PALMPRINT PICTURE GENERATION METHOD AND
APPARATUS, STORAGE MEDIUM, PROGRAM PRODUCT, AND
ELECTRONIC DEVICE

RELATED APPLICATION

[0001] This application claims priority to Chinese Patent Application No. 2023107446120,
filed with the China National Intellectual Property Administration on June 20, 2023 and entitled
"PALMPRINT PICTURE GENERATION METHOD AND APPARATUS, STORAGE MEDIUM,
AND ELECTRONIC DEVICE".

FIELD OF THE TECHNOLOGY

[0002] This application relates to the field of computers and communication technologies,
and in particular, to a palmprint picture generation method and apparatus, a storage medium, a

program product, and an electronic device.

BACKGROUND OF THE DISCLOSURE

[0003] Palmprint recognition is a new generation of biometric recognition technology
following fingerprint recognition and face recognition. Compared with the fingerprint recognition
technology and the face recognition technology, palmprint is more conducive to protecting user
privacy. Palmprint recognition involves fields including mobile payment, identity authentication,
and the like, which are closely related to personal privacy and property security of users. Therefore,

accuracy of recognition is extremely important.

[0004] At present, a to-be-trained palmprint picture matching model may be trained through
a palmprint sample picture. However, during actual use, due to a difference in light of a picture
collection device or a collection environment, collected palmprint pictures usually have different
modalities, such as an infrared modality and a visible light modality. Therefore, the palmprint

picture matching model may have errors in recognizing palmprint pictures of different modalities.

[0005] To minimize the recognition error, in a training stage, a large number of palmprint
sample pictures of different modalities with the same palmprint line need to be used for training, so
that the training process of the palmprint picture matching model is extremely dependent on the
scale and diversity of the palmprint sample pictures. However, due to privacy of palmprint,

palmprint pictures are difficult to obtain, and multi-modal palmprint pictures that satisfy the



foregoing conditions are scarcer. Therefore, due to relatively low generation efficiency of a
palmprint picture, the scale and diversity of the palmprint sample pictures in the training process of
the palmprint picture matching model are insufficient, which causes a trained palmprint picture

matching model to have poor recognition ability for the multi-modal palmprint pictures.

[0006] For the foregoing problems, no effective solution has been proposed yet.
SUMMARY
[0007] Embodiments of this application provide a palmprint picture generation method and

apparatus, a storage medium, a program product, and an electronic device, to at least resolve a

technical problem of relatively low generation efficiency of a palmprint picture.

[0008] According to an aspect of the embodiments of this application, a palmprint picture

generation method is provided, including:

obtaining a simulated palmprint picture, the simulated palmprint picture including a

simulated palmprint curve obtained by combining curves of a target type;

inputting the simulated palmprint picture and a preset first noise vector into a trained
target palmprint picture generator, and performing a plurality of downsampling operations and a
plurality of upsampling operations on the simulated palmprint picture in sequence through the target

palmprint picture generator, to generate a target palmprint picture,

each of the downsampling operations being configured for performing
downsampling processing on an inputted picture representation vector to obtain a downsampled
picture representation vector, and performing noise addition processing on the downsampled picture
representation vector through the first noise vector, to obtain a noise-added picture representation
vector, the inputted picture representation vector in a first downsampling operation being an initial

picture representation vector of the simulated palmprint picture; and

each of the upsampling operations being configured for performing upsampling
processing on the inputted picture representation vector to obtain an upsampled picture
representation vector, and performing noise addition processing on the upsampled picture
representation vector through the first noise vector, to obtain a noise-added picture representation

vector.

[0009] According to another aspect of the embodiments of this application, a palmprint

picture generation apparatus is further provided, including:



an obtaining unit, configured to obtain a simulated palmprint picture, the simulated
palmprint picture including a simulated palmprint curve obtained by combining curves of a target
type;

an input unit, configured to input the simulated palmprint picture and a preset first
noise vector into a trained target palmprint picture generator, and perform a plurality of
downsampling operations and a plurality of upsampling operations on the simulated palmprint
picture in sequence through the target palmprint picture generator, to generate a target palmprint

picture,

each of the downsampling operations being configured for performing
downsampling processing on an inputted picture representation vector to obtain a downsampled
picture representation vector, and performing noise addition processing on the downsampled picture
representation vector through the first noise vector, to obtain a noise-added picture representation
vector, the inputted picture representation vector in a first downsampling operation being an initial

picture representation vector of the simulated palmprint picture; and

each of the upsampling operations being configured for performing upsampling
processing on the inputted picture representation vector to obtain an upsampled picture
representation vector, and performing noise addition processing on the upsampled picture
representation vector through the first noise vector, to obtain a noise-added picture representation

vector.

[0010] According to still another aspect of the embodiments of this application, a computer-
readable storage medium is further provided, the computer-readable storage medium having a
computer program stored therein, the computer program being configured for performing the

foregoing palmprint picture generation method when being run.

[0011] According to yet another aspect of the embodiments of this application, a computer
program product or a computer program is provided, the computer program product or the computer
program including a computer instruction, the computer instruction being stored in a computer-
readable storage medium. A processor of a computer device reads the computer instruction from the
computer-readable storage medium. The processor executes the computer instruction, causing the

computer device to perform the palmprint picture generation method described above.

[0012] According to still yet another aspect of the embodiments of this application, an

electronic device is further provided, including a memory and a processor, the memory having a



computer program stored therein, and the foregoing processor being configured to perform the

foregoing palmprint picture generation method through the computer program.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The accompanying drawings described herein are used to provide a further
understanding of this application, and constitute a part of this application. Exemplary embodiments
of this application and descriptions thereof are used to explain this application, and do not constitute

any inappropriate limitation on this application. In the accompanying drawings:

[0014] FIG. 1 is an optional flowchart of palmprint recognition according to an embodiment
of this application.
[0015] FIG. 2 is a schematic diagram of an application environment of an optional

palmprint picture generation method according to an embodiment of this application.

[0016] FIG. 3 is a flowchart of an optional palmprint picture generation method according

to an embodiment of this application.

[0017] FIG. 4 is a schematic diagram of an optional picture representation vector according

to an embodiment of this application.

[0018] FIG. 5 is schematic diagram of generation of an optional i noise-added picture

representation vector according to an embodiment of this application.

[0019] FIG. 6 is a schematic diagram of performing noise addition processing on a picture
representation vector by a conditional generation submodule in an optional i downsampling

module according to an embodiment of this application.

[0020] FIG. 7 is a schematic structural diagram of an optional conditional generation

submodule according to an embodiment of this application.

[0021] FIG. 8 is a schematic diagram of generation of an optional j'" noise-added picture

representation vector according to an embodiment of this application.

[0022] FIG. 9 is a schematic diagram of performing noise addition processing on a picture
representation vector by a conditional generation submodule in an optional j'" downsampling

module according to an embodiment of this application.

[0023] FIG. 10 is a schematic diagram of an optional first convolution processing and

second convolution processing according to an embodiment of this application.



[0024] FIG. 11 is a schematic diagram of a training process of an optional to-be-trained

palmprint picture generator according to an embodiment of this application.

[0025] FIG. 12 is a schematic diagram of determining a target loss value through an

optional first loss value according to an embodiment of this application.

[0026] FIG. 13 is a schematic diagram of determining a target loss value through an

optional first loss value and second loss value according to an embodiment of this application.

[0027] FIG. 14 is a schematic diagram of determining a target loss value through an
optional first loss value, second loss value, and third loss value according to an embodiment of this

application.

[0028] FIG. 15 is a schematic diagram of determining a target loss value through an
optional first loss value, second loss value, third loss value, and fourth loss value according to an

embodiment of this application.

[0029] FIG. 16 is a schematic diagram of determining a target loss value through an
optional first loss value, second loss value, third loss value, fourth loss value, and fifth loss value

according to an embodiment of this application.

[0030] FIG. 17 is a schematic diagram of an overall block diagram of an optional palmprint

picture generation algorithm according to an embodiment of this application.

[0031] FIG. 18 is a schematic structural diagram of an optional target palmprint picture

generator according to an embodiment of this application.

[0032] FIG. 19 is a schematic structural diagram of an optional encoder according to an

embodiment of this application.

[0033] FIG. 20 is a schematic diagram of an optional generated target palmprint picture

according to an embodiment of this application.

[0034] FIG. 21 is a structural block diagram of a palmprint picture generation apparatus

according to an embodiment of this application.

[0035] FIG. 22 is a schematic structural diagram of an optional electronic device according

to an embodiment of this application.

[0036] FIG. 23 is a structural block diagram of a computer system of an optional electronic

device according to an embodiment of this application.



DESCRIPTION OF EMBODIMENTS

[0037] To enable a person skilled in the art to better under the solutions of this application,
the following clearly and completely describes the technical solutions in embodiments of this
application with reference to the accompanying drawings in the embodiments of this application.
Apparently, the described embodiments are merely some rather than all of the embodiments of this
application. All other embodiments obtained by a person of ordinary skill in the art based on the
embodiments of this application without creative efforts shall fall within the protection scope of this

application.

[0038] First, some terms that appear in the descriptions of the embodiments of this

application are explained as follows:
[0039] ROl is an abbreviation for region of interest.

[0040] LReLU: It is a type of activation function, and is an abbreviation for leaky rectified
linear unit. It is similar to a conventional ReLU, but the difference is that when an input x is less
than 0, LReLU will have a small slope instead of an output of 0, which may improve a model

training effect in some cases.

[0041] Flatten: It is a function for flattening a multidimensional array into a one-
dimensional array, and used in a neural network. In a deep learning model, a Flatten layer is usually

configured for flattening input data into a single vector for further processing.

[0042] BN, an abbreviation for batch normalization, is a widely used neural network layer,

and can accelerate a training process and improve model accuracy.

[0043] Generation of a palmprint picture may be applied to the palmprint recognition
technology. Palmprint recognition scenes using the palmprint recognition technology are briefly
described below. As shown in FIG. 1, a palmprint recognition scene may include the following

operations:

1) collecting a user hand picture 102 through a terminal device (for example, an edge
Internet of Things (IOT) device 101, including a terminal payment device and an identity (ID)

collection device), which may specifically be a palm picture of a user, and extracting an ROI;

2) inputting the user hand picture 102 into a feature extraction model 103 (which
may be understood as the foregoing palmprint picture matching model) to obtain a hand feature, for

example, a feature vector of a palm; and



3) calculating a cosine similarity 104 between the user hand feature and a reference
library feature 105, sorting similarities 106, and using ID information corresponding to the
reference library feature (such as a reference library photo) with the highest similarity as a
recognition result, and returning the recognition result 107 to the user 108, the foregoing reference
library feature being a feature corresponding to a palm picture pre-stored by the user for
representing user ID, which may mean that one user corresponds to a unique set of reference library

features.

[0044] Based on the foregoing process, it may be seen that the ability of the feature
extraction model to extract the user hand picture is to directly determine the accuracy of the
recognition result. In an actual palmprint recognition scene, different types of terminal devices lead
to a difference in modalities of collected user hand pictures, so that the feature extraction model
may accurately extract user hand pictures of various modalities. Therefore, in the training stage of
the feature extraction model, a large number of palmprint sample pictures of different modalities
with the same palmprint line need to be used for training. However, the palmprint sample pictures
with the foregoing conditions are difficult to obtain due to privacy of palmprint. In the related art, a
sample volume obtained by artificially collecting palmprint of a real person is relatively small, and
multi-modal palmprint pictures are scarcer, which causes the trained palmprint picture matching

model to have poor recognition ability for the multi-modal palmprint pictures.

[0045] The related information (including but not limited to user device information, user
personal information, and the like) and data (including but not limited to data for display and data
for analysis) involved in this application are all authorized by the user or information and data fully
authorized by all parties. For example, an interface is arranged between this system and a relevant
user or institution. Before relevant information is obtained, an obtaining request needs to be
transmitted to the foregoing user or institution through the interface, and the relevant information is

obtained after consent information fed back by the foregoing users or institution is received.

[0046] According to an aspect of the embodiments of this application, a palmprint picture
generation method is provided. In some embodiments, as an optional implementation, the foregoing
palmprint picture generation method may be, but is not limited to, applied to a terminal device, a
server, or the like, which may be, but is not limited to, an example in which the palmprint picture

generation method is applied to a terminal device is used for explanation and description.

[0047] As shown in FIG. 2, the palmprint picture generation method is described by using a

value of P being 3 and a value of Q being 2 as an example.



[0048] First, a simulated palmprint picture 201 is obtained, the simulated palmprint picture

201 including a simulated palmprint curve obtained by combining curves of a target type.

[0049] The simulated palmprint picture 201 and a first noise vector 202 are inputted into a
trained target palmprint picture generator 203, the target palmprint picture generator 203 being
configured to pass the simulated palmprint picture through P(3) downsampling modules (a
downsampling module 1, a downsampling module 2, and a downsampling module 3) in sequence

and Q(2) upsampling modules (an upsampling module 1 and an upsampling module 2).

[0050] The downsampling operation in the target palmprint picture generator 203 may be
performed through the downsampling module, and the upsampling operation in the target palmprint
picture generator may be performed through the upsampling module. The downsampling processing
may be performed through a downsampling submodule, and the upsampling processing may be
performed through an upsampling submodule. The conditional generation submodule may perform
noise addition processing on a sampled (downsampled or upsampled) picture representation vector

through the first noise vector, to obtain a noise-added picture representation vector.

[0051] Each of the P(3) downsampling modules includes a downsampling submodule and a
first conditional generation submodule. The downsampling module 1 is used as an example. The
downsampling submodule 1 is configured to perform downsampling processing on an inputted
picture representation vector 204 to obtain a downsampled picture representation vector 205. A first
conditional generation submodule 1 is configured to perform noise addition processing 206 on the
downsampled picture representation vector 205 through the first noise vector 202, to obtain a noise-

added picture representation vector 207.

[0052] Each of the Q(2) upsampling modules (an upsampling module 1 and an upsampling
module 2) includes an upsampling submodule and a second conditional generation submodule. The
upsampling submodule is configured to perform upsampling processing on an inputted picture
representation vector to obtain an upsampled picture representation vector. The second conditional
generation submodule is configured to perform the noise addition processing on the upsampled
picture representation vector through the first noise vector, to obtain a noise-added picture

representation vector.

[0053] The flow order of data (picture representation vectors) in the target palmprint picture
generator is successively the downsampling module 1, the downsampling module 2, the
downsampling module 3, the upsampling module 1, and the upsampling module 2, and finally a
target palmprint picture 208 is obtained. The noise-added picture representation vector outputted by

the previous sampling module (a downsampling module or an upsampling module) is the picture
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representation vector inputted by the next sampling module, and an input of the downsampling

module 1 is a denoised picture representation vector.

[0054] In some embodiments, the foregoing terminal device may be a terminal device
configured with a target client, which may include but is not limited to at least one of the following:
a mobile phone (such as an Android mobile phone and an iOS mobile phone), a notebook computer,
a tablet computer, a palmtop, a mobile Internet device (MID), a PAD, a desktop computer, and a
smart television. The target client may be a video client, an instant messaging client, a browser
client, an education client, and the like. The foregoing network may include but is not limited to a
wired network and a wireless network. The wired network includes a local area network, a
metropolitan area network, and a wide area network. The wireless network includes Bluetooth, Wi-
Fi, and another network that implements wireless communication. The foregoing server may be a
single server, or may be a server cluster composed of a plurality of servers, or a cloud server. The

foregoing is merely an example, which is not limited in this embodiment.

[0055] In some embodiments, as an optional implementation, as shown in FIG. 3, the

foregoing palmprint picture generation method includes the following operations.

[0056] Operation S12: Obtain a simulated palmprint picture, the simulated palmprint picture

including a simulated palmprint curve obtained by combining curves of a target type.

[0057] Operation S14: Input the simulated palmprint picture and a preset first noise vector
into a trained target palmprint picture generator, and perform a plurality of downsampling
operations and a plurality of upsampling operations on the simulated palmprint picture in sequence

through the target palmprint picture generator, to generate a target palmprint picture,

each of the downsampling operations being configured for performing
downsampling processing on an inputted picture representation vector to obtain a downsampled
picture representation vector, and performing noise addition processing on the downsampled picture
representation vector through the first noise vector, to obtain a noise-added picture representation
vector, the inputted picture representation vector in a first downsampling operation being an initial

picture representation vector of the simulated palmprint picture; and

each of the upsampling operations being configured for performing upsampling
processing on the inputted picture representation vector to obtain an upsampled picture
representation vector, and performing noise addition processing on the upsampled picture
representation vector through the first noise vector, to obtain a noise-added picture representation

vector.



[0058] In some embodiments, in the generation process of the target palmprint picture, only
the simulated palmprint picture and the first noise vector need to be inputted into the trained target

palmprint picture generator.

[0059] Different from the related art that relies on artificial collection of palmprint of a real
person, and for palmprint of the same real person, pictures (which may be understood as the
foregoing target palmprint pictures) of different modalities further need to be collected a plurality of
times as a set of palmprint pictures, to train a to-be-trained palmprint picture matching model, this
application does not need artificial collection, and pictures (which may be understood as the
foregoing target palmprint pictures) of different modalities and consistent palmprint line features
may be generated as a set of palmprint pictures only through the simulated palmprint picture and the
first noise vector, which greatly improves the generation efficiency of the target palmprint picture,
and resolves the problem that in the related art, a relatively small sample volume is obtained
through artificial collection of palmprint of a real person as a result of the privacy of palmprint
being difficult to obtain, and multi-modal palmprint pictures are scarcer, causing the trained
palmprint picture matching model to have poor recognition ability for the multi-modal palmprint

pictures.

[0060] In some embodiments, the target palmprint pictures may be used as a set of
palmprint pictures to train the to-be-trained palmprint picture matching model, to obtain a target
palmprint picture matching model, so that the target palmprint picture matching model may
accurately extract user hand pictures (palmprint pictures) of various modalities. Therefore, in the
training stage of the feature extraction model, a large number of target palmprint pictures of
different modalities with the same palmprint line need to be used as a set of palmprint pictures for

training.

[0061] Through the embodiments provided in this application, the obtained simulated
palmprint picture and the first noise vector are inputted into the trained target palmprint picture
generator. The simulated palmprint picture includes a simulated palmprint curve obtained by
combining curves of a target type, and the target palmprint picture generator successively performs
a plurality of downsampling operations and a plurality of upsampling operations on the simulated
palmprint picture to generate a target palmprint picture, each of the downsampling operations being
configured for performing downsampling processing on an inputted picture representation vector to
obtain a downsampled picture representation vector, and performing noise addition processing on
the downsampled picture representation vector through the first noise vector, to obtain a noise-

added picture representation vector, the inputted picture representation vector in a first
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downsampling operation being an initial picture representation vector of the simulated palmprint
picture; and each of the upsampling operations being configured for performing upsampling
processing on an inputted picture representation vector to obtain an upsampled picture
representation vector, and performing noise addition processing on the upsampled picture
representation vector through the first noise vector to obtain a noise-added picture representation
vector. Through the foregoing processing, the target palmprint picture obtained by processing the
simulated palmprint picture by the target palmprint picture generator retains the feature of the
simulated palmprint curve of the simulated palmprint picture. In addition, since the noise addition
processing is performed on the sampled picture representation vector through the first noise vector
in the foregoing downsampling operation and upsampling operation, the generated target palmprint
pictures may have different modalities, so that a large number of target palmprint pictures of
different modalities with the same palmprint line may be generated based on the simulated
palmprint pictures, thereby achieving the technical effect of improving the generation efficiency of
palmprint pictures, and further resolving the technical problem of low generation efficiency of

palmprint pictures.

[0062] As an optional solution, the inputting the simulated palmprint picture and a first
noise vector into a trained target palmprint picture generator, and performing a plurality of
downsampling operations and a plurality of upsampling operations on the simulated palmprint
picture in sequence through the target palmprint picture generator, to generate a target palmprint

picture further includes the following operations.

[0063] S21: Determine the initial picture representation vector of the simulated palmprint

picture based on the simulated palmprint picture.

[0064] S22: Perform the downsampling operation on the initial picture representation vector
through the P downsampling modules in sequence, to obtain a P noise-added picture representation
vector, each of the P downsampling modules including a downsampling submodule and a first

conditional generation submodule,

the downsampling submodule being configured to perform the downsampling
processing on the inputted picture representation vector, to obtain a downsampled picture

representation vector, and

the first conditional generation submodule being configured to perform noise
addition processing on the downsampled picture representation vector through the first noise vector,

to obtain a noise-added picture representation vector.
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[0065] S23: Perform the upsampling operation on the P"" noise-added picture representation
vector through the Q upsampling modules in sequence, to obtain a Q™ noise-added picture
representation vector, each of the Q upsampling modules including an upsampling submodule and a

second conditional generation submodule,

the upsampling submodule being configured to perform the upsampling processing
on the inputted picture representation vector to obtain an upsampled picture representation vector,

and

the second conditional generation submodule being configured to perform the noise
addition processing on the upsampled picture representation vector through the first noise vector, to

obtain a noise-added picture representation vector.

[0066] S24: Generate the target palmprint picture based on the Q™ noise-added picture

representation vector.

[0067] In some embodiments, as shown in FIG. 4, an initial picture representation vector
401, a P noise-added picture representation vector 402, and a Q™ noise-added picture
representation vector 403 are shown by using a value of P being 3 and a value of Q being 2 as an
example. The target palmprint picture generator is configured to pass the simulated palmprint
picture through P(3) downsampling modules (a downsampling module 1, a downsampling module
2, and a downsampling module 3) and Q(2) upsampling modules (an upsampling module 1 and an
upsampling module 2). The picture representation vector inputted by the downsampling module 1,
as the first sampling module that receives the picture representation vector, is the initial picture
representation vector 401 corresponding to the foregoing simulated palmprint picture. Subsequently,
the picture representation vector inputted by each sampling module (an upsampling module or a
downsampling module) is a noise-added picture representation vector outputted by the previous
sampling module. For example, the downsampling module 3, as the last downsampling module,
outputs a P(3)" noise-added picture representation vector 402, and the P(3)™ noise-added picture
representation vector 402 is the picture representation vector inputted by the upsampling module 1.
The upsampling module 2, as the last upsampling module, outputs a Q(2)" noise-added picture
representation vector 403. Thereafter, the target palmprint picture is generated based on the Q(2)™

noise-added picture representation vector 403.

[0068] As an optional solution, the performing the downsampling operation on the initial
picture representation vector through the P downsampling modules in sequence, to obtain a P

noise-added picture representation vector includes the following operation.

12



[0069] S31: Obtain an i noise-added picture representation vector through the following

operations, i being a positive integer greater than or equal to 1 and less than or equal to P;

perform, through the downsampling submodule in an i downsampling module, the
downsampling processing on the picture representation vector inputted into the i"" downsampling

module, to obtain an i downsampled picture representation vector; and

perform, through the first conditional generation submodule in the i downsampling
module, the noise addition processing on the i downsampled picture representation vector by using

h

the first noise vector, to obtain an i noise-added picture representation vector.

[0070] In some embodiments, as shown in FIG. 5, the operation of generating an i(2)™"
noise-added picture representation vector 502 is described by using a value of i being 2 as an
example. The value of i is 2. The downsampling processing is performed on the inputted picture
representation vector 501 of the i(2)™ downsampling module through the downsampling submodule
2 in the i(2)"" downsampling module (the downsampling module 2), to obtain the i(2)"
downsampled picture representation vector 502. A first conditional generation submodule 2
performs the noise addition processing on the i(2)" downsampled picture representation vector 502

through the first noise vector, to obtain an i(2)" noise-added picture representation vector 503.

[0071] As an optional solution, the first conditional generation submodule includes a first
group of fully connected (FC) layers and a second group of FC layers, and the performing, through
the first conditional generation submodule in the i downsampling module, the noise addition
processing on the i downsampled picture representation vector by using the first noise vector, to

obtain an i noise-added picture representation vector includes the following operations.

[0072] S41: Pass the first noise vector through the first group of FC layers to output a first

control vector, and

pass the first noise vector through the second group of FC layers to output a second

control vector.

[0073] S42: Perform, based on the first control vector and the second control vector, the
noise addition processing on the i downsampled picture representation vector, to obtain the i

noise-added picture representation vector.

[0074] In some embodiments, as shown in FIG. 6, the process of performing, by a
conditional generation submodule, noise addition processing on a picture representation vector is
described by using a value of i being 2 as an example. The performing, through the first conditional

generation submodule 2 in the i(2)" downsampling module (the downsampling module 2), the noise
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addition processing on the i(2)" downsampled picture representation vector 502 by using the first
noise vector 202, to obtain an i(2)™ noise-added picture representation vector 503 includes: passing
the first noise vector 202 through a first group of FC layers 601 in the first conditional generation
submodule 2 to obtain a first control vector 603, and passing the first noise vector 202 through a
second group of FC layers 602 in the first conditional generation submodule 2 to obtain a second
control vector 604; and performing, based on the first control vector 603 and the second control
vector 604, the noise addition processing on the i(2)™ downsampled picture representation vector

502, to obtain the i(2)™ noise-added picture representation vector 503.

[0075] In some embodiments, as shown in FIG. 7, CAdalN, namely a conditional generation
submodule, includes 4 FC layers, which are respectively FC1, FC2, FC3, and FC4. N(z) is the
foregoing first noise vector. N(z) is successively inputted into FC1 and FC2 and then two branches
after being outputted from FC2, and enters FC3 and FC4 respectively. FC1, FC2, and FC3 included
in one branch constitute the foregoing first group of FC layers, and FC1, FC2, and FC4 included in
the other branch constitute the foregoing second group of FC layers. After an i downsampled
picture representation vector 701 is inputted into the CAdalN, noise addition processing is
performed on the i downsampled picture representation vector through the first control vector
outputted by the first group of FC layers (FC1, FC2, and FC3) and the second control vector
outputted by the second group of FC layers (FC1, FC2, and FC4), i.e., a preset noise vector 703 is

superimposed, to obtain an i noise-added picture representation vector 702.

[0076] In some embodiments, the foregoing N(z) is the foregoing first noise vector. After
N(z) is inputted into the CAdalN, the first noise vector N(z) may further be sampled to obtain an 8-
dimensional Gaussian noise sampling signal 704, and then the 8-dimensional Gaussian noise
sampling signal 704 is encoded into a 128-dimensional hidden control vector through 4 continuous
FC layers (FC1, FC2, FC3, and FC4). A mean value and a variance of an input feature map are
adjusted through the hidden control vector.

[0077] In some embodiments, the foregoing manner of sampling the first noise vector N(z)
to obtain the 8-dimensional Gaussian noise sampling signal 704 is described herein. If a dimension
of the first noise vector N(z) is greater than or equal to 8 dimensions, such as 10 dimensions, an
order of values of all the original 10 dimensions may be retained, and values of 8 dimensions are

arbitrarily extracted as the 8-dimensional Gaussian noise sampling signal.

[0078] As an optional solution, the performing, based on the first control vector and the
second control vector, the noise addition processing on the i downsampled picture representation

vector, to obtain the i noise-added picture representation vector includes the following operations.
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[0079] S51: Multiply the first control vector by the i downsampled picture representation
vector to obtain a first picture representation vector, and add the first picture representation vector
and the second control vector together to obtain a second picture representation vector, the first
control vector being a control vector determined based on a sampling vector, the second control
vector being a control vector determined based on the sampling vector, and the sampling vector

being a vector obtained by sampling the first noise vector.

[0080] S52: Determine the second picture representation vector as the i noise-added
picture representation vector, or add the second picture representation vector and a preset noise
vector together to obtain the i'" noise-added picture representation vector, the preset noise vector

and the sampling vector, and the second picture representation vector having the same dimension.

[0081] In some embodiments, the foregoing process may be implemented by, but not limited

to, the following calculation manner.

[0082] X, is obtained through the following equation:

Xy = faa(w(2)X; + fe,(w(2)

where w(z) is a sampling vector obtained by sampling the first noise vector,
fc;(w(z)) is the first control vector, fc,(w(z)) is the second control vector, and X; is the i

downsampled picture representation vector.

[0083] X, is determined as the i noise-added picture representation vector, or X; and the
preset noise vector are superimposed to obtain the i noise-added picture representation vector, the

preset noise vector, the sampling vector, and X; having the same dimension.

[0084] In some embodiments, w(z) is a sampling vector obtained by sampling the first
noise vector, the sampling vector being the foregoing 8-dimensional Gaussian noise sampling signal

704.

[0085] In some embodiments, two manners of determining the i noise-added picture

representation vector are as follows:

[0086] 1) No noise addition is performed, and X; is directly determined as the i noise-

added picture representation vector.

[0087] 2) X; and the preset noise vector 703 in FIG. 7 are superimposed to obtain the i
noise-added picture representation vector, which is different from the manner in 1), and a preset
noise vector of the same scale is added at an output position, which may further increase diversity

of generated samples (which may be understood as noise-added picture representation vectors).
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[0088] As an optional solution, the performing the upsampling operation on the P noise-
added picture representation vector through the Q upsampling modules in sequence, to obtain a Q™

noise-added picture representation vector includes the following operation.

[0089] S61: Obtain a j™ noise-added picture representation vector through the following

operations, j being a positive integer greater than or equal to 1 and less than or equal to Q:

performing, through the upsampling submodule in a j'" upsampling module, the
upsampling processing on the picture representation vector inputted into the j upsampling module,

to obtain a j™ upsampled picture representation vector; and

performing, through the second conditional generation submodule in the j™
upsampling module, the noise addition processing on the j™ upsampled picture representation vector

by using the first noise vector, to obtain a j'" noise-added picture representation vector.

[0090] In some embodiments, as shown in FIG. 8, the operation of generating a j(1)"" noise-
added picture representation vector is described by using a value of j being 1 as an example. The
value of j is 1. The upsampling processing is performed on the inputted picture representation
vector 801 of the j(1)™ upsampling module through the upsampling submodule 1 in the j(1)*
upsampling module (the upsampling module 1), to obtain the j(1)"" upsampled picture
representation vector 802. The second conditional generation submodule 1 in the j(1)" upsampling
module performs the noise addition processing on the j(1)™ upsampled picture representation vector
802 through the first noise vector 202, to obtain a j(1)™" noise-added picture representation vector

803.

[0091] As an optional solution, the second conditional generation submodule includes a
third group of FC layers and a fourth group of FC layers, and the performing, through the
upsampling submodule in a j™ upsampling module, the upsampling processing on the picture
representation vector inputted into the j upsampling module, to obtain a j'" upsampled picture

representation vector includes the following operations.

[0092] S71: Pass the first noise vector through the third group of FC layers to output a third

control vector, and

pass the first noise vector through the fourth group of FC layers to output a fourth

control vector.

[0093] S72: Perform, based on the third control vector and the fourth control vector, the
noise addition processing on the j" upsampled picture representation vector, to obtain the j" noise-

added picture representation vector.
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[0094] In some embodiments, as shown in FIG. 9, the process of performing, by a second
conditional generation submodule, noise addition processing on a picture representation vector is
described by using a value of j being | as an example. The performing the upsampling processing
on the inputted picture representation vector 801 of the j(1)" upsampling module through the
upsampling submodule 1 in the j(1)™ upsampling module (the upsampling module 1), to obtain the
j(D)™ upsampled picture representation vector 802 includes: passing the first noise vector 202
through a third group of FC layers 901 in the second conditional generation submodule 1 to obtain a
third control vector 903, and passing the first noise vector 202 through a fourth group of FC layers
902 in the second conditional generation submodule 1 to obtain a fourth control vector 904; and
performing, based on the third control vector 903 and the fourth control vector 904, the noise
addition processing on the j(1)™ upsampled picture representation vector 802, to obtain the j(1)"

noise-added picture representation vector 803.

[0095] In some embodiments, in the embodiments of this application, the structure of the
first conditional generation submodule may be the same as the structure of the second conditional

generation submodule. With reference to FIG. 7, details are not described herein.

[0096] As an optional solution, the performing, based on the third control vector and the
fourth control vector, the noise addition processing on the j™ upsampled picture representation
vector to obtain the j noise-added picture representation vector further includes the following

operations.

[0097] S81: Multiply the third control vector by the j upsampled picture representation
vector to obtain a third picture representation vector, and add the third picture representation vector
and the fourth control vector together to obtain a fourth picture representation vector, the third
control vector being a control vector determined based on a sampling vector, the fourth control
vector being a control vector determined based on the sampling vector, and the sampling vector

being obtained by sampling the first noise vector.

[0098] S82: Determine the fourth picture representation vector as the j™ noise-added picture
representation vector, or add the fourth picture representation vector and a preset noise vector
together to obtain the j™ noise-added picture representation vector, the preset noise vector and the

sampling vector, and the fourth picture representation vector having the same dimension.

[0099] In some embodiments, the foregoing process may be implemented by, but not limited

to, the following calculation manner.

[00100] X, is obtained through the following equation:
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Xy = fa(w(2))Xj + fea(w(2))

where w(z) is a sampling vector obtained by sampling the first noise vector,
fc;(w(z)) is the third control vector, fc,(w(z)) is the fourth control vector, and X; is the jth

downsampled picture representation vector.

[00101] X, is determined as the j™" noise-added picture representation vector, or X, and the
2 J p p 2
preset noise vector are superimposed to obtain the j™ noise-added picture representation vector, the

preset noise vector, the sampling vector, and X, having the same dimension.

[00102] In some embodiments, the process of performing, based on the third control vector
and the fourth control vector, the noise addition processing on the j'" upsampled picture
representation vector to obtain the j" noise-added picture representation vector is similar to the
foregoing process of performing, based on the first control vector and the second control vector, the
noise addition processing on the i downsampled picture representation vector to obtain the i

noise-added picture representation vector. Details are not described herein.

[00103] As an optional solution, the determining the initial picture representation vector of
the simulated palmprint picture based on the simulated palmprint picture further includes the

following operation.

[00104] S91: Perform first convolution processing on the simulated palmprint picture to

obtain the initial picture representation vector.

[00105] The generating the target palmprint picture based on the Q™ noise-added picture

representation vector further includes the following operation.

[00106] S92: Perform second convolution processing on the Q™ noise-added picture

representation vector to obtain the target palmprint picture.

[00107] In some embodiments, as shown in FIG. 10, the downsampling module 1, as the first
sampling module in the target palmprint picture generator that receives a picture representation
vector, receives an initial picture representation vector 1001, and the remaining sampling modules
all receive a noise-added picture representation vector 1002 outputted by the previous sampling
module. The foregoing initial picture representation vector is 1001 generated based on the simulated
palmprint picture, and a specific manner may be performing first convolution processing 1003 on

the simulated palmprint picture to obtain the initial picture representation vector.

[00108] In addition, a value of Q being 2 is used as an example. A Q(2)" noise-added picture

representation vector 1004 outputted by the upsampling module 2 as the last sampling module in
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the target palmprint picture generator that outputs a picture representation vector is subjected to

second convolution processing 1005 to generate a target palmprint picture 1006.
[00109] As an optional implementation, the method further includes the following operation.

[00110] S101: Perform a plurality of rounds of training on a to-be-trained palmprint picture
generator through a group of simulated palmprint sample pictures and a group of first real palmprint
pictures, until a target loss value corresponding to the to-be-trained palmprint picture generator

satisfies a preset convergence condition; and

determine a palmprint picture generator at the end of training as the target palmprint

picture generator,

the to-be-trained palmprint picture generator performing a plurality of downsampling
operations and a plurality of upsampling operations on the simulated palmprint sample pictures in

sequence during the training, to generate a palmprint picture,

each of the downsampling operations during the training being configured for
performing downsampling processing on an inputted picture representation vector to obtain a
downsampled picture representation vector, and performing noise addition processing on the
downsampled picture representation vector through an intermediate noise vector, to obtain a noise-

added picture representation vector,

the picture representation vector inputted in a first downsampling operation during
the training being an initial picture representation vector of the simulated palmprint sample pictures,

and

the intermediate noise vector being a picture representation vector obtained by

encoding each of the first real palmprint pictures, or being a preset noise vector;

each of the upsampling operations during the training being configured for
performing upsampling processing on an inputted picture representation vector to obtain an
upsampled picture representation vector, and performing noise addition processing on the
upsampled picture representation vector through an intermediate noise vector, to obtain a noise-

added picture representation vector; and
the target loss value being a loss value determined at least based on a first loss value,

the first loss value being a loss value between a generated palmprint picture and the

first real palmprint picture, and
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the intermediate noise vector being a picture representation vector obtained by

encoding the first real palmprint picture when the first loss value is determined.

[00111] In some embodiments, as shown in FIG. 11, a plurality of rounds of training are
performed on a to-be-trained palmprint picture generator through a group of simulated palmprint
sample pictures (for example, a simulated palmprint sample picture 1, a simulated palmprint sample
picture 2, and a simulated palmprint sample picture 3) and a group of first real palmprint pictures (a
first real palmprint picture 1, a first real palmprint picture 2, and a first real palmprint picture 3),
until a target loss value corresponding to the to-be-trained palmprint picture generator satisfies a
preset convergence condition, and then the training is ended. The to-be-trained palmprint picture
generator at the end of training is determine as the target palmprint picture generator, the to-be-
trained palmprint picture generator including P to-be-trained downsampling modules and Q to-be-

trained upsampling modules.

[00112] As an optional solution, the performing a plurality of rounds of training on a to-be-
trained palmprint picture generator through a group of simulated palmprint sample pictures and a

group of first real palmprint pictures includes the following operation.

[00113] S111: Perform a k'™ round of training on the to-be-trained palmprint picture generator

through the following operations, k being a positive integer greater than or equal to 2:

encoding the first real palmprint pictures used in the k™ round to obtain a picture

representation vector in the k™ round;

inputting the picture representation vector in the k™ round and the first simulated
palmprint sample pictures used in the k™ round into a palmprint picture generator obtained after a

(k—=1)™ round of training, to obtain a first palmprint picture generated in the k™ round;

determining a first loss value in the k'™ round based on the first real palmprint

pictures used in the k'™ round and the first palmprint picture generated in the k™ round;

determining a target loss value in the k™ round based on the first loss value in the k™

round;

adjusting a parameter in the palmprint picture generator obtained after the (k—1)"
round of training when the target loss value in the k™ round does not satisfy the convergence

condition, to obtain a palmprint picture generator obtained after the k™ round of training; and

ending the training when the target loss value in the k™ round satisfies the

convergence condition.
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[00114] In some embodiments, as shown in FIG. 12, a to-be-trained palmprint picture
generator (G) generates a palmprint picture (B') based on an inputted simulated palmprint sample
picture (A) and an inputted first real palmprint picture (B). A first loss value (L1) is a loss value
between the palmprint picture (B') and the first real palmprint picture (B). The foregoing process of
generating, by the to-be-trained palmprint picture generator (G), the palmprint picture (B') based on
the inputted simulated palmprint sample picture (A) and the inputted first real palmprint picture (B)
may include: passing the first real palmprint picture (B) through an encoder to obtain an encoded
picture representation vector Q (z|B) in a k™ round, and inputting the picture representation vector
and the simulated palmprint sample picture (A) into the to-be-trained palmprint picture generator

(G), to obtain the palmprint picture (B');

performing a k'™ round of training on the to-be-trained palmprint picture generator
through the following operations, k being a positive integer greater than or equal to 2: encoding the
first real palmprint picture (B) (an encoder E may be used for encoding) used in the k' round to
obtain a picture representation vector (Q(z|B)) in the k™ round; inputting the picture representation
vector (Q (zB)) in the k™ round and the first simulated palmprint sample picture (A) used in the k™
round into a palmprint picture generator (G) obtained after a (k—1)" round of training to obtain a
first palmprint picture (B') generated in the k™ round; determining a first loss value (L1) in the k™
round based on the first real palmprint picture (B) used in the k™ round and the first palmprint
picture (B') generated in the k™ round; determining a target loss value in the k™ round based on the
first loss value (L1) in the k' round; adjusting a parameter in the palmprint picture generator
obtained after the (k—1)™ round of training in a case that the target loss value in the k™ round does
not satisfy a preset convergence condition, to obtain a palmprint picture generator obtained after the
k™ round of training; and ending the training in a case that the target loss value in the k™ round

satisfies the preset convergence condition.

[00115] As an optional solution, the determining a first loss value in the k™ round based on
the first real palmprint pictures used in the k™ round and the first palmprint picture generated in the

k™ round includes the following operations.

[00116] S121: Obtain a pixel difference between pixel values of R pixel points at the same
position in the first real palmprint picture used in the k™ round and the first palmprint picture
generated in the k™ round, to obtain R pixel differences, R being a positive integer greater than or

equal to 2.

[00117] S122: Determine a sum of the R pixel differences as the first loss value in the k'

round.
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[00118] In some embodiments, the foregoing process may be implemented by, but not limited

to, the following calculation manner.

[00119] L; is obtained through the following equation:

R
L= IBuBY|
r=1

where B, is a first pixel value of an r' pixel point of the first real palmprint picture
used in the k™ round, B', is a second pixel value of an r' pixel point of the first palmprint picture
generated in the k™ round, the first real palmprint picture used in the k™ round and the first
palmprint picture generated in the k™ round both include R pixel points, and |B,, B’| is the

similarity between the first pixel value and the second pixel value.
[00120] L, is determined as the first loss value in the k'™ round.

[00121] In some embodiments, the manner of determining a first loss value in the k™ round
based on the first real palmprint pictures used in the k™ round and the first palmprint picture
generated in the k™ round is described herein. The first real palmprint picture and the first palmprint
picture are both in a picture format. In the foregoing equation of calculating L;, R represents a
quantity of pixel points of each of the first real palmprint picture and the first palmprint picture, B,
is a first pixel value of an r'" pixel point of the first real palmprint picture used in the k™ round, and
B', is a second pixel value of the r'" pixel point of the first palmprint picture generated in the k"
round. The first loss value L; is obtained through comparison of the first pixel value and the

second pixel value of any two pixel points having a correspondence among the R pixel points.

[00122] As an optional solution, the performing a k™ round of training on a to-be-trained

palmprint picture generator further includes the following operations.

[00123] S131: Discriminate the first real palmprint picture used in the k™ round and the first
palmprint picture generated in the k™ round through a trained target discriminator, to obtain a first
discrimination result in the k™ round, and determine a second loss value in the k™ round based on

the first discrimination result in the k™ round.

[00124] As an optional solution, the determining a target loss value in the k™ round based on

the first loss value in the k'™ round includes the following operation.

[00125] S132: Determine the target loss value in the k'™ round based on the first loss value in

the k™ round and the second loss value in the k" round.
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[00126] In some embodiments, as shown in FIG. 13, a to-be-trained palmprint picture
generator (G) generates a palmprint picture (B') based on an inputted simulated palmprint sample
picture (A) and an inputted first real palmprint picture (B). A first loss value (L1) is a loss value
between the palmprint picture (B') and the first real palmprint picture (B). The inputted first real
palmprint picture (B) and the generated palmprint picture (B') are discriminated through a trained
target discriminator (D), to obtain a target discrimination result, and a second loss value (LD1) is a
loss value determined based on the target discrimination result. The foregoing process of
generating, by the to-be-trained palmprint picture generator (G), the palmprint picture (B') based on
the inputted simulated palmprint sample picture (A) and the inputted first real palmprint picture (B)
may include: passing the first real palmprint picture (B) through an encoder to obtain an encoded
picture representation vector Q (z|B) in a k™ round, and inputting the picture representation vector
and the simulated palmprint sample picture (A) into the to-be-trained palmprint picture generator

(G), to obtain the palmprint picture (B');

performing a k'™ round of training on the to-be-trained palmprint picture generator
through the following operations, k being a positive integer greater than or equal to 2: encoding the
first real palmprint picture (B) (an encoder E may be used for encoding) used in the k'™ round to
obtain a picture representation vector (Q(z|B)) in the k™ round; inputting the picture representation
vector (Q (z/B)) in the k™ round and the first simulated palmprint sample picture (A) used in the k'
round into a palmprint picture generator (G) obtained after a (k—1)" round of training to obtain a
first palmprint picture (B') generated in the k™ round; determining a first loss value (L1) in the k™
round based on the first real palmprint picture (B) used in the k™ round and the first palmprint
picture (B') generated in the k™ round; discriminating, through the target discriminator (D), the first
real palmprint picture (B) used in the k'™ round and the first palmprint picture (B') generated in the
k™ round, to obtain a first discrimination result in the k™ round; determining a second loss value
(LD1) in the k™ round based on the first discrimination result in the k'™ round; determining the target
loss value in the k™ round based on the first loss value (L1) in the k'™ round and the second loss
value (LD1) in the k™ round; adjusting a parameter in the palmprint picture generator obtained after
the (k—1)" round of training in a case that the target loss value in the k'™ round does not satisfy a
preset convergence condition, to obtain a palmprint picture generator obtained after the k™ round of
training; and ending the training in a case that the target loss value in the k'™ round satisfies the

preset convergence condition.

[00127] As an optional solution, the determining a second loss value in the k™ round based

on the first discrimination result in the k™ round includes the following operations.
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[00128] S141: Obtain a probability that the first real palmprint picture used in the k™ round
indicated by the first discrimination result is true, to obtain a first probability, and obtain a
probability that the first palmprint picture generated in the k™ round indicated by the first

discrimination result is true, to obtain a second probability.

[00129] S142: Multiply the first probability by a probability at the same position in the
second probability to obtain a first probability product.

[00130] S143: Obtain a probability that the first palmprint picture generated in the k™ round
indicated by the first discrimination result is false, to obtain a third probability, and obtain a
probability that the first real palmprint picture used in the k™ round indicated by the first

discrimination result is false, to obtain a fourth probability.

[00131] S144: Multiply the third probability by a probability at the same position in the
fourth probability to obtain a second probability product.

[00132] S145: Determine a second loss value in the k™ round based on the first probability
product and the second probability product.

[00133] In some embodiments, the foregoing process may be implemented by, but not limited

to, one of the following calculation manners.
[00134] Calculation manner I:

[00135] Lp; is obtained through the following equation:
Lpi == ylogD(x) = (1 =yplog (1 — D(x))

where logD(x,) is a probability that the first real palmprint picture used in the k™
round indicated by the first discrimination result is true, log(1 — D(x.)) is a probability that the
first real palmprint picture used in the k™ round indicated by the first discrimination result is false,
y; is a probability that the first palmprint picture generated in the k™ round indicated by the first
discrimination result is true, and (1 —y,) is a probability that the first palmprint picture generated

in the k™ round indicated by the first discrimination result is false.

[00136] Lp; is determined as the second loss value in the k™ round.
[00137] Calculation manner I1:
[00138] Lp; is obtained through the following equation:
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N1 N1
Lpy = —;ytlogmt) - ;(1 — yolog(1 - D(x,))

where logD(x) is a probability that a t"

first real palmprint picture in N1 first real
palmprint pictures used in the k™ round indicated by the first discrimination result is true, log(1 —
D(x.)) is a probability that a t™ first real palmprint picture in N1 first real palmprint pictures used
in the k™ round indicated by the first discrimination result is false, y, is a probability that a t™ first
palmprint picture in N1 first palmprint pictures generated in the k™ round indicated by the first
discrimination result is true, and (1 —y,) is a probability that a t'" first palmprint picture in N1

first palmprint pictures generated in the k™ round indicated by the first discrimination result is false.
[00139] Lp; is determined as the second loss value in the k™ round.

[00140] In some embodiments, the target discriminator is first described. The target
discriminator may discriminate an inputted palmprint picture, and determine whether the picture is a
true picture or a false picture. The foregoing real picture may mean that the target discriminator
considers that the picture is a true picture collected in the real world, for example, a truly collected
palmprint picture. On the contrary, a false picture may mean that the target discriminator considers
that the picture is not a true picture collected in the real world, but a picture synthesized through

technical means.

[00141] In the embodiments of this application, training of a palmprint picture generator is
the key. A to-be-trained palmprint picture generator is trained. When a palmprint picture generated
by the to-be-trained palmprint picture generator is inputted into a target discriminator, the target
discriminator determines that the palmprint picture is a true picture, which indicates that the
palmprint picture generated by the to-be-trained palmprint picture generator in this case may be
"realistic", and then the to-be-trained palmprint picture generator in this case may be determined as

a target palmprint picture generator.

[00142] In some embodiments, the foregoing probability of being true may be understood as
a probability that the target discriminator determines that the palmprint picture is a true picture, and
the foregoing probability of being false may be understood as a probability that the target

discriminator determines that the palmprint picture is a false picture.

[00143] In some embodiments, the first discrimination result in the k™ round may include,
but is not limited to, performing discrimination through N1 first real palmprint pictures and N1
first palmprint pictures by the target discriminator. The foregoing discrimination process may be

performed in parallel through a plurality of processes.
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[00144] As an optional solution, the performing a k™ round of training on a to-be-trained

palmprint picture generator further includes the following operation.

[00145] S151: Input a noise vector in the k™ round and a first simulated palmprint sample
picture used in the k™ round into a palmprint picture generator obtained after the (k—1)" round of
training, to obtain a second palmprint picture generated in the k™ round, and determine a third loss
value in the k™ round based on the first palmprint picture generated in the k'™ round and the second

palmprint picture generated in the k™ round.

[00146] The determining the target loss value in the k™ round based on the first loss value in

the k™ round and the second loss value in the k™ round further includes the following operation.

[00147] S152: Determine the target loss value in the k'™ round based on the first loss value in

the k™ round, the second loss value in the k™ round, and the third loss value in the k™ round.

[00148] In some embodiments, for the manner of generating the first loss value and the
second loss value, reference may be made to the description in FIG. 13 above, and the details are
not described herein. Only the manner of determining the third loss value is described herein. As
shown in FIG. 14, a noise vector (N(z)) in the k™ round and a first simulated palmprint sample
picture (A) used in the k'™ round are inputted into a palmprint picture generator (G) obtained after
the (k=1)" round of training, to obtain a second palmprint picture (B") generated in the k™ round,
and a third loss value (LID) in the k'™ round is determined based on the first palmprint picture (B

generated in the k™ round and the second palmprint picture (B") generated in the k™ round.

[00149] The manner of determining the third loss value (LID) in the k™ round based on the
first palmprint picture (B') generated in the k™ round and the second palmprint picture (B")
generated in the k™ round may be, but is not limited to: inputting the first palmprint picture (B') and
the second palmprint picture (B") into a palmprint recognition network (palmprint recognition
model), extracting feature vectors of the first palmprint picture (B') and the second palmprint
picture (B") respectively, and then determining the third loss value (LID) in the k™ round based on

the feature vectors thereof.

[00150] As an optional solution, the determining a third loss value in the k™ round based on
the first palmprint picture generated in the k™ round and the second palmprint picture generated in

the k' round further includes the following operations.

[00151] S161: Perform vector dot product on a first feature vector of the first palmprint
picture generated in the k™ round and a second feature vector of the second palmprint picture

generated in the k™ round, to obtain a vector dot product value.
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[00152] S162: Multiply a modulus of the first feature vector by a modulus of the second

feature vector to obtain a product value.

[00153] S163: Divide the vector dot product value by the product value to obtain a target

ratio, and subtract the target ratio from 1 to obtain the third loss value in the k™ round.

[00154] In some embodiments, the foregoing process may be implemented by, but not limited

to, the following calculation manner.
[00155] Lip is obtained through the following equation:

Dyg (B') *Dyp (B”)

Lp=1-
P 1Das (BOI| * [ Dyg (B

where Dyg(B’) is the first feature vector of the first palmprint picture generated in
the k'™ round, Dyg(B’) is the second feature vector of the second palmprint picture generated in
the k™ round, Dyg(B’) : Dyg(B") is a dot product of the first feature vector and the second feature
vector, ||[Dyg(B’)|l is the modulus of the first feature vector, and ||Dyg(B’")|| is the modulus of

the second feature vector.
[00156] L;p is determined as the third loss value in the k™ round.

[00157] In some embodiments, the first palmprint picture (B') generated in the k™ round and
the second palmprint picture (B") generated in the k™ round are inputted into a palmprint
recognition network (palmprint recognition model), and the first feature vector Dyz(B") ofthe
first palmprint picture (B") and the second feature vector Dyz(B’") of the second palmprint picture
(B") are respectively extracted, and then the third loss value (LID) in the k'™ round is calculated

based on the foregoing equation. The following is an example of the calculation process.

[00158] For example, Dyg(B') is (a;, ay, az), Dug(B") is (by, by, bs), and then
a;b, + ayb, + azb
Lp=1— 101 T A0, T A3D3
Va2 + a2 + as? + Jblz + b, + b3’
[00159] As an optional solution, the performing a k™ round of training on a to-be-trained

palmprint picture generator further includes the following operation.

[00160] S171: Determine a fourth loss value in the k™ round based on the noise vector in the

k™ round and the picture representation vector in the k™ round.
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[00161] The determining the target loss value in the k™ round based on the first loss value in
the k™ round, the second loss value in the k™ round, and the third loss value in the k™ round further

includes the following operation.

[00162] S172: Determine the target loss value in the k'™ round based on the first loss value in
the k™ round, the second loss value in the k™ round, the third loss value in the k™ round, and the

fourth loss value in the k™ round.

[00163] In some embodiments, for the manner of generating the first loss value, the second
loss value, and the third loss value, reference may be made to the descriptions in FIG. 13 and FIG.
14 above, and the details are not described herein. Only the manner of determining the fourth loss
value is described herein. As shown in FIG. 15, a fourth loss value (LKL) in the k™ round is
determined based on the noise vector (N(z)) in the k™ round and the picture representation vector
(Q(z/B)) in the k™ round. The fourth loss value (LKL) may constrain the picture representation
vector (Q(z|B)) in the k™ round, and constrain distribution consistency with the noise vector (N(z))
in the k™ round. The noise vector (N(z)) in the k™ round may be, but is not limited to, original

Gaussian noise, namely white noise.

[00164] As an optional solution, the determining a fourth loss value in the k™ round based on
the noise vector in the k™ round and the picture representation vector in the k™ round further

includes the following operations.

[00165] S181: Obtain a value of each dimension in the picture representation vector in the k™
round, and obtain a value of each dimension in the noise vector in the k™ round, the picture
representation vector in the k™ round having the same total dimension as the noise vector in the k™

round.

[00166] S182: Determine the fourth loss value in the k'™ round based on the value of each
dimension in the picture representation vector in the k™ round and the value of each dimension in

the noise vector in the k™ round.

[00167] In some embodiments, the foregoing process may be implemented by, but not limited

to, the following calculation manner.

[00168] Lk is obtained through the following equation:

Q(zm)
N(zm)

M
Ly, = Z Q(zy) * log
m=1
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where Q(zp,) is a value of an m™ dimension in the picture representation vector in
the k'™ round, N(zp,) is a value of an m" dimension in the noise vector in the k™ round, and the
total dimensions of the picture representation vector in the k'™ round and the noise vector in the k™

round are both M.

[00169] Ly is determined as the fourth loss value in the k™ round.
[00170] In some embodiments, the following is an example of a calculation process of Lg; .
[00171] A value of M being 8 and a value of m being 3 are used as an example. For example,

the total dimensions of the picture representation vector in the k'™ round and the noise vector in the
k™ round are both 8, the picture representation vector in the k™ round is (c1, ¢2, ¢3, ¢4, ¢35, ¢6, c7,
and c8), and the noise vector in the k™ round is (d1, d2, d3, d4, d5, d6, d7, and d8), and then the
value of Q(z3) is c3, and the value of N(z3) is d3, which are substituted into the foregoing

equation for calculation. In this way, 8-dimensional data is summed to obtain the fourth loss value
Lkr.

[00172] As an optional solution, the performing a k™ round of training on a to-be-trained

palmprint picture generator further includes the following operations.

[00173] S191: Discriminate, through the target discriminator, the second real palmprint
picture used in the k™ round and the second palmprint picture generated in the k™ round, to obtain a
second discrimination result in the k™ round, and determine a fifth loss value in the k™ round based

on the second discrimination result in the k™ round.

[00174] The determining the target loss value in the k'™ round based on the first loss value in
the k'™ round, the second loss value in the k™ round, the third loss value in the k™ round, and the

fourth loss value in the k™ round further includes the following operation.

[00175] S192: Determine the target loss value in the k™ round based on the first loss value in
the k™ round, the second loss value in the k™ round, the third loss value in the k™ round, the fourth

loss value in the k'™ round, and the fifth loss value in the k' round.

[00176] In some embodiments, for the manner of generating the first loss value, the second
loss value, the third loss value, and the fourth loss value, reference may be made to the descriptions
in FIG. 13, FIG. 14, and FIG. 15 above, and the details are not described herein. Only the manner of
determining the fifth loss value is described herein. As shown in FIG. 16, a second real palmprint
picture (C) used in the k™ round and a second palmprint picture (B") generated in the k™ round are

discriminated through the target discriminator (D), to obtain a second discrimination result in the k™"

29



round, and a fifth loss value (LD2) in the k'™ round is determined based on the second

discrimination result in the k™ round.

[00177] In some embodiments, the second real palmprint picture (C) used in the k™ round
and the first real palmprint picture used in the k™ round respectively belong to real palmprint

pictures of two different persons. To be specific, the two persons have different palmprint features.

[00178] As an optional solution, the determining a fifth loss value in the k™ round based on

the second discrimination result in the k™ round further includes the following operations.

[00179] S201: Obtain a probability that the second real palmprint picture used in the k™"
round indicated by the second discrimination result is true, to obtain a fifth probability, and obtain a
probability that the second palmprint picture generated in the k™ round indicated by the second

discrimination result is true, to obtain a sixth probability.

[00180] S202: Multiply the fifth probability by a probability at the same position in the sixth
probability to obtain a third probability product.

[00181] S203: Obtain a probability that the second real palmprint picture used in the k"
round indicated by the second discrimination result is false, to obtain a seventh probability, and
obtain a probability that the second palmprint picture generated in the k™ round indicated by the

second discrimination result is false, to obtain an eighth probability.

[00182] S204: Multiply the seventh probability by a probability at the same position in the
eighth probability to obtain a fourth probability product.

[00183] S205: Determine a fifth loss value in the k™ round based on the third probability
product and the fourth probability product.

[00184] In some embodiments, the foregoing process may be implemented by, but not limited

to, one of the following calculation manners.
[00185] Calculation manner I:

[00186] Lp, is obtained through the following equation:
Lp; =— y,logD(x,) — (1 =y, )log (1 — D(x,)),

where logD(x,) is a probability that the second real palmprint picture used in the
k™ round indicated by the second discrimination result is true, log(1 — D(xy,)) is a probability that
the second real palmprint picture used in the k™ round indicated by the second discrimination result

is false, y, is a probability that the second palmprint picture generated in the k™ round indicated by
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the second discrimination result is true, and (1 —y,) is a probability that the second palmprint

picture generated in the k™ round indicated by the second discrimination result is false.

[00187] Lp, is determined as the fifth loss value in the k™ round.
[00188] Calculation manner I1:
[00189] Lp, is obtained through the following equation:

N2 N2
Lpz == ) %logd(x,) = ) (1= y)log(1 - D(x)
v=1 v=1

where logD(x,) is a probability that a v second real palmprint picture in N2
second real palmprint pictures used in the k'™ round indicated by the second discrimination result is
true, log(1 — D(x,)) is a probability that a v second real palmprint picture in N2 second real
palmprint pictures used in the k™ round indicated by the second discrimination result is false, y, is
a probability that a v'" second palmprint picture in N2 second palmprint pictures generated in the
k™ round indicated by the second discrimination result is true, and (1 —y,) is a probability that a

h

v second palmprint picture in N2 second palmprint pictures generated in the k'™ round indicated by

the second discrimination result is false.
[00190] Lp, is determined as the fifth loss value in the k™ round.

[00191] In some embodiments, the calculation process of the fifth loss value Lp, is similar
to that of the second loss value Lp;, and the fifth loss value Lp, may be calculated by referring to

the calculation manner of the second loss value Lp; described above. Details are not described

herein.
[00192] As an optional implementation, the method further includes the following operation.
[00193] S212: Train a to-be-trained palmprint picture matching model through a set of

palmprint pictures, to obtain a target palmprint picture matching model,

the set of palmprint pictures including the target palmprint picture and another
palmprint picture, the another palmprint picture being generated in the same manner as the target

palmprint picture; and

the target palmprint picture matching model being configured to match an inputted
group of palmprint pictures, the group of palmprint pictures including a to-be-confirmed palmprint

picture and a collected palmprint picture.
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[00194] In some embodiments, palmprint pictures except the target palmprint picture in the
set of palmprint pictures are the palmprint pictures generated in the same generation manner as that
of the target palmprint picture. The generation manner may be, but is not limited to, outputting
palmprint pictures of different modalities as the set of palmprint pictures by adjusting parameters of
the same conditional generation submodules in P downsampling modules and Q upsampling
modules. Palmprint line features of any two palmprint pictures in one set of palmprint pictures are
consistent, which are all taken from simulated palmprint curves in a simulated palmprint picture.
Since the parameters of the conditional generation submodules are different in each generation

process, the outputted modalities may be different.
[00195] As an optional implementation, the method further includes the following operations.

[00196] S222: Combine Bézier curves to obtain the simulated palmprint curve, the curves of

the target type including the Bézier curves.

[00197] S223: Generate the simulated palmprint picture including the simulated palmprint
curve.
[00198] In some embodiments, the simulated palmprint picture includes the simulated

palmprint curve obtained by combining the curves of the target type. The curves of the target type
may be, but are not limited to, the Bézier curves, and the combination of the curves of the target
type may be, but is not limited to, a free combination of a plurality of Bézier curves, or an

arrangement and combination according to a rule similar to that of palmprint features.

[00199] This application provides a palmprint picture generation method, which may be
understood as a multi-modal palmprint generation method. A conditional generation submodule is
added to each module of a generative adversarial network to enhance the ability of a model to learn
diverse samples. Palmprint sample pictures of different modalities may be generated simultaneously
by controlling conditional probability, thereby implementing the multi-modal palmprint generation
ability of a visible light modality and an infrared modality. A palmprint picture matching model is
trained through the generated palmprint sample pictures, to enhance a fitting effect of the palmprint
picture matching model for images of different modalities. In addition, a twin ID protection module

is added to maintain consistency of palmprint lines of the same ID.
[00200] As shown in FIG. 17, two modules are mainly included:

one is a diversity generation module 1701, configured to increase intra-class

diversity of generated samples, and
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the other is an ID consistency constraint module 1702, configured to control intra-

class ID consistency of samples.

[00201] For a simulated image B' (which may be understood as the foregoing first palmprint
picture) generated by a palmprint picture generator, L1 is calculated through a real palmprint image
B (which may be understood as the foregoing first real palmprint picture) to constrain authenticity
of skin and muscle texture of the generated B'. To constrain Q(z|B), a KL divergence between
Q(z|B) and N(z) is calculated as a loss function, to constrain distribution consistency of Q(z|B) and
N(z). The obtained B' and B are inputted into a target discriminator D, and the target discriminator
includes three convolutional neural network layers. The discriminator extracts features of B' and B,

and then optimizes the authenticity of the generated B' through adversarial loss.

[00202] To increase the diversity of generated samples, a conditional generation submodule
is designed to enhance the diversity of generated samples. As shown in FIG. 18, the overall
structure of the target palmprint picture generator may be composed of 7 downsampling modules
and 6 upsampling modules. Each downsampling module and each upsampling module respectively

includes a conditional generation submodule CAdalN.
[00203] I. Diversity generation module

[00204] Training stage: The diversity generation module firstly maps a real palmprint image
B to a Gaussian noise domain vector Q(z|B) (which may be understood as the foregoing picture
representation vector) through an encoder E, and a generator G (which may be understood as the
foregoing palmprint picture generator) remaps the encoded noise domain vector Q(z|B) to a
palmprint image domain by using an unpaired Bézier palmprint line A (which may be understood as
the foregoing first simulated palmprint picture) as a condition. The Bézier palmprint line A is a

palmprint-like curve formed by combining different Bézier curves.

[00205] Reasoning stage: A self-defined Bézier palmprint line A and Q(z|B) are inputted into
the generator G to generate palmprint samples of different modalities (which may be understood as

the foregoing target palmprint picture).

[00206] As shown in FIG. 19, the structure of the encoder E is composed of 4 residual blocks
(RB) and 1 FC layer. In the figure, BN represents a batch normalization layer, LReLU represents a
leakyReL U layer, conv represents a convolutional layer, avgpool represents an average pooling
layer, FC represents an FC layer, and Flatten is a function for flattening a multidimensional array

into a one-dimensional array.

[00207] I1. ID consistency constraint module
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[00208] To ensure the intra-class ID consistency of generated simulated palms, an 1D
consistency constraint module is provided. The module uses a twin structure. For the same inputted
Bézier palmprint line A, a new random control hidden vector N(z) is inputted into the generator G
to generate a new simulated palmprint B". B' and B" are respectively inputted into a trained
palmprint feature extraction model based on a real palmprint image to extract a 512-dimensional
feature vector. A cosine similarity of B' and B" is calculated based on the extracted feature vector,

and consistency of intra-class samples is constrained through the LID.

[00209] Through the palmprint picture generation method provided in this application,
palmprint effect pictures of different modalities generated by a single Bézier curve (which may be
understood as the foregoing simulated palmprint picture) may be used, and palms of various
modalities (which may be understood as the foregoing target palmprint pictures) may be generated
by adjusting the inputted random noise (N(z)), including various visible light and infrared black and
white images. As shown in FIG. 20, through the palmprint picture generation method, target
palmprint pictures of different modalities may be generated based on a single simulated palmprint
picture. For example, through a simulated palmprint picture 1, a simulated palmprint picture 2, a
simulated palmprint picture 3, and a simulated palmprint picture 4, 12 target palmprint pictures may
be generated. The simulated palmprint picture 1 is used as an example. After a target palmprint
picture 1 is generated through the simulated palmprint picture 1 and a first noise vector, another first
noise vector may be inputted, or the first noise vector is adjusted to output a target palmprint picture
2 with a different modality from the target palmprint picture 1, but with consistent palmprint lines
(all are consistent with the simulated palmprint picture 1), and so on, so as to generate more target
palmprint pictures of other modalities. Effectiveness of the provided CAdaIN module is verified. In
addition, palmprint lines generated under a single Bézier curve are consistent, and no extra palms

appear. Effectiveness of the provided ID consistency constraint module is demonstrated.

[00210] For brevity, the foregoing method embodiments are described as a series of action
combinations. However, it is to be appreciated by a person skilled in the art that this application is
not limited to the described sequence of the actions, because some operations may be performed in
another sequence or simultaneously according to this application. In addition, a person skilled in the
art also needs to know that the embodiments described in the specification are all preferred

embodiments, and the involved actions and modules are not necessary for this application.

[00211] According to another aspect of the embodiments of this application, a palmprint

picture generation apparatus for implementing the foregoing palmprint picture generation method is
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further provided. FIG. 21 is a structural block diagram of a palmprint picture generation apparatus

according to an embodiment of this application. As shown in FIG. 21, the apparatus includes:

an obtaining unit 2002, configured to obtain a simulated palmprint picture, the
simulated palmprint picture including a simulated palmprint curve obtained by combining curves of

a target type; and

an input unit 2004, configured to input the simulated palmprint picture and a preset
first noise vector into a trained target palmprint picture generator, and perform a plurality of
downsampling operations and a plurality of upsampling operations on the simulated palmprint
picture in sequence through the target palmprint picture generator, to generate a target palmprint

picture,

each of the downsampling operations being configured for performing
downsampling processing on an inputted picture representation vector to obtain a downsampled
picture representation vector, and performing noise addition processing on the downsampled picture
representation vector through the first noise vector, to obtain a noise-added picture representation
vector, the inputted picture representation vector in a first downsampling operation being an initial

picture representation vector of the simulated palmprint picture; and

each of the upsampling operations being configured for performing upsampling
processing on the inputted picture representation vector to obtain an upsampled picture
representation vector, and performing noise addition processing on the upsampled picture
representation vector through the first noise vector, to obtain a noise-added picture representation

vector.
[00212] As an optional solution, the input unit includes:

a determining module, configured to determine the initial picture representation

vector based on the simulated palmprint picture;

a first sampling module, configured to perform the downsampling operation on the
initial picture representation vector through the P downsampling modules in sequence, to obtain a
P noise-added picture representation vector, each of the P downsampling modules including a

downsampling submodule and a first conditional generation submodule,

the downsampling submodule being configured to perform the downsampling
processing on the inputted picture representation vector, to obtain a downsampled picture

representation vector, and
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the first conditional generation submodule being configured to perform noise
addition processing on the downsampled picture representation vector through the first noise vector,

to obtain a noise-added picture representation vector;

a second sampling module, configured to perform the upsampling operation on the
P'" noise-added picture representation vector through the Q upsampling modules in sequence, to
obtain a Q" noise-added picture representation vector, each of the Q upsampling modules including

an upsampling submodule and a second conditional generation submodule,

the upsampling submodule being configured to perform the upsampling processing
on the inputted picture representation vector to obtain an upsampled picture representation vector,

and

the second conditional generation submodule being configured to perform the noise
addition processing on the upsampled picture representation vector through the first noise vector, to

obtain a noise-added picture representation vector; and

a determining module, configured to generate the target palmprint picture based on

the Q" noise-added picture representation vector.

[00213] As an optional solution, the first sampling module is further configured to:

h

obtain an i noise-added picture representation vector through the following

operations, i being a positive integer greater than or equal to 1 and less than or equal to P;

perform, through the downsampling submodule in an i downsampling module, the
downsampling processing on the picture representation vector inputted into the i'" downsampling

module, to obtain an i downsampled picture representation vector; and

perform, through the first conditional generation submodule in the i downsampling
module, the noise addition processing on the i downsampled picture representation vector by using

h

the first noise vector, to obtain an i noise-added picture representation vector.

[00214] As an optional solution, the first conditional generation submodule includes a first

group of FC layers and a second group of FC layers. The first sampling module is configured to:

pass the first noise vector through the first group of FC layers to output a first control

vector;

pass the first noise vector through the second group of FC layers to output a second

control vector; and
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perform, based on the first control vector and the second control vector, the noise
addition processing on the i downsampled picture representation vector, to obtain the i noise-

added picture representation vector.
[00215] As an optional solution, the second sampling module is configured to:

obtain a j noise-added picture representation vector through the following

operations, j being a positive integer greater than or equal to 1 and less than or equal to Q:

performing, through the upsampling submodule in a j upsampling module, the
upsampling processing on the picture representation vector inputted into the j upsampling module,

to obtain a j™ upsampled picture representation vector; and

performing, through the second conditional generation submodule in the j
upsampling module, the noise addition processing on the j™ upsampled picture representation vector

by using the first noise vector, to obtain a j noise-added picture representation vector.

[00216] As an optional solution, the second conditional generation submodule includes a
third group of FC layers and a fourth group of FC layers. The second sampling module is

configured to:

pass the first noise vector through the third group of FC layers to output a third

control vector;

pass the first noise vector through the fourth group of FC layers to output a fourth

control vector; and

perform, based on the third control vector and the fourth control vector, the noise
addition processing on the j™ upsampled picture representation vector, to obtain the j noise-added

picture representation vector.

[00217] As an optional solution, the determining module is configured to perform first
convolution processing on the simulated palmprint picture to obtain the initial picture representation

vector.

[00218] The determining module is configured to perform second convolution processing on

the Q™ noise-added picture representation vector to obtain the target palmprint picture.
[00219] As an optional solution, the apparatus further includes:

a first training unit, configured to perform a plurality of rounds of training on a to-

be-trained palmprint picture generator through a group of simulated palmprint sample pictures and a
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group of first real palmprint pictures, until a target loss value corresponding to the to-be-trained

palmprint picture generator satisfies a preset convergence condition; and

determine a palmprint picture generator at the end of training as the target palmprint

picture generator,

the to-be-trained palmprint picture generator performing a plurality of downsampling
operations and a plurality of upsampling operations on the simulated palmprint sample pictures in

sequence during the training, to generate a palmprint picture,

each of the downsampling operations during the training being configured for
performing downsampling processing on an inputted picture representation vector to obtain a
downsampled picture representation vector, and performing noise addition processing on the
downsampled picture representation vector through an intermediate noise vector, to obtain a noise-

added picture representation vector,

the picture representation vector inputted in a first downsampling operation during
the training being an initial picture representation vector of the simulated palmprint sample pictures,

and

the intermediate noise vector being a picture representation vector obtained by

encoding each of the first real palmprint pictures, or being a preset noise vector;

each of the upsampling operations during the training being configured for
performing upsampling processing on an inputted picture representation vector to obtain an
upsampled picture representation vector, and performing noise addition processing on the
upsampled picture representation vector through an intermediate noise vector, to obtain a noise-

added picture representation vector; and
the target loss value being a loss value determined at least based on a first loss value,

the first loss value being a loss value between a generated palmprint picture and the

first real palmprint picture, and

the intermediate noise vector being a picture representation vector obtained by

encoding the first real palmprint picture when the first loss value is determined.
[00220] As an optional solution, the first training unit includes:

a training module, configured to perform a k™ round of training on the to-be-trained
palmprint picture generator through the following operations, k being a positive integer greater than

or equal to 2:
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encoding the first real palmprint pictures used in the k™ round to obtain a picture

representation vector in the k™ round;

inputting the picture representation vector in the k™ round and the first simulated
palmprint sample pictures used in the k™ round into a palmprint picture generator obtained after a

(k=1)" round of training, to obtain a first palmprint picture generated in the k'™ round;

determining a first loss value in the k'™ round based on the first real palmprint

pictures used in the k'™ round and the first palmprint picture generated in the k™ round:;

determining a target loss value in the k™ round based on the first loss value in the k™

round;

adjusting a parameter in the palmprint picture generator obtained after the (k—1)™
round of training when the target loss value in the k™ round does not satisfy the convergence

condition, to obtain a palmprint picture generator obtained after the k™ round of training; and

ending the training when the target loss value in the k™ round satisfies the

convergence condition.

[00221] As an optional solution, the training module is further configured to: discriminate,
through a trained target discriminator, the first real palmprint pictures used in the k™ round and the
first palmprint picture generated in the k™ round, to obtain a first discrimination result in the k"
round; and determine a second loss value in the k' round based on the first discrimination result in

the k™ round.

[00222] The training module is further configured to determine the target loss value in the k'

round based on the first loss value in the k™ round and the second loss value in the k™ round.

[00223] As an optional solution, the training module is further configured to: input a noise
vector in the k™ round and the first simulated palmprint sample pictures used in the k'™ round into
the palmprint picture generator obtained after the (k=1)™ round of training to obtain a second
palmprint picture generated in the k'™ round; and determine a third loss value in the k™ round based
on the first palmprint picture generated in the k™ round and the second palmprint picture generated

in the k™ round.

[00224] The training module is further configured to determine the target loss value in the k™
round based on the first loss value in the k™ round, the second loss value in the k™ round, and the

third loss value in the k™ round.
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[00225] As an optional solution, the training module is further configured to determine a
fourth loss value in the k' round based on the noise vector in the k™ round and the picture

representation vector in the k™ round.

[00226] The training module is further configured to determine the target loss value in the k'™
round based on the first loss value in the k™ round, the second loss value in the k™ round, the third

loss value in the k'™ round, and the fourth loss value in the k™ round.

[00227] As an optional solution, the training module is further configured to: discriminate,
through the target discriminator, a second real palmprint picture used in the k™ round and the second
palmprint picture generated in the k™ round, to obtain a second discrimination result in the k™
round; and determine a fifth loss value in the k™ round based on the second discrimination result in

the k" round.

[00228] The training module is further configured to determine the target loss value in the k™
round based on the first loss value in the k™ round, the second loss value in the k™ round, the third
loss value in the k™ round, the fourth loss value in the k™ round, and the fifth loss value in the k™

round.
[00229] As an optional solution, the apparatus further includes:
a second training unit, configured to

train a to-be-trained palmprint picture matching model through a set of palmprint

pictures, to obtain a target palmprint picture matching model,

the set of palmprint pictures including the target palmprint picture and another
palmprint picture, the another palmprint picture being generated in the same manner as the target

palmprint picture; and

the target palmprint picture matching model being configured to match an inputted
group of palmprint pictures, the group of palmprint pictures including a to-be-confirmed palmprint

picture and a collected palmprint picture.
[00230] As an optional solution, the apparatus further includes:

a combining unit, configured to combine Bézier curves to obtain the simulated

palmprint curve, the curves of the target type including the Bézier curves; and

a generating unit, configured to generate the simulated palmprint picture including

the simulated palmprint curve.
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[00231] According to still another aspect of the embodiments of this application, an
electronic device for implementing the foregoing palmprint picture generation method is further
provided. The electronic device may be a terminal device or a server. In this embodiment, an
example in which the electronic device is a server is used for description. As shown in FIG. 22, the
electronic device includes a memory 2102 and a processor 2104. The memory 2102 has a computer
program stored therein. The processor 2104 is configured to perform the operations in any one of

the foregoing method embodiments through the computer program.

[00232] In some embodiments, the foregoing electronic device may be located in at least one

of a plurality of network devices in a computer network.

[00233] In some embodiments, the foregoing processor may be configured to perform the

following operations through the computer program.

[00234] S1: Obtain a simulated palmprint picture, the simulated palmprint picture including a

simulated palmprint curve obtained by combining curves of a target type.

[00235] S2: Input the simulated palmprint picture and a preset first noise vector into a trained
target palmprint picture generator, and perform a plurality of downsampling operations and a
plurality of upsampling operations on the simulated palmprint picture in sequence through the target

palmprint picture generator, to generate a target palmprint picture,

each of the downsampling operations being configured for performing
downsampling processing on an inputted picture representation vector to obtain a downsampled
picture representation vector, and performing noise addition processing on the downsampled picture
representation vector through the first noise vector, to obtain a noise-added picture representation
vector, the inputted picture representation vector in a first downsampling operation being an initial

picture representation vector of the simulated palmprint picture; and

each of the upsampling operations being configured for performing upsampling
processing on the inputted picture representation vector to obtain an upsampled picture
representation vector, and performing noise addition processing on the upsampled picture
representation vector through the first noise vector, to obtain a noise-added picture representation

vector.

[00236] In some embodiments, a person of ordinary skill in the art may understand that the
structure shown in FIG. 22 is merely an example. The electronic device may also be a terminal
device such as a smartphone (such as an Android mobile phone or an iOS mobile phone), a tablet

computer, a palm computer, a mobile Internet device (MID), or a PAD. A structure of the foregoing
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electronic device is not limited in FIG. 22. For example, the electronic device may further include
more or fewer components (for example, a network interface) than those shown in FIG. 22, or has a

configuration different from that shown in FIG. 22.

[00237] The memory 2102 may be configured to store a software program and a module, for
example, program instructions/modules corresponding to the palmprint picture generation method
and apparatus in the embodiments of this application, and the processor 2104 performs various
functional applications and data processing by running the software program and the module stored
in the memory 2102, so as to implement the foregoing palmprint picture generation method. The
memory 2102 may include a high-speed random memory, and may further include a non-volatile
memory, such as one or more magnetic storage apparatuses, a flash memory, or another non-volatile
solid-state memory. In some embodiments, the memory 2102 may further include memories
remotely arranged relative to the processor 2104, and the remote memories may be connected to a
terminal through a network. Examples of the foregoing network include, but are not limited to, the
Internet, an intranet, a local area network, a mobile communication network, and a combination
thereof. The memory 2102 may specifically be, but is not limited to, being configured to store
information such as a sample feature of an item and a target virtual resource account. In an example,
as shown in FIG. 22, the foregoing memory 2102 may include, but is not limited to, the obtaining
unit 2002 and the input unit 2004 in the foregoing palmprint picture generation apparatus. In
addition, the memory may further include, but is not limited to, another module unit in the

foregoing palmprint picture generation apparatus. Details are not described again in this example.

[00238] In some embodiments, a transmission apparatus 2106 is configured to receive or
transmit data through a network. A specific example of the foregoing network may include a wired
network and a wireless network. In an example, the transmission apparatus 2106 includes a network
interface controller (NIC), which may be connected to another network device and a router through
a network cable to communicate with the Internet or a local area network. In an example, the
transmission apparatus 2106 is a radio frequency (RF) module, which is configured to communicate

with the Internet in a wireless manner.

[00239] In addition, the foregoing electronic device further includes: a display 2108,
configured to display the foregoing to-be-processed order information; and a connection bus 2110,

configured to connect various module components in the foregoing electronic device.

[00240] In another embodiment, the foregoing terminal device or the server may be a node in
a distributed system. The distributed system may be a blockchain system. The blockchain system

may be a distributed system formed through connection of a plurality of nodes in the form of
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network communication. A peer-to-peer (P2P) network may be formed between the nodes. Any
form of computing device, such as an electronic device including a server and a terminal, may

become a node in the blockchain system by joining the P2P network.

[00241] According to an aspect of this application, a computer program product is provided,
the computer program product including a computer program/instruction, the computer
program/instruction including program code for performing the method shown in the flowchart. In
such an embodiment, the computer program may be downloaded and installed from a network
through a communication part 2209, and/or installed from a removable medium 2211. When the
computer program is executed by a central processing unit (CPU) 2201, various functions provided

in the embodiments of this application are executed.

[00242] The sequence numbers of the foregoing embodiments of this application are merely

for description, and do not represent the preference of the embodiments.

[00243] FIG. 23 is a structural block diagram schematically showing a computer system of an

electronic device for implementing an embodiment of this application.

[00244] A computer system 2200 of the electronic device shown in FIG. 23 is merely an
example, and does not constitute any limitation on functions and a range of application of the

embodiments of this application.

[00245] As shown in FIG. 23, the computer system 2200 includes a CPU 2201, which may

perform various suitable actions and processing based on a program stored in a read-only memory
(ROM) 2202 or a program loaded from a storage part 2208 into a random access memory (RAM)

2203. The RAM 2203 further has various programs and data required for system operation stored

therein. The CPU 2201, the ROM 2202, and the RAM 2203 are connected to each other through a
bus 2204. An input/output interface (I/O interface) 2205 is also connected to the bus 2204.

[00246] The following components are connected to the I/O interface 2205: an input part
2206 including a keyboard, a mouse, or the like; an output part 2207 including a cathode ray tube
(CRT), a liquid crystal display (LCD), a speaker, or the like; the storage part 2208 including a hard
disk, or the like; and a communication part 2209 including a network interface card such as a local
area network (LAN) card and a modem. The communication part 2209 performs communication
through a network such as the Internet. A drive 2210 is also connected to the I/O interface 2205 as
required. A removable medium 2211 such as a magnetic disk, an optical disk, a magneto-optical
disk, or a semiconductor memory is installed on the drive 2210 as required, so that a computer

program read from the removable medium is installed into the storage part 2208 as required.
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[00247] Particularly, according to the embodiments of this application, the process described
in each method flowchart may be implemented as a computer software program. For example, this
embodiment of this application includes a computer program product, the computer program
product including a computer program carried on a computer-readable medium, the computer
program including program code for performing the methods shown in the flowcharts. In such an
embodiment, the computer program may be downloaded and installed from a network through a
communication part 2209, and/or installed from a removable medium 2211. When the computer
program is executed by the CPU 2201, various functions defined in the system of this application

are executed.

[00248] According to an aspect of this application, a computer-readable storage medium is
provided. A processor of a computer device reads a computer instruction from the computer-
readable storage medium. The processor executes the computer instruction, causing the computer

device to perform the method provided in the foregoing various optional implementations.

[00249] In some embodiments, a person of ordinary skill in the art may understand that all or
some operations of the various methods in the foregoing embodiments may be performed by
instructing related hardware of a terminal device through a program. The program may be stored in
a computer-readable storage medium. The storage medium may include: a flash drive, a ROM, a

RAM, a magnetic disk, an optical disk, or the like.

[00250] When the integrated unit in the foregoing embodiment is implemented in the form of
a software function unit and sold or used as an independent product, the integrated unit may be
stored in the foregoing computer-readable storage medium. Based on such an understanding, the
technical solutions of this application essentially, or the part contributing to the prior art, or all or a
part 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 enabling one or
more computer devices (which may be a personal computer, a server, a network device, or the like)
to perform all or a part of the operations of the method described in the embodiments of this

application.

[00251] In the foregoing embodiments of this application, the descriptions of the
embodiments have respective emphasis. For a part not described in detail in an embodiment,

reference may be made to related descriptions of other embodiments.

[00252] In the several embodiments provided in this application, the disclosed client may be
implemented in another manner. The apparatus embodiment described above is merely an example.

For example, division of the units is merely division of logical functions, and may be another
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division during actual implementation. For example, a plurality of units or components may be
combined or may be integrated into another system, or some features may be ignored or not
performed. In addition, the displayed or discussed mutual coupling or direct coupling or
communication connection may be implemented through some interfaces. The indirect coupling or
communication connection between the units or modules may be implemented in electrical or other

forms.

[00253] 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 on a plurality of network units. Some or all of the units may be selected

based on an actual need to achieve the objectives of the solutions of the embodiments.

[00254] In addition, the functional units in the embodiments of this application may be
integrated into one processing unit, or each of the units may exist alone physically, or two or more
units may be integrated into one unit. The integrated unit may be implemented in a form of

hardware, or may be implemented in a form of a software functional unit.

[00255] The foregoing descriptions are merely preferred implementations of this application.
A person of ordinary skill in the art may further make several improvements and modifications
without departing from the principle of this application, and these improvements and modifications

also fall within the protection scope of this application.
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CLAIMS

What is claimed is:

1. A palmprint picture generation method, performed by an electronic device, the method

comprising:

obtaining a simulated palmprint picture, the simulated palmprint picture comprising a

simulated palmprint curve obtained by combining curves of a target type;

inputting the simulated palmprint picture and a preset first noise vector into a trained target
palmprint picture generator, and performing a plurality of downsampling operations and a plurality
of upsampling operations on the simulated palmprint picture in sequence through the target

palmprint picture generator, to generate a target palmprint picture,

each of the downsampling operations being configured for performing downsampling
processing on an inputted picture representation vector to obtain a downsampled picture
representation vector, and performing noise addition processing on the downsampled picture
representation vector through the first noise vector, to obtain a noise-added picture representation
vector, the inputted picture representation vector in a first downsampling operation being an initial

picture representation vector of the simulated palmprint picture; and

each of the upsampling operations being configured for performing upsampling
processing on the inputted picture representation vector to obtain an upsampled picture
representation vector, and performing noise addition processing on the upsampled picture
representation vector through the first noise vector, to obtain a noise-added picture representation

vector.

2. The method according to claim 1, wherein the target palmprint picture generator comprises
P downsampling modules and Q upsampling modules, P and Q being positive integers, and the
inputting the simulated palmprint picture and a preset first noise vector into a trained target
palmprint picture generator, and performing a plurality of downsampling operations and a plurality
of upsampling operations on the simulated palmprint picture in sequence through the target

palmprint picture generator, to generate a target palmprint picture comprise:
determining the initial picture representation vector based on the simulated palmprint picture;

performing the downsampling operation on the initial picture representation vector through the
P downsampling modules in sequence, to obtain a P noise-added picture representation vector,
each of the P downsampling modules comprising a downsampling submodule and a first conditional

generation submodule,
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the downsampling submodule being configured to perform the downsampling processing
on the inputted picture representation vector, to obtain a downsampled picture representation vector,

and

the first conditional generation submodule being configured to perform noise addition
processing on the downsampled picture representation vector through the first noise vector, to

obtain a noise-added picture representation vector;

performing the upsampling operation on the P! noise-added picture representation vector
through the Q upsampling modules in sequence, to obtain a Q" noise-added picture representation
vector, each of the Q upsampling modules comprising an upsampling submodule and a second

conditional generation submodule,

the upsampling submodule being configured to perform the upsampling processing on the

inputted picture representation vector to obtain an upsampled picture representation vector, and

the second conditional generation submodule being configured to perform the noise
addition processing on the upsampled picture representation vector through the first noise vector, to

obtain a noise-added picture representation vector; and

generating the target palmprint picture based on the Q™" noise-added picture representation

vector.

3. The method according to claim 2, wherein the performing the downsampling operation on
the initial picture representation vector through the P downsampling modules in sequence, to obtain

a P noise-added picture representation vector comprises:

obtaining an i noise-added picture representation vector through the following operations, i

being a positive integer greater than or equal to 1 and less than or equal to P;

performing, through the downsampling submodule in an i downsampling module, the
downsampling processing on the picture representation vector inputted into the i" downsampling

module, to obtain an i downsampled picture representation vector; and

performing, through the first conditional generation submodule in the i downsampling
module, the noise addition processing on the i downsampled picture representation vector by using

h

the first noise vector, to obtain an i noise-added picture representation vector.

4. The method according to claim 3, wherein the first conditional generation submodule
comprises a first group of fully connected (FC) layers and a second group of FC layers, and the

performing, through the first conditional generation submodule in the i downsampling module, the
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noise addition processing on the i'" downsampled picture representation vector by using the first

h

noise vector, to obtain an i noise-added picture representation vector comprises:

passing the first noise vector through the first group of FC layers to output a first control

vector;

passing the first noise vector through the second group of FC layers to output a second control

vector; and

performing, based on the first control vector and the second control vector, the noise addition
processing on the i" downsampled picture representation vector, to obtain the i noise-added picture

representation vector.

5. The method according to claim 2, wherein the performing the upsampling operation on the
P noise-added picture representation vector through the Q upsampling modules in sequence, to

obtain a Q" noise-added picture representation vector comprises:

obtaining a j'" noise-added picture representation vector through the following operations, j

being a positive integer greater than or equal to 1 and less than or equal to Q;

performing, through the upsampling submodule in a j upsampling module, the
upsampling processing on the picture representation vector inputted into the j™ upsampling module,

to obtain a j™ upsampled picture representation vector; and

performing, through the second conditional generation submodule in the j® upsampling
module, the noise addition processing on the j" upsampled picture representation vector by using

the first noise vector, to obtain a j™ noise-added picture representation vector.

6. The method according to claim 5, wherein the second conditional generation submodule
comprises a third group of FC layers and a fourth group of FC layers, and the performing, through
the upsampling submodule in a j upsampling module, the upsampling processing on the picture
representation vector inputted into the j™ upsampling module, to obtain a j" upsampled picture

representation vector comprises:

passing the first noise vector through the third group of FC layers to output a third control

vector;

passing the first noise vector through the fourth group of FC layers to output a fourth control

vector; and

performing, based on the third control vector and the fourth control vector, the noise addition

processing on the j upsampled picture representation vector, to obtain the j" noise-added picture
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representation vector.

7. The method according to claim 2, wherein the determining the initial picture representation

vector based on the simulated palmprint picture comprises:

performing first convolution processing on the simulated palmprint picture to obtain the initial

picture representation vector; and

the generating the target palmprint picture based on the Q™ noise-added picture representation

vector comprises:

performing second convolution processing on the Q" noise-added picture representation vector

to obtain the target palmprint picture.
8. The method according to any one of claims 1 to 7, further comprising:

performing a plurality of rounds of training on a to-be-trained palmprint picture generator
through a group of simulated palmprint sample pictures and a group of first real palmprint pictures,
until a target loss value corresponding to the to-be-trained palmprint picture generator satisfies a

preset convergence condition; and

determining a palmprint picture generator at the end of training as the target palmprint picture

generator,

the to-be-trained palmprint picture generator performing a plurality of downsampling
operations and a plurality of upsampling operations on the simulated palmprint sample pictures in

sequence during the training, to generate a palmprint picture,

each of the downsampling operations during the training being configured for performing
downsampling processing on an inputted picture representation vector to obtain a downsampled
picture representation vector, and performing noise addition processing on the downsampled picture
representation vector through an intermediate noise vector, to obtain a noise-added picture

representation vector,

the picture representation vector inputted in a first downsampling operation during the
training being an initial picture representation vector of the simulated palmprint sample pictures,

and

the intermediate noise vector being a picture representation vector obtained by

encoding each of the first real palmprint pictures, or being a preset noise vector;

each of the upsampling operations during the training being configured for performing
upsampling processing on an inputted picture representation vector to obtain an upsampled picture
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representation vector, and performing noise addition processing on the upsampled picture
representation vector through an intermediate noise vector, to obtain a noise-added picture

representation vector; and
the target loss value being a loss value determined at least based on a first loss value,

the first loss value being a loss value between a generated palmprint picture and the first

real palmprint picture, and

the intermediate noise vector being a picture representation vector obtained by encoding

the first real palmprint picture when the first loss value is determined.

9. The method according to claim 8, wherein the performing a plurality of rounds of training
on a to-be-trained palmprint picture generator through a group of simulated palmprint sample

pictures and a group of first real palmprint pictures comprises:

performing a k™ round of training on the to-be-trained palmprint picture generator through the

following operations, k being a positive integer greater than or equal to 2:

encoding the first real palmprint pictures used in the k™ round to obtain a picture

representation vector in the k" round;

inputting the picture representation vector in the k™ round and the first simulated
palmprint sample pictures used in the k™ round into a palmprint picture generator obtained after a

(k—=1)™ round of training, to obtain a first palmprint picture generated in the k™ round;

determining a first loss value in the k'™ round based on the first real palmprint pictures

used in the k'™ round and the first palmprint picture generated in the k™ round;

determining a target loss value in the k™ round based on the first loss value in the k'

round;

adjusting a parameter in the palmprint picture generator obtained after the (k—1)" round of
training when the target loss value in the k'™ round does not satisfy the convergence condition, to

obtain a palmprint picture generator obtained after the k'™ round of training; and

ending the training when the target loss value in the k" round satisfies the convergence

condition.
10. The method according to claim 9, further comprising:

discriminating, through a trained target discriminator, the first real palmprint pictures used in

the k™ round and the first palmprint picture generated in the k™ round, to obtain a first
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discrimination result in the k'™ round; and

determining a second loss value in the k™ round based on the first discrimination result in the

k™ round; and

the determining a target loss value in the k™ round based on the first loss value in the k™ round

comprises:

determining the target loss value in the k™ round based on the first loss value in the k™ round

and the second loss value in the k™ round.
11. The method according to claim 10, further comprising:

inputting a noise vector in the k™ round and the first simulated palmprint sample pictures used
in the k™ round into the palmprint picture generator obtained after the (k—1)" round of training, to

obtain a second palmprint picture generated in the k™ round; and

determining a third loss value in the k' round based on the first palmprint picture generated in

the k'™ round and the second palmprint picture generated in the k™ round; and

the determining the target loss value in the k'™ round based on the first loss value in the k™

round and the second loss value in the k™ round comprises:

determining the target loss value in the k™ round based on the first loss value in the k™ round,

the second loss value in the k™ round, and the third loss value in the k™ round.
12. The method according to claim 11, further comprising:

determining a fourth loss value in the k™ round based on the noise vector in the k™ round and

the picture representation vector in the k™ round; and

the determining the target loss value in the k™ round based on the first loss value in the k™

round, the second loss value in the k™ round, and the third loss value in the k'™ round comprises:

determining the target loss value in the k™ round based on the first loss value in the k™ round,
the second loss value in the k™ round, the third loss value in the k™ round, and the fourth loss value

in the k™ round.
13. The method according to claim 12, further comprising:

discriminating, through the target discriminator, a second real palmprint picture used in the k™
round and the second palmprint picture generated in the k™ round, to obtain a second discrimination
result in the k™ round; and

determining a fifth loss value in the k' round based on the second discrimination result in the
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k™ round; and

the determining the target loss value in the k™ round based on the first loss value in the k™
round, the second loss value in the k™ round, the third loss value in the k™ round, and the fourth loss

value in the k" round comprises:

determining the target loss value in the k™ round based on the first loss value in the k™ round,
the second loss value in the k™ round, the third loss value in the k™ round, the fourth loss value in

the k™ round, and the fifth loss value in the k™ round.
14. The method according to any one of claims 1 to 7, further comprising:

training a to-be-trained palmprint picture matching model through a set of palmprint pictures,

to obtain a target palmprint picture matching model,

the set of palmprint pictures comprising the target palmprint picture and another
palmprint picture, the another palmprint picture being generated in the same manner as the target

palmprint picture; and

the target palmprint picture matching model being configured to match an inputted group
of palmprint pictures, the group of palmprint pictures comprising a to-be-confirmed palmprint

picture and a collected palmprint picture.
15. The method according to any one of claims 1 to 7, further comprising:

combining Bézier curves to obtain the simulated palmprint curve, the curves of the target type

comprising the Bézier curves; and
generating the simulated palmprint picture comprising the simulated palmprint curve.
16. A palmprint picture generation apparatus, comprising:

an obtaining unit, configured to obtain a simulated palmprint picture, the simulated palmprint

picture comprising a simulated palmprint curve obtained by combining curves of a target type;

an input unit, configured to input the simulated palmprint picture and a preset first noise vector
into a trained target palmprint picture generator, and perform a plurality of downsampling
operations and a plurality of upsampling operations on the simulated palmprint picture in sequence

through the target palmprint picture generator, to generate a target palmprint picture,

each of the downsampling operations being configured for performing downsampling
processing on an inputted picture representation vector to obtain a downsampled picture

representation vector, and performing noise addition processing on the downsampled picture
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representation vector through the first noise vector, to obtain a noise-added picture representation
vector, the inputted picture representation vector in a first downsampling operation being an initial

picture representation vector of the simulated palmprint picture; and

each of the upsampling operations being configured for performing upsampling processing on
the inputted picture representation vector to obtain an upsampled picture representation vector, and
performing noise addition processing on the upsampled picture representation vector through the

first noise vector, to obtain a noise-added picture representation vector.

17. A computer-readable storage medium, comprising a stored program, the program, when

being run, performing the method according to any one of claims 1 to 15.

18. A computer program product, comprising a computer program/instruction, the computer
program/instruction, when executed by a processor, implementing the operations of the method

according to any one of claims 1 to 15.

19. An electronic device, comprising a memory and a processor, the memory having a
computer program stored therein, and the processor being configured to perform the method

according to any one of claims 1 to 15 through the computer program.
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