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OBJECT RECOGNITION METHOD AND APPARATUS, 

ELECTRONIC DEVICE, COMPUTER-READABLE STORAGE 

MEDIUM, AND COMPUTER PROGRAM PRODUCT 

RELATED APPLICATION 

[0001] This application claims priority to Chinese Patent Application No. 202210295192.8, 

filed on March 23, 2022, which is incorporated herein by reference in its entirety. 

FIELD OF THE TECHNOLOGY 

[0002] This application relates to the field of computer technologies, and in particular, to an 

object recognition method and apparatus, an electronic device, a computer-readable storage 

medium, and a computer program product. 

BACKGROUND OF THE DISCLOSURE 

[0003] With the development of computer technologies, image processing technologies 

have been applied to more fields. For example, the biometric recognition technology is widely 

applied to many fields such as access control and attendance, information security, and electronic 

certificates. Specifically, the biometric recognition technology is a technology that automatically 

extracts biometric features from a to-be-recognized image, and then performs identity verification 

according to these features. In the process of biometric recognition, an infrared image and a visible 

image for a to-be-recognized object are usually acquired. The infrared image may be used for living 

detection on the to-be-recognized object. Before living detection, pixel alignment processing needs 

to be performed on the acquired infrared image and visible image. 

[0004] In the related art, the pixel alignment processing on the infrared image and the 

visible image mainly depends on a depth map, but this method is not suitable for recognition 

scenarios lacking a depth map. 

SUMMARY 

[0005] Embodiments of this application provide an object recognition method and 

apparatus, an electronic device, a computer-readable storage medium, and a computer program 

product, which can implement pixel alignment on an infrared image and a visible image in 

scenarios lacking a depth map, thereby performing object recognition. 
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[0006] An embodiment of this application provides an object recognition method, 

performed by an electronic device, the method including: 

[0007] acquiring an infrared image and a visible image for a to-be-recognized object; 

[0008] determining reference pixel points from pixel points in the infrared image, and 

obtaining depth information of the reference pixel points relative to the to-be-recognized object; 

[0009] obtaining depth information of the pixel points in the infrared image relative to the 

to-be-recognized object according to position information of the reference pixel points in the 

infrared image and the depth information; 

[0010] performing position mapping on the pixel points in the infrared image based on the 

depth information of the pixel points in the infrared image, to obtain mapping point position 

information corresponding to the pixel points in the infrared image in the visible image; 

[0011] aligning the pixel points in the infrared image and the visible image according to the 

mapping point position information; and 

[0012] performing object recognition on the to-be-recognized object based on the aligned 

infrared image and visible image, to obtain an object recognition result of the to-be-recognized 

object. 

[0013] An embodiment of this application provides an object recognition apparatus, 

including: 

[0014] an acquisition unit, configured to acquire an infrared image and a visible image for a 

to-be-recognized object; 

[0015] a determining unit, configured to: determine reference pixel points from pixel points 

in the infrared image, and obtain depth information of the reference pixel points relative to the 

to-be-recognized object; 

[0016] an obtaining unit, configured to obtain depth information of the pixel points in the 

infrared image relative to the to-be-recognized object according to position information of the 

reference pixel points in the infrared image and the depth information; 

[0017] a mapping unit, configured to perform position mapping on the pixel points in the 

infrared image based on the depth information of the pixel points in the infrared image, to obtain 

mapping point position information corresponding to the pixel points in the infrared image in the 

visible image; 
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[0018] an alignment unit, configured to align the pixel points in the infrared image and the 

visible image according to the mapping point position information; and 

[0019] a recognition unit, configured to perform object recognition on the to-be-recognized 

object based on the aligned infrared image and visible image, to obtain an object recognition result 

of the to-be-recognized object. 

[0020] An embodiment of this application provides an electronic device, including a 

processor and a memory, the memory storing a plurality of instructions, and the processor loading 

the instructions to perform the steps in the object recognition method provided by the embodiments 

of this application. 

[0021] An embodiment of this application further provides a computer-readable storage 

medium, storing a computer program, the computer program, when executed by a processor, 

implementing the steps in the object recognition method provided by the embodiments of this 

application. 

[0022] An embodiment of this application further provides a computer program product, 

including a computer program or instructions, the computer program or instructions, when executed 

by a processor, implementing the steps in the object recognition method provided by the 

embodiments of this application. 

[0023] In the embodiments of this application, the depth information of the pixel points is 

obtained from the infrared image and the depth information is given to the pixel points in the visible 

image through mapping between the infrared image and the visible image, so that the depth 

information can be restored through the low-cost images acquired by the sensors based on infrared 

light and visible light, and the object recognition can be supported without relying on the high-cost 

depth sensor, thereby having a wide range of application scenarios. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] To describe the technical solutions of the embodiments of this application more 

clearly, the following briefly introduces the accompanying drawings required for describing the 

embodiments. Apparently, the accompanying drawings in the following description show only 

some embodiments of this application, and a person of ordinary skill in the art may still derive other 

drawings from these accompanying drawings without creative efforts. 

[0025] FIG. 1a is a schematic scenario diagram of an object recognition method according 

to an embodiment of this application. 
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[0026] FIG. 1b is a flowchart of an object recognition method according to an embodiment 

of this application. 

[0027] FIG. 1c is a schematic structural diagram of a speckle structured light imaging 

system according to an embodiment of this application. 

[0028] FIG. 1d is a schematic diagram of a pinhole imaging model according to an 

embodiment of this application. 

[0029] FIG. 1e is a schematic diagram of a transformation relationship between a camera 

coordinate system and a pixel coordinate system according to an embodiment of this application. 

[0030] FIG. 1f is a schematic diagram of a relationship between camera coordinate systems 

according to an embodiment of this application. 

[0031] FIG. 1g is a schematic diagram of a relationship between a camera coordinate system 

corresponding to an infrared image and a camera coordinate system corresponding to a color image 

according to an embodiment of this application. 

[0032] FIG. 1h is another flowchart of an object recognition method according to an 

embodiment of this application. 

[0033] FIG. 2 is another flowchart of an object recognition method according to an 

embodiment of this application. 

[0034] FIG. 3 is a schematic structural diagram of an object recognition apparatus according 

to an embodiment of this application. 

[0035] FIG. 4 is a schematic structural diagram of an electronic device according to an 

embodiment of this application. 

DESCRIPTION OF EMBODIMENTS 

[0036] The technical solutions in embodiments of this application are clearly and 

completely described in the following with reference to the accompanying drawings in the 

embodiments of this application. Apparently, the described embodiments are merely some rather 

than all of the embodiments of this application. All other embodiments obtained by a person skilled 

in the art based on the embodiments of this application without creative efforts shall fall within the 

protection scope of this application. 

[0037] The embodiments of this application provide an object recognition method and 

related equipment. The related equipment may include an object recognition apparatus, an 
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electronic device, a computer-readable storage medium, and a computer program product. The 

object recognition apparatus may be specifically integrated in an electronic device, and the 

electronic device may be a device such as a terminal or a server. 

[0038] It can be understood that the object recognition method of the embodiments of this 

application may be performed on the terminal, may be performed on the server, and may be 

performed jointly by the terminal and the server. The above examples are not to be construed as 

limiting this application. 

[0039] As shown in FIG. 1a, for example, the terminal and the server jointly perform the 

object recognition method. An object recognition system provided by the embodiments of this 

application includes a terminal 10, a server 11, and the like; The terminal 10 and the server 11 are 

connected through a network such as a wired or wireless network. The object recognition apparatus 

may be integrated in the terminal. 

[0040] The terminal 10 may be configured to: acquire an infrared image and a visible image 

for a to-be-recognized object; determine reference pixel points from pixel points in the infrared 

image, and obtain depth information of the reference pixel points relative to the to-be-recognized 

object; obtain depth information of the pixel points in the infrared image relative to the 

to-be-recognized object according to position information of the reference pixel points in the 

infrared image and the depth information; perform position mapping on the pixel points in the 

infrared image based on the depth information of the pixel points in the infrared image, to obtain 

mapping point position information corresponding to the pixel points in the infrared image in the 

visible image; align the pixel points in the infrared image and the visible image according to the 

mapping point position information; and transmitting the aligned infrared image and visible image 

to the server 11 to perform object recognition on the to-be-recognized object by the server 11, to 

obtain an object recognition result of the to-be-recognized object. The terminal 10 may include a 

mobile phone, a smart TV, a tablet computer, a notebook computer, a personal computer (PC), or 

the like. A client may also be disposed on the terminal 10, and the client may be an application 

client, a browser client, or the like. 

[0041] The server 11 may be configured to: receive the aligned infrared image and visible 

image transmitted by the terminal 10, and perform object recognition on the to-be-recognized object 

based on the aligned infrared image and the visible image, to obtain the object recognition result of 

the to-be-recognized object; and transmit the object recognition result to the terminal 10. The server 

11 may be a single server or may be a server cluster including a plurality of servers or a cloud 
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server. In the object recognition method or apparatus disclosed in this application, a plurality of 

servers may form a blockchain network, and the servers are nodes on the blockchain network. 

[0042] The object recognition steps performed by the server 11 may also be performed by 

the terminal 10. 

[0043] The object recognition method provided by the embodiments of this application 

involves the computer vision technology in the field of artificial intelligence (AI). AI involves a 

theory, a method, a technology, and an application system that use a digital computer or a machine 

controlled by the digital computer to simulate, extend, and expand human intelligence, perceive an 

environment, obtain knowledge, and use knowledge to obtain an optimal result. In other words, AI 

is a comprehensive technology in computer science and attempts to understand the essence of 

intelligence and produce a new intelligent machine that can react in a manner similar to human 

intelligence. AI is to study the design principles and implementation methods of various intelligent 

machines, to enable the machines to have the functions of perception, reasoning, and 

decision-making. The AI technology is a comprehensive discipline, and relates to a wide range of 

fields including both hardware-level technologies and software-level technologies. AI software 

technologies mainly include several major directions such as a computer vision technology, a 

speech processing technology, a natural language processing technology, machine learning/deep 

learning, automatic driving, and intelligent transportation. 

[0044] Detailed descriptions are separately provided below. The sequence numbers of the 

following embodiments are not intended to limit preference orders of the embodiments. 

[0045] The embodiments of this application are described from the perspective of an object 

recognition apparatus. The object recognition apparatus may be specifically integrated in an 

electronic device. The electronic device may be a device such as a server or a terminal. 

[0046] It can be understood that in specific implementations of this application, related data 

such as user information are involved. When the above embodiments of this application are applied 

to specific products or technologies, user permission or consent is required, and the acquisition, use, 

and processing of the related data need to comply with relevant laws, regulations, and standards of 

relevant countries and regions. 

[0047] The object recognition method of the embodiments of this application may be 

applied to various scenarios requiring object recognition, such as palm-brushing payment and 

access control attendance. The embodiments of this application may be applied to various scenarios 

such as cloud technology, artificial intelligence, intelligent transportation, and assisted driving. 
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[0048] As shown in FIG. 1b, the specific process of the object recognition method may be 

as follows: 

[0049] Step 101. Acquire an infrared image and a visible image for a to-be-recognized 

object. 

[0050] The to-be-recognized object may be an object requiring biometric recognition, which 

may be palmprint information corresponding to a human body or a human face. This is not limited 

in the embodiments of this application. 

[0051] The infrared image may be specifically an infrared image imaged in pan-infrared 

light and acquired by an infrared sensor, and may be used for living detection on the 

to-be-recognized object. The visible image may be specifically a two-dimensional color image 

imaged by natural light and acquired by an image sensor, and may be used for identity recognition 

on the to-be-recognized object. In the embodiments of this application, the infrared image and the 

visible image for the to-be-recognized object may be acquired at the same time, so that the infrared 

image corresponds to the visible image. 

[0052] Specifically, in the process of biometric recognition, it is generally necessary to 

obtain a depth image of the to-be-recognized object; The depth image may be specifically a depth 

map obtained by acquiring speckle structured infrared light by infrared sensor, and then analyzing 

the speckle by a depth unit. In three-dimensional (3D) computer graphics and computer vision, the 

depth map is an image or image channel, which contains information related to the distance from 

the surface of the acquired scene object to the viewpoint. Each pixel point of the depth map 

represents the vertical distance between the plane of the depth camera and the plane of the 

photographed object, which is usually represented by 16 bits in millimeters. The depth image in 

object recognition scenarios may generally be used for: living detection and auxiliary identity 

recognition. Using the depth image to assist identity recognition can greatly improve the accuracy 

and robustness of identity recognition. 

[0053] The living detection is a detection method to determine whether the to-be-recognized 

object is a real person, a photo, or a head model. Generally, whether the to-be-recognized object is a 

photo can be determined by the depth image, and whether the to-be-recognized object is a silicone 

head model can be determined by the brightness of the infrared image. 

[0054] The speckle structured light is lattice light projected by an infrared speckle projector 

and arranged according to a structure law. As shown in FIG. 1c, the speckle structured light 

imaging system is formed by an infrared laser projector 11 and an infrared sensor 12. The lattice 
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light is projected to the surface 13 of the object (that is, the reference sample). After imaging, the 

infrared sensor can restore the 3D coordinate information of the object surface according to the 

triangulation principle, thereby obtaining the depth image. 

[0055] Compared with the depth image, the point cloud image records the 3D coordinate 

information of the object in the real world, which can be calculated by the depth image and camera 

parameters. Although the depth image also contains the depth information of the object, the 

horizontal and vertical coordinates of a point in the depth image are the pixel point coordinates in 

the imaging plane (hereinafter also called the pixel plane), while the point cloud image records the 

physical coordinates of the point in the real world. The point cloud image can be displayed in the 

3D rendering engine, reflecting the 3D position relationship of each point. 

[0056] In the related art, Red Green Blue-Depth (RGB-D) data is usually used for identity 

recognition. RGB is a color mode, which is a color standard in the industry. By adjusting the three 

color channels of Red, Green and Blue and superimposing them with each other, various colors can 

be obtained. RGB is the color representing the three channels of Red, Green and Blue. D is the 

abbreviation of the depth map. In three-dimensional computer graphics, the depth map is an image 

or image channel that contains information about the distance from the surface of the scene object 

to the viewpoint. The depth map is similar to a gray image, except that the pixel value of each pixel 

point is the actual distance from the sensor to the object. Usually, the RGB image (that is, visible 

image) and the depth image are registered, and therefore there is a one-to-one correspondence 

between the pixel points of the RGB image and the depth image. 

[0057] However, in some identity recognition scenarios, only visible images and infrared 

images can be acquired, but depth images are lacking. Therefore, it is impossible to implement 

pixel-level alignment of three images by relying on depth images. The pixel-level alignment of 

three images refers to the one-to-one correspondence among pixel points of the visible image, the 

infrared image, and the depth image. This application can provide an object recognition method 

capable of implementing pixel-level alignment of a visible image and an infrared image without 

relying on a depth image. 

[0058] The object recognition method provided by this application may be applied to the 

palmprint recognition field, and the palmprint recognition is a biometric recognition technology. 

Through palmprint recognition, the palmprint information of the to-be-recognized object can be 

extracted. The palmprint information may specifically refer to the palm image information from the 

end of finger to the wrist. The palmprint features of different objects are different, and therefore 

identity authentication can be performed according to the palmprint information. 
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[0059] The biometric recognition technology is specifically a technology that combines 

computer with high-tech means such as optics, acoustics, biosensors, and biometric principles 

closely, and uses the inherent physiological characteristics (such as fingerprints, faces, and irises) 

and behavioral characteristics (such as handwriting, voice, and gait) of the human body to identify 

individuals. 

[0060] Step 102. Determine reference pixel points from pixel points in the infrared image, 

and obtain depth information of the reference pixel points relative to the to-be-recognized object. 

[0061] In some embodiments, three pixel points that are not on the same line may be 

arbitrarily selected as reference pixel points from the pixel points in the infrared image. 

[0062] For example, the reference pixel points include at least three pixel points that are not 

on the same line. 

[0063] In a specific scenario, the depth information of the reference pixel points relative to 

the to-be-recognized object may be specifically obtained by using a proximity sensor (Psensor). 

Specifically, the number of the reference pixel points may be determined firstly, and the number of 

the Psensors may be determined based on the number of the reference pixel points. Each Psensor is 

configured to obtain the depth information of one reference pixel point. For the principle of 

measuring the depth information by the Psensor, reference may be made to dToF. Direct 

Time-of-Flight (dToF) is to measure the distance directly according to the time difference between 

pulse emission and reception, while the Psensor can calculate the distance between the imaging 

plane and the object surface of the to-be-recognized object according to the round-trip time between 

the emitted light and the object surface and the propagation speed of light, and the distance is the 

depth information. 

[0064] For example, when there is no depth camera, if the to-be-recognized object is planar 

(such as palm), a Psensor can be used as an alternative to deduce the plane depth value of the 

to-be-recognized object, and three Psensors can be installed at positions not on the same line in the 

pixel plane of the infrared image, to obtain the depth information corresponding to three or more 

reference pixel points by using the Psensors. 

[0065] Step 103. Obtain depth information of the pixel points in the infrared image relative 

to the to-be-recognized object according to position information of the reference pixel points in the 

infrared image and the depth information. 

[0066] Specifically, in the embodiments of this application, according to the position 

information and the depth information of the reference pixel points, a pixel depth of the pixel plane 
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of the infrared image, that is, the depth information of the pixel points in the infrared image relative 

to the to-be-recognized object, can be obtained. 

[0067] For example, in the embodiments of this application, step 103 may include: 

determining mapping point spatial position information corresponding to the reference pixel points 

in an imaging space of the infrared image according to the position information of the reference 

pixel points in the infrared image and the depth information; constructing a plane calibration 

equation corresponding to the to-be-recognized object based on the mapping point spatial position 

information; and obtaining depth information of the pixel points in the infrared image relative to the 

to-be-recognized object according to the plane calibration equation and a position relationship 

between the pixel points in the infrared image and the reference pixel points. 

[0068] In some embodiments, the step of "determining mapping point spatial position 

information corresponding to the reference pixel points in an imaging space of the infrared image 

according to the position information of the reference pixel points in the infrared image and the 

depth information" may include: performing position transformation on position information of the 

reference pixel points in the infrared image according to the position transformation relationship 

between the pixel plane of the infrared image and the imaging space, to obtain mapping point initial 

position information corresponding to the reference pixel points in the imaging space of the infrared 

image; and determining the mapping point spatial position information corresponding to the 

reference pixel points in the imaging space of the infrared image according to the depth information 

of the reference pixel points and the mapping point initial position information. 

[0069] The position transformation relationship between the pixel plane of the infrared 

image and the imaging space may be specifically characterized by the camera internal parameters of 

the camera sensor corresponding to the infrared image. In the embodiments of this application, a 

pixel coordinate system corresponding to the infrared image can be constructed on the pixel plane 

of the infrared image, where the pixel coordinate system may be a two-dimensional coordinate 

system, and a camera coordinate system corresponding to the infrared image can be constructed in 

the imaging space of the infrared image, where the camera coordinate system may be a 

three-dimensional coordinate system. 

[0070] In a simplified camera model shown in FIG. 1d, the camera model is specifically a 

pinhole imaging model, and the camera internal parameters are parameters used to describe the 

transformation relationship between three-dimensional spatial coordinates (that is, coordinates on a 

pixel plane 14) when a real-world object is imaged on the camera sensor and two-dimensional pixel 

point coordinates in a physical imaging plane 13 after imaging. The depth image and the point 
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cloud image in the above embodiment may also be transformed to each other through the camera 

internal parameters. 

[0071] The camera coordinate system refers to a coordinate system in which an optical 

center O 17 of a camera 16 is taken as a coordinate origin, and optical axes are z-axis, x-axis, and 

y-axis parallel to x-axis and y-axis of the imaging plane. The 3D coordinates of the point cloud 

image obtained by the transformation of the depth image and the camera internal parameters are the 

coordinates in the camera coordinate system (O-x-y-z). 

[0072] Specifically, the camera internal parameters of the camera sensor corresponding to 

the infrared image can be obtained according to the position transformation relationship between 

the pixel plane of the infrared image and the imaging space, and then position transformation can be 

performed on the position information of the reference pixel points in the infrared image according 

to the camera internal parameters. The processing process may be as shown in Formula (1): 

𝑧𝑐 ∗ [
𝑢
𝑣
1

] = [
𝑓𝑥 0 𝑢0

0 𝑓𝑦 𝑣0

0 0 1

] ∗ [

𝑥𝑐

𝑦𝑐

𝑧𝑐

]             (1) 

[0073] 𝑓𝑥, 𝑓𝑦, 𝑢0, and 𝑣0 are camera internal parameters. Specifically, 𝑓𝑥 represents a 

focal length 15 in the x-axis direction, 𝑓𝑦 represents a focal length in the y-axis direction, and 𝑢0 

and 𝑣0 are main point positions. The position information of the reference pixel points in the 

infrared image may be represented as (𝑢, 𝑣), and the depth information of the reference pixel points 

is 𝑧𝑐. Through Formula (1), the mapping point initial position information 𝑥𝑐 and 𝑦𝑐 

corresponding to the reference pixel points in the imaging space of the infrared image can be 

obtained. 𝑥𝑐 and 𝑦𝑐 are the x-axis coordinates and y-axis coordinates included in the mapping 

point spatial position information corresponding to the reference pixel points in the imaging space 

of the infrared image. 

[0074] After the mapping point initial position information 𝑥𝑐 and 𝑦𝑐 are obtained, the 

mapping point spatial position information (𝑥𝑐, 𝑦𝑐, 𝑧𝑐) corresponding to the reference pixel points 

in the imaging space of the infrared image can be constructed based on the depth information of the 

reference pixel points. 

[0075] The step of "constructing a plane calibration equation corresponding to the 

to-be-recognized object based on the mapping point spatial position information" may include: 

setting an initial plane calibration equation corresponding to the to-be-recognized object, where the 

initial plane calibration equation includes at least one calibration parameter; analyzing the at least 

one calibration parameter based on the mapping point spatial position information to obtain an 
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analyzed calibration parameter; and updating the initial plane calibration equation according to the 

analyzed calibration parameter, to obtain the plane calibration equation corresponding to the 

to-be-recognized object. 

[0076] The initial plane calibration equation may be set as AX+BY+CZ+D=0, where A, B, 

C, and D are calibration parameters. The mapping point spatial position information is substituted 

into the initial plane calibration equation to solve the initial plane calibration equation, to analyze 

the calibration parameters to obtain specific values of A, B, C, and D, that is, analyzed calibration 

parameters, thereby obtaining the plane calibration equation of the to-be-recognized object. 

[0077] In a specific embodiment, position information of three reference pixel points m, n, 

and p in the infrared image may be represented as m= (x1, y1), n= (x2, y2), and p= (x3, y3). 

According to Formula (1) in the above embodiment, mapping point spatial position information 

corresponding to the three reference pixel points in the imaging space of the infrared image can be 

calculated and represented as M= (X1, Y1, Z1), N= (X2, Y2, Z2), and P= (X3, Y3, Z3), 

respectively; Then, M= (X1, Y1, Z1), N= (X2, Y2, Z2), P= (X3, Y3, Z3) are substituted into 

Formula (2) as follows: 

AX+BY+CZ+D=0                     (2) 

[0078] By solving the coefficients A, B, C, and D in the above formula, the plane 

calibration equation of the to-be-recognized object can be obtained. 

[0079] In the embodiments of this application, the step of "obtaining depth information of 

the pixel points in the infrared image relative to the to-be-recognized object according to the plane 

calibration equation and a position relationship between the pixel points in the infrared image and 

the reference pixel points" may include: performing interpolation operation on position information 

of the pixel points in the infrared image and the position information of the reference pixel points, 

to obtain a position relationship parameter between the pixel points in the infrared image and the 

reference pixel points; and determining the depth information of the pixel points in the infrared 

image relative to the to-be-recognized object according to the position relationship parameter and 

the plane calibration equation. 

[0080] In a specific embodiment, position information of three reference pixel points m, n, 

and p in the infrared image may be represented as m= (x1, y1), n= (x2, y2), and p= (x3, y3). When 

depth information of another pixel point k on the infrared image needs to be obtained, position 

relationship parameters between the pixel points and the reference pixel points in the infrared image 

can be calculated by using the three-point interpolation of m, n, and p. Position information of the 
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pixel point k in the infrared image is (x4, y4), and the interpolation process may be as shown in 

Formula (3) and Formula (4): 

x4 = x1 + α * (x2-x1) + β * (x3-x1)            (3) 

y4 = y1 + α * (y2-y1) + β * (y3-y1)            (4) 

[0081] The coordinates of the pixel points m, n, p, and k can be substituted into Formula (3) 

and Formula (4), so that the position relationship parameters α and β between the pixel points and 

the reference pixel points in the infrared image can be obtained. 

[0082] In the embodiments of this application, the step of "determining the depth 

information of the pixel points in the infrared image relative to the to-be-recognized object 

according to the position relationship parameter and the plane calibration equation" may include: 

performing interpolation operation on the mapping point spatial position information corresponding 

to the reference pixel points in the imaging space of the infrared image according to the position 

relationship parameter, to obtain mapping point initial position information corresponding to the 

pixel points in the infrared image in the imaging space of the infrared image; and determining the 

depth information of the pixel points in the infrared image relative to the to-be-recognized object 

according to the plane calibration equation and the mapping point initial position information. 

[0083] In an embodiment, mapping points corresponding to the three reference pixel points 

m, n, and p in the imaging space of the infrared image are M, N, and P, and spatial position 

information of the mapping point is referred to as mapping point spatial position information, which 

is M= (X1, Y1, Z1), N= (X2, Y2, Z2), and P= (X3, Y3, Z3), respectively. The x-axis coordinates 

and y-axis coordinates of the three pieces of mapping point spatial position information can be 

substituted into the above Formula (3) and Formula (4) to obtain mapping point initial position 

information X4 and Y4 corresponding to the pixel point k in the imaging space of the infrared 

image. X4 and Y4 are specifically the x-axis coordinates and y-axis coordinates of the mapping 

point spatial position information corresponding to the pixel point k in the imaging space of the 

infrared image. 

[0084] After the mapping point initial position information X4 and Y4 are obtained, the 

mapping point spatial position information (X4, Y4, Z4) corresponding to the pixel point k in the 

imaging space of the infrared image can be obtained by substituting the mapping point initial 

position information X4 and Y4 into Formula (2) in the above embodiment, that is, the depth 

information Z4 of the pixel point k relative to the to-be-recognized object can be obtained. By 

analogy, the depth information of the pixel points in the infrared image can be obtained. 
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[0085] Step 104. Perform position mapping on the pixel points in the infrared image based 

on the depth information of the pixel points in the infrared image, to obtain mapping point position 

information corresponding to the pixel points in the infrared image in the visible image. 

[0086] In the embodiments of this application, the step of "performing position mapping on 

the pixel points in the infrared image based on the depth information of the pixel points in the 

infrared image, to obtain mapping point position information corresponding to the pixel points in 

the infrared image in the visible image" may include: mapping the pixel points in the infrared image 

to an imaging space of the visible image based on the depth information of the pixel points in the 

infrared image, to obtain target mapping point spatial position information corresponding to the 

pixel points in the infrared image in the imaging space; and performing position transformation on 

the target mapping point spatial position information according to a position transformation 

relationship between a pixel plane of the visible image and the imaging space, to obtain the 

mapping point position information corresponding to the pixel points in the infrared image in the 

visible image. 

[0087] The position transformation relationship between the pixel plane of the visible image 

and the imaging space may be specifically characterized by the camera internal parameters of the 

camera sensor corresponding to the visible image. In the embodiments of this application, a pixel 

coordinate system corresponding to a color map can be constructed on the pixel plane of the visible 

image, where the pixel coordinate system may be a two-dimensional coordinate system, and a 

camera coordinate system corresponding to the color map can be constructed in the imaging space 

of the visible image, where the camera coordinate system may be a three-dimensional coordinate 

system. 

[0088] The camera internal parameters are parameters for describing the transformation 

relationship between the three-dimensional spatial coordinates of real-world objects when imaged 

on the camera sensor and the two-dimensional pixel point coordinates in the physical imaging plane 

after imaging. 

[0089] In a specific embodiment, target mapping points in the camera coordinate system 

corresponding to the color map can be transformed to the pixel coordinate system by using the 

camera internal parameters. For the transformation between the camera coordinate system and the 

pixel coordinate system, reference may be made to FIG. 1e, where P (XC, YC, ZC) is a point in the 

camera coordinate system, and p (x, y) is a point in the pixel coordinate system. The coordinate 

transformation relationship between them can be converted by the camera internal parameters. 
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[0090] Specifically, according to the position transformation relationship between the pixel 

plane of the visible image and the imaging space, the camera internal parameters of the camera 

sensor corresponding to the visible image can be obtained, and then the position transformation is 

performed on the target mapping point spatial position information according to the camera internal 

parameters. The processing process may be as shown in Formula (5): 

𝑧𝑐 ∗ [
𝑢
𝑣
1

] = [
𝑓𝑥 0 𝑢0

0 𝑓𝑦 𝑣0

0 0 1

] ∗ [

𝑥𝑐

𝑦𝑐

𝑧𝑐

]             (5) 

[0091] 𝑓𝑥, 𝑓𝑦, 𝑢0, and 𝑣0 are camera internal parameters. Specifically, 𝑓𝑥 represents a 

focal length in the x-axis direction, 𝑓𝑦 represents a focal length in the y-axis direction, and 𝑢0 and 

𝑣0 are main point position. The target mapping point spatial position information may be 

represented as (𝑥𝑐, 𝑦𝑐, 𝑧𝑐). Through Formula (5), the mapping point position information 

corresponding to the pixel points in the infrared image in the visible image (𝑢, 𝑣), that is, the 

mapping point position information in the pixel coordinate system corresponding to the color map, 

can be obtained. 

[0092] In the embodiments of this application, the step of "mapping the pixel points in the 

infrared image to an imaging space of the visible image based on the depth information of the pixel 

points in the infrared image, to obtain target mapping point spatial position information 

corresponding to the pixel points in the infrared image in the imaging space" may include: obtaining 

mapping point spatial position information corresponding to the pixel points in the infrared image in 

an imaging space of the infrared image based on the depth information of the pixel points in the 

infrared image; and performing position transformation on the mapping point spatial position 

information according to a position transformation relationship between the imaging space of the 

infrared image and the imaging space of the visible image, to obtain the target mapping point spatial 

position information corresponding to the pixel points in the infrared image in the imaging space of 

the visible image. 

[0093] In some embodiments, the step "obtaining mapping point spatial position 

information corresponding to the pixel points in the infrared image in an imaging space of the 

infrared image" may be specifically constructing the mapping point spatial position information 

corresponding to the pixel points in the infrared image in the imaging space of the infrared image 

based on the depth information of the pixel points in the infrared image obtained in the step 103 and 

the mapping point initial position information corresponding to the pixel points in the infrared 

image in the imaging space of the infrared image. 
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[0094] For example, for each pixel point, depth information corresponding to the pixel point 

in the infrared image and corresponding mapping point initial position information in the imaging 

space of the infrared image are combined, as one dimension respectively, into mapping point spatial 

position information corresponding to the pixel point in the imaging space of the infrared image. 

[0095] The position transformation relationship between the imaging space of the infrared 

image and the imaging space of the visible image can be specifically characterized by camera 

external parameters between the camera sensor corresponding to the infrared image and the camera 

sensor corresponding to the visible image. In the embodiments of this application, a camera 

coordinate system corresponding to the infrared image can be constructed in the imaging space of 

the infrared image, and a camera coordinate system corresponding to the color image can be 

constructed in the imaging space of the visible image. Both of the two camera coordinate systems 

are three-dimensional coordinate systems. 

[0096] As shown in FIG. 1f, the camera external parameters may be parameters for 

describing the transformation relationship between other three-dimensional coordinate systems and 

the camera coordinate system. When there are a plurality of cameras, coordinates of an object point 

in the camera coordinate system of one camera can be transformed to another camera coordinate 

system through a rotation matrix R and a translation matrix T. The rotation matrix R and a 

translation matrix T are external parameters between the two cameras, and the camera external 

parameters describe the transformation relationship between the two camera coordinate systems. 𝑐0 

and 𝑐1 are cameras in two camera coordinate systems, and there are angle and distance offsets 

between the two cameras, which is similar to the relationship between the world coordinate system 

and the camera coordinate system. The transformation from the world coordinate system to the 

camera coordinate system belongs to rigid body transformation: That is, the object does not deform, 

and therefore only needs to be rotated and translated. 

[0097] In a specific embodiment, the mapping point spatial position information in the 

camera coordinate system corresponding to the infrared image can be transformed to the camera 

coordinate system corresponding to the color image by using the camera external parameters 

between the camera sensor corresponding to the infrared image and the camera sensor 

corresponding to the visible image. For the transformation between the camera coordinate system 

corresponding to the infrared image and the camera coordinate system corresponding to the color 

image, reference may be made to FIG. 1g, where P (Xw, Yw, Zw) is a point in the camera coordinate 

system corresponding to the infrared image, and P (Xw, Yw, Zw) can be transformed into a point in 
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the camera coordinate system corresponding to the color map by using the camera external 

parameters (that is, the rotation matrix R and the translation matrix T). 

[0098] Specifically, according to the position transformation relationship between the 

imaging space of the infrared image and the imaging space of the visible image, the camera external 

parameters between the camera sensor corresponding to the infrared image and the camera sensor 

corresponding to the visible image can be obtained, and then the position transformation is 

performed on the mapping point spatial position information according to the camera external 

parameters. The processing process may be as shown in Formula (6): 

[

𝑥𝑐

𝑦𝑐

𝑧𝑐

] = [

𝑟00 𝑟01 𝑟02

𝑟10 𝑟11 𝑟12

𝑟20 𝑟21 𝑟22

] ∗ [

𝑥𝑤

𝑦𝑤

𝑧𝑤

] + [

𝑡𝑥

𝑡𝑦

𝑡𝑧

]         (6) 

[0099] In Formula (6), a matrix formed by 𝑟00 to 𝑟22 is the rotation matrix R, a matrix 

formed by 𝑡𝑥 to 𝑡𝑧 is an offset vector T, and the rotation matrix R and offset vector T are camera 

external parameters. The mapping point spatial position information may be represented as (𝑥𝑤, 

𝑦𝑤, 𝑧𝑤). Through Formula (6), target mapping point spatial position information (𝑥𝑐, 𝑦𝑐, 𝑧𝑐) 

corresponding to the pixel points in the infrared image in the imaging space of the visible image, 

that is, target mapping point spatial position information in the camera coordinate system 

corresponding to the color map, can be obtained. 

[00100] In the embodiments of this application, the step of "obtaining mapping point spatial 

position information corresponding to the pixel points in the infrared image in an imaging space of 

the infrared image based on the depth information of the pixel points in the infrared image" may 

include: performing position transformation on position information of the pixel points in the 

infrared image according to the position transformation relationship between the pixel plane of the 

infrared image and the imaging space, to obtain mapping point initial position information 

corresponding to the pixel points in the infrared image in the imaging space of the infrared image; 

and determining the mapping point spatial position information corresponding to the pixel points in 

the infrared image in the imaging space of the infrared image according to the depth information of 

the pixel points in the infrared image and the mapping point initial position information. 

[00101] The position transformation relationship between the pixel plane of the infrared 

image and the imaging space may be specifically characterized by the camera internal parameters of 

the camera sensor corresponding to the infrared image. In the embodiments of this application, a 

pixel coordinate system corresponding to the infrared image can be constructed on the pixel plane 

of the infrared image, where the pixel coordinate system may be a two-dimensional coordinate 
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system, and a camera coordinate system corresponding to the infrared image can be constructed in 

the imaging space of the infrared image, where the camera coordinate system may be a 

three-dimensional coordinate system. 

[00102] In a specific embodiment, position information of pixel points in the pixel coordinate 

system corresponding to the infrared image can be transformed to the camera coordinate system by 

using the camera internal parameters. For example, point P is a point in the camera coordinate 

system, and point p is a point in the pixel coordinate system, and the coordinate transformation 

relationship between the two points may be converted through the camera internal parameters. 

[00103] Specifically, the camera internal parameters of the camera sensor corresponding to 

the infrared image can be obtained according to the position transformation relationship between 

the pixel plane of the infrared image and the imaging space, and then position transformation is 

performed on the position information of the pixel points in the infrared image according to the 

camera internal parameters, to obtain the mapping point initial position information corresponding 

to the pixel points in the infrared image in the imaging space of the infrared image. The processing 

process may be as shown in Formula (7): 

𝑧𝑐 ∗ [
𝑢
𝑣
1

] = [
𝑓𝑥 0 𝑢0

0 𝑓𝑦 𝑣0

0 0 1

] ∗ [

𝑥𝑐

𝑦𝑐

𝑧𝑐

]             (7) 

[00104] 𝑓𝑥, 𝑓𝑦, 𝑢0, and 𝑣0 are camera internal parameters. Specifically, 𝑓𝑥 represents a 

focal length in the x-axis direction, 𝑓𝑦 represents a focal length in the y-axis direction, and 𝑢0 and 

𝑣0 are main point positions. The position information of the pixel points in the infrared image may 

be represented as (𝑢, 𝑣), and the depth information of the pixel points in the infrared image is 𝑧𝑐. 

Through Formula (7), the pixel point initial position information 𝑥𝑐 and 𝑦𝑐 corresponding to the 

pixel points in the infrared image in the imaging space of the infrared image can be obtained. 𝑥𝑐 

and 𝑦𝑐 are the x-axis coordinates and y-axis coordinates of the mapping point spatial position 

information corresponding to the pixel points in the infrared image in the imaging space of the 

infrared image. 

[00105] After the mapping point initial position information 𝑥𝑐 and 𝑦𝑐 are obtained, 

mapping point spatial position information (𝑥𝑐, 𝑦𝑐, 𝑧𝑐) corresponding to the pixel points in the 

infrared image in the imaging space of the infrared image can be constructed based on the depth 

information 𝑧𝑐 of the pixel points in the infrared image. 

[00106] Step 105. Align the pixel points in the infrared image and the visible image 

according to the mapping point position information. 
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[00107] Specifically, each pixel point in the infrared image can be aligned with a 

corresponding pixel point in the visible image based on the mapping point position information by 

using the visible image as a reference. That is, the pixel point in the infrared image is aligned with 

the position of the pixel point representing the same target object in the visible image, and the 

aligned infrared image corresponds to the position of the pixel point where the same target object is 

located in the visible image. 

[00108] For example, keeping the position of the entire visible image in the pixel coordinate 

system unchanged is keeping the coordinates of the pixel coordinate system in the visible image 

unchanged, and the position of the entire infrared image in the pixel coordinate system is moved in 

at least one movement mode of rotation and translation, to transform the coordinates of the pixel 

points in the infrared image in the pixel coordinate system, so that the coordinates of the infrared 

image and the pixel point representing the same target object in the visible image are the same. 

[00109] In a specific scenario of palmprint recognition, because the palm (specifically, the 

to-be-recognized object) can be regarded as a plane, in the embodiments of this application, the 

Psensor can be used to calculate a bevel distance corresponding to the palm (specifically, the depth 

information of the pixel points in the infrared image relative to the to-be-recognized object in the 

above embodiments), and then pixel alignment is performed on the infrared image and the visible 

image based on the bevel distance, thereby realizing the pixel-level alignment of two images at low 

cost. 

[00110] In the object recognition method provided by this application, reference pixel points 

can be determined from pixel points of a visible image and depth information of the reference pixel 

points relative to the to-be-recognized object can be obtained. Then, depth information of the pixel 

points relative to the to-be-recognized object in the visible image is obtained according to position 

information of the reference pixel points in the visible image and the depth information. Then, 

position mapping is performed on the pixel points in the visible image based on the depth 

information of the pixel points in the visible image, to obtain mapping point position information 

corresponding to the pixel points in the visible image in the infrared image. Finally, the pixel points 

in the infrared image and the visible image are aligned based on the mapping point position 

information, to perform object recognition. It can be understood that, for the obtaining of the depth 

information of the pixel points and the process of the position mapping, reference may be made to 

the above embodiments correspondingly. Details are not described herein again. 

[00111] In a specific embodiment, FIG. 1h is a flowchart of pixel alignment on an infrared 

image and a visible image. Specifically, the flowchart includes: Step 201. Obtain depth information 
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of the pixel points in the infrared image based on the depth information of the reference pixel points 

in the infrared image. Step 202. Transform position information of the pixel points in the pixel 

coordinate system corresponding to the infrared image to the camera coordinate system of the 

infrared image by using camera internal parameters of the camera sensor corresponding to the 

infrared image. Step 203. Transform mapping point spatial position information in the camera 

coordinate system corresponding to the infrared image to the camera coordinate system 

corresponding to the color image by using camera external parameters between the camera sensor 

corresponding to the infrared image and the camera sensor corresponding to the visible image. Step 

204. Transform target mapping points in the camera coordinate system corresponding to the color 

image to the pixel coordinate system corresponding to the color image by using the camera internal 

parameters of the camera sensor corresponding to the visible image, to obtain a mapping result, 

thereby performing pixel alignment on the visible image and the infrared image based on the 

mapping result. 

[00112] Step 106. Perform object recognition on the to-be-recognized object based on the 

aligned infrared image and visible image, to obtain an object recognition result of the 

to-be-recognized object. 

[00113] After the alignment, living detection can be performed on the aligned infrared image, 

and after the living detection is successful, object recognition can be performed based on the 

aligned visible image. The object recognition may be specifically a technology of exchanging object 

identity information through biometric multimedia information. In some embodiments, related 

payment operations may also be performed based on the object recognition result. 

[00114] In a specific scenario, such as the palmprint recognition scenario, performing object 

recognition on the to-be-recognized object may be specifically extracting palmprint information of 

the to-be-recognized object. After obtaining the palmprint information, the palmprint information 

can be matched with palmprint feature information stored in a preset palmprint information 

database, to determine the object identity of the to-be-recognized object. The preset palmprint 

information database may store a target mapping relationship set, and the target mapping 

relationship set includes mapping relationships between preset palmprint feature information and 

preset object identities. For example, the target mapping relationship set may be a relational table of 

preset palmprint feature information and preset object identities. 

[00115] In some embodiments, a matching degree between the palmprint information and 

each preset palmprint feature information can be calculated, and target palmprint feature 

information can be determined from the preset palmprint feature information according to the 



 21   

matching degree. For example, the preset palmprint feature information with the highest matching 

degree with the palmprint information can be determined as the target palmprint feature 

information. Then, the object identity corresponding to the target palmprint feature information is 

determined as the object identity of the to-be-recognized object according to the target mapping 

relationship set. 

[00116] As an example, a Euclidean distance between a palmprint line feature (for example, 

length or number of lines) of different palmprint information and a vectorized representation of a 

texture feature is calculated, and the reciprocal of the Euclidean distance is taken as a matching 

degree. 

[00117] It can be learned from the above that in the embodiments of this application, the 

depth information of the pixel points is obtained from the infrared image and the depth information 

is given to the pixel points in the visible image through mapping between the infrared image and the 

visible image, so that 3D data including the depth information can be accurately restored through 

the low-cost images acquired by the sensors based on infrared light and visible light, so that 

subsequent object recognition can be performed. Because the cost of object recognition in hardware 

implementation level is reduced, it can be widely applied to various application scenarios requiring 

large-scale object recognition, such as intelligent transportation, compared with the solutions in the 

related art that rely on depth sensors for object recognition. 

[00118] According to the method described in the above embodiment, the object recognition 

apparatus being specifically integrated in the terminal is used as an example for further detailed 

description below. 

[00119] The embodiments of this application provide an object recognition method. As 

shown in FIG. 2, the specific process of the object recognition method may be as follows: 

[00120] Step 301. The terminal acquires an infrared image and a visible image for a 

to-be-recognized object. 

[00121] The to-be-recognized object may be an object requiring biometric recognition, which 

may be palmprint information corresponding to a human body or a human face. This is not limited 

in the embodiments of this application. 

[00122] The infrared image may be specifically an infrared image imaged in pan-infrared 

light and acquired by an infrared sensor, and may be used for living detection on the 

to-be-recognized object. The visible image may be specifically a color image imaged by natural 

light and acquired by an image sensor, and may be used for identity recognition on the 
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to-be-recognized object. In the embodiments of this application, the infrared image and the visible 

image for the to-be-recognized object may be acquired at the same time, so that the infrared image 

corresponds to the visible image. 

[00123] Step 302. The terminal determines reference pixel points from pixel points in the 

infrared image, and obtains depth information of the reference pixel points relative to the 

to-be-recognized object. 

[00124] In some embodiments, three pixel points that are not on the same line may be 

arbitrarily selected as reference pixel points from the pixel points in the infrared image. 

[00125] In the embodiments of this application, the reference pixel points include at least 

three pixel points that are not on the same line. 

[00126] In a specific scenario, the depth information of the reference pixel points relative to 

the to-be-recognized object may be specifically obtained by using a Psensor. Specifically, the 

number of the reference pixel points may be determined firstly, and the number of the Psensors may 

be determined based on the number of the reference pixel points. Each Psensor is configured to 

obtain the depth information of one reference pixel point. For the principle of measuring the depth 

information by the Psensor, reference may be made to dToF. dToF is to measure the distance 

directly according to the time difference between pulse emission and reception, while the Psensor 

can calculate the distance between the imaging plane and the object surface of the to-be-recognized 

object according to the round-trip time between the emitted light and the object surface and the 

propagation speed of light, and the distance is the depth information. 

[00127] For example, when there is no depth camera, if the to-be-recognized object is planar 

(such as palm), a cheap Psensor can be used as an alternative to deduce the plane depth value of the 

to-be-recognized object, and three Psensors can be installed at positions not on the same line in the 

pixel plane of the infrared image, to obtain the depth information of three or more reference pixel 

points by using the Psensors. 

[00128] Step 303. The terminal obtains depth information of the pixel points in the infrared 

image relative to the to-be-recognized object according to position information of the reference 

pixel points in the infrared image and the depth information. 

[00129] In the embodiments of this application, the step of "obtaining depth information of 

the pixel points in the infrared image relative to the to-be-recognized object according to position 

information of the reference pixel points in the infrared image and the depth information includes" 

may include: determining mapping point spatial position information corresponding to the reference 
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pixel points in an imaging space of the infrared image according to the position information of the 

reference pixel points in the infrared image and the depth information; constructing a plane 

calibration equation corresponding to the to-be-recognized object based on the mapping point 

spatial position information; and obtaining depth information of the pixel points in the infrared 

image relative to the to-be-recognized object according to the plane calibration equation and a 

position relationship between the pixel points in the infrared image and the reference pixel points. 

[00130] For example, the step of "determining mapping point spatial position information 

corresponding to the reference pixel points in an imaging space of the infrared image according to 

the position information of the reference pixel points in the infrared image and the depth 

information" may include: performing position transformation on position information of the 

reference pixel points in the infrared image according to the position transformation relationship 

between the pixel plane of the infrared image and the imaging space, to obtain mapping point initial 

position information corresponding to the reference pixel points in the imaging space of the infrared 

image; and 

[00131] determining the mapping point spatial position information corresponding to the 

reference pixel points in the imaging space of the infrared image according to the depth information 

of the reference pixel points and the mapping point initial position information. 

[00132] The position transformation relationship between the pixel plane of the infrared 

image and the imaging space may be specifically characterized by the camera internal parameters of 

the camera sensor corresponding to the infrared image. In the embodiments of this application, a 

pixel coordinate system corresponding to the infrared image can be constructed on the pixel plane 

of the infrared image, where the pixel coordinate system may be a two-dimensional coordinate 

system, and a camera coordinate system corresponding to the infrared image can be constructed in 

the imaging space of the infrared image, where the camera coordinate system may be a 

three-dimensional coordinate system. 

[00133] The step of "constructing a plane calibration equation corresponding to the 

to-be-recognized object based on the mapping point spatial position information" may include: 

setting an initial plane calibration equation corresponding to the to-be-recognized object, where the 

initial plane calibration equation includes at least one calibration parameter; analyzing the at least 

one calibration parameter based on the mapping point spatial position information to obtain an 

analyzed calibration parameter; and updating the initial plane calibration equation according to the 

analyzed calibration parameter, to obtain the plane calibration equation corresponding to the 

to-be-recognized object. 
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[00134] The initial plane calibration equation may be set as AX+BY+CZ+D=0, where A, B, 

C, and D are calibration parameters. In the embodiments of this application, the mapping point 

spatial position information can be substituted into the initial plane calibration equation, to analyze 

the calibration parameters to obtain specific values of A, B, C, and D, that is, analyzed calibration 

parameters, thereby obtaining the plane calibration equation of the to-be-recognized object. 

[00135] In the embodiments of this application, the step of "obtaining depth information of 

the pixel points in the infrared image relative to the to-be-recognized object according to the plane 

calibration equation and a position relationship between the pixel points in the infrared image and 

the reference pixel points" may include: performing interpolation operation on position information 

of the pixel points in the infrared image and the position information of the reference pixel points, 

to obtain a position relationship parameter between the pixel points in the infrared image and the 

reference pixel points; and determining the depth information of the pixel points in the infrared 

image relative to the to-be-recognized object according to the position relationship parameter and 

the plane calibration equation. 

[00136] In the embodiments of this application, the step of "determining the depth 

information of the pixel points in the infrared image relative to the to-be-recognized object 

according to the position relationship parameter and the plane calibration equation" may include: 

performing interpolation operation on the mapping point spatial position information corresponding 

to the reference pixel points in the imaging space of the infrared image according to the position 

relationship parameter, to obtain mapping point initial position information corresponding to the 

pixel points in the infrared image in the imaging space of the infrared image; and determining the 

depth information of the pixel points in the infrared image relative to the to-be-recognized object 

according to the plane calibration equation and the mapping point initial position information. 

[00137] Step 304. The terminal maps the pixel points in the infrared image into an imaging 

space of the visible image based on the depth information of the pixel points in the infrared image, 

to obtain target mapping point spatial position information corresponding to the pixel points in the 

infrared image in the imaging space. 

[00138] In the embodiments of this application, the step of "mapping the pixel points in the 

infrared image to an imaging space of the visible image based on the depth information of the pixel 

points in the infrared image, to obtain target mapping point spatial position information 

corresponding to the pixel points in the infrared image in the imaging space" may include: obtaining 

mapping point spatial position information corresponding to the pixel points in the infrared image in 

an imaging space of the infrared image based on the depth information of the pixel points in the 
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infrared image; and performing position transformation on the mapping point spatial position 

information according to a position transformation relationship between the imaging space of the 

infrared image and the imaging space of the visible image, to obtain the target mapping point spatial 

position information corresponding to the pixel points in the infrared image in the imaging space of 

the visible image. 

[00139] The position transformation relationship between the imaging space of the infrared 

image and the imaging space of the visible image can be specifically characterized by camera 

external parameters between the camera sensor corresponding to the infrared image and the camera 

sensor corresponding to the visible image. In the embodiments of this application, a camera 

coordinate system corresponding to the infrared image can be constructed in the imaging space of 

the infrared image, and a camera coordinate system corresponding to the color image can be 

constructed in the imaging space of the visible image. Both of the two camera coordinate systems 

are three-dimensional coordinate systems. 

[00140] In the embodiments of this application, the step of "obtaining mapping point spatial 

position information corresponding to the pixel points in the infrared image in an imaging space of 

the infrared image based on the depth information of the pixel points in the infrared image" may 

include: performing position transformation on position information of the pixel points in the 

infrared image according to the position transformation relationship between the pixel plane of the 

infrared image and the imaging space, to obtain mapping point initial position information 

corresponding to the pixel points in the infrared image in the imaging space of the infrared image; 

and determining the mapping point spatial position information corresponding to the pixel points in 

the infrared image in the imaging space of the infrared image according to the depth information of 

the pixel points in the infrared image and the mapping point initial position information. 

[00141] The position transformation relationship between the pixel plane of the infrared 

image and the imaging space may be specifically characterized by the camera internal parameters of 

the camera sensor corresponding to the infrared image. In the embodiments of this application, a 

pixel coordinate system corresponding to the infrared image can be constructed on the pixel plane 

of the infrared image, where the pixel coordinate system may be a two-dimensional coordinate 

system, and a camera coordinate system corresponding to the infrared image can be constructed in 

the imaging space of the infrared image, where the camera coordinate system may be a 

three-dimensional coordinate system. 

[00142] Step 305. The terminal performs position transformation on the target mapping point 

spatial position information according to a position transformation relationship between a pixel 
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plane of the visible image and the imaging space, to obtain the mapping point position information 

corresponding to the pixel points in the infrared image in the visible image. 

[00143] Step 306. The terminal aligns the pixel points in the infrared image and the visible 

image according to the mapping point position information. 

[00144] Specifically, each pixel point in the infrared image can be aligned with a 

corresponding pixel point in the visible image based on the mapping point position information by 

using the visible image as a reference. That is, the pixel point in the infrared image is aligned with 

the position of the pixel point representing the same target object in the visible image, and the 

aligned infrared image corresponds to the position of the pixel point where the same target object is 

located in the visible image. 

[00145] Step 307. The terminal performs object recognition on the to-be-recognized object 

based on the aligned infrared image and visible image, to obtain an object recognition result of the 

to-be-recognized object. 

[00146] After the alignment, living detection can be performed on the aligned infrared image, 

and after the living detection is successful, object recognition can be performed based on the 

aligned visible image. The object recognition may be specifically a technology of exchanging object 

identity information through biometric multimedia information. In some embodiments, related 

payment operations may also be performed based on the object recognition result. 

[00147] As can be learned from the above, in the embodiments of this application, the pixel 

alignment of the infrared image and the visible image can be implemented in the scenario lacking 

the depth map, thereby performing object recognition. 

[00148] The embodiments of this application further provide an object recognition apparatus. 

As shown in FIG. 3, the object recognition apparatus may include an acquisition unit 301, a 

determining unit 302, an obtaining unit 303, a mapping unit 304, an alignment unit 305, and a 

recognition unit 306. 

[00149] (1) The acquisition unit 301 is configured to acquire an infrared image and a visible 

image for a to-be-recognized object. 

[00150] (2) The determining unit 302 is configured to determine reference pixel points from 

pixel points in the infrared image, and obtain depth information of the reference pixel points relative 

to the to-be-recognized object. 

[00151] In some embodiments of this application, the reference pixel points include at least 

three pixel points that are not on the same line. 
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[00152] (3) The obtaining unit 303 is configured to obtain depth information of the pixel 

points in the infrared image relative to the to-be-recognized object according to position 

information of the reference pixel points in the infrared image and the depth information. 

[00153] In some embodiments of this application, the obtaining unit may include a 

determining subunit, a construction subunit, and an obtaining subunit, as follows: The 

determination subunit is configured to determine mapping point spatial position information 

corresponding to the reference pixel points in an imaging space of the infrared image according to 

the position information of the reference pixel points in the infrared image and the depth 

information. The construction subunit is configured to construct a plane calibration equation 

corresponding to the to-be-recognized object based on the mapping point spatial position 

information. 

[00154] The obtaining subunit is configured to obtain depth information of the pixel points in 

the infrared image relative to the to-be-recognized object according to the plane calibration equation 

and a position relationship between the pixel points in the infrared image and the reference pixel 

points. 

[00155] In some embodiments of this application, the obtaining subunit may be specifically 

configured to: perform interpolation operation on the position information of the pixel points in the 

infrared image and the position information of the reference pixel points to obtain a position 

relationship parameter between the pixel points in the infrared image and the reference pixel points; 

and determine depth information of the pixel points in the infrared image relative to the 

to-be-recognized object according to the position relationship parameter and the plane calibration 

equation. 

[00156] (4) The mapping unit 304 is configured to perform position mapping on the pixel 

points in the infrared image based on the depth information of the pixel points in the infrared image 

to obtain mapping point position information corresponding to the pixel points in the infrared image 

in the visible image. 

[00157] In some embodiments of this application, the mapping unit may include a mapping 

subunit and a position transformation subunit, as follows: The mapping subunit is configured to 

map pixel points in the infrared image to an imaging space of the visible image based on the depth 

information of the pixel points in the infrared image to obtain target mapping point spatial position 

information corresponding to the pixel points in the infrared image in the imaging space. The 

position transformation subunit is configured to perform position transformation on the target 

mapping point spatial position information according to a position transformation relationship 
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between a pixel plane of the visible image and the imaging space, to obtain the mapping point 

position information corresponding to the pixel points in the infrared image in the visible image. 

[00158] In some embodiments of this application, the mapping subunit may be specifically 

configured to obtain mapping point spatial position information corresponding to the pixel points in 

the infrared image in the imaging space of the infrared image based on the depth information of the 

pixel points in the infrared image; and performing position transformation on the mapping point 

spatial position information according to the position transformation relationship between the 

imaging space of the infrared image and the imaging space of the visible image, to obtain the target 

mapping point spatial position information corresponding to the pixel points in the infrared image in 

the imaging space of the visible image. 

[00159] (5) The alignment unit 305 is configured to align the pixel points in the infrared 

image and the visible image according to the mapping point position information. 

[00160] (6) The recognition unit 306 is configured to perform object recognition on the 

to-be-recognized object based on the aligned infrared image and visible image, to obtain an object 

recognition result of the to-be-recognized object. 

[00161] An embodiment of this application further provides an electronic device. FIG. 4 

shows a schematic structural diagram of the electronic device related to the embodiments of this 

application. The electronic device may be a terminal, a server, or the like. The electronic device 

may include components such as a processor 401 with one or more processing cores, a memory 402 

with one or more computer-readable storage media, a power supply 403, and an input unit 404. A 

person skilled in the art may understand that the electronic device structure shown in FIG. 4 does 

not constitute a limit to the electronic device. The server may include more or fewer components 

than those shown in the figure, may combine some components, or may have different component 

arrangements 

[00162] The processor 401 is a control center of the electronic device, which is connected to 

various parts of the entire electronic device by using various interfaces and lines, and by running or 

executing a software program and/or module stored in the memory 402 and calling data stored in 

the memory 402, to implement various functions of the electronic device and process data. For 

example, the processor 401 may include one or more processing cores. For example, the processor 

401 may integrate an application processor and a modem. The application processor mainly 

processes an operating system, a user interface, an application program, and the like. The modem 

mainly processes wireless communication. It can be understood that the modem may also not be 

integrated into the processor 708. 



 29   

[00163] The memory 402 may be configured to store a software program and module. The 

processor 401 runs the software program and module stored in the memory 402, to implement 

various functional applications and data processing. The memory 402 may mainly include a 

program storage area and a data storage area. The program storage area may store an operating 

system, an application program required by at least one function (for example, a sound playing 

function and an image playing function), or the like. The storage data area may store data created 

according to the use of the electronic device. 

[00164] Although not shown in the figure, the electronic device may further include a display 

unit, and the like. Details are not described herein again. Specifically, in this embodiment of this 

application, the processor 401 in the electronic device loads one or more executable files 

corresponding to processes of one or more application programs into the memory 402 according to 

the following instructions, and the processor 401 runs the application programs stored in the 

memory 402 to implement the foregoing object recognition method of the embodiments of this 

application. For specific implementations of the above operations, reference may be made to the 

foregoing embodiments. Details are not described herein again. 

[00165] A person of ordinary skill in the art may understand that, all or some steps of the 

methods in the foregoing embodiments may be implemented by using instructions, or implemented 

through instructions controlling relevant hardware, and the instructions may be stored in a 

computer-readable memory and loaded and executed by a processor. 

[00166] An embodiment of this application provides a storage medium, storing a plurality of 

instructions, the instructions being loaded by a processor, to perform the steps in any object 

recognition method provided by the embodiments of this application. For specific implementations 

of the above operations, reference may be made to the foregoing embodiments. Details are not 

described herein again. The computer-readable storage medium may include: a read-only memory 

(ROM), a random access memory (RAM), a magnetic disk, an optical disc, or the like. 

[00167] An embodiment of this application further provides a computer program product or 

computer program including computer instructions, the computer instructions being stored in a 

computer-readable storage medium. A processor of a 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 methods provided in various optional 

implementations of the object recognition aspects described above. 

[00168] The object recognition method and related equipment provided by the embodiments 

of this application are introduced above in detail. In this specification, the principles and 
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implementations of this application are described by applying specific examples, and the 

description of the above embodiments is only used to help understand the method and core idea of 

this application. Meanwhile, for a person skilled in the art, there will be changes in the specific 

implementation and application scope according to the idea of this application. In summary, the 

content of this specification is not to be understood as limiting this application. 
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CLAIMS 

What is claimed is: 

1. An object recognition method, performed by an electronic device, the method comprising: 

acquiring an infrared image and a visible image for a to-be-recognized object; 

determining reference pixel points from pixel points in the infrared image, and obtaining depth 

information of the reference pixel points relative to the to-be-recognized object; 

obtaining depth information of the pixel points in the infrared image relative to the 

to-be-recognized object according to position information of the reference pixel points in the 

infrared image and the depth information; 

performing position mapping on the pixel points in the infrared image based on the depth 

information of the pixel points in the infrared image, to obtain mapping point position information 

corresponding to the pixel points in the infrared image in the visible image; 

aligning the pixel points in the infrared image and the visible image according to the mapping 

point position information; and 

performing object recognition on the to-be-recognized object based on the aligned infrared 

image and visible image, to obtain an object recognition result of the to-be-recognized object. 

2. The method according to claim 1, wherein the performing position mapping on the pixel 

points in the infrared image based on the depth information of the pixel points in the infrared image, 

to obtain mapping point position information corresponding to the pixel points in the infrared image 

in the visible image comprises: 

mapping the pixel points in the infrared image to an imaging space of the visible image based 

on the depth information of the pixel points in the infrared image, to obtain target mapping point 

spatial position information corresponding to the pixel points in the infrared image in the imaging 

space; and 

performing position transformation on the target mapping point spatial position information 

according to a position transformation relationship between a pixel plane of the visible image and 

the imaging space, to obtain the mapping point position information corresponding to the pixel 

points in the infrared image in the visible image. 

3. The method according to claim 2, wherein the mapping the pixel points in the infrared 

image to an imaging space of the visible image based on the depth information of the pixel points in 

the infrared image, to obtain target mapping point spatial position information corresponding to the 
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pixel points in the infrared image in the imaging space comprises: 

obtaining mapping point spatial position information corresponding to the pixel points in the 

infrared image in an imaging space of the infrared image based on the depth information of the 

pixel points in the infrared image; and 

performing position transformation on the mapping point spatial position information 

according to a position transformation relationship between the imaging space of the infrared image 

and the imaging space of the visible image, to obtain the target mapping point spatial position 

information corresponding to the pixel points in the infrared image in the imaging space of the 

visible image. 

4. The method according to claim 3, wherein the obtaining mapping point spatial position 

information corresponding to the pixel points in the infrared image in an imaging space of the 

infrared image based on the depth information of the pixel points in the infrared image comprises: 

performing position transformation on position information of the pixel points in the infrared 

image according to the position transformation relationship between the pixel plane of the infrared 

image and the imaging space, to obtain mapping point initial position information corresponding to 

the pixel points in the infrared image in the imaging space of the infrared image; and 

determining the mapping point spatial position information corresponding to the pixel points in 

the infrared image in the imaging space of the infrared image according to the depth information of 

the pixel points in the infrared image and the mapping point initial position information. 

5. The method according to claim 1, wherein the obtaining depth information of the pixel 

points in the infrared image relative to the to-be-recognized object according to position 

information of the reference pixel points in the infrared image and the depth information comprises: 

determining mapping point spatial position information corresponding to the reference pixel 

points in an imaging space of the infrared image according to the position information of the 

reference pixel points in the infrared image and the depth information; 

constructing a plane calibration equation corresponding to the to-be-recognized object based 

on the mapping point spatial position information; and 

obtaining depth information of the pixel points in the infrared image relative to the 

to-be-recognized object according to the plane calibration equation and a position relationship 

between the pixel points in the infrared image and the reference pixel points. 

6. The method according to claim 5, wherein the obtaining depth information of the pixel 
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points in the infrared image relative to the to-be-recognized object according to the plane calibration 

equation and a position relationship between the pixel points in the infrared image and the reference 

pixel points comprises: 

performing interpolation operation on position information of the pixel points in the infrared 

image and the position information of the reference pixel points, to obtain a position relationship 

parameter between the pixel points in the infrared image and the reference pixel points; and 

determining the depth information of the pixel points in the infrared image relative to the 

to-be-recognized object according to the position relationship parameter and the plane calibration 

equation. 

7. The method according to claim 6, wherein the determining the depth information of the 

pixel points in the infrared image relative to the to-be-recognized object according to the position 

relationship parameter and the plane calibration equation comprises: 

performing interpolation operation on the mapping point spatial position information 

corresponding to the reference pixel points in the imaging space of the infrared image according to 

the position relationship parameter, to obtain mapping point initial position information 

corresponding to the pixel points in the infrared image in the imaging space of the infrared image; 

and 

determining the depth information of the pixel points in the infrared image relative to the 

to-be-recognized object according to the plane calibration equation and the mapping point initial 

position information. 

8. The method according to claim 1, wherein the reference pixel points comprise at least three 

pixel points that are not on the same line. 

9. The method according to claim 1, wherein the aligning the pixel points in the infrared image 

and the visible image according to the mapping point position information comprises: 

maintaining coordinates of the pixel points in the visible image unchanged in a pixel 

coordinate system, and moving a position of the infrared image in the pixel coordinate system as a 

whole in at least one movement mode of rotation and translation, wherein coordinates of pixel 

points of the moved infrared image are the same as those of the pixel points representing the same 

target object in the visible image. 

10. An object recognition apparatus, comprising: 

an acquisition unit, configured to acquire an infrared image and a visible image for a 
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to-be-recognized object; 

a determining unit, configured to: determine reference pixel points from pixel points in the 

infrared image, and obtain depth information of the reference pixel points relative to the 

to-be-recognized object; 

an obtaining unit, configured to obtain depth information of the pixel points in the infrared 

image relative to the to-be-recognized object according to position information of the reference 

pixel points in the infrared image and the depth information; 

a mapping unit, configured to perform position mapping on the pixel points in the infrared 

image based on the depth information of the pixel points in the infrared image, to obtain mapping 

point position information corresponding to the pixel points in the infrared image in the visible 

image; 

an alignment unit, configured to align the pixel points in the infrared image and the visible 

image according to the mapping point position information; and 

a recognition unit, configured to perform object recognition on the to-be-recognized object 

based on the aligned infrared image and visible image, to obtain an object recognition result of the 

to-be-recognized object. 

11. An electronic device, comprising a memory and a processor, the memory storing an 

application program, and the processor be configured to run this application program in the memory 

to perform the operations in the object recognition method according to any one of claims 1 to 8. 

12. A computer-readable storage medium, storing a plurality of instructions, the instructions 

being loaded by a processor to perform the operations in the object recognition method according to 

any one of claims 1 to 8. 

13. A computer program product, comprising a computer program or instructions, the 

computer program or instructions, when executed by a processor, implementing the operations in 

the object recognition method according to any one of claims 1 to 8. 

  


