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PALMPRINT IMAGE GENERATION METHOD AND 

APPARATUS, DEVICE, STORAGE MEDIUM, AND PROGRAM 

PRODUCT 

RELATED APPLICATION 

[0001] This disclosure claims priority to Chinese Patent Application No. 202311546177.7, 

filed with the China National Intellectual Property Administration on November 17, 2023 and 

entitled "PALM PRINT IMAGE GENERATION METHOD AND APPARATUS, DEVICE, AND 

STORAGE MEDIUM". 

FIELD OF THE TECHNOLOGY 

[0002] This disclosure relates to the field of artificial intelligence, and more specifically, to 

a palm print image generation method and apparatus, a device, a storage medium, and a program 

product. 

BACKGROUND OF THE DISCLOSURE 

[0003] In the field of palm print recognition, a large-scale palm print data set that can be 

used for training and evaluation is very limited. Consequently, this case severely hinders 

development and performance improvement of a palm print recognition technology. A palm print 

refers to a skin texture in a palm of a human, has uniqueness and stability, and may be used for 

individual identification, identity authentication, and the like. However, because it is complex and 

time-consuming to obtain and mark palm print data for model training, a quantity of available palm 

print data sets is limited, especially a large-scale data set. 

[0004] In fields such as deep learning, a data volume may affect training and performance of 

a model. The large-scale data set may provide more samples and variations, which helps the model 

to learn and generalize better. However, due to a lack of the large-scale palm print data set, 

performance of a deep learning method in palm print recognition may be limited. 

[0005] Although a scarcity of the large-scale palm print data set is a challenge, user privacy 

would still be protected when the large-scale palm print data set is collected. The palm print is a part 

of personal physical features, and has sensitivity and privacy. Therefore, when the palm print data is 

collected and used,  proper security measures may be used to protect the user privacy. 
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[0006] Therefore, an efficient palm print image generation method is needed, so that 

diversified and vivid palm print images can be generated, and user privacy is protected. 

SUMMARY 

[0007] To address the foregoing issues, in this disclosure, a new palm crease energy (PCE) 

domain is introduced. First, a set of Bezier curves is converted to the palm crease energy domain, to 

generate a palm crease energy image with a set of vivid creases, and then a simulated palm print 

image having vivid textures is generated based on the palm crease energy image, thereby enabling 

the generation of diversified and vivid palm print images. 

[0008] Embodiments of this disclosure provide a palm print image generation method and 

apparatus, a device, a storage medium, and a program product. 

[0009] According to an aspect, an embodiment of this disclosure provides a palm print 

image generation method, performed by an electronic device, and the method includes: 

[0010] determining a plurality of control points based on a pre-determined palm print curve 

template, and generating a Bezier curve based on the plurality of control points; 

[0011] generating a palm crease energy image having crease information based on the 

Bezier curve, the palm crease energy image including a palm crease having the same line 

distribution as the Bezier curve but a different line shape, and the line shape being configured for 

describing the crease information and corresponding to line orientation energy of each pixel on the 

palm crease; and 

[0012] generating a simulated palm print image having texture detail data based on the palm 

crease energy image. 

[0013] According to another aspect, an embodiment of this disclosure provides a palm print 

image generation apparatus, and the apparatus includes: 

[0014] a curve generation module, configured to determine a plurality of control points 

based on a pre-determined palm print curve template, and generate a Bezier curve based on the 

plurality of control points; 

[0015] a crease generation module, configured to generate a palm crease energy image 

having crease information based on the Bezier curve, the palm crease energy image including a 

palm crease having the same line distribution as the Bezier curve but a different line shape, and the 

line shape being configured for describing the crease information and corresponding to line 

orientation energy of each pixel on the palm crease; and 
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[0016] a texture generation module, configured to generate a simulated palm print image 

having texture detail data based on the palm crease energy image. 

[0017] According to another aspect, an embodiment of this disclosure provides an electronic 

device, including: at least one processors; and at least one memories, the at least one memories 

having a computer-executable program stored therein, and the computer-executable program, when 

executed by the at least one processors, performing the palm print image generation method 

described above. 

[0018] According to another aspect, an embodiment of this disclosure provides a computer-

readable storage medium, having computer-executable instructions stored therein, the instructions, 

when executed by a processor, being configured to implement the palm print image generation 

method described above. 

[0019] According to another aspect, an embodiment of this disclosure provides a computer 

program product or a computer program, the computer program product or the computer program 

including computer instructions, and the computer instructions being stored in a computer-readable 

storage medium. A processor of the computer device reads the computer instructions from the 

computer-readable storage medium, and the processor executes the computer instructions, so that 

the computer device performs the palm print image generation method according to the 

embodiments of this disclosure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 is a schematic diagram showing a significant difference between a Bezier 

curve and a real palm print in crease distribution and texture. 

[0021] FIG. 2 is a flowchart of a palm print image generation method according to an 

embodiment of this disclosure. 

[0022] FIG. 3 is a schematic diagram of a palm print image generation system according to 

an embodiment of this disclosure. 

[0023] FIG. 4A is a schematic diagram of an example of a palm print curve template 

according to an embodiment of this disclosure. 

[0024] FIG. 4B is a schematic diagram of comparison between a Gaussian-MFRAT core 

and an MFRAT filter according to an embodiment of this disclosure. 

[0025] FIG. 5 is a schematic diagram of field conversion at jointly training according to an 

embodiment of this disclosure. 
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[0026] FIG. 6 is a schematic diagram of a first generation stage at jointly training according 

to an embodiment of this disclosure. 

[0027] FIG. 7 is a schematic diagram of a palm crease energy extractor according to an 

embodiment of this disclosure. 

[0028] FIG. 8 is a schematic diagram of a second generation stage at jointly training 

according to an embodiment of this disclosure. 

[0029] FIG. 9 is a comparison diagram of palm print generation results by using different 

palm print generation methods according to an embodiment of this disclosure. 

[0030] FIG. 10 is a diagram of a result of validity verification for a line feature enhancement 

block according to an embodiment of this disclosure. 

[0031] FIG. 11 is a schematic diagram of a palm print image generation apparatus according 

to an embodiment of this disclosure. 

[0032] FIG. 12 is a schematic diagram of an electronic device according to an embodiment 

of this disclosure. 

[0033] FIG. 13 is a schematic diagram of an architecture of an exemplary computing device 

according to an embodiment of this disclosure. 

DESCRIPTION OF EMBODIMENTS 

[0034] To make objectives, technical solutions, and advantages of this disclosure more 

obvious, exemplary embodiments according to this disclosure are described in detail below with 

reference to the accompanying drawings. Apparently, the described embodiments are merely some 

but not all of the embodiments of this disclosure. This disclosure is not limited to the exemplary 

embodiments described herein. 

[0035] In this specification and the accompanying drawings, operations and elements that 

are basically the same or similar are represented by using the same or similar reference signs, and 

repeated descriptions of these operations and elements are omitted. In addition, in the descriptions 

of this disclosure, the terms such as "first" and "second" are only configured to distinguish 

descriptions, and cannot be understood as indicating or implying relative importance or ranking. 

[0036] Unless otherwise defined, meanings of all technical and scientific terms used in this 

specification are the same as those usually understood by a person skilled in the art to which this 

disclosure belongs. Terms used in this specification are merely intended to describe objectives of 

the embodiments of the present disclosure, but are not intended to limit the present disclosure. 
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[0037] For ease of describing this disclosure, concepts related to this disclosure are 

described below. 

[0038] A palm print image generation method in this disclosure may be implemented based 

on artificial intelligence (AI). The artificial intelligence uses a digital computer or a machine 

controlled by a digital computer to simulate, elongate, and extend human intelligence, so that the 

machine has functions of perception, reasoning, and decision. Specifically, in this embodiment of 

this disclosure, the artificial intelligence researches design principles and implementation methods 

of various intelligent machines, causing the palm print image generation method in this disclosure 

to implement the following function: generating a simulated palm print image with a set vivid 

creases and a set of vivid textures based on control points determined from a palm print curve 

template. 

[0039] The palm print image generation method in this disclosure may further be 

implemented based on a computer vision (CV) technology. The computer vision technology can 

obtain information from an image or multi-dimensional data. Specifically, in the palm print image 

generation method in this disclosure, a palm crease energy image having a style close to a style of a 

real palm print may be generated from a set of Bezier curves by using the CV technology, and then 

a palm print image having diversified texture information is generated based on the palm crease 

energy image, to output diversified palm print images, to be used, for example, in a pre-training 

process of a palm print recognition model. 

[0040] The palm print image generation method in this disclosure may be implemented 

based on the set of Bezier curves. The set of Bezier curves is configured for describing a set of 

smooth curves. In this embodiment of this disclosure, the set of Bezier curves may be applied to 

drawing of a set of palm creases. A feature of a Bezier curve is that a shape of the curve may be 

controlled through the control points. Therefore, a bending degree of a palm crease and the shape of 

the corresponding curve may be adjusted through the control points. Specifically, the palm may be 

divided into several segments, each segment is described by using corresponding Bezier curves, and 

palm creases of different shapes may be obtained by adjusting positions and a quantity of the 

control points. 

[0041] In conclusion, the solutions provided in the embodiments of this disclosure relate to 

technologies such as artificial intelligence and computer vision. The following further describes the 

embodiments of this disclosure with reference to the accompanying drawings. 

[0042] FIG. 1 is a schematic diagram showing a significant difference between a set of 

Bezier curves and a real palm print in crease distribution and texture. 
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[0043] As a stable and privacy-friendly biometric feature recognition technology, a palm 

print has recently shown a great potential in recognition application. In recent years, a deep learning 

based-palm print recognition method becomes a mainstream palm print recognition technology. 

According to the deep learning-based palm print recognition method, a neural network is trained to 

extract a feature of the palm print having improved classification or pairing loss. However, a main 

difficulty in research and application of the deep learning-based palm print recognition method lies 

in a scarcity of a large-scale palm print data set, and collecting the large-scale palm print data set 

may cause a risk of violating user privacy. To overcome this problem, currently, researchers may 

generate simulated palm print data through some data synthesis technologies, to expand a data set. 

[0044] Currently, some palm print generation methods are applied to generate a pseudo 

palm print sample in the field of palm print recognition. For example, in a Bezier palm print 

generation method, a set of pseudo palm creases are synthesized by using a parameterized Bezier 

curve. However, as shown in FIG. 1, a Bezier palm print, shown by Bezier curve 101 including a set 

of Bezier curves, generated through the Bezier palm print generation method significantly differs 

from a real palm print image 102 in crease and texture, and cannot reflect crease distribution of the 

real palm print, nor can present various detailed textures in the real palm print. Therefore, the Bezier 

palm print still needs a specific amount of real palm print data for fine adjustment. 

[0045] In addition, when sample data is limited, a generative adversarial network (GAN)-

based model usually faces with challenges of overfitting of a discriminator and unbalance between a 

discrete data space and continuous hidden distribution. These problems lead to reduced fidelity and 

an unstable training process. 

[0046] In addition, some methods using few samples, such as data enhancement, 

regularization, and transfer learning, lack identity controllability during generation of the palm 

print. 

[0047] Based on this, an embodiment of this disclosure provides a method of using an 

intermediate domain connecting a Bezier palm print domain and a real palm print image domain, 

where a new palm crease energy (PCE) domain is introduced as the intermediate domain. First, the 

set of Bezier curves is converted to the palm crease energy domain, to generate a palm crease 

energy image (PCE image for short) having vivid creases, and then a simulated palm print image 

having a set of vivid textures is generated based on the palm crease energy image, thereby obtaining 

diversified and vivid palm print images. 

[0048] As shown in FIG. 1, a PCE image 103, as a middle state close to the real palm print, 

has crease consistency with the set of Bezier curves (or referred to as Bezier curve 101), that is, line 
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distribution of a set of creases (that is, the set of palm creases) of the PCE image 103 is consistent 

with the Bezier curve 101, and has appearance similarity with a real palm print image 102, that is, 

an appearance of a set of palm creases of the PCE image 103 is consistent with an appearance of a 

set of real palm creases. 

[0049] In the method provided in this embodiment of this disclosure, compared with a 

conventional palm print generation method, a Bezier-Real difference is decomposed into a crease 

difference and a texture difference, thereby reducing generation difficulty. Specifically, the palm 

crease energy domain is introduced to decouple generation of the crease and the texture of the palm 

print, so that the Bezier curve of the Bezier palm print domain is converted to the palm crease 

energy image of the palm crease energy domain, to generate a vivid crease, and the palm crease 

energy image of the palm crease energy domain is converted into the palm print image of the palm 

print image domain, to generate a vivid texture, thereby reducing difficulty in generating the 

simulated palm print image from the Bezier curve, and generating diversified simulated palm print 

images. 

[0050] In the method provided in this embodiment of this disclosure, the Bezier curve is 

generated by using control points determined from a pre-determined palm print curve template, and 

the Bezier curve is converted to a palm crease energy image having crease information, the crease 

information including a palm crease having the same line distribution as the Bezier curve but a 

different line shape, and the line shape being determined by a line energy feature of each pixel. 

Then, a palm print image having texture information is further generated based on the palm crease 

energy image having the crease information, and the palm crease of the palm print image is 

consistent with the crease information of the palm crease energy image, thereby reducing difficulty 

in generating the simulated palm print image from the set of Bezier curves, and generating 

diversified simulated palm print images. 

[0051] In the method provided in this embodiment of this disclosure, the set of Bezier 

curves is generated by using control points determined from a pre-determined palm print curve 

template, and the set of Bezier curves is converted to a palm crease energy image having crease 

information, the crease information including a set of palm creases having the same line distribution 

as the set of Bezier curves and different line shapes (e.g., different line stroke properties). In some 

examples, the line shapes (e.g., line stroke properties) may be determined by a line energy feature of 

each pixel. Then, a palm print image having texture information is further generated based on the 

palm crease energy image having the crease information, and the set of palm creases of the palm 
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print image is consistent with the crease information of the palm crease energy image, thereby 

generating a simulated palm print image having a set of vivid creases and vivid textures. 

[0052] FIG. 2 is a flowchart of a palm print image generation method 200 according to an 

embodiment of this disclosure. FIG. 3 is a schematic diagram of a palm print image generation 

system according to an embodiment of this disclosure. 

[0053] As shown in FIG. 3, in this embodiment of this disclosure, the palm print image 

generation system may include a first generation stage 310 related to a first generator 304, and a 

second generation stage 320 related to a second generator 307. The first generation stage 310 and 

the second generation stage 320 use a PCE image 305 of a PCE domain as a connection. 

[0054] At the first generation stage 310, a Bezier palm print generator 302 generates a set of 

Bezier curves (also referred to as Bezier curve 303) based on control points 301, and the first 

generator 304 generates the PCE image 305 based on the Bezier curve 303. 

[0055] At the second generation stage 320, the second generator 307 generates a simulated 

palm print image 308 based on the PCE image 305 and a control vector 306. The following 

describes the generation process in detail with reference to FIG. 2 to FIG. 4A. 

[0056] First, as shown in FIG. 2, operation S201: Determine a plurality of control points 

based on a pre-determined palm print curve template, and generate a set of Bezier curves based on 

the plurality of control points. 

[0057] In some embodiments, because the set of Bezier curves is a set of curves generated 

based on the plurality of control points, in this embodiment of this disclosure, the palm print image 

generation method may use prior knowledge obtained from a human skin texture to improve a 

control point generation mechanism, for example, improve the palm print curve template configured 

to generate the control points. 

[0058] According to this embodiment of this disclosure, the palm print curve template may 

be pre-determined based on statistics obtained from a set of real palm creases of a human. Because 

diversity and individual differences of real palm prints of humans are both considered, the 

determined palm print curve template is more representative. Therefore, a generation range of the 

control points determined based on the palm print curve template is more accurate, so that a set of 

Bezier curves closer to distribution of a set of real palm creases may be generated. 

[0059] FIG. 4A is a schematic diagram of an example of a palm print curve template 

according to an embodiment of this disclosure. As shown in FIG. 4A, five examples of the palm 

print curve templates obtained based on statistics obtained from a set of real palm creases of a 
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human are provided, and respectively correspond to five most representative human palm crease 

distributions. In the five examples of the palm print curve templates, each example of the palm print 

curve template provides a generation range for control points, as shown by a dashed-line box. 

Different examples of the palm print curve templates may have different quantities of palm creases, 

and therefore may be determined by using different quantities of generation ranges and control 

points. 

[0060] The examples of the palm print curve templates in FIG. 4A are not used as 

limitations to the palm print curve template configured to generate the control points in this 

disclosure. Various other palm print curve templates may alternatively be used in this disclosure. 

[0061] According to this embodiment of this disclosure, the determining a plurality of 

control points based on a pre-determined palm print curve template may include: 

[0062] generating, based on the palm print curve template, regions for the plurality of 

control points, each region having its range; and 

[0063] sampling the regions to obtain the plurality of control points, a control point being a 

sampled pixel within the range of the regions. 

[0064] For example, a sampling method may include a method such as random sampling, to 

add randomness and an individual difference while retaining a shape and a style of the palm print, 

so that generated palm print images are more real and diversified. Other sampling methods may 

alternatively be used to achieve different data generation effects. This is not limited in this 

disclosure. 

[0065] Therefore, the palm print curve template is generated based on statistics obtained 

based on a set of real palm creases of a human, and these palm print curve templates can provide a 

more accurate generation range of the control points, so that the set of Bezier curves generated 

based on these control points is closer to distribution of a real crease, thereby reducing a difference 

between the generated palm print and the real palm print. 

[0066] Next, operation S202: Generate a palm crease energy image having crease 

information based on the set of Bezier curves, the palm crease energy image including a set of palm 

creases having a same line distribution as the set of Bezier curves but a different line shape, and the 

line shape being configured for describing the crease information and corresponding to line 

orientation energy of each pixel on the set of palm creases. For example, feature extraction is 

performed by processing circuitry on the set of Bezier curves, to obtain a feature map of the set of 

Bezier curves. A palm crease energy image that includes a set of palm creases is generated based on 
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the feature map. In some examples, the set of palm creases has a line distribution corresponding to a 

line distribution of the set of Bezier curves, and has a line shape (or line stroke properties) 

corresponding to line orientation energy of each pixel on the set of palm creases. 

[0067] In some embodiments, as shown in FIG. 3, at the first generation stage 

corresponding to operation S202, the Bezier curve 303 may be converted to the PCE domain, to 

generate the PCE image (that is, the palm crease energy image) 305. Both the Bezier curve 303 and 

the PCE image 305 are line-based binary images. An objective of the first generation stage is to 

convert a curve line into the Bezier palm print image into a PCE image having a set of creases (that 

is, the set of palm creases) closer to a real palm print of a human. 

[0068] The set of creases (that is, the set of palm creases) may refer to a deep, shallow, 

raised, or recessed line in the set of palm creases, is usually formed because of folding and bending 

of the skin, is configured for describing an entire shape of the palm print, for example, a main 

texture and a curved edge of the palm, and plays a role of dividing and defining different regions in 

the palm print. The shape (e.g., line stroke properties) and distribution of the set of palm creases 

may be used in a field such as individual identity identification. 

[0069] Therefore, compared with the set of Bezier curves, the PCE image may include a set 

of palm creases with same line distribution (that is, positions and directions of main textures of the 

palm print are the same), but the set of palm creases in the PCE image have different line shapes 

(for example, lines with different thicknesses and depths), to simulate a crease of a real palm print 

of a human. 

[0070] In some embodiments, different line shapes used on the set of palm creases may 

depend on a line energy feature of a pixel at a corresponding position on the set of palm creases. 

The line energy feature of each pixel may be obtained by performing line energy feature 

enhancement on the set of Bezier curves, and may describe a direction distribution situation of the 

line energy feature at the pixel. 

[0071] Specifically, according to this embodiment of this disclosure, the generating a palm 

crease energy image based on the set of Bezier curves may include: 

[0072] performing feature extraction on the set of Bezier curves, to obtain a multi-channel 

feature map of the Bezier curve; 

[0073] determining a line energy feature of each pixel in each per-channel feature map 

based on the multi-channel feature map; 
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[0074] generating, by enhancing the line energy feature of each pixel, an enhanced multi-

channel feature map; and 

[0075] generating the palm crease energy image based on the enhanced multi-channel 

feature map. 

[0076] For example, the set of Bezier curves has N channels. A feature map of each channel 

may be obtained by processing the set of Bezier curves into a multi-dimensional matrix. For 

example, a feature map of an ith channel may be represented as a three-dimensional matrix 𝑋𝑖 ∈

𝑅ℎ×𝑤×𝑐, 𝑖 = 1,… ,𝑁. Then, line energy feature enhancement may be performed on the feature map 

on each channel, so that a crease generation process focuses on the line energy feature. 

[0077] In some embodiments, the line energy feature enhancement may include: for the 

feature map on each channel, subtracting an average value of all features in the feature map, to 

obtain a high frequency component feature in the feature map, and extracting the line energy feature 

from the high frequency component feature. 

[0078] According to this embodiment of this disclosure, the determining a line energy 

feature of each pixel in each per-channel feature map based on the multi-channel feature map may 

include: 

[0079] performing the following processing on each per-channel feature map: 

[0080] extracting line orientation energy of each pixel from the respective per-channel 

feature map by using a linear convolution layer, the linear convolution layer including a Gaussian 

modified finite Radon transform core in each of a plurality of pre-determined directions, and the 

line orientation energy including line orientation energy of the respective pixel in the plurality of 

pre-determined directions; and 

[0081] obtaining the line energy feature of each pixel based on the line orientation energy, 

the line energy feature including maximum line orientation energy of the respective pixel in the 

plurality of pre-determined directions and a pre-determined direction corresponding to the 

maximum line orientation energy. 

[0082] For example, the linear convolution layer may include several Gaussian modified 

finite Radon transform (MFRAT) cores in different directions (that is, the foregoing plurality of pre-

determined directions). 

[0083] Then, the line energy feature of the feature map may be obtained based on a 

maximum response operation. Specifically, for each pixel in the feature map, maximum line 
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orientation energy of the pixel in the plurality of pre-determined directions and a pre-determined 

direction corresponding to the maximum line orientation energy are selected as the line energy 

feature of the pixel. 

[0084] In the palm print image, the palm crease usually has a specific direction feature, and 

the line orientation energy may be configured to describe line orientation information at different 

pixels in the palm print image. For example, the line orientation information at different pixels (or 

specific regions) is quantized, and the line orientation information is converted to a group of value 

features configured to represent the line orientation energy of the pixel. 

[0085] In addition, considering that a size of the Gaussian-MFRAT core is usually very 

large, in this embodiment of this disclosure, Gaussian-MFRAT core-based expansion convolution 

may be used to reduce calculation and time costs. 

[0086] Finally, the line energy feature of the feature map may be multiplied by a preset 

learning parameter S, and a product is added to an original feature map, to obtain a feature map of 

an enhanced line energy feature. 

[0087] In some embodiments, the Gaussian-MFRAT core may be obtained through 

improvement based on an MFRAT method. For example, specifically, FIG. 4B is a schematic 

diagram of comparison between a Gaussian-MFRAT core 420 and an MFRAT filter 410 according 

to an embodiment of this disclosure. 

[0088] The MFRAT method uses a linear filter having a constant value, and is sensitive to 

noise or a small change. The Gaussian-MFRAT core in this disclosure is calculated as follows: 

 (1) 

[0089] where (𝑥, 𝑦) ∈ 𝐿(𝜃) represents coordinates on the core, (𝑥0, 𝑦0) represents a 

central point of the core, 𝐿(𝜃) represents a line whose angle defined on a two-dimensional image 

plane is 𝜃 (as shown by white lines on a black background in FIG. 4B), and 𝜎 is a hyper-

parameter. In addition, when (𝑥, 𝑦) ∉ 𝐿(𝜃), f(x,y)=0. For example, in this embodiment of this 

disclosure, 12 Gaussian-MFRAT cores may be designed, a size of the 12 Gaussian-MFRAT cores is 

31×31, 𝜃 is in a range of 0° to 165°, and an interval is 15°. 

[0090] As shown in FIG. 4B, the line orientation energy may be extracted from the feature 

map in these different pre-determined directions by using the Gaussian-MFRAT core 420 in 

different pre-determined directions (for example, six different pre-determined directions shown by 

lower left white lines in FIG. 4B). The line energy feature of each pixel in the feature map includes 
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the maximum line orientation energy selected from the line orientation energy in these different pre-

determined directions. 

[0091] FIG. 4B further shows filtering results 411 and 421 for the line energy feature 

generated based on the MFRAT filter and the Gaussian-MFRAT core. Compared with the filtering 

result 411 of the MFRAT filter, a line energy feature extraction result (that is, the filtering result 

421) based on the Gaussian-MFRAT core is more observable, and has less noise. 

[0092] Therefore, the Gaussian-MFRAT core 420 may be used to replace the MFRAT filter 

410, thereby avoiding using an inefficient response suppression denoising strategy in the MFRAT 

filter 410, simplifying an enhancement operation of the line energy feature, and further 

implementing differentiability of the enhancement operation. 

[0093] Therefore, for example, for a feature map Xi on the ith channel in a multi-channel 

feature map X, line energy feature of the feature map Xi is enhanced, and may be calculated as 

follows: 

 (2) 

[0094] where μi represents an average value of Xi, fMAX represents a maximum response 

operation,  represents a kth Gaussian-MFRAT core, a total quantity of Gaussian-

MFRAT cores is Nk, for example, is set to 12, and si represents a preset learning parameter of the ith 

channel, and is configured to adjust a feature enhancement degree of the ith channel. 

[0095] Therefore, at the first generation stage, a PCE image having a set of vivid palm 

creases (that is, the set of creases) may be generated based on the set of Bezier curves. The set of 

palm creases is represented as different line shapes depending on the line energy feature of each 

pixel. 

[0096] According to this embodiment of this disclosure, the line orientation energy of each 

pixel in the set of palm creases may include line orientation energy of the pixel in all directions. In 

some embodiments, the line orientation energy of each pixel in all directions may be determined 

based on a feature enhanced multi-channel feature map of the set of Bezier curves, and these line 

orientation vectors may be represented by using different line shapes, thereby simulating the real 

crease. 

[0097] According to this embodiment of this disclosure, the generating a palm crease energy 

image having crease information based on the set of Bezier curves may include: generating the 
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palm crease energy image based on the set of Bezier curves by using a first generator trained in 

advance. 

[0098] In some embodiments, as shown in FIG. 3, a first generator 304 GB→P may be used 

to convert the Bezier curve domain (B) into the PCE domain (P), a main structure of GB→P may 

include a residual block (RB)-based encoder-decoder network, and a specific structure and 

operation of the encoder-decoder network are described below with reference to FIG. 6. 

[0099] After the PCE image having the crease information in the PCE domain is generated, 

operation S203: Generate a simulated palm print image having texture detail data based on the palm 

crease energy image. 

[00100] In this operation, the simulated palm print image has a set of palm creases consistent 

with the palm crease energy image, and has the texture detail data. 

[00101] In some embodiments, at the second generation stage, retained crease content may be 

decoupled from a generated detailed texture. 

[00102] According to this embodiment of this disclosure, the generating a simulated palm 

print image based on the palm crease energy image may include: generating the simulated palm 

print image having a plurality of pieces of texture detail data based on the palm crease energy image 

by using a plurality of control vectors. The control vectors are configured to increase diversity 

among generated images. 

[00103] The set of palm creases in the palm crease energy image, as identity information, is 

configured for indicating an identity of the palm print image. In other words, the simulated palm 

print image having the texture detail data may be generated when the set of palm creases in the 

palm crease energy image is retained. Retaining the set of palm creases in the palm crease energy 

image may be explained as retaining consistent identity information because the set of palm creases 

may be configured for indicating an identity (ID). 

[00104] According to this embodiment of this disclosure, the texture detail data may be 

configured for describing a fine texture feature in the palm print. For example, the texture detail 

data may include at least one of light information, shadow information, and skin texture 

information. 

[00105] The skin texture information may include a spot, a fine texture, and the like on the 

skin. The skin texture information is usually formed based on factors such as fine details of the skin, 

an arrangement of skin cells, and an organization structure, and may be used for generating a more 

vivid palm print image. 
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[00106] In addition, in addition to the skin texture information, the texture detail data may 

further include information related to a style of the palm print image, such as light and shadow 

information of the generated palm print image, to generate diversified palm print images. 

[00107] In some embodiments, generation of the texture detail data may be implemented by 

using the control vector. 

[00108] According to this embodiment of this disclosure, the control vector may be a random 

noise vector. As shown in FIG. 3, the control vector 306 may participate in generation from the PCE 

image 305 to the simulated palm print image 308. In addition, in some embodiments, the control 

vector may be a random noise (for example, white Gaussian noise conforming to standard normal 

distribution) vector, to control generation of diversified palm print images at the second generation 

stage. 

[00109] In addition to the foregoing random noise, a control vector in another form may also 

be generated, to generate diversified palm prints. This is not limited in this disclosure. 

[00110] According to this embodiment of this disclosure, the generating a simulated palm 

print image having texture detail data based on the palm crease energy image may include: 

generating the simulated palm print image based on the palm crease energy image by using a 

second generator trained in advance. 

[00111] In some embodiments, as shown in FIG. 3, the second generator 307 GP→R may be 

used to convert the PCE image 305 in the PCE domain (P) to the palm print image domain (R), to 

generate a vivid palm print by using the PCE image 305 as an ID condition. To generate the 

diversified palm print images, the random noise vector may be used as the control vector 306, and is 

inputted into GP→R in a latent vector manner, to reproduce various detailed textures such as light, 

shadow, and skin textures. 

[00112] According to this embodiment of this disclosure, the first generator and the second 

generator may be jointly trained by using a real palm print image. Therefore, a jointly training 

process of models used in the palm print image generation method in this disclosure is described 

below with reference to FIG. 5 to FIG. 8. 

[00113] FIG. 5 is a schematic diagram of field conversion at jointly training according to an 

embodiment of this disclosure. 

[00114] As shown in FIG. 5, similar to the palm print image generation process described 

above with reference to FIG. 2 to FIG. 4B, in the jointly training process in this disclosure, 

conversion from the Bezier palm print domain to the PCE domain at the first generation stage and 
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conversion from the PCE domain to the palm print image domain at the second generation stage are 

also involved. 

[00115] At the first generation stage, a PCE image sample 5031 is obtained through 

conversion from a Bezier curve sample 501. Because there is no supervision information, the 

conversion is unpairing domain conversion 502. 

[00116] At the second generation stage, a cycle conditional generation model is introduced. A 

real palm print image 506 is used as the supervision information, and a PCEE 505 is used to extract 

a real PCE image 5032 from the real palm print image 506. Then, the PCE image sample 5031 and 

5032 are paired to generate a simulated palm print image (not shown) of the palm print image 

domain, thereby performing supervised learning by using the real palm print image. 

[00117] According to this embodiment of this disclosure, in the jointly training, the first 

generator may use the Bezier curve sample as an input, and output a palm crease energy image 

sample comprising the crease information. 

[00118] FIG. 6 is a schematic diagram of a first generation stage at jointly training according 

to an embodiment of this disclosure. 

[00119] As shown in FIG. 6(a), at the first generation stage in the jointly training, similar to 

the foregoing descriptions about the first generation stage, a PCE image sample 602 in the PCE 

domain may be generated based on a Bezier curve sample 601 in the Bezier palm print domain by 

using the to-be-trained first generator GB→P. 

[00120] FIG. 6(b) provides an exemplary structure of the first generator GB→P. A main 

structure of the first generator GB→P may be an encoder-decoder network based on a residual block 

RB 610, and according to this embodiment of this disclosure, the first generator may include a line 

feature enhancement block (LFEB) 620 configured to enhance a line energy feature of a multi-

channel feature map of the Bezier curve sample 601. 

[00121] Specifically, as shown in FIG. 6(b), a structure of an encoder of each layer of the 

first generator GB→P may include the LFEB 620, a convolution layer (for example, Conv 7×7 or 

Conv 3×3), and an activation layer (for example, BN+ReLU), and a structure of a decoder of each 

layer may include a deconvolution layer (for example, DeConv 3×3) and an activation layer (for 

example, BN+ReLU and Tanh). The residual block RB 610 includes the convolution layer (for 

example, Conv 3×3), the activation layer (for example, BN+ReLU and Tanh), and a discarding 

layer (for example, Dropout). 
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[00122] Specifically, the line feature enhancement block LFEB 620 may be configured to 

implement line energy feature enhancement processing described above with reference to operation 

S202, and as shown in the foregoing formula (2), may include the following operations. 

[00123] 621: Subtract, for a feature map of each channel, an average value of the feature 

map, to obtain a high-frequency component feature in the feature map. 

[00124] 622: Extract line energy features from the high-frequency component feature through 

Gaussian-MFRAT core-based expansion convolution. 

[00125] 623: Obtain a line energy feature of the feature map from the line energy features 

through a maximum response operation. 

[00126] Specifically, a maximum line energy feature from a plurality of extracted line energy 

features is used as the line energy feature of the feature map. 

[00127] 624: Multiply the line energy feature of the feature map by a preset learning 

parameter S, and add a product to an original feature map (that is, a feature map before 

enhancement), to obtain a feature map of an enhanced line energy feature. 

[00128] In this embodiment of this disclosure, the line feature enhancement block LFEB 620 

is a lightweight plug-and-play block, to facilitate domain transmission and improve recognition 

performance. 

[00129] In addition, as shown in FIG. 6(a), the first generation stage at the jointly training 

further includes obtaining a real PCE image 604 based on a real palm print image 603, to supervise 

training of the PCE image sample 602. 

[00130] According to this embodiment of this disclosure, at the jointly training, the 

corresponding real PCE image is extracted from the real palm print image by using a palm crease 

energy extractor (PCEE). 

[00131] In this embodiment of this disclosure, the PCEE configured to extract the PCE image 

from a real palm print image may be designed, to generate the supervision information for the 

jointly training, so that the generated palm print image is more vivid. FIG. 7 is a schematic PCEE 

diagram of a palm crease energy extractor PCEE according to an embodiment of this disclosure. As 

shown in FIG. 7, similar to the foregoing descriptions about the line feature enhancement block, the 

palm crease energy extractor PCEE in this disclosure may include an average filter 710, a linear 

convolution layer 720, a maximum response operation layer 730, and an adaptive binarization layer 

740. A real palm print image 700 is used as an input, to finally generate a binary PCE image 750. 
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[00132] According to this embodiment of this disclosure, the extracting the real palm crease 

energy image from the real palm print image by using a palm crease energy extractor may include: 

[00133] extracting a set of real palm creases in the real palm print image by using the palm 

crease energy extractor; 

[00134] determining a line energy feature of each pixel in the set of real palm creases; and 

[00135] obtaining the real palm crease energy image through a binarization process based on 

the set of real palm creases and the line energy feature of each pixel in the set of real palm creases. 

[00136] In some embodiments, as shown in FIG. 7, the average filter 710 is applied to 

subtract a filtering result from an original real palm print image 700, to obtain a high-frequency 

component feature, a line energy feature in the real palm print image 700, that is, line distribution of 

the set of real palm creases, is obtained through the linear convolution layer 720, and the linear 

convolution layer may be composed of several Gaussian-MFRAT cores along different directions. 

[00137] In some embodiments, for each pixel in the set of real palm creases, maximum line 

orientation energy of the pixel may be determined as a line energy feature of the pixel based on line 

orientation energy of the pixel in each direction corresponding to each Gaussian-MFRAT core 

through the maximum response operation 730. 

[00138] In some embodiments, a final PCE image may be obtained by using the adaptive 

binarization layer 740. For example, to highlight a main line, a binary threshold T may be set based 

on first 10% of a value of a line energy feature on an entire image. 

[00139] According to this embodiment of this disclosure, in the jointly training, the second 

generator may use the real palm crease energy image of the real palm print image as an input, and 

use the simulated palm print image corresponding to the real palm print image as an output, the 

simulated palm print image including the texture detail data. 

[00140] FIG. 8 is a schematic diagram of a second generation stage at jointly training 

according to an embodiment of this disclosure. 

[00141] As shown in FIG. 8, at the second generation stage at the jointly training, a real palm 

print image 801 is used to participate in training. Similar to the foregoing descriptions, a PCEE is 

also used to extract a real PCE image 802 from the real palm print image 801. For example, a real 

PCE image fPCEE(A) is generated from a real palm print image A through a PCEE, and then the real 

PCE image fPCEE(A) may be inputted to a to-be-trained second generator GP→R, to obtain a 

simulated palm print image A* 803 having a set of palm creases consistent with the real PCE image 

fPCEE(A). 
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[00142] In some embodiments, at the second generation stage in the jointly training, an 

encoder E may be used to map, through a re-parameterization method, the inputted real palm print 

image A to a hidden space Q(z|A) having an average value 𝜇𝑄 and a variance 𝜎𝑄
2. The hidden 

space may conform to normal distribution Q(z|A) to N(𝜇𝑄, 𝜎𝑄
2), so that a hidden vector (that is, a 

control vector) configured to control generation of texture information is generated based on the 

hidden space. 

[00143] In some embodiments, divergence of the hidden vector may be restricted at a training 

stage. For example, distribution N(𝜇𝑄, 𝜎𝑄
2) of the hidden space may be made to approximate to 

standard normal distribution N(0, 1), that is, the hidden space approximate to a standard normal 

space, so that a random noise z to N(0, 1) is easily sampled as the hidden vector, to generate 

diversified palm print details. 

[00144] In addition, considering that directly performing training by using a small quantity of 

samples (few-shot training) may cause an overfitting problem of a discriminator, in this 

embodiment of this disclosure, before the generated simulated palm print image 803 and real palm 

print image 801 are fed to the discriminator D, the images may be extended by using a data 

enhancement module AUG, to generate more diversified training samples, thereby improving a 

generalization capability and robustness of the discriminator D. In addition, even if there are only 

the small quantity of samples for training, an overfitting risk of the discriminator D can be reduced, 

so that the discriminator D better adapts to different palm print image samples. 

[00145] According to this embodiment of this disclosure, in the jointly training, generation 

processes of the first generator and the second generator may be supervised based on the real PCE 

image, and the palm crease energy extractor may be trained jointly with the first generator and the 

second generator. 

[00146] In some embodiments, as shown in FIG. 6(a), the real PCE image 604 may be used 

to supervise generation of the PCE image sample 602. For example, the real PCE image 604 

extracted from the real palm print image 603 may be used as an adversarial sample, to drive, by 

using an adversarial loss, a result generated by the first generator to be closer to the real PCE image 

604, thereby optimizing generation quality of the PCE image. 

[00147] In some embodiments, as shown in FIG. 8, a cyclic structure having the PCEE may 

be used at the second generation stage in the jointly training. The generated simulated palm print 

image A* is remapped back to a PCE domain fPCEE(A*), that is, a simulated PCE image 804 is 

obtained. A difference between the real PCE image 803 and the simulated PCE image 804 is 
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minimized, so that it is ensured that the simulated palm print image has consistent identity 

information with an original real palm print image. For example, distortion of the generated 

simulated palm print image A* may be restricted by minimizing a L1 distance between fPCEE(A) and 

generated fPCEE(A*), to strictly retain inputted ID information of the fPCEE(A) and enhance realism of 

the generated simulated palm print image A* by using the discriminator D. 

[00148] According to this embodiment of this disclosure, a loss function of the jointly 

training may include a first loss function related to the first generator and a second loss function 

related to the second generator. 

[00149] The first loss function includes at least one of a contrastive loss configured to 

evaluate structural consistency between the palm crease energy image sample and the Bezier curve 

sample, and an adversarial loss configured to evaluate similarity between the palm crease energy 

image sample and the real palm crease energy image. 

[00150] The second loss function includes at least one of a distribution control loss 

configured to evaluate similarity between a distribution of the control vectors for generation of the 

simulated palm print image sample and a standard normal distribution, an identity consistency loss 

configured to evaluate similarity between the simulated palm crease energy image sample and the 

real palm crease energy image (e.g., between the identity of the simulated palm print image and an 

identity of the real palm print image), a distortion loss configured to evaluate similarity between the 

simulated palm print image, and a discriminator loss configured to evaluate realism of the simulated 

palm print image sample. 

[00151] As described above, in this disclosure, the jointly training may include jointly 

training on the first generator, the second generator, and the PCEE, and the PCEE is used as a 

connection between the first generator and the second generator. Therefore, loss functions of the 

entire training process may include loss functions corresponding to a generation process of the first 

generator and a generation process of the second generator. 

[00152] In some embodiments, as shown in FIG. 6 (a), the loss function corresponding to the 

generation process of the first generator may include a contrastive loss 𝐿𝐶𝐿 configured to maintain 

structure consistency and an adversarial loss 𝐿𝑎𝑑𝑣 configured to make the palm print image more 

vivid. 

[00153] For example, as shown in FIG. 6(a), to limit structural consistency between the 

Bezier curve sample B and the PCE image sample GB→P(B), the contrastive loss may be used. 

Specifically, a series of tiles may be cropped from B and GB→P(B). For a query tile q in GB→P(B), a 
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corresponding tile at a same position in B may be used as a positive sample k+ of the query tile q, 

and another tile in B may be used as a negative sample {𝑘𝑖
−}𝑖=1

𝑁  of the query tile. Therefore, a 

contrastive loss function may be constructed in a manner of making the positive sample be closer 

and the negative sample be farther from each other. For example, a contrastive loss 𝐿𝐶𝐿 of 

applying a normalized mutual information neural estimation (InfoNCE) loss function may be 

represented as follows: 

 (3) 

[00154] where τ is a temperature hyper-parameter. 

[00155] Therefore, the loss function corresponding to the generation process of the first 

generator may be represented as follows: 

 (4) 

[00156] where fPCEE represents performing PCEE processing on an image A, A represents a 

random real palm print image, and 𝜆1
1 and 𝜆2

1 are two weights. 

[00157] In some embodiments, as shown in FIG. 8, the loss function corresponding to the 

generation process of the second generator may include a distribution control loss 𝐿𝐾𝐿 configured 

to make distribution of a control vector N(z) approximate to a standard normal distribution Q(z|A), 

an identity consistency loss 𝐿𝑐𝑦𝑐 configured to maintain identity consistency between an identity 

of the simulated palm print image 803 generated by the second generator based on the real PCE 

image 802 and an identity of the real palm print image 801, and a generation loss 𝐿𝐺  configured to 

restrict distortion and enhance realism of the simulated palm print image 803 generated by the 

second generator. 

[00158] In some embodiments, the distribution control loss 𝐿𝐾𝐿 may be represented as 

follows: 

 (5) 

[00159] In some embodiments, the identity consistency loss 𝐿𝑐𝑦𝑐 may be represented as 

follows: 

 (6) 
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[00160] In some embodiments, the generation loss 𝐿𝐺  may include a distortion loss of  

the simulated palm print image 803 and a loss  of enhancing realism of the 

simulated palm print image 803 for the discriminator, T() representing processing of the data 

enhancement module T. Therefore, the generation loss 𝐿𝐺  may be represented as follows: 

 (7) 

[00161] Therefore, the loss function corresponding to the generation process of the second 

generator may be represented as follows: 

 (8) 

[00162] where 𝜆1
2, 𝜆2

2, 𝜆3
2, and 𝜆4

2 represent weights of different loss terms. 

[00163] Certainly, a manner for calculating the loss function provided above is merely used 

as an example, and is not limited in this disclosure. Other forms of loss functions may also be used 

in this disclosure. 

[00164] Therefore, all parameters in the first generator, the second generator, and the PCEE 

may be determined by optimizing the loss function in the entire training process, to be applied to the 

palm print image generation process of this disclosure. 

[00165] Performance verification on the palm print image generation method of this 

disclosure is presented below with reference to FIG. 9 and FIG. 10. 

[00166] In some embodiments, in the performance verification, an experimental data set and 

an open set evaluation solution that are the same as those in the Bezier palm print generation 

method and the Realistic Pseudo-data Generation-Palm (RPG-Palm) palm print generation method 

may be followed. For example, performance of a recognition model pre-trained based on palm print 

images generated by using various palm print generation methods may be evaluated based on a 

TAR and a FAR. The TAR and the FAR respectively represent a "true acceptance rate" and a "false 

acceptance rate". In other words, the TAR may represent a proportion of a sample that is correctly 

recognized and correctly accepted, and may also be understood as an accuracy rate of the 

recognition model, the FAR represents a proportion of a sample that is incorrectly recognized and 

incorrectly accepted, and may also be understood as a false recognition rate of the recognition 

model. In addition, a Frechet inception distance (RFID) metric may be used to evaluate quality of 

the generated palm print image. 
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[00167] In some embodiments, the Bezier palm print generation method and the RPG palm 

print generation method may be followed, and 13 public data sets are used in the performance 

verification. The public data sets may come from various devices, and have a total of 3268 IDs and 

59162 images. The region of interest (ROI) may be extracted by following a detect-then-crop 

solution. 

[00168] In some embodiments, in the performance verification, 4000 identities may be 

generated based on the Bezier palm print generation method and the RPG palm print generation 

method, and each identity has 100 samples by default. For the first generation stage, 𝜆1
1, 𝜆2

1, and 𝜏 

may be set to 1.0, 1.0, and 1.0, a learning rate is 0.0002 in first 30 training epochs, and linearly 

attenuates to to 1e–6 in last 30 training epochs. For the second generation stage, 𝜆1
2, 𝜆2

2, 𝜆3
2, and 

𝜆4
2 respectively set to 1.0, 10.0, 0.01, and 1.0, and a learning rate is 0.0002 in first 50 training 

epochs, and linearly attenuates to 1e–8 in last 50 training epochs. At a jointly training stage, an 

adaptive moment estimation (Adam) optimizer parameter is set to (0.5, 0.99). A resolution of all the 

images in the foregoing training may be set to 256×256. 

[00169] In addition, to achieve fair performance comparison, a recognition model 

framework, that is, a residual network (ResNet) 50 and a mobile face recognition network 

(MobileFaceNet), that is the same as the palm print recognition model corresponding to the Bezier 

palm print generation method may be used, and a resolution of an input image is 224×224. The 

recognition model first performs pre-training on synthesized data in 25 training epochs, and then 

performs fine adjustment on a real data set in 50 training epochs. A compared baseline model is 

trained on the real data set in the 50 training epochs. An ArcFace (radian facial recognition method) 

method with a margin m=0.5 and a scale factor s=48 is configured for supervision of pre-training, 

fine adjustment, and baseline training, and maximum and minimum learning rates of the pre-

training and the fine adjustment may be respectively set to 1e–2 and 1e–6. All the recognition 

models may be trained by using a mini batch stochastic gradient descent (SGD) method, where a 

batch size may be 128. 

[00170] Therefore, based on the foregoing experimental setting, in this disclosure, first, 

performance of a recognition model in an open set protocol in which a training identity and a testing 

identity are completely isolated may be verified. In some embodiments, two different ratios of the 

training ID to the test ID may be used, for example, 1:1 and 1:3 (for example, training: tests are 

1634:1632 and 818:2448). Quantification results are shown in the following Table 1, "MB" 

representing the MobileFaceNet, and "R50" representing the ResNet 50. 

Table 1 Quantification results in an open set protocol 
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Generation method

Train:Test=1:1

Method according to this application

Method according to this application

Recognition model 
framework

Train:Test=1:3

 

[00171] As shown in Table 1, the method in this embodiment of this disclosure can improve 

the RPG palm print generation method with a clear margin, and achieve a highest performance level 

when the ratios of the training ID to the test ID are respectively set to 1:1 and 1:3. In addition, when 

the ratio of the training ID to the test ID is 1:3, improvement of the method in this embodiment of 

this disclosure is greater than improvement of the method when the ratio is 1:1. In other words, the 

method in this embodiment of this disclosure has significant effectiveness when there is less real 

data. 

[00172] In addition, to verify performance of the method in this embodiment of this 

disclosure in limited training identities, models having different quantities of training identities 

(IDs) may be tested in an open set protocol in which the ratio of the training ID to the test ID is 1:1. 

Specifically, a total of 4000 pseudo IDs are synthesized in this authentication process, and each ID 

includes 100 pseudo palm prints. The same MobileFaceNet is used as recognition model 

frameworks of different methods, and quantification results are shown in the following Table 2. 

Table 2 Performance under different quantities of real training identities 
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method

Method according to this 
application

Method according to this 
application

Method according to this 
application

Method according to this 
application

Method according to this 
application

Method according to this 
application

Method according to 
this application

 

[00173] As shown in Table 2, when very few real IDs are used for training, the ArcFace 

method, the Bezier palm print generation method, and the RPG palm print generation method all 

become unavailable, and the method in this embodiment of this disclosure can still maintain 

performance. When training is performed by using only a 2.5% real ID (that is, 40), the method in 

this embodiment of this disclosure is still better than a result of the ArcFace method trained by 

using a 100% real ID (that is, 1600). When training is performed by using only a 1% real ID, a TAR 

of the method in this embodiment of this disclosure is still equivalent to a TAR trained with the 

ArcFace method by using a 50% real ID (that is, 800). 

[00174] In some embodiments, palm print generation performance comparison may be 

performed by using four generation methods, namely, pix2pixHD, CycleGAN, BicycleGAN, and 

RPG-Palm, and retraining is performed by using 40 real IDs and based on unpaired data of the 

RPG-Palm. Quantification results are shown in Table 3. 

Table 3 Quantification recognition results of different palm print generation methods under an open 

set protocol 
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Method according to this application

Generation method
Train:Test=1:1 (40 IDs)

 

[00175] As shown in Table 3, the palm print recognition model pre-trained based on the 

method in this embodiment of this disclosure is better than another method. In addition, in the 

method in this embodiment of this disclosure, an FID score of 40.3 can be achieved, which shows a 

significant improvement. 

[00176] FIG. 9 is a comparison diagram of palm print generation results by using different 

palm print generation methods according to an embodiment of this disclosure. (a) corresponds to 

the Bezier palm print generation method, (b) corresponds to the pix2pixHD method, (c) corresponds 

to the CycleGAN method, (d) corresponds to the BicycleGAN method, (e) corresponds to the RPG-

Palm method, (f) corresponds to the PCE image, and (g) to (j) correspond to the diversified palm 

print images generated by using the method in this embodiment of this disclosure. 

[00177] As shown in FIG. 9, in a small amount of training data, in the palm print image 

generated by the RPG-Palm, severe blurring and inconsistent lines are shown, while the method in 

this embodiment of this disclosure still maintains overall definition and ID consistency. In addition, 

in the method in this embodiment of this disclosure, better detailed information about the palm 

crease may be recovered, including, for example, a change of the thickness and interlacing of a 

plurality of creases, rather than moving the set of Bezier curves. In addition, results of the 

pix2pixHD method, the CycleGAN method, and the BicycleGAN method show more serious 

blurring problems than the blurring problem of the RPG-Palm method. 

[00178] In addition, to further enhance a line energy feature of an inputted palm print, in the 

palm print image generation method in this disclosure, the provided LFEB may further be applied to 

the palm print recognition model. For example, a plug-and-play LFEB is incorporated before a first 

convolution layer of a framework of the palm print recognition model, to enhance a line energy 

feature of an inputted palm print image. 

[00179] The performance verification may further include studies on ablation. Main 

components of the method in this embodiment of this disclosure may include the PCEE, a data 

amplification (DA) module for few samples training, improved Bezier curve synthesis, a generation 

model having the LFEB, and a recognition model having the LFEB, which may be respectively 
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represented by using "P", "A", "I", "G+L", and "R+L". For the baseline generation model, a two-

stage training method may be used to remove the components. Therefore, in some embodiments, 40 

IDs may be used to train an ablative experiment, and a test set is fixed under an open set protocol in 

which the ratio of the training ID to the test ID is 1:1. Results of the ablative experiment are shown 

in the following Table 4. 

Table 4 Ablation of different components 

 

[00180] As shown in Table 4, the model having the PCEE achieves the largest performance 

improvement when 13.81%@FAR=1e–6 (that is, when FAR=1e–6, the TAR is 13.81%), which 

reflects superiority of the model having the PCEE in generating a vivid palm print sample with 

limited data. By comparing with the baseline generation and the recognition model, the LFEB 

module adds a significant and consistent performance gain of 6%@FAR=1e–6 by enhancing the 

palm crease energy feature. The DA module effectively extends intra-class diversity through a small 

quantity of training samples, to achieve improvement of 5.52%@FAR=1e–6. In addition, to 

improve the set of Bezier curves, better performance is achieved by introducing more proper palm 

crease distribution. 

[00181] Finally, the performance verification may further include validity verification for the 

LFEB. FIG. 10 is a diagram of a result of validity verification for a line feature enhancement block 

according to an embodiment of this disclosure. 

[00182] Features of one block in a layer in the MobileFaceNet having and not having the 

LFEB are visualized in FIG. 10. FIG. 10(a) is an inputted palm print image, FIG. 10(b) is a palm 

print image processed through the LFEB, FIG. 10(c) corresponds to feature visualization not having 

the LFEB, and FIG. 10(d) corresponds to feature visualization having the LFEB. Therefore, the 

model focuses on both the palm crease and a non-line region when the model does not have the 

LFEB, and the model may be biased to focus on the palm crease by adding an LFEB component. 

[00183] As described above, through the palm print image generation method of this 

disclosure, the set of Bezier curves is generated by using the control points determined from the 
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pre-determined palm print curve template, and the set of Bezier curves is converted to the palm 

crease energy image having the crease information, the crease information including a set of palm 

creases having the same line distribution as the set of Bezier curves but a different line shape, and 

the line shape being determined by the line energy feature of each pixel. Then, the palm print image 

having the texture information is further generated based on the palm crease energy image having 

the crease information, and the set of palm creases of the palm print image is consistent with the 

crease information of the palm crease energy image, thereby generating the simulated palm print 

image having the vivid crease and the vivid texture. The palm crease energy domain is introduced 

as the intermediate domain connecting the Bezier palm print domain and the palm print image 

domain, to avoid directly generating the palm print image having the crease information and the 

texture information from the set of Bezier curves, thereby reducing difficulty in generating the palm 

print image. In addition, in a process of generating the palm print image from the palm crease 

energy image, texture detail data is generated and the palm print image may still have a set of 

consistent palm creases, so that a simulated palm print image having diversified textures can be 

generated while retaining the same identity information. Therefore, the method reduces dependency 

on real data, and is applicable to palm print recognition training lacking a large-scale palm print 

data set. 

[00184] FIG. 11 is a schematic diagram of a palm print image generation apparatus 1100 

according to an embodiment of this disclosure. 

[00185] According to this embodiment of this disclosure, the palm print image generation 

apparatus 1100 may include a curve generation module 1101, a crease generation module 1102, and 

a texture generation module 1103. 

[00186] The curve generation module 1101 may be configured to determine a plurality of 

control points based on a pre-determined palm print curve template, and generate a set of Bezier 

curves based on the plurality of control points. In some embodiments, the curve generation module 

1101 may perform the operation described above with reference to operation S201. 

[00187] The crease generation module 1102 may be configured to generate a palm crease 

energy image having crease information based on the set of Bezier curves, the palm crease energy 

image comprising a set of palm creases having a same line distribution as the set of Bezier curves 

but a different line shape, and the line shape being configured for describing the crease information 

and corresponding to line orientation energy of each pixel on the set of palm creases. In some 

embodiments, the crease generation module 1102 may perform the operation described above with 

reference to operation S202. 
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[00188] The texture generation module 1103 may be configured to generate a simulated palm 

print image having texture detail data based on the palm crease energy image. In some 

embodiments, the texture generation module 1103 may perform the operation described above with 

reference to operation S203. 

[00189] In some embodiments, the crease generation module 1102 is configured to: perform 

feature extraction on the set of Bezier curves, to obtain a multi-channel feature map of the set of 

Bezier curves; determine a line energy feature of each pixel in each per-channel feature map based 

on the multi-channel feature map; generate, by enhancing the line energy feature of each pixel, an 

enhanced multi-channel feature map; and generate the palm crease energy image based on the 

enhanced multi-channel feature map. 

[00190] In some embodiments, the crease generation module 1102 is configured to perform 

the following processing on each per-channel feature map: 

[00191] extracting line orientation energy of each pixel from the respective per-channel 

feature map by using a linear convolution layer, the linear convolution layer comprising a Gaussian 

modified finite Radon transform core in each of a plurality of pre-determined directions, and the 

line orientation energy comprising line orientation energy of the respective pixel in the plurality of 

pre-determined directions; and 

[00192] obtaining the line energy feature of each pixel based on the line orientation energy, 

the line energy feature comprising maximum line orientation energy of the respective pixel in the 

plurality of pre-determined directions and a pre-determined direction corresponding to the 

maximum line orientation energy. 

[00193] The texture generation module 1103 is configured to generate, by using a plurality of 

control vectors, the simulated palm print image having a plurality of pieces of texture detail data 

based on the palm crease energy image. 

[00194] In some embodiments, the set of palm creases in the palm crease energy image 

indicates an identity of the simulated palm print image. 

[00195] In some embodiments, a control vector is a random noise vector, and the texture 

detail data comprises at least one of light information, shadow information, and skin texture 

information. 

[00196] In some embodiments, the crease generation module 1102 is configured to generate 

the palm crease energy image based on the set of Bezier curves by using a first generator trained in 

advance. 
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[00197] The texture generation module 1103 is configured to generate the simulated palm 

print image based on the palm crease energy image by using a second generator trained in advance, 

[00198] the first generator and the second generator being jointly trained by using a real palm 

print image. 

[00199] In some embodiments, in the jointly training, 

[00200] the first generator uses a Bezier curve sample as an input, and outputs a palm crease 

energy image sample comprising the crease information; 

[00201] the second generator uses a real palm crease energy image of the real palm print 

image as an input, and outputs a simulated palm print image sample comprising the texture detail 

data; 

[00202] the real palm crease energy image is extracted from the real palm print image by 

using a palm crease energy extractor; 

[00203] the training the first generator and the second generator jointly is supervised based 

on the real palm crease energy image; and 

[00204] the palm crease energy extractor is trained jointly with the first generator and the 

second generator. 

[00205] In some embodiments, that the real palm crease energy image is extracted from the 

real palm print image by using the palm crease energy extractor includes: 

[00206] extracting a set of real palm creases in the real palm print image by using the palm 

crease energy extractor; 

[00207] determining a line energy feature of each pixel in the set of real palm creases; and 

[00208] obtaining the real palm crease energy image through a binarization process based on 

the set of real palm creases and the line energy feature of each pixel in the set of real palm creases. 

[00209] In some embodiments, the first generator includes a line feature enhancement block 

configured to enhance a line energy feature of a multi-channel feature map of the Bezier curve 

sample. 

[00210] In some embodiments, a loss function of the jointly training includes a first loss 

function related to the first generator and a second loss function related to the second generator. 

[00211] The first loss function includes at least one of a contrastive loss configured to 

evaluate structural consistency between the palm crease energy image sample and the Bezier curve 
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sample, and an adversarial loss configured to evaluate similarity between the palm crease energy 

image sample and the real palm crease energy image; and 

[00212] The second loss function includes at least one of a distribution control loss 

configured to evaluate similarity between a distribution of the control vectors and a standard normal 

distribution, an identity consistency loss configured to evaluate similarity between the identity of 

the simulated palm print image sample and an identity of the real palm print image, a distortion loss 

configured to evaluate similarity between the simulated palm print image sample and the real palm 

print image, and a discriminator loss configured to evaluate realism of the simulated palm print 

image sample. 

[00213] In some embodiments, the palm print curve template is pre-determined based on 

statistics obtained from a set of real palm creases of a human. 

[00214] The curve generation module 1101 is configured to: generate, based on the palm 

print curve template, regions for the plurality of control points; and sample the regions to obtain the 

plurality of control points. 

[00215] According to still another aspect of this disclosure, an electronic device is further 

provided. FIG. 12 is a schematic diagram of an electronic device 2000 according to an embodiment 

of this disclosure. 

[00216] As shown in FIG. 12, the electronic device 2000 may include processing circuitry 

(e.g., at least one processors 2010) and at least one memories 2020. The memory 2020 includes a 

non-transitory computer-readable storage medium that stores computer-readable code (or 

instructions). When the computer-readable code is run by the at least one processors 2010, the palm 

print image generation method described above may be executed. 

[00217] The processor in this embodiment of this disclosure may be an integrated circuit 

chip, and has a signal processing capability. The processor may be a general-purpose processor, a 

digital signal processor (DSP), an application-specific integrated circuit (ASIC), a field 

programmable gate array (FPGA), or another programmable logic device, a discrete gate or a 

transistor logic device, or a discrete hardware component. The methods, the steps, and logic block 

diagrams that are disclosed in the embodiments of this disclosure are performed and implemented. 

The general-purpose processor may be a microprocessor, or the processor may be any conventional 

processor or the like, or may be an X86 architecture or an ARM architecture 

[00218] Generally, the various example embodiments of this disclosure may be implemented 

in hardware or a dedicated circuit, software, firmware, logic, or any combination thereof. Some 
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aspects may be implemented in hardware, and another aspect may be implemented in firmware or 

software that may be executed by a controller, a microprocessor, or another computing device. 

When aspects of the embodiments of this disclosure are shown or described as block diagrams, 

flowcharts, or represented by using some other figures, blocks, apparatuses, systems, techniques, or 

methods described herein may be implemented in hardware, software, firmware, dedicated circuits 

or logic, general purpose hardware or a controller or another computing device, or some 

combination thereof as a non-restrictive example. 

[00219] For example, the method or apparatus according to the embodiments of this 

disclosure may also be implemented with the help of an architecture of a computing device 3000 

shown in FIG. 13. As shown in FIG. 13, the computing device 3000 may include a bus 3010, 

processing circuitry (e.g., at least one CPUs 3020), a read-only memory (ROM) 3030, a random 

access memory (RAM) 3040, a communication port 3050 connected to a network, an input/output 

component 3060, a hard disk 3070, and the like. A storage device, such as the ROM 3030 or the 

hard disk 3070, in the computing device 3000 may be a non-transitory computer-readable storage 

medium and may store various data or files for processing and/or communication in the palm print 

image generation method provided in this disclosure and program instructions executed by the 

CPU. The computing device 3000 may further include a user interface 3080. Certainly, the 

architecture shown in FIG. 13 is merely a non-limiting example, and when different devices are 

implemented, at least one components in the computing device shown in FIG. 13 may be omitted 

according to actual needs. 

[00220] According to still another aspect of this disclosure, a computer-readable storage 

medium is further provided. The computer storage medium having computer-readable instructions 

stored therein. When the computer-readable instructions are executed by the processor, the palm 

print image generation method according to the embodiments of this disclosure described with 

reference to the foregoing accompanying drawings may be performed. In some examples, the 

computer-readable storage medium in at least one embodiments of this disclosure may be a non-

transitory computer-readable storage medium configured to store executable instructions. The 

computer-readable storage medium in this embodiment of this disclosure may be a volatile memory 

or a non-volatile memory, or may include both a volatile memory and a non-volatile memory. The 

non-volatile memory may be a read-only memory (ROM), a programmable read-only memory 

(PROM), an erasable programmable read-only memory(EPROM), an electrically erasable 

programmable read-only memory (EEPROM), or a flash memory. The volatile memory may be a 

random access memory (RAM), and is used as an external cache. As non-limiting examples, many 

forms of RAMs are available, such as a static random access memory (SRAM), a dynamic random 
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access memory (DRAM), a synchronous dynamic random access memory (SDRAM), a double data 

rate synchronous dynamic random access memory (DDRSDRAM), an enhanced synchronous 

dynamic random access memory (ESDRAM), a synchronous connected dynamic random access 

memory (SLDRAM), or a direct rambus random access memory (DRRAM). The memory in the 

method described in this specification may include the memories described herein and any other 

memory of a suitable type. 

[00221] An embodiment of this disclosure further provides a computer program product or a 

computer program, the computer program product or the computer program including computer 

instructions stored in a non-transitory computer-readable storage medium. Processing circuitry (e.g., 

a processor) of the computer device reads the computer instructions from the non-transitory 

computer-readable storage medium, and the processor executes the computer instructions, so that 

the computer device performs the palm print image generation method according to the 

embodiments of this disclosure. 

[00222] An embodiment of this disclosure provides a palm print image generation method 

and apparatus, a device, and a computer-readable storage medium. 

[00223] Compared with at least one other palm print generation methods, in at least one 

embodiments of this disclosure, a palm crease energy domain can be introduced to decouple 

generation of a set of creases and the corresponding textures of a palm print, so that a set of Bezier 

curves of a Bezier palm print domain is converted to a palm crease energy image of the palm crease 

energy domain, to generate a set of vivid creases, and the palm crease energy image of the palm 

crease energy domain is converted to a palm print image of a palm print image domain, to generate 

a set of vivid textures, thereby reducing difficulty in generating a simulated palm print image from 

the set of Bezier curves, and generating diversified simulated palm print images. 

[00224] In at least one embodiments of this disclosure, the set of Bezier curves is generated 

by using control points determined from a pre-determined palm print curve template, and the set of 

Bezier curves is converted to a palm crease energy image having crease information, the crease 

information including a set of palm creases having the same line distribution as the set of Bezier 

curves but a different line shape, and the line shape being determined by a line energy feature of 

each pixel. Then, a palm print image having texture information is further generated based on the 

palm crease energy image having the crease information, and the set of palm creases of the palm 

print image is consistent with the crease information of the palm crease energy image, thereby 

generating a simulated palm print image having the set of vivid creases and the corresponding vivid 

textures. In the method provided in this embodiment of this disclosure, the palm crease energy 
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domain is introduced as an intermediate domain connecting the Bezier palm print domain and the 

palm print image domain, to avoid directly generating the palm print image having the crease 

information and the texture information from the set of Bezier curves, thereby reducing difficulty in 

generating the palm print image. In addition, in a process of generating the palm print image from 

the palm crease energy image, texture detail data is generated and the palm print image may still 

have a set of consistent palm creases, so that a simulated palm print image having diversified 

textures can be generated while retaining the same identity information. Therefore, the method 

reduces dependency on real data, and is applicable to palm print recognition training lacking a 

large-scale palm print data set. 

[00225] Flowcharts and block diagrams in the drawings illustrate architectures, functions, 

and operations that may be implemented by using the system, the method, and the computer 

program product according to various embodiments of this disclosure. In this way, each block in the 

flowchart or the block diagram may represent a module, a program segment, or a part of code. The 

module, the program segment, or the part of the code include at least one executable instruction for 

implementing specific logical functions. In some alternative implementations, the functions noted in 

the block may occur not in sequence noted in the drawings. For example, two blocks shown one 

after another may actually be executed substantially in parallel, or the two blocks may sometimes be 

executed in a reverse order. This depends on the functions involved. Each box in the block diagram 

and/or the flowchart and a combination of boxes in the block diagram and/or the flowchart may be 

implemented may using a dedicated hardware-based system configured to execute a specified 

function or operation, or may be implemented by using a combination of dedicated hardware and 

computer instructions. 

[00226] In some examples, the various example embodiments of this disclosure may be 

implemented in hardware or a dedicated circuit, software, firmware, logic, or any combination 

thereof. Some aspects may be implemented in hardware, and another aspect may be implemented in 

firmware or software that may be executed by a controller, a microprocessor, or another computing 

device. When aspects of the embodiments of this disclosure are shown or described as block 

diagrams, flowcharts, or represented by using some other figures, blocks, apparatuses, systems, 

techniques, or methods described herein may be implemented in hardware, software, firmware, 

dedicated circuits or logic, general purpose hardware or a controller or another computing device, or 

some combination thereof as a non-restrictive example. 

[00227] The foregoing detailed exemplary embodiments of this disclosure are merely 

illustrative rather than restrictive. A person skilled in the art needs to understand that various 
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modifications and combinations may be made to these embodiments or features thereof without 

departing from the principle and spirit of this disclosure, and such modifications shall fall within the 

scope of this disclosure. 
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CLAIMS 

What is claimed is: 

1. A palm print image generation method, performed by an electronic device, and comprising: 

determining a plurality of control points based on a pre-determined palm print curve template, 

and generating a set of Bezier curves based on the plurality of control points; 

generating a palm crease energy image having crease information based on the set of Bezier 

curves, the palm crease energy image comprising a set of palm creases having a same line 

distribution as the set of Bezier curves but a different line shape, and the line shape being 

configured for describing the crease information and corresponding to line orientation energy of 

each pixel on the set of palm creases; and 

generating a simulated palm print image having texture detail data based on the palm crease 

energy image. 

2. The method according to claim 1, wherein the generating a palm crease energy image 

having crease information based on the set of Bezier curves comprises: 

performing feature extraction on the set of Bezier curves, to obtain a multi-channel feature 

map of the set of Bezier curves; 

determining a line energy feature of each pixel in each per-channel feature map based on the 

multi-channel feature map; 

generating, by enhancing the line energy feature of each pixel, an enhanced multi-channel 

feature map; and 

generating the palm crease energy image based on the enhanced multi-channel feature map. 

3. The method according to claim 2, wherein the determining a line energy feature of each 

pixel in each per-channel feature map based on the multi-channel feature map comprises: 

extracting line orientation energy of each pixel from the respective per-channel feature map by 

using a linear convolution layer, the linear convolution layer comprising a Gaussian modified finite 

Radon transform core in each of a plurality of pre-determined directions, and the line orientation 

energy comprising line orientation energy of the respective pixel in the plurality of pre-determined 

directions; and 

obtaining the line energy feature of each pixel based on the line orientation energy, the line 

energy feature comprising maximum line orientation energy of the respective pixel in the plurality 
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of pre-determined directions and a pre-determined direction corresponding to the maximum line 

orientation energy. 

4. The method according to any one of claims 1 to 3, wherein the generating a simulated palm 

print image having texture detail data based on the palm crease energy image comprises: 

generating, by using a plurality of control vectors, the simulated palm print image having a 

plurality of pieces of texture detail data based on the palm crease energy image. 

5. The method according to claim 4, wherein the set of palm creases in the palm crease energy 

image indicates an identity of the simulated palm print image. 

6. The method according to claim 4 or 5, wherein a control vector is a random noise vector, 

and the texture detail data comprises at least one of light information, shadow information, and skin 

texture information. 

7. The method according to any one of claims 4 to 6, wherein the generating a palm crease 

energy image having crease information based on the set of Bezier curves comprises: 

generating the palm crease energy image based on the set of Bezier curves by using a first 

generator trained in advance; and 

the generating a simulated palm print image having texture detail data based on the palm 

crease energy image comprises: 

generating the simulated palm print image based on the palm crease energy image by using a 

second generator trained in advance, 

the first generator and the second generator being jointly trained by using a real palm print 

image. 

8. The method according to claim 7, wherein in the jointly training, 

the first generator uses a Bezier curve sample as an input, and outputs a palm crease energy 

image sample comprising the crease information; 

the second generator uses a real palm crease energy image of the real palm print image as an 

input, and outputs a simulated palm print image sample comprising the texture detail data; 

the real palm crease energy image is extracted from the real palm print image by using a palm 

crease energy extractor; 

the training the first generator and the second generator jointly is supervised based on the real 

palm crease energy image; and 
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the palm crease energy extractor is trained jointly with the first generator and the second 

generator. 

9. The method according to claim 8, further comprising: 

extracting a set of real palm creases in the real palm print image by using the palm crease 

energy extractor; 

determining a line energy feature of each pixel in the set of real palm creases; and 

obtaining the real palm crease energy image through a binarization process based on the set of 

real palm creases and the line energy feature of each pixel in the set of real palm creases. 

10. The method according to any one of claims 7 to 9, wherein the first generator comprises a 

line feature enhancement block configured to enhance a line energy feature of a multi-channel 

feature map of the Bezier curve sample. 

11. The method according to any one of claims 8 to 10, wherein a loss function of the jointly 

training comprises a first loss function related to the first generator and a second loss function 

related to the second generator, 

the first loss function comprising at least one of a contrastive loss configured to evaluate 

structural consistency between the palm crease energy image sample and the Bezier curve sample, 

and an adversarial loss configured to evaluate similarity between the palm crease energy image 

sample and the real palm crease energy image; and 

the second loss function comprising at least one of a distribution control loss configured to 

evaluate similarity between a distribution of the control vectors and a standard normal distribution, 

an identity consistency loss configured to evaluate similarity between the identity of the simulated 

palm print image sample and an identity of the real palm print image, a distortion loss configured to 

evaluate similarity between the simulated palm print image sample and the real palm print image, 

and a discriminator loss configured to evaluate realism of the simulated palm print image sample. 

12. The method according to any one of claims 1 to 11, wherein the palm print curve template 

is pre-determined based on statistics obtained from a set of real palm creases of a human; and 

the determining a plurality of control points based on a pre-determined palm print curve 

template comprises: 

generating, based on the palm print curve template, regions for the plurality of control points; 

and 

sampling the regions to obtain the plurality of control points. 
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13. A palm print image generation apparatus, comprising: 

a curve generation module, configured to determine a plurality of control points based on a 

pre-determined palm print curve template, and generate a set of Bezier curves based on the plurality 

of control points; 

a crease generation module, configured to generate a palm crease energy image having crease 

information based on the set of Bezier curves, the palm crease energy image comprising a set of 

palm creases having a same line distribution as the set of Bezier curves but a different line shape, 

and the line shape being configured for describing the crease information and corresponding to line 

orientation energy of each pixel on the set of palm creases; and 

a texture generation module, configured to generate a simulated palm print image having 

texture detail data based on the palm crease energy image. 

14. The apparatus according to claim 13, wherein the crease generation module is configured 

to: perform feature extraction on the set of Bezier curves, to obtain a multi-channel feature map of 

the set of Bezier curves; determine a line energy feature of each pixel in each per-channel feature 

map based on the multi-channel feature map; generate, by enhancing the line energy feature of each 

pixel, an enhanced multi-channel feature map; and generate the palm crease energy image based on 

the enhanced multi-channel feature map. 

15. The apparatus according to claim 13 or 14, wherein the texture generation module is 

configured to generate, by using a plurality of control vectors, the simulated palm print image 

having a plurality of pieces of texture detail data based on the palm crease energy image. 

16. The apparatus according to claim 13, wherein the crease generation module is configured 

to generate the palm crease energy image based on the set of Bezier curves by using a first 

generator trained in advance; and 

the texture generation module is configured to generate the simulated palm print image based 

on the palm crease energy image by using a second generator trained in advance, 

the first generator and the second generator being jointly trained by using a real palm print 

image. 

17. The apparatus according to any one of claims 13 to 16, wherein the palm print curve 

template is pre-determined based on statistics obtained from a set of real palm creases of a human; 

and 

the curve generation module is configured to: generate, based on the palm print curve template, 
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regions for the plurality of control points; and sample the regions to obtain the plurality of control 

points. 

18. An electronic device, comprising: 

at least one processors; and 

at least one memories, having a computer-executable program stored therein, and when the 

computer-executable program is executed by the at least one processors, performing the method 

according to any one of claims 1 to 12. 

19. A computer program product, the computer program product being stored on a computer-

readable storage medium and comprising computer instructions, and the computer instructions, 

when executed by a processor, causing a computer device to perform the method according to any 

one of claims 1 to 12. 

20. A computer-readable storage medium, having computer-executable instructions stored 

therein, the instructions, when executed by a processor, being configured to implement the method 

according to any one of claims 1 to 12. 

  


