METHOD AND APPARATUS FOR RECOGNIZING EMPTY TRAY

TECHNICAL FIELD

[01]The present disclosure relates to a field of intelligent travel inspection, and more
particularly, relates to a method for recognizing an empty tray, an apparatus for
recognizing an empty tray, an electronic device, and a computer-readable storage

medium.

BACKGROUND

[02]In a traditional travel inspection process, a security inspector guides a passenger
to put a luggage item into a tray in a certain manner, and then the security inspector
determines whether the luggage carried by the passenger complies with regulations
according to an image obtained after the luggage passes through a luggage scanning
device such as an item machine or a CT machine, where a suspicious luggage will be
treated with a security inspection. After the passenger takes away the luggage from
the tray, the security inspector takes back the empty tray for reuse. As a result, the
work for the security inspector is very hard and heavy.

[03] Therefore, there is a need for an efficient and accurate method and apparatus to
automatically recognize whether a tray is an empty tray or not, so as to realize an
automatic return of an empty tray without a security inspector taking back the empty
tray for reuse, thereby reducing the work pressure of a security inspector and

improving the efficiency of the security inspection.

SUMMARY

[04]In order to achieve the above purpose, according to a first aspect of the present
disclosure, a method for recognizing an empty tray is provided, which may include:
receiving an image of a to-be-recognized tray from an image collection module;
determining, for the image, whether a valid empty tray reference image for the image
is present in a recognition module; determining, by using a first method, whether the

to-be-recognized tray corresponding to the image is an empty tray based on the image
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and/or the valid empty tray reference image for the image, in response to a presence
of the valid empty tray reference image for the image; and determining, by using a
second method different from the first method, whether the to-be-recognized tray
corresponding to the image is an empty tray based on the image alone, in response to
an absence of the valid empty tray reference image for the image, where in a case that
the tray is determined to be an empty tray, an image corresponding to the empty tray
is determined to be a new valid empty tray reference image.

[05] According to the first aspect of the present disclosure, a valid empty tray
reference image for the image may be an empty tray image within a time period from
a time instant, an interval between which and a receiving time of the image is a first
predetermined threshold, to the receiving time of the image.

[06] According to the first aspect of the present disclosure, the method may further
include: measuring, by using a distance measurement unit, a distance from the
distance measurement unit to a bottom surface of the to-be-recognized tray or to a
highest point of an upper surface of an item in the to-be-recognized tray in a vertical
direction; determining the to-be-recognized tray not to be an empty tray in response to
the distance being less than a second predetermined threshold; and determining the
to-be-recognized tray to be an empty tray in response to the distance being equal to
the second predetermined threshold.

[07] According to the first aspect of the present disclosure, the method may further
include: initiating an operation of determining whether a valid empty tray reference
image for the image is present in the recognition module, when the to-be-recognized
tray is determined to be an empty tray in response to the distance being equal to the
second predetermined threshold.

[08] According to the first aspect of the present disclosure, the determining, by using a
first method, whether the to-be-recognized tray corresponding to the image is an
empty tray based on the image and/or the valid empty tray reference image for the
image may include: calculating a difference value between each pixel in the image
and a corresponding pixel in the valid empty tray reference image for the image, and

calculating a sum of absolute values of respective difference values or a sum of
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squares of the respective difference values; determining the to-be-recognized tray
corresponding to the image not to be an empty tray in response to the sum being
greater than or equal to a third predetermined threshold; and determining the
to-be-recognized tray corresponding to the image to be an empty tray in response to
the sum being less than the third predetermined threshold.

[09] According to the first aspect of the present disclosure, the determining, by using a
first method, whether the to-be-recognized tray corresponding to the image is an
empty tray based on the image and/or the valid empty tray reference image for the
image may include: combining a large number of empty tray images obtained at
different time instants in pairs, and combining a large number of empty tray images
obtained at different time instants and a large number of non-empty tray images
obtained at different time instants in pairs, so as to obtain a first sample set and a
second sample set; performing a deep learning method based on the first sample set
and the second sample set, so as to obtain a first recognition model; and determining
whether the to-be-recognized tray corresponding to the image is an empty tray using
the first recognition model.

[10] According to the first aspect of the present disclosure, the determining, by using a
second method different from the first method, whether the to-be-recognized tray
corresponding to the image is an empty tray based on the image alone may include:
binarizing the image to obtain a binarized image; calculating a pixel sum of pixels in
the binarized image; determining the to-be-recognized tray corresponding to the
image to be an empty tray in response to the pixel sum being less than a fourth
predetermined threshold; and determining the to-be-recognized tray corresponding to
the image not to be an empty tray in response to the pixel sum being greater than or
equal to the fourth predetermined threshold.

[11] According to the first aspect of the present disclosure, the determining, by using a
second method different from the first method, whether the to-be-recognized tray
corresponding to the image is an empty tray based on the image alone may include:
taking a large number of empty tray images obtained at different time instants and a

large number of non-empty tray images obtained at different time instants as a third
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sample set and a fourth sample set; performing a deep learning method based on the
third sample set and the fourth sample set, so as to obtain a second recognition model;
and determining whether the to-be-recognized tray corresponding to the image is an
empty tray using the second recognition model.

[12] According to the first aspect of the present disclosure, the method may further
include: obtaining a region of interest ROI in the image using a third method; and
determining, by using the first method or the second method, whether the
to-be-recognized tray corresponding to the image is an empty tray based on the ROI,
or based on both the ROI and the valid empty tray reference image for the image.

[13] According to the first aspect of the present disclosure, the third method may
include: edge detection, adaptive threshold binarization, template matching, image
gradient operation, and deep learning.

[14]According to a second aspect of the present disclosure, an apparatus for
recognizing an empty tray is provided, which may include: an image collection
module configured to collect an image of a to-be-recognized tray; and a recognition
module configured to perform following operations: receiving the image of the
to-be-recognized tray from the image collection module; determining, for the image,
whether a valid empty tray reference image for the image is present in the recognition
module; determining, by using a first method, whether the to-be-recognized tray
corresponding to the image is an empty tray based on the image and/or the valid
empty tray reference image for the image, in response to a presence of the valid empty
tray reference image for the image; and determining, by using a second method
different from the first method, whether the to-be-recognized tray corresponding to
the image is an empty tray based on the image alone, in response to an absence of the
valid empty tray reference image for the image, where in a case that the tray is
determined to be an empty tray, an image corresponding to the empty tray is
determined to be a new valid empty tray reference image.

[15] According to a third aspect of the present disclosure, an electronic device is
provided, which may include: one or more processors; and a memory configured to

store one or more programs, where the one or more programs, when executed by the
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one or more processors, cause the one or more processors to implement the method
according to the first aspect.

[16] According to a fourth aspect of the present disclosure, storage medium having
executable instructions stored thereon is provided, where the instructions, when
executed by a processor, cause the processor to implement the method according to
the first aspect.

[17]Based on the above aspects provided in the present disclosure, it is possible to
automatically recognize whether a tray is an empty tray in an intelligent travel
inspection process, and automatically recycle an recognized empty tray without a
need for a security inspector to manually retrieve the tray and put the tray onto a
conveying device again, thereby reducing the workload of the security inspector
significantly and avoiding retraction of a non-empty tray with a very small item due to

fatigue or negligence of the security inspector.

BRIEF DESCRIPTION OF THE DRAWINGS

[18] The above and other embodiments and features of the present disclosure will
become more apparent by describing the embodiments of the present disclosure in
detail with reference to the accompanying drawings.

[19]FIG. 1 schematically shows a system architecture of a method for recognizing an
empty tray according to an embodiment of the present disclosure;

[20]FIG. 2 schematically shows a flowchart of a first embodiment of a method for
recognizing an empty tray according to an embodiment of the present disclosure;
[21]FIG. 3 schematically shows a flowchart of a second embodiment of a method for
recognizing an empty tray according to an embodiment of the present disclosure;
[22]FIG. 4 schematically shows a flow chart of a first embodiment of determining
whether a tray is an empty tray by using a first method according to an embodiment of
the present disclosure;

[23]FIG. 5 schematically shows a flow chart of a second embodiment of determining
whether a tray is an empty tray by using the first method according to an embodiment

of the present disclosure;



[24]FIG. 6 schematically shows a flow chart of a first embodiment of determining
whether a tray is an empty tray by using a second method according to an
embodiment of the present disclosure;

[25]FIG. 7 schematically shows a flow chart of a second embodiment of determining
whether a tray is an empty tray by using the second method according to an
embodiment of the present disclosure;

[26]FIG. 8 schematically shows a block diagram of an apparatus for detecting an
empty tray according to an embodiment of the present disclosure; and

[27]FIG. 9 schematically shows a block diagram of an electronic device applicable
for implementing a method for detecting an empty tray according to an embodiment

of the present disclosure.

DETAILED DESCRIPTION OF EMBODIMENTS

[28] Specific embodiments of the present disclosure will be described in detail below.
It should be noted that the embodiments described herein are only used for illustration
and are not construed as limitations to the present disclosure. Numerous specific
details are set forth in the following descriptions so as to provide a thorough
understanding of the present disclosure. However, it is apparent to those skilled in the
art that it is not necessary to implement the present disclosure using such specific
details. In other embodiments, commonly known circuits, materials, or methods are
not described in detail so as to avoid obscuring the present disclosure.

[29] Throughout the description, the reference to “an embodiment”, “embodiments”,
“an example” or “examples” means that the specific feature, structure or characteristic
described in combination with the embodiment(s) or example(s) is included in at least
one embodiment of the present disclosure. Therefore, the expressions “in an
embodiment”, “in the embodiments”, “an example” or “examples” present in various
parts throughout the description are not necessarily all refer to the same embodiment
or the same example. Additionally, the specific feature, structure, or characteristics

may be combined in one or more embodiments or examples in any appropriate

combination and/or sub-combination.



[30]1t should 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 other element or there may exist an intermediate element. In contrast, when an
element is referred to as being “directly coupled” or “directly connected” to another
element, there exists no intermediate element.

[31] Additionally, the term “and/or” used herein includes any combination and all
combinations of one or more associated items listed.

[32] It will be understood that a noun in a singular form corresponding to a term may
include one or more objects unless the relevant context clearly instructs otherwise.
For example, as used herein, each of the terms “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 listed together with those in a
corresponding one of the terms. For example, as used herein, terms “1*”” and «ond» op
“first” and “second” may be used to simply distinguish a corresponding component
from another component, without limiting the components in other respects (e.g., the
importance or the order).

[33] As used herein, the term “module” may include a unit implemented by hardware,
software, or firmware, and may be interchangeably used with other terms (e.g.,
“logic”, “logic block”, “portion” or “circuit”’). A module may be a single integrated
component adapted to perform one or more functions or the smallest unit or portion of
the single integrated component. For example, according to the embodiments, a
module may be implemented in the form of an application specific integrated circuit
(ASIC).

[34]1t should be understood that various embodiments of the present disclosure and
terms used therein are not intended to limit the technical features set forth herein to
specific embodiments, but include various modifications, equivalents, or substitutions
to corresponding embodiments. Unless explicitly defined otherwise herein, all terms
are given their broadest possible interpretations, including meanings implied in the
description and meanings understood by those skilled in the art and/or defined in

dictionaries, papers, etc.



[35] Additionally, those skilled in the art should understand that the drawings provided
herein are for illustrative purposes and they are not necessarily drawn to scale. For the
description of the drawings, similar reference signs may be used to refer to similar or
related elements. The present disclosure will be exemplarily described below with
reference to the accompanying drawings.

[36]1In order to solve the problem as set forth in the background, a method for more
efficiently detecting whether a tray is an empty tray and an apparatus applicable for
the method is provided in embodiments of the present disclosure. The method
includes: receiving an image of a to-be-recognized tray from an image collection
module; determining, for the image, whether a valid empty tray reference image for
the image is present in a recognition module, where the valid empty tray reference
image for the image is an empty tray image within a time period from a time instant,
an interval between which and a receiving time of the image is a first predetermined
threshold, to the receiving time of the image; by using a first method, determining
whether the to-be-recognized tray corresponding to the image is an empty tray based
on the image and/or the valid empty tray reference image for the image, in response to
a presence of the valid empty tray reference image for the image; and by using a
second method different from the first method, determining whether the
to-be-recognized tray corresponding to the image is an empty tray based on the image
alone, in response to an absence of the valid empty tray reference image for the image.
In a case that the tray is determined to be an empty tray, an image corresponding to
the empty tray is determined to be a new valid empty tray reference image.

[37]The present disclosure will be described in detail below with reference to the
accompanying drawings and in combination with specific embodiments.

[38]FIG. 1 schematically shows a system architecture of a method for recognizing an
empty tray according to an embodiment of the present disclosure. The system
architecture 100 may include a tray conveying device 101, a central processing unit
102, an image collection module 103, and an optional distance measurement module
104.

[39]As shown in the figure, the tray conveying device 101 may be configured to
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convey a tray along a first direction X (a horizontal direction).

[40] A signal collection area is provided at a right part of the tray conveying device
101, and two pairs of photoelectric switches (where A and B form one pair, and C and
D form the other pair) are provided on the left and right sides of the signal collection
area.

[41]In an exemplary embodiment, when a tray (e.g., the tray N in FIG. 1) completely
enters the signal collection area and blocks the two pairs of photoelectric switches, the
photoelectric switches change their states (e.g., from a state “0” in a case of no
blocking to a state “1” in a case of blocking, or alternatively, from the state “1” in the
case of no blocking to the state “0” in the case of blocking) and send a signal
indicating the change of the states to the central processing unit 102.

[42] The central processing unit 102 may be configured to send an activation signal to
the image collection module 103 and the optional distance measurement module 104
after receiving the signal indicating the change of the states of the photoelectric
switches, so as to cause the image collection module 103 and the distance
measurement module 104 to collect data.

[43]In another exemplary embodiment, when the entire tray (e.g., the tray N in FIG.
1) enters the signal collection area and blocks the two pairs of photoelectric switches,
the photoelectric switches switch from being at a low level (e.g., the state “0”) to
being at a high level (e.g., the state “1”), or from being at a high level (e.g., the state
“1”) to being at a low level (e.g., the state “0”), and the central processing unit 102
causes the image collection module 103 and the optional distance measurement
module 104 to collect information continuously in response to the photoelectric
switches being at the high level (e.g., the state “1”) or the low level (e.g., the state “0”)
after the photoelectric switches change their state.

[44]1n this case, in order to prevent the heavy computation burden due to the image
collection module continuously capturing images of the same tray and the distance
measurement module continuously measuring distances for the same tray, for example,
a second predetermined time period may be set such that a next image and/or distance

may be obtained and received after the second predetermined time period, which is
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counted from a time instant at which a current image and/or distance is received. This
may effectively reduce the computation amount for the central processing unit, save
storage space for the memory, lighten the workload for the image collection module
and the distance measurement module, etc.

[45]In an exemplary embodiment, the data may include an image obtained in a
manner that the image collection module 103 captures an image of a tray entering the
signal collection area. In a case that the distance measurement module 104 is provided
in the system architecture 100, the data may include a distance from the distance
measurement module 104 to a point closest to the distance measurement module 104
in a vertical direction (the direction Y in FIG. 1, the direction Y is perpendicular to
both the direction X and a bottom surface of the tray), where the distance is measured
by the distance measurement module 104.

[46] The image collection module 103 and the optional distance measurement module
104 transmit the collected data to the central processing unit 102, so as to determine
whether the tray is an empty tray, which will be described in detail below with
reference to other figures.

[47]In an exemplary embodiment, the image collection module 103 may be a camera
taking static pictures, or a video camera capturing videos.

[48]In an exemplary embodiment, preferably, the image collection module 103 may
be configured to be arranged right above a center point of the signal collection area.
[49]More preferably, the image collection module 103 is arranged at a location 1m
away from the center point of the signal collection area.

[50]In an exemplary embodiment, preferably, a center point of a bottom surface of the
tray N may coincide with the center point of the signal collection area.

[51] Although only one image collection module is shown in FIG. 1, those skilled in
the art should understand that two or more image collection modules may be provided.
In this case, image collection modules 103 may be configured to be arranged right
above any point in the signal collection area, respectively.

[52] The main function of a distance measurement module is to prevent a tray from

being mistaken for an empty tray due to a large item placed on the tray.
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[53]In an exemplary embodiment, preferably, the distance measurement module 104
may be configured to be arranged right above the center point of the signal collection
area.

[54]More preferably, the distance measurement module is arranged at a location 1m
away from the center point of the signal collection area.

[55]In an alternative embodiment, in a case that a plurality of distance measurement
modules are provided, the distance measurement modules 104 may be configured to
be arranged right above any point in the signal collection area.

[56]In an exemplary embodiment, in a case that the tray is an empty tray, the point
closest to the distance measurement module 104 is a point on an upper bottom surface
of the tray. In this case, the distance from the distance measurement module 104 to the
bottom surface of the empty tray, which is measured by the distance measurement
module 104, may be set as a second predetermined threshold which is used to
determine whether there is an item placed in the tray.

[57]Specifically, in a case that there is an item placed in the tray, the distance from the
distance measurement module 104 to the upmost point of the item, which is measured
by the distance measurement module 104, is necessarily less than the second
predetermined threshold (i.e., the distance from the distance measurement module 104
to the bottom surface of the empty tray measured by the distance measurement
module 104). At this time, it is determined that the tray is not an empty tray.

[58] Although only one distance measurement module 104 is shown in FIG. 1, those
skilled in the art should understand that a plurality of distance measurement modules
104 may be provided above the tray in the signal collection area. In this case, it may
also be determined whether the tray is an empty tray by comparing distances from the
respective distance measurement modules to the points closest to them, where the
distances are measured by the respective distance measurement modules.
[59]Specifically, in a case that a plurality of distance measurement modules are
provided, if the distances measured by the respective distance measurement modules
are not consistent, it indicates that there is an item placed in the tray, and at this time,

the tray is determined to be a non-empty tray. In contrast, if the distances measured by
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the respective distance measurement modules are consistent (all equal to the second
predetermined threshold), the tray is determined to be an empty tray.

[60]The central processing unit 102 may include: a distance recognition module
configured to determine whether a tray is an empty tray based on a distance received
from the distance measurement module 104; and an image recognition module
configured to determine whether a tray is an empty tray based on an image received
from the image collection module 103.

[61]Detailed operations of the distance recognition module and the image recognition
module will be described below.

[62]The central processing module 102 may be any suitable electronic device
provided with a processing unit, such as a desktop computer, a tablet computer, a
laptop computer, and a smart phone.

[63]The central processing unit 102 may further include a memory (not shown), a
communication module (not shown), etc.

[64] The processor of the central processing unit 102 may be configured to receive
data from the image collection module 103 and the optional distance measurement
module, so as to determine whether the tray is an empty tray based on the received
data.

[65] The memory of the central processing unit 102 may store data, instructions, etc.,
which are related to the recognition of an empty tray. Those skilled in the art should
understand that the memory of the central processing unit 102 may store various
appropriate information as the case may be, which will not be described here in detail.
[66] The communication module in the central processing unit 102 may support
establishing a direct (e.g., wired) communication channel or a wireless
communication channel between the central processing unit 102 and an external
electronic device, to communicate with the external electronic device via the
established communication channel. For example, the communication module sends
instructions to the image collection module 103 and/or the distance measurement
module 104 via a network, and receives data from the image collection module 103

and/or the distance measurement module 104 via the network.
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[67] The communication module may include one or more communication processors
capable of independently operating with a processor (e.g., an application processor
(AP)), and support the wired and/or wireless communication. According to the
embodiment of the present disclosure, the communication module may include a
wireless communication module (e.g., a cellular communication module, a
short-range wireless communication module, or a Global Navigation Satellite System
(GNSS) communication module) or a wired communication module (e.g., a Local
Area Network (LAN) communication module or a Power Line Communication (PLC)
module). A respective one of these communication modules may communicate with
an external electronic device via a first network (e.g., a short-range communication
network such as Bluetooth, Wireless-Fidelity (Wi-Fi) Direct, or Infrared Data
Association (IrDA)) or a second network (e.g., a long-range communication network,
such as a cellular network, the Internet, or a computer network (e.g., a LAN or a Wide
Area Network (WAN)). These various types of communication modules may be
implemented as a single component (e.g., a single chip), or may be implemented as a
plurality of components (e.g., a plurality of chips) that are separated from one another.
The wireless communication module may identify and authenticate the electronic
device in the communication network (e.g., the first network or the second network)
using user information (e.g., International Mobile Subscriber Identity (IMSI)) stored
in a user identification module.

[68] Additionally, the central processing unit 102 may further include a display, a
microphone, a speaker, or the like, to display, broadcast a state of a tray (i.e., whether
the tray is an empty tray or a non-empty tray), or raise an alarm.

[69]FIG. 2 schematically shows a flowchart of a first embodiment of a method for
recognizing an empty tray according to an embodiment of the present disclosure.

[70] As shown in FIG. 2, the method includes the following operations.

[71]In operation S201, the central processing unit 102 receives an image from the
image collection module 103.

[72]In operation S203, for the received image, the central processing unit 102

determines whether there is a valid empty tray reference image for the image.
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[73]In an exemplary embodiment, the valid empty tray reference image for the image
may be an empty tray image within a time period from a time instant, an interval
between which and a receiving time of the image is a first predetermined threshold, to
the receiving time of the image.

[74]Exemplarily, the first predetermined threshold is 2 min.

[75]Exemplarily, a time stamp may be added to the image at the time instant the
image is received, or the image may be stored in association with the time instant the
image is received, so as to determine, for the received image, whether an empty tray
image which is received closest in time is a valid empty tray reference image for the
received image.

[76]1In the present disclosure, a purpose of setting a valid empty tray reference image
is to effectively eliminate the influence of lighting on the image. The lighting is
substantially indistinguishable during a short time period, and thus an image of a tray
being recognized at present has substantially the same noise caused by the lighting as
a valid empty tray reference image for it. Therefore, the influence of the lighting may
be excluded, when determining whether the tray in the image is an empty tray based
on the image of the tray being recognized and its valid empty tray reference image.
[77]In operation S205, in response to a presence of the valid empty tray reference
image for the received image, by using a first method, it is determined whether the
tray corresponding to the image is an empty tray based on the received image and/or
the valid empty tray reference image for the image.

[78]In an exemplary embodiment, the first method may include a difference image
method and a deep learning method. This will be described in detail below.

[79]In operation S207, in response to an absence of the valid empty tray reference
image for the received image, by using a second method different from the first
method, it is determined whether the tray corresponding to the received image is an
empty tray, based on the received image alone.

[80]In operation S209, it is determined whether the tray corresponding to the received
image is an empty tray. In a case that the tray is determined to be an empty tray, the

process proceeds to operation S211; and in a case that the tray is determined not to be
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an empty tray, the process proceeds to operation S213.

[81]In operation S211, since the tray is determined to be an empty tray, the empty tray
may be automatically retrieved for reuse, and the image of the tray which is
determined to be an empty tray is stored as a new reference empty tray image. At this
time, the process proceeds from operation S211 to operation S203, so as to apply the
newly determined reference empty tray image to the operation performed in operation
S203, thereby determining whether the newly determined reference empty tray image
is a valid empty tray reference image for an image to be recognized thereafter.

[82]In operation S213, it is determined that the tray is a non-empty tray.

[83]In an exemplary embodiment, at this time, the tray is fixed in the signal collection
area without moving, the central processing unit starts timing from a time instant
when the tray is determined not to be an empty tray, and in a case that a timing period
exceeds the first predetermined time period, the central processing unit 102 raises an
alarm.

[84]FIG. 3 schematically shows a flowchart of a second embodiment of a method for
recognizing an empty tray according to an embodiment of the present disclosure.
[85] As shown in FIG. 3, the method includes the following operations.

[86]In operation S301, a distance to a point closest to the distance measurement
module is measured by using the distance measurement module.

[87]1In operation S303, it is determined whether the measured distance is less than or
equal to the second predetermined threshold.

[88]In the present disclosure, the second predetermined threshold may be a distance
from the distance measurement module to an upper surface of an empty tray.

[89]In a case that the measured distance is less than the second predetermined
threshold, the process proceeds to operation S319, determining that there is an item
placed in the tray. As such, a point on a top surface of the item is the point closest to
the distance measurement module.

[90]In a case where the measured distance is equal to the second predetermined
threshold, the process proceeds to operation S305, and the tray is preliminarily

determined to be an empty tray.
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[91]Then, the process starts to perform operations S307 to S319. Operations S307 to
S319 are the same as operations S201 to S213 in FIG. 2, which will not be repeated
here again.

[92]Before determining whether the tray is an empty tray directly based on the image,
the distance measured by the distance measurement module is first used to assist in
determining whether the tray is an empty tray. This may effectively reduce the
computation amount of the central processing unit 102.

[93] After the distance measured by the distance measurement module has been used
to determine whether the tray is an empty tray, using the image for a further
determination may avoid that the distance measured by the distance measurement
module is still equal to the second predetermined threshold in a case that a small item
is placed in the tray and the small item is just at a corner of the tray when the distance
measurement module measures the distance. At this time, it would be irresponsible to
arbitrarily determine the tray to be an empty tray directly based on the distance being
equal to the second predetermined threshold.

[94] As such, in the present disclosure, the combination of the distance measured by
the distance measurement module and the image recognized by the image recognition
module in determining whether the tray is an empty tray may not only reduce the
computation amount, but also improve the determination accuracy.

[95]FIG. 4 schematically shows a flow chart of a first embodiment of determining
whether a tray is an empty tray by using a first method according to an embodiment of
the present disclosure.

[96] As shown in FIG. 4, the method includes the following operations.

[97]In operation S401, a difference value between a pixel in the image of the
to-be-recognized tray and a corresponding pixel in the valid empty tray reference
image for the image of the to-be-recognized tray is calculated pixel by pixel using a
difference image method, and a sum of absolute values of respective difference values
are calculated or a sum of squares of the respective difference values are calculated.
[98]1In operation S403, it is determined whether the calculated sum is greater than or

equal to a third predetermined threshold.
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[99]In a case that the calculated sum is greater than or equal to the third
predetermined threshold, the process proceeds to operation S405, where the tray is
determined not to be an empty tray.

[100] In a case that the calculated sum is smaller than the third predetermined
threshold, the process proceeds to operation S407, where the tray is determined to be
an empty tray.

[101] FIG. 5 schematically shows a flow chart of a second embodiment of
determining whether a tray is an empty tray by using the first method according to an
embodiment of the present disclosure.

[102]  As shown in FIG. 5, the method includes the following operations.

[103] In operation S501, a large number of empty tray images and non-empty tray
images are selected from a database in the memory of the central processing unit 102,
where the database is for storing empty tray images and non-empty tray images.

[104] In operation S503, images of the empty trays captured at different time
instants are selected and combined in pairs, and labels of such combinations are set as
1, so as to form a large number of first training samples with label 1.

[105] In operation S505, images of non-empty trays and empty trays captured at
different time instants are selected and combined in pairs, and labels of such
combinations are set as 0, so as to form a large number of second training samples
with label 0.

[106] In operation S507, a first recognition model is trained based on the first
training samples and the second training samples.

[107]  When the image of the to-be-recognized tray is obtained, in operation S511,
it is determined whether the image of the to-be-recognized tray is an empty tray image
or a non-empty tray image based on the first recognition model.

[108] In a case that the image is determined to be an empty tray image, the process
proceeds to operation S513, where the to-be-recognized tray is determined to be an
empty tray, and the empty tray image is stored in the database for performing
operations in operations S503 to S507, so as to continuously update the first

recognition model.
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[109] In a case that the image is determined to be a non-empty tray image, the
process proceeds to operation S515, where the to-be-recognized tray is determined to
be a non-empty tray, and the non-empty tray image is stored in the database for
performing operations in operations S503 to S507, so as to continuously update the
first recognition model.

[110] In an example, training data includes 20,000 pairs of first training samples
with label 1, and 50,000 pairs of second training samples with label O; and test data
includes 10,000 pairs of data with label 1, and 10,000 pairs of data with label 0. A
deep learning classification network based on VGG16 is used for classification, and
the training model may accurately distinguish between empty trays and non-empty
trays. This method takes about 50 ms on TITANX and 250 ms on a CPU of Inter
17-6500U.

[111] In the exemplary embodiments, the empty tray images are combined in pairs
to form the first training samples whose labels are set as 1, and the empty tray images
and the non-empty tray images are combined in pairs and their labels are set as O,
however, those skilled in the art should understand that the non-empty tray images
may be combined in pairs with their labels being set as 0, while the non-empty tray
images and the empty tray images may be combined in pairs with their labels being
set as 1, as required.

[112] In other embodiments, more diverse combinations may be implemented as
required, and more types of labels may be set accordingly.

[113] FIG. 6 schematically shows a flow chart of a first embodiment of
determining whether a tray is an empty tray by using a second method according to an
embodiment of the present disclosure.

[114]  As shown in FIG. 6, the method includes the following operations.

[115] In operation S601, the image of the to-be-recognized tray is binarized so as to
obtain a binarized image.

[116] In an exemplary embodiment, the binarization process is performed using an
adaptive threshold binarization method. Those skilled in the art should understand that

the binarization processing may be performed by any method that is known to those
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skilled in the art or any method that will be developed in the future.

[117] In operation S603, a pixel sum of pixels in the binarized image is calculated.
[118] In operation S605, it is determined whether the calculated pixel sum is
greater than or equal to a fourth predetermined threshold.

[119] In a case that the calculated pixel sum is greater than or equal to the fourth
predetermined threshold, the process proceeds to operation S607, where the tray is
determined not to be an empty tray.

[120] In a case that the calculated pixel sum is less than the fourth predetermined
threshold, the process proceeds to operation S609, where the tray is determined to be
an empty tray.

[121] FIG. 7 schematically shows a flow chart of a second embodiment of
determining whether a tray is an empty tray by using the second method according to
an embodiment of the present disclosure.

[122]  As shown in FIG. 7, the method includes the following operations.

[123] In operation S701, a large number of empty tray images and a large number
of non-empty tray images are selected from the database.

[124] In operation S703, the selected empty tray images are taken as third training
samples, and the selected non-empty tray images are taken as fourth training samples.
[125] In operation S705, a second recognition model is trained based on the third
training samples and the fourth training samples.

[126] When the image of the to-be-recognized tray is obtained, in operation S707,
it is determined whether the image of the to-be-recognized tray is an empty tray based
on the second recognition model.

[127] In a case that the image is determined to be an empty tray image, the process
proceeds to operation S709, and the process returns to S701 from operation S709, so
as to apply a new empty tray image in a subsequent model training process, thereby
continuously updating the second recognition model.

[128] In a case that the image is determined to be a non-empty tray image, the
process proceeds to operation S711, and the process returns to S701 from operation

S711, so as to apply a new non-empty tray image in a subsequent model training
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process, thereby continuously updating the second recognition model.

[129] In an example, an Alexnet training algorithm may be used to train the second
recognition model. In the example, the training data includes 20,000 empty tray
images and 20,000 non-empty tray images; and the test data includes 5,000 empty
trays and 5,000 non-empty trays, where the training set and the test set do not overlap.
The accuracy of the classification in a test reaches 99.9%, and it takes 4 ms on TITAN
920M and 150 ms on a CPU of Inter i17-6500U.

[130] The above describes determining whether the to-be-recognized tray is an
empty tray by using different methods based on the image of the to-be-recognized
tray and/or the valid empty tray reference image.

[131] It is noted that those skilled in the art should understand that the above
recognition that is based on the image of the to-be-recognized tray and/or the valid
empty tray reference image is implemented based on a matching between
corresponding pixels. Any technology that is known in the art or that will be
developed in the future may be used as a method or an algorithm for achieving the
matching between pixels.

[132] In an exemplary embodiment, a region of interest ROI (e.g., a region
surrounded by a rim of the tray) may be further obtained in the image of the
to-be-recognized tray and the valid empty tray reference image, so as to more
accurately recognize whether the tray is an empty tray.

[133] Exemplarily, the ROI region may be obtained by using one or more of
methods such as an edge detection method, an adaptive threshold binarization method,
a template matching method, an image gradient operation method, and a deep learning
method.

[134] Exemplarily, in a case that the edge detection is used, an edge of the tray and
a rotation angle of the tray is first determined by detecting the edge of the tray, and
then the ROI region of the tray is captured accurately after the tray is rotated to a right
position and moved to a fixed position. When the tray is an empty tray, the accuracy
of the detection of this method reaches 100%. When the tray is not an empty tray, this

method may accurately detect a region of the tray unless the edge of the tray is
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blocked. When the edge of the tray is blocked, that the tray position is not accurately
detected will cause the captured ROI region to include a region outside the tray, which
may make it easy to be recognized as a non-empty tray in the subsequent recognition
process. A running time of this method on a CPU of Inter i7-6500U is only 20 ms to
30 ms, which has a very low time consumption.

[135] Exemplarily, in a case that the deep learning is used, accurate positions of
trays in 5000 images are first manually delineated for training, and then a tray
detection algorithm is trained using a yolov2 algorithm or a Faster Rcnn algorithm,
thereby obtaining a model for recognizing the ROI region. After an image region is
obtained, an ROI of the image is accurately captured. On TITAN 1080TI, it takes
about 150 ms using a tray detection module of a Faster Rcnn model, and it takes about
40 ms using the yolov2 algorithm for tray detection.

[136] Exemplarily, in a case that the adaptive threshold binarization is used, the
ROI region may be easily recognized in the binarized image.

[137]  After the ROI region is obtained, it may be determined whether the image to
be recognized is an empty tray image based on the ROI region and/or the valid empty
tray reference image according to the operations described above.

[138] In an exemplary embodiment, after the ROI region is obtained, the ROI
region may be rotated to a position consistent with a position of an empty tray in the
valid empty tray reference image, so that the ROI region is aligned with a tray region
in the valid empty tray reference image.

[139] In an exemplary embodiment, as described above, the central processing unit
102 raises an alarm when the tray is fixed in the signal collection area without moving,
with a fixed time exceeding the first predetermined time period.

[140] In an exemplary embodiment, in a case that the light intensity is excessively
strong, someone blocks the light, or the like, an empty tray image may be wrongly
determined as a non-empty tray image. At this time, the empty tray image will be
fixed in the signal collection area without moving, resulting in an alarm being raised.
[141] In this case, a manual intervention is required regardless of whether the first

method or the second method is used.
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[142] At this time, a manual determination is required to determine whether the
to-be-recognized tray is an empty tray. In a case that an image shows that the tray is
an empty tray, the image corresponding to the tray is determined to be an empty tray
reference image and stored, so as to be used for subsequent recognition.

[143]  On this basis, when a similar image is obtained since the light intensity is
excessively strong, someone blocks the light, or the like, it may be determined to be
an empty tray image based on the reference empty tray image determined through the
manual intervention, thereby reducing the number of the manual interventions.

[144] FIG. 8 schematically shows a block diagram of an apparatus for detecting an
empty tray according to an embodiment of the present disclosure.

[145] As shown in FIG. 8, an empty tray recognition device 1000 may include an
image collection module 1001 and a recognition module 1002.

[146] The image collection module 1001 may be configured to collect an image of
a to-be-recognized tray.

[147] The recognition module 1002 may be configured to perform the following
operations: receiving the image of the to-be-recognized tray from the image collection
module; determining, for the image, whether a valid empty tray reference image for
the image is present in the recognition module, where the valid empty tray reference
image for the image may be an empty tray image within a time period from a time
instant, an interval between which and a receiving time of the image is a first
predetermined threshold, to the receiving time of the image; by using a first method,
determining whether the tray corresponding to the image is an empty tray based on
the image and/or the valid empty tray reference image for the image, in response to a
presence of the valid empty tray reference image for the image; and by using a second
method different from the first method, determining whether the tray corresponding to
the image is an empty tray based on the image alone, in response to a presence of the
valid empty tray reference image for the image. In a case that the tray is determined to
be an empty tray, the image corresponding to the empty tray is determined to be a new
valid empty tray reference image.

[148] In an exemplary embodiment, the empty tray recognition device 1000 may
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further include: a distance measurement module; a detection module configured to
determine whether a valid empty tray reference image is present; a comparison and
recognition module configured to perform the first method to determine whether the
tray is an empty tray; a single image recognition module configured to determine
whether the tray is an empty tray using the second method; and an alarm unit
configured to raise an alarm when the tray is not an empty tray and the time the tray
stays in the signal collection area exceeds the first predetermined time period, etc.
[149]  As required, the empty tray recognition device 1000 may further include
other units or modules configured to perform the above respective operations
correspondingly.

[150] For the sake of clarity and conciseness, the respective modules and the
corresponding operations performed by them will not be repeated here again.

[151] The functions of a plurality of modules according to the embodiments of the
present disclosure may be implemented within one module. A module according to
the embodiments of the present disclosure may be implemented by splitting it into a
plurality of modules. A module according to the embodiments of the present
disclosure may be implemented, at least in part, as a hardware circuit, such as a field
programmable gate array (FPGA), a programmable logic array (PLA), a
system-on-chip, a system-on-substrate, a system-on-package, and an application
specific integration circuit (ASIC), or may be implemented by a hardware or a
firmware that integrating or encapsulating a circuit in any other reasonable manners,
or may be implemented in any one of the three implementation manners of software,
hardware and firmware, or in an appropriate combination of any of them.
Alternatively, a module according to the embodiments of the present disclosure may
be implemented, at least in part, as a computer program module which, when
executed, may perform corresponding functions.

[152] According to the embodiments of the present disclosure, at least one of the
above modules may be implemented, at least in part, as a hardware circuit, such as a
field programmable gate array (FPGA), a programmable logic array (PLA), a

system-on-chip, a system-on-substrate, a system-on-package, and an application

23



specific integration circuit (ASIC), or may be implemented by a hardware or a
firmware that integrating or encapsulating a circuit in any other reasonable manners,
or may be implemented to be any one of the three implementation manners of
software, hardware and firmware, or in any appropriate combination of any of them.
Alternatively, at least one of the above modules may be implemented, at least in part,
as a computer program module which, when executed, may perform corresponding
functions.

[153] FIG. 9 schematically shows a block diagram of an electronic device
applicable for implementing the above method for recognizing an empty tray
according to an embodiment of the present disclosure as described above. The
electronic device shown in FIG. 9 is only an example, and not construed as limiting
the functions and the scope of use of the embodiments of the present disclosure.

[154] As shown in FIG. 9, the electronic device 900 according to an embodiment
of the present disclosure includes a processor 901 which may perform various
appropriate operations and processes according to a program stored in a read only
memory (ROM) 902 or a program loaded into a random access memory (RAM) 903
from a storage portion 808. The processor 901 may include, for example, a
general-purpose microprocessor (e.g., a CPU), an instruction set processor and/or a
related chipset, and/or a special-purpose microprocessor (e.g., an application specific
integrated circuit (ASIC)), etc. The processor 901 may further include an on-board
memory for a caching purpose. The processor 901 may include a single processing
unit or a plurality of processing units for performing different operations of a method
flow according to the embodiments of the present disclosure.

[155] Inthe RAM 903, various programs and data necessary for an operation of the
electronic device 900 are stored. The processor 901, the ROM 902, and the RAM 903
are connected to one another via a bus 904. The processor 901 performs various
operations of the method flow according to the embodiments of the present disclosure
by executing programs in the ROM 902 and/or the RAM 903. It is noted that the
programs may also be stored in one or more memories other than the ROM 902 and

the RAM 903. The processor 901 may also perform various operations of the method

24



flow according to the embodiments of the present disclosure by executing the
programs stored in the one or more memories.

[156] According to an embodiment of the present disclosure, the electronic device
900 may further include an input/output (I/O) interface 905, which is also connected
to the bus 904. The electronic device 900 may further include one or more of the
following components connected to the I/O interface 905: an input portion 906
including a keyboard, a mouse, etc.; an output portion 907 including a cathode ray
tube (CRT), a liquid crystal display (LCD), a speaker, etc.; a storage portion 908
including a hard disk, etc.; and a communication portion 909 including a network
interface card such as a LAN card and a modem. The communication portion 909
performs a communication processing via a network such as the Internet. A drive 910
is further connected to the I/O interface 905 as required. A removable medium 911,
such as a magnetic disk, an optical disk, a magneto-optical disk, and a semiconductor
memory, is installed on the drive 910 as required, so that a computer program read
therefrom is installed into the storage portion 908 as required.

[157] According to an embodiment of the present disclosure, the method flow
according to the embodiments of the present disclosure may be implemented as a
computer software program. For example, according to an embodiment of the present
disclosure, a computer program product including a computer program carried on a
computer-readable storage medium is provided, where the computer program includes
program codes for performing the method shown in the flowchart. In such an
embodiment, the computer program may be downloaded and installed from a network
via the communication portion 909, and/or installed from the removable medium 911.
When the computer program is executed by the processor 901, the above functions
defined in the system of the embodiments of the present disclosure are performed.
According to the embodiments of the present disclosure, the systems, the apparatus,
the device, the modules, the units, etc. described above may be implemented by
computer program modules.

[158] The present disclosure further provides a computer-readable storage medium.

The computer-readable storage medium may be included in the
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apparatus/device/system described in the above embodiments, or it may exist
separately without being assembled into the apparatus/device/system. The above
computer-readable storage medium carries one or more programs, which, when
executed, implement the method according to the embodiments of the present
disclosure.

[159] According to an embodiment of the present disclosure, the
computer-readable storage medium may be a non-volatile computer-readable storage
medium, including but not limited to, a portable computer disk, a hard disk, a random
access memory (RAM), a read only memory (ROM), an erasable programmable read
only memory (EPROM or flash memory), a portable compact disk read only memory
(CD-ROM), an optical storage devices, and a magnetic storage device, or any
appropriate combination of thereof. In the present disclosure, a computer-readable
storage medium may be any tangible medium which contains or stores a program that
may be used by or in combination with an instruction execution system, an apparatus,
or a device. For example, according to an embodiment of the present disclosure, a
computer-readable storage medium may include one or more memories other than the
ROM 902 and/or the RAM 903 and/or the ROM 902 and the RAM 903 described
above.

[160] The flowcharts and block diagrams in the figures illustrate the system
architecture, the functions, and the operations that may be implemented by the
systems, the methods and the computer program products according to various
embodiments of the present disclosure. In this regard, each block in the flowcharts or
the block diagrams may represent a module, a program segment, or a part of codes,
which include one or more executable instructions for implementing specified logical
functions. It should also be noted that, in some alternative implementations, the
functions noted in the blocks may occur in an order different from that noted in the
figures. For example, two blocks shown in a successive manner may actually be
performed substantially concurrently, or they may also be performed in a reverse
order sometimes, depending on the function involved. It is also noted that each block

in the block diagrams or the flowcharts, and combinations of blocks in the block
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diagrams or the flowcharts may be implemented in a dedicated hardware-based
system that performs a specified function or operation, or may be implemented using
a combination of a dedicated hardware and computer instructions.

[161] Those skilled in the art could understand that features recited in respective
embodiments and/or claims of the present disclosure may be combined and/or
integrated in a variety of ways, even if such combinations or integrations are not
expressly recited in the present disclosure. In particular, features recited in respective
embodiments and/or claims of the present disclosure may be combined and/or
integrated in a variety of ways without departing from the spirit and teaching of the
present disclosure. All such combinations and/or incorporations will fall within the
scope of the present disclosure.

[162] Embodiments of the present disclosure are described above. However, such
embodiments are only for illustrative purposes, and are not construed as limiting the
scope of the present disclosure. Although the embodiments are described above
respectively, this does not mean that measures in the respective embodiments cannot
be advantageously used in combination. The scope of the present disclosure is defined
by the appended claims and the equivalents thereof. Various substitutions and
modifications may be made by those skilled in the art without departing from the
scope of the present disclosure, and such substitutions and modifications should all

fall within the scope of the present disclosure.
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What is claimed is:

1. A method for recognizing an empty tray, comprising:

receiving an image of a to-be-recognized tray from an image collection
module;

determining, for the image, whether a valid empty tray reference image
for the image is present in a recognition module;

determining, by using a first method, whether the to-be-recognized tray
corresponding to the image is an empty tray based on the image and/or the valid
empty tray reference image for the image, in response to a presence of the valid empty
tray reference image for the image; and

determining, by using a second method different from the first method,
whether the to-be-recognized tray corresponding to the image is an empty tray based
on the image alone, in response to an absence of the valid empty tray reference image
for the image, wherein

in a case that the tray is determined to be an empty tray, an image
corresponding to the empty tray is determined to be a new valid empty tray reference

image.

2. The method for recognizing an empty tray according claim 1, wherein
the valid empty tray reference image for the image is an empty tray image within a
time period from a time instant, an interval between which and a receiving time of the

image is a first predetermined threshold, to the receiving time of the image.

3. The method for recognizing an empty tray according claim 1, further
comprising:

measuring, by using a distance measurement unit, a distance from the
distance measurement unit to a bottom surface of the to-be-recognized tray or to a
highest point of an upper surface of an item in the to-be-recognized tray in a vertical

direction;
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determining the to-be-recognized tray not to be an empty tray in
response to the distance being less than a second predetermined threshold; and
determining the to-be-recognized tray to be an empty tray in response to

the distance being equal to the second predetermined threshold.

4. The method for recognizing an empty tray according claim 3, further
comprising:

initiating an operation of determining whether a valid empty tray
reference image for the image is present in the recognition module, when the
to-be-recognized tray is determined to be an empty tray in response to the distance

being equal to the second predetermined threshold.

5. The method for recognizing an empty tray according claim 1, wherein
the determining, by using a first method, whether the to-be-recognized tray
corresponding to the image is an empty tray based on the image and/or the valid
empty tray reference image for the image comprises:

calculating a difference value between each pixel in the image and a
corresponding pixel in the valid empty tray reference image for the image, and
calculating a sum of absolute values of respective difference values or a sum of
squares of the respective difference values;

determining the to-be-recognized tray corresponding to the image not to
be an empty tray in response to the sum being greater than or equal to a third
predetermined threshold; and

determining the to-be-recognized tray corresponding to the image to be
an empty tray in response to the sum being less than the third predetermined

threshold.

6. The method for recognizing an empty tray according claim 1, wherein
the determining, by using a first method, whether the to-be-recognized tray

corresponding to the image is an empty tray based on the image and/or the valid
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empty tray reference image for the image comprises:

combining a large number of empty tray images obtained at different
time instants in pairs, and combining a large number of empty tray images obtained at
different time instants and a large number of non-empty tray images obtained at
different time instants in pairs, so as to obtain a first sample set and a second sample
set;

performing a deep learning method based on the first sample set and the
second sample set, so as to obtain a first recognition model; and

determining whether the to-be-recognized tray corresponding to the

image is an empty tray using the first recognition model.

7. The method for recognizing an empty tray according claim 1, wherein
the determining, by using a second method different from the first method, whether
the to-be-recognized tray corresponding to the image is an empty tray based on the
image alone comprises:

binarizing the image to obtain a binarized image;

calculating a pixel sum of pixels in the binarized image;

determining the to-be-recognized tray corresponding to the image to be
an empty tray in response to the pixel sum being less than a fourth predetermined
threshold; and

determining the to-be-recognized tray corresponding to the image not to
be an empty tray in response to the pixel sum being greater than or equal to the fourth

predetermined threshold.

8. The method for recognizing an empty tray according claim 1, wherein
the determining, by using a second method different from the first method, whether
the to-be-recognized tray corresponding to the image is an empty tray based on the
image alone comprises:

taking a large number of empty tray images obtained at different time

instants and a large number of non-empty tray images obtained at different time
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instants as a third sample set and a fourth sample set;

performing a deep learning method based on the third sample set and the
fourth sample set, so as to obtain a second recognition model; and

determining whether the to-be-recognized tray corresponding to the

image is an empty tray using the second recognition model.

9. The method for recognizing an empty tray according claim 1, further
comprising:

obtaining a region of interest ROI in the image using a third method;
and

determining, by using the first method or the second method, whether
the to-be-recognized tray corresponding to the image is an empty tray based on the
ROI, or based on both the ROI and the valid empty tray reference image for the

image.

10. The method for recognizing an empty tray according claim 9, wherein
the third method comprises:
edge detection, adaptive threshold binarization, template matching,

image gradient operation, and deep learning.

11. An apparatus for recognizing an empty tray, comprising:
an image collection module configured to collect an image of a
to-be-recognized tray; and
a recognition module configured to perform following operations:
receiving the image of the to-be-recognized tray from the
image collection module;
determining, for the image, whether a valid empty tray
reference image for the image is present in the recognition module;
determining, by wusing a first method, whether the

to-be-recognized tray corresponding to the image is an empty tray based
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on the image and/or the valid empty tray reference image for the image,
in response to a presence of the valid empty tray reference image for the
image; and

determining, by using a second method different from the first
method, whether the to-be-recognized tray corresponding to the image is
an empty tray based on the image alone, in response to an absence of the
valid empty tray reference image for the image, wherein

in a case that the tray is determined to be an empty tray, an
image corresponding to the empty tray is determined to be a new valid

empty tray reference image.

12. An electronic device, comprising:
one or more processors; and
a memory configured to store one or more programs, wherein
the one or more programs, when executed by the one or more processors,

cause the one or more processors to implement the method according to claim 1.

13. A computer-readable storage medium having executable instructions

stored thereon, wherein the instructions, when executed by a processor, cause the

processor to implement the method according to claim 1.
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