DATA PROCESSING METHOD AND RELATED APPARATUS,
AND DEVICE AND STORAGE MEDIUM

[0001] This application claims priority to Chinese Patent Application No. 202310894889.1,
filed with the China National Intellectual Property Administration on July 20, 2023 and entitled
"DATA PROCESSING METHOD, RELATED APPARATUS, DEVICE, AND STORAGE
MEDIUM", which is incorporated herein by reference in its entirety.

FIELD OF THE TECHNOLOGY

[0002] This application relates to the field of artificial intelligence technologies, and in

particular, to a data processing method, a related apparatus, a device, and a storage medium.

BACKGROUND OF THE DISCLOSURE

[0003] In recent years, artificial intelligence (Al) technologies are constantly developed, and
are widely applied to the image recognition field. Al can recognize a biometric object (for example,
a human face, an iris, or a palmprint), an item, a text, and the like in an image by using complex

algorithms and models, thereby implementing intelligent image processing and analysis.

[0004] Image capturing in different environments is usually susceptible to complex
environmental factors, for example, light intensity and background noise of different environments
are different. These environmental factors may affect the accuracy of image recognition. Therefore,
in the related technology, a large quantity of images may be captured in different environments to

perform model training, to enhance model recognition capability.

[0005] However, in the related technology, on one hand, because images used for model
training can hardly cover various environments, sample types that can be learned by models are
limited, resulting in a poor model learning effect. On the other hand, training a large quantity of
images by models not only consumes much computing power, but also consumes much time. No

effective solution to the foregoing problem has been provided yet.

SUMMARY

[0006] Embodiments of this application provide a data processing method, a related

apparatus, a device, and a storage medium, so that an image recognition model is applicable to



various specific on-site environments to improve model recognition precision, and processing

resources of a server are saved and model learning efficiency is improved.

[0007] In view of this, according to one aspect of this application, a data processing method

is provided, performed by an on-site terminal, including:

[0008] photographing K images in a current on-site environment by using an image

capturing apparatus, K being an integer greater than or equal to 1;

[0009] transmitting the K images to a server, so that the server obtains K first prediction

results based on the K images by using an image recognition model;

[0010] constructing a fine-tuning training set according to the K images and the K first
prediction results transmitted by the server, the fine-tuning training set including K groups of
fine-tuning training data, and each group of fine-tuning training data including an image and a first

prediction result of the image;

[0011] fine-tuning a to-be-trained model on the on-site terminal by using the fine-tuning
training set, and in a process of fine-tuning the to-be-trained model on the on-site terminal,
obtaining, based on an image included in each group of fine-tuning training data in the fine-tuning
training set and by using the to-be-trained model, a second prediction result corresponding to each
image, and updating a model parameter of the to-be-trained model according to the second
prediction result corresponding to each image and the first prediction result of the image in the
fine-tuning training set, to obtain a local recognition model and a model adjustment parameter

corresponding to the local recognition model; and

[0012] sending the model adjustment parameter to the server if the local recognition model
satisfies a model fine-tuning condition, so that the server updates a model parameter of an image
recognition model according to a model adjustment parameter set from at least one terminal, the

model adjustment parameter set including the model adjustment parameter.

[0013] According to another aspect of this application, a data processing method is provided,

performed by a server, including:

[0014] receiving K images transmitted by an on-site terminal, the K images being
photographed by the on-site terminal in a current on-site environment by using a capture apparatus,

and K being an integer greater than or equal to 1;

[0015] obtaining K first prediction results based on the K images by using an image

recognition model;



[0016] transmitting the K first prediction results to the on-site terminal, so that the on-site
terminal constructs a fine-tuning training set according to the K images and the K first prediction
results, fine-tunes a to-be-trained model on the on-site terminal by using the fine-tuning training set,
and in a process of fine-tuning the to-be-trained model on the on-site terminal, obtains, based on an
image included in each group of fine-tuning training data in the fine-tuning training set and by using
the to-be-trained model, a second prediction result corresponding to each image, and updates a
model parameter of the to-be-trained model according to the second prediction result corresponding
to each image and the first prediction result of the image in the fine-tuning training set, to obtain a
local recognition model and a model adjustment parameter corresponding to the local recognition
model, the fine-tuning training set including K groups of fine-tuning training data, and each group

of fine-tuning training data including an image and the first prediction result of the image;

[0017] receiving, if the local recognition model satisfies a model fine-tuning condition, the

model adjustment parameter transmitted by the on-site terminal; and

[0018] updating a model parameter of the image recognition model when obtaining a model
adjustment parameter set from at least one terminal, the model adjustment parameter set including

the model adjustment parameter.

[0019] According to another aspect of this application, a data processing apparatus is

provided, deployed on an on-site terminal and including:

[0020] a photographing module, configured to photograph K images in a current on-site

environment by using an image capturing apparatus, K being an integer greater than or equal to 1;

[0021] a transmission module, configured to transmit the K images to a server, so that the
server obtains K first prediction results based on the K images by using an image recognition

model;

[0022] an obtaining module, configured to construct a fine-tuning training set according to
the K images and the K first prediction results transmitted by the server, the fine-tuning training set
including K groups of fine-tuning training data, and each group of fine-tuning training data

including an image and a first prediction result of the image; and

[0023] an updating module, configured to fine-tune a to-be-trained model on the on-site
terminal by using the fine-tuning training set, and in a process of fine-tuning the to-be-trained
model on the on-site terminal, obtain, based on an image included in each group of fine-tuning
training data in the fine-tuning training set and by using the to-be-trained model, a second

prediction result corresponding to each image, and update a model parameter of the to-be-trained



model according to the second prediction result corresponding to each image and the first prediction
result of the image in the fine-tuning training set, to obtain a local recognition model and a model

adjustment parameter corresponding to the local recognition model;

[0024] the transmission module being further configured to transmit the model adjustment
parameter to the server if the local recognition model satisfies a model fine-tuning condition, so that
the server updates a model parameter of the image recognition model according to a model
adjustment parameter set from at least one terminal, the model adjustment parameter set including

the model adjustment parameter.

[0025] According to another aspect of this application, a data processing apparatus is

provided, deployed on a server and including:

[0026] a receiving module, configured to receive K images transmitted by an on-site
terminal, the K images being photographed by the on-site terminal in a current on-site environment

by using a capture apparatus, and K being an integer greater than or equal to 1;

[0027] an obtaining module, configured to obtain K first prediction results based on the K

images by using an image recognition model;

[0028] a transmission module, configured to transmit the K first prediction results to the
on-site terminal, so that the on-site terminal constructs a fine-tuning training set according to the K
images and the K first prediction results, fine-tunes a to-be-trained model on the on-site terminal by
using the fine-tuning training set, and in a process of fine-tuning the to-be-trained model on the
on-site terminal, obtains, based on an image included in each group of fine-tuning training data in
the fine-tuning training set and by using the to-be-trained model, a second prediction result
corresponding to each image, and updates a model parameter of the to-be-trained model according
to the second prediction result corresponding to each image and the first prediction result of the
image in the fine-tuning training set, to obtain a local recognition model and a model adjustment
parameter corresponding to the local recognition model, the fine-tuning training set including K
groups of fine-tuning training data, and each group of fine-tuning training data including an image

and the first prediction result of the image;

[0029] the receiving module being further configured to receive, if the local recognition
model satisfies a model fine-tuning condition, the model adjustment parameter transmitted by the

on-site terminal; and



[0030] an updating module, configured to update a model parameter of the image
recognition model when obtaining a model adjustment parameter set from at least one terminal, the

model adjustment parameter set including the model adjustment parameter.

[0031] Another aspect of this application provides a computer device, including a memory
and a processor, the memory having a computer program stored therein, and the processor, when

executing the computer program, performing the methods according to the foregoing aspects.

[0032] According to another aspect of this application, a computer-readable storage medium
is provided, having a computer program stored therein, and the computer program is executed by a

processor to perform the methods according to the foregoing aspects.

[0033] According to another aspect of this application, a computer program product is
provided, including a computer program, the computer program being executed by a processor to

perform the methods according to the foregoing aspects.

[0034] It may be learned from the foregoing technical solutions that the embodiments of this

application have the following advantages:

[0035] In the embodiments of this application, a data processing method is provided. First,
the on-site terminal photographs the K images in the current on-site environment by using the
image capturing apparatus. The on-site environment may affect accuracy of image recognition;
therefore, model fine-tuning needs to be performed. To implement fine-tuning, the K images are
sent to the server, and the server obtains the K first prediction results based on the K images by
using the image recognition model, and then uses the first prediction results as annotation
information of corresponding images. Then, the on-site terminal may construct the fine-tuning
training set according to the K images and the K first prediction results transmitted by the server,
fine-tune the to-be-trained model on the on-site terminal by using the fine-tuning training set, and in
the process of fine-tuning the to-be-trained model on the on-site terminal, obtain, based on the
image included in each group of fine-tuning training data in the fine-tuning training set and by using
the to-be-trained model, the second prediction result corresponding to each image, and then use the
second prediction result as prediction information. Next, the on-site terminal updates the model
parameter of the to-be-trained model according to the second prediction result corresponding to
each image and the first prediction result of the image in the fine-tuning training set, to obtain the
local recognition model and the model adjustment parameter corresponding to the local recognition
model. The on-site terminal sends the model adjustment parameter to the server if the local
recognition model satisfies the model fine-tuning condition, so that the server updates the model

parameter of the image recognition model according to a model adjustment parameter set from at
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least one terminal. In the foregoing manner, the terminal may fine-tune the local model based on the
images captured in the on-site environment, and report a fine-tuned target parameter to the server.
The server updates the image recognition model according to the parameter set reported by
terminals. Therefore, the image recognition model is applicable to various specific on-site
environments to improve model recognition precision, and processing resources of the server are

saved and model learning efficiency is improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] FIG. 1 is a schematic diagram of an implementation environment of a data

processing method according to an embodiment of this application;

[0037] FIG. 2 is a schematic diagram of an implementation environment of an image

recognition method according to an embodiment of this application;

[0038] FIG. 3 is a schematic flowchart of a data processing method according to an

embodiment of this application;

[0039] FIG. 4 is a schematic interactive flowchart of voting based on a synchronous voting

mechanism according to an embodiment of this application;

[0040] FIG. 5 is another schematic interactive flowchart of voting based on a synchronous

voting mechanism according to an embodiment of this application;

[0041] FIG. 6 is a schematic diagram of establishing an association between terminals

according to an embodiment of this application;

[0042] FIG. 7 is another schematic diagram of establishing an association between terminals

according to an embodiment of this application;

[0043] FIG. 8 is still another schematic diagram of establishing an association between

terminals according to an embodiment of this application;

[0044] FIG. 9 is a schematic diagram of an overall procedure of a data processing method

according to an embodiment of this application;

[0045] FIG. 10 is a schematic flowchart of a data processing method according to an

embodiment of this application;

[0046] FIG. 11 is a schematic diagram of a framework for data processing between a

terminal and a server according to an embodiment of this application;



[0047] FIG. 12 is a schematic diagram of a data processing apparatus according to an

embodiment of this application;

[0048] FIG. 13 is another schematic diagram of a data processing apparatus according to an

embodiment of this application; and

[0049] FIG. 14 is a schematic structural diagram of a computer device according to an

embodiment of this application.

DESCRIPTION OF EMBODIMENTS

[0050] Embodiments of this application provide a data processing method, a related
apparatus, a device, and a storage medium, so that an image recognition model is applicable to
various specific on-site environments to improve model recognition precision, and processing

resources of a server are saved and model learning efficiency is improved.

[0051] The terms such as "first", "second", "third", and "fourth" (if any) in the specification
and claims of this application and in the accompanying drawings are used for distinguishing similar
objects and not necessarily used for describing any particular order or sequence. Data used in this
way is exchangeable in a proper case, so that the embodiments of this application described herein
can be implemented in an order different from the order shown or described herein. In addition, the
terms "include", "corresponding to", and any other variants are intended to cover non-exclusive
inclusion. For example, a process, a method, a system, a product, or a device that includes a series
of operations or units is not necessarily limited to those expressly listed operations or units, but may

include other operations or units not expressly listed or inherent to such a process, method, product,

or device.

[0052] Image capturing is usually susceptible to complex environmental factors, and these
environmental factors may affect the accuracy of image recognition. Therefore, to improve the
accuracy of image recognition, massive training data and a model with massive parameters may be
used for training. The massive training data enables the model to have sufficient teaching materials
for learning, and the massive parameters enable the model to learn better and learn knowledge in
the teaching materials more easily. However, it is usually difficult for training data to cover various

real environments, and massive training data and parameters increase model training difficulty.

[0053] Based on this, in the embodiments of this application, a data processing method is
provided, to implement model fine-tuning according to images captured on site in real time,

fine-tuning result synchronization, and background model optimization, thereby improving image



recognition effect and stability. The data processing method in this application is applied to at least

one of the following scenarios.
[0054] 1. Biometric recognition scenario.

[0055] In a biometric technology, a computer is closely integrated with optics, acoustics,
biosensors, biostatistics principles, and the like to verify an identity based on inherent physiological
characteristics of a human body (for example, a palmprint, a human face, or an iris). Because effects
of images captured in different environments are greatly different, recognition accuracy of a
biometric recognition model still faces many challenges. An example of palmprint recognition is

used for description below.

[0056] Considering complexity of on-site environments, light, background noise, and the
like are different. For example, light in a laboratory is relatively dark, and light in an outdoor
environment is relatively bright. If each palm scanning terminal recognizes a captured image by
using a local recognition model with the same model parameter, recognition results may be greatly
different. Therefore, in this application, a palm scanning terminal trains a local recognition model
by using a local fine-tuning policy. That is, palm scanning terminals in different on-site
environments may respectively use corresponding model optimization policies. Therefore,
palmprint scanning recognition effect and stability can be improved. At the same time, the palm
scanning terminal further needs to feed back a fine-tuned model adjustment parameter to a server
end. The server end maintains an image recognition model. Based on this, the server optimizes the
image recognition model based on the model adjustment parameter reported by each palm scanning

terminal, thereby improving recognition capability of the image recognition model.

[0057] Compared with the local recognition model of the palm scanning terminal, the image
recognition model of the server end has more model parameters and a more complex model
structure. Therefore, the image recognition model has stronger computing power and higher
recognition precision. If a palm scanning terminal cannot recognize, by using a local recognition
model, a palm image captured on site, the palm scanning terminal may send the palm image to the
server, and the server invokes the image recognition model to recognize the palm image and feeds

back a recognition result to the palm scanning terminal, to execute a corresponding service.
[0058] 2. Autonomous driving scenario.

[0059] In autonomous driving, image recognition is crucial. Image recognition refers to a
process of extracting features from an image and performing classification, recognition, and

determining by using a computer technology. During autonomous driving, image recognition is



mainly responsible for recognizing various objects around an autonomous driving vehicle, for
example, a pedestrian, a road sign, and a traffic light, so as to assist the vehicle in making a

corresponding decision.

[0060] Considering complexity of driving environments, driving environments in different
weathers, driving road segments, times, and the like are different. For example, light on a rainy day
is relatively weak, but light on a sunny day is relatively strong. For example, light is relatively
strong during travel on an overpass, but light is relatively weak during travel in a tunnel. For
another example, light at noon is relatively strong, but light in the evening is relatively weak. If
each in-vehicle terminal recognizes a captured image by using a local recognition model with the
same model parameter, recognition results may be greatly different. Therefore, in this application,
an in-vehicle terminal trains a local recognition model by using a local fine-tuning policy. That is,
in-vehicle terminals in different on-site environments may respectively use corresponding model
optimization policies. Therefore, object recognition effect and stability can be improved. At the
same time, the in-vehicle terminal further needs to feed back a fine-tuned model adjustment
parameter to a server end. The server end maintains an image recognition model. Based on this, the
server optimizes the image recognition model based on the model adjustment parameter reported by

each in-vehicle terminal, thereby improving recognition capability of the image recognition model.

[0061] If an in-vehicle terminal cannot recognize, by using a local recognition model, a road
image captured on site, the in-vehicle terminal may send the road image to the server, and the server
invokes the image recognition model to recognize the road image and feeds back a recognition

result to the in-vehicle terminal, so that a vehicle performs a corresponding feedback promptly.
[0062] 3. Security protection scenario.

[0063] A security protection system transmits a video signal in a closed loop by using an
optical fiber, a coaxial cable, or a microwave, and forms an independent and complete system from
photographing to image display and recording. A security protection system not only greatly
increases an observation distance of human eyes, but also improves the function of human eyes, and

can replace humans for long-time work in a severe environment.

[0064] Considering complexity of actual environments, actual environments in different
weathers, deployment positions, times, and the like are different. If each security protection system
recognizes a captured image by using a local recognition model with the same model parameter,
recognition results may be greatly different. Therefore, in this application, a security protection
system trains a local recognition model by using a local fine-tuning policy. That is, security

protection systems in different on-site environments may respectively use corresponding model
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optimization policies. Therefore, object recognition effect and stability can be improved. At the
same time, the security protection system further needs to feed back a fine-tuned model adjustment
parameter to a server end. The server end maintains an image recognition model. Based on this, the
server optimizes the image recognition model based on the model adjustment parameter reported by

each in-vehicle terminal, thereby improving recognition capability of the image recognition model.

[0065] If a security protection system cannot recognize, by using a local recognition model,
an image captured on site, the security protection system may send the image to the server, and the
server invokes the image recognition model to recognize the image and feeds back a recognition
result to the security protection system. If there is a potential security danger, corresponding alarm

information may be triggered.

[0066] The foregoing application scenarios are merely examples, and the data processing
method provided in the embodiments may be further applied to other scenarios. This is not limited

herein.

[0067] In this application, an image may be recognized by using a computer vision (CV)
technology. The CV technology is a science that studies how to make a machine "see". Further, the
CV technology refers to using a camera and a computer to replace human eyes to perform machine
vision such as recognition and measurement on a target, and further perform graphics processing, so
that the computer processes into an image that is more suitable for observing with human eyes or
transmitting to an instrument for detection. As a scientific discipline, CV studies related theories
and technologies and attempts to establish an Al system that can obtain information from images or
multidimensional data. The CV technologies generally include technologies such as image
processing, image recognition, image semantic understanding, image retrieval, optical character
recognition (OCR), video processing, video semantic understanding, video content/behavioral
recognition, three-dimensional object reconstruction, a 3D technology, virtual reality, augmented
reality, simultaneous positioning, and map construction, and further include common biometric

recognition technologies such as face recognition and fingerprint recognition.

[0068] The data processing method provided in this application can be applied to an
implementation environment shown in FIG. 1. The implementation environment includes an on-site
terminal 110 and a server 120, and the on-site terminal 110 and the server 120 can communicate
with each other through a communication network 130. The communication network 130 uses
standard communication technologies and/or protocols, and is usually the Internet, but may
alternatively be any other network, including but not limited to any combination of Bluetooth, a

local area network (LAN), a metropolitan area network (MAN), a wide area network (WAN), a

10



mobile network, a dedicated network, or a virtual dedicated network. In some embodiments, the
foregoing data communication technology may be replaced or supplemented by a customized or

dedicated data communication technology.

[0069] The on-site terminal 110 in this application includes, but is not limited to a mobile
phone, a tablet computer, a laptop computer, a desktop computer, an intelligent voice interaction
device, a smart home appliance, an in-vehicle terminal, an aircraft, and the like. A client is deployed
on the on-site terminal 110. The client may run on the on-site terminal 110 in the form of a browser,

or may run on the on-site terminal 110 in the form of an independent application (APP).

[0070] The server 120 in this application may be an independent physical server, or may be
a server cluster or a distributed system formed by a plurality of physical servers, or may be a cloud
server that provides basic cloud computing services such as a cloud service, a cloud database, cloud
computing, a cloud function, cloud storage, a network service, cloud communication, a middleware
service, a domain name service, a security service, a content delivery network (CDN), big data, and

an Al platform.

[0071] With reference to the foregoing implementation environment, in operation A1, the
on-site terminal 110 sends K images photographed in a current on-site environment to the server
120 by using the communication network 130. In operation A2, the server 120 recognizes the K
images and sends a first prediction result of each image to the on-site terminal 110 by using the
communication network 130. In operation A3, the on-site terminal 110 constructs a fine-tuning
training set according to the K images and the K first prediction results transmitted by the server. In
operation A4, the on-site terminal 110 obtains K second prediction results by using a to-be-trained
model, that is, obtains, based on each image included in each group of fine-tuning training data in
the fine-tuning training set and by using the to-be-trained model, a second prediction result
corresponding to each image. In operation A5, the on-site terminal 110 trains the to-be-trained
model according to the K second prediction results and the fine-tuning training set, to obtain a local
recognition model and a model adjustment parameter, that is, trains the to-be-trained model
according to the second prediction result corresponding to each image and the first prediction result
of the image in the fine-tuning training set, to obtain the local recognition model and the model
adjustment parameter. In operation A6, the on-site terminal 110 sends the model adjustment
parameter to the server 120 by using the communication network 130. In operation A7, the server
120 updates a model parameter of an image recognition model according to the model adjustment

parameter (that is, a model adjustment parameter set) reported by at least one terminal.
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[0072] An implementation environment of an image recognition method is described below
by using an example in which the on-site terminal 110 is a palm scanning terminal. Referring to
FIG. 2, FIG. 2 is a schematic diagram of an implementation environment of an image recognition
method according to an embodiment of this application. As shown in the figure, specifically, in
operation B1, the on-site terminal 110 recognizes a captured to-be-recognized image by using a
local recognition model, to obtain a seventh prediction result. The to-be-recognized image can be a
palm image. In operation B2, the seventh prediction result includes a category score, and if the
category score included in the seventh prediction result is greater than or equal to a category score
threshold, it is determined that the to-be-recognized image belongs to a predicted category included
in the seventh prediction result. In operation B3, if the category score included in the seventh
prediction result is less than the category score threshold, the on-site terminal 110 sends the
to-be-recognized image to the server 120 by using the communication network 130. In operation B4,
the server 120 recognizes the to-be-recognized image by using an image recognition model, to
obtain an image recognition result. In operation B5, the server 120 sends the image recognition
result to the on-site terminal 110 by using the communication network 130, so that the on-site

terminal 110 may perform a corresponding service according to the image recognition result.

[0073] Based on the above description, a data processing method in this application is
described from the perspective of an on-site terminal. Refer to FIG. 3. The data processing method
in the embodiments of this application can be independently performed by the on-site terminal or

performed by the on-site terminal together with a server. The method of this application includes:

[0074] 210: Photograph K images in a current on-site environment by using an image

capturing apparatus, K being an integer greater than or equal to 1.

[0075] In one or more embodiments, the on-site terminal invokes the image capturing
apparatus (for example, a webcam, a camera, or a scanner) to photograph several images in the

current environment, to obtain the K images.

[0076] 220: Transmit the K images to a server, so that the server obtains K first prediction

results based on the K images by using an image recognition model.

[0077] In one or more embodiments, the on-site terminal may sequentially send the K
images to the server, or directly package the K images and then send the K images to the server
together. Based on this, the server inputs each of the K images to the image recognition model, and
outputs a first prediction result of each image by using the image recognition model, to obtain the K
first prediction results. Each first prediction result includes a predicted category and a category

score of an image.
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[0078] The model in this application is a deep learning model, for example, a convolutional
neural network (CNN) may be used. Deep learning is a machine learning technology, and aims to

simulate a working manner of neurons of human brains, so that a computer can autonomously learn
and make a decision. The deep learning model usually includes a plurality of layers, and each layer

can learn different levels of representations of data.

[0079] In this application, the image recognition model deployed at the server end is a
"large model". That is, compared with a model deployed on the terminal, the image recognition
model has stronger computing power and higher recognition precision. The image recognition
model is trained based on a large amount of data, learns a wider range of image features, and can
precisely recognize various objects. However, because of a large computing amount, the image
recognition model is generally deployed at the server end, and is not suitable for being run on the
terminal. In an actual application, a local model of the terminal is compared with the "large model"

at the server end and performs feedback, to achieve self-adjustment and optimization.

[0080] 230: Construct a fine-tuning training set according to the K images and the K first
prediction results transmitted by the server, the fine-tuning training set including K groups of
fine-tuning training data, and each group of fine-tuning training data including an image and a first

prediction result of the image.

[0081] In one or more embodiments, the on-site terminal may construct the fine-tuning
training set according to the captured K images and the first prediction result of each image. The
following uses 5 images as an example to describe a process of constructing the fine-tuning training

set.

[0082] It is assumed that the K images sent by the on-site terminal to the server are
respectively an image 1, an image 2, an image 3, an image 4, and an image 5. After invoking the
image recognition model, the server sequentially recognizes the images. Referring to Table 1, Table
1 is an example of obtaining a first prediction result of each image after recognition. It is assumed
that a predicted category in the first prediction result is an object identifier, and each object

identifier uniquely indicates one object (for example, a user A).

Table 1
Image serial number First prediction result
Image 1 Predicted category: 10003; category score: 0.95
Image 2 Predicted category: 10062; category score: 0.67
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Image 3 Predicted category: 10947; category score: 0.70

Image 4 Predicted category: 10001; category score: 0.44
Image 5 Predicted category: 10015; category score: 0.96
[0083] Based on this, K groups of fine-tuning training data may be constructed, and each

group of fine-tuning training data includes an image and the first prediction result of the image. For
example, a group of fine-tuning training data includes an image 1, an annotated category 10003, and

an annotated category score 0.95.

[0084] 240: Fine-tune a to-be-trained model on the on-site terminal by using the fine-tuning
training set, and in a process of fine-tuning the to-be-trained model on the on-site terminal, obtain,
based on an image included in each group of fine-tuning training data in the fine-tuning training set

and by using the to-be-trained model, a second prediction result corresponding to each image.

[0085] In one or more embodiments, the to-be-trained model on the on-site terminal is
fine-tuned by using the fine-tuning training set. In the process of fine-tuning the to-be-trained model
on the on-site terminal, the on-site terminal sequentially inputs the captured K images to the
to-be-trained model, and outputs the second prediction result of each image by using the
to-be-trained model. Each second prediction result includes a predicted category and a category

score of an image.

[0086] 250: Update a model parameter of the to-be-trained model according to the second
prediction result corresponding to each image and the first prediction result of the image in the
fine-tuning training set, to obtain a local recognition model and a model adjustment parameter

corresponding to the local recognition model.

[0087] In one or more embodiments, the fine-tuning training set includes the K images and
the first prediction result of each image, and the first prediction result is used as annotation
information of the image. The second prediction result of each of the K images is used as prediction
information of the image. Based on this, the model parameter of the to-be-trained model may be
updated based on the annotation information and the prediction information of each image by using
a corresponding loss function (for example, a multi-class loss function), to obtain the local
recognition model and the model adjustment parameter corresponding to the local recognition
model. The model adjustment parameter includes, but is not limited to, a model parameter, a

gradient, an optimization algorithm parameter, and a fine-tuning training set.
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[0088] In this embodiment of this application, updating the model parameter of the
to-be-trained model may be understood as fine-tuning the to-be-trained model. In machine learning,
fine-tuning is a transfer learning technology and is usually performed based on a pre-trained model
(for example, a model trained based on a large data set). Based on a new data set that is usually

smaller, a parameter of the model is fine-tuned to optimize performance of a particular task.

[0089] 260: Transmit the model adjustment parameter to a server if the local recognition
model satisfies a model fine-tuning condition, so that the server updates a model parameter of an
image recognition model according to a model adjustment parameter set from at least one terminal,

the model adjustment parameter set including the model adjustment parameter.

[0090] In one or more embodiments, if the local recognition model satisfies the model
fine-tuning condition, it indicates that a current fine-tuning manner of the on-site terminal can be
adopted. Based on this, the on-site terminal may send the model adjustment parameter to the server.
The server combines model adjustment parameters uploaded by different terminals, to obtain the
model adjustment parameter set. Based on this, the server updates the model parameter of the image
recognition model by using the model adjustment parameter set, that is, fine-tunes the image

recognition model.

[0091] In this embodiment of this application, the server may obtain the image recognition
model with a better recognition effect based on distributed training. Distributed training refers to
dividing a model training workload and sharing the workload with a plurality of microprocessors
(for example, a plurality of terminals). The image recognition model has many parameters and large
training data, which exceeds a processing capability of a single machine. Therefore, distributed
parallel speed-up is needed. A parallel mechanism includes data parallel (DP), model parallel (MP),
pipeline parallel (PP), and hybrid parallel (HP). A structural design includes an architecture based
on a parameter server, an architecture based on reduce, an architecture based on a message-passing

interface (MPI), and the like.

[0092] An embodiment of this application provides a data processing method. In the
foregoing manner, the terminal may fine-tune the local model based on the images captured in the
on-site environment, and report a fine-tuned model adjustment parameter to the server. The server
updates the image recognition model according to the model adjustment parameter set reported by
terminals. Therefore, the image recognition model is applicable to various specific on-site
environments to improve model recognition precision, and processing resources of the server are

saved and model learning efficiency is improved.
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[0093] Based on the one or more embodiments corresponding to FIG. 3, in another
exemplary embodiment provided in the embodiments of this application, the method may further

include:

[0094] transmitting a model training request to the server, so that the server determines,

according to the model training request, a training data set applied to the on-site terminal;

[0095] receiving an initial training set transmitted by the server, where the initial training set
includes M groups of initial training data, and each group of initial training data includes an image

and an annotation result of the image;

[0096] obtaining M initial prediction results based on M images included in the initial
training set and by using an initial recognition model, where each initial prediction result includes a

predicted category and a category score of an image; and

[0097] updating a model parameter of the initial recognition model according to the M
initial prediction results and M annotation results included in the initial training set, to obtain the

to-be-trained model.

[0098] In one or more embodiments, a manner of obtaining the to-be-trained model is
described. As can be known from the foregoing embodiment, after the on-site terminal is deployed
in a site, the on-site terminal may send the model training request to the server, so that the server
returns the training data set to the on-site terminal. Another terminal may also generate the

to-be-trained model in a similar manner. Details are not described herein again.

[0099] Assuming that the on-site terminal is a palm scanning terminal of a playground, the
server may obtain the training data set from a large quantity of data sets based on the model training
request sent by the on-site terminal. The training data set includes palm images of users that have
registered with the playground for quick access and annotation results (for example, user identifiers)
of the images, and the training data set is used as an initial training set. The on-site terminal receives
the initial training set sent by the server, where the initial training set includes M groups of initial
training data, and each group of initial training data includes an image and an annotation result of

the image, that is, the initial training set includes M images.

[00100] Based on this, the on-site terminal sequentially inputs the M images to the initial
recognition model, and outputs, by using the initial recognition model, an initial prediction result
corresponding to each image. Each initial prediction result includes a predicted category and a
category score of the image. The model parameter of the initial recognition model may be updated

based on the annotation result and the initial prediction result of each image by using a
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corresponding loss function (for example, a multi-class loss function), to obtain the to-be-trained

model.

[00101] The initial recognition model is a pre-training model (PTM), and is specifically
trained based on massive unmarked data by using a deep neural network (DNN) with large
parameters. The PTM is enabled to extract common features from data based on a function
approximation capability of the DNN with large parameters, uses technologies such as fine-tuning,
parameter-efficient fine-tuning (PERT), and prompt-tuning, and is applicable to downstream tasks.

Therefore, the PTM can achieve an ideal effect in a few-shot or zero-shot scenario.

[00102] In addition, in an embodiment of this application, a manner of obtaining the
to-be-trained model is provided. In the foregoing manner, the terminal performs training by using
the training data set delivered by the server, to obtain the to-be-trained model that can be used
locally. On one hand, the terminal can have an image recognition capability. On the other hand,

when performing model fine-tuning, the terminal can better adapt to a local environment.

[00103] Based on the one or more embodiments corresponding to FIG. 3, in another
exemplary embodiment provided in the embodiments of this application, before the photographing
K images in a current on-site environment by using an image capturing apparatus, the method may

further include:

[00104] obtaining on-site environment information of the on-site terminal, where the on-site

environment information includes at least one of light intensity and background noise;

[00105] adjusting a first application parameter of the image capturing apparatus in response
to a first adjustment operation on the image capturing apparatus if the light intensity included in the
on-site environment information does not fall within a light intensity interval, where the first
application parameter includes at least one of a shutter speed, a light sensitivity parameter, and an

exposure compensation parameter; and

[00106] adjusting a second application parameter of the image capturing apparatus in
response to a second adjustment operation on the image capturing apparatus if the background noise
included in the on-site environment information is greater than or equal to a background noise
threshold, where the second application parameter includes at least one of an acutance parameter, a

light sensitivity parameter, and a denoising parameter.

[00107] In one or more embodiments, a manner of adjusting the image capturing apparatus is
described. As can be known from the foregoing embodiment, to capture images with better quality

for model training and model reasoning, the image capturing apparatus can be adjusted based on the
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on-site environment information. The on-site terminal is used as an example for description below.
In an actual application, another terminal may also optimize the image capturing apparatus in a

similar manner. Details are not described herein again.

[00108] In a possible implementation, a camera, a light sensor, or the like of the on-site
terminal may be used to obtain the on-site environment information of the on-site terminal. For
example, light intensity and background noise on site may be obtained by using a camera. For
another example, light intensity, a color temperature, and the like on site may be obtained by using a

light sensor.

[00109] Exemplarily, if the light intensity does not fall within the light intensity interval (that
is, the light intensity is greater than or equal to a maximum light intensity value, or the light
intensity is less than or equal to a minimum light intensity value), the first application parameter of
the image capturing apparatus needs to be adjusted. The first application parameter includes, but is
not limited to, a shutter speed, a light sensitivity parameter, and an exposure compensation
parameter. In one case, if the light intensity is greater than or equal to the maximum light intensity
value, the shutter speed may be increased, or the light sensitivity (ISO) parameter may be decreased,
or the exposure compensation (EV) parameter may be decreased. In another case, if the light
intensity is less than or equal to the minimum light intensity value, the shutter speed may be

decreased, or the ISO parameter may be increased, or the EV parameter may be increased.

[00110] The maximum light intensity value may be set to 1000 Ix, and the minimum light
intensity value may be set to 10 Ix. This is merely an example and is not understood as limitation on

this application.

[00111] Exemplarily, if the background noise is greater than or equal to the background noise
threshold, the second application parameter of the image capturing apparatus needs to be adjusted.
The second application parameter includes, but is not limited to, an acutance parameter, an ISO
parameter, and a denoising parameter. Based on this, when the background noise is relatively loud,
the acutance parameter may be decreased, or the ISO parameter may be decreased, or the denoising
parameter (for example, a space-domain denoising parameter or a time-domain denoising parameter)

may be increased.

[00112] The background noise threshold may be set to 50 dB. This is merely an example and

is not understood as limitation on this application.
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[00113] "In response to" in this application is configured for indicating a condition or a status
on which a to-be-performed operation depends. When the condition or the status is met, one or

more operations may be performed. These operations may be in real time, or may have a delay.

[00114] Next, in this embodiment of this application, a manner of adjusting the image
capturing apparatus is provided. In the foregoing manner, the image capturing apparatus is adjusted
based on the on-site environment information, so that the quality of the captured image can be
improved. Based on this, the local model is automatically fine-tuned, so that the local model of the
terminal can better adapt to on-site light conditions, and the model recognition capability can be

improved.

[00115] Based on the one or more embodiments corresponding to FIG. 3, in another
exemplary embodiment provided in the embodiments of this application, after the updating a model
parameter of the to-be-trained model according to the second prediction result corresponding to
each image and the first prediction result of the image in the fine-tuning training set, to obtain a
local recognition model and a model adjustment parameter corresponding to the local recognition

model, the method may further include:

[00116] obtaining recognition accuracy of the local recognition model for N images, where N
is an integer greater than or equal to 1, and the N images are photographed by the image capturing

apparatus; and

[00117] determining that the local recognition model satisfies the model fine-tuning

condition if the recognition accuracy is greater than or equal to an accuracy threshold.

[00118] In one or more embodiments, a manner of determining whether the model
fine-tuning condition is satisfied is described. As can be known from the foregoing embodiment,
after completing model fine-tuning, the on-site terminal further needs to evaluate a fine-tuning
effect. That is, recognition results of the local recognition model and the image recognition model
of the server end are compared. If the recognition result of the local recognition model is the same
as or close to the result of the image recognition model, it may be considered that fine-tuning is
successful. Otherwise, fine-tuning may need to be performed again. The on-site terminal is used as
an example for description below. In an actual application, another terminal may also determine

whether a fine-tuning result is desirable in a similar manner. Details are not described herein again.

[00119] The on-site terminal automatically fine-tunes the local to-be-trained model by using
collected on-site information, to obtain a local recognition model. Fine-tuning refers to fine-tuning a

model parameter based on the to-be-trained model according to a new task or data set. In this
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process, the fine-tuning operation is performed according to on-site environment information. For
example, if on-site light intensity changes, sensitivity of the model to a light change may need to be
adjusted. For another example, if on-site background noise increases, the anti-interference
capability of the model against noise may need to be enhanced. A fine-tuning process usually
involves gradient descent or another optimization algorithm, to minimize a recognition error in a

new environment condition.

[00120] In a possible implementation, a manner of obtaining recognition accuracy of the
local recognition model for the N images may be: transmitting the N images photographed by the
image capturing apparatus to the server, so that the server obtains N third prediction results based
on the N images by using the image recognition model; receiving the N third prediction results
transmitted by the server; obtaining N fourth prediction results based on the N images by using the
local recognition model; and performing verification on the N fourth prediction results according to

the N third prediction results, to obtain the recognition accuracy for the N images.

[00121] In an actual execution process, the on-site terminal may send the N images
photographed by using the image capturing apparatus to the server. The N images may be captured
by the on-site terminal after the on-site terminal obtains the local recognition model through
training, or may be some images randomly selected from the K images. The N images satisfy an
on-site light condition of the on-site terminal. Based on this, on one hand, the server uses the N
images as input of the image recognition model, to obtain the third prediction result of each image
by using the image recognition model. Each third prediction result includes a predicted category
and a category score of an image. On the other hand, the on-site terminal uses the N images as input
of the local recognition model, to obtain the fourth prediction result of each image by using the
local recognition model. Each fourth prediction result includes a predicted category and a category

score of an image.

[00122] After receiving the N third prediction results, the on-site terminal may use the N
third prediction results as standard results, to perform verification on the N fourth prediction results
to obtain recognition accuracy for the N images. For ease of description, referring to Table 2, Table

2 is an example of N third prediction results.

Table 2
Image serial number Third prediction result
Image 1 Predicted category: 10011; Category score: 0.95
Image 2 Predicted category: 10053; Category score: 0.91
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Image 3 Predicted category: 10237; Category score: 0.78

Image 4 Predicted category: 10000; Category score: 0.40
Image 5 Predicted category: 10066; Category score: 0.92
[00123] Referring to Table 3, Table 3 is an example of N fourth prediction results.
Table 3
Image serial number Fourth prediction result
Image 1 Predicted category: 10011; Category score: 0.96
Image 2 Predicted category: 10023; Category score: 0.80
Image 3 Predicted category: 10237; Category score: (.78
Image 4 Predicted category: 10001; Category score: 0.92
Image 5 Predicted category: 10066; Category score: 0.91
[00124] Based on this, the N third prediction results and the N fourth prediction results are

compared. If the third prediction result and the fourth prediction result of the image are the same or
close to each other, it indicates that recognition of the image succeeds. It is assumed that the third
prediction result and the fourth prediction result being close to each other is specifically "predicted
categories are the same and an absolute value of a difference between category scores is less than or
equal to 0.2". As can be seen, the third prediction result and the fourth prediction result of the image
1 are close to each other, the third prediction result and the fourth prediction result of the image 2
are different, the third prediction result and the fourth prediction result of the image 3 are the same,
the third prediction result and the fourth prediction result of the image 4 are different, and the third
prediction result and the fourth prediction result of the image 5 are close to each other. Therefore, 3
of the 5 images are successfully recognized, that is, the recognition accuracy is 0.6. When the
recognition accuracy is greater than or equal to the accuracy threshold, it is considered that the local
recognition model of the on-site terminal satisfies the model fine-tuning condition, that is, the

current fine-tuning is successful.

[00125] In the foregoing manner, the N third prediction results outputted by the server by
using the image recognition model are used as a determining criterion to perform verification on the
N fourth prediction results. Because the image recognition model deployed on the server is

relatively accurate, the third prediction result outputted by the image recognition model is also
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relatively accurate and can be used as a determining criterion, to accurately perform verification on

recognition accuracy of the local recognition model.

[00126] Next, in this embodiment of this application, a manner of determining whether the
model fine-tuning condition is satisfied is provided. In the foregoing manner, an on-site automatic
fine-tuning module implements a closed loop of obtaining the on-site environment information,
constructing the fine-tuning training set, fine-tuning the model, and evaluating a fine-tuning result,

to automatically optimize the model, so that the model can better adapt to an on-site light condition.

[00127] Based on the one or more embodiments corresponding to FIG. 3, in another
exemplary embodiment provided in the embodiments of this application, after the updating a model
parameter of the to-be-trained model according to the second prediction result corresponding to
each image and the first prediction result of the image in the fine-tuning training set, to obtain a
local recognition model and a model adjustment parameter corresponding to the local recognition

model, the method may further include:

[00128] obtaining recognition accuracy of the local recognition model for N images, where N
is an integer greater than or equal to 1, and the N images are photographed by the image capturing

apparatus; and

[00129] transmitting the model adjustment parameter to T terminals if the recognition
accuracy is greater than or equal to an accuracy threshold, so that the T terminals respectively
update, according to the model adjustment parameter, model parameters of corresponding
to-be-trained models, to obtain T recognition models, where the T terminals are associated with the
on-site terminal, and T is an integer greater than or equal to 1; obtaining a voting score
corresponding to each of the T terminals, where the voting score is determined according to a
prediction result of a recognition model and a prediction result of the image recognition model,
determining a comprehensive recognition score according to the voting score corresponding to each
terminal; and determining, if the comprehensive recognition score is greater than or equal to a
recognition score threshold, that the local recognition model satisfies the model fine-tuning

condition.

[00130] In one or more embodiments, another manner of determining whether the model
fine-tuning condition is satisfied is described. As can be known from the foregoing embodiment,
after completing model fine-tuning, the on-site terminal further needs to evaluate a fine-tuning
effect based on recognition accuracy. For a calculation manner of the recognition accuracy, refer to

the foregoing embodiment, and details are not described herein again.
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[00131] Specifically, when the recognition accuracy is greater than or equal to the accuracy
threshold, the on-site terminal may separately send the model adjustment parameter to the T
terminals that are associated with the on-site terminal. In this way, the model adjustment parameter
(that is, a fine-tuning result) is synchronized, that is, the model adjustment parameter of the on-site
terminal is synchronized to another terminal in the same environment. Each terminal fine-tunes a
to-be-trained model according to the model adjustment parameter, to obtain a corresponding
recognition model. In addition, each terminal needs to determine, based on a synchronous voting
mechanism, whether the model adjustment parameter is proper. If the model adjustment parameter
is proper, the terminal may vote to approve. Otherwise, if the model adjustment parameter is
improper, the terminal may vote to oppose. Exemplarily, a voting score corresponding to voting to
approve may be set to 1, and a voting score corresponding to voting to oppose may be set to 0.
Based on this, the comprehensive recognition score may be calculated according to the voting
scores of the T terminals. Whether the local recognition model satisfies the model fine-tuning

condition is determined by using the comprehensive recognition score.

[00132] In this embodiment of this application, a manner of obtaining the recognition
accuracy of the local recognition model for the N images is similar to the foregoing manner, and

details are not described herein again.

[00133] In this application, the synchronous voting mechanism is used to synchronize model
fine-tuning results between a plurality of terminals. This mechanism allows a terminal to vote
according to validity of a model adjustment parameter of another terminal, to determine whether to
accept a fine-tuning manner of another terminal. By combining the voting scores, it may be
determined whether to feed back a fine-tuning manner to the server, so as to integrate with training

of the image recognition model.

[00134] Next, in this embodiment of this application, another manner of determining whether
the model fine-tuning condition is satisfied is provided. In the foregoing manner, the terminal
synchronizes, to another on-site terminal, the model adjustment parameter obtained after model
optimization, thereby further improving image recognition accuracy. In addition, the terminals can
self-learn and optimize based on the synchronous voting mechanism for fine-tuning results of
terminals, thereby improving intelligence of the system. Based on the synchronous voting
mechanism for fine-tuning results of terminals, the terminals may perform real-time optimization
according to on-site environment information, so that the terminals better adapt to an environment

change, thereby improving an image recognition effect.
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[00135] Based on the one or more embodiments corresponding to FIG. 3, in another
exemplary embodiment provided in the embodiments of this application, the determining a
comprehensive recognition score according to the voting score corresponding to each terminal may

specifically include:
[00136] summing up voting scores of the T terminals, to obtain a total voting score; and

[00137] obtaining the comprehensive recognition score according to a ratio of the total voting

score to the value T.

[00138] In one or more embodiments, a manner of determining the comprehensive
recognition score based on the voting scores is described. As can be known from the foregoing
embodiment, the on-site terminal transmits the model adjustment parameter (that is, the fine-tuning
result) to the T terminals based on a network communications technology. After receiving the model
adjustment parameter, each of the T terminals needs to separately fine-tune the local to-be-trained
model according to the model adjustment parameter, and perform verification on a fine-tuning
effect. A perform verification on manner includes comparing model recognition accuracy before
fine-tuning with model recognition accuracy after fine-tuning, or comparing a difference between
recognition results of the fine-tuned recognition model and the image recognition model of the

server end, or the like.

[00139] Based on this, the terminal votes according to a fine-tuning effect. A majority voting
method may be used in this process. In this way, it may be determined, according to the voting
results of the T terminals, whether the current model adjustment parameter can be adopted. For ease
of understanding, refer to FIG. 4. FIG. 4 is a schematic interactive flowchart of voting based on a
synchronous voting mechanism according to an embodiment of this application. As shown in the

figure, specifically:

[00140] In operation C1, an on-site terminal packages the model adjustment parameter into
an information packet, and sends the information packet to a terminal B. The model adjustment
parameter includes a model parameter, a gradient, and an optimization algorithm parameter. The
optimization algorithm parameter includes, but is not limited to, an optimization algorithm, a

learning rate, a quantity of iterations, and the like.

[00141] In operation C2, the on-site terminal packages the model adjustment parameter into

an information packet, and sends the information packet to a terminal C.

[00142] An execution sequence of operation C1 and operation C2 is not limited.

24



[00143] In operation C3, the terminal B fine-tunes a local to-be-trained model according to

the received model adjustment parameter, to obtain a recognition model.

[00144] In operation C4, the terminal C fine-tunes a local to-be-trained model according to

the received model adjustment parameter, to obtain a recognition model.
[00145] An execution sequence of operation C3 and operation C4 is not limited.

[00146] In operation CS5, the terminal B performs a performance test based on the recognition
model obtained after the fine-tuning, and if the performance of the model is improved after
fine-tuning, votes to approve, or if the performance of the model is degraded after fine-tuning, votes
to oppose. For example, the terminal B compares a prediction result outputted by the recognition
model with a prediction result outputted by the server based on the image recognition model, to

obtain recognition accuracy, and the terminal B votes according to the recognition accuracy.

[00147] In operation C6, the terminal C performs a performance test based on the recognition
model obtained after the fine-tuning, and if the performance of the model is improved after
fine-tuning, votes to approve, or if the performance of the model is degraded after fine-tuning, votes
to oppose. For example, the terminal C compares a prediction result outputted by the recognition
model with a prediction result outputted by the server based on the image recognition model, to

obtain recognition accuracy, and the terminal C votes according to the recognition accuracy.
[00148] An execution sequence of operation C5 and operation C6 is not limited.

[00149] In operation C7, if the recognition accuracy obtained by the terminal B is greater
than or equal to the accuracy threshold, the terminal B votes that fine-tuning is successful.
Therefore, it may be obtained that the voting score is 1. Otherwise, if the recognition accuracy
obtained by the terminal B is less than the accuracy threshold, the terminal B votes that fine-tuning

is unsuccessful. Therefore, it may be obtained that the voting score is 0.

[00150] In operation C8, if the recognition accuracy obtained by the terminal C is greater
than or equal to the accuracy threshold, the terminal C votes that fine-tuning is successful.
Therefore, it may be obtained that the voting score is 1. Otherwise, if the recognition accuracy
obtained by the terminal C is less than the accuracy threshold, the terminal C votes that fine-tuning

is unsuccessful. Therefore, it may be obtained that the voting score is 0.
[00151] An execution sequence of operation C7 and operation C8 is not limited.

[00152] In operation C9, exemplarily, in one manner, the terminal B receives the voting score
sent by the terminal C, and calculates the comprehensive recognition score with reference to the

voting score of the terminal B. In another manner, the terminal B and the terminal C separately send
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their own voting scores to the on-site terminal, and the on-site terminal performs summarizing
calculation, to obtain the comprehensive recognition score. Then, the on-site terminal sends the

comprehensive recognition score to the terminal B.

[00153] In operation C10, exemplarily, in one manner, the terminal C receives the voting
score sent by the terminal B, and calculates the comprehensive recognition score with reference to
the voting score of the terminal C. In another manner, the terminal B and the terminal C separately
send their own voting scores to the on-site terminal, and the on-site terminal performs summarizing
calculation, to obtain the comprehensive recognition score. Then, the on-site terminal sends the

comprehensive recognition score to the terminal C.
[00154] An execution sequence of operation C9 and operation C10 is not limited.

[00155] In operation C11, if the comprehensive recognition score is greater than or equal to
the score threshold (for example, 0.5), it indicates that most terminals vote to approve. Therefore,
the terminal B can accept the fine-tuning manner. If the comprehensive recognition score is less

than the score threshold, it indicates that most terminals vote to oppose. Therefore, the terminal B

does not accept the fine-tuning manner.

[00156] In operation C12, if the comprehensive recognition score is greater than or equal to
the score threshold (for example, 0.5), it indicates that most terminals vote to approve. Therefore,
the terminal C can accept the fine-tuning manner. If the comprehensive recognition score is less
than the score threshold, it indicates that most terminals vote to oppose. Therefore, the terminal C

does not accept the fine-tuning manner.

[00157] The majority voting method is described below with reference to specific examples.
Assuming that the voting score of the terminal B is 1 and the voting score of the terminal C is 0, the
total voting score is 1 (that is, 1+0=1). The comprehensive recognition score is calculated according
to a ratio of the total voting score to the value T. In this embodiment, T is 2, and based on this, the

comprehensive recognition score is obtained as 0.5.

[00158] Next, in this embodiment of this application, a manner of determining the
comprehensive recognition score based on the voting scores is described. In the foregoing manner,
each terminal that is associated votes on the fine-tuning result (that is, the model adjustment
parameter) and an average value of voting scores is obtained, which serves as the basis for
measuring whether the fine-tuning manner is accepted. This provides a specific feasible
implementation of the solution. Therefore, the feasibility and the operability of the solution are

improved.
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[00159] Based on the one or more embodiments corresponding to FIG. 3, in another
exemplary embodiment provided in the embodiments of this application, the determining a
comprehensive recognition score according to the voting score corresponding to each terminal may

specifically include:

[00160] obtaining a weight parameter set corresponding to each of the T terminals, where the
weight parameter set includes at least one of a device weight, an environment weight, and a

preference weight;

[00161] weighting, for each of the T terminals, the voting score of the terminal by using the

weight parameter set of the terminal, to obtain a weighted voting score of the terminal; and

[00162] determining the comprehensive recognition score according to the weighted voting

score corresponding to each of the T terminals.

[00163] In one or more embodiments, another manner of determining the comprehensive
recognition score based on the voting scores is described. As can be known from the foregoing
embodiment, the on-site terminal transmits the model adjustment parameter (that is, the fine-tuning
result) to the T terminals based on a network communications technology. After receiving the model
adjustment parameter, each of the T terminals needs to separately fine-tune the local to-be-trained
model according to the model adjustment parameter, and perform verification on a fine-tuning

effect.

[00164] Based on this, the terminal votes according to a fine-tuning effect. A weight voting
method may be used in this process. In this way, it may be determined, according to the voting
results of the T terminals, whether the current model adjustment parameter can be adopted. In the
weight voting method, a weight parameter set corresponding to each terminal needs to be
considered, where the weight parameter set includes at least one of a device weight, an environment
weight, and a preference weight. For ease of understanding, referring to 5, FIG. 5 is another
schematic interactive flowchart of voting based on a synchronous voting mechanism according to

an embodiment of this application. As shown in the figure, specifically:

[00165] Operation D1 to operation D8 in this embodiment are similar to operation C1 to

operation C8 in the embodiment shown in FIG. 4. Details are not described herein again.

[00166] In operation D9, exemplarily, in one manner, the terminal B calculates a weighted
voting score according to the voting score and a weight parameter set of the terminal B. In another

manner, the terminal B sends the voting score and the weight parameter set of the terminal B to the
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on-site terminal, and the on-site terminal calculates the weighted voting score of the terminal B

according to the voting score and the weight parameter set sent by the terminal B.

[00167] In operation D10, exemplarily, in one manner, the terminal C calculates a weighted

voting score according to the voting score and a weight parameter set of the terminal C. In another
manner, the terminal C sends the voting score and the weight parameter set of the terminal C to the
on-site terminal, and the on-site terminal calculates the weighted voting score of the terminal C

according to the voting score and the weight parameter set sent by the terminal C.
[00168] An execution sequence of operation D9 and operation D10 is not limited.

[00169] In operation D11, exemplarily, in one manner, the terminal B receives the weighted
voting score sent by the terminal C, and calculates the comprehensive recognition score with
reference to the weight parameter set of the terminal B and the weight parameter set of the terminal
C. In another manner, the terminal B and the terminal C separately send their own weighted voting
scores to the on-site terminal, and the on-site terminal performs summarizing calculation, to obtain
the comprehensive recognition score. Then, the on-site terminal sends the comprehensive

recognition score to the terminal B.

[00170] In operation D12, exemplarily, in one manner, the terminal C receives the weighted
voting score sent by the terminal B, and calculates the comprehensive recognition score with
reference to the weight parameter set of the terminal C and the weight parameter set of the terminal
B. In another manner, the terminal B and the terminal C separately send their own weighted voting
scores to the on-site terminal, and the on-site terminal performs summarizing calculation, to obtain
the comprehensive recognition score. Then, the on-site terminal sends the comprehensive

recognition score to the terminal C.
[00171] An execution sequence of operation D11 and operation D12 is not limited.

[00172] Operation D13 and operation D14 in this embodiment are similar to operation C11

and operation C12 in the embodiment shown in FIG. 4. Details are not described herein again.

[00173] The weight voting method is described below with reference to specific examples. It
is assumed that the weight parameter set includes a device weight, an environment weight, and a
preference weight. The device weight may be determined according to factors such as performance
of the terminal and history prediction accuracy. For example, better terminal performance indicates
a higher device weight. The environment weight may be determined according to an on-site
environment in which the terminal is located. For example, if light of the on-site environment in

which the terminal is located is excessively strong or excessively weak, the environment weight is
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higher, but if light intensity falls within a light intensity interval, the environment weight is lower.
The preference weight may be determined according to preferences of the terminal for different
optimization algorithm parameters. For example, if an optimization algorithm parameter used by the
terminal is the same as an optimization algorithm parameter of the on-site terminal, the preference

weight is higher.

[00174] An adjustment manner of the device weight, the environment weight, and the
preference weight may be flexibly adjusted according to an actual case. This is merely an example

and is not understood as limitation on this application.

[00175] Based on this, the comprehensive recognition score for the terminal B and the

terminal C may be calculated in the following manner:
Viweighted average = (W * Vg * Ig * Pg + w¢ * Vi * I¢ % Pc) /(wg * I * Py + w¢ * I¢ * Pe);

[00176] where Vyyeighted_average represents a comprehensive recognition score,

wp represents a device weight of the terminal B, w represents a device weight of the terminal C,
Vg represents a voting score of the terminal B, for example, 1 or 0, V represents a voting score of
the terminal C, Ig represents an environment weight of the terminal B, I represents an
environment weight of the terminal C, Py represents a preference weight of the terminal B,

Pc represents a preference weight of the terminal C, wg * Vg * Ig * Pg represents a weighted voting

score of the terminal B, and w¢ * Vi * [ * P; represents a weighted voting score of the terminal C.

[00177] Next, in this embodiment of this application, another manner of determining the
comprehensive recognition score based on the voting scores is described. In the foregoing manner,
each terminal that is associated votes on the fine-tuning result (that is, the model adjustment
parameter) and a weight parameter of each terminal is introduced to calculate a voting score, which
serves as the basis for measuring whether the fine-tuning manner is accepted. This provides a
specific feasible implementation of the solution. In addition, a difference between performance of
different terminals is considered, so that the fine-tuning result can be voted on more

comprehensively.

[00178] Based on the one or more embodiments corresponding to FIG. 3, in another
exemplary embodiment provided in the embodiments of this application, before the transmitting the

model adjustment parameter to T terminals, the method may further include:

[00179] determining, if the on-site terminal and at least one terminal are located in the same
location, that the at least one terminal is associated with the on-site terminal, and determining the at

least one terminal as the T terminals; or
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[00180] determining, if the same binding object is set for the on-site terminal and at least one
terminal, that the at least one terminal is associated with the on-site terminal, and determining the at

least one terminal as the T terminals; or

[00181] determining, if the on-site terminal and at least one terminal are connected to the
same access point, that the at least one terminal is associated with the on-site terminal, and

determining the at least one terminal as the T terminals.

[00182] In one or more embodiments, three manners of establishing an association between
terminals is described. As can be known from the foregoing embodiment, the on-site terminal is
associated with the T terminals. Based on this, the on-site terminal may communicate with the T
terminals. Three manners of constructing an association between terminals are described below with

reference to examples.
[00183] Manner 1: Based on a geographic location.

[00184] Specifically, terminals belonging to the same location are used as terminals that are
associated with each other. The same location may be specifically an administrative area, for
example, a province-level administrative area, a prefecture-level administrative area, a county-level
administrative area, or a township-level administrative area. Alternatively, the same location may be
a self-defined area, for example, a community, a school, or an office building. The terminal has a
positioning function, and a user may establish an association between terminals located in the same

geographical area.

[00185] For ease of understanding, refer to FIG. 6. FIG. 6 is a schematic diagram of
establishing an association between terminals according to an embodiment of this application. As
shown in the figure, a community is used as a location, that is, a terminal A, a terminal B, and a
terminal C in a community A are associated with each other. A terminal D, a terminal E, and a
terminal F in a community B are associated with each other. The terminals in the community A are
not associated with the terminals in the community B. Therefore, assuming that the on-site terminal

is the terminal A, the T terminals include the terminal B and the terminal C.
[00186] Manner 2: Based on a binding relationship.

[00187] Specifically, a user may self-define a binding relationship between terminals. For
example, a business identifier may be set for each terminal, and based on this, terminals having the

same business identifier may be bound.

[00188] For ease of understanding, refer to FIG. 7. FIG. 7 is another schematic diagram of

establishing an association between terminals according to an embodiment of this application. As
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shown in the figure, a mall A is used as an example. Assuming that the mall A has branches in both
a city A and a city B, a terminal A, a terminal B, and a terminal C in the mall A of the city A, and a

terminal D, a terminal E, and a terminal F in the mall A of the city B are associated with each other.
Therefore, assuming that the on-site terminal is the terminal A, the T terminals include the terminal

B, the terminal C, the terminal D, the terminal E, and the terminal F.
[00189] Manner 3: Based on a network connection.

[00190] Specifically, an association is established between terminals connected to the same
access point. The access point may be a wireless hotspot (for example, wireless fidelity (WiFi)), or

may be a wired access point.

[00191] For ease of understanding, refer to FIG. 8. FIG. 8 is another schematic diagram of
establishing an association between terminals according to an embodiment of this application. As
shown in the figure, a terminal A, a terminal B, and a terminal C are connected to the same access
point. Therefore, the three terminals are associated with each other. Assuming that the on-site

terminal is the terminal A, the T terminals include the terminal B and the terminal C.

[00192] Next, in this embodiment of this application, three manners of establishing an
association between terminals are described. In the foregoing manner, an association may be
established between a plurality of terminals according to an actual requirement, so that these
terminals can perform corresponding processing (for example, voting and status monitoring) as a

cluster. This improves implementation flexibility of the solution.

[00193] Based on the one or more embodiments corresponding to FIG. 3, in another
exemplary embodiment provided in the embodiments of this application, after the determining that

the local recognition model satisfies the model fine-tuning condition, the method may further

include:
[00194] obtaining a to-be-tested image;
[00195] obtaining a fifth prediction result based on the to-be-tested image by using the local

recognition model;

[00196] obtaining T sixth prediction results from the T terminals, where each sixth prediction
result is obtained by the terminal based on the to-be-tested image by using the recognition model;

and

[00197] performing, if determining that the local recognition model is already in a model
stable state according to the fifth prediction result and the T sixth prediction results, a corresponding

service by using the local recognition model.
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[00198] In one or more embodiments, a manner of monitoring a model status based on a
plurality of associated terminals is described. As can be known from the foregoing embodiment,
based on the on-site terminal and the T terminals, the server may further monitor and evaluate
statuses of the terminals, to determine whether the terminals have completed fine-tuning of the

model and whether the model obtained after fine-tuning is already stable.

[00199] For example, monitoring and evaluating a status of a terminal mainly includes a
fine-tuning status of a model and an operation status of the terminal. That is, the terminals need to
be able to periodically send status reports to the server. Content of the report includes a current
fine-tuning status (for example, fine-tuning is being performed or fine-tuning is completed), an
operation status (for example, normal running or fault), and the like. The server may learn the

statuses of the terminals according to these reports.

[00200] Whether the model is already stable may usually be evaluated by comparing
recognition results of models for the same image (that is, a to-be-tested image). For example, the
on-site terminal uses the to-be-tested image as input of the local recognition model, and obtains the
fifth prediction result by using the local recognition model. The other T terminals respectively use
the to-be-tested image as input of the recognition models, and obtain sixth prediction results by
using the recognition models. If the fifth prediction result is the same as or close to the T sixth
prediction results, it is considered that the model is already in a stable status. If the fifth prediction

result is greatly different from the T sixth prediction results, fine-tuning may need to be continued.

[00201] In an actual application, the server may compare the fifth prediction result with the T
sixth prediction results. Based on this, the server may determine, according to a status of the
terminal, whether the on-site terminal has completed fine-tuning, and determine, according to the
fifth prediction result and the T sixth prediction results, that the model is already in a stable status.
If the two conditions are satisfied, it is considered that a corresponding service has started to be
performed on site. Otherwise, fine-tuning of the model or maintenance of the terminal may need to

be continued.

[00202] If predicted categories included in the fifth prediction result and the T sixth
prediction results are the same, and an absolute value of a difference between category scores is less
than or equal to a threshold (for example, 0.2), it is considered that the prediction results are close to

each other.

[00203] For ease of understanding, refer to 9. FIG. 9 is a schematic diagram of an overall
procedure of a data processing method according to an embodiment of this application. As shown in

the figure, specifically:
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[00204] In operation E1, an on-site terminal trains and deploys a to-be-trained model.

[00205] In operation E2, the on-site terminal may obtain on-site environment information by

using a camera, a light sensor, or the like.

[00206] In operation E3, the on-site terminal captures K images by using an image capturing
apparatus, constructs a fine-tuning training set by using the K images, and fine-tunes the
to-be-trained model based on the current on-site environment information, to obtain a local

recognition model.

[00207] In operation E4, a prediction result of the local recognition model is compared with a

prediction result of an image recognition model of a server end.

[00208] In operation E3, if the prediction result of the local recognition model is the same as
or close to the prediction result of the image recognition model, the on-site terminal synchronizes a

model adjustment parameter to T terminals in the same environment.

[00209] In operation E6, the T terminals in the same environment respectively fine-tune local

to-be-trained models by using the model adjustment parameter, to obtain recognition models.

[00210] In operation E7, each of the T terminals votes according to a model performance
change obtained after the fine-tuning, and calculates a comprehensive recognition score based on a
voting status. Whether the T terminals accept the current fine-tuning is determined according to the
comprehensive recognition score, and if yes, operation E8 is performed. If not, operation E9 is

performed.

[00211] In operation ES, if the T terminals accept the current fine-tuning, the on-site terminal

reports the model adjustment parameter to the server.

[00212] In operation E9, if the T terminals do not accept the current fine-tuning, the existing

model is kept unchanged.

[00213] In operation E10, the server performs model training again according to the model

adjustment parameter reported by the on-site terminal.

[00214] In operation E11, the server monitors and evaluates a status of each terminal and

model performance obtained after fine-tuning.

[00215] In operation E12, the server determines whether the model is currently in a stable

status, and if yes, operation E13 is performed, or if not, operation E14 is performed.

[00216] In operation E13, if the model is already in a stable status, the terminal and the server
may perform a corresponding daily service.
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[00217] In operation E14, if the model is not in a stable status, the terminal and the server

continue to fine-tune the model.

[00218] Next, in this embodiment of this application, a manner of monitoring a model status
based on a plurality of associated terminals is described. In the foregoing manner, the plurality of
associated terminals may further monitor and evaluate statuses of various devices on site, to
determine whether these devices have completed model fine-tuning, and determine whether the
fine-tuned model is already stable. Based on this, normal operation of the system can be maintained
according to a determining status. In addition, it is also convenient for the background to learn the
status of the on-site terminal in real time, so as to help the background find and deal with an

abnormality in time.

[00219] Based on the one or more embodiments corresponding to FIG. 3, in another
exemplary embodiment provided in the embodiments of this application, after the determining the
comprehensive recognition score according to the voting score corresponding to each terminal, the

method may further include:

[00220] transmitting a model fine-tuning request to a terminal of the T terminals if the local
recognition model does not satisfy the model fine-tuning condition, so that the terminal updates a
model parameter of a to-be-trained model according to the model fine-tuning request, to obtain a
recognition model, where the T terminals are associated with the on-site terminal, and T is an

integer greater than or equal to 1;
[00221] receiving a model adjustment parameter transmitted by the terminal; and

[00222] updating the model parameter of the to-be-trained model of the on-site terminal by

using the model adjustment parameter transmitted by the terminal.

[00223] In one or more embodiments, a training manner used when the model fine-tuning

condition is not satisfied is described. As can be known from the foregoing embodiment, when the
local recognition model does not satisfy the model fine-tuning condition, the on-site terminal may
further randomly select a terminal from the T terminals, and send the model fine-tuning request to

the terminal.

[00224] Assuming that the "terminal A" receives the model fine-tuning request, the "terminal
A" may fine-tune the local to-be-trained model. Then, the "terminal A" sends, to another terminal
on the same site, including the on-site terminal, a model adjustment parameter obtained after the
fine-tuning. Based on this, the on-site terminal fine-tunes the to-be-trained model again by using the

model adjustment parameter sent by the "terminal A". Alternatively, the on-site terminal continues
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to fine-tune the local recognition model also by using the model adjustment parameter sent by the

"terminal A".

[00225] Next, in this embodiment of this application, a training manner used when the model
fine-tuning condition is not satisfied is described. In the foregoing manner, if the local recognition
model does not satisfy the model fine-tuning condition, another terminal may be selected from the
terminals on the same site for fine-tuning processing, and based on a model adjustment parameter
obtained after fine-tuning by the terminal, another terminal on the same site continues to perform

fine-tuning. Therefore, the model can be continuously fine-tuned.

[00226] Based on one or more embodiments corresponding to FIG. 3, in another exemplary
embodiment provided in this embodiment of this application, after the updating a model parameter
of the to-be-trained model according to the K second prediction results and the fine-tuning training
set, to obtain a local recognition model and a model adjustment parameter corresponding to the

local recognition model, the method may further include:

[00227] photographing, in a case that the local recognition model satisfies the model

fine-tuning condition, a to-be-recognized image by using the image capturing apparatus;

[00228] obtaining a seventh prediction result based on the to-be-recognized image by using
the local recognition model, where the seventh prediction result includes a predicted category and a

category score; and

[00229] determining, if the category score in the seventh prediction result is greater than or
equal to a category score threshold, that the to-be-recognized image belongs to the predicted

category in the seventh prediction result.

[00230] In one or more embodiments, a manner of recognizing an image locally on the
terminal is described. As can be known from the foregoing embodiment, when the local recognition
model satisfies the model fine-tuning condition, the on-site terminal may perform image recognition
by using the local recognition model. The on-site terminal is used as an example for description
below. In an actual application, another terminal may also perform image recognition in a similar

manner. Details are not described herein again.

[00231] Specifically, the on-site terminal photographs several images by using an image
capturing apparatus, and selects an image with high quality as the to-be-recognized image.
Recognition of palmprint images is used as an example. Image quality evaluation, image
enhancement, and precise palmprint area positioning are performed on several captured images.

Exemplarily, a palmprint area may be extracted and positioned by using an image processing
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technology (for example, edge detection and threshold segmentation). In addition, an image with
high definition and clear palmprint features is selected by using an image definition evaluation
method (for example, a gradient method and a frequency-domain analysis method) for subsequent

recognition processing.

[00232] After the to-be-recognized image is obtained, the to-be-recognized image is
recognized by using the local recognition model, to obtain a seventh prediction result, where the
seventh prediction result includes a predicted category and a category score. The predicted category
is a category obtained through prediction, and the category score indicates a score of being
predicted as the category. A higher category score indicates a higher probability that an image is
predicted as the predicted category. Based on this, if the category score is greater than or equal to
the category score threshold (for example, 0.90), the on-site terminal may determine that the
to-be-recognized image belongs to the predicted category, and therefore, may perform a

corresponding service (for example, a payment service or an access control service).

[00233] Exemplarily, in one case, the local recognition model may output category
probability distribution corresponding to the to-be-recognized image. A category corresponding to a
largest probability value in the category probability distribution is used as a predicted category of
the to-be-recognized image, and the largest probability value is used as a category score. In another
case, the local recognition model may extract an eigenvector of the to-be-recognized image, and
then match the extracted eigenvector with an existing eigenvector in a database. For example,
feature matching is performed by using a k-nearest neighbor (KNN) algorithm. Then, a category
corresponding to an eigenvector having the highest similarity is used as the predicted category of
the to-be-recognized image, and the highest similarity is used as the category score. Cosine

similarity may be used for similarity between eigenvectors.

[00234] Next, in this embodiment of this application, a manner of recognizing an image
locally on the terminal is provided. In the foregoing manner, the terminal may recognize the
captured image by using the local recognition model. Therefore, on one hand, data processing
pressure at the server end can be alleviated, and on the other hand, recognition efficiency can be

improved without depending on a network environment.

[00235] Based on the one or more embodiments corresponding to FIG. 3, in another
exemplary embodiment provided in the embodiments of this application, after the obtaining the
seventh prediction result based on the to-be-recognized image by using the local recognition model,

the method may further include:
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[00236] transmitting the to-be-recognized image to the server if the category score in the
seventh prediction result is less than the category score threshold, so that the server obtains an

image recognition result based on the to-be-recognized image by using the image recognition model;

and
[00237] receiving the image recognition result transmitted by the server.
[00238] In one or more embodiments, a manner of recognizing an image locally on the server

is described. As can be known from the foregoing embodiment, after the terminal recognizes the
to-be-recognized image by using the local recognition model, if the obtained category score is less
than the category score threshold (for example, 0.90), the on-site terminal may send the

to-be-recognized image to the server.

[00239] Specifically, after receiving the to-be-recognized image, the server may invoke the
image recognition model to recognize the to-be-recognized image, to obtain the image recognition
result. Then, the server sends the image recognition result to the on-site terminal. The image
recognition result includes the predicted category and the category score of the to-be-recognized
image. Based on this, the on-site terminal may perform a corresponding service (for example, a
payment service or an access control service) according to the predicted category in the image

recognition result.

[00240] Exemplarily, in one case, the image recognition model may output category
probability distribution corresponding to the to-be-recognized image. A category corresponding to a
largest probability value in the category probability distribution is used as a predicted category of
the to-be-recognized image, and the largest probability value is used as a category score of the
predicted category. In another case, the image recognition model may extract an eigenvector of the
to-be-recognized image, and then match the extracted eigenvector with an existing eigenvector in a
database. Then, a category corresponding to an eigenvector having the highest similarity is used as
the predicted category of the to-be-recognized image, and the highest similarity is used as the

category score of the predicted category.

[00241] Next, in this embodiment of this application, a manner of recognizing an image
locally on the server is described. In the foregoing manner, if the terminal cannot locally predict a
category of an image, the terminal may further request the server to predict the image. Because the
model of the server end has a better recognition capability, a success rate and accuracy of image

recognition can be improved.
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[00242] Based on the above description, a data processing method in this application is
described from the perspective of a server. Refer to FIG. 10. The data processing method in the
embodiments of this application can be independently performed by the server or performed by the

server together with at least one terminal. The method of this application includes:

[00243] 310: Receive K images transmitted by an on-site terminal, the K images being
photographed by the on-site terminal in a current on-site environment by using a capture apparatus,

and K being an integer greater than or equal to 1.

[00244] In one or more embodiments, the on-site terminal invokes the image capturing
apparatus to photograph several images in the current on-site environment, to obtain the K images.

The server receives the K images sent by the on-site terminal.

[00245] 320: Obtain K first prediction results based on the K images by using an image

recognition model.

[00246] In one or more embodiments, the server inputs each of the K images to the image
recognition model, and outputs a first prediction result of each image by using the image

recognition model, to obtain the K first prediction results.

[00247] Operation 320 in this embodiment is similar to operation 220 in the embodiment

shown in FIG. 3, and details are not described herein again.

[00248] 330: Transmit the K first prediction results to the on-site terminal, so that the on-site
terminal constructs a fine-tuning training set according to the K images and the K first prediction
results, fine-tunes a to-be-trained model on the on-site terminal by using the fine-tuning training set,
and in a process of fine-tuning the to-be-trained model on the on-site terminal, obtains, based on an
image included in each group of fine-tuning training data in the fine-tuning training set and by using
the to-be-trained model, a second prediction result corresponding to each image, and updates a
model parameter of the to-be-trained model according to the second prediction result corresponding
to each image and the first prediction result of the image in the fine-tuning training set, to obtain a
local recognition model and a model adjustment parameter corresponding to the local recognition
model, the fine-tuning training set including K groups of fine-tuning training data, and each group

of fine-tuning training data including an image and the first prediction result of the image.

[00249] In one or more embodiments, the server sends the K first prediction results to the
on-site terminal. Based on this, the on-site terminal may perform model training by using the K

images and the K first prediction results.
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[00250] Operation 330 in this embodiment is similar to operations 230 to 250 in the

embodiment shown in FIG. 3, and details are not described herein again.

[00251] 340: Receive, if the local recognition model satisfies a model fine-tuning condition,

the model adjustment parameter transmitted by the on-site terminal.

[00252] In one or more embodiments, if the local recognition model satisfies the model

fine-tuning condition, the on-site terminal sends the model adjustment parameter to the server.

[00253] 350: Update a model parameter of the image recognition model when obtaining a
model adjustment parameter set from at least one terminal, the model adjustment parameter set

including the model adjustment parameter.

[00254] In one or more embodiments, the server combines model adjustment parameters
uploaded by different terminals, to obtain the model adjustment parameter set. Based on this, the
server updates the model parameter of the image recognition model by using the model adjustment

parameter set, that is, fine-tunes the image recognition model.

[00255] Operations 340 and 350 in this embodiment are similar to operation 260 in the

embodiment shown in FIG. 3, and details are not described herein again.

[00256] An embodiment of this application provides a data processing method. In the
foregoing manner, the terminal may fine-tune the local model based on the images captured in the
on-site environment, and report a fine-tuned model adjustment parameter to the server. The server
updates the image recognition model according to the model adjustment parameter set reported by
terminals. Therefore, the image recognition model is applicable to various specific on-site
environments to improve model recognition precision, and processing resources of the server are

saved and model learning efficiency is improved.

[00257] Based on the one or more embodiments corresponding to FIG. 10, in another
exemplary embodiment provided in the embodiments of this application, the updating a model
parameter of the image recognition model when obtaining a model adjustment parameter set from at

least one terminal may specifically include:
[00258] obtaining the model adjustment parameter set from the at least one terminal;

[00259] performing weighting processing on the model adjustment parameter set according
to a comprehensive recognition score corresponding to each terminal, to obtain a weighted model

adjustment parameter set; and
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[00260] updating the model parameter of the image recognition model by using the weighted

model adjustment parameter set.

[00261] In one or more embodiments, a manner of setting an impact weight based on a
fine-tuning voting result is described. As can be known from the foregoing embodiment, the server
receives model adjustment parameters sent by terminals on different sites, and then determines,
based on the comprehensive recognition score corresponding to each terminal, whether to accept the
model adjustment parameter transmitted by the terminal. A calculation manner of the
comprehensive recognition score is described in the foregoing embodiment, and details are not
described herein again. If accepting the model adjustment parameter, the server integrates the model

adjustment parameter to the image recognition model for training.

[00262] In a possible implementation, the server opens an interface for receiving the model
adjustment parameter and the voting score (or the comprehensive recognition score) sent by the
terminal. If the server receives voting scores, the server further calculates the comprehensive
recognition score. When the comprehensive recognition score is greater than or equal to a score
threshold (for example, 0.5), it indicates that most terminals vote to approve. Therefore, the server
also accepts the model adjustment parameter. When the comprehensive recognition score is less
than the score threshold, it indicates that most terminals vote to oppose. Therefore, the server does
not accept the model adjustment parameter. Further, if the server accepts the model adjustment
parameter, the server may further weight the model adjustment parameter according to the

comprehensive recognition score.

[00263] For example, it is assumed that a "terminal A" reports a group of model adjustment
parameters, and a comprehensive recognition score "0.8" is calculated according to voting scores of
several terminals associated with the "terminal A". A "terminal B" reports a group of model
adjustment parameters, and a comprehensive recognition score "0.3" is calculated according to
voting scores of several terminals associated with the "terminal B". A "terminal C" reports a group
of model adjustment parameters, and a comprehensive recognition score "0.9" is calculated
according to voting scores of several terminals associated with the "terminal C". Assuming that the
score threshold is 0.5, the model adjustment parameter reported by the "terminal B" is not used.
Impact of the model adjustment parameter reported by the "terminal A" on fine-tuning of the image
recognition model is "0.8", and the model adjustment parameter is weighted by using "0.8", to
obtain a weighted model adjustment parameter. Impact of the model adjustment parameter reported
by the "terminal C" on fine-tuning of the image recognition model is "0.9", and the model

adjustment parameter is weighted by using "0.9", to obtain a weighted model adjustment parameter.
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It can be learned that the model adjustment parameter reported by the "terminal C" has more impact

on fine-tuning of the image recognition model.

[00264] Next, in this embodiment of this application, a manner of setting an impact weight
based on a fine-tuning voting result is provided. In the foregoing manner, because sensing of an
on-site environment may be different for each terminal, a fine-tuning result may also be different.
Therefore, the server fine-tunes the image recognition model according to the comprehensive
recognition scores and the model adjustment parameters reported by terminals from different
environments. Therefore, the image recognition model of the server end can absorb different

fine-tuning results, thereby improving a model recognition capability.

[00265] Based on the one or more embodiments corresponding to FIG. 10, in another
exemplary embodiment provided in the embodiments of this application, the updating the model
parameter of the image recognition model in the case that the model adjustment parameter set from

the at least one terminal is obtained may specifically include:

[00266] updating the model parameter of the image recognition model when obtaining a
model parameter set from the at least one terminal, where the model parameter set includes a model

adjustment parameter, and the model adjustment parameter is a model parameter; or

[00267] updating the model parameter of the image recognition model in a case that a
gradient set from the at least one terminal is obtained, where the gradient set includes the model

adjustment parameter, and the model adjustment parameter is a gradient; or

[00268] updating the model parameter of the image recognition model in a case that an
optimization algorithm parameter set from the at least one terminal is obtained, where the
optimization algorithm parameter set includes the model adjustment parameter, and the model

adjustment parameter is an optimization algorithm parameter.

[00269] In one or more embodiments, three manners of training the image recognition model
based on the model adjustment parameter set are described. As can be known from the foregoing
embodiment, the model adjustment parameter includes, but is not limited to, a model parameter, a
gradient, and an optimization algorithm parameter. Based on this, the server may fine-tune the

image recognition model according to the model adjustment parameter.
[00270] 1. Based on a model parameter.

[00271] The model adjustment parameter set may be a model parameter set. That is,

terminals from different environments may separately report model parameters to the server.
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Exemplarily, the server may aggregate the model parameters by using a model aggregating policy,

and fine-tune the image recognition model by using the aggregated model parameters.

[00272] The model aggregating policy includes, but is not limited to, a stacking policy, a
boosting policy, bootstrap aggregating (Bagging), and the like.

[00273] 2. Based on a gradient.

[00274] The model adjustment parameter set may be a gradient set. That is, terminals from
different environments may separately report gradients to the server. Exemplarily, the server may
average the gradients to obtain an average gradient. Based on this, the server may fine-tune the

image recognition model by using the average gradient.
[00275] 3. Based on an optimization algorithm parameter.

[00276] The model adjustment parameter set may be an optimization algorithm parameter set.
The optimization algorithm parameter includes, but is not limited to, an optimization algorithm, a
learning rate, and a quantity of iterations. Terminals from different environments may separately
report optimization algorithm parameters to the server. Exemplarily, the server may summarize the
optimization algorithm parameters, and fine-tune the image recognition model by using an

optimization algorithm parameter having the highest occurrence frequency.

[00277] According to fine-tuning manners reported by the terminal, the server may further
select one of the fine-tuning manners for training. For example, if a fine-tuning manner is
modifying a model parameter, an updated model parameter may be directly used for training. For
another example, if a fine-tuning manner is modifying an optimization algorithm parameter, the

optimization algorithm parameter may be used when a large model is trained.

[00278] Next, in this embodiment of this application, a manner of training the image
recognition model based on the model adjustment parameter set is provided. In the foregoing
manner, terminals from different environments may separately report the model adjustment
parameters to the server, and the server fine-tunes the image recognition model based on specific
content of the model adjustment parameters. Therefore, flexibility and diversity of model training

manners are improved.

[00279] Based on the one or more embodiments corresponding to FIG. 10, in another
exemplary embodiment provided in the embodiments of this application, after the updating the
model parameter of the image recognition model in the case that the model adjustment parameter

set from the at least one terminal is obtained, the method may further include:
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[00280] transmitting the model adjustment parameter of the image recognition model to the
at least one terminal, so that each of the at least one terminal updates a model parameter of a

recognition model by using the model adjustment parameter of the image recognition model.

[00281] In one or more embodiments, a manner of updating another recognition model based
on the image recognition model is described. As can be known from the foregoing embodiment, the
server may send the model adjustment parameter of the image recognition model to terminals in
different environments, so that these terminals may fine-tune the recognition models by using the
model adjustment parameter. For a fine-tuning manner based on the model adjustment parameter,

refer to the foregoing embodiment, and details are not described herein again.

[00282] For ease of understanding, refer to FIG. 11. FIG. 11 is a schematic diagram of a
framework for data processing between a terminal and a server according to an embodiment of this
application. As shown in the figure, using an on-site terminal as an example, the on-site terminal
includes a local recognition module indicated by F1, an automatic fine-tuning module based on
on-site environment information indicated by F2, a multi-terminal status monitoring module
indicated by F3, and a same-site multi-terminal model fine-tuning synchronization module indicated
by F4. The server includes an on-site fine-tuning impact module indicated by F5 and an image

recognition model indicated by F6.

[00283] During model fine-tuning, the local recognition module may send on-site
environment information to the automatic fine-tuning module based on on-site environment
information, and the automatic fine-tuning module based on on-site environment information
fine-tunes a local to-be-trained model according to the on-site environment information and a

fine-tuning training set.

[00284] In a status monitoring process, the local recognition module may further send a
terminal statuses of the on-site terminal to the multi-terminal status monitoring module, and the
multi-terminal status monitoring module feeds back a stable model status to the local recognition

module.

[00285] In a process in which a plurality of terminals synchronize a fine-tuning result, the
automatic fine-tuning module based on on-site environment information sends a model adjustment
parameter to the same-site multi-terminal model fine-tuning synchronization module, so that
another terminal may fine-tune a local to-be-trained model by using the model adjustment

parameter, and feed back a corresponding fine-tuning result.
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[00286] In a process in which the server synchronizes a fine-tuning result, the same-site
multi-terminal model fine-tuning synchronization module feeds back voting results of the terminals
to the on-site fine-tuning impact module of the server, and the on-site fine-tuning impact module
obtains a comprehensive recognition score according to the voting results. If the server determines,
according to the comprehensive recognition score, to accept the model adjustment parameter
reported by the on-site terminal, the server may fine-tune the image recognition model by using the
model adjustment parameter, and then deliver, to the on-site terminal, a model adjustment parameter

obtained after the image recognition model is fine-tuned.

[00287] Next, in this embodiment of this application, a manner of updating another
recognition model based on the image recognition model is provided. In the foregoing manner, the
server may further deliver, to each terminal, the model adjustment parameter obtained after
fine-tuning, so that the terminal fine-tunes a local model based on the model adjustment parameter.
This achieves an effect of continuous model learning and optimization, and improves image

recognition precision and efficiency as a whole.

[00288] A data processing apparatus in this application is described below in detail. Referring
to FIG. 12, FIG. 12 is a schematic diagram of an embodiment of a data processing apparatus

according to an embodiment of this application. A data processing apparatus 40 includes:

[00289] a photographing module 410, configured to photograph K images in a current on-site

environment by using an image capturing apparatus, K being an integer greater than or equal to 1;

[00290] a transmission module 420, configured to transmit the K images to a server, so that
the server obtains K first prediction results based on the K images by using an image recognition

model;

[00291] an obtaining module 430, configured to construct a fine-tuning training set according
to the K images and the K first prediction results transmitted by the server, the fine-tuning training
set including K groups of fine-tuning training data, and each group of fine-tuning training data

including an image and a first prediction result of the image; and

[00292] an updating module 440, configured to fine-tune a to-be-trained model on the on-site
terminal by using the fine-tuning training set, and in a process of fine-tuning the to-be-trained
model on the on-site terminal, obtain, based on an image included in each group of fine-tuning
training data in the fine-tuning training set and by using the to-be-trained model, a second
prediction result corresponding to each image, and update a model parameter of the to-be-trained

model according to the second prediction result corresponding to each image and the first prediction
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result of the image in the fine-tuning training set, to obtain a local recognition model and a model

adjustment parameter corresponding to the local recognition model;

[00293] the transmission module 420 being further configured to transmit the model
adjustment parameter to a server if the local recognition model satisfies a model fine-tuning
condition, so that the server updates a model parameter of an image recognition model according to
a model adjustment parameter set from at least one terminal, the model adjustment parameter set

including the model adjustment parameter.

[00294] Based on the embodiment corresponding to FIG. 12, in another embodiment of the
data processing apparatus 40 provided in this embodiment of this application, the data processing

apparatus 40 further includes a receiving module 450.

[00295] The transmission module 420 is further configured to transmit a model training
request to the server, so that the server determines, according to the model training request, a

training data set applied to the on-site terminal.

[00296] The receiving module 450 is configured to receive an initial training set transmitted
by the server, where the initial training set includes M groups of initial training data, and each group

of initial training data includes an image and an annotation result of the image.

[00297] The obtaining module 430 is further configured to obtain M initial prediction results
based on M images included in the initial training set and by using an initial recognition model,

where each initial prediction result includes a predicted category and a category score of an image.

[00298] The updating module 440 is further configured to update a model parameter of the
initial recognition model according to the M initial prediction results and M annotation results

included in the initial training set, to obtain the to-be-trained model.

[00299] Based on the embodiment corresponding to FIG. 12, in another embodiment of the
data processing apparatus 40 provided in this embodiment of this application, the data processing

apparatus 40 further includes a processing module 460.

[00300] The obtaining module 430 is further configured to: before the K images are
photographed by using the image capturing apparatus, obtain on-site environment information of
the on-site terminal, where the on-site environment information includes at least one of light

intensity and background noise.

[00301] The processing module 460 is configured to adjust a first application parameter of
the image capturing apparatus in response to a first adjustment operation on the image capturing

apparatus if the light intensity included in the on-site environment information does not fall within a
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light intensity interval, where the first application parameter includes at least one of a shutter speed,

a light sensitivity parameter, and an exposure compensation parameter.

[00302] The processing module 460 is further configured to adjust a second application
parameter of the image capturing apparatus in response to a second adjustment operation on the
image capturing apparatus if the background noise included in the on-site environment information
is greater than or equal to a background noise threshold, where the second application parameter
includes at least one of an acutance parameter, a light sensitivity parameter, and a denoising

parameter.

[00303] Based on the embodiment corresponding to FIG. 12, in another embodiment of the
data processing apparatus 40 provided in this embodiment of this application, the data processing

apparatus 40 further includes a determining module 470.

[00304] The processing module 460 is further configured to obtain recognition accuracy of
the local recognition model for N images, where N is an integer greater than or equal to 1, and the N

images are photographed by the image capturing apparatus.

[00305] The determining module 470 is further configured to determine that the local
recognition model satisfies the model fine-tuning condition if the recognition accuracy is greater
than or equal to an accuracy threshold; or the transmission module 420 is further configured to
transmit the model adjustment parameter to T terminals if the recognition accuracy is greater than or
equal to an accuracy threshold, so that the T terminals respectively update, according to the model
adjustment parameter, model parameters of corresponding to-be-trained models, to obtain T
recognition models, where the T terminals are associated with the on-site terminal, and T is an
integer greater than or equal to 1. The obtaining module 430 is further configured to obtain a voting
score corresponding to each of the T terminals, where the voting score is determined according to a
prediction result of a recognition model and a prediction result of the image recognition model. The
determining module 470 is further configured to determine a comprehensive recognition score
according to the voting score corresponding to each terminal. The determining module 470 is
further configured to determine, if the comprehensive recognition score is greater than or equal to a
recognition score threshold, that the local recognition model satisfies the model fine-tuning

condition.

[00306] Based on the embodiment corresponding to FIG. 12, in another embodiment of the

data processing apparatus 40 provided in this embodiment of this application:
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[00307] The transmission module 420 is further configured to transmit the N images
photographed by the image capturing apparatus to the server, so that the server obtains N third

prediction results based on the N images by using the image recognition model.

[00308] The receiving module 450 is further configured to receive the N third prediction

results transmitted by the server.

[00309] The obtaining module 430 is further configured to obtain N fourth prediction results

based on the N images by using the local recognition model.

[00310] The processing module 460 is further configured to perform verification on the N
fourth prediction results according to the N third prediction results, to obtain the recognition

accuracy for the N images.

[00311] Based on the embodiment corresponding to FIG. 12, in another embodiment of the

data processing apparatus 40 provided in this embodiment of this application:

[00312] The determining module 470 is specifically configured to sum up voting scores of

the T terminals, to obtain a total voting score; and

[00313] obtain the comprehensive recognition score according to a ratio of the total voting

score to the value T.

[00314] Based on the embodiment corresponding to FIG. 12, in another embodiment of the

data processing apparatus 40 provided in this embodiment of this application:

[00315] The determining module 470 is specifically configured to obtain a weight parameter
set corresponding to each of the T terminals, where the weight parameter set includes at least one of

a device weight, an environment weight, and a preference weight;

[00316] weight, for each of the T terminals, the voting score of the terminal by using the

weight parameter set of the terminal, to obtain a weighted voting score of the terminal; and

[00317] determine the comprehensive recognition score according to the weighted voting

score corresponding to each of the T terminals.

[00318] Based on the embodiment corresponding to FIG. 12, in another embodiment of the

data processing apparatus 40 provided in this embodiment of this application:

[00319] The determining module 470 is further configured to: before the model adjustment
parameter is sent to the T terminals, determine, if the on-site terminal and at least one terminal are
located in the same location, that the at least one terminal is associated with the on-site terminal,
and determine the at least one terminal as the T terminals; or
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[00320] the determining module 470 is further configured to: before the model adjustment
parameter is sent to the T terminals, determine, if the same binding object is set for the on-site
terminal and at least one terminal, that the at least one terminal is associated with the on-site

terminal, and determine the at least one terminal as the T terminals; or

[00321] the determining module 470 is further configured to: before the model adjustment
parameter is sent to the T terminals, determine, if the on-site terminal and at least one terminal are
connected to the same access point, that the at least one terminal is associated with the on-site

terminal, and determine the at least one terminal as the T terminals.

[00322] Based on the embodiment corresponding to FIG. 12, in another embodiment of the

data processing apparatus 40 provided in this embodiment of this application:

[00323] The obtaining module 430 is further configured to obtain a to-be-tested image after it

is determined that the local recognition model satisfies the model fine-tuning condition.

[00324] The obtaining module 430 is further configured to obtain a fifth prediction result

based on the to-be-tested image by using the local recognition model.

[00325] The obtaining module 430 is further configured to obtain T sixth prediction results
from the T terminals, where each sixth prediction result is obtained by the terminal based on the

to-be-tested image by using the recognition model.

[00326] The processing module 460 is further configured to perform, if it is determined that
the local recognition model is already in a model stable state according to the fifth prediction result

and the T sixth prediction results, a corresponding service by using the local recognition model.

[00327] Based on the embodiment corresponding to FIG. 12, in another embodiment of the

data processing apparatus 40 provided in this embodiment of this application:

[00328] The transmission module 420 is further configured to: after the comprehensive
recognition score is determined according to the voting score corresponding to each terminal, send a
model fine-tuning request to a terminal of the T terminals if the local recognition model does not
satisfy the model fine-tuning condition, so that the terminal updates a model parameter of a
to-be-trained model according to the model fine-tuning request, to obtain a recognition model,
where the T terminals are associated with the on-site terminal, and T is an integer greater than or

equal to 1.

[00329] The receiving module 450 is further configured to receive the model adjustment

parameter transmitted by the terminal.
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[00330] The updating module 440 is further configured to update the model parameter of the
to-be-trained model of the on-site terminal by using the model adjustment parameter transmitted by

the terminal.

[00331] Based on the embodiment corresponding to FIG. 12, in another embodiment of the

data processing apparatus 40 provided in this embodiment of this application:

[00332] The photographing module 410 is further configured to: after the model parameter of
the to-be-trained model is updated according to the K second prediction results and the fine-tuning
training set, to obtain the local recognition model and the model adjustment parameter
corresponding to the local recognition model, photograph, in a case that the local recognition model
satisfies the model fine-tuning condition, a to-be-recognized image by using the image capturing

apparatus.

[00333] The obtaining module 430 is further configured to obtain a seventh prediction result
based on the to-be-recognized image by using the local recognition model, where the seventh

prediction result includes a predicted category and a category score.

[00334] The determining module 470 is further configured to determine, if the category score
in the seventh prediction result is greater than or equal to a category score threshold, that the

to-be-recognized image belongs to the predicted category in the seventh prediction result.

[00335] Based on the embodiment corresponding to FIG. 12, in another embodiment of the

data processing apparatus 40 provided in this embodiment of this application:

[00336] The transmission module 420 is further configured to: after the seventh prediction
result is obtained based on the to-be-recognized image by using the local recognition model, send
the to-be-recognized image to the server if the category score in the seventh prediction result is less
than the category score threshold, so that the server obtains an image recognition result based on the

to-be-recognized image by using the image recognition model.

[00337] The receiving module 450 is further configured to receive the image recognition

result transmitted by the server.

[00338] A data processing apparatus in this application is described below in detail. Referring
to FIG. 13, FIG. 13 is a schematic diagram of an embodiment of a data processing apparatus

according to an embodiment of this application. A data processing apparatus 50 includes:

[00339] a receiving module 510, configured to receive K images transmitted by an on-site
terminal, the K images being photographed by the on-site terminal in a current on-site environment

by using a capture apparatus, and K being an integer greater than or equal to 1;
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[00340] an obtaining module 520, configured to obtain K first prediction results based on the

K images by using an image recognition model;

[00341] a transmission module 530, configured to transmit the K first prediction results to the
on-site terminal, so that the on-site terminal constructs a fine-tuning training set according to the K
images and the K first prediction results, fine-tunes a to-be-trained model on the on-site terminal by
using the fine-tuning training set, and in a process of fine-tuning the to-be-trained model on the
on-site terminal, obtains, based on an image included in each group of fine-tuning training data in
the fine-tuning training set and by using the to-be-trained model, a second prediction result
corresponding to each image, and updates a model parameter of the to-be-trained model according
to the second prediction result corresponding to each image and the first prediction result of the
image in the fine-tuning training set, to obtain a local recognition model and a model adjustment
parameter corresponding to the local recognition model, the fine-tuning training set including K
groups of fine-tuning training data, and each group of fine-tuning training data including an image

and the first prediction result of the image;

[00342] the receiving module 510 being further configured to receive, if the local recognition
model satisfies a model fine-tuning condition, the model adjustment parameter transmitted by the

on-site terminal; and

[00343] an updating module 540, configured to update a model parameter of the image
recognition model in a case that a model adjustment parameter set from at least one terminal is

obtained, the model adjustment parameter set including the model adjustment parameter.

[00344] Based on the embodiment corresponding to FIG. 13, in another embodiment of the

data processing apparatus 50 provided in this embodiment of this application:

[00345] The updating module 540 is specifically configured to obtain the model adjustment

parameter set from the at least one terminal;

[00346] perform weighting processing on the model adjustment parameter set according to a
comprehensive recognition score corresponding to each terminal, to obtain a weighted model

adjustment parameter set; and

[00347] update the model parameter of the image recognition model by using the weighted

model adjustment parameter set.

[00348] Based on the embodiment corresponding to FIG. 13, in another embodiment of the

data processing apparatus 50 provided in this embodiment of this application:
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[00349] The updating module 540 is specifically configured to update the model parameter of
the image recognition model in a case that a model parameter set from the at least one terminal is
obtained, where the model parameter set includes the model adjustment parameter, and the model

adjustment parameter is a model parameter; or

[00350] update the model parameter of the image recognition model in a case that a gradient
set from the at least one terminal is obtained, where the gradient set includes the model adjustment

parameter, and the model adjustment parameter is a gradient; or

[00351] update the model parameter of the image recognition model in a case that an
optimization algorithm parameter set from the at least one terminal is obtained, where the
optimization algorithm parameter set includes the model adjustment parameter, and the model

adjustment parameter is an optimization algorithm parameter.

[00352] Based on the embodiment corresponding to FIG. 13, in another embodiment of the

data processing apparatus 50 provided in this embodiment of this application:

[00353] The transmission module 530 is further configured to: after the model parameter of
the image recognition model is updated in the case that the model adjustment parameter set from the
at least one terminal is obtained, send the model adjustment parameter of the image recognition
model to the at least one terminal, so that each of the at least one terminal updates a model
parameter of a recognition model by using the model adjustment parameter of the image recognition

model.

[00354] FIG. 14 is a schematic structural diagram of a computer device 60 according to an
embodiment of this application. The computer device 60 may include an input device 610, an output
device 620, a processor 630, and a memory 640. The output device 620 in this embodiment of this

application may be a display device.

[00355] The memory 640 may include a read-only memory and a random access memory,
and provides an instruction and data to the processor 630. A part of the memory 640 may further

include a non-volatile random access memory (NVRAM).

[00356] The memory 640 stores the following elements: executable modules or data

structures, a subset thereof, or an extended set thereof:

[00357] operation instructions: including operation instructions, to implement an operation;
and
[00358] an operating system: including a system program, to implement basic services and

process hardware-based tasks.
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[00359] The processor 630 controls the computer device 60 to perform operations. The

processor 630 may also be referred to as a central processing unit (CPU).

[00360] In a specific application, various components of the computer device 60 are coupled
to each other by using a bus system 650. In addition to including a data bus, the bus system 650
may further include a power bus, a control bus, and a status signal bus. However, for ease of clear

description, all types of buses in the figure are marked as the bus system 650.

[00361] The method provided in the embodiments of this application may be applied to the
processor 630 or implemented by the processor 630. The processor 630 may be an integrated circuit
chip having a capability of processing a signal. In an implementation process, the operations of the
foregoing methods may be implemented by using an integrated logic circuit in a form of hardware
in the processor 630, or by using instructions in a form of software. The processor 630 may be a
general-purpose processor, a digital signal processor (DSP), an application specific integrated
circuit (ASIC), a field-programmable gate array (FPGA), another programmable logic device, a
discrete gate, a transistor logic device, or a discrete hardware component. The processor may
implement or perform the methods, operations, and logical block diagrams disclosed in the
embodiments of this application. The general-purpose processor may be a microprocessor, or may
be any conventional processor or the like. The operations of the methods disclosed with reference to
the embodiments of this application may be directly performed by hardware in the processor, or
may be performed by a combination of hardware and software modules in the processor. The
software module may be stored in a storage medium that is mature in the art, such as a random
access memory, a flash memory, a read-only memory, a programmable read-only memory, an
electrically erasable programmable memory, or a register. The storage medium is located in the
memory 640, and the processor 630 reads information in the memory 640, and completes the

operations in the foregoing methods in combination with hardware thereof.

[00362] The operations performed by the terminal or the server in the foregoing

embodiments may be based on the computer device structure shown in FIG. 14.

[00363] An embodiment of this application further provides a computer-readable storage
medium, having a computer program stored therein, the computer program, when executed by a

processor, implementing the operations of the method described in the foregoing embodiments.

[00364] An embodiment of this application further provides a computer program product,
including a computer program, the computer program, when executed by a processor, implementing

the operations of the method described in the foregoing embodiments.
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[00365] In a specific implementation of this application, related data such as palmprint
information, iris information, and face information is involved. When the foregoing embodiments of
this application are applied to a specific product or technology, a permission or consent of a user is
required, and collection, use, and processing of the related data need to comply with relevant laws,

regulations, and standards of relevant countries and regions.

[00366] A person skilled in the art can clearly understand that for convenience and
conciseness of description, for specific working processes of the foregoing systems, devices and
units, refer to the corresponding processes in the foregoing method embodiments, and details are

not described herein again.

[00367] In the several embodiments provided in this application, the disclosed system,
apparatus, and method may be implemented in other manners. For example, the described apparatus
embodiment is merely an example. For example, the unit division is merely a logical function
division and may be other division during actual implementation. For example, a plurality of units
or components may be combined or integrated into another system, or some features may be
ignored or not performed. In addition, the displayed or discussed mutual couplings or direct
couplings or communication connections may be implemented by using some interfaces. The
indirect couplings or communication connections between the apparatuses or units may be

implemented in electronic, mechanical, or other forms.

[00368] The units described as separate components may or may not be physically separated,
and the components displayed as units may or may not be physical units, and may be located in one
place or may be distributed over a plurality of network units. Some or all of the units may be

selected according to actual needs to achieve the objectives of the solutions of the embodiments.

[00369] In addition, functional units in the embodiments of this application may be integrated
into one processing unit, or each of the units may be physically separated, or two or more units may
be integrated into one unit. The integrated unit may be implemented in the form of hardware, or

may be implemented in a form of a software functional unit.

[00370] When the integrated unit is implemented in the form of a software functional unit
and sold or used as an independent product, the integrated unit may be stored in a
computer-readable storage medium. Based on such an understanding, the technical solutions of this
application essentially, or the part contributing to the related technology, or all or some of the
technical solutions may be implemented in the form of a software product. The computer software
product is stored in a storage medium and includes several instructions for instructing a computer

device (which may be a server, a terminal device, or the like) to perform all or some of the
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operations of the methods described in the embodiments of this application. The storage medium
includes: various mediums that may store a computer program, such as a USB flash disk, a mobile
hard disk, a read-only memory (ROM), a random access memory (RAM), a magnetic disk, or an

optical disk.

[00371] Based on the above, the foregoing embodiments are merely intended to describe the
technical solutions of this application, and are not intended to limit this application. Although this
application is described in detail with reference to the foregoing embodiments, a person skilled in
the art understands that, modifications may still be made to the technical solutions described in the
foregoing embodiments, or equivalent replacements may be made to the part of the technical
features; as long as such modifications or replacements do not cause the essence of corresponding
technical solutions to depart from the spirit and scope of the technical solutions of the embodiments

of this application.
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CLAIMS

1. A data processing method, performed by an on-site terminal, comprising;:

photographing K images in a current on-site environment by using an image capturing

apparatus, K being an integer greater than or equal to 1;

transmitting the K images to a server, so that the server obtains K first prediction results based

on the K images by using an image recognition model;

constructing a fine-tuning training set according to the K images and the K first prediction
results transmitted by the server, the fine-tuning training set comprising K groups of fine-tuning
training data, and each group of fine-tuning training data comprising an image and a first prediction

result of the image;

fine-tuning a to-be-trained model on the on-site terminal by using the fine-tuning training set,
and in a process of fine-tuning the to-be-trained model on the on-site terminal, obtaining, based on
an image comprised in each group of fine-tuning training data in the fine-tuning training set and by
using the to-be-trained model, a second prediction result corresponding to each image, and updating
a model parameter of the to-be-trained model according to the second prediction result
corresponding to each image and the first prediction result of the image in the fine-tuning training
set, to obtain a local recognition model and a model adjustment parameter corresponding to the

local recognition model; and

transmitting the model adjustment parameter to the server if the local recognition model
satisfies a model fine-tuning condition, so that the server updates a model parameter of the image
recognition model according to a model adjustment parameter set from at least one terminal, the

model adjustment parameter set comprising the model adjustment parameter.
2. The method according to claim 1, further comprising:

transmitting a model training request to the server, so that the server determines, according to

the model training request, a training data set applied to the on-site terminal;

receiving an initial training set transmitted by the server, wherein the initial training set
comprises M groups of initial training data, and each group of initial training data comprises an

image and an annotation result of the image;

obtaining M initial prediction results based on M images comprised in the initial training set
and by using an initial recognition model, wherein each initial prediction result comprises a
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predicted category and a category score of an image; and

updating a model parameter of the initial recognition model according to the M initial
prediction results and M annotation results comprised in the initial training set, to obtain the

to-be-trained model.

3. The method according to claim 1, before the photographing K images in a current on-site

environment by using an image capturing apparatus, further comprising;:

obtaining on-site environment information of the on-site terminal, wherein the on-site

environment information comprises at least one of light intensity and background noise;

adjusting a first application parameter of the image capturing apparatus in response to a first
adjustment operation on the image capturing apparatus if the light intensity comprised in the on-site
environment information does not fall within a light intensity interval, wherein the first application
parameter comprises at least one of a shutter speed, a light sensitivity parameter, and an exposure

compensation parameter; and

adjusting a second application parameter of the image capturing apparatus in response to a
second adjustment operation on the image capturing apparatus if the background noise comprised in
the on-site environment information is greater than or equal to a background noise threshold,
wherein the second application parameter comprises at least one of an acutance parameter, a light

sensitivity parameter, and a denoising parameter.

4. The method according to claim 1, after the updating a model parameter of the to-be-trained
model according to the second prediction result corresponding to each image and the first prediction
result of the image in the fine-tuning training set, to obtain a local recognition model and a model

adjustment parameter corresponding to the local recognition model, further comprising:

obtaining recognition accuracy of the local recognition model for N images, wherein N is an
integer greater than or equal to 1, and the N images are photographed by the image capturing

apparatus; and

determining that the local recognition model satisfies the model fine-tuning condition if the

recognition accuracy is greater than or equal to an accuracy threshold; or

transmitting the model adjustment parameter to T terminals if the recognition accuracy is
greater than or equal to an accuracy threshold, so that the T terminals respectively update, according
to the model adjustment parameter, model parameters of corresponding to-be-trained models, to
obtain T recognition models, wherein the T terminals are associated with the on-site terminal, and T

is an integer greater than or equal to 1; obtaining a voting score corresponding to each of the T

56



terminals, wherein the voting score is determined according to a prediction result of a recognition
model and a prediction result of the image recognition model; determining a comprehensive
recognition score according to the voting score corresponding to each terminal; and determining, if
the comprehensive recognition score is greater than or equal to a recognition score threshold, that

the local recognition model satisfies the model fine-tuning condition.

5. The method according to claim 4, wherein the obtaining recognition accuracy of the local

recognition model for N images comprises:

transmitting the N images photographed by the image capturing apparatus to the server, so that
the server obtains N third prediction results based on the N images by using the image recognition

model;
receiving the N third prediction results transmitted by the server;

obtaining N fourth prediction results based on the N images by using the local recognition

model; and

performing verification on the N fourth prediction results according to the N third prediction

results, to obtain the recognition accuracy for the N images.

6. The method according to claim 4, wherein the determining a comprehensive recognition

score according to the voting score corresponding to each terminal comprises:
summing up voting scores of the T terminals, to obtain a total voting score; and

obtaining the comprehensive recognition score according to a ratio of the total voting score to

the value T.

7. The method according to claim 4, wherein the determining a comprehensive recognition

score according to the voting score corresponding to each terminal comprises:

obtaining a weight parameter set corresponding to each of the T terminals, wherein the weight
parameter set comprises at least one of a device weight, an environment weight, and a preference

weight;

weighting, for each of the T terminals, the voting score of the terminal by using the weight

parameter set of the terminal, to obtain a weighted voting score of the terminal; and

determining the comprehensive recognition score according to the weighted voting score

corresponding to each of the T terminals.

8. The method according to claim 4, before the transmitting the model adjustment parameter to
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T terminals, further comprising:

determining, if the on-site terminal and at least one terminal are located in the same location,
that the at least one terminal is associated with the on-site terminal, and determining the at least one

terminal as the T terminals; or

determining, if the same binding object is set for the on-site terminal and at least one terminal,
that the at least one terminal is associated with the on-site terminal, and determining the at least one

terminal as the T terminals; or

determining, if the on-site terminal and at least one terminal are connected to the same access
point, that the at least one terminal is associated with the on-site terminal, and determining the at

least one terminal as the T terminals.

9. The method according to claim 4, after the determining that the local recognition model

satisfies the model fine-tuning condition, further comprising:
obtaining a to-be-tested image;

obtaining a fifth prediction result based on the to-be-tested image by using the local

recognition model;

obtaining T sixth prediction results from the T terminals, wherein each sixth prediction result is

obtained by the terminal based on the to-be-tested image by using the recognition model; and

performing, if determining that the local recognition model is already in a model stable state
according to the fifth prediction result and the T sixth prediction results, a corresponding service by

using the local recognition model.
10. The method according to claim 1, further comprising:

transmitting a model fine-tuning request to a terminal of the T terminals if the local recognition
model does not satisfy the model fine-tuning condition, so that the terminal updates a model
parameter of a to-be-trained model according to the model fine-tuning request, to obtain a
recognition model, wherein the T terminals are associated with the on-site terminal, and T is an

integer greater than or equal to 1;
receiving a model adjustment parameter transmitted by the terminal; and

updating the model parameter of the to-be-trained model of the on-site terminal by using the

model adjustment parameter transmitted by the terminal.

11. The method according to any one of claims 1 to 10, after the updating a model parameter of
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the to-be-trained model according to the K second prediction results and the fine-tuning training set,
to obtain a local recognition model and a model adjustment parameter corresponding to the local

recognition model, further comprising:

photographing, in a case that the local recognition model satisfies the model fine-tuning

condition, a to-be-recognized image by using the image capturing apparatus;

obtaining a seventh prediction result based on the to-be-recognized image by using the local
recognition model, wherein the seventh prediction result comprises a predicted category and a

category score; and

determining, if the category score in the seventh prediction result is greater than or equal to a
category score threshold, that the to-be-recognized image belongs to the predicted category in the

seventh prediction result.

12. The method according to claim 11, after the obtaining a seventh prediction result based on

the to-be-recognized image by using the local recognition model, further comprising:

transmitting the to-be-recognized image to the server if the category score in the seventh
prediction result is less than the category score threshold, so that the server obtains an image

recognition result based on the to-be-recognized image by using the image recognition model; and
receiving the image recognition result transmitted by the server.
13. A data processing method, performed by a server, comprising:

receiving K images transmitted by an on-site terminal, the K images being photographed by
the on-site terminal in a current on-site environment by using a capture apparatus, and K being an

integer greater than or equal to 1;

obtaining K first prediction results based on the K images by using an image recognition

model;

transmitting the K first prediction results to the on-site terminal, so that the on-site terminal
constructs a fine-tuning training set according to the K images and the K first prediction results,
fine-tunes a to-be-trained model on the on-site terminal by using the fine-tuning training set, and in
a process of fine-tuning the to-be-trained model on the on-site terminal, obtains, based on an image
comprised in each group of fine-tuning training data in the fine-tuning training set and by using the
to-be-trained model, a second prediction result corresponding to each image, and updates a model
parameter of the to-be-trained model according to the second prediction result corresponding to

each image and the first prediction result of the image in the fine-tuning training set, to obtain a
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local recognition model and a model adjustment parameter corresponding to the local recognition
model, the fine-tuning training set comprising K groups of fine-tuning training data, and each group

of fine-tuning training data comprising an image and the first prediction result of the image;

receiving, if the local recognition model satisfies a model fine-tuning condition, the model

adjustment parameter transmitted by the on-site terminal; and

updating a model parameter of the image recognition model when obtaining a model
adjustment parameter set from at least one terminal, the model adjustment parameter set comprising

the model adjustment parameter.

14. The method according to claim 13, wherein the updating a model parameter of the image
recognition model when obtaining a model adjustment parameter set from at least one terminal

comprises:
obtaining the model adjustment parameter set from the at least one terminal;

performing weighting processing on the model adjustment parameter set according to a
comprehensive recognition score corresponding to each terminal, to obtain a weighted model

adjustment parameter set; and

updating the model parameter of the image recognition model by using the weighted model

adjustment parameter set.

15. The method according to claim 13, wherein the updating a model parameter of the image
recognition model when obtaining a model adjustment parameter set from at least one terminal

comprises:

updating the model parameter of the image recognition model when obtaining a model
parameter set from the at least one terminal, wherein the model parameter set comprises the model

adjustment parameter, and the model adjustment parameter is a model parameter;
or

updating the model parameter of the image recognition model when obtaining a gradient set
from the at least one terminal, wherein the gradient set comprises the model adjustment parameter,

and the model adjustment parameter is a gradient;
or

updating the model parameter of the image recognition model when obtaining an optimization
algorithm parameter set from the at least one terminal, wherein the optimization algorithm
parameter set comprises the model adjustment parameter, and the model adjustment parameter is an
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optimization algorithm parameter.

16. The method according to any one of claims 13 to 15, after the updating a model parameter
of the image recognition model when obtaining a model adjustment parameter set from at least one

terminal, further comprising:

transmitting the model adjustment parameter of the image recognition model to the at least one
terminal, so that each of the at least one terminal updates a model parameter of a recognition model

by using the model adjustment parameter of the image recognition model.
17. A data processing apparatus, deployed on an on-site terminal, comprising:

a photographing module, configured to photograph K images in a current on-site environment

by using an image capturing apparatus, K being an integer greater than or equal to 1;

a transmission module, configured to transmit the K images to a server, so that the server

obtains K first prediction results based on the K images by using an image recognition model;

an obtaining module, configured to construct a fine-tuning training set according to the K
images and the K first prediction results transmitted by the server, the fine-tuning training set
comprising K groups of fine-tuning training data, and each group of fine-tuning training data

comprising an image and a first prediction result of the image; and

an updating module, configured to fine-tune a to-be-trained model on the on-site terminal by
using the fine-tuning training set, and in a process of fine-tuning the to-be-trained model on the
on-site terminal, obtain, based on an image comprised in each group of fine-tuning training data in
the fine-tuning training set and by using the to-be-trained model, a second prediction result
corresponding to each image, and update a model parameter of the to-be-trained model according to
the second prediction result corresponding to each image and the first prediction result of the image
in the fine-tuning training set, to obtain a local recognition model and a model adjustment parameter

corresponding to the local recognition model;

the transmission module being further configured to transmit the model adjustment parameter
to the server if the local recognition model satisfies a model fine-tuning condition, so that the server
updates a model parameter of the image recognition model according to a model adjustment
parameter set from at least one terminal, the model adjustment parameter set comprising the model

adjustment parameter.
18. A data processing apparatus, deployed on a server, comprising:

a receiving module, configured to receive K images transmitted by an on-site terminal, the K
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images being photographed by the on-site terminal in a current on-site environment by using a

capture apparatus, and K being an integer greater than or equal to 1;

an obtaining module, configured to obtain K first prediction results based on the K images by

using an image recognition model;

a transmission module, configured to transmit the K first prediction results to the on-site
terminal, so that the on-site terminal constructs a fine-tuning training set according to the K images
and the K first prediction results, fine-tunes a to-be-trained model on the on-site terminal by using
the fine-tuning training set, and in a process of fine-tuning the to-be-trained model on the on-site
terminal, obtains, based on an image comprised in each group of fine-tuning training data in the
fine-tuning training set and by using the to-be-trained model, a second prediction result
corresponding to each image, and updates a model parameter of the to-be-trained model according
to the second prediction result corresponding to each image and the first prediction result of the
image in the fine-tuning training set, to obtain a local recognition model and a model adjustment
parameter corresponding to the local recognition model, the fine-tuning training set comprising K
groups of fine-tuning training data, and each group of fine-tuning training data comprising an image

and the first prediction result of the image;

the receiving module being further configured to receive, if the local recognition model
satisfies a model fine-tuning condition, the model adjustment parameter transmitted by the on-site

terminal; and

an updating module, configured to update a model parameter of the image recognition model
when obtaining a model adjustment parameter set from at least one terminal, the model adjustment

parameter set comprising the model adjustment parameter.

19. A computer device, comprising a memory and a processor, the memory having a computer
program stored therein, the processor, when executing the computer program, implementing the
operations of the method according to any one of claims 1 to 12 or the operations of the method

according to any one of claims 13 to 16.

20. A computer-readable storage medium, having a computer program stored therein, the
computer program, when executed by a processor, implementing the operations of the method
according to any one of claims 1 to 12 or the operations of the method according to any one of

claims 13 to 16.

21. A computer program product, comprising a computer program, the computer program,

when executed by a processor, implementing the operations of the method according to any one of
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claims 1 to 12 or the operations of the method according to any one of claims 13 to 16.
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