VIDEO STREAM FRAME RATE ADJUSTMENT METHOD AND
APPARATUS, AND DEVICE, MEDIUM AND PRODUCT

TECHNICAL FIELD
[0001] The present disclosure relates to the technical field of video transmissions, and in
particular, relates to a method and an apparatus for adjusting a video stream frame rate and a

device, a medium, and a product thereof.

BACKGROUND

[0002] In the case of given bandwidth and resolution, a frame rate is adjusted to change a
transmission bitrate to achieve transmission control of video streams. This approach is typically
based on network conditions or hardware conditions of computer devices, with a purpose of
meeting actual conditions of the network or hardware but without considering an actual viewing
experience of audience in terms of frame rate changes over time.

[0003] Specifically, according to traditional encoding principles, a quality, a frame rate, and
resolution of a video change with the bandwidth. Assuming that the resolution remains constant,
in the case that a changeable range of the frame rate is large, a changeable range of the video
quality is smaller, such that image compression is difficult unless the resolution is lowered. By
lowering the resolution, the changeable ranges of the frame rate and the video quality are more
flexible, such that an encoding process is more flexible. However, it is not user-friendly in the case
that the problem is addressed only by lowering the frame rate without considering the actual
viewing experience of the user.

[0004] Therefore, the transmission control technology for video streams still requires to be

improve greatly.

SUMMARY
[0005] The present disclosure aims to provide a method and an apparatus for adjusting a video
stream frame rate, and a device, a non-transitory readable storage medium, and a computer
program product thereof.

[0006] According to some embodiments of the present disclosure, a method for adjusting a video
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stream frame rate is provided. The method includes:

[0007] acquiring a current image frame required for generating a video stream;

[0008] determining a reference frame rate and a subjective quality indicator matching the current
image frame;

[0009] acquiring, by inputting an output bandwidth of an encoder into a parameter optimization
model, an approximate function characterizing a mapping relationship between encoding frame
rates and objective quality indicators at the output bandwidth; and

[0010] solving a numerical approximation point corresponding to the subjective assessment
parameters using the approximate function, and acquiring an encoding frame rate corresponding
to the numerical approximation point as an optimal frame rate for encoding the current image
frame.

[0011] According to some embodiments of the present disclosure, an apparatus for adjusting a
video stream frame rate is provided. The apparatus includes:

[0012] an image acquisition module, configured to acquire a current image frame required for
generating a video stream;

[0013] a subjective assessment module, configured to determine subjective assessment parameters
of the current image frame, wherein the subjective assessment parameters include a reference
frame rate suitable for encoding the current image frame and a subjective quality indicator to be
acquired by encoding at the reference frame rate;

[0014] a function modulation module, configured to acquire , by inputting an output bandwidth of
an encoder into a parameter optimization model, an approximate function characterizing a
mapping relationship between encoding frame rates and objective quality indicators at the output
bandwidth; and

[0015] a frame rate determination module, configured to solve a numerical approximation point
corresponding to the subjective assessment parameters using the approximate function, and
acquire an encoding frame rate corresponding to the numerical approximation point as an optimal
frame rate for encoding the current image frame.

[0016] According to some embodiments of the present disclosure, a device for adjusting a video
stream frame rate is provided. The device includes a central processing unit and a memory, wherein
the central processing unit, when calling and running one or more computer programs stored in

the memory, is caused to perform the method for adjusting a video stream frame rate according to



the present disclosure.

[0017] According to some embodiments of the present disclosure, a non-transitory readable
storage medium is provided. The non-transitory readable storage medium stores one or more
computer programs implemented by the method for adjusting the video stream frame rate in a form
of one or more computer-readable instructions; the one or more computer programs, when called
and run by a computer, cause the computer to perform the method.

[0018] According to some embodiments of the present disclosure, a computer program product
including one or more computer programs/instructions is provided. The one or more computer
programs/instructions, when loaded and executed by a processor, cause the processor to perform

the method in any one of the embodiments of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019] FIG. 1 is a schematic diagram of a network architecture corresponding to a network live
streaming environment applicable to the present disclosure;
[0020] FIG. 2 is a schematic diagram of a principle of a method for adjusting a video stream frame
rate according to the present disclosure;
[0021] FIG. 3 is a schematic flowchart of a method for adjusting a video stream frame rate
according to some embodiments of the present disclosure;
[0022] FIG. 4 is a schematic flowchart of a process of acquiring a current image frame according
to some embodiments of the present disclosure;
[0023] FIG. 5 is a schematic flowchart of a process of determining whether to recalculate
subjective assessment parameters according to some embodiments of the present disclosure;
[0024] FIG. 6 is a schematic flowchart of a process of determining subjective assessment
parameters of a current image frame according to some embodiments of the present disclosure;
[0025] FIG. 7 is a schematic flowchart of a process of iterating a parameter optimization model
according to some embodiments of the present disclosure;
[0026] FIG. 8 is a schematic flowchart of a process of calculating an objective quality indicator
based on a video stream according to some embodiments of the present disclosure;
[0027] FIG. 9 is a principle block diagram of an apparatus for adjusting a video stream frame rate
according to some embodiments of the present disclosure; and

[0028] FIG. 10 is a schematic structural diagram of a device for adjusting a video stream frame



rate applicable to the present disclosure.

DETAILED DESCRIPTION

[0029] Referring to FIG. 1, a network architecture applicable to an exemplary application scenario
of the present disclosure is configured to deploy network live streaming services. The encoding
process of the video stream in the network live streaming service is practicable by running a
computer program product according to any one of the embodiments of the present disclosure. The
application server 81 shown in FIG. 1 is configured to support operation of live streaming room
instances, and the media server 82 is configured to handle decoding and encoding processes of the
video streams pushed by various live streaming users to achieve relaying. The terminal devices
such as the computer 83 and the mobile phone 84, as clients, are generally provided for terminal
users. In addition, in the case where the video stream needs to be encoded on the terminal device,
the computer program product according to the embodiments of the present disclosure can also be
deployed on the terminal device, such that the method according to any one of the embodiments
of the present disclosure is applicable to encoding the video image collected by the camera. In
other words, the above application scenario is only for exemplary purpose, and the method for
adjusting the video stream frame rate according to the present disclosure is applicable to all
scenarios where the video stream needs to be encoded.

[0030] The principle block diagram shown in FIG. 2 shows the principle of implementing various
embodiments of the present disclosure. As can be seen from the drawing, for providing the encoder
with the optimal frame rate parameters to adaptively control the encoder to encode the image
frames of the video stream, a parameter optimization model simulates, based on the output
bandwidth of the encoder, an approximate function characterizing the mapping relationship
between the encoding frame rates and the objective quality indicators. An image detection module
determines, based on the video stream, the subjective assessment parameters of the current image
frame determined based on the image subjective quality evaluation method. The subjective
assessment parameters include the reference frame rate and subjective quality indicators.

[0031] The approximate function and the subjective assessment parameters both include the
corresponding relationship between the frame rates and the quality indicators. The approximate
function is inferred by the parameter optimization model and optimized by the objective quality

indicators of the encoded image frames. Therefore, the inferred quality indicators are quantified



and determined in the form of objective quality indicators. The quality indicators in the subjective
assessment parameters are determined based on data acquired by quantifying subjective
perceptions by the image subjective quality evaluation method, and thus the quality indicators are
quantified and determined in the form of subjective quality indicators.

[0032] Furthermore, a frame rate determination module acquires, by solving a numerical
approximation point of the approximate function and the subjective assessment parameters, an
encoding frame rate corresponding to the numerical approximation point as an optimal frame rate
to control the encoder to encode the image frames at the optimal frame rate. The encoded video
stream is remotely pushed for transmission.

[0033] In addition, a quality evaluation module calculates, based on the original current image
frame, the current image frame corresponding to the video stream decoded by the decoder and
determines the objective quality indicators actually acquired for the current image frame , and the
weight parameters of the parameter model are corrected based on the objective quality indicators
and the optimal frame rate in encoding through backpropagation, such that the parameter
optimization model is iterated to improve the predictive capability of simulating the approximate
function, such that the optimal frame rate is solved, and a high-quality encoding effect is achieved
by continuously optimizing encoding efficiency in the video stream encoding process.

[0034] Referring to FIG. 3, a method for adjusting a video stream frame rate is provided according
to some embodiments of the present disclosure. In some embodiments, the method includes
following processes.

[0035] In S1100, a current image frame required for generating a video stream is acquired.
[0036] The video stream is a video stream in a network live streaming transmission and is provided
by a live streaming user of the network live streaming. The video stream includes a plurality of
image frames, and each image frame is processed as the current image frame by the method
according to the present disclosure to control the encoder to encode each current image frame into
the video stream.

[0037] The current image frame is acquired from the image space prior to encoding and is
generally stored in a specific format, such as a YUV format or an RGB format, which is flexibly
determined by those skilled in the art.

[0038] In S1200, a reference frame rate and a subjective quality indicator matching the current

image frame are determined, wherein the subjective assessment parameters include a reference



frame rate suitable for encoding the current image frame and the subjective quality indicator to be
acquired by encoding at the reference frame rate.

[0039] The subjective quality indicator corresponding to each current image frame in the video
stream can be determined by referring to the image subjective quality evaluation method.

[0040] In some embodiments, the image subjective quality evaluation method is pre-performed to
provide video content at a plurality of different frame rates and playback for viewers to watch.
Then, scores from various viewers are acquired from multiple predetermined dimensions, and the
scores given by the viewers are weighted and quantified into a subjective quality indicator. A
mapping relationship table is established between the corresponding subjective quality indicators
and the plurality of frame rates, and is then used as a reference to determine the reference frame
rate matching the current image frame and the subjective quality indicator in the present disclosure.
Accordingly, in the case where the reference frame rate matching the current image frame and the
corresponding subjective quality indicator require to be determined, the reference frame rate
corresponding to the preceding image frame of the current image frame is correspondingly
adjusted based on the change in image complexity of the current image frame relative to the
preceding image frame, such that the reference frame rate corresponding to the current image
frame is acquired. Based on the acquired reference frame rate, the corresponding subjective quality
indicator is determined using the mapping relationship data, such that a reference frame rate and a
corresponding subjective quality indicator are acquired, which constitute the subjective assessment
parameters of the current image frame.

[0041] It can be seen that the reference frame rate, as intermediate data for reference, constitutes
a frame rate encoding condition of the current image frame. Correspondingly, the subjective
quality indicator refers to an image quality subjective evaluation result that is predictable in the
case where the reference frame rate is the encoding condition.

[0042] In some embodiments, data fitting is performed on the mapping relationship table
determined by the image subjective quality evaluation method to acquire a corresponding
subjective curve function, such that the subjective quality indicator corresponding to each current
image frame is quickly acquired based on the reference frame rate for each current image frame,
and the subjective assessment parameters are further acquired. In this case, as the subjective curve
function exhibits linear characteristics upon fitting, the subjective assessment parameters

determined based on the function are smooth.



[0043] The current image frame belongs to a transition image indicating a scene change in the
video scene relative to the preceding image frame. Alternatively, the current image frame belongs
to a non-transition image. In some embodiments, whether to recalculate the subjective quality
parameters is determined based on whether the current image frame belongs to the transition
image. In the case where the subjective quality parameters are not required to be recalculated, the
subjective quality parameters already generated in the current scene containing the current image
frame are acquired for direct use.
[0044] In S1300, an approximate function characterizing a mapping relationship between
encoding frame rates and objective quality indicators at an output bandwidth is acquired by
inputting the output bandwidth of an encoder into a parameter optimization model.
[0045] The output bandwidth of the encoder is an objective condition and has relative determinacy
limited by network conditions and/or hardware conditions. In the embodiments, the output
bandwidth is input into the parameter optimization model to control the parameter optimization
model to simulate the approximate function that solves the optimal frame rate of the encoder.
[0046] The parameter optimization model is acquired by pre-modeling. For example, as the
resolution needs to be stable in the transmission of the same video stream, and the encoding frame
rate and objective quality indicator are highly flexible with the change in the output bandwidth of
the encoder, data fitting is performed on the objective quality indicators and the encoding frame
rates of different video streams at a specific output bandwidth, and the fitting result shows that the
encoding frame rate and the objective quality indicator of the video stream follow a natural
logarithm distribution. Based on the principle, the parameter optimization model is acquired by
modeling.
[0047] An exemplary parameter optimization model is constructed according to the following
formula:

Ypsnr = A * In(fps) + B
[0048] y,sn, represents an exemplary objective quality indicator, fps represents the frame rate, A

represents a learnable weight parameter, and B represents a learnable bias parameter. A and B
constitute the learnable parameters of the model. According to the formula, the parameter
optimization model corrects the weight parameter and the bias parameter based on the objective
quality indicator of the image frame output by the encoder to iteratively train to continuously

approach convergence.



[0049] Based on the exemplary modeling principle of the parameter optimization model, the core
of the parameter optimization model is to construct a data curve corresponding to the mapping
relationship between the output bandwidth, the encoding frame rates, and the objective quality
indicators, such that the mapping relationship between the encoding frame rates and the objective
quality indicators is predicted based on the output bandwidth, that is, the approximate function is
determined. By determining a corresponding point on the determined approximate function, the
specific encoding frame rate and the objective quality indicator are determined. Thus, the data
curve corresponding to a specific output bandwidth essentially reflects a set of the mapping
relationship data between the encoding frame rates and the objective quality indicators at the
specific output bandwidth. The set of the mapping relationship data is represented by the
approximate function acquired by the parameter optimization model. Consequently, the
approximate function is acquired based on the output bandwidth.

[0050] It should be noted that S1200 and S1300 can be performed concurrently or can be
exchangeable, and are not limited by the sequence listed in the present disclosure.

[0051] In addition, the parameter optimization model can be modeled as a machine learning model
with low computational resource utilization or as a more intelligent deep learning model, as long
as the parameter optimization model achieves the functions described in the present disclosure
based on the above principles.

[0052] In S1400, a numerical approximation point corresponding to the subjective assessment
parameters is solved using the approximate function, and an encoding frame rate corresponding to
the numerical approximation point is acquired as the optimal frame rate for encoding the current
image frame.

[0053] In a more illustrative sense, the approximate function characterizes the linear mapping
relationship data of between the encoding frame rates and the objective quality indicators at a
specific output bandwidth, and is depicted as a data curve in a Cartesian coordinate system. The
subjective assessment parameter corresponding to the current image frame, that is, the reference
frame rate and the subjective quality indicator corresponding to the reference frame rate, is
depicted as a point in the Cartesian coordinate system.

[0054] Accordingly, in some embodiments, a point on a data curve with the shortest distance is
determined by calculating the point on the data curve of the approximate function with the shortest

distance from the point corresponding to the subjective parameter model in the Cartesian



coordinate system, and the point is determined as the numerical approximation point on the data
curve. The numerical approximation point corresponds to the mapping relationship data between
the encoding frame rates and the objective quality indicators, and the encoding frame rate is
determined as the optimal frame rate.

[0055] In some embodiments, based on the mapping relationship data between the reference frame
rates and the subjective quality indicators determined by the image subjective quality evaluation
method, a subjective curve function is acquired by data fitting in advance. In this case, an
intersection point between the subjective curve function and the approximate function is
calculated. The intersection point is the numerical approximation point, and thus the corresponding
encoding frame rate is also acquired and determined as the optimal frame rate.

[0056] The optimal frame rate determined in the present disclosure is input into the encoder to
control the encoder to encode the current image frame at the optimal frame rate, such that the
current image frame is encoded into the video stream.

[0057] Based on the above embodiments, it can be seen that, compared to some practices, under
constraint of the output bandwidth of the encoder in the present disclosure, the corresponding
relationship between the frame rate change and the image quality change is assessed by
determining the subjective assessment parameters of the current image frame in the video stream.
The subjective assessment parameters include the reference frame rate suitable for encoding the
current image frame and the subjective quality indicator to be acquired by encoding at the reference
frame rate. The parameter optimization model predicts the approximate function characterizing
the mapping relationship between the encoding frame rates and the objective quality indicators.
On this basis, the numerical approximation point corresponding to the subjective assessment
parameters is acquired based on the approximate function, and then the optimal frame rate required
for encoding is determined based on the numerical approximation point to control the encoder to
encode and output the current image frame, such that the objective quality indicator of the encoded
video stream generated by encoding conforms to tuning of the subjective quality indicator. Thus,
the stable and smooth output of the video stream is ensured, and the overall quality of the video
image is improved.

[0058] Referring to FIG. 4, based on the above embodiments, S1100, that is, acquiring the current
image frame required for generating the video stream, includes the following processes.

[0059] In S1111, a data frame collected by a camera unit is rendered into a texture image.



[0060] The computer program product according to the present disclosure is deployed on a
terminal device, such as a personal computer or a mobile terminal used by a live streaming user in
network live streaming for generating live streaming video streams. The camera unit installed on
the terminal device is configured to collect real-world images to generate the video stream.
[0061] The images are collected upon start of the camera unit, and image data is acquired in a
form of data frame. Then, predetermined textures are used to draw the images to generate texture
data, and the texture data is rendered to a graphical user interface of the terminal device.

[0062] In S1112, the texture image is converted into an image frame of a specific format and stored
in an image space.

[0063] Upon conventional image preprocessing, the texture image is further converted into the
image frame of the specific format and stored in the image space. The image space is a color space
corresponding to a color encoding method of the corresponding specific format. The specific
format is a YUV format or an RGB format, and the type of the format does not affect the inventive
spirit of the present disclosure.

[0064] In S1113, each image frame is acquired from the image space based on a timestamp and
determined as the current image frame.

[0065] In encoding process, the encoder continuously calls various image frames from the image
space, and the called image frame is determined as the current image frame for encoding by the
encoder. As the encoding process requires sequential organization of the image frames in the video
stream, various image frames are sequentially acquired based on the timestamps frame by frame,
and each acquired image frame is the current image frame.

[0066] Based on the above embodiments, it can be seen that the present disclosure is applicable to
being deployed on the terminal device. The terminal device encodes the image frames collected
by the camera unit at the optimal frame rate acquired in the present disclosure, such that the high-
quality image transmission is achieved on the premise of adaptive and stable transmission of the
video stream.

[0067] Based on the above embodiments, in some embodiments different from the previous
embodiments, S1100, that is, acquiring the current image frame required for generating the video
stream, includes the following processes.

[0068] In S1121, an image frame of a specific format is acquired by decoding an original video

stream submitted by a terminal device, and the image frame of the specific format is stored in an
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image space.

[0069] The computer program product of the present disclosure is deployed on a server, such as a
media server for a network live streaming service. The media server is configured to receive a
video stream uploaded by the live streaming user in the live streaming room of the network live
streaming service, decode the video stream to acquire image frames encoded in a default format
therein, and store the image frames in the image space, such that the stream mixing or format
conversion is performed on the image frames to acquire the image frames of the specific format
stored in the image space. Thus, the image frames are encoded into the video stream based on
network conditions and/or hardware conditions of receiver users for output.

[0070] In S1122, each image frame is acquired from the image space based on a timestamp and
determined as the current image frame.

[0071] Similarly, In encoding process, the encoder continuously calls various image frames from
the image space, and the called image frame is determined as the current image frame for encoding
by the encoder. As the encoding process requires sequential organization of the image frames in
the video stream, various image frames are sequentially acquired based on the timestamps frame
by frame, and each acquired image frame is the current image frame.

[0072] Based on the above embodiments, it can be seen that the present disclosure is applicable to
being deployed on the server. The server decodes and then re-encodes the image frames of the
video stream uploaded by the terminal device at the optimal frame rate acquired in the present
disclosure, such that the high-quality image transmission is achieved on the premise of adaptive
and stable transmission of the video stream.

[0073] Referring to FIG. 5, based on the above embodiments, S1200, that is, determining the
subjective assessment parameters of the current image frame, includes the following processes.
[0074] In S1210, whether the current image frame belongs to a transition image is determined
using a predetermined transition identification model.

[0075] The scene change occur in the video stream, and whether the current image belongs to the
transition image is determined by identifying the current image frame to determine whether the
scene change occurs for the current image frame relative to the preceding image frame. The scene
change usually mean a significant change in the scale of image data. Therefore, identification of
whether the current image frame belongs to the transition image is determined as a basis for

determining whether the subjective assessment parameters used for the current image frame need
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to be redetermined.

[0076] In identifying whether the current image frame belongs to the transition image, any feasible
transition identification method may be used. The principle is that the image change information
between the current image frame and the preceding image frame adjacent in timing is compared.
In the case of a significant change in the image change information, the current image frame
belongs to the transition image.

[0077] In one exemplary identification method, the information difference between the current
image frame and the image frame preceding in timing is calculated. In the case where the
information difference is greater than a predetermined threshold, the current image frame belongs
to the transition image.

[0078] In another exemplary identification method, the transition identification model is a deep-
learning-based model. In an example model structure, Resnet is used as a backbone model to
acquire comprehensive feature information using feature concatenation upon extracting image
feature information from the current image frame and the preceding image frame. The
comprehensive feature information is input into a classifier through a fully connected layer, a
classification probability of the current image frame belonging to the transition image is output by
the classifier, and whether the current image frame belongs to the transition image is determined
based on the classification probability. It should be noted that the transition identification model
should first be trained to a convergence state using a sufficient number of training samples, which
can be implemented by those skilled in the art.

[0079] In S1220, a difference in image size between the current image frame and a preceding
image frame is determined is determined by performing image analysis on the current image frame
in the case where the current image frame belongs to a transition image.

[0080] For convenient determination of whether the subjective assessment parameters of the
current image frame require to be recalculated based on the current scene, the image analysis is
performed on the transition image upon determination that the current image frame belongs to the
transition image. Whether a significant change occurs in a bitstream of the encoder by comparing
the difference in image size between the current image frame and the preceding image frame
adjacent in timing, such that the subjective assessment parameters of the current image frame is
timely adjusted in response to the change in the bitstream, and are determined as the subjective

assessment parameters of various image frames in the current scene to guide encoding of

12



subsequent image frames in the current scene.

[0081] In S1230, in the case where the difference is greater than a predetermined threshold, the
subjective assessment parameters of the current image frame are recalculated.

[0082] The difference in image size is analyzed and compared to the predetermined threshold. The
predetermined threshold is an empirical threshold or a measured threshold. In the case where the
difference in image size is less than the predetermined threshold, the bitstream change is small,
and the subjective assessment parameters are not required to be redetermined, and the subjective
assessment parameters from the previous scene are used. In the case where the difference in image
size is greater than the predetermined threshold, the bitstream change is great, and the range of
change in the encoding frame rate of the encoder is also large. In this case, the subjective
assessment parameters are redetermined based on the image complexity of the current image frame
or based on the image complexity of the current image frame and image complexities of a plurality
of subsequent image frames to redetermine the subjective assessment parameters applicable to
various image frames in the current scene.

[0083] In S1240, in the case where the current image frame belongs to a non-transition image,
subjective assessment parameters of the preceding image frame of the current image frame are
called as the subjective assessment parameters of the current image frame.

[0084] In the case where the current image frame is determined to belong to the non-transition
image frame, the scene is unchanged. In this case, as the subjective assessment parameters of the
scene have already been calculated and determined at a moment corresponding to a first image
frame identified as the transition image in the scene, the subjective assessment parameters are not
required to be recalculated for the current image frame, and the pre-determined subjective
assessment parameters for the current scene are directly used.

[0085] It should be noted that the computer program product according to the present disclosure,
when starting to work, identifies the first image frame as the current image frame and determines
the corresponding subjective assessment parameters of the current image frame. In this case, a
reference basis may be lacked in calculation of the subjective assessment parameters. Therefore,
adaptive initialization is performed in advance, such as providing default initialized subjective
assessment parameters for the scene corresponding to the first image frame to call.

[0086] Based on the above embodiments, it can be seen that in the encoding process of each image

frame in the video stream, transition identification is performed for each current image frame, and
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whether to redetermine the subjective assessment parameters for the current scene is determined
based on potential bitstream changes. That is, whether to redetermine the subjective assessment
parameters is determined by transition identification and based on whether the difference in image
size is greater than the predetermined threshold. In this way, the computational pressure on the
computer device is minimized, frequent redetermination of the subjective assessment parameters
is avoided, and the stability of the optimal frame rate is maintained within a change range, such
that the overall encoding efficiency is improved.

[0087] Referring to FIG. 6, based on the above embodiments, S1200, that is, determining the
subjective assessment parameters of the current image frame, or S1230, that is, recalculating the
subjective assessment parameters of the current image frame in the case where the difference is
greater than the predetermined threshold, includes the following processes.

[0088] In S1231, image complexity of the current image frame and several subsequent image
frames is calculated.

[0089] Video encoding and the image complexity of an image frame sequence are closely
correlated with each other. The image complexity of the sequence includes temporal complexity
and spatial complexity. The more details in the video image, the greater the spatial complexity;
and the more intense the motion in the video content, the greater the temporal complexity. The
greater the image complexity, the more data required for encoding under the same image quality.
Therefore, the image complexity is acquired by assessing the temporal complexity and the spatial
complexity of the sequence. The image frame sequence is formed in a case where the current image
frame acts as the initial image frame and a predetermined number of consecutive image frames are
subsequent.

[0090] For example, TIandSI is used to calculate the temporal complexity and the spatial
complexity. Temporal perceptual information (TI, also referred to as the temporal complexity) and
spatial perceptual information (SI, also referred to as the spatial complexity) are recommended to
measure the characteristics of the video in ITU-R BT.1788. The TIandSI tool is commonly used
in the art for the temporal complexity and the spatial complexity of images, and provides a
command line version TISIcmd, which is upgraded and evolved into TlandSI subsequently. The
TISIcmd and the TIandSI both provide corresponding calling interfaces for calculating the
temporal complexity and the spatial complexity of image frames, such that the image complexity

of the sequence of image frame is acquired.
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[0091] In S1232, difference information between the image complexity of the current image frame
and image complexity of a preceding image frame is calculated.

[0092] As the process of encoding the video stream is continuously performed for various image
frames, the corresponding image complexity of at least one image frame preceding in timing of
each current image frame that does not belong to the first image frame of the video stream has
already been determined based on the principles described in the present disclosure. In this case,
the difference information in image complexity between the current image frame and the preceding
image frame is determined by subtracting the image complexity of the preceding image frame from
the image complexity of the current image frame. The difference information is quantified as a
value for calculation.

[0093] The current image frame belonging to the first image frame does not have a preceding
image frame, and thus the reference image complexity of the current image frame is determined
as zero for processing. Thus, similarly, the difference information of the image complexity
corresponding to the current image frame is also determined.

[0094] In S1233, the reference frame rate of the current image frame is acquired by adjusting a
reference frame rate of the preceding image frame based on the difference information.

[0095] A mapping relationship data between the difference information of image complexities and
the frame rate changes is pre-quantified, such that a change range of encoding frame rate caused
by the change of the image complexity is quantified. On this basis, a change value of a theoretically
applicable frame rate for adjusting the current image frame relative to the preceding image frame
is determined based on the change of the difference information. That is, in the case where the
reference frame rate for the preceding image frame for solving the encoding frame rate in
conjunction with the approximate function acquired by the parameter optimization model has
already been determined, the change value for adjusting the frame rate based on the reference
frame rate of the preceding image frame is first determined based on the difference information,
and then the change value is added on the reference frame rate of the preceding image frame to
adjust the frame rate correspondingly, such that the reference frame rate corresponding to the
current image frame is acquired. A relative difference method for determining the reference frame
rate of the current image frame can maintain data smoothness and avoid drastic fluctuation of the
image quality in the encoded video stream due to inconsistent data reference.

[0096] In addition, it should be understood that because the image complexity in the embodiments
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is determined based on the current image frame and several subsequent image frames, in the case
where the current image frame belongs to an image frame from the second scene, the reference
frame rate of the preceding image frame is usually also the reference frame rate of the preceding
first scene.

[0097] In S1234, a subjective quality indicator corresponding to the reference frame rate is
determined based on the reference frame rate using a predetermined subjective curve function
characterizing a mapping relationship between the reference frame rates and the subjective quality
indicators.

[0098] It can be understood that in the case where the output bandwidth of the encoder is
determined, changes in the temporal complexity and the spatial complexity of the image frames in
the image frame sequence affect the change in the encoding frame rate. Such change relationship
can be determined in advance by those skilled in the art.

[0099] For example, a mapping relationship table between the reference frame rates and the
subjective quality indicators is established by any feasible image subjective quality evaluation
method, such as DSIS, DSCQS, SSM, SSCQE, and the like, such that the subjective quality
indicator for a reference frame rate is queried based on the mapping relationship table. The frame
rate in the mapping relationship table determined by the image subjective quality evaluation
method is mainly used to indicate intermediate data for reference only, and thus the frame rate is
referred to as the reference frame rate.

[0100] In some embodiments, in determining the mapping relationship table, a plurality of
consecutive reference frame rates are combined into a same frame rate range to establish the
mapping relationship between the reference frame rates and the subjective quality indicators. For
example, the frame rate range of 21 fps to 18 fps is mapped to a subjective quality indicator. The
mapping relationship between the reference frame rates and the subjective quality indicators is
established in a form of a frame rate range because subjective perception of the user is insensitive
to some frame rate differences within the frame rate change range. Therefore, the mapping
relationship between the frame rate ranges and the subjective quality indicators is established to
improve the efficiency of establishing the mapping relationship table and reduce computational
complexity.

[0101] Upon determination of the mapping relationship table, data fitting is performed based on

the mapping relationship table to acquire a data curve and thus acquire a corresponding subjective
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curve function that characterizes the mapping relationship between the reference frame rates and
subjective quality indicators.

[0102] In the case where the subjective quality indicator needs to be determined based on the
reference frame rate corresponding to the current image frame, the reference frame rate of the
current image frame is substituted into the subjective curve function to calculate the corresponding
subjective quality indicator. The reference frame rate and the subjective quality indicator of the
current image frame form a data pair, that is, the subjective assessment parameter of the current
image frame.

[0103] It should be noted that the S1231 to S1234 are performed in the case where the subjective
assessment parameters of the current image frame need to be recalculated upon transition
identification on the current image frame. Alternatively, S1231 to S1234 are performed
independently without depending on the transition identification process.

[0104] Based on the above embodiments, it can be seen that in determining the subjective
assessment parameters of the current image frame for solving the numerical approximation point
in conjunction with the approximate function of the parameter optimization model, the difference
information is assessed based on the image complexity between the current image frame and the
preceding image frame, the reference frame rate corresponding to the current image frame is
acquired by correcting the reference frame rate of the preceding image frame based on the
corresponding relationship between the difference information and the frame rate change, the
subjective quality indicator of the current image frame at the reference frame rate is determined
using the subjective curve function determined by the image subjective quality evaluation method
to form the subjective assessment parameters, and the subjective assessment parameters are used
to determine the optimal frame rate required for encoding the current image frame. In the process,
the computational load is low, and the operational efficiency is high. The acquired subjective
assessment parameters serve as a reference for indicating the subjective quality perception of the
user. The corresponding optimal frame rate is determined by solving the numerical approximation
point based on the subjective assessment parameters using the approximate function of the
parameter optimization model and then is encoded, such that the encoded video stream achieves
excellent subjective quality indicators on the premise of ensuring transmission efficiency.

[0105] Referring to FIG. 7, in some embodiments based on any one of the embodiments of the

present disclosure, upon determining the optimal frame rate, the method further includes following
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processes.

[0106] In S1500: the encoder is called to encode the current image frame into the video stream at
the optimal frame rate and the output bandwidth.

[0107] Upon determination of the optimal frame rate, the optimal frame rate is used as the
encoding frame rate for the encoder to encode the current image frame. The encoder encodes the
current image frame of a given resolution under the constraint of a given output bandwidth, such
that the current image frame is encoded into the video stream. It should be understood that for the
subsequent image frames after the current image frame, in the case where the scene is unchanged,
the subsequent image frames are encoded at the same optimal frame rate probably.

[0108] In S1600, the current image frame is acquired by decoding the video stream, an objective
quality indicator of the current image frame is assessed, and the parameter optimization model is
iteratively updated based on the objective quality indicator and the optimal frame rate.

[0109] The video stream encoded by the encoder is continuously output. For example, the video
stream encoded by the media server is broadcast and pushed to the terminal users in the live
streaming room, or the video stream encoded by the terminal device of the live streaming user in
the live streaming room is pushed to the media server.

[0110] A local device decodes the encoded output video stream to acquire the current image frame.
Furthermore, the local device correspondingly acquires the current image frame prior to encoding
based on the timestamp of the decoded current image frame, calls the algorithm corresponding to
the objective quality indicator to calculate the objective quality indicator corresponding to the
current image frame in the video stream by referring to the current image frame prior to encoding,
and corrects the weight parameters and bias parameters of the parameter optimization model by
backpropagating the objective quality indicators and the optimal frame rate corresponding to the
current image frame, such that the parameter optimization model continuously approximates and
converges to gradually improve a capability of predicting the optimal frame rate meeting encoding
requirements of the image frame.

[0111] In the recommended embodiments, in correcting the weight of the parameter optimization
model, the least square method is used to calculate a model loss value based on the optimal frame
rate and the objective quality indicator, and then the weight is corrected based on the model loss
value.

[0112] Based on the above embodiments, it can be seen that the objective quality indicators
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corresponding to various image frames of the encoded output video stream are calculated, and the
learnable parameters of the parameter optimization model are back-corrected based on the
objective quality indicator and the optimal frame rate to iteratively upgrade the parameter
optimization model and continuously improve the capability for determining the optimal frame
rate of the encoder. In this way, the video stream encoding process is dynamically and flexibly
controlled, such that the parameter optimization model adaptively controls the encoder to adjust
the encoding frame rate based on the subjective quality perception at the given output bandwidth.
Thus, the stable and smooth output of the video stream is ensured, and the overall quality of the
video image is improved.

[0113] Referring to FIG. 8, based on the previous embodiments, S1600, that is, acquiring the
current image frame by decoding the video stream and assessing the objective quality indicator of
the current image frame, includes the following processes.

[0114] In S1610, the current image frame is acquired by decoding the video stream, and the current
image frame is determined as a first image frame.

[0115] As described above, each current image frame encoded and output by the encoder is
contained in the video stream and transmitted to devices such as the media server or the terminal
device. Therefore, the image frames in the video stream theoretically represent the image quality
acquirable by a receiver device. Accordingly, the video stream output by the encoder is decoded
to acquire various image frames in the video stream, such that the corresponding objective quality
indicators are calculated. A specified current image frame is referred to as the first image frame.
[0116] In S1620, the current image frame prior to encoding is acquired as a second image frame.
[0117] The current image frame before being encoded by the encoder is acquired based on the
corresponding relationship on the timestamp and determined as the second image frame to
calculate the objective quality indicator of the first image frame. The acquisition of the second
image frame is achieved by extraction from the previous image space of the encoder.

[0118] In S1630: the objective quality indicator of the first image frame is calculated and acquired
using a predetermined formula with the second image frame as a reference.

[0119] The type of the objective quality indicator is not limited to the above examples.
Specifically, in the case where the computer program product according to any one of the
embodiments of the present disclosure is deployed on a terminal device, the objective quality

indicator is represented by a mean square error (MSE) or a peak signal-to-noise ratio (PSNR). Due
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to the low computational load, the computing power of the terminal device is saved, and the
operational efficiency improved. In the case where the computer program product according to
any one of the embodiments of the present disclosure is deployed on a media server, the objective
quality indicator is represented by the PSNR, a structural similarity (SSIM), or the MSE.
Additionally, in the case where the computing power of the terminal device is sufficient, SSIM is
determined as the quality indicator on the terminal device. In this regard, those skilled in the art
can flexibly choose the implementation based on the principles described above.
[0120] Based on determination of the specific type of the objective quality indicator, the
corresponding calculation formula for the objective quality indicator is used calculate the objective
quality indicator of the first image frame with reference to the second image frame.
[0121] Using the example where the objective quality indicator is the PSNR, a PSNR image
quality indicator is a PSNR indicator, the corresponding formula of the algorithm is as follows:

obits _ 1)2

MSE

[0122] bits represents a number of bits occupied by each stored pixel.

PSNR = 1010g10

[0123] The PSNR refers to a ratio of energy of a peak signal to average energy of noise, and is
usually expressed in decibels (dB) by taking the logarithm (log). As the MSE refers to an energy
mean value of a difference between a real image (the second image frame) and a noisy image (the
first image frame), and the difference between the real image and the noisy image is the noise, the
PSNR is a ratio of the peak signal energy to the MSE.

[0124] It can be understood that due to the lower computational complexity of the PSNR, the
PSNR is suitable for the terminal device or the server side, which is determined flexibly by those
skilled in the art.

[0125] The MSE image objective quality indicator is an MSE indicator, and the corresponding
formula of the algorithm is as follows:

ZosisM ZosjsN(fij - fl;)
M X N

[0126] f;; and f;} represent the second image frame and the first image frame respectively, and M

MSE =

and N represent a height and a width of the image frame respectively. As the second image frame
and the first image frame are of the same scale, the heights and the widths are identical.

[0127] The SSIM is an indicator for measuring similarity of images, and consists of luminance
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comparison, contrast comparison, and structure comparison. The corresponding formula for the
algorithm is flexibly implemented by those skilled in the art, which is omitted herein.

[0128] Based on the above embodiments, it can be seen that the objective quality indicator of the
encoded image frame is evaluated based on the corresponding relationship between the image
frame in the video stream encoded and output by the encoder and the image frame prior to encoding
and the actually acquired objective quality indicator of the current image frame output by the
encoder is affected by the subjective quality indicator. Therefore, the weight parameters and the
bias parameters of the parameter optimization model are corrected using the objective quality
indicator and the corresponding optimal frame rate for encoding the current image frame to
improve the predictive capability of the parameter optimization model for the optimal frame rate,
such that the video images encoded at the optimal frame rate predicted by the parameter
optimization model match the perception of the user greatly.

[0129] According to some embodiments of the present disclosure, upon S1500, that is, calling the
encoder to encode the current image frame into the video stream at the optimal frame rate and the
output bandwidth, the method includes following processes.

[0130] In S1700, the video stream is pushed to a terminal device or a media server participating
in the network live streaming service.

[0131] In the case where the encoder is operating in a terminal device of a live streaming room
with the network live streaming service, the computer program product according to the present
disclosure runs on the terminal device. Consequently, the generated video stream is pushed to the
media server participating in the network live streaming service, such that the media server further
pushes the video stream to the corresponding terminal users in the live streaming room.

[0132] Conversely, in the case where the encoder is operating in a media server of a live streaming
room with the network live streaming service, the computer program product according to the
present disclosure runs on the media server. Consequently, the generated video stream is pushed
to the terminal device of the terminal users in the live streaming room participating in the network
live streaming service.

[0133] Based on the above embodiments, it can be understood that the scenarios of the present
disclosure are broadly deployed, such as on the server and on the terminal device. In the case where
the present disclosure serves the network live streaming service, the actual viewing experience for

the live streaming video stream and the user experience of the live streaming room are improved.
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[0134] Referring to FIG. 9, an apparatus for adjusting a video stream frame rate is provided
according to some embodiments of the present disclosure. The apparatus includes an image
acquisition module 1100, a subjective assessment module 1200, a function modulation module
1300, and a frame rate determination module 1400. The image acquisition module is configured
to acquire a current image frame required for generating a video stream; the subjective assessment
module 1200 is configured to determine subjective assessment parameters of the current image
frame, where the subjective assessment parameters include a reference frame rate suitable for
encoding the current image frame and a subjective quality indicator to be acquired by encoding at
the reference frame rate; the function modulation module 1300 is configured to acquire, by
inputting an output bandwidth of an encoder into a parameter optimization model, an approximate
function characterizing a mapping relationship between encoding frame rates and objective quality
indicators at the output bandwidth; and the frame rate determination module 1400 is configured to
solve a numerical approximation point corresponding to the subjective assessment parameters
using the approximate function, and acquire an encoding frame rate corresponding to the numerical
approximation point as an optimal frame rate for encoding the current image frame.

[0135] Based on the above embodiments, in some embodiments, the image acquisition module
includes: an image rendering inverse unit, configured to render a data frame collected by a camera
unit into a texture image; a format conversion unit, configured to convert the texture images into
an image frame of a specific format and store the image frame of the specific format in an image
space; and an image calling unit, configured to acquire each image frame from the image space
based on a timestamp as the current image frame.

[0136] Based on the above embodiments, in some other embodiments, the image acquisition
module includes: a decoding processing unit, configured to acquire an image frame of a specific
format by decoding an original video stream submitted by a terminal device and store the image
frame of the specific format in an image space; and an image calling unit, configured to acquire
each image frame from the image space based on a timestamp as the current image frame.

[0137] Based on any one of the embodiments of the present disclosure, in some embodiments, the
subjective assessment module 1200 includes: a transition identification unit, configured to
determine, using a predetermined transition identification model, whether the current image frame
belongs to a transition image; an image analysis unit, configured to determine a difference in image

size between the current image frame and a preceding image frame by performing image analysis
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on the current image frame in a case where the current image frame belongs to the transition image;
a parameter recalculation unit, configured to recalculate the subjective assessment parameters of
the current image frame in a case where the difference is greater than a predetermined threshold;
and a parameter calling unit, configured to call subjective assessment parameters of a preceding
image frame of the current image frame as the subjective assessment parameters of the current
image frame in a case where the current image frame belongs to a non-transition image.

[0138] Based on any one of the embodiments of the present disclosure, in some embodiments, the
subjective assessment module 1200 includes: a complexity calculation unit, configured to calculate
image complexity of the current image frame and several subsequent image frames; a difference
calculation unit, configured to calculate difference information between the image complexity of
the current image frame and image complexity of a preceding image frame; a frame rate adjustment
unit, configured to acquire the reference frame rate of the current image frame by adjusting a
reference frame rate of the preceding image frame based on the difference information; and a
parameter calculation unit, configured to determine a subjective quality indicator corresponding
to the reference frame rate based on the reference frame rate using a predetermined subjective
curve function characterizing a mapping relationship between reference frame rates and subjective
quality indicators.

[0139] Based on any one of the embodiments of the present disclosure, following the frame rate
determination module 1400, some embodiments include: an encoding execution module,
configured to call the encoder to encode the current image frame into the video stream at the
optimal frame rate and the output bandwidth; and an iterative correction module, configured to
acquire the current image frame by decoding the video stream, assess an objective quality indicator
of the current image frame, and iteratively update the parameter optimization model based on the
objective quality indicator and the optimal frame rate.

[0140] Based on the previous embodiments, in some embodiments, the iterative correction module
includes: a decoding processing unit, configured to acquire the current image frame by decoding
the video stream, and determine the current image frame as a first image frame; a pre-call unit,
configured to acquire the current image frame prior to encoding as a second image frame; and an
indicator calculation unit, configured to calculate to acquire an objective quality indicator of the
first image frame using a predetermined formula with the second image frame as a reference.

[0141] Based on any one of the embodiments of the present disclosure, in some embodiments, the
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objective quality indicator is the PSNR.

[0142] Some embodiments of the present disclosure further provide a device for adjusting a video
stream frame rate. As shown in FIG. 10, a schematic diagram of an internal structure of the device
for adjusting the video stream frame rate is illustrated. The device for adjusting the video stream
frame rate includes a processor, a computer-readable storage medium, a memory, and a network
interface that are connected via a system bus. The computer-readable non-transitory readable
storage medium of the device for adjusting the video stream frame rate stores an operating system,
a database, and one or more computer-readable instructions. The database stores sequences of
information. The one or more computer-readable instructions, when loaded and executed by the
processor, cause the processor to perform the method for adjusting the video stream frame rate.
[0143] The processor of the device for adjusting the video stream frame rate is configured to
provide computational and control capabilities to support operation of the device for adjusting the
video stream frame rate. The memory of the device for adjusting the video stream frame rate stores
one or more computer-readable instructions. The one or more computer-readable instructions,
when loaded and executed by the processor, cause the processor to perform the method for
adjusting the video stream frame rate of the present disclosure. The network interface of the device
for adjusting the video stream frame rate is configured to connect and communicate with the
terminal.

[0144] Those skilled in the art should understand that the structure illustrated in FIG. 10 is merely
a block diagram of part of the structure related to the solutions according to the present disclosure
and does not constitute a limitation on the device for adjusting the video stream frame rate to which
the solutions according to the present disclosure are applicable. The specific device for adjusting
the video stream frame rate includes more or fewer assemblies than shown in the drawing, or
combine some assemblies, or have different assembly arrangements.

[0145] In the embodiments, the processor is configured to achieve the specific functions of various
modules in FIG. 9, and the memory stores program codes and various data required to implement
the above modules or submodules. The network interface is configured to achieve data
transmission between the user terminal and the server. In the embodiments, the non-transitory
readable storage medium stores program codes and data required to implement all modules in the
apparatus for adjusting the video stream frame rate according to the present disclosure, and the

server calls the program codes and data of the server to implement the functions of all modules.
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[0146] The present disclosure further provides a non-transitory readable storage medium storing
one or more computer-readable instructions. The one or more computer-readable instructions,
when loaded and executed by one or more processors, cause the one or more processors to perform
the method for adjusting the video stream frame rate according to any one of the embodiments of
the present disclosure.

[0147] The present disclosure further provides a computer program product including one or more
computer programs/instructions. The one or more computer programs/instructions, when loaded
and executed by one or more processors, cause the one or more processors to perform the method
according to any one of the embodiments of the present disclosure.

[0148] Those of ordinary skill in the art should understand that all or part of processes of the
methods according to the above embodiments of the present disclosure can be implemented by
instructing relevant hardware through one or more computer programs. The one or more computer
programs are stored in a non-transitory readable storage medium, and when loaded and executed,
include the processes of the method embodiments described above. The above storage medium is
a computer-readable storage medium such as a magnetic disk, an optical disk, and a read-only
memory (ROM), or a random access memory (RAM).

[0149] In summary, the present disclosure adaptively controls the encoder to encode the video
stream at the optimal frame rate, such that the live streaming experience of the video stream in the

network live streaming is improved.
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CLAIMS

1. A method for adjusting a video stream frame rate, comprising:

acquiring a current image frame required for generating a video stream;

determining subjective assessment parameters of the current image frame, wherein the
subjective assessment parameters comprise a reference frame rate suitable for encoding the current
image frame and a subjective quality indicator to be acquired by encoding at the reference frame
rate;

acquiring, by inputting an output bandwidth of an encoder into a parameter optimization
model, an approximate function characterizing a mapping relationship between encoding frame
rates and objective quality indicators at the output bandwidth; and

solving a numerical approximation point corresponding to the subjective assessment
parameters using the approximate function, and acquiring an encoding frame rate corresponding
to the numerical approximation point as an optimal frame rate for encoding the current image

frame.

2. The method for adjusting the video stream frame rate according to claim 1, wherein
acquiring the current image frame required for generating the video stream comprises:

rendering a data frame collected by a camera unit into a texture image;

converting the texture image into an image frame of a specific format and storing the image
frame of the specific format in an image space; and

acquiring each image frame from the image space based on a timestamp as the current image

frame.

3. The method for adjusting the video stream frame rate according to claim 1, wherein
acquiring the current image frame required for generating the video stream comprises:

acquiring an image frame of a specific format by decoding an original video stream submitted
by a terminal device and storing the image frame of the specific format in an image space; and

acquiring each image frame from the image space based on a timestamp as the current image

frame.

4. The method for adjusting the video stream frame rate according to claim 1, wherein
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determining the subjective assessment parameters of the current image frame comprises:

determining, using a predetermined transition identification model, whether the current image
frame belongs to a transition image; and

determining a difference in image size between the current image frame and a preceding
image frame by performing image analysis on the current image frame in a case where the current
image frame belongs to the transition image, and recalculating the subjective assessment
parameters of the current image frame in a case where the difference is greater than a
predetermined threshold; or

calling subjective assessment parameters of a preceding image frame of the current image
frame as the subjective assessment parameters of the current image frame in a case where the

current image frame belongs to a non-transition image.

5. The method for adjusting the video stream frame rate according to claim 1, wherein
determining the subjective assessment parameters of the current image frame comprises:

calculating image complexity of the current image frame and several subsequent image
frames;

calculating difference information between the image complexity of the current image frame
and image complexity of a preceding image frame;

acquiring the reference frame rate of the current image frame by adjusting a reference frame
rate of the preceding image frame based on the difference information; and

determining a subjective quality indicator corresponding to the reference frame rate based on
the reference frame rate using a predetermined subjective curve function characterizing a mapping

relationship between reference frame rates and subjective quality indicators.

6. The method for adjusting the video stream frame rate according to claim 1, wherein upon
acquiring the encoding frame rate corresponding to the numerical approximation point as the
optimal frame rate for encoding the current image frame, the method further comprises:

calling the encoder to encode the current image frame into the video stream at the optimal
frame rate and the output bandwidth; and

acquiring the current image frame by decoding the video stream, assessing an objective

quality indicator of the current image frame, and iteratively updating the parameter optimization
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model based on the objective quality indicator and the optimal frame rate.

7. The method for adjusting the video stream frame rate according to claim 6, wherein
acquiring the current image frame by decoding the video stream and assessing the objective quality
indicator of the current image frame comprise:

acquiring the current image frame by decoding the video stream, and determining the current
image frame as a first image frame;

acquiring the current image frame prior to encoding as a second image frame; and

calculating to acquire an objective quality indicator of the first image frame using a

predetermined formula with the second image frame as a reference.

8. The method for adjusting the video stream frame rate according to any one of claims 1 to

7, wherein the objective quality indicator is a peak signal-to-noise ratio.

9. An apparatus for adjusting a video stream frame rate, comprising:

an image acquisition module, configured to acquire a current image frame required for
generating a video stream;

a subjective assessment module, configured to determine subjective assessment parameters
of the current image frame, wherein the subjective assessment parameters comprise a reference
frame rate suitable for encoding the current image frame and a subjective quality indicator to be
acquired by encoding at the reference frame rate;

a function modulation module, configured to acquire, by inputting an output bandwidth of an
encoder into a parameter optimization model, an approximate function characterizing a mapping
relationship between encoding frame rates and objective quality indicators at the output bandwidth
output bandwidth of an encoder into a parameter optimization model; and

a frame rate determination module, configured to solve a numerical approximation point
corresponding to the subjective assessment parameters using the approximate function, and
acquire an encoding frame rate corresponding to the numerical approximation point as an optimal

frame rate for encoding the current image frame.

10. A device for adjusting a video stream frame rate, comprising: a central processing unit
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and a memory, wherein the central processing unit, when calling and running one or more
computer programs stored in the memory, is caused to perform the method as defined in any one

of claims 1 to 8.

11. A non-transitory readable storage medium, storing one or more computer programs
implemented by the method as defined in any one of claims 1 to 8 in a form of one or more
computer-readable instructions; wherein the one or more computer programs, when called and run

by a computer, cause the computer to perform the corresponding method.
12. A computer program product, comprising: one or more computer programs/instructions,

wherein the one or more computer programs/instructions, when loaded and executed by a

processor, cause the processor to perform the method as defined in any one of claims 1 to 8.
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