging; and

binding the person to the article carried thereon, so that the person
owning the article is determined as the suspect when the article is detected as
containing a suspected contraband.
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15.  The personnel security inspection method according to claim 8,
comprising:

providing a controllable gate exit at the security inspection site, which is
configured to prevent the suspect from leaving the security inspection site
without permission based on the identity recognition information of the suspect
and to allow a non-contraband to leave the security inspection site based on the
information determined within the re-inspection area that the suspected
contraband does not belong to the contrabands.

29



