IMAGE RECOGNITION SYSTEM AND METHOD

CROSS-REFERENCE TO RELATED APPLICATION(S)

[0001] This application claims priority to Chinese Patent Application No.
201910154670.1, filed with the Chinese Patent Office on February 28, 2019 and entitled
"IMAGE RECOGNITION SYSTEM AND METHOD", the disclosure of which is incorporated

herein in its entirety by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to the field of security inspection, and more
particularly, to an image recognition system, an image recognition method, an electronic

device and a non-transitory computer-readable medium.

BACKGROUND

[0003] Terahertz technology may perform long-range dynamic real-time imaging of
passengers to achieve non-intervention and non-cooperative security inspections.
Millimeter wave technology may perform clear and high-resolution imaging of human body
to achieve fine security inspection of human body. Based on these advantages,
terahertz/millimeter wave technology is widely used in the field of security inspection.
However, in the existing security inspection systems, security inspection results are
displayed on a display, and a security staff is required to view in real time various kinds of
security inspection information displayed on the display. Even if an inspected object does
not carry dangerous goods, security inspection information on the inspected object needs
to be viewed in real time. As a result, a large working intensity is applied on the security

staff, so he/she is prone to fatigue, which may easily lead to security leaks.

[0004] When the security staff finds that the inspected object carries any contraband
on the basis of the information displayed on the display, the security staff needs to rush
from the display to the scene for processing, which would result in low work efficiency and

even cause the suspect to escape due to improper processing.
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SUMMARY

[0005] In order to solve the technical problems existing in the existing problems, in a
first aspect of the present application, an image recognition system is provided, which may
comprise: an information entry module, configured to enter information of an inspected
object, and identify whether or not the information of the inspected object is abnormal
information; a detection module, configured to detect whether or not contraband is carried
by the inspected object and/or his/her luggage; an augmented reality (AR) module,
configured to, in at least one of a case where the information of the inspected object is
abnormal and/or a case where contraband is carried by the inspected object and his/her
luggage, obtain from the information entry module and/or the detection module the
information of the inspected object and/or information of the contraband, issue an alert and
mark the inspected object and/or contraband in the AR module; and a storage module,
configured to store information generated during operations of the information entry

module, the detection module, and the AR module.

[0006] According to the first aspect, the detection module may comprise a detection
lane, a first detection device, and a second detection device, wherein the first detection
device is located at front of the detection lane, the second detection device is located at
rear of the detection lane, and both the first detection device and the second detection
device comprise a first image acquisition device and a second image acquisition device,
the first image acquisition device being configured to acquire a perspective image of the
inspected object, and the second image acquisition device being configured to acquire
depth information about the inspected object and a color image about the inspected object;
the detection module is configured to detect, based on the perspective images and the
color images, whether or not contraband is carried by the inspected object and/or his/her
luggage .

[0007] According to the first aspect, the detection module may further be configured
to establish, by the second image acquisition devices included in the first detection device
and the second detection device, a global coordinate system for the second image
acquisition devices to obtain a spatial position of each inspected object in the global
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coordinate system and/or a spatial position of the carried contraband in the global

coordinate system.

[0008] According to the first aspect, the detection module may further comprise an
auxiliary image acquisition device, which is located at a middle portion of the detection
lane and is configured to acquire depth information about the inspection object and a color

image about the inspection object.

[0009] According to the first aspect, the detection module may be further configured
to establish, by the auxiliary image acquisition device and the second image acquisition
devices, a global coordinate system for the auxiliary image acquisition device and the
second image acquisition devices to obtain a spatial position of each inspected object in
the global coordinate system and/or a spatial position of the carried contraband in the

global coordinate system.

[0010] According to the first aspect, the AR module may be further configured to:
obtain, based on the spatial position of each inspected object in the global coordinate
system and/or the spatial position of the carried contraband in the global coordinate
system, according to a conversion relationship between the AR module and the global
coordinate system, spatial position information of each inspected object and/or the carried
contraband in a perspective of the AR module to mark the inspected object and/or

contraband on the AR module.

[0011] In a second aspect of the present application, an image recognition method is
provided, which may comprise: entering information of an inspected object and identifying
whether or not the information of the inspected object is abnormal information, by an
information entry module; detecting, by a detection module, whether or not contraband is
carried by the inspected object and/or his/her luggage ; in at least one of a case where the
information of the inspected object is abnormal and/or a case where contraband is carried
by the inspected object and his/her luggage, obtaining from the information entry module
and/or the detection module the information of the inspected object and/or information of

the contraband, issuing an alert and marking the inspected object and/or contraband in the



AR module, by an augmented reality (AR) module; and storing, by a storage module,

information generated during execution of the image recognition method.

[0012] According to the second aspect, the detecting, by the detection module,
whether or not contraband is carried by the inspected object and/or his/her luggage may
comprise: acquiring perspective images of the inspected object by first image acquisition
devices included in a first detection device and a second detection device of the detection
module, wherein the first detection device is located in front of a detection lane in the
detection module, and the second detection device is located at rear of the detection lane;
acquiring depth information and color images about the inspected object by second image
acquisition devices included in the first detection device and the second detection device
of the detection module; and detecting, based on the perspective images and the color
images, whether or not contraband is carried by the inspected object and/or his/her
luggage.

[0013] According to the second aspect, the marking the inspected object and/or
contraband in the AR module may comprise: establishing, by the second image acquisition
devices included in the first detection device and the second detection device, a global
coordinate system for the second image acquisition devices to obtain a spatial position of
each inspected object in the global coordinate system and/or a spatial position of the
carried contraband in the global coordinate system; and marking the inspected object
and/or contraband in the AR module based on the spatial positions.

[0014] According to the second aspect, the marking the inspected object and/or
contraband in the AR module may comprise: establishing, by an auxiliary image
acquisition device provided in a middle portion of the detection lane and the second image
acquisition devices included in the first detection device and the second detection device,
a global coordinate system for the auxiliary image acquisition device and the second
image acquisition devices to obtain a spatial position of each inspected object in the global
coordinate system and/or a spatial position of the carried contraband in the global
coordinate system, wherein the auxiliary image acquisition device is configured to acquire
depth information about the inspection object and a color image about the inspection
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object; and marking the inspected object and/or contraband in the AR module based on

the spatial positions.

[0015] According to the second aspect, the marking the inspected object and/or
contraband in the AR module further may comprise: obtaining, based on the spatial
position of each inspected object in the global coordinate system and/or the spatial
position of the carried contraband in the global coordinate system, according to a
conversion relationship between the AR module and the global coordinate system, spatial
position information of each inspected object and/or the carried contraband in a
perspective of the AR module to mark the inspected object and/or contraband on the AR

module.

[0016] In a third aspect of the present application, an electronic device is provided,
which comprises: one or more processors; and a memory for storing one or more
programs, wherein, when the one or more programs are executed by the one or more
processors, the one or more processors implement the method according to the second

aspect.

[0017] In a fourth aspect of the present application, a non-transitory computer-
readable medium is provided, which comprises a computer program product recorded
thereon and capable of being executed by a processor, said computer program product

comprising program code instructions for implementing the method of the second aspect.

[0018] Based on various aspects provided by the present application, security staff
can observe in real time, through the AR device, indication about whether or not each
passenger carries contraband or other detection information. Therefore, security staff do
not need to stay fixed in front of the display screen to view the detection information. It is
possible to obtain the detection information of each passenger through the AR device in
the process of flexible movement, and when an emergency situation occurs, the
emergency situation can be handled quickly and rapidly to improve the efficiency of

security inspection.



BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1 illustrates a schematic block diagram of an image recognition system

according to an embodiment of the present disclosure.

[0020] FIG. 2 illustrates a schematic block diagram of a detection module in the
image recognition system according to an embodiment of the present disclosure.

[0021] FIG. 3 illustrates a transformation of the shape of contraband in different

perspectives according to an embodiment of the present disclosure.

[0022] FIG. 4 illustrates a flowchart of an image recognition method according to an
embodiment of the present disclosure.

[0023] FIG. 5 illustrates an exemplary detailed flowchart of an operation for detecting

whether or not the inspected object carries contraband.

[0024] FIG. 6 illustrates an exemplary flowchart of an operation for visually marking
the inspected object on an AR module according to an embodiment of the present

disclosure.

DETAILED DESCRIPTION

[0025] Specific embodiments of the present disclosure will be described in detall
below. It should be noted that the embodiments described herein are only for illustration
and are not intended to limit the present disclosure. In the following description, numerous
specific details are set forth in order to provide a thorough understanding of the present
disclosure. However, it will be apparent to those skilled in the art that these specific details
need not be employed to practice the present disclosure. In other examples, to avoid
obscuring the present disclosure, well-known circuits, materials, or methods are not

specifically described.

[0026] Throughout the specification, reference to “one embodiment’, “an

embodiment”, “one example”, or “an example” means that particular features, structures,
or characteristics described in connection with the embodiment or example are included in
at least one embodiment of the present disclosure. Thus, the appearances of the phrases
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‘in one embodiment”, “in an embodiment”, “one example”, or “an example” in various
places throughout the specification are not necessarily all referring to the same
embodiment or example. Furthermore, the particular features, structures, or characteristics
may be combined in any suitable combination and/or sub-combination in one or more

embodiments or examples.

[0027] It will be understood that when an element is referred to as being “coupled” or
‘connected” to another element, the element may be directly coupled or connected to the
another element or intervening elements may be present. In contrast, when an element is
referred to as being "directly coupled" or "directly connected" to another element, there are

no intervening elements present.

[0028] Furthermore, term "and/or" as used herein includes any and all combinations

of one or more of the associated listed items.

[0029] It will be understood that a singular noun corresponding to a term may include
one or more things unless the context clearly indicates otherwise. As used herein, each of

phrases such as “A or B”, “at least one of A and B”, “at least one of A or B”, “A, B or C”, “at
least one of A, B and C” and “at least one of A, B, or C” may include all possible
combinations of items enumerated within a corresponding one of the plurality of phrases.
As used herein, terms such as “first” and “second” or “1st” and “2nd” may be used to
simply distinguish a corresponding component from another component and not to limit the

components in other respects (for example, importance or order).

[0030] As used herein, term “module” may include a unit implemented in hardware,

software, or firmware, and is interchangeable with other terms (for example, “logic”, “logic
block”, “section”, or “circuitry”). A module may be a single integrated component that is
adapted to perform one or more functions or be the smallest unit or part of the single
integrated component. For example, according to an embodiment, the module may be

implemented in the form of an application specific integrated circuit (ASIC).

[0031] It should be understood that the various embodiments of the present

disclosure and the terms used therein are not intended to limit technical features set forth



herein to specific embodiments, but include various changes, equivalents, or alternative
forms of corresponding embodiments. Unless otherwise explicitly defined herein, all terms
will give their broadest possible interpretation, including the meaning implied in the
description and the meaning understood by those skilled in the art and/or defined in

dictionaries, papers, and the like.

[0032] In addition, those skilled in the art should understand that the drawings
provided herein are for the purpose of illustration, and the drawings are not necessarily
drawn to scale. For descriptions of the drawings, similar reference numbers may be used
to refer to similar or related elements. The present disclosure will be described exemplarily

below with reference to the accompanying drawings.

[0033] In order to solve the problem that security staff must be fixed at a certain
position to view security inspection information, the present disclosure applies augmented
reality (AR) technology in the field of security inspection so that security inspection
information can be present in real time through AR devices. For the convenience of

explanation and description, AR glasses are taken as an example for description below.

[0034] FIG. 1 illustrates a schematic block diagram of an image recognition system
100 according to an embodiment of the present disclosure. As shown in FIG. 1, the image
recognition system 100 may include an information entry module 101, a detection module

102, an AR module 103, and a storage module 104.

[0035] The information entry module 101 is connected to the detection module 102,
the AR module 103, and the storage module 104, respectively. The connection may be a

wired connection or a wireless connection.

[0036] The information entry module 101 may be configured to collect information of
the inspected object. The information of the inspected object may be various kinds of
information about the inspected object, for example, an image of the inspected person,
name, age, gender, ID number, height, home address, work unit, education background of
the inspected person, ticket information, the destination of a ride of the inspected person,
and the like.



[0037] The information entry module 101 may be applied to a face recognition gate in
the security inspection system to register information of the inspected object at the place

where the inspected object undergoes security inspection.

[0038] The information entry module 101 may also be configured to register basic
information of the inspected object, and compare the registered basic information with the
identity information of criminal suspects in a public security system to identify whether the

inspected object is a criminal suspect.

[0039] The information entry module 101 may be further configured to send the
registered basic information of the inspected object to the detection module 102, the AR
module 103, and the storage module 104, and store the basic information in the storage
module 104.

[0040] The detection module 102 may be configured to detect the inspected object
and a luggage carried by the inspected object, and to send a detection result to the AR

module 103 and the storage module 104.

[0041] Specifically, the detection module 102 is described with reference to FIG. 2.
FIG. 2 illustrates a schematic block diagram of the detection module 102 according to an

embodiment of the present disclosure.

[0042] The detection module 102 may include a detection lane 1021, a first detection

device 1022, and a second detection device 1023.

[0043] According to an embodiment, the detection lane 1021 may include a first
detection lane 1021’ suitable for detecting an inspected object such as a person, an animal,
and the like, and a second detection lane 1021” suitable for performing security inspection

on luggage belonging to the inspected object.

[0044] According to an embodiment, the second detection lane 1021” may include a
photographing device. The photographing device may be provided at the front end of the
second detection lane 1021” (that is, the end where the luggage enters the second
detection lane 1021”), photograph the inspected object and one or more luggages



belonging to the inspected object, and store the image of the inspected object in the

storage module 104 in association with the image of luggage of the inspected object.

[0045] According to an embodiment, the first detection device 1022 and the second
detection device 1023 may be provided at a front portion (that is, an end where the
inspected object enters the first detection lane) and a rear portion (that is, an end where
the inspected object leaves the first detection lane) of the first detection lane 1021,

respectively.

[0046] According to an embodiment, the first detection device 1022 and the second
detection device 1023 may be configured to detect the inspected object entering the first
detection lane 1021’, respectively, to detect whether the inspected object carries a

suspectable thing.

[0047] According to an embodiment, the first detection device 1022 and the second
detection device 1023 may be the same type or different types.

[0048] According to an embodiment, the first detection device 1022 may include a first
image acquisition device and a second image acquisition device. The second detection
device 1023 may include a third image acquisition device and a fourth image acquisition
device.

[0049] According to an embodiment, one image acquisition device of the first image
acquisition device and the second image acquisition device may be the same as one
image acquisition device of the third image acquisition device and the fourth image
acquisition device, and the other image acquisition device of the first image acquisition
device and the second image acquisition device may be the same as the other image
acquisition device of the third image acquisition device and the fourth image acquisition

device.

[0050] According to an embodiment, the first image acquisition device may be
configured to obtain a perspective image of the inspected object, and the second image
acquisition device may be configured to obtain a color image of the inspected object

having depth information.



[0051] Alternatively, the second image acquisition device may be configured to obtain
the perspective image of the inspected object, and the first image acquisition device may

be configured to obtain the color image of the inspected object having depth information.

[0052] According to an embodiment, the third image acquisition device may be
configured to obtain the perspective image of the inspected object, and the fourth image
acquisition device may be configured to obtain the color image of the inspected object

having depth information.

[0053] Alternatively, the fourth image acquisition device may be configured to obtain
the perspective image of the inspected object, and the third image acquisition device may

be configured to obtain the color image of the inspected object having depth information.

[0054] For example, the first image acquisition device and the third image acquisition
device may be terahertz cameras. The second image acquisition device and the fourth
image acquisition device may be depth cameras. The terahertz cameras may be used to
obtain a front perspective image and a back perspective image of the inspected object.
The depth cameras may be used to obtain a color image of a detection scene and the
inspected object and a spatial distance of the inspected object away from the depth

camera.

[0055] For the first detection device 1022 to detect whether the inspected object
carries the suspectable thing, the first detection device 1022 may be configured to: obtain
a human mask of the inspected object in the perspective image based on the image of the
inspected object in the color image; when it is detected that contraband is displayed on the
human mask of the inspected object in the perspective image, correspondingly mark the

image of the contraband on the inspected object in the color image.

[0056] According to an embodiment, obtaining the human mask of the inspected
object in the perspective image may be achieved by: aligning pixels in the perspective
image with pixels in the color image to obtain transformation parameters between the
terahertz camera and the depth camera; extracting a human mask in the color image

using the depth information (for example, human skeleton) in the color image and a target



segmentation detection framework (for example, mask RCNN); and extracting the human
mask in the perspective image obtained by the terahertz camera based on the

transformation parameters and the extracted human mask in the color image.

[0057] In one example, the perspective image and the color image may be aligned
using rotation, translation, and scaling, for example, according to an affine transformation

model.

[0058] For the contraband carried by the inspected object, in one example, in the
perspective image obtained by the terahertz camera, the contraband appears darker in

color than colors in other areas.

[0059] For the contraband carried by the inspected object, in one example, whether or
not a dark-colored area in the perspective image is contraband may be roughly inferred,
for example, by comparing a pre-trained model (for example, a target detection framework)
with the shape of the darker-colored area.

[0060] For the contraband carried by the inspected object, in one example, a type of
the contraband (for example, a cutter, a gun, and the like) may be roughly inferred, for
example, through a pre-trained model.

[0061] According to an embodiment, the operation of correspondingly marking the
image of the contraband on the inspected object in the color image may be achieved by:
mapping a location of the contraband in the human mask in the perspective image
obtained by the terahertz camera to a corresponding area of the human mask in the color
image through the transformation parameters between the terahertz camera and the depth

camera.

[0062] In one example, information such as the type of contraband may also be

displayed on the human mask in the perspective image.

[0063] Since the first detection device 1022 and the second detection device 1023 are
located at the front and rear ends of the first detection lane 1021’, respectively, the rear
perspective image of the inspected object obtained by the first detection device 1022 and

the front perspective image obtained by the second detection device 1023 may not match
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exactly due to different perspectives, parameters, and the like. Therefore, it is necessary to
obtain a spatial position relationship for each inspected object through the depth cameras

in the first detection device 1022 and the second detection device 1023.

[0064] Specifically, for example, the depth camera in the first detection device 1022
may be used as a reference camera, and the depth camera in the second detection device
1023 may be calibrated in external parameters by using multi-mode fusion technology,
thereby establishing a global coordinate system, and then the images obtained by the
depth cameras are subjected to information fusion, so as to obtain the spatial position
relationship for each inspected object.

[0065] Further, when the spatial position relationship for the inspected object is known,
the transformation parameters between the terahertz camera and the depth camera may
be used to obtain a position, in the global coordinate system, of each pixel in the human
mask in the perspective image obtained by the terahertz camera. Thus, the front
perspective image and the rear perspective image of each passenger are matched to
determine whether the image of the contraband in the front perspective image and the
image of the contraband in the rear perspective image are the same image or different

images.

[0066] Further, in a case where contraband is presented in the perspective image
obtained through the terahertz camera, the information of the position of the contraband in
the global coordinate system may be obtained based on the positions of the pixels of the
contraband in the global coordinate system.

[0067] In one example, when there are multiple inspected objects in the first detection
lane 1021’ at the same time, the first detection device 1022 may fail to obtain the rear
perspective image of the inspected object, or the second detection device 1023 may fail to
obtain the front perspective image of the inspected object. When there are other inspected
objects before and after the inspected object, the first detection device 1022 cannot obtain
the rear perspective image of the inspected object and the second detection device 1023
cannot obtain the front perspective image of the inspected object. Therefore, in order to

solve the problem, the detection module 102 may include an auxiliary detection device.
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[0068] The auxiliary detection device may include a terahertz camera and a depth

camera.

[0069] According to an embodiment, the auxiliary detection device may be located at

a middle portion of the first detection lane 1021°.

[0070] According to an embodiment, the number of the auxiliary detection devices

may be one or more.

[0071] In one example, in order to obtain the spatial position relationship for each
inspected object, for example, the depth camera in the first detection device 1022 may be
used as the reference camera, and the depth camera in the second detection device 1023
and the depth camera in the auxiliary detection device may be calibrated in external
parameters by using multi-mode fusion technology, thereby establishing the global
coordinate system, and then the images obtained by the respective depth cameras are
subjected to information fusion, so as to obtain the spatial position relationship for each

inspected object.

[0072] Alternatively, in order to obtain the spatial position relationship for each
inspected object, for example, the depth camera in the second detection device 1023 may
be used as the reference camera, and the depth camera in the first detection device 1022
and the depth camera in the auxiliary detection device may be calibrated in external
parameters by using multi-mode fusion technology, thereby establishing the global
coordinate system, and then the images obtained by the respective depth cameras are
subjected to information fusion, so as to obtain the spatial position relationship for each

inspected object.

[0073] Alternatively, in order to obtain the spatial position relationship for each
inspected object, for example, the depth camera in an auxiliary detection device may be
used as the reference camera, and the depth camera in the first detection device 1022, the
depth camera in the second detection device 1023 and the depth cameras in other
auxiliary detection devices may be calibrated in external parameters by using multi-mode

fusion technology, thereby establishing the global coordinate system, and then the images



obtained by the respective depth cameras are subjected to information fusion, so as to

obtain the spatial position relationship for each inspected object.

[0074] Returning again to FIG. 1, the AR module 103 may include a display device. In
one example, in a case where the AR module 103 is AR glasses, the display device may

be the lens on the AR glasses.

[0075] The AR module 103 may be configured to receive an abnormality detection
result from the information entry module 101 and the detection module 102 and present

the abnormality detection result to the security staff.

[0076] According to an embodiment, the abnormality detection result may be
information indicating that a criminal suspect matching with identity information of one
criminal suspect in the public security system is detected in the information entry module
101.

[0077] According to an embodiment, the abnormality detection result may be
information indicating that it is detected in the detection module 102 that contraband is
carried on the inspected object or that the contraband is carried in the luggage belonging

to the inspected object.

[0078] When there is no abnormality in the detection result, the AR module presents

the same scene as the real world.

[0079] In one example, when the inspected object carries contraband, the AR module
103 may receive information of the inspected object (for example, image, name, height,
and the like), the spatial position information of the inspected object in the global
coordinate system, the spatial position information of the contraband carried by the
inspected object (for example, where the contraband is located on the inspected object),
information of the contraband, and the like, from the detection module 102, and present
the received information to the security staff so that the security staff can accurately find

the inspected object who carries the contraband.

[0080] In one example, when contraband is hidden in the luggage carried by the

inspected object, the AR module 103 may receive information of the luggage (for example,
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an image of the luggage, and the like), information of the position of the contraband in the
luggage, and the like, from the detection module 102, find out the inspected object that
matches the luggage in which the contraband is hidden from the storage module 104, and

then accurately indicate the inspected object to the security staff.

[0081] For the same contraband, since the perspectives of the first detection device
and the second detection device in the detection module 102 may be different from that of
the AR module 103, the AR module 103 may be configured to convert the shape of the
contraband based on the information of the contraband (for example, the spatial position of
the contraband in the global coordinate system) received from the detection module 102
and a dynamic real-time conversion relationship between the AR module and the global
coordinate system. For example, software or hardware (for example, a visual odometer or
gyroscope) or the like included in the AR module may be used to record the real-time
position of the AR glasses in real time, and then a rigid body conversion relationship
between the AR module and the global coordinate system may be established based on

the real-time position.

[0082] FIG. 3 illustrates the transformation of the shape of contraband in different
perspectives according to an embodiment of the present disclosure. As shown, in the
perspectives of the first detection device and the second detection device, the shape of the
contraband is rectangular, but in the perspective of the AR module, the shape of the
contraband is diamond.

[0083] In one example, the image recognition system 100 may further include a
millimeter wave detection device to perform fine detection on the inspected object, so as to

accurately identify what the contraband carried by the inspected object is.

[0084] FIG. 4 illustrates a flowchart of an image recognition method 40 according to

an embodiment of the present disclosure.

[0085] At step 401, the information of the inspected object is registered. The
information of the inspected object may be, for example, the name, gender, height, and the

like, of the inspected object.



[0086] At step 402, it is determined whether or not the inspected object is a suspect
based on the registered information of the inspected object. For example, it is possible to
determine whether or not the inspected object is a suspect by comparing the registered
information of the inspected object with the information of the suspects in the public

security system.

[0087] In the case where the inspected object is a suspect (YES at step 402), the
process proceeds to step 407 in where the information of the inspected object is sent to
the AR module, and then at step 408, the AR module visually marks the inspected object
based on the received information of the inspected object.

[0088] In the case where the inspected object is not a suspect (NO at step 402), the
process proceeds to step 403 and step 405. At step 403, it is detected whether or not there
is contraband in the luggage. In the case where contraband exists in the luggage (YES at
step 403), the process proceeds to step 404. At step 404, based on the relationship
between the luggage and the inspected object to which the luggage belongs, the inspected
object to which the luggage belongs is matched. Then, at step 407, the information of the
matched inspected object (for example, the spatial position of the inspected object, and the
like) and/or the information of the contraband are sent to the AR module. Then, at step 408,
the AR module visually marks the inspected object and/or contraband based on the
received information of the inspected object and/or the received information of the
contraband. So far, the process ends.

[0089] When the inspected object is marked at step 408, information of the inspected

object may be presented at the same time.

[0090] At step 405, it is detected whether or not contraband is carried on the
inspected object. In the case where the inspected object carries contraband (Yes at step
405), the process sequentially performs the operations at steps 407 and 408. The
information of the inspected object (for example, the position information of the inspected
object, the basic information of the inspection object (for example, image, name, and the

like)) and the information of the contraband carried (for example, the position information



of the contraband, the shape and type of the contraband, and the like) are sent to the AR,

and then the inspected object and the contraband is visually marked.

[0091] In the case where the inspected object does not carry the contraband (that is,
NO at step 405) and there is no contraband in the luggage of the inspected object (that,
NO at step 403), the process proceeds to step 406 in where the inspected object is

allowed to pass through with his/her luggage.

[0092] FIG. 5 illustrates an exemplary detailed flowchart of the operation 405 of

detecting whether or not contraband is carried on the inspected object.

[0093] At step 4051, the perspective image and the color image with depth
information of the inspected object are obtained, for example, by the terahertz camera and

the depth camera.

[0094] At step 4052, the human mask of the inspected object is extracted from the
color image, and then based on the human mask of the color image, the human mask of
the perspective image is extracted from the perspective image. For example, the
perspective image and the color image are aligned using rotation, translation, and scaling
according to the affine transformation model, to obtain the transformation parameters
between the terahertz camera and the depth camera. Then, the depth information in the
color image (for example, the human skeleton) and the target segmentation detection
framework (for example, the mask RCNN) are used to extract the human mask of the color
image. Then, according to the transformation parameters between the terahertz camera
and the depth camera, based on contour information of the human mask in the color image,

the human mask in the perspective image is extracted.

[0095] At step 4053, based on the pre-trained model, it is identified whether or not a
darker colored block existing in the human mask in the perspective image is contraband.
For example, the target detection framework (such as YOLOvV3) is used to detect whether

or not the darker colored block is contraband.



[0096] In the case where the darker colored block is contraband, at step 4054, the
position of the contraband in the perspective image is correspondingly mapped into the

color image.

[0097] In the case where the darker colored block is not contraband, the process

proceeds to step 406 as described above.

[0098] FIG. 6 illustrates an exemplary flowchart of the operation 408 of visually
marking the inspected object on the AR module according to an embodiment of the

present disclosure.

[0099] At step 4081, the spatial position of the inspected object relative to each depth

camera is obtained through the corresponding each depth camera.

[00100] At step 4082, one of the depth cameras is used as the reference camera, and
the other depth cameras are calibrated in external parameters to establish a global

coordinate system.

[00101] At step 4083, the image information obtained by the respective depth cameras
is subjected to information fusion, thereby obtaining the spatial position relationship for

each inspected object.

[00102] At step 4084, based on the transformation parameters between the terahertz
camera and the depth camera, the spatial position of each pixel in the perspective image

in the global coordinate system is obtained.

[00103] At step 4085, based on the spatial position of each pixel, the front perspective
image and the rear perspective image of the inspected object are matched to determine
whether or not the image of the contraband in the front perspective image and the image

of the contraband in the rear perspective image are the same image or different images.

[00104] At step 4086, the position of the inspected object and the position of the
contraband are sent to the AR module to mark the inspected object and where the

contraband is on the inspected object in the global coordinate system.



[00105] Since the security staff wears/carries/bears the AR modules and moves
around, for the same contraband, the shape of the contraband may be changed depending
on the perspectives of the AR modules. Therefore, optionally, at step 4087, the AR module
may change the shape of the contraband in the perspective image according to a
transformation relationship between the AR module and the global coordinate system to

form a graphic shape in the perspective of the AR module.

[00106] Although a plurality of components are shown in the above various block
diagrams, those skilled in the art should understand that embodiments of the present
disclosure may be implemented in the absence of one or more components or in

combination with certain components.

[00107] Although the steps have been described above according to the order shown
in the drawings, those skilled in the art should understand that the steps may be performed
in a different order, or embodiments of the present disclosure may be implemented without

one or more of the above steps.

[00108] It may be understood from the foregoing that the electronic components of one
or more systems or devices may include, but are not limited to, at least one processing unit,
a memory, and a communication bus or communication device that couples various
components including the memory to the processing unit. The system or device may
include or access to a variety of device-readable media. System memory may include
device-readable storage media in the form of volatile and/or non-volatile memory (for
example, read-only memory (ROM) and/or random access memory (RAM)). By way of
example, and not limitation, system memory may also include operating systems,

application programs, other program modules, and program data.

[00109] Embodiments may be implemented as a system, method or program product.
Therefore, the embodiments may take the form of an all-hardware embodiment or an
embodiment including software (including firmware, resident software, microcode, and the
like), which may be collectively referred to herein as "circuits," "modules," or "systems." In
addition, embodiments may take the form of a program product embodied in at least one

device-readable medium on which device-readable program code is embodied.
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[00110] A combination of device-readable storage media may be used. In the context
of this document, a device-readable storage medium (’storage medium”) may be any
tangible, non-signaling medium that may contain or store a program composed of program
code configured to be used by or in combination with an instruction execution system,
apparatus, or device. For the purposes of this disclosure, storage media or devices should

be interpreted as non-transitory, that is, excluding signal or propagation media.

[00111] This disclosure has been presented for purposes of illustration and description,
but is not intended to be exhaustive or limited. Many modifications and variations will be
apparent to those skilled in the art. The embodiments were chosen and described in order
to explain the principles and practical applications, and to enable those skilled in the art to
understand the various embodiments of the present disclosure with various modifications

that are suitable for the particular use intended.
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CLAIMS

[/We claim:

1. An image recognition system, comprising:

an information entry module, configured to enter information of an inspected object,
and identify whether or not the information of the inspected object is abnormal information;

a detection module, configured to detect whether or not contraband is carried by the
inspected object and/or his/her luggage;

an augmented reality (AR) module, configured to, in at least one of a case where
the information of the inspected object is abnormal and a case where contraband is carried
by the inspected object and/or his/her luggage, obtain from the information entry module
and/or the detection module the information of the inspected object and/or information of
the contraband, issue an alert and mark the inspected object and/or contraband in the AR
module; and

a storage module, configured to store information generated during operations of

the information entry module, the detection module, and the AR module.

2. The image recognition system of claim 1, wherein the detection module
comprises a detection lane, a first detection device, and a second detection device,
wherein:

the first detection device is located at front of the detection lane, the second
detection device is located at rear of the detection lane, and both the first detection device
and the second detection device comprise a first image acquisition device and a second
image acquisition device, the first image acquisition device being configured to acquire a
perspective image of the inspected object, and the second image acquisition device being
configured to acquire depth information about the inspected object and a color image

about the inspected object;
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the detection module is configured to detect, based on the perspective image and
the color image, whether or not contraband is carried by the inspected object and/or
his/her luggage.

3. The image recognition system of claim 2, wherein the detection module is further
configured to establish, by the second image acquisition devices included in the first
detection device and the second detection device, a global coordinate system for the
second image acquisition devices to obtain a spatial position of each inspected object in
the global coordinate system and/or a spatial position of the carried contraband in the

global coordinate system.

4. The image recognition system of claim 2, wherein the detection module further
comprises an auxiliary image acquisition device, which is located at a middle portion of the
detection lane and is configured to acquire depth information about the inspection object

and a color image about the inspection object.

5. The image recognition system of claim 4, wherein the detection module is further
configured to establish, by the auxiliary image acquisition device and the second image
acquisition devices included in the first detection device and the second detection device,
a global coordinate system for the auxiliary image acquisition device and the second
image acquisition devices to obtain a spatial position of each inspected object in the global
coordinate system and/or a spatial position of the carried contraband in the global

coordinate system.

6. The image recognition system of claim 3 or 5, wherein the AR module is further
configured to: obtain, based on the spatial position of each inspected object in the global
coordinate system and/or the spatial position of the carried contraband in the global
coordinate system, according to a conversion relationship between the AR module and the

global coordinate system, spatial position information of each inspected object and/or the
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carried contraband in a perspective of the AR module to mark the inspected object and/or

contraband on the AR module.

7. An image recognition method, comprising:

entering information of an inspected object and identifying whether or not the
information of the inspected object is abnormal information, by an information entry module;

detecting, by a detection module, whether or not contraband is carried by the
inspected object and/or his/her luggage;

in at least one of a case where the information of the inspected object is abnormal
and a case where contraband is carried by the inspected object and/or his/her luggage,
obtaining from the information entry module and/or the detection module the information of
the inspected object and/or information of the contraband, issuing an alert and marking the
inspected object and/or contraband in an augmented reality (AR) module, by the AR
module; and

storing, by a storage module, information generated during execution of the image

recognition method.

8. The image recognition method of claim 7, wherein the detecting, by the detection
module, whether or not contraband is carried by the inspected object and/or his/her
luggage comprises:

acquiring perspective images of the inspected object by first image acquisition
devices included in a first detection device and a second detection device of the detection
module, wherein the first detection device is located in front of a detection lane in the
detection module, and the second detection device is located at rear of the detection lane;

acquiring depth information and color images about the inspected object by second
image acquisition devices included in the first detection device and the second detection
device of the detection module; and

detecting, based on the perspective images and the color images, whether or not
contraband is carried by the inspected object and/or his/her luggage.
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9. The image recognition method of claim 8, wherein the marking the inspected
object and/or contraband in the AR module comprises:

establishing, by the second image acquisition devices included in the first detection
device and the second detection device, a global coordinate system for the second image
acquisition devices to obtain a spatial position of each inspected object in the global
coordinate system and/or a spatial position of the carried contraband in the global
coordinate system; and

marking the inspected object and/or contraband in the AR module based on the

spatial positions.

10. The image recognition method of claim 8, wherein the marking the inspected
object and/or contraband in the AR module comprises:

establishing, by an auxiliary image acquisition device provided in a middle portion of
the detection lane and the second image acquisition devices included in the first detection
device and the second detection device, a global coordinate system for the auxiliary image
acquisition device and the second image acquisition devices to obtain a spatial position of
each inspected object in the global coordinate system and/or a spatial position of the
carried contraband in the global coordinate system, wherein the auxiliary image acquisition
device is configured to acquire depth information about the inspection object and a color
image about the inspection object; and

marking the inspected object and/or contraband in the AR module based on the

spatial positions.

11. The image recognition method of claim 9 or 10, wherein the marking the
inspected object and/or contraband in the AR module further comprises:

obtaining, based on the spatial position of each inspected object in the global
coordinate system and/or the spatial position of the carried contraband in the global
coordinate system, according to a conversion relationship between the AR module and the

global coordinate system, spatial position information of each inspected object and/or the
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carried contraband in a perspective of the AR module to mark the inspected object and/or

contraband on the AR module.

12. An electronic device, comprising:

one or more processors; and

a memory configured to store one or more programs, wherein,

when the one or more programs are executed by the one or more processors, the

one or more processors implement the method of any one of claims 7 to 11.

13. A non-transitory computer-readable medium comprising a computer program
product recorded thereon and capable of being executed by a processor, said computer
program product comprising program code instructions for implementing the method of any

one of claims 7 to 11.
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