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METHODS, SYSTEMS, AND COMPUTER-READABLE STORAGE MEDIUMS FOR DETECTING
STATE OF SIGNAL LIGHT

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority of Chinese Patent Application No.202110939496.9, filed on

August 16, 2021, the contents of which are entirely incorporated herein by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to the field of image processing technology, and in particular

to, methods and systems for detecting a state of a signal light.

BACKGROUND

[0003] In the scene of intelligent traffic control, the detection technology of signal lights is very
important. However, in order to identify information such as a vehicle type, a vehicle color, a
license plate number, a face in the vehicle, etc. at the same time, existing image acquisition devices
require a long exposure time for video streams and captured images, which may make pixel values
of a signal light area oversaturated, and color of a red light more like yellow or white, which is similar
to color of a yellow light, thereby making it difficult to distinguish the red light from the yellow light.
[0004] Therefore, it is desirable to provide methods, devices, computer-readable storage mediums
for detecting a signal light, which can improve the accuracy of determination of a signal light state,
reduce false detection, improve the adaptability of state detection technology scenarios and control

the cost at the same time.

SUMMARY

[0005] One of the embodiments of the present disclosure provides a method for detecting a signal
light. The method for detecting a signal light may include: obtaining a first image and a second
image previous to the first image in time sequence, wherein both the first image and the second
image include a same target signal light; determining, based on the first image, a first state of the
target signal light in the first image; determining, based on the second image and the first image, a
second state of the target signal light in the first image; and determining, based on the first state and
the second state, a target state of the target signal light at a time point when the first image is

captured.
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[0006] One of the embodiments of the present disclosure provides a device for detecting a signal
light. The device for detecting a signal light may include a processor, a storage, and a
communication circuit. The processor may be respectively coupled to the storage and the
communication circuit. Program data may be stored in the storage. The processor may
implement the method for detecting a signal light by executing the program data in the storage.
[0007] One of the embodiments of the present disclosure provides a computer-readable storage
medium storing computer programs. The computer programs may be executed by a processor to

implement the method for detecting a signal light.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The present disclosure is further illustrated in terms of exemplary embodiments. These
exemplary embodiments are described in detail with reference to the drawings. These
embodiments are non-limiting exemplary embodiments, in which like reference numerals represent
similar structures, and wherein:

[0009] FIG. 1is a schematic diagram illustrating an exemplary application scenario of a system for
detecting a state of a signal light according to some embodiments of the present disclosure;

[0010] FIG. 2 is a schematic diagram illustrating an exemplary device for detecting a signal light
according to some embodiments of the present disclosure;

[0011] FIG. 3 is a schematic diagram illustrating an exemplary computer-readable storage medium
according to some embodiments of the present disclosure;

[0012] FIG. 4 is a flowchart illustrating an exemplary process for detecting a state of a signal light
according to some embodiments of the present disclosure;

[0013] FIG. 5is a flowchart illustrating an exemplary process for detecting another signal light
according to some embodiments of the present disclosure;

[0014] FIG. 6 is a flowchart illustrating an exemplary process for determining a target state based
on a first confidence level and a second confidence level according to some embodiments of the
present disclosure;

[0015] FIG. 7 is a flowchart illustrating an exemplary process for correcting a first confidence level
or a second confidence level according to some embodiments of the present disclosure;

[0016] FIG. 8 is a flowchart illustrating an exemplary process for obtaining a reference position

according to some embodiments of the present disclosure;
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[0017] FIG. 9 is a flowchart illustrating an exemplary process for obtaining a clustering result
according to some embodiments of the present disclosure;

[0018] FIG. 10 is a schematic diagram illustrating an exemplary method for detecting a state of a
signal light according to some embodiments of the present disclosure;

[0019] FIG. 11 is a block diagram illustrating an exemplary processing device for detecting a state
of a signal light according to some embodiments of the present disclosure; and

[0020] FIG. 12 is a schematic diagram illustrating an exemplary first or second machine learing

model according to some embodiments of the present disclosure.

DETAILED DESCRIPTION

[0021] In order to more clearly illustrate the technical solutions related to the embodiments of the
present disclosure, a brief introduction of the drawings referred to the description of the
embodiments is provided below. Obviously, the drawings described below are only some examples
or embodiments of the present disclosure. Those having ordinary skills in the art, without further
creative efforts, may apply the present disclosure to other similar scenarios according to these
drawings. Unless obviously obtained from the context or the context illustrates otherwise, the same
numeral in the drawings refers to the same structure or operation.

[0022] It should be understood that the “system,” “device,” “unit,” and/or “module” used herein are
one method to distinguish different components, elements, parts, sections, or assemblies of different
levels. However, if other words can achieve the same purpose, the words can be replaced by other
expressions.

»

[0023] As used in the disclosure and the appended claims, the singular forms “a,” “an,” and “the”

include plural referents unless the content clearly dictates otherwise; the plural forms may be

» "

intended to include singular forms as well. In general, the terms “comprise,” "comprises,” and/or

“comprising,” “include,” “includes,” and/or “including,” merely prompt to include steps and elements
that have been clearly identified, and these steps and elements do not constitute an exclusive listing.
The methods or devices may also include other steps or elements.

[0024] The flowcharts used in the present disclosure illustrate operations that the system
implements according to the embodiment of the present disclosure. It should be understood that

the foregoing or following operations may not necessarily be performed exactly in order. Instead,

the operations may be processed in reverse order or simultaneously. Besides, one or more other
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operations may be added to these processes, or one or more operations may be removed from
these processes.

[0025] FIG. 1is a schematic diagram illustrating an exemplary a system for detecting a state of a
signal light according to some embodiments of the present disclosure. As illustrated in FIG. 1, the
system for detecting a state of a signal light (also referred to as a detection system) 100 may include
a processing device 110, a network 120, an image acquisition device 130, a terminal device 140,
and a storage device 150.

[0026] The processing device 110 may process data and/or information obtained from the image
acquisition device 130, the terminal device 140, and the storage device 150. For example, the
processing device 110 may obtain images or videos of a target signal light captured by the image
acquisition device 130 (e.g., a first image and a second image acquired before the firstimage). The
processing device 110 may determine a first state of the target signal light in one of the images (e.g.,
the first image) based on the one of the images (e.g., the firstimage).. As another example, the
processing device 110 may determine a second state of the target signal light in the one of the
images (e.g., the first image)based on at least two of the images (e.g., the first image and the
second image), and determine a target state of the target signal light at a time point when the one of
the images (e.g., the first image) is acquired by the image acquisition device 130. In some
embodiments, the processing device 110 may be a single server or a server group. The server
group may be centralized or distributed (e.g., the processing device 110 may be a distributed
system). In some embodiments, the processing device 110 may be local or remote. For example,
the processing device 110 may access information and/or data stored in or acquired by the image
acquisition device 130, the terminal device 140, and/or the storage device 150 via the network 120.
As another example, the processing device 110 may be directly connected to the image acquisition
device 130, the terminal device 140, and/or the storage device 150 to access stored or acquired
information and/or data. In some embodiments, the processing device 110 may be implemented on
a cloud platform. Merely by way of example, the cloud platform may include a private cloud, a
public cloud, a hybrid cloud, a community cloud, a distributed cloud, an inter-cloud, a multi-cloud, or
the like, or any combination thereof.

[0027] In some embodiments, the processing device 110 may be implemented by a computing
device (e.g., a computing device including a processor, a storage, an input/output (I/O), and a

communication port) or a mobile device (e.g., a mobile device including a communication platform, a
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display, a graphic processing unit (GPU), a central processing unit (CPU), an I/O, a memory, and a
storage.

[0028] The image acquisition device 130 may include a camera, a video recorder, an image
sensor, etc. The image acquisition device 130 may include a gun image acquisition device, a dome
image acquisition device, an integrated image acquisition device, a monocular image acquisition
device, a binocular image acquisition device, a multi-view image acquisition device, a visible light
image acquisition device, a thermal imaging image acquisition device, or the like, or any combination
thereof. The video recorder may include a PC digital video recorder (DVR), an embedded DVR, a
visible light DVR, a thermal imaging DVR, or the like, or any combination thereof. The image
sensor may include a charge coupled device (CCD) image sensor, a complementary metal oxide
semiconductor (CMOS) image sensor, or the like, or any combination thereof. The image
acquisition device 130 may be configured to capture one or more images or videos. In some
embodiments, the image acquisition device 130 may include a binocular camera having two camera
components. As used herein, a camera component may be a single camera including a lens unit,
an image sensor unit, and/or one or more other units (e.g., a processor, a controller, etc.). In some
embodiments, the two camera components may capture images or videos simultaneously or not.
For example, one of the two camera components can be turned on while the other one can be
turned off or on standby. In some embodiments, the two camera components may include the
same or different cameras to adapt to different needs. For example, the two camera components
may be implemented in the same configuration and may be used cooperatively to achieve a
relatively wide shooting range. As another example, one camera component may include a
telephoto camera, and the other one may include a wide-angle camera. A shooting range of the
telephoto camera may be within a shooting range of the wide-angle camera. The wide-angle
camera may have a relatively wide shooting range and provide coarse information of a relatively
large area. The telephoto camera may have a relatively narrow shooting range and provide
detailed information of a relatively small area (e.g., an area of interest within a relatively large area).
In such cases, a fused image or video may be generated by fusing the images or videos acquired by
the two camera components. The fused image or video may include both coarse information of a
relatively large area and detailed information of an area of interest within the relatively large area.

In some embodiments, the image acquisition device 130 may transmit the acquired images or videos

to one or more components (e.g., the processing device 110, the terminal device 140, and/or the
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storage device 150) of the detection system 100 via the network 120.
[0029] The network 120 may facilitate the exchange of information and/or data for the detection
system 100. In some embodiments, one or more components (e.g., the processing device 110, the
image acquisition device 130, the terminal device 140, or the storage device 150) of the detection
system 100 may communicate information and/or data with one or more other components of the
detection system 100 via the network 120. For example, the processing device 110 may
obtain/acquire images from the image acquisition device 130 via the network 120. As another
example, the image acquisition device 130 may transmit images to the storage device 150 for
storage via the network 120. In some embodiments, the network 120 may be any type of wired or
wireless network, or combination thereof. In some embodiments, the network 120 may include one
or more network access points. For example, the network 120 may include wired and/or wireless
network access points such as base stations and/or internet exchange points through which one or
more components of the detection system 100 may be connected to the network 120 to exchange
data and/or information.
[0030] The terminal device 140 may be configured to receive information and/or data from the
processing device 110, the image acquisition device 130, and/or the storage device 150 via the
network 120. For example, the terminal device 140 may receive images and/or videos from the
image acquisition device 130. As another example, the terminal device 140 may transmit
instructions to the image acquisition device 130 and/or the processing device 110. In some
embodiments, the terminal device 140 may include a mobile device 140-1, a computer 140-2, a
wearable device 140-3, or the like, or any combination thereof. In some embodiments, the terminal
device 140 may include a display that can display information in a human-readable form, such as
text, image, audio, video, graph, animation, or the like, or any combination thereof. The display of
the terminal device 140 may include a cathode ray tube (CRT) display, a liquid crystal display (LCD),
a light-emitting diode (LED) display, a plasma display panel (PDP), a three dimensional (3D) display,
or the like, or a combination thereof. In some embodiments, the terminal device 140 may be
connected to one or more components (e.g., the processing device 110, the image acquisition
device 130, and/or the storage device 150) of the detection system 100 via the network 120.
[0031] The storage device 150 may be configured to store data and/or instructions. The data
and/or instructions may be obtained from, for example, the processing device 110, the image

acquisition device 130, and/or any other component of the detection system 100. In some
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embodiments, the storage device 150 may store data and/or instructions that the processing device
110 may execute or use to perform exemplary methods described in the present disclosure. In
some embodiments, the storage device 150 may include a mass storage device, a removable
storage device, a volatile read-and-write memory, a read-only memory (ROM), or the like, or any
combination thereof. In some embodiments, the storage device 150 may be implemented on a
cloud platform. Merely by way of example, the cloud platform may include a private cloud, a public
cloud, a hybrid cloud, a community cloud, a distributed cloud, an inter-cloud, a multi-cloud, or the
like, or any combination thereof.

[0032] In some embodiments, the storage device 150 may be connected to the network 120 to
communicate with one or more other components (e.g., the processing device 110, the image
acquisition device 130, or the terminal device 140) of the detection system 100. One or more
components in the detection system 100 may access the data or instructions stored in the storage
device 150 via the network 120. In some embodiments, the storage device 150 may be directly
connected to or communicate with one or more components (e.g., the processing device 110, the
image acquisition device 130, or the terminal device 140) of the detection system 100. In some
embodiments, the storage device 150 may be part of another component of the detection system
100, such as the processing device 110, the image acquisition device 130, or the terminal device
140.

[0033] It should be noted that the above description is merely provided for the purposes of
illustration, and not intended to limit the scope of the present disclosure. For persons having
ordinary skills in the art, multiple variations and modifications may be made under the teachings of
the present disclosure. However, those variations and modifications do not depart from the scope
of the present disclosure. In some embodiments, the detection system 100 may include one or
more additional components and/or one or more components of the detection system 100 described
above may be omitted. Additionally or alternatively, two or more components of the detection
system 100 may be integrated into a single component. A component of the detection system 100
may be implemented on two or more sub-components.

[0034] FIG. 2 is a schematic diagram illustrating exemplary hardware and/or software components
of an exemplary computing device 200 according to some embodiments of the present disclosure.
In some embodiments, the processing device 110 may be implemented on the computing device

200. For example, the processing device 110 may be implemented on the computing device 200
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and configured to perform methods as disclosed in this disclosure. It should be noted that the
description of the computing device 200 in FIG. 2 is intended to be illustrative, and not to limit the
scope of the present disclosure. For example, the detection device 200 may be any device with an
image processing function, such as a mobile phone, a desktop computer, a tablet computer, etc.,
which is not limited herein.
[0035] As illustrated in FIG. 2, the computing device 200 may include at least one processor 210,
at least one storage device 220, a communication circuit 230, or the like, or any combination thereof.
[0036] The communication circuit 230 may be configured to connect other components in the
computing device 200 (e.g., the processors 210, the storage device 220, etc.). The communication
circuit 230 may represent one or more bus structures. Exemplary bus structures may include a
memory bus, a memory controller, a peripheral bus, a graphical acceleration port, a processor, or a
local bus that uses any of several bus structures. For example, these bus structures may include
an industry standards architecture (ISA) bus, a microchannel architecture (MAC) bus, an enhanced
ISA bus, a video electronics standards association (VESA) local bus, a peripheral component
interconnection (PCI) bus, or the like, or any combination thereof.
[0037] The at least one processor 210 may execute computer instructions (e.g., program codes)
and perform functions of the processing device 110 in accordance with techniques described herein.
The computer instructions may include, for example, routines, programs, objects, components, data
structures, procedures, modules, etc., which perform particular functions described herein. For
example, the at least one processor 210 may process data obtained from the processing device 110,
the image acquisition device 130, the terminal device 140, the storage device 150, and/or any other
component of the detection system 100.
[0038] Merely for illustration, only one processor is described in the computing device 200.
However, it should be noted that the computing device 200 in the present disclosure may also
include multiple processors, thus operations and/or method steps that are performed by one
processor as described in the present disclosure may also be jointly or separately performed by the
multiple processors. For example, if in the present disclosure the processor of the computing
device 200 executes both operation A and operation B, it should be understood that operation A and
operation B may also be performed by two or more different processors jointly or separately in the
computing device 200 (e.g., a first processor executes operation A and a second processor executes

operation B, or the first and second processors jointly execute operations A and B).
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[0039] The at least one storage device 220 may store data/information obtained from the
processing device 110, the image acquisition device 130, the terminal device 140, the storage
device 150, and/or any other component of the detection system 100. The storage device 220 may
include a computer readable medium in the form of a volatile memory, such as a random access
memory (RAM), a cache memory, and/or a read-only memory (ROM). In some embodiments, the
at least one storage device 220 may include a program/utility including at least one set of program
modules. Such a program module may include an operating system, one or more applications,
other program modules, program data, etc. Each or some combination of these embodiments may
include an implementation of a network environment. The program module may perform functions
and/or methods described in the embodiments of the present disclosure.

[0040] The computing device 200 may communicate with one or more external devices (e.g., a
keyboard, a pointing device, a display, etc.). The computing device 200 may communicate with one
or more devices that enable a user to interact with the computing device 200, and/or with any device
(e.g., a network card, a modem, etc.) that enables the computing device 200 to communicate with
one or more other computing devices. The communication may be performed through an
input/output (I/O) interface. In addition, the computing device 200 may also communicate with one
or more networks (e.g., a local area network (LAN), a wide area network (WWAN), and/or a public
network, such as the Internet) through a network adapter. It should be noted that, although not
shown in FIG. 2, other hardware and/or software modules may be used in accordance with the
computing device 200. The hardware and/or software modules may include, but not be limited to, a
microcode, a device driver, a redundant processing unit, a drive array of external disks, a redundant
array of independent disks (RAID) system, a tape drive, a data backup storage device, or the like, or
any combination thereof. It may be considered that those skilled in the art may also be familiar with
such structures, programs, or general operations of this type of computing device.

[0041] FIG. 3 is a schematic diagram illustrating an exemplary structure of a computer-readable
storage medium according to some embodiments of the present disclosure. The computer-
readable storage medium 300 may store a computer program 310. The computer program 310
may be executed by a processor to implement the operations in any of the methods disclosed in the
present disclosure. The computer-readable storage medium 300 may include a U disk, a mobile
hard disk, a read-only memory (ROM), a random access memory (RAM), a magnetic disk, an optical

disk, or the like, or any combination thereof, which may store the computer program 310. The
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computer-readable storage medium 250 may also include a server storing the computer program
310. In some embodiments, the computer-readable storage medium 300 may send the stored
computer program 310 to other devices to execute. Alternatively, the computer-readable storage
medium 300 may execute the stored computer program 310.

[0042] FIG. 4 is a flowchart illustrating an exemplary process for detecting a state of a signal light
according to some embodiments of the present disclosure. As shown in FIG. 4, the process 400
may include the following operations. In some embodiments, the process 400 may be executed by
the processing device (e.g., the processing device 110).

[0043] In 410, a firstimage and a second image previous to the first image in time sequence may
be obtained. Both the first image and the second image may include a same target signal light. In
some embodiments, operation 410 may be performed by the obtaining module 1110.

[0044] The first image may refer to an image including a state of the target signal light to be
detected (e.g., a target signal light). The first image may also be referred to as an image to be
detected (i.e., a currentimage). The second image previous to the first image may refer to an
image including a state of the target signal light to be detected that is acquired by an image
acquisition device (e.g., the image acquisition device 130) before the first image is acquired by the
image acquisition device. The second image may also be referred to as a historical image. In
some embodiments, the second image may be taken at a previous time. The first image may be
taken at a later time. Both the first image and the second image may include the same target signal
light. In some embodiments, from the time when the second image is acquired to the time when
the first image of the target signal light is acquired, a count of changes in the state of the target
signal light may be less than or equal to 1 time. In some embodiments, the first image and the
second image may represent a field of view of a monitoring image acquisition device and may
include other objects other than the target signal light, such as a road, a pedestrian, a light panel,
etc.

[0045] In some embodiments, the firstimage and the second image may belong to image data
(e.g., image frames) in one same video stream. The firstimage and the second image may be in a
YUV format. The second image may be a previous and consecutive image frame of the first image,
or may be an image frame spaced several frames from the first image. For example, there may be
one frame, two frames, four frames, etc., between the second image and the first image. For the

convenience of description, the second image may be taken as a previous image frame of the first
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image for description.
[0046] The target signal light may refer to a signal light with a state that needs to be determined.
In some embodiments, the target signal light may be configured to provide a monochromatic light.
For example, the target signal light may provide a red light, or a yellow light, or green light. In some
embodiments, the target signal light may be configured to provide different colors of light at
different times. For example, the target signal light may be configured to provide at least two of
three colors of red light, green light, and yellow light, and a conversation thereof.
[0047] In some embodiments, when the target signal light provides a monochromatic light, the
target signal light may need to cooperate with at least one other signal light to achieve a complete
signal light logic. In some embodiments, the complete signal light logic may including switching a
red light to green light and switching a green light to a yellow light. In some embodiments, when
the target signal light is configured to provide a red light, a green light, and a yellow light, the target
signal light may achieve the complete signal light logic.
[0048] In some embodiments, a count of target signal lights in the firstimage and the second
image may be one or two or more. VWhen the count of target signal lights is more than one,
subsequent operations may be respectively performed for different target signal lights, and a target
state of each target signal light in the first image may be obtained.
[0049] In some embodiments, the processing device 110 may obtain the first image and the
second image previous to the first image in time sequence from the image acquisition device. For
example, the image acquisition devices at different intersections may capture video streams of
signal lights installed at the intersections. The processing device 110 may obtain a video stream of
a certain intersection from the image acquisition device, and obtain the first image from the video
stream through video processing, and obtain the second image that is taken before the first image
from the video stream. In some embodiments, the processing device 110 may obtain the first
image and the second image previous to the firstimage in time sequence from storage (e.g., the
storage device 150).
[0050] In some embodiments, the processing device 110 may perform a preprocessing operation
on at least one of the first image or the second image.
[0051] In some embodiments, the processing device 110 may perform color conversion on at least
one of the first image or the second image. For example, the processing device 110 may perform

color conversion on at least one of the first image or the second image through a conversion model.
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For example, the processing device 110 may convert YUV format data of at least one of the first
image or the second image into RGB format data according to the conversation model denoted as
Equations (1), (2), (3) as follows:

R=Y+1.402xV, (1)
G=Y—-0344xU—-0714xV,(2)
B=Y+1772xU, (3)

where (Y, U, V) denotes data of one of the first image and the second image in YUV format and (R,
G, and B) denote data of one of the first image and the second image in RGB format.
[0052] As another example, the processing device 110 may perform color conversion on the first
image through a trained first machine learning model. As another example, the processing device
110 may perform color conversion on the first image and the second image through a trained second
machine learning model. More descriptions regarding the trained first machine learning model and
the trained second machine learning model may be found elsewhere in the present disclosure (for
example, the operation 420 and the operation 430).
[0053] In some embodiments, the processing device 110 may perform region of interest (ROI)
extraction on at least one of the firstimage or the second image. The ROI may include a region of
a light panel where the target signal light is located.
[0054] In some embodiments, if a count of target signal lights in the first image and the second
image is two or more, in order to improve detection efficiency, the processing device 110 may extract
an ROl in each of the first image and the second image. An ROI may refer to a region including a
light panel (also referred to as a light panel region) where at least one target signal light is located.
The light panel region may display or represent a complete signal light logic. An ROl may
correspond to a complete signal light logic (also referred to as a logic region of a signal light). The
logic region of a signal light may represent a complete signal light logic. For example, if the target
signal light can only emit monochromatic light, an ROl may include the target signal light that can
emit one of red light, green light, and yellow light and other signal lights that can emit remaining of
red light, green light, and yellow light excepting light in a color that the target signal light can emit.
As another example, when the target signal light can emit red light, green light, and yellow light, the
ROI may only include the target signal light. In some embodiments, there may be no overlap
between different ROIs in the first image or the second image, which may avoid confusion of the

signal light logic.
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[0055] In some embodiments, the ROI may be larger than the light panel region. For example,
the ROI may include the light panel region, and the light panel region may be located in the ROI.
[0056] Accordingly, it can be avoided that the ROI is separated from the logic region of the signal
light due to shaking or swaying of the image acquisition device, thereby enhancing stability of for
state detection of a signal light.

[0057] In some embodiments, the processing device 110 may perform ROl extraction on at least
one of the first image or the second image. In some embodiments, a position of the light panel
where the target signal light is located in images taken by one same image acquisition device may
be basically unchanged, and the processing device 110 may obtain predetermined position
information of the ROI according to the position of the light panel in the images acquired by the
image acquisition device. If the light panel region in the ROIl includes a plurality of target signal
lights, the position information of the ROl may include the position of each target signal light. After
the predetermined position information of the ROI is determined, the processing device 110 may
perform ROI extraction on at least one of the first image or the second image according to the
predetermined position information of the ROI. In some embodiments, if an intersection includes a
plurality of lanes, one lane may correspond to one light panel, and the plurality of lanes may
correspond to a plurality of light panels. Each of the first image or the second image may include a
plurality of ROIs. The processing device 110 may extract the plurality of ROls from the each of the
first image or the second image, perform clustering processing on the plurality of ROls through a
clustering algorithm, and classify the ROlIs into several categories. For example, different
categories may correspond to different lanes, and ROls in the same category may correspond to
the same lane. For example, lane 1 may correspond to ROl 1. Lane 2 may correspond to ROI 2,
etc. In some embodiments, through the clustering processing, two ROIs with a distance that is less
than a distance threshold may belong to one same category. Two ROlIs with a distance that is
greater than the distance threshold may belong to different categories. In some embodiments, two
ROIs with a distance that is equal to the distance threshold may belong to one same category or
different categories. In some embodiments, after the clustering processing, in the same category,
any two ROIls may have a distance that is less than the distance threshold. In different
categories, the distance between any two ROIs in different categories may be greater than or equal
to the distance threshold.

[0058] In some embodiments, the processing device 110 may determine a distance between
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position points in two ROIs, and determine the distance between position points in the two ROIs as
the distance between the two ROIs. For example, a distance between two upper left vertices or the
center points of the two ROIs may be determined as the distance between the two ROls.

[0059] In some embodiments, after a category of the ROI is determined, the processing device
110 may set a detection region corresponding to each category. The detection region may include
all or at least part of the ROlIs in one same category. For example, the processing device 110 may
mark or represent the detection region by a detection box (e.g., a rectangular box). The detection
box may include all ROls of a corresponding category. A count of detection boxes may be the
same as a count of categories of ROls. In some embodiments, the processing device 110 may set
each detection box with one same size.

[0060] It should be noted that the detection region (for example, a detection box) in the first image
may have a corresponding detection region in the second image. That the above two detection
regions correspond to each other may refer to that the two detection regions include ROIs of one
same category. When the firstimage and the second image are taken at the same angle, the
positions and the count of the detection regions in the first image may be the same as those in the
second image. The processing device 110 may determine the position of the detection region in
one of the first image or the second image, and then may apply the determined detection region to
the other one of the first image or the second image. The ROl in the first image may have a
corresponding ROl in the second image. When the first image and the second image are taken at
the same angle, the processing device 110 may extract the ROI of one of the first image or the
second image, and then may apply the extracted ROI to the other one of the first image or the
second image.

[0061] In some embodiments, after the ROI is determined, the processing device 110 may extract
or cut out each ROI from the first image and the second image to obtain extracted images, and then
determine a first state or a second state based on the extracted images. For example, the
extracted first image generated after the ROI is extracted from the first image may be input into the
first machine learning model to determine the first state. As another example, the extracted first
image and the extracted second image generated after the ROI is extracted from the first image and
the second image may be input into the second machine learning model to determine the second
state.

[0062] As described herein, extracting the ROI or the detection region from the image may refer to
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segmenting the ROI or the detection region from the image, so that the segmented image may only
include the ROI or the detection region.

[0063] In some embodiments, the processing device 110 may determine the first state and second
state of a plurality of target signal lights at the same time, thereby improving the detection efficiency.
In some embodiments, since the processing device 110 may determine the first state and the
second state of each of the plurality of target signal lights to obtain a detection result, the final
detection result may include the first state and the second state corresponding to each of the
plurality of target signal lights. In order to facilitate subsequent processing, after the first state and
the second state are determined, the processing device 110 may allocate the detection result to the
corresponding ROI.  For example, if the detection result is determined by the first machine learning
model and the second machine learning model, the processing device 110 may allocate the first
state and the second state output by the first machine learning model and the second machine
learning model to corresponding ROI, for subsequent processing. When the ROl includes a
plurality of target signal lights, the processing device 110 may further allocate the detection result of
the ROI to each target signal light of the plurality of target signal lights. For example, the
processing device 110 may determine the detection result of each target signal light in the ROI
according to the correspondence between the position of each target signal light and the position
information of the ROI.

[0064] In 420, a first state of the target signal light in the first image may be determined based on
the firstimage. In some embodiments, operation 420 may be performed by the first state
determination module 1120.

[0065] The first state may refer to a state of the target signal light determined through the first
image. In some embodiments, the first state may include a light-on state or a light-off state. In
some embodiments, the first state may include a light-on state. The light-on state of the first state
may include a green light state, a yellow light state or a red light state.

[0066] In some embodiments, the processing device 110 may determine the first state of the target
signal light in the first image by identifying the first image (or the pre-processed first image). For
example, the processing device 110 may determine the first state of the target signal light in the first
image by identifying the position of the target signal light in the first image and the color
corresponding to the position in the first image. As another example, when the first state is at least

one of the yellow light state or the red light state, the processing device 110 may distinguish the red
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light state and the yellow light state based on switching of the position of the target signal light. For
example, the processing device 110 may unify the yellow light state and the red light state into one
category, which may be recorded as the yellow light state. The processing device 110 may
determine the red light state based on a switching of the position of the target signal light. As
another example, the processing device 110 may directly output the first state by using an electronic
signal detector connected with the target signal light or a controller of the target signal light.

[0067] In some embodiments, the processing device 110 may determine, based on a trained first
machine learning model, the first state by processing the firstimage. The trained first machine
learning model may determine the first state based on position information and color information of
the target signal light in the first image.

[0068] The trained first machine learning model may include a deep neural network, a
convolutional neural network, a recurrent neural network, a graph neural network, etc.

[0069] In some embodiments, the first machine learning model may include a plurality of structural
layers, such as a convolutional layer, an activation layer, a pooling layer, an upsampling layer, a
cascade operation layer, etc. The processing device 110 may input the RGB format data (e.g., the
first image in the RGB format) into the first machine leaming model for calculation through the
network forward propagation. The trained first machine learning model may also be referred to as a
state model. More descriptions regarding the trained first machine learning model may be found
elsewhere in the present disclosure (for example, FIG. 12).

[0070] In some embodiments, an input of the trained first machine learing model may include the
first image or the pre-processed firstimage. For example, the pre-processed first image may be a
first image after color conversion, for example, a first image of RGB format data. The firstimage
may include position information and color information of the target signal light.

[0071] In some embodiments, an output of the trained first machine leaming model may include
the first state and a first confidence level of the first state.

[0072] In some embodiments, the output of the trained first machine learning model may include a
multi-dimension matrix (also referred to as a first multi-dimension matrix). The multi-dimensional
matrix may represent relevant information of the target signal light at different positions in the first
image. Each of elements in the multi-dimensional matrix may correspond to a pixel in the first
image or the pre-processed first image. For example, each element in the multi-dimensional matrix

may represent whether a pixel corresponding to the each element represents a portion of the target
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signal light, the state corresponding to the portion of the target signal light (e.g., the first state, etc.)
denoted by the pixel, and a confidence level of the state corresponding to the portion of the target
signal light denoted by the pixel, etc. Each element in the multi-dimensional matrix may be denoted
by a vector (also referred to as a feature vector) include one or more values indicating whether a
pixel corresponding to the each element represents a portion of the target signal light, the state
corresponding to the portion of the target signal light (e.g., the first state, etc.) denoted by the pixel,
and a confidence level of the state corresponding to the portion of the target signal light denoted by
the pixel, etc. For example, a value indicating that a pixel corresponding to the each element
represents a portion of the target signal light may be 1, a value representing the red light state
corresponding to the portion of the target signal light (e.g., the first state, etc.) denoted by the pixel
may be 1, and a value representing the confidence level of the red light state corresponding to the
portion of the target signal light denoted by the pixel may be 0.9. The processing device 110 may
perform a post-processing operation on the multi-dimensional matrix output of the first machine
learning model to obtain the first state and the first confidence level of the first state. For example,
the processing device 110 may determine the first state based on confidence levels of different
portions of the target signal light in the first image according to the multi-dimensional matrix. As a
further example, the processing device 110 may determine confidence levels that exceed a
threshold and determine the first state based on the confidence levels that exceed a threshold. The
processing device 110 may designate a state corresponding to an average value of the confidence
levels that exceed the threshold as the first state and the average value of the confidence levels that
exceed the threshold as the first confidence level. As a still further example, the processing device
110 may perform a filtering operation (e.g., using a non-maximum suppression algorithm) on the
confidence levels of different portions of the target signal light in the multi-dimensional matrix to
obtain filtered confidence levels and determine the first state based on the filtered confidence levels.
The processing device 110 may designate a state corresponding to a maximum value or an average
value of the filtered confidence levels as the first state and the maximum value or the average value
of the filtered confidence levels as the first confidence level of the first state.

[0073] In some embodiments, the trained first machine learning model may be obtained based on
a plurality of training samples and training labels. In some embodiments, the training sample may
include a sample firstimage. The label may be a sample multi-dimensional matrix corresponding to

the sample firstimage. In some embodiments, the label may include a sample confidence level
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and/or sample first state of a sample signal light in the sample first image. Training data may be
obtained based on historical data. The label of the training data may be determined by manual
labeling or automatic labeling.

[0074] In some embodiments of the present disclosure, the processing device 110 may determine
the first state based on the trained first machine learning model, which can improve the efficiency
and accuracy of identifying the first state.

[0075] In 430, a second state of the target signal light in the first image may be determined based
on the second image and the firstimage. In some embodiments, operation 430 may be performed
by the second state determination module 1130.

[0076] The second state may refer to a state of the target signal light determined through the first
image and the second image. The second state may include a light-on state or a light-off state.
The light-on state of the second state may include a green light state, a yellow light state, or a red
light state.

[0077] In some embodiments, the processing device 110 may determine the second state of the
target signal light in the first image based on information in a time domain of the target signal light in
the second image and the firstimage. For example, the processing device 110 may obtain a
historical state (e.g., a historical target state) of the target signal light in the second image. The
processing device 110 may determine the second state of the target signal light in the first image
based on a relationship (e.g., a time interval) between an acquisition time of the second image and
an acquisition time of the first image and a logical relationship of state change of the signal light (i.e.,
the complete signal light logic). For example, the historical state of the target signal light in the
second image may be a yellow light state. The acquisition time of the first image may be after the
acquisition time of the second image. The logical relationship of the state change of the signal light
may include that the yellow light state turns into a red light state, a duration of the yellow light state,
and/or a duration of the red light state. The processing device 110 may determine that the second
state of the target signal light in the first image may be the red light state, or determine that the
second state of the target signal light in the first image may be the red light state if a difference
between the acquisition time of the second image and the acquisition time of the first image exceeds
the duration of the yellow light state. As another example, the processing device 110 may
determine a state change of the target signal light from a time point when the second image is

captured to a time point when the first image is captured by processing the second image and the
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first image based on the trained second machine learning model. The processing device 110 may
determine, based on a target state of the target signal light at a time point when the second image is
captured and the state change, the second state of the target signal light in the first image.
[0078] The state change may be a change of the state of the target signal light from a time point
when the second image is acquired (a moment of shooting) to a time point when the first image is
acquired (a moment of shooting). Since the target signal light emits monochromatic light or emits
different colors of light at different times, the state change may include off to on (referred to as light
on), color change (referred to as light changed), no color change (referred to as light unchanged),
from on to off (referred to as light unchanged), etc. Since the state change is obtained based on
the second image and the first image, the state change may be obtained using information in a time
domain.
[0079] In some embodiments, the processing device 110 may determine the second state by
processing, based on a trained second machine leaming model, the second image, and the first
image. The second machine learning model may determine the second state based on information
in a time domain of the target signal light in the first image and in the second image.
[0080] The trained second machine learning model may include a deep neural network, a
convolutional neural network, a recurrent neural network, a graph neural network, etc.
[0081] In some embodiments, the second machine learning model may include a plurality of
structural layers, such as a convolutional layer, an activation layer, a pooling layer, an upsampling
layer, a cascade operation, etc. In some embodiments, the trained second machine leaming model
may also be referred to as a conversion model. The first image and the second image may be
taken at different times. The target signal light in the first image and the second image may have
corresponding information in a time domain. More descriptions regarding the second machine
learning model may be found elsewhere in the present disclosure (e.g., FIG. 12).
[0082] In some embodiments, the trained second machine learning model may have the same
structure as the trained first machine learning model. In some embodiments, the trained second
machine learning model may have different structures from the trained first machine learning model.
[0083] In some embodiments, an input of the trained second machine learning model may include
the first image, and the second image. In some embodiments, an input of the trained second
machine learning model may include the preprocessed first image and the preprocessed second

image. For example, the pre-processed first image or the pre-processed second image may be an
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image after color conversion, for example, the first image or the second image of RGB format data.
[0084] In some embodiments, the output of the trained second machine learning model may
include the second state and a second confidence level of the second state.

[0085] More descriptions regarding determination of a second state of the target signal light in the
first image, for example, FIG. 10.In some embodiments, the output of the trained second machine
learning model may include a multi-dimension matrix (also referred to as a second multi-dimension
(e.g., 2D) matrix). Each of elements in the second multi-dimensional matrix may correspond to a
pixel in the first image and a corresponding pixel in the second image. Two corresponding pixels in
the first image and the second image may be located in the same positions of the first image and the
second image and represent the same portion of the target signal light. In some embodiments, the
second multi-dimension matrix may represent states of different portions of the target signal light in
the first image, confidence levels of the states corresponding to different portions of the target signal
light, etc. The processing device 110 may determine the second state and the second confidence
level based on the second multi-dimension matrix according to the determination of the first state
and the first confidence level based on the first multi-dimension matrix.

[0086] In some embodiments, the second multi-dimension matrix may represent the second multi-
dimensional matrix may represent state changes of different portions of the target signal light in the
first image, confidence levels of the state change corresponding to different portions of the target
signal light, etc. For example, each element in the second multi-dimensional matrix may represent
whether a pixel corresponding to the each element represents a portion of the target signal light, the
state change corresponding to the portion of the target signal light (e.g., the first state, etc.) denoted
by the pixel, and a confidence level of the change state corresponding to the portion of the target
signal light denoted by the pixel, etc. Each element in the second multi-dimensional matrix may be
denoted by a vector (also referred to as a feature vector) including one or more values indicating
whether a pixel corresponding to the each element represents a portion of the target signal light, the
state change corresponding to the portion of the target signal light (e.g., the first state, etc.) denoted
by the pixel, and a confidence level of the state change corresponding to the portion of the target
signal light denoted by the pixel, etc. For example, a value indicating that a pixel corresponding to
the each element represents a portion of the target signal light may be 1, a value representing the
state change of light on corresponding to the portion of the target signal light denoted by the pixel

may be 1, and a value representing the confidence level of the state change of light on
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corresponding to the portion of the target signal light denoted by the pixel may be 0.8.
[0087] In some embodiments, the processing device 110 may perform a post-processing operation
on the second multi-dimensional matrix to obtain the state change and the confidence level of the
state change. For example, the processing device 110 may determine confidence levels that
exceed a threshold in the second multi-dimensional matrix and determine the state change based on
the confidence levels that exceed a threshold in the second multi-dimensional matrix. The
processing device 110 may designate a state change corresponding to an average value of the
confidence levels that exceed the threshold in the second multi-dimensional matrix as the state
change and the average value of the confidence levels that exceed the threshold in the second
multi-dimensional matrix as the confidence level of the state change. As another example, the
processing device 110 may perform a filtering operation (e.g., using a non-maximum suppression
algorithm) on the confidence levels of different portions of the target signal light in the second multi-
dimensional matrix to obtain filtered confidence levels and determine the state change based on the
filtered confidence levels. The processing device 110 may designate a state change corresponding
to a maximum value or an average value of the filtered confidence levels as the state change and
the maximum value or the average value of the filtered confidence levels as the confidence level of
the state change. In some embodiments, the trained second machine learning model may be
obtained by training based on a plurality of training samples and training labels. In some
embodiments, the training sample may include a sample first image and a sample second image.
The label may be a sample multi-dimensional matrix corresponding to the sample firstimage. In
some embodiments, the label may include a sample confidence level and/or sample first state of a
sample signal light in the sample firstimage. Training data may be obtained based on historical
data. The label of the training data may be determined by manual labeling or automatic labeling.
[0088] In some embodiments, the processing device 110 may perform a regional allocation
operation. For example, the processing device 110 may allocate the first state, the state change (or
the second state) to the corresponding ROl according to the position information. In some
embodiments, the processing device 110 may filter out some false detections outside the ROI. For
example, the processing device 110 may obtain position information of the ROIl. The processing
device 110 may determine, based on the position information of the ROI, whether a position
corresponding to the first state, the state change or the second state is located within a position of

the ROI. The processing device 110 may filter out the first state, the state change or second state
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outside the position of the ROI.  In some embodiments, the processing device 110 may allocate the
first state, the state change and/or second state of filtered out of the false detections to the
corresponding ROI for further processing. For example, the processing device 110 may determine
the target state of the target signal light at a time point when the first image is captured based on the
first state and/or second state). More descriptions regarding the determining the target state of the
target signal light based on the first state and/or the second state may be found elsewhere in the
present disclosure (for example, the operation 440 and FIG. 6 and the descriptions thereof).

[0089] In some embodiments of the present disclosure, the processing device 110 may determine
the second state based on the trained second machine learning model by using information in a time
domain in a historical image and a current image, which can improve the efficiency and accuracy of
identifying the second state. In some embodiments of the present disclosure, both the first machine
learning model and the second machine learning model may be a pre-trained network model (e.g., a
deep convolutional neural network model). Through learning, training, and testing of a large
number of monitoring scene samples, the processing device 110 may obtain model parameters with
a high recognition rate, accurately detect information such as the position and the state (a red light
state, a green light state, a yellow light state, etc.) of the signal lights, greatly remove interference of
non-signal light regions such as a car light, a body color, a street light, etc. There may be no need
to set a threshold parameter based on the red light information and the green light information,
control a long and short exposure time of an image acquisition device, add a light filter, etc., which
can reduce the workload of manual parameter adjustment.

[0090] In some embodiments, the processing device 110 may determine, based on a target state
of the target signal light at a time point when the second image is captured and the state change, the
second state of the target signal light in the first image.

[0091] The target state of the target signal light at a time point when the second image is captured
may refer to a determined target state of the target signal light at the time point when the second
image is captured. For example, the target state of the target signal light at the time point when the
second image is captured that is determined by the processing device 110 through a state detection
technique . As another example, the processing device 110 may determine the target state of the
target signal light at the time point when the second image is captured through a process of the
present disclosure (for example, the process 400). In some embodiments, the target state of the

target signal light at the time point when the second image is captured may be a state obtained
22



WO 2023/020251 PCT/CN2022/108821
based on the second image and the trained first machine learning model.
In some embodiments, the processing device 110 may determine, based on a signal light logic
corresponding to the target signal light and the state change, the target state of the target signal light
when the second image is captured, the second state of the target signal light in the first image.
For example, the target state of the target signal light at the time point when the second image is
captured may be a green light state, and the state change may be that the color has not changed.
The processing device 110 may determine that the second state of the target signal light in the first
image is a green light state.
[0092] The signal light logic corresponding to the target signal light may be a default setting of the
system. The signal light logic corresponding to the target signal light may refer to an arrangement
of states (e.g., a red light state, a yellow light state, a green light state and/or a light off state) of the
target signal light in time sequence within a change cycle. For example, a signal light logic may
include switching red light to green light and switching green light to yellow light.
[0093] In some embodiments, when the target signal light can only emit monochromatic light, the
signal light logic corresponding to the target signal light may also include other signal lights in
addition to the target signal light. When the target signal light may provide red light, green light and
yellow light (that is, the target signal light can emit red light, yellow light and green light), the signal
light logic corresponding to the target signal light may only include the target signal light.
[0094] For example, if the target signal light may provide red light, green light and yellow light,
when the state change is that the color of the target signal light changes and the historical state of
the target signal light in the second image is a red light state, the processing device 110 may
determine that the second state of the target signal light in the first image is a green light state. As
another example, if the target signal light may provide red light, green light and yellow light, when the
state change is that the target signal light is from off to on and the historical state of the target signal
light in the second image is a yellow light state, the processing device 110 may determine that the
second state of the target signal light in the first image is in a red light state.
[0095] In some embodiments of the present disclosure, determining the second state of the target
signal light in the first image based on the target state of the target signal light at a time point when
the second image is captured and the state change can improve the efficiency and accuracy of
determining the second state. In some embodiments of the present disclosure, through the time

domain relationship between the red light, the yellow light and the green light, the processing device
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110 can accurately distinguish the red light state and the yellow light state of the signal light by using
the signal light logic such as green light to yellow light and yellow light to red light, which can avoid
the problem that the position determination for state detection is not applicable in some scenes, and
the scene adaptability is stronger.
[0096] In 440, a target state of the target signal light at a time point when the first image is
captured may be determined based on the first state and the second state. In some embodiments,
operation 440 may be performed by the target state determination module 1140.
[0097] The target state may include one of a green light, a yellow light state, and a red light state.
The target state may also be referred to as a current state.
[0098] In some embodiments, the processing device 110 may determine, based on the first state
and the second state, the target state of the target signal light at a time point when the first image is
captured. More descriptions regarding determination of the target state of the target signal light at a
time point when the first image is captured, for example, FIG. 10.
[0099] In some embodiments, the processing device 110 may obtain a first confidence level of the
first state. The processing device 110 may obtain, based on a confidence level of the state change,
a second confidence level of the second state or an adjusted second confidence level. The
processing device 110 may determine, based on the first confidence level and one of second
confidence level and the adjusted second confidence level, the target state.
[0100] The first confidence level may refer to a reliability that the state of the target signal light in
the first image is the first state. The confidence level of the state change may refer to a reliability of
the state change of the target signal light. The second confidence level may refer to a reliability that
the state of the target signal light in the first image is the second state. In some embodiments, the
first confidence level, the confidence level corresponding to the state change, or the second
confidence level may be a real value between 0 and 1. The larger the value of the first confidence
level, the higher the probability that the state of the target signal light in the first image is the first
state. The larger the value of the confidence level corresponding to the state change, the more
credible the state change may be. The larger the value of the second confidence level, the higher
the probability that the state of the target signal light in the first image is the second state.
[0101] In some embodiments, the processing device 110 may compare the first confidence level
with the second confidence level, and determine one of the first state and the second state whose

confidence level is larger as the target state. For example, the first confidence level may be 0.8.
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The second confidence level may be 0.95. The processing device 110 may determine the second
state corresponding to the second confidence level as the target state.
[0102] In some embodiments, when the first state is determined as the target state, the processing
device 110 may determine the first confidence level of the first state as the confidence level of the
target state. VWhen the second state is determined as the target state, the processing device 110
may determine the second confidence level of the second state as the confidence level of the target
state.
[0103] In some embodiments, the processing device 110 may adjust the first confidence level to
obtain an adjusted first confidence level corresponding to the first state. The processing device 110
may determine, based on the adjusted first confidence level and the adjusted second confidence
level, one of the first state and the second state as the target state of the target signal light in the first
image. More descriptions regarding the adjustment of the first confidence level and the determining
the target state of the target signal light based on the adjusted first confidence level and the adjusted
second confidence level may be found elsewhere in the present disclosure, for example, FIG. 6.
[0104] In some embodiments, the processing device 110 may correct at least one the first state or
the second state, and determine the target state of the target signal light at a time point when the
first image is captured based on the corrected first confidence level and/or the corrected second first
confidence level. For example, the processing device 110 may compare the corrected first
confidence level and the corrected second confidence level corresponding to the first state and the
second state, respectively. The processing device 110 may designate one of the first state and the
second state whose corrected confidence level is larger as the target state. As another example,
the processing device 110 may adjust the corrected first confidence level and the corrected second
confidence level to obtain the adjusted first confidence level and the adjusted second confidence
level, and determine, based on the adjusted first confidence level and the adjusted second
confidence level, one of the first state and the second state as the target state of the target signal
light in the firstimage. More descriptions regarding the correction of the first confidence level and
the second confidence level may be found elsewhere in the present disclosure, for example, FIG. 7.
[0105] The first state may be obtained by using information such as space, color, etc. The
second state may be obtained by using information in a time domain. Both the first state and the
second state may be descriptions of the target state of the target signal light in the first image. Both

the first state and the second state may have a probability of error. By fusing the first state and the
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second state, the processing device 110 may determine the target state of the target signal light at a
time point when the first image is captured, which can improve the accuracy of the detection of the
target signal light.

[0106] In some embodiments, when the signal light is detected based on a next frame of the first
image, the first image may become the second image. The information such as the state of the
target signal light detected based on the first image may become historical information for the next
frame of the first image.

[0107] In some embodiments of the present disclosure, the processing device 110 may determine
the target state of the target signal light at a time point when the first image is captured through the
first state and the second state. The first state may be obtained by using information such as
space, color, etc. The second state may be obtained by using information in a time domain. The
first state and the second state may be state information obtained from different angles. The
processing device 110 may determine the target state by not directly depending on the first state or
the second state, but fusing the first state and the second state, which can reduce false detection
and improve accuracy of the detection.

[0108] In some embodiments of the present disclosure, there may be no need to add a light filter,
and the general electric police monitoring image acquisition device may be used without changing
the overall brightness of the image or affecting the quality of the image, which can reduce the cost of
hardware and manual debugging. In some embodiments of the present disclosure, the method is
not limited by application scenarios and is applicable to a plurality of application scenarios.

[0109] In some embodiments, when the first state is determined as the target state, the processing
device 110 may obtain, based on a first position of the target signal light in the first image, a target
position of the target signal light in the firstimage. In some embodiments, when the second state is
determined as the target state, the processing device 110 may determine, based on a second
position of the target signal light in the second image, the target position of the target signal light in
the firstimage. More descriptions regarding the first position and the second position may be found
in relevant descriptions of FIG. 7.

[0110] In some embodiments, before adjusting the first confidence level corresponding to the first
state, whether there is a reference position of the target signal light is determine. If there is the
reference position of the target signal light, a first correction may be performed on the first

confidence level based on a degree of deviation of the first position from the reference position, and
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the processing device 110 may update the first confidence level to the corrected first confidence
level. More descriptions regarding the correcting the first confidence level may be found in relevant
descriptions of FIG. 7.
[0111] In some embodiments, before obtaining an adjusted second confidence level
corresponding to the second state, whether there is a reference position of the target signal light is
determine. If there is the reference position of the target signal light, a second correction may be
performed on the second confidence level based on a degree of deviation of the second position
from the reference position, and the processing device 110 may update the second confidence level
to a second corrected confidence level. More descriptions regarding correcting the second
confidence level may be found in relevant descriptions of FIG. 7.
[0112] In some embodiments, the obtaining, based on the first position, the target position of the
target signal light in the first image may include obtaining, based on the first position and the
reference position, the target position of the target signal light in the first image if there is the
reference position of the target signal light; or determining the first position as the target position of
the target signal light in the first image if there is no reference position of the target signal light.
[0113] The obtaining, based on the second position, the target position of the target signal light in
the first image may include obtaining, based on the second position and the reference position, the
target position of the target signal light in the first image if there is the reference position of the target
signal light; or determining the second position as the target position of the target signal light in the
first image if there is no reference position of the target signal light.
[0114] In some embodiments, if there is the reference position of the target signal light, the
processing device 110 may need to determine accuracy of the first position or the second position,
and obtain the target position of the target signal light in the first image based on the first position
and the reference position or based on the second position and the reference position. If there is
no reference position of the target signal light, the processing device 110 may directly determine the
first position or the second position as the target position of the target signal light in the first image.
[0115] In some embodiments, the obtaining, based on the first position and the reference position,
the target position of the target signal light in the first image may include If the degree of deviation of
the first position from the reference position is less than a first degree threshold, the first position
may be determined as the target position of the target signal light in the first image, otherwise the

reference position may be determined as the target position of the target signal light in the first
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image.
[0116] The obtaining, based on the second position and the reference position, the target position
of the target signal light in the first image may include If the degree of deviation of the second
position from the reference position is less than a second degree threshold, the second position may
be determined as the target position of the target signal light in the first image, otherwise the
reference position may be determined as the target position of the target signal light in the first
image.
[0117] For example, when the degree of deviation of the first position from the reference position is
less than the first degree threshold, an accuracy rate of the first position may be relatively high, and
the first position may be directly determined as the target position of the target signal light in the first
image. Otherwise, an accuracy rate of the first position may be relatively low, and the first position
may be inaccurate. At this time, the reference position may be directly determined as the target
position of the target signal light in the first image.
[0118] As another example, if the degree of deviation of the second position from the reference
position is less than the second degree threshold, an accuracy rate of the second position may be
relatively high, and the second position may be directly determined as the target position of the
target signal light in the first image. Otherwise, the accuracy rate of the second position may be
relatively low, and the second position may be inaccurate. At this time, the reference position may
be directly determined as the target position of the target signal light in the first image.
[0119] Thatis, if the accuracy rate of the first position or the second position is low, the first
position or the second position may be directly removed, and the reference position may be
designated as the target position of the target signal light, thereby ensuring the detection accuracy of
the target signal light.
[0120] After the first position is determined as the target position of the target signal light in the first
image when the degree of deviation of the first position from the reference position is less than the
first degree threshold, the method may also include updating, based on the first position, the
reference position.
After the second position is determined as the target position of the target signal light in the first
image when the degree of deviation of the second position from the reference position is less than
the second degree threshold, the method may also include: updating, based on the second position,

the reference position. More descriptions regarding the updating the reference position may be
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found in relevant descriptions of FIG. 8.
[0121] In some embodiments, if there is no reference position, after the target state of the target
signal light in the first image is obtained, the reference position of the target signal light may be
determined based on a historical position of the target signal light and the target position of the
target signal light in the first image, and the reference position may be used for a next detection.
[0122] Specifically, the target position of the target signal light in the first image may be a final
position of the target signal light in the first image.
[0123] When there is no reference position, after the target position of the target signal light in the
first image is obtained, the reference position may be determined according to the final position of
the target signal light that has been determined in the image.
[0124] It may be understood that when the signal light detection is performed on a next frame of
the first image, a current position of the target signal light in the first image may become the
historical position of the target signal light.
[0125] The process for determining the reference position may include: calculating an average
value of the final positions of all the determined target signal lights in the image, or performing
clustering processing on the final positions of the determined target signal lights in the image to
obtain the reference position. The clustering process herein may adopt a mean shift clustering
technology.
[0126] Before the reference position of the target signal light is obtained based on a historical
position of the target signal light and the target position of the target signal light in the first image, the
method may also include determining whether a count of historical positions of the target signal light
reaches a count threshold. If a count of historical positions of the target signal light reaches the
count threshold, the reference position of the target signal light may be obtained based on the
historical position of the target signal light and the target position of the target signal light in the first
image.
[0127] Specifically, the reference position may be generated only when the count of historical
positions of the target signal light reaches the count threshold, otherwise the reference position may
not be generated.
[0128] FIG. 5is a flowchart illustrating an exemplary process for detecting another signal light
according to some embodiments of the present disclosure. As shown in FIG. 5, the process 500

may include the following operations. In some embodiments, the process 500 may be performed
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by the processing device 110.
[0129] In some embodiments, the first state of the target signal light may be free of a false
detection. The false detection is a situation in which the state of the target signal light is prone to
be identified incorrectly. Before determining the second state, the processing device 110 may
determine whether the first state is the preset state.
[0130] In 510, a firstimage and a second image previous to the first image in time sequence may
be obtained. Both the first image and the second image may include a same target signal light.
[0131] In 520, a first state of the target signal light in the first image may be determined based on
the first image.
[0132] More descriptions regarding the operations 510 and 520 may be found in detailed
descriptions of the operations 410 and 420 in FIG. 4.
[0133] In 530, whether the first state is a preset state may be determined.
[0134] The preset state may be a state where false detection is prone to occur. For example, the
preset state may be a red light state, a yellow light state, etc. As another example, the preset state
may be a light-on state (e.g., any state of a red light state, a green light state, or a yellow light state).
[0135] In response to a determination that the first state is the preset state, the processing device
110 may execute operation 540 to operation 550. In response to a determination that the first state
is not the preset state, the processing device 110 may execute operation 560. More descriptions
regarding the operation 540 and the operation 550 may be found in detailed descriptions of the
operation 430 and the operation 440 in FIG. 4.
[0136] In some embodiments, the processing device 110 may determine whether the first state is
the preset state. For example, the processing device 110 may set the preset state to be a red light
state, a yellow light state, etc. The processing device 110 may compare the determined first state
with the preset state, and then determine whether the first state is the preset state. For example,
the first state of the target signal light identified in the operation 520 in the first image may be a red
light state. The red light state may be the preset state. The processing device 110 may execute
the operation 540 to the operation 550. In 540, the processing device 110 may determine a second
state of the target signal light in the first image based on the first image and the second image. In
50, the processing device 110 may determine the target state of the target signal light at a time point
when the first image is captured based on the first state and the second state. More descriptions

regarding the operations 540 and 550 may be found in detailed descriptions of the operations 430
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and 440 in FIG. 4.
[0137] In order to avoid confusion between yellow light and red light, the processing device 110
may continue to determine the target state of the target signal light at a time point when the first
image is captured based on the first state and the second state.
[0138] In 560, the target state of the target signal light at a time point when the first image is
captured may be determined based on the first state.
[0139] In some embodiments, the processing device 110 may determine the first state as the
target state of the target signal light at the time point when the first image is captured. For example,
the first state of the target signal light identified in the operation 520 obtained by the processing
device 110 in the first image may be a light-off state. The light-off state is not a preset state. The
processing device 110 may determine the first state (e.g., the light-off state) as the target state of the
target signal light at the time point when the first image is captured.
[0140] FIG. 6 is a flowchart illustrating an exemplary process for determining a target state based
on a first confidence level and a second confidence level according to some embodiments of the
present disclosure. As shown in FIG. 6, the process 600 may include the following operations. In
some embodiments, the process 600 may be performed by the processing device 110.
[0141] In 610, an adjusted first confidence level corresponding to the first state may be obtained
by adjusting the first confidence level.
[0142] In some embodiments, the processing device 110 may obtain the adjusted first confidence
level corresponding to the first state by adjusting the first confidence level according to a preset
strategy. In some embodiments, the first confidence level may be a corrected first confidence level.
More descriptions regarding the corrected first confidence level may be found in FIG. 7.
[0143] In some embodiments, the processing device 110 may determine a product of the first
confidence level and a preset first factor as the adjusted first confidence level.
[0144] The preset first factor may refer to an attenuation factor of the first confidence level. In
some embodiments, the preset first factor may be a real value between 0 and 1. The larger the
value is, the more credible the first confidence level may be. In some embodiments, the preset first
factor may be set according to an actual need. For example, the preset first factor may be
determined according to historical data. For example, during a certain time period, if the accuracy
rate of the first state is relatively high (e.g., if the accuracy rate is greater than 95% or a probability

that the first state of the signal light detected according to the first machine learning model is
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determined to be the target state of the signal light may exceed a certain threshold), the processing
device 110 may set the preset first factor to be relatively large, for example, the preset first factor
may be 0.9, 1, etc. During the certain time period, if the accuracy rate of the first state is relatively
low (e.g., if the accuracy rate is less than 80% or a probability that the first state of the signal light
detected according to the first machine learning model is determined to be the target state of the
signal light may be less than a certain threshold), the processing device 110 may set the preset first
factor to be relatively small, for example, the preset first factor may be 0.8, 0.6, etc. In some
embodiments, the preset first factor may also reflect the accuracy of the trained first machine
learning model for determining the first state. The greater the accuracy of the trained first machine
learning model is, the greater the preset first factor may be.
[0145] In some embodiments, the processing device 110 may determine the adjusted first
confidence level according to following equation (4):

conf; = confye, (4)
where conf; denotes the adjusted of the first confidence level, conf;,, denotes the first confidence
level, and o denotes the preset first factor (e.g., 0.9, etc.).
[0146] In some embodiments, when the first state is finally determined as the target state, the
processing device 110 may determine the first confidence level as the confidence level of the target
state. In some embodiments, after the adjusted first confidence level conf, is obtained, if the first

state is finally determined as the target state, the processing device 110 may restore the confidence

level of the adjusted first confidence level, and determine a result of coTnfl (i.e., a first confidence

level conf,,,) to be the confidence level of the target state.

[0147] In some embodiments of the present disclosure, the processing device 110 may determine
the product of the first confidence level and the preset first factor as the adjusted first confidence
level, which can improve the accuracy of the confidence level corresponding to the first state,
thereby improving the accuracy of the determined target state.

[0148] In 620, an adjusted second confidence level corresponding to the second state may be
obtained based on a confidence level of a state change or by adjusting the second confidence level.
In some embodiments, the second confidence level may be a corrected second confidence level.
More descriptions regarding the corrected second confidence level may be found in FIG. 7.

[0149] In some embodiments, the processing device 110 may determine, based on a state

change, a determination mode corresponding to one of the second confidence level and the
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adjusted second confidence level. The processing device 110 may determine, based on a
confidence level of a target state corresponding to the target signal light at a time point when the
second image is captured, the confidence level corresponding to the state change, and the
determination mode, the second confidence level or the adjusted second confidence level.

[0150] The state change may include off to on (referred to as light on), color change (referred to as
light changed), no color change (referred to as light unchanged), from on to off (referred to as light
unchanged), etc. More descriptions regarding the state change may be found in relevant
descriptions of FIG. 4. Based on different state changes, the determination of the second letter is
different.

[0151] In some embodiments, if the state change is that a color of the target signal light does not
change from the time point when the second image is acquired to the time point when the first image
is acquired (i.e., light unchanged, and the target state of the target signal light at the time point when
the second image is captured may be the light-on state), the processing device 110 may determine a
product of the confidence level of the target state corresponding to the target signal light at the time
point when the second image is captured, the confidence level corresponding to the state change,
and a preset second factor as the adjusted second confidence level. In some embodiments, the
processing device 110 may determine a product of the confidence level of the target state
corresponding to the target signal light at the time point when the second image is captured and the
confidence level corresponding to the state change as the second confidence level of the second
state. The processing device 110 may obtain the adjusted second confidence level by adjusting the
second confidence level based on the preset second factor.

[0152] The preset second factor may refer to an attenuation factor of the confidence level
corresponding to the state change or the second confidence level. In some embodiments, the
preset second factor may be an attenuation factor of the confidence level output by the second
machine learning model. A mode for determining the preset second factor may be similar to or the
same as a mode for determining the preset first factor. More descriptions regarding the preset
second factor may be found in relevant descriptions of the preset first factor. In some
embodiments, the preset second factor may also reflect the accuracy of the trained second machine
learning model for determining the second state or the state change. The greater the accuracy of
the trained second machine learning model is, the greater the preset second factor may be.

[0153] For example, the processing device 110 may determine the adjusted second confidence

33



WO 2023/020251 PCT/CN2022/108821
level by Equation (5):

conf, = confypre * confyc, * B, (5)
where conf, denotes the adjusted second confidence level, conf,,. denotes the confidence level
of the target state corresponding to the target signal light at the time point when the second image is
captured, conf,., denotes the confidence level corresponding to the state change (that is, the state
change is a confidence level that a color of the target signal light changes),  denotes the preset
second factor (e.g., 0.8, 0.5, etc.).
[0154] In some embodiments, if the state change is that a color of the target signal light changes
from the time point when the second image is acquired to the time point when the firstimage is
acquired (i.e., light change, and the target state of the target signal light at the time point when the
second image is captured may be the light-on state), the processing device 110 may determine an
average value of the confidence level corresponding to the state change and the confidence level of
the target state corresponding to the target signal light at the time point when the second image is
captured as the adjusted second confidence level. In some embodiments, the processing device
110 may determine a product of a preset second factor and the sum of the confidence level of the
target state corresponding to the target signal light at the time point when the second image is
captured and the confidence level corresponding to the state change as the adjusted second
confidence level and the preset second factor may be equal to 0.5. In some embodiments, the
processing device 110 may determine a sum of the confidence level of the target state
corresponding to the target signal light at the time point when the second image is captured and the
confidence level corresponding to the state change as the second confidence level of the second
state. The processing device 110 may obtain the adjusted second confidence level by adjusting the
second confidence level based on the preset second factor.
[0155] For example, the processing device 110 may determine the adjusted second confidence
level according to Equation (6):

(Confpre+confch) (6)

conf, = >

where conf, denotes the adjusted second confidence level, conf,,. denotes the confidence level
of the target state corresponding to the target signal light at the time point when the second image is
captured, conf,, denotes the confidence level corresponding to the state change (that is, the state
change is a confidence level that a color of the target signal light changes).

[0156] In some embodiments, if the light is on (i.e., light being on and, the target state of the target
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signal light at the time point when the second image is captured is the light-off state) or when the
light is off (i.e., light being off, and the target state of the target signal light at the time point when the
second image is captured is the light-on state), the processing device 110 may determine the
confidence level corresponding to the state change as the adjusted second confidence level or the
second confidence level. In some embodiments, the preset second factor may be equal to 1.
[0157] For example, the processing device 110 may determine the adjusted second confidence
level according to Equation (7):

conf, = config, (7)
where conf, denotes the adjusted second confidence level, conf,,, denotes the confidence level
corresponding to the state change.
[0158] In some embodiments, if the second state is finally determined as the target state, the
processing device 110 may determine the adjusted second confidence level as the confidence level
of the target state, that is, the processing device 110 may determine conf, as the confidence level
of the target state.
[0159] In some embodiments, the confidence level corresponding to the state change may be the
state change of the target signal light from the time point when the second image is captured to the
time point when the first image is captured, and the confidence level of the state change may be
estimated based on the first image and the second image. The higher the confidence level, the
higher the probability that the state change of the target signal light from the second image to the
first image is the state change.
[0160] After obtaining the confidence level corresponding to the state change, the processing
device 110 may convert the confidence level of the state change into the adjusted second
confidence level according to a preset strategy. For example, if the state change is obtained by
using the trained second machine learning model, the confidence level of the state change may be
the confidence level output by the second machine learning model.
[0161] In some embodiments of the present disclosure, the processing device 110 may determine,
based on the state change, a determination mode corresponding to one of the second confidence
level and the adjusted second confidence level. The processing device 110 may determine, based
on different determination modes corresponding to different state changes, the adjusted second
confidence level, which can improve the accuracy of the confidence level corresponding to the

second state, thereby improving the accuracy of the determined target state.
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[0162] In 630, one of the first state and the second state may be determined as the target state of
the target signal light at a time point when the first image is captured based on the adjusted first
confidence level and one of the second confidence level and the adjusted second confidence level.
[0163] In some embodiments, the first confidence level may be positively correlated with the
adjusted first confidence level. The second confidence level may be positively correlated with the
adjusted second confidence level. The processing device 110 may compare the adjusted first
confidence level and the adjusted second confidence level. If the adjusted first confidence level is
greater than the adjusted second confidence level, the first state may be determined as the target
state of the target signal light at the time point when the first image is captured. If the adjusted first
confidence level is less than the adjusted second confidence level, the second state may be
determined as the target state of the target signal light at the time point when the first image is
captured. If the adjusted first confidence level is equal to the adjusted second confidence level, the
first state or the second state may be determined as the target state of the target signal light at the
time point when the first image is captured. For example, if the adjusted first confidence level is
0.8, and the adjusted second confidence level is 0.6, the processing device 110 may determine the
first state corresponding to the adjusted first confidence level as the target state of the target signal
light at the time point when the first image is captured.

[0164] In some embodiments, the first confidence level may be negatively correlated with the
adjusted first confidence level. The second confidence level may be negatively correlated with the
adjusted second confidence level. The processing device 110 may compare the adjusted first
confidence level and the adjusted second confidence level. If the adjusted first confidence level is
greater than the adjusted second confidence level, the second state may be determined as the
target state of the target signal light at the time point when the first image is captured. If the
adjusted first confidence level is less than the adjusted second confidence level, the first state may
be determined as the target state of the target signal light at the time point when the first image is
captured. If the adjusted first confidence level is equal to the adjusted second confidence level, the
first state or the second state may be determined as the target state of the target signal light at the
time point when the first image is captured.

[0165] In some embodiments of the present disclosure, the target state of the target signal light at
the time point when the first image is captured may be determined based on the adjusted first

confidence level and one of the second confidence level and the adjusted second confidence level,
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which can improve the accuracy of the determined target state.
[0166] FIG. 7 is a flowchart illustrating an exemplary process for correcting a first confidence level
or a second confidence level according to some embodiments of the present disclosure. As shown
in FIG. 7, in some embodiments, the process 700 may include the operation 710, the operation 720
and the operation 730. In some embodiments, the process 700 may be performed by the
processing device 110.
[0167] In 710, a reference position of a target signal light may be obtained. The reference
position may be a desired or ideal position of the target signal light in a first image and a second
image. In some embodiments, the processing device 110 may obtain the reference position of the
target signal light in the first image and the second image (for example, reference coordinates or a
reference box of the target signal light in the first image and the second image) from a storage
device.
[0168] In some embodiments, the reference position may be determined based on a position of
the target signal light in a world coordinate system and a conversion relationship between a
coordinate system n of an image acquisition device acquiring the first image and the second image
and the world coordinate system. The conversion relationship between the coordinate system of
the image acquisition device and the world coordinate system may be represented by internal and
external parameters of the image acquisition device. The conversion relationship between the
coordinate system of the image acquisition device and the world coordinate system and the position
of the target signal light in the world coordinate system may be a default setting of the system 100.
[0169] In some embodiments, the reference position may be determined based on the position of
the target signal light in a plurality of sample images (that is, a sample set) captured by the
monitoring image acquisition device in a preset historical time period. For example, a sample set
may be obtained. A clustering result may be obtained based on a clustering algorithm by clustering
the positions of the target signal light in the plurality of sample images in the sample set. The
reference position may be determined based on the clustering result. More descriptions regarding
the determining the reference position of the target signal light based on the sample set may be
found in detailed descriptions in FIG. 8.
[0170] In some embodiments, the processing device 110 may locate the target signal light from the
first image and the second image to obtain the first position and the second position of the target

signal light in the first image. For example, when determining the first state of the target signal light
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in the first image, the processing device 110 may also obtain the first position of the target signal
light in the firstimage. While determining the second state of the target signal light in the first
image, the processing device 110 may also obtain the second position of the target signal light in the
firstimage. Both the first position and the second position may be descriptions of the position of the
target signal light in the first image. The first position and the second position may be represented
by positions of detection boxes (an identification box enclosing the target signal light), e.g.,
coordinates of a point of each of the detection boxes.
[0171] In 720, the processing device 110 may determine whether the first confidence level and the
second confidence level or the confidence level of the sate change need to be corrected based on
the reference position.
[0172] In some embodiments, the operation 720 may include at least one the operation step 721
or the operation 722.
[0173] In 721, whether the first confidence level needs to be corrected may be determined based
on the first position of the target signal light in the first image and the reference position.
[0174] In some embodiments, the processing device 110 may obtain the first position through a
trained first machine learning model. For example, the trained first machine learning model may
output the first position. More descriptions regarding the first machine learning model may be found
in relevant descriptions of FIG. 4.
[0175] The processing device 110 may obtain a first comparison result by comparing the first
position and the reference position. The first comparison result may indicate a degree of deviation
of the first position from the reference position. The degree of deviation of the first position from the
reference position may indicate an accuracy rate of the first state. The farther the first position is
from the reference position, the lower the possibility that the target state of the target signal light in
the first image is the first state (that is, the lower the accuracy rate of the first state). In some
embodiments, the first comparison result may be represented by an intersection-over-union between
the first position and the reference position. The larger the value of the intersection-over-union, the
smaller the degree of deviation of the first position from the reference position. VWhen the
intersection-over-union is 1, it means that the first position completely coincides with or is the same
as the reference position.
[0176] In some embodiments, the processing device 110 may determine, based on the first

comparison result, whether the first confidence level needs to be corrected. For example, the
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processing device 110 may set a first threshold for the first comparison result. When the degree of
deviation of the first position from the reference position exceeds the first threshold, the processing
device 110 may correct the first confidence level of the first state; otherwise no correction may be
performed.

[0177] In 722, whether the second confidence level or the confidence level of the sate change
needs to be corrected may be determined based on the second position of the target signal light in
the first image and the reference position.

[0178] In some embodiments, the processing device 110 may obtain the second position from the
first image through a trained second machine learning model. For example, the trained second
machine learning model may output the second position. More descriptions regarding the second
machine learning model may be found in relevant descriptions of FIG. 4.

[0179] The processing device 110 may obtain a second comparison result by comparing the
second position and the reference position. The second comparison result may refer to a degree of
deviation of the second position from the reference position. The degree of deviation of the second
position from the reference position may indicate a probability that the target state of the target
signal light in the first image is the second state. The farther the second position is from the
reference position, the lower the possibility that the target state of the target signal light in the first
image is the second state (that is, the lower an accuracy rate of the second state). In some
embodiments, the second comparison result may be represented by an intersection-over-union
between the second position and the reference position. The larger the value of the intersection-
over-union, the smaller the degree of deviation of the second position from the reference position.
When the intersection-over-union is 1, it means that the second position completely coincides with or
is the same as the reference position. In some embodiments, the processing device 110 may
determine whether there is the reference position of the target signal light. If there is the reference
position of the target signal light, the processing device 110 may determine the second comparison
result by comparing the second position and the reference position.

[0180] In some embodiments, the processing device 110 may determine, based on the second
comparison result, whether the second confidence level or the confidence level of the sate change
needs to be corrected. For example, the processing device 110 may set a second threshold of the
second comparison result. \When the degree of deviation of the second position from the reference

position exceeds the second threshold of the second comparison result, the processing device 110
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may correct the second confidence level of the second state or the confidence level of the sate
change; otherwise no correction may be performed. The first threshold may be the same as or
different from the second threshold.

[0181] According to some embodiments of the present disclosure, the processing device 110
may determine whether the first confidence level, or the second confidence level, or the confidence
level of the sate change needs to be corrected by comparing the first position or the second position
and the reference position, so as to ensure the accuracy of the first confidence level, the second
confidence level, and/or the confidence level of the sate change.
[0182] In 730, in response to a determination that the first confidence level and/or the second
confidence level needs to be corrected, the processing device 110 may correct the first confidence
level and/or the second confidence level based on the intersection-over-union between the first
position and/or the second position and the reference position.
[0183] In some embodiments, operation 730 may include at least one the operation 731 or the
operation 732.
[0184] In 731, in response to a determination that the first confidence level needs to be corrected,
the first confidence level may be corrected based on the intersection-over-union between the first
position and the reference position.
[0185] In some embodiments, the processing device 110 may correct the first confidence level
according to the following Equation (8):

conf,, = conf, * cos(1—iou), (8)
where conf, denotes a first confidence level before correction, conf,, denotes a corrected first
confidence level, iou denotes the intersection-over-union between the first position and the
reference position.
[0186] In some embodiments, if the first confidence level is corrected, the processing device 110
may update the first confidence level using the first corrected confidence level, and then operation
610 may be executed. Subsequently, when the first state is determined as the target state, since
the first confidence level has been corrected, the processing device 110 may determine the
corrected first confidence level as the confidence level of the target state.
[0187] In some embodiments of the present disclosure, in response to a determination that the first
confidence level needs to be corrected, the first confidence level may be corrected based on the

intersection-over-union between the first position and the reference position, which can improve the
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accuracy of the first confidence level.
[0188] In 732, in response to a determination that the second confidence level or the confidence
level of the sate change needs to be corrected, the second confidence level or the confidence level
of the sate change may be corrected based on the intersection-over-union between the second
position and the reference position.
[0189] In some embodiments, the processing device 110 may correct the second confidence level
or the confidence level of the sate change according to the following Equation (9):

conf, = confy * cos(1 — iou), (9)

[0190] where, conf, denotes a second confidence level or the confidence level of the sate
change before correction, conf, denotes a corrected second confidence level or the corrected
confidence level of the sate change, iou denotes the intersection-over-union between the second
position and the reference position.
[0191] In some embodiments, if the second confidence level is corrected, the processing device
110 may update the second confidence level to the second corrected confidence level, and then the
operation 620 may be executed.
[0192] Subsequently, when the second state is determined as the target state, since the second
confidence level has been corrected, the processing device 110 may determine the corrected
second confidence level or the adjusted second confidence level by adjusting the corrected second
confidence level as the confidence level of the target state.
[0193] In some embodiments, when there is no reference position of the target signal light, the
processing device 110 may not need to correct the first confidence level of the first state and the
second confidence level of the second state.
[0194] In some embodiments, the processing device 110 may correct the first confidence level
only when the degree of deviation of the first position from the reference position exceeds the first
threshold, otherwise, no correction may be performed. Alternatively, the processing device 110
may correct the second confidence level only when the degree of deviation of the second position
from the reference position exceeds the set threshold, otherwise, no correction may be performed.
[0195] In some embodiments, the processing device 110 may only correct one of the first
confidence level and the second confidence level, and not correct the other.
[0196] In some embodiments of the present disclosure, in response to a determination that the

second confidence level or the confidence level of the sate change needs to be corrected, the
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second confidence level or the confidence level of the sate change may be corrected based on an
intersection-over-union between the second position and the reference position, which can improve
the accuracy of the second confidence level.

[0197] FIG. 8 is a flowchart illustrating an exemplary process for obtaining a reference position
according to some embodiments of the present disclosure. As shown in FIG. 8, in some
embodiments, process 800 may include the operation 810, the operation 820, and the operation
830. In some embodiments, the process 800 may be performed by the processing device 110.
[0198] In 810, a sample set may be obtained.

[0199] In some embodiments, the sample set may include positions of a target signal lightin a
plurality of sample images captured within a preset time period. In some embodiments, the sample
set may include positions of each of a plurality of target signal lights in the plurality of sample images
captured within a preset time period. In some embodiments, the preset time period may be before
a time point when the second image is captured. In some embodiments, the preset time period
may include a time point when the second image is captured.

[0200] In some embodiments, the preset time period may include one change period of the target
signal light. For example, in the change period, a signal light logic may be performed for one time.
In other words, the change period may also be referred to as a period of the signal light logic. As a
further example, the change period may refer to time required for the target signal light to change
from green to yellow, from yellow to red, and from red to green again. A time period from a time
point when the target signal light turns green to a time point when the target signal light turns green
again may be the preset time period. In some embodiments, the preset time period may be before
a time point when the second image is captured. The plurality of sample images may be images
captured before the second image.

[0201] In some embodiments, the processing device 110 may obtain the sample image through
the image acquisition device monitoring the target signal light. For example, the processing device
110 may obtain the plurality of sample images acquired by the image acquisition device, in the
change period of the target signal light before the time point when the second image is captured.
The processing device 110 may identify and mark the positions of the target signal light in the
plurality of sample images. For example, the processing device 110 may mark the position of the
target signal light using a detection box. The detection box may be an identification box enclosing

the target signal light. The detection box may include the target signal light. As another example,
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the processing device 110 may mark the position of the target signal light using coordinates. The
position of the target signal light may be denoted by the coordinates.
[0202] In 820, a clustering result may be obtained by clustering the positions of the target signal
light in the sample set based on a clustering algorithm.
[0203] The clustering result may include one or more cluster sets. Each of the plurality of cluster
sets may include corresponding to one of the plurality of target signal lights. Each of the plurality of
cluster sets may include one or more positions of one of the plurality of target signal lights. .
[0204] Exemplary clustering algorithms may include a mean clustering algorithm (e.g., a K-
means clustering algorithm, a fuzzy c-means clustering algorithm, etc.), a mean shift clustering
algorithm, a density-based spatial clustering of applications with noise (DBSCAN), etc. For
example, the processing device 110 may cluster the detection boxes or coordinates corresponding
to the target signal light using the mean clustering algorithm to obtain the cluster result.
[0205] More description regarding the processing device 110 obtaining the clustering result by the
mean clustering algorithm based on the sample set may be found in relevant descriptions of the FIG.
8.
[0206] In 830, the reference position may be determined based on the clustering result.
[0207] Different target signal lights may correspond to different reference positions.
[0208] In some embodiments, the processing device 110 may determine the cluster center in one
of the one or more cluster sets in the clustering result as the reference position of the target signal
light. For example, one of the one or more cluster sets in the clustering result may include one or
more positions of the target signal light. The one or more positions may be denoted by one or more
detection boxes. The processing device 110 may merge the one or more detection boxes and
determine a merged detection box. The processing device 110 may designate the position of the
center of the merged detection box as the reference box. In some embodiments, the processing
device 110 may determine an average position of the one or more detection boxes as the reference
position. For example, the processing device 110 may obtain coordinates of vertexes of each of the
one or more detection boxes. The processing device 110 may determine the average position of
the one or more detection boxes by averaging coordinates of the same vertexes of the one or more
detection boxes.
[0209] In some embodiments of the present disclosure, the processing device 110 may determine

the reference position through the cluster algorithm, which can improve the accuracy of the
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reference position, thereby improving the accuracy of the determined target state.

[0210] In some embodiments, the sample set and the reference position may be updated based
on the first position and/or the second position of the target signal light.

[0211] In some embodiments, when the accuracy of the first position is relatively high, after
determining the first position as the target position of the target signal light, the processing device
110 may update the sample set and the reference position based on the first position. For example,
the processing device 110 may determine the reference position based on the updated sample
including the first position of the target signal light. VWhen the accuracy of the second position is
relatively high, after determining the second position as the target position of the target signal light,
the processing device 110 may update the sample set and the reference position with the second
position. The processing device 110 may determine the accuracy of the first position or the second
position according to the reference position. For example, the processing device 110 may obtain
an intersection-over-union between the reference position and one of the first position and the
second position and the accuracy of one of the first position and the second position with a larger
intersection-over-union may be higher. More descriptions regarding the first position and the
second position may be found in detailed descriptions in FIG. 7.

[0212] In some embodiments, the processing device 110 may update the reference position

according to the following Equation (10):

cbbox+qt+dbbox
=, (10)
qt+1

chbbox =

where dbbox denotes coordinates of the first position or coordinates of the second position, gt
denotes a count of times the reference position is determined, cbbox denotes coordinates of the
reference location. When the reference position is updated each time, the count of times the
reference position is calculated may be incremented by one.

[0213] In some embodiments, the processing device 110 may mark the position of the target signal
light in a newly obtained sample image. Through the above method, the processing device 110
may update the sample set.

[0214] FIG. 9is a flowchart illustrating an exemplary process for obtaining a clustering result
according to some embodiments of the present disclosure. As shown in FIG. 9, the process 900
may include the following operations. In some embodiments, the process 900 may be performed
by the processing device 110. The clustering result of a sample set including a plurality of positions

of one or more target signal lights represented in a plurality of sample images may be obtained
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according to a mean clustering algorithm as described in FIG. 9. Using the mean clustering
algorithm, an iteration process including a plurality of iterations may be performed. For illustration,
one of the plurality of iterations may be described as follows.

[0215] In 910, an initialization reference position set and a radius may be determined based on the
sample set. The initialization reference position set may include one or more initialization reference
positions.

[0216] The radius may be used to determine a region range for each of the one or more
initialization reference positions. For example, the region range may include a circle region with the
radius and centered on an initialization reference position in the initialization reference position set.
[0217] In some embodiments, the processing device 110 may determine the initialization reference
position set and the radius based on the sample set. For example, the processing device 110 may
obtain the initialization position set by sampling in the sample set (e.g., interval sampling, e.g.,
uniformly-space sampling or unequal sampling). Positions sampled by the processing device 110
may be designated as the initialization reference positions in the initialization reference position set.
As another example, the processing device 110 may preset the initialization reference position set
and the radius according to an actual need.

[0218] In 920, an updated reference position set may be determined based on the initialization
reference position set and the radius.

[0219] In some embodiments, based on the initialization reference position set and the radius, the
processing device 110 may determine positions in the sample sets (e.g., a plurality of detection
boxes or coordinates) within the radius of an initialization reference position in the initialization
reference position set and the positions in the sample sets within the radius of the initialization
reference position may form an updated reference position set. The (also referred to as one cluster
or reference position cluster M). For each of the one or more initialization reference positions in the
initialization reference position set, the processing device 110 may determine a reference position
cluster M and then obtain one or more reference position clusters M.

[0220] The processing device 110 may determine a mean position of positions in each of the one
or more reference position clusters M and the mean position corresponding to each of the one or
more reference position clusters M may form reference positions in the updated reference position
set.

[0221] In some embodiments, the processing device 110 may merge reference positions or
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remove one of the reference positions, in the updated reference position set, whose distances are
less than a distance threshold to determine or update the updated reference position set again to
obtain the updated reference position set. In some embodiments, the distance threshold may be an
average value of the distance between the updated reference positions. In some embodiments, the
distance threshold may be a default setting of the system 100. VWhen the distance between two
reference positions in the updated reference position set is less than the distance threshold, the two
reference positions may be merged into one or remove. The merging of two reference positions
may include determining a mean position between the two reference positions or combine the two
reference positions.

[0222] In 930, whether a termination condition is satisfied may be determined.

[0223] The termination condition may be a stop condition of the iteration process. For example,
the termination condition may be that a count of iterations (e.g., 20 times, etc.) is performed, a
convergence is reached, etc. In some embodiments, the termination condition may be that a
fluctuation of each of the updated reference positions in the updated reference position set is less
than or equal to a fluctuation threshold. The fluctuation threshold may refer to a minimum value of
a change between a current updated reference position and a last updated reference position in the
iterative process. In response to determining that the termination condition is satisfied, the
processing device 110 may terminate the iteration process and proceed to operation 940. In
response to determining that the termination condition is not satisfied, the processing device 110
may perform operation 950 and then continue to repeat operation 920 and operation 930. In
operation 950, the updated reference position set may be designated as the initialization reference
position in operation 920.

[0224] In 940, the clustering result may be obtained in response to a determination that the
termination condition is satisfied. The clustering result may include the updated reference position
set.

[0225] For example, the clustering result may be the updated reference position set generated in
the last iteration. The updated reference position set may include reference positions
corresponding to different target signal lights. In some embodiments, the processing device 110
may obtain the clustering result by removing an isolated reference position in the updated reference
position set. In some embodiments, the processing device 110 may merge or remove one of two

reference positions whose distance is less than a distance threshold to obtain the clustering result.
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[0226] In some embodiments of the present disclosure, the reference position of the target signal
light may be determined by using the mean clustering algorithm. These information may be used
as a priori to help correct the confidence level of the first state or the second state output by the first
machine learning model or the second machine learning model, which can improve the detection
accuracy.

[0227] It should be noted that the above description is intended to be illustrative, and not to limit
the scope of the present disclosure. For those skilled in the art, various variations and
modifications can be made under the guidance of the present disclosure. However, those
variations and modifications do not depart from the scope of the present disclosure.

[0228] FIG. 10 is a schematic diagram illustrating an exemplary process for detecting a state of a
signal light according to some embodiments of the present disclosure.

[0229] In some embodiments, the processing device 110 may input the first image or the pre-
processed first image into the trained first machine learning model, and the trained first machine
learning model may output the first state (multi-dimensional matrix).

[0230] In some embodiments, the processing device 110 may input the first image and the second
image into the trained second machine learning model, and the trained second machine learning
model may output the state change.

[0231] In some embodiments, the output of the trained second machine learning model may
include the state change and a confidence level of the state change. The processing device 110
may determine the second state based on the state change and the historical state of the second
image. For example, when the state change is that color has not changed, and the historical state
of the second image is a yellow light state, the processing device 110 may determine the second
state as a yellow light state. In some embodiments, the processing device 110 may determine the
second confidence level of the second state based on the confidence level of the state change.
More descriptions for determining the second confidence level of the second state based on the
confidence level of the state change may be found in FIG. 6 and the descriptions thereof.

[0232] In some embodiments,, the processing device 110 may compare the first state and the
second state. When the first state is the same as the second state, the processing device 110 may
determine the first state or the second state as the target state. \When the first state is different
from the second state, the processing device 110 may determine one of the first state and the

second state as the target state.
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[0233] FIG. 11 is a block diagram illustrating an exemplary processing device for detecting a state
of a signal light according to some embodiments of the present disclosure. As shown in FIG. 11, a
device for detecting a signal light 1100 may include an obtaining module 1110 (which may be
referred to as an image obtaining module module), a first state determination module 1120(which
may be referred to as a first dentification module), a second state determination module 1130(which
may be referred to as a second dentification module or a state prediction module ), and a target
state determination module 1140 (which may be referred to as a current state module).

[0234] In some embodiments, the obtaining module 1110 may be configured to obtain a first
image and a second image previous to the first image in time sequence. Both the first image and
the second image may include a same target signal light.

[0235] In some embodiments, the first state determination module 1120 connected with the
obtaining module 1110 may be configured to determine, based on the first image, a first state of the
target signal light in the first image.

[0236] In some embodiments, the second state determination module 1130 connected with the
obtaining module 1110 may be configured to determine, based on the second image and the first
image, a second state of the target signal light in the first image.

[0237] In some embodiments, the target state determination module 1140may be configured to
determine, based on the first state and the second state, a target state of the target signal light at a
time point when the first image is captured.

[0238] In some embodiments, the target state determination module 1140 connected with the
second state determination module 1130 and the obtaining module 1110 may be configured to
determining a state change of the target signal light from a time point when the second image is
captured to a time point when the first image is captured by processing the second image and the
first image based on the trained second neural network model. In some embodiments, the target
state determination module 1140 may be configured to determine, based on a target state of the
target signal light at a time point when the second image is captured and the state change, the
second state of the target signal light in the first image.

[0239] In some embodiments, the device for detecting a signal light 1100 may be any device with
image processing capacity, such as a computer, a mobile phone, etc., where will not be limited
herein.

[0240] In some embodiments, the obtaining module 1110, the first state determination module
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1120, the second state determination module 1130, and the target state determination module 1140

in the device for detecting a signal light 1100 may cooperate with each other to execute the
operations in the method for detecting a signal light in any of the above embodiments. Detailed
operations may be found in the above embodiments, which will not be repeated herein.

[0241] FIG. 12 is a schematic diagram illustrating an exemplary first or second machine learning
model according to some embodiments of the present disclosure. As shown in FIG. 12, the
processing device 110 may input a first image of RGB format data into a trained first machine
learning model for processing. In some embodiments, the processing device 110 may input the first
image and the second image of the RGB format data to a trained second machine learning model for
processing. The processing device 110 may input the first image into the first machine learning
model. The first machine learning model may output a multi-dimensional matrix. Each element in
the multi-dimensional matrix may represent whether a pixel corresponding to the each element
represents a portion of the target signal light, the state corresponding to the portion of the target
signal light (e.g., a first state, etc.) denoted by the pixel, and a confidence level of the state
corresponding to the portion of the target signal light denoted by the pixel, etc. The processing
device 110 may perform channel merging of the first image and the second image as input to the
second machine learning model. The second machine learning model may output a multi-
dimensional matrix. In some embodiments, the second multi-dimensional matrix may represent
state changes of different positions of the target signal light in the first image, confidence levels of
the state change corresponding to different positions of the target signal lights, etc. More
descriptions regarding the multi-dimensional matrix, may be found in relevant descriptions of FIG. 4.
As shown in FIG. 12, at least one of the first machine learning model or the second machine learning
model may include structural layers such as a first convolutional layer, a first activation layer, a first
pooling layer, ..., a nt" convolutional layer, a n' activation layer, a nt" pooling layer, ..., an upsampling

layer, a cascade operation layer, ..., a convolutional layer.

[0242] In some embodiments, the n" convolutional layer may perform an operation according to
Equation (11):

Fy = Ye(Fpoy @ W) + by, (11)
where the n" convolutional layer performs a convolution and an addition operation of an input F,,_,

using a convolution kernel, ® denotes a convolution operation, F,_, denotes the output of a n-1t"

layer, w,, denotes a nt" layer convolution kernel, b,, denotes a bias term for the n'" layer,

F, denotes a ni layer output, ¢ denotes a count of channels of F,_; and w,. A countof channels
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of F, may be related to a count of w,,.

[0243] In some embodiments, taking E, as an input, the n'" activation layer may map each value

of the input as Equation (12) as follows:

FyE, >0

Fnace = {0{ * F,, other’ (12)

[0244] where, « denotes an attenuation coefficient, which may control a case that F, is less than
0, F, qce denotes the output of the activation layer.

[0245] In some embodiments, the pooling layer may downsample input features, select sampling
areas at equal intervals, and calculate a maximum value or an average value as the output of the
corresponding position. The input feature may be represented as a matrix. The matrix may be
divided into a plurality of regions to calculate the maximum value or the average value of elements in
each region. It may be assumed that a size of the input feature is (W,,, H,,, C,,), and a size of the
output feature after being processed by a downsampling layeris (W, /N, H, /N, C,), where N denotes
a downsampling multiple.

[0246] In some embodiments, the upsampling layer may perform an upsampling operation by
using a bilinear interpolation method. It may be assumed that a size of the input feature is

(W, Hy, C), and a size of the output feature after being processed by an upsampling layer is

(W, x N,H, X N, Cy,), where N denotes a upsampling multiple.

[0247] In some embodiments, a cascade operation may refer to splicing obtained feature maps in
a channel direction. The feature maps to be spliced may be consistent in width and height
dimensions. It may be assumed that a size of the feature map to be spliced is (W, H,,,C,) and
Wy, Hy,, Cy), and an output size after the cascade operationis (W, H,, C, + C,). Atleast one of the
first machine learing model or the second machine learming model may output multi-dimensional
matrices corresponding to different images by processing images of RGB format data many times.
[0248] Having thus described the basic concepts, it may be rather apparent to those skilled in the
art after reading this detailed disclosure that the foregoing detailed disclosure is intended to be
presented by way of example only and is not limiting. Although not explicitly stated here, those
skilled in the art may make various modifications, improvements and amendments to the present
disclosure. These alterations, improvements, and modifications are intended to be suggested by
this disclosure, and are within the spirit and scope of the exemplary embodiments of this disclosure.
[0249] Moreover, certain terminology has been used to describe embodiments of the present

disclosure. For example, the terms “one embodiment,” “an embodiment,” and/or “some
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embodiments” mean that a particular feature, structure or characteristic described in connection with
the embodiment is included in at least one embodiment of the present disclosure. Therefore, it is
emphasized and should be appreciated that two or more references to “an embodiment” or “one
embodiment” or “an alternative embodiment” in various parts of this specification are not necessarily
all referring to the same embodiment. In addition, some features, structures, or features in the
present disclosure of one or more embodiments may be appropriately combined.

[0250] Furthermore, the recited order of processing elements or sequences, or the use of
numbers, letters, or other designations therefore, is not intended to limit the claimed processes and
methods to any order except as may be specified in the claims. Although the above disclosure
discusses through various examples what is currently considered to be a variety of useful
embodiments of the disclosure, it is to be understood that such detail is solely for that purpose, and
that the appended claims are not limited to the disclosed embodiments, but, on the contrary, are
intended to cover modifications and equivalent arrangements that are within the spirit and scope of
the disclosed embodiments. For example, although the implementation of various components
described above may be embodied in a hardware device, it may also be implemented as a software
only solution, e.g., an installation on an existing server or mobile device.

[0251] Similarly, it should be appreciated that in the foregoing description of embodiments of the
present disclosure, various features are sometimes grouped together in a single embodiment, figure,
or description thereof for the purpose of streamlining the disclosure aiding in the understanding of
one or more of the various embodiments. However, this disclosure does not mean that the present
disclosure object requires more features than the features mentioned in the claims. Rather,
claimed subject matter may lie in less than all features of a single foregoing disclosed embodiment.
[0252] In some embodiments, the numbers expressing quantities or properties used to describe
and claim certain embodiments of the present disclosure are to be understood as being modified in
some instances by the term “about,” “approximate,” or “substantially.” For example, “about,”
“approximate,” or “substantially” may indicate £20% variation of the value it describes, unless
otherwise stated. Accordingly, in some embodiments, the numerical parameters set forth in the
written description and attached claims are approximations that may vary depending upon the
desired properties sought to be obtained by a particular embodiment. In some embodiments, the
numerical parameters should be construed in light of the number of reported significant digits and by

applying ordinary rounding techniques. Notwithstanding that the numerical ranges and parameters
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setting forth the broad scope of some embodiments of the present disclosure are approximations,
the numerical values set forth in the specific examples are reported as precisely as practicable.
[0253] Each of the patents, patent applications, publications of patent applications, and other
material, such as articles, books, specifications, publications, documents, things, and/or the like,
referenced herein is hereby incorporated herein by this reference in its entirety for all purposes,
excepting any prosecution file history associated with same, any of same that is inconsistent with or
in conflict with the present document, or any of same that may have a limiting affect as to the
broadest scope of the claims now or later associated with the present document. By way of
example, should there be any inconsistency or conflict between the description, definition, and/or the
use of a term associated with any of the incorporated material and that associated with the present
document, the description, definition, and/or the use of the term in the present document shall
prevail.

[0254] In closing, it is to be understood that the embodiments of the present disclosure disclosed
herein are illustrative of the principles of the embodiments of the present disclosure. Other
modifications that may be employed may be within the scope of the present disclosure. Thus, by
way of example, but not of limitation, alternative configurations of the embodiments of the present
disclosure may be utilized in accordance with the teachings herein. Accordingly, embodiments of

the present disclosure are not limited to that precisely as shown and described.
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WHAT IS CLAIMED IS:

1. A method for detecting a signal light, comprising:

obtaining a first image and a second image previous to the first image in time sequence,
wherein both the first image and the second image include a same target signal light;

determining, based on the first image, a first state of the target signal light in the first image;

determining, based on the second image and the first image, a second state of the target
signal light in the first image; and

determining, based on the first state and the second state, a target state of the target signal

light at a time point when the first image is captured.

2. The method of claim 1, wherein the determining, based on the first image, a first state of the target
signal light in the first image includes:

determining, based on a trained first machine learning model, the first state by processing the
first image, wherein the first machine learning model determines the first state based on position

information and color information of the target signal light in the first image.

3. The method of claim 1, wherein the determining, based on the second image and the first image,
a second state of the target signal light in the first image includes:

determining the second state by processing, based on a trained second machine learning
model, the second image and the first image, wherein the second machine learning model
determines the second state based on information in a time domain of the target signal light in the

first image and in the second image.

4. The method of claim 3, wherein the determining the second state by processing, based on the
trained second machine learning model, the second image and the first image includes:
determining a state change of the target signal light from a time point when the second image
is captured to a time point when the first image is captured by processing the second image and the
first image based on the trained second machine learning model; and
determining, based on a target state of the target signal light at a time point when the second

image is captured and the state change, the second state of the target signal light in the first image.
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5. The method of claim 4, wherein the determining, based on a target state of the target signal light
at a time point when the second image is captured and the state change, the second state of the
target signal light in the first image includes:

obtaining a first confidence level of the first state;

obtaining, based on a confidence level corresponding to the result of state change, a second
confidence level of the second state or an adjusted second confidence level; and

determining, based on the first confidence level and one of the second confidence level and

the adjusted second confidence level, the target state.

6. The method of claim 5, wherein the determining, based on the first confidence level and one of
the second confidence level and the adjusted second confidence level, the target state includes:
obtaining an adjusted first confidence level corresponding to the first state by adjusting the
first confidence level; and
determining, based on the adjusted first confidence level and one of the second confidence
level and the adjusted second confidence level, one of the first state and the second state as the

target state of the target signal light at a time point when the first image is captured.

7. The method of claim 6, wherein the obtaining an adjusted first confidence level corresponding to
the first state by adjusting the first confidence level includes:
determining a product of the first confidence level and a preset first factor as the adjusted first

confidence level.

8. The method of claim 5, wherein the obtaining, based on a confidence level corresponding to the
state change, one of a second confidence level of the second state and an adjusted second
confidence level includes:

determining, based on the state change, a determination mode corresponding to one of the
second confidence level and the adjusted second condidence level; and

determining, based on a confidence level of a target state corresponding to the target signal
light at a time point when the second image is captured, the confidence level corresponding to the
state change, and the determination mode, the second confidence level or the adjusted second

confidence level.
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9. The method of claim 5, further comprising:

obtaining a first position of the target signal light in the first image;

determining a first comparison result by comparing the first position and a reference position;
and

determining, based on the first comparison result, whether the first confidence level needs to

be corrected.

10. The method of claim 5, further comprising:

obtaining a second position of the target signal light in the first image;

determining a second comparison result by comparing the second position and a reference
position; and

determining, based on the second comparison result, whether the second confidence level

needs to be corrected.

11. The method of claim 9 or 10, further comprising:

in response to a determination that the first confidence level needs to be corrected, correcting
the first confidence level based on an intersection-over-union between the first position and the
reference position; or

in response to a determination that the second confidence level needs to be corrected,
correcting the second confidence level based on an intersection-over-union between the second

position and the reference position.

12. The method of claim 9 or 10, wherein the reference position is determined by operations
including:

obtaining a sample set including positions of the target signal light in a plurality of sample
images captured within a preset time period, the preset time period being before a time point when
the second image is captured;

obtaining, based on a clustering algorithm, a clustering result by clustering the positions of the
target signal light in the plurality of sample images in the sample set; and

determining, based on the clustering result, the reference position.
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13. The method of claim 12, wherein the obtaining, based on a clustering algorithm, a clustering
result by clustering the positions of the target signal light in the plurality of sample images in the
sample set includes:

determining, based on the sample set, an initialization reference position set and a radius, the
initialization reference position set including one or more initialization reference positions;

determining, based on the initialization reference position set and the radius, an updated
reference position set through a means clustering algorithm;

determining whether a termination condition is satisfied; and

in response to a determination that the termination condition is satisfied, obtaining the

clustering result, wherein the clustering result includes the updated reference position set.

14. The method of claim 12, further comprising:
updating, based on a position of the target signal light in the first image and/or the second

image, the sample set and the reference position.

15. The method of claim 1, further comprising:

performing a preprocessing operation on at least one of the first image or the second image,
wherein the preprocessing operation includes at least one of:

performing color conversion on at least one of the first image or the second image; or

performing region of interest (ROI) extraction on at least one of the first image or the second
image, wherein the region of interest includes a light panel region where the target signal light is

located.

16. The method of claim 15, wherein the region of interest is larger than the light panel region.

17. A device for detecting a signal light comprising a processor, a storage, and a communication
circuit, wherein the processor is respectively coupled to the storage and the communication circuit,
program data is stored in the storage, and the processor implements the method for detecting a

signal light according to any one of claims 1 to 16 by executing the program data in the storage.
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18. A computer-readable storage medium storing computer programs, wherein the computer
programs are executed by a processor to implement the method for detecting a signal light

according to any one of claims 1 to 16.
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