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MODEL RENDERING METHOD AND RELATED APPARATUS

[0001] This application claims priority to Chinese Patent Application No. 202410947204X, 

filed with the China National Intellectual Property Administration on July 15, 2024 and entitled 

"MODEL RENDERING METHOD AND RELATED APPARATUS", 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 

model rendering.

BACKGROUND OF THE DISCLOSURE

[0003] A three-dimensional (3D) model is a three-dimensional model constructed using 

three-dimensional software. Because the three-dimensional model can flexibly represent various 

real-world objects and fictional objects, the three-dimensional model is widely used in various 

fields, such as a game, medical treatment, film and television production, engineering design, and 

the like.

[0004] During practical application, rendering of the three-dimensional model often fails

due to factors such as the three-dimensional model being too complex. In this case, 

two-dimensional image information of a basic object on which the three-dimensional model is 

based usually needs to be collected. Then, based on related theories of model enhancement 

rendering, outline information of the basic object is manually reconstructed according to the 

collected two-dimensional image information, to reconstruct a corresponding three-dimensional 

model.

[0005] However, in the foregoing manner, often a relatively long time needs to be spent on 

reconstructing a new three-dimensional model that can be successfully rendered. That is, 

reconstruction efficiency of the three-dimensional model is relatively low, and required labor costs 

are relatively high.

SUMMARY

[0006] Embodiments of this application provide a model rendering method and a related 

apparatus, to automatically reconstruct and render a three-dimensional model, thereby improving 

reconstruction efficiency of the three-dimensional model, and reducing labor costs.
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[0007] A first aspect of this application provides a model rendering method. The method 

includes:

[0008] performing, based on a topology structure feature of an initial three-dimensional 

model, simplification processing on the initial three-dimensional model by reducing a model mesh 

quantity, to obtain a simplified three-dimensional model, the simplified three-dimensional model 

and the initial three-dimensional model satisfying a preset similarity requirement;

[0009] determining, through illumination simulation processing when the simplified 

three-dimensional model is in a preset virtual environment, an illumination intensity corresponding 

to a vertex in the simplified three-dimensional model; and

[0010] rendering the simplified three-dimensional model based on the simplified 

three-dimensional model and the illumination intensity, to obtain a model image corresponding to 

the simplified three-dimensional model.

[0011] A second aspect of this application provides a model rendering apparatus. The 

apparatus includes:

[0012] a simplification module, configured to perform, based on a topology structure feature 

of an initial three-dimensional model, simplification processing on the initial three-dimensional 

model by reducing a model mesh quantity, to obtain a simplified three-dimensional model, the 

simplified three-dimensional model and the initial three-dimensional model satisfying a preset 

similarity requirement;

[0013] an illumination simulation module, configured to determine, through illumination 

simulation processing when the simplified three-dimensional model is in a preset virtual 

environment, an illumination intensity corresponding to a vertex in the simplified three-dimensional 

model; and

[0014] a rendering module, configured to render the simplified three-dimensional model 

based on the simplified three-dimensional model and the illumination intensity, to obtain a model 

image corresponding to the simplified three-dimensional model.

[0015] A third aspect of this application provides a computer device. The device includes a 

processor and a memory;

[0016] the memory being configured to store a computer program; and

[0017] the processor being configured to perform, according to the computer program, 

operations of the model rendering method as described in the first aspect.
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[0018] A fourth aspect of this application provides a computer-readable storage medium, the 

computer-readable storage medium being configured to store a computer program, and the 

computer program being configured to perform operations of the model rendering method as 

described in the first aspect.

[0019] A fifth aspect of this application provides a computer program product including a 

computer program. When the computer program product is run on a computer, the computer is 

enabled to perform the method according to the foregoing aspects.

[0020] It can be learnt from the foregoing technical solutions that the embodiments of this 

application have the following advantages:

[0021] An embodiment of this application provides a model rendering method. The method 

innovatively provides a solution of implementing model enhancement rendering based on an

existing three-dimensional model. The method includes: first, for a to-be-processed initial 

three-dimensional model, performing, based on a topology structure feature of the initial 

three-dimensional model, simplification processing on the initial three-dimensional model by 

reducing a model mesh quantity, to obtain a simplified three-dimensional model including a smaller 

mesh quantity than the initial three-dimensional model. Because model complexity of the simplified 

three-dimensional model is relatively lower, it is easier to successfully complete rendering when the 

simplified three-dimensional model is subsequently rendered, that is, a model rendering success rate 

can be improved. In addition, to ensure a rendering effect of the simplified three-dimensional model, 

the simplified three-dimensional model and the initial three-dimensional model need to satisfy a 

preset similarity requirement, to ensure that appearance of the simplified three-dimensional model 

is similar to that of the initial three-dimensional model as much as possible, further ensure that a 

rendering effect of the simplified three-dimensional model is similar to that of the initial 

three-dimensional model, and avoid distortion caused by the simplification processing. Then, an 

illumination intensity corresponding to a vertex in the simplified three-dimensional model may be 

determined through illumination simulation processing when the simplified three-dimensional 

model is in a preset virtual environment, that is, an illumination effect is simulated when the 

simplified three-dimensional model is in the preset virtual environment. The illumination effect may 

help improve a rendering effect in a subsequent rendering process, so that a finally obtained 

rendering effect is more vivid. Finally, rendering is performed on the simplified three-dimensional 

model based on the simplified three-dimensional model and the illumination effect (namely, the 

illumination intensity corresponding to the vertex in the simplified three-dimensional model) that is 

obtained when the simplified three-dimensional model is in the preset virtual environment, to obtain 
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a model image corresponding to the simplified three-dimensional model; and model rendering is 

performed based on a processing result obtained through the foregoing simplification processing 

and illumination simulation processing, to ensure a relatively high rendering success rate, and 

ensure that a relatively good rendering effect is obtained. The rendering effect is similar to an 

expected rendering effect of the initial three-dimensional model. Therefore, in the foregoing method, 

model enhancement rendering can be automatically completed based on the original initial 

three-dimensional model, and model reconstruction and rendering do not need to be manually 

performed again based on a two-dimensional image, thereby improving reconstruction efficiency of 

the three-dimensional model and reducing labor costs.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG. 1 is a schematic diagram of an application scenario of a model rendering

method according to an embodiment of this application.

[0023] FIG. 2 is a schematic flowchart of a model rendering method according to an 

embodiment of this application.

[0024] FIG. 3 is a schematic flowchart of a simplification processing process according to 

an embodiment of this application.

[0025] FIG. 4 is a schematic diagram of determining an importance evaluation result of a 

sub-model region according to an embodiment of this application.

[0026] FIG. 5 is a schematic structural diagram of a difference measurement processing 

process according to an embodiment of this application.

[0027] FIG. 6 is a schematic structural diagram of another difference measurement 

processing process according to an embodiment of this application.

[0028] FIG. 7 is a schematic flowchart of an illumination simulation processing process 

according to an embodiment of this application.

[0029] FIG. 8 is a schematic structural diagram of a model rendering apparatus according to 

an embodiment of this application.

[0030] FIG. 9 is a schematic structural diagram of a terminal device according to an 

embodiment of this application.

[0031] FIG. 10 is a schematic structural diagram of a server according to an embodiment of 

this application.
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DESCRIPTION OF EMBODIMENTS

[0032] In order to enable a person skilled in the art to better under the solutions of this

application, the following clearly and completely describes the technical solutions of the 

embodiments of this application with reference to the accompanying drawings in embodiments of 

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

embodiments of this application. All other embodiments obtained by a person of ordinary skill in 

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

protection scope of this application.

[0033] The terms such as "first", "second", "third", and "fourth" (if any) in the specification 

and claims of this application and in the accompanying drawings are used for distinguishing 

between similar objects and not necessarily used for describing any particular order or sequence. 

The data used in such a way is interchangeable in proper circumstances, so that the embodiments of 

this application described herein can be implemented in other sequences than the sequence 

illustrated or described herein. In addition, the terms "include" and "have" and any other variants 

are intended to cover the non-exclusive inclusion. For example, a process, method, system, product, 

or device that includes a list of operations or units is not necessarily limited to those expressly listed 

operations or units, but may include other operations or units not expressly listed or inherent to such 

a process, method, product, or device.

[0034] The model rendering method provided in the embodiments of this application may 

be executed by a computer device. The computer device may be a terminal device or a server. The 

terminal device includes but is not limited to a mobile phone, a computer, an intelligent voice 

interaction device, a smart home appliance, an in-vehicle terminal, an aircraft, and the like. The 

server may be an independent physical server, or may be a server cluster or a distributed system 

including a plurality of physical servers, or may be a cloud server.

[0035] Information, data, and signals involved in the embodiments of this application are all 

authorized by a related user or are fully authorized by all parties, and collection, use, and processing 

of related data all comply with related laws and regulations and standards of related countries and 

regions.

[0036] For ease of understanding of a model rendering method provided in the embodiments 

of this application, an application scenario of the model rendering method is exemplarily introduced 

below by using an example in which an execution entity of the model rendering method is the 

server.
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[0037] FIG. 1 is a schematic diagram of an application scenario of a model rendering 

method according to an embodiment of this application. As shown in FIG. 1, the application 

scenario includes a terminal device 110 and a server 120. The terminal device 110 may directly or 

indirectly communicate with the server 120 by using a wired network or a wireless network.

[0038] A target application program (such as a game application program, a social 

application program, or a debugging application program) supporting rendering and displaying a 

three-dimensional model is run in the terminal device 110. When the target application program run 

in the terminal device 110 fails in rendering a three-dimensional model, the terminal device 110 

may use the three-dimensional model as an initial three-dimensional model, and send related data of 

the initial three-dimensional model to the server 120, so that the server 120 performs model 

enhancement rendering based on the initial three-dimensional model.

[0039] After obtaining the related data of the initial three-dimensional model, the server 120 

may perform, based on a topology structure feature of the initial three-dimensional model, 

simplification processing on the initial three-dimensional model by reducing a model mesh quantity, 

to obtain a simplified three-dimensional model including a smaller mesh quantity than the initial 

three-dimensional model. Because model complexity of the simplified three-dimensional model is 

relatively lower, it is easier to successfully complete rendering when the simplified

three-dimensional model is subsequently rendered, that is, a model rendering success rate can be 

improved. In addition, to ensure a rendering effect of the simplified three-dimensional model, a 

difference between the simplified three-dimensional model and the initial three-dimensional model 

needs to satisfy a preset similarity requirement, to ensure that appearance of the simplified 

three-dimensional model is similar to that of the initial three-dimensional model as much as 

possible, further ensure that a rendering effect of the simplified three-dimensional model is similar 

to that of the initial three-dimensional model, and avoid distortion caused by the simplification 

processing. The server 120 may determine, through illumination simulation processing when the 

simplified three-dimensional model is in a preset virtual environment, an illumination intensity 

corresponding to a vertex in the simplified three-dimensional model, that is, simulate an 

illumination effect when the simplified three-dimensional model is in the preset virtual environment. 

The illumination effect may help improve a rendering effect in a subsequent rendering process, so 

that a finally obtained rendering effect is more vivid.

[0040] Finally, the server 120 may perform rendering on the simplified three-dimensional 

model based on the simplified three-dimensional model and the illumination effect (namely, the 

illumination intensity corresponding to the vertex in the simplified three-dimensional model) that is 
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obtained when the simplified three-dimensional model is in the preset virtual environment, to obtain 

a model image configured for representing the simplified three-dimensional model; and perform 

model rendering based on a processing result obtained through the foregoing simplification 

processing and illumination simulation processing, to ensure a relatively high rendering success rate, 

and ensure that a relatively good rendering effect is obtained. The rendering effect is similar to an

expected rendering effect of the initial three-dimensional model. Therefore, in the foregoing method, 

model enhancement rendering can be automatically completed based on the original initial 

three-dimensional model, and model reconstruction and rendering do not need to be manually 

performed again based on a two-dimensional image, thereby improving reconstruction efficiency of 

the three-dimensional model and reducing labor costs.

[0041] The application scenario shown in FIG. 1 is only an example. During practical

application, the model rendering method provided in this embodiment of this application may also 

be applied to another scenario. For example, the terminal device may independently perform the 

model rendering method. An application scenario of the model rendering method provided in this 

embodiment of this application is not limited herein.

[0042] The model rendering method provided in this application is described in detail below 

through method embodiments.

[0043] FIG. 2 is a schematic flowchart of a model rendering method according to an 

embodiment of this application. As shown in FIG. 2, the model rendering method includes the 

following operations.

[0044] S201: Perform, based on a topology structure feature of an initial three-dimensional 

model, simplification processing on the initial three-dimensional model by reducing a model mesh 

quantity, to obtain a simplified three-dimensional model, where the simplified three-dimensional 

model and the initial three-dimensional model satisfy a preset similarity requirement.

[0045] The initial three-dimensional model refers to an original processing object on which 

the model rendering method provided in this embodiment of this application is based, and may be a 

three-dimensional model in any form. The three-dimensional model refers to mathematical

representation for geometrically modeling an object in three-dimensional space, and a basic 

structure of the three-dimensional model is formed by vertexes, sides, and surfaces.

[0046] For example, the initial three-dimensional model may be a three-dimensional model 

on which rendering fails. Rendering is a process of converting a form, a material, lighting, and other 

information of a three-dimensional model into a two-dimensional image, namely, a process of 
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converting a three-dimensional virtual model into a two-dimensional image. The three-dimensional 

model on which rendering fails is a three-dimensional model whose rendering time is excessively 

long in a debugging process (for example, a three-dimensional model whose rendering time exceeds 

a preset duration threshold, and during practical application, the three-dimensional model affects 

user experience because the rendering time is excessively long), or a three-dimensional model 

whose rendering effect is different from an expected effect (for example, a three-dimensional model 

with problems such as a special effect is missing or a detail effect is missing). In an example, in a 

process of rendering the three-dimensional model, the three-dimensional model may be extracted 

and exported in real time by using a real-time rendering engine, for example, a debug toolbox of an 

unreal engine 4 (UE 4). In addition, a three-dimensional model whose rendering time is excessively 

long and rendering effect is abnormal may be further marked as a three-dimensional model on 

which rendering fails.

[0047] The topology structure feature of the initial three-dimensional model is a feature 

configured for reflecting a layout, a structure, and a connection condition between points, lines, and 

surfaces of the initial three-dimensional model, that is, the topology structure feature can reflect an 

appearance structure of the initial three-dimensional model. For example, the topology structure 

feature of the initial three-dimensional model may be determined according to vertexes and/or 

meshes included in the initial three-dimensional model. The mesh herein is a basic forming unit of 

the initial three-dimensional model, and may be specifically any type of polygon mesh (for example, 

a triangular mesh or a quadrangular mesh). More specifically, the topology structure feature of the 

initial three-dimensional model may be calculated according to vertex data and/or mesh data in the 

initial three-dimensional model through a topology structure feature calculation formula.

[0048] In an example, simplification processing is performed on a model structure of the 

initial three-dimensional model based on the topology structure feature of the initial 

three-dimensional model, that is, mesh preprocessing is performed on the initial three-dimensional 

model, to reduce a mesh quantity in the topology structure feature of the initial three-dimensional 

model, so as to obtain the simplified three-dimensional model. For example, a simplification 

processing method may include, but is not limited to, a vertex deletion method (deleting a vertex), 

an edge folding method (merging two vertexes of one side into one vertex, and recalculating 

vertexes of adjacent surfaces), a mesh folding method (folding a group of adjacent meshes into one 

vertex, and recalculating vertexes of adjacent meshes), and the like. Therefore, the simplification 

processing method is not specifically limited in this application.
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[0049] The simplified three-dimensional model is a three-dimensional model obtained by 

performing simplification processing on the initial three-dimensional model, and a mesh quantity of 

the simplified three-dimensional model is less than a mesh quantity of the initial three-dimensional 

model. In addition, in the simplification processing process, to ensure that a rendering effect of the 

obtained simplified three-dimensional model can be close to a rendering effect of an original 

three-dimensional model, a case in which the simplified three-dimensional model and the initial 

three-dimensional model need to satisfy a preset similarity requirement further needs to be limited, 

that is, the simplified three-dimensional model and the initial three-dimensional model need to be as 

similar as possible in terms of a shape structure and the rendering effect, so that rendered images of 

the simplified three-dimensional model and the initial three-dimensional model may be as similar as 

possible. The preset similarity requirement is a preset difference requirement configured for 

measuring whether the simplified three-dimensional model and the initial three-dimensional model

satisfy a rendering effect similarity condition (that is, a difference between the simplified 

three-dimensional model and the initial three-dimensional model needs to be as small as possible). 

For example, the preset similarity requirement may include a preset visual quality difference 

requirement (a difference requirement set from the perspective of a model visual effect, that is, it is 

ensured that the initial three-dimensional model and the simplified three-dimensional model are as 

similar as possible in terms of the visual effect) and a preset performance difference requirement (a 

difference requirement set from the perspective of model performance, that is, it is ensured that the 

initial three-dimensional model and the simplified three-dimensional model are as similar as 

possible in terms of the model performance). Correspondingly, a difference between the simplified 

three-dimensional model and the initial three-dimensional model may include a visual difference 

and a performance difference. Therefore, the preset similarity requirement and a measurement type 

of the difference between the simplified three-dimensional model and the initial three-dimensional 

model are not specifically limited in this application.

[0050] S202: Determine, through illumination simulation processing when the simplified 

three-dimensional model is in a preset virtual environment, an illumination intensity corresponding 

to a vertex in the simplified three-dimensional model.

[0051] The preset virtual environment is a virtual environment in which the simplified 

three-dimensional model needs to be in, for example, may be a virtual environment in which the 

initial three-dimensional model is originally in, or may be another virtual environment. The preset 

virtual environment is usually a three-dimensional virtual environment. For example, the preset 

virtual environment is a virtual game scenario in which the initial three-dimensional model is in, 

and the preset virtual environment is not specifically limited in this application.
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[0052] With reference to an illumination effect when the initial three-dimensional model is 

in the preset virtual environment, illumination intensities corresponding to the vertexes in the 

simplified three-dimensional model may be determined in an illumination simulation processing 

method when the simplified three-dimensional model is in the preset virtual environment. For 

example, the illumination simulation processing method may be implemented by using a diffuse 

model Lambertian and another physical-based rendering model, to determine an illumination effect 

when the simplified three-dimensional model is in the preset virtual environment. Therefore, the 

illumination simulation processing method is not specifically limited in this application.

[0053] S203: Render the simplified three-dimensional model based on the simplified 

three-dimensional model and the illumination intensity corresponding to the vertex in the simplified 

three-dimensional model, to obtain a model image configured for representing the simplified 

three-dimensional model.

[0054] After the simplified three-dimensional model and the illumination intensities 

(namely, the illumination effect when the simplified three-dimensional model is in the preset virtual 

environment) corresponding to the vertexes in the simplified three-dimensional model are 

determined, rendering may be performed on the simplified three-dimensional model based on the 

simplified three-dimensional model and the illumination effect when the simplified 

three-dimensional model is in the preset virtual environment, to obtain the model image configured 

for representing the simplified three-dimensional model. The model image is specifically a 

two-dimensional image including the simplified three-dimensional model.

[0055] In an example, the simplified three-dimensional model and the illumination

intensities corresponding to the vertexes in the simplified three-dimensional model may be input 

into a rendering tool for rendering, to obtain a two-dimensional model image corresponding to the 

simplified three-dimensional model. For example, the rendering tool may be rendering software 

VRay, Blender, or Omniverse RTX. Therefore, the rendering tool is not specifically limited in this 

application.

[0056] In addition, in this application, comparison between a rendering effect of the initial 

three-dimensional model on which rendering fails and a rendering effect of the simplified 

three-dimensional model may also be viewed, which is conducive to detecting in time and 

previewing the rendering effect of the simplified three-dimensional model.

[0057] In the model rendering method provided in this embodiment of this application, the 

method innovatively provides a solution of implementing model enhancement rendering based on 

an existing three-dimensional model. The method includes: first, for a to-be-processed initial 
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three-dimensional model, performing, based on a topology structure feature of the initial 

three-dimensional model, simplification processing on the initial three-dimensional model by 

reducing a model mesh quantity, to obtain a simplified three-dimensional model including a smaller 

mesh quantity than the initial three-dimensional model. Because model complexity of the simplified 

three-dimensional model is relatively lower, it is easier to successfully complete rendering when the 

simplified three-dimensional model is subsequently rendered, that is, a model rendering success rate 

can be improved. In addition, to ensure a rendering effect of the simplified three-dimensional model, 

the simplified three-dimensional model and the initial three-dimensional model need to satisfy a 

preset similarity requirement, to ensure that appearance of the simplified three-dimensional model 

is similar to that of the initial three-dimensional model as much as possible, further ensure that a 

rendering effect of the simplified three-dimensional model is similar to that of the initial 

three-dimensional model, and avoid distortion caused by the simplification processing. Then, an 

illumination intensity corresponding to a vertex in the simplified three-dimensional model may be 

determined through illumination simulation processing when the simplified three-dimensional 

model is in a preset virtual environment, that is, an illumination effect is simulated when the 

simplified three-dimensional model is in the preset virtual environment. The illumination effect may 

help improve a rendering effect in a subsequent rendering process, so that a finally obtained 

rendering effect is more vivid. Finally, rendering is performed on the simplified three-dimensional 

model based on the simplified three-dimensional model and the illumination effect (namely, the 

illumination intensity corresponding to the vertex in the simplified three-dimensional model) that is 

obtained when the simplified three-dimensional model is in the preset virtual environment, to obtain 

a model image configured for representing the simplified three-dimensional model; and model 

rendering is performed based on a processing result obtained through the foregoing simplification 

processing and illumination simulation processing, to ensure a relatively high rendering success rate, 

and ensure that a relatively good rendering effect is obtained. The rendering effect is similar to an 

expected rendering effect of the initial three-dimensional model. Therefore, in the foregoing method, 

model enhancement rendering can be automatically completed based on the original initial 

three-dimensional model, and model reconstruction and rendering do not need to be manually 

performed again based on a two-dimensional image, thereby improving reconstruction efficiency of 

the three-dimensional model and reducing labor costs.

[0058] In a possible implementation, FIG. 3 is a schematic flowchart of a simplification 

processing process according to an embodiment of this application. The "performing simplification 

processing on a model structure of the initial three-dimensional model based on a topology structure 
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feature of the initial three-dimensional model, to obtain a simplified three-dimensional model" in 

S201 may specifically include S2011 to S2013.

[0059] S2011: Perform, based on the topology structure feature of the initial 

three-dimensional model, the simplification processing on the initial three-dimensional model by 

reducing the model mesh quantity, to obtain a simplified candidate three-dimensional model.

[0060] In an example, the simplification processing may be performed on the initial 

three-dimensional model based on the topology structure feature of the initial three-dimensional 

model by reducing the model mesh quantity, to reduce the mesh quantity of the initial 

three-dimensional model, and the simplified candidate three-dimensional model may be obtained. 

The simplified candidate three-dimensional model is a three-dimensional model obtained by the 

simplification processing and used as a candidate. The simplified candidate three-dimensional 

model can be determined as the simplified three-dimensional model only when the simplified 

candidate three-dimensional model and the initial three-dimensional model satisfy the preset 

similarity requirement.

[0061] In an example, the initial three-dimensional model includes a plurality of sub-model

regions, and the "performing, based on the topology structure feature of the initial 

three-dimensional model, the simplification processing on the initial three-dimensional model by 

reducing the model mesh quantity, to obtain a simplified candidate three-dimensional model" in 

S2011 may include:

[0062] determining, for each sub-model region, an importance evaluation result of the 

sub-model region based on a topology structure feature of the sub-model region, and determining,

according to the importance evaluation result, a to-be-reduced mesh quantity corresponding to the 

sub-model region; and performing region simplification processing on the sub-model region 

according to the to-be-reduced mesh quantity, to obtain a simplified sub-model region 

corresponding to the sub-model region; and

[0063] determining the simplified candidate three-dimensional model according to 

simplified sub-model regions respectively corresponding to the plurality of sub-model regions.

[0064] The initial three-dimensional model may include the plurality of sub-model regions, 

and the plurality of sub-model regions may be divided according to the model structure of the initial 

three-dimensional model. For example, the initial three-dimensional model may be divided into a 

face sub-model region, a limb sub-model region, and a torso sub-model region. The plurality of 

sub-model regions are not specifically limited in this application.
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[0065] In an example, a topology structure feature of each sub-model region may be 

calculated through a topology structure feature calculation formula. Then, importance of each 

sub-model region may be calculated based on the topology structure feature of each sub-model

region through an evaluation function, to obtain the importance evaluation result of the sub-model

region. The importance evaluation result of the sub-model region is configured for indicating an 

impact degree of a change of a mesh quantity in the sub-model region on a rendering effect of the 

sub-model region. If a relatively small change of the mesh quantity in the sub-model region causes 

a relatively large change of the rendering effect of the sub-model region, the importance evaluation 

result of the sub-model region correspondingly indicates a relatively high importance degree of the

sub-model region. Otherwise, if a relatively large change of the mesh quantity in the sub-model

region does not cause a relatively large change of the rendering effect of the sub-model region, the 

importance evaluation result of the sub-model region correspondingly indicates a relatively low 

importance degree of the sub-model region. For example, the importance evaluation result of each 

sub-model region may be represented in a manner of importance scoring.

[0066] In a possible implementation, the topology structure feature of the sub-model region 

may be determined in the following manner:

[0067] determining the topology structure feature of the sub-model region through a 

scale-invariant feature transform algorithm according to position data of vertexes in the sub-model

region and map fragments associated with the vertexes.

[0068] A scale-invariant feature transform (SIFT) algorithm is a feature extraction algorithm 

widely applied to the field of computer vision, and can be configured for extracting a local structure 

feature of a model. An extreme point may be searched for in a space scale through the 

scale-invariant feature transform algorithm, and a position, a scale, and a rotation invariant of the 

extreme point are extracted. These feature points are invariant to changes such as a scale, rotation, 

and illumination of the model. Therefore, through the scale-invariant feature transform algorithm, 

referring to Formula 1, the topology structure feature of the sub-model region is determined 

according to position data of vertexes in the sub-model region and map fragments associated with 

the vertexes. The map fragments associated with the vertexes are sub-map data whose map data has 

a correspondence with the vertexes.

Formula 1

[0069] f in Formula 1 represents a topology structure feature of a sub-model region, n 

represents a vertex quantity in the sub-model region, Vi represents an ith vertex in the sub-model

region, Si represents a map fragment associated with the ith vertex, and wi represents a preset weight 
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coefficient corresponding to the ith vertex. A preset weight coefficient corresponding to a vertex may 

be determined according to an importance degree of the vertex. A higher importance degree of the 

vertex indicates a larger preset weight coefficient corresponding to the vertex. An importance 

degree of the vertex may be determined according to a degree of attention of the vertex in the 

sub-model region. That is, if a vertex is located at a relatively conspicuous position in the 

sub-model region and easily attracts attention, the importance degree of the vertex is higher.

[0070] In an example, a set of topology structure features of all sub-model regions in the 

initial three-dimensional model may be represented by using F(Z)={f1, f2, …, fz}, where fz

represents a topology structure feature of a Zth sub-model region, and Z represents a quantity of 

sub-model regions in the initial three-dimensional model.

[0071] Therefore, the topology structure feature of the sub-model region can be extracted 

through the scale-invariant feature transform algorithm. Because the scale-invariant feature 

transform algorithm has features such as scale-invariance, rotation-invariance, and 

illumination-invariance, the topology structure feature of the sub-model region can be accurately 

extracted based on position data of vertexes in the sub-model region and map fragments associated 

with the vertexes, which is conducive to accurately evaluating importance of the sub-model region 

based on this, and performing corresponding simplification processing on the sub-model region.

[0072] In a possible implementation, the "determining an importance evaluation result of 

the sub-model region based on a topology structure feature of the sub-model region" may include:

[0073] determining a visual quality evaluation result and a geometrical quality evaluation 

result of the sub-model region based on the topology structure feature of the sub-model region, 

where the visual quality evaluation result is configured for representing an impact degree of a 

change of a mesh quantity in the sub-model region on a map effect corresponding to the sub-model

region, and the geometrical quality evaluation result is configured for representing an impact degree 

of a change of a mesh quantity in the sub-model region on a region shape of the sub-model region; 

and

[0074] determining the importance evaluation result of the sub-model region according to 

the visual quality evaluation result and the geometrical quality evaluation result.

[0075] When the importance evaluation result of the sub-model region is determined, 

overall importance of the sub-model region may be determined from two perspectives: visual 

importance and geometrical importance.
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[0076] The visual quality evaluation result of the sub-model region is configured for 

indicating the visual importance of the sub-model region, that is, configured for representing the 

impact degree of the change of the mesh quantity in the sub-model region on the map effect 

corresponding to the sub-model region. If a relatively small change of the mesh quantity in the 

sub-model region causes a relatively large change of the map effect corresponding to the sub-model

region, the visual quality evaluation result of the sub-model region correspondingly indicates a 

relatively high visual importance degree of the sub-model region. Otherwise, if a relatively large 

change of the mesh quantity in the sub-model region does not cause a relatively large change of the 

map effect corresponding to the sub-model region, the visual quality evaluation result of the 

sub-model region correspondingly indicates a relatively low visual importance degree of the 

sub-model region.

[0077] In an example, the visual importance of the sub-model region may be calculated by 

dividing an area of each mesh in the sub-model region by an area of a map corresponding to the

sub-model region, to obtain the visual quality evaluation result V(fi) of the sub-model region, where 

fi represents a topology structure feature of the sub-model region i. Therefore, an implementation 

method for evaluating the visual importance of the sub-model region is not specifically limited in 

this application.

[0078] The geometrical quality evaluation result of the sub-model region is configured for 

indicating the geometrical importance of the sub-model region, that is, configured for representing 

the impact degree of the change of the mesh quantity in the sub-model region on a region shape of 

the sub-model region. If a relatively small change of the mesh quantity in the sub-model region 

causes a relatively large change of the region shape of the sub-model region, the geometrical quality 

evaluation result of the sub-model region correspondingly indicates a relatively high geometrical 

importance degree of the sub-model region. Otherwise, if a relatively large change of the mesh 

quantity in the sub-model region does not cause a relatively large change of the region shape of the 

sub-model region, the geometrical quality evaluation result of the sub-model region 

correspondingly indicates a relatively low geometrical importance degree of the sub-model region.

[0079] In an example, the geometrical importance of the sub-model region may be 

determined by comparing whether the mesh quantity in the sub-model region falls within a preset 

region mesh quantity range, to obtain the geometrical quality evaluation result G(fi) of the

sub-model region, where fi represents a topology structure feature of the sub-model region i. The 

preset region mesh quantity range is configured for indicating the geometrical importance of the 

sub-model region. For example, when the mesh quantity in the sub-model region falls within the 
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preset region mesh quantity range, it is considered that the geometrical quality evaluation result of 

the sub-model region is excellent (corresponding to a relatively high score); and when the mesh 

quantity in the sub-model region does not fall within the preset region mesh quantity range, it is 

considered that the geometrical quality evaluation result of the sub-model region is poor 

(corresponding to a relatively low score). Therefore, the implementation method for evaluating the 

geometrical importance of the sub-model region is not specifically limited in this application.

[0080] FIG. 4 is a schematic diagram of determining an importance evaluation result of a 

sub-model region according to an embodiment of this application. After a visual quality evaluation 

result and a geometrical quality evaluation result of a sub-model region are determined, an 

importance evaluation result of the sub-model region may be determined according to the visual 

quality evaluation result and the geometrical quality evaluation result that correspond to the 

sub-model region. Refer to Formula 2.

I(fi)=wv*V(fi)+wgG(fi) Formula 2

[0081] I(fi) in Formula 2 represents an importance evaluation result of the sub-model region, 

V(fi) represents a visual quality evaluation result of the sub-model region, wv represents a preset 

weight coefficient of visual importance, G(fi) represents a geometrical quality evaluation result of 

the sub-model region, and wg represents a preset weight coefficient of geometrical importance.

[0082] Therefore, the visual quality evaluation result and the geometrical quality evaluation 

result of the sub-model region may be determined based on a topology structure feature of the 

sub-model region. Finally, the importance evaluation result of the sub-model region may be 

determined according to the visual quality evaluation result and the geometrical quality evaluation 

result of the sub-model region. It can be learned that, the importance evaluation result of the 

sub-model region can be accurately and comprehensively determined from two perspectives: the 

visual importance and the geometrical importance in the foregoing method.

[0083] After an importance evaluation result of each sub-model region is determined, a 

to-be-reduced mesh quantity corresponding to each sub-model region in a simplification processing 

process may be further determined based on the importance evaluation result of each sub-model

region through a correspondence (the correspondence may be preset according to historical 

experience) between the importance evaluation result and the to-be-reduced mesh quantity. The 

to-be-reduced mesh quantity refers to a mesh quantity that needs to be reduced in the sub-model

region in the simplification processing process. A higher importance evaluation result of the

sub-model region indicates a larger impact degree of a change of a mesh quantity in the sub-model

on a rendering effect of the sub-model region, and a smaller to-be-reduced mesh quantity 
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corresponding to the sub-model region. On the contrary, a lower importance evaluation result of the 

sub-model region indicates a smaller impact degree of a change of a mesh quantity in the sub-model

on a rendering effect of the sub-model region, and a larger to-be-reduced mesh quantity 

corresponding to the sub-model region.

[0084] After the to-be-reduced mesh quantity corresponding to the sub-model region is 

determined, region simplification processing may be performed on the sub-model region according 

to the to-be-reduced mesh quantity corresponding to the sub-model region, to obtain a simplified 

sub-model region corresponding to the sub-model region. The simplified sub-model region refers to 

a simplification result obtained by performing simplification processing on the sub-model region. In 

a process of performing region simplification processing on the sub-model region according to the 

to-be-reduced mesh quantity corresponding to the sub-model region, a vertex or a mesh may be 

randomly selected from the topology structure feature of the sub-model region for corresponding 

deletion, or region simplification processing may be performed on the sub-model region according 

to a specific vertex deletion mechanism or edge folding mechanism.

[0085] A formula of the mesh quantity included in the simplified sub-model region may be 

shown in Formula 3.

Tnew=Told– (I(fi)) Formula 3

[0086] Tnew in Formula 3 represents the mesh quantity in the simplified sub-model region 

obtained after performing simplification processing, Told represents a mesh quantity in the 

sub-model region obtained before performing simplification processing, and (I(fi)) represents a 

to-be-reduced mesh quantity determined based on the importance evaluation result of the sub-model 

region.

[0087] Finally, simplified sub-model regions respectively corresponding to a plurality of 

sub-model regions are combined, to determine an overall simplified candidate three-dimensional 

model, and further, difference measurement processing may be performed based on the overall 

simplified candidate three-dimensional model, to determine a simplified three-dimensional model

finally satisfying a preset similarity requirement.

[0088] Therefore, for the plurality of sub-model regions in the initial three-dimensional 

model, importance evaluation results of the sub-model regions may be determined based on 

topology structure features of the sub-model regions. Then, the to-be-reduced mesh quantity 

corresponding to the sub-model region may be determined according to the importance evaluation 

result of each sub-model region. That is, the higher importance evaluation result of the sub-model 
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region indicates the smaller to-be-reduced mesh quantity corresponding to the sub-model region. 

Then, region simplification processing is performed on the sub-model region according to the 

to-be-reduced mesh quantity, to obtain a simplification result corresponding to the sub-model region, 

namely, the simplified sub-model region. Finally, simplified sub-model regions respectively 

corresponding to the plurality of sub-model regions are combined, to determine an entire simplified 

candidate three-dimensional model. It can be learnt that, the simplification processing may be 

performed on the initial three-dimensional model in the foregoing method based on regions, thereby 

simplifying model complexity of the initial three-dimensional model, and implementing the

simplification processing on the initial three-dimensional model in detail. In addition, the 

simplification processing is performed on each sub-model region with reference to the importance 

evaluation result of each sub-model region, to properly simplify each sub-model region, which is 

conducive to improving an effect of a finally obtained simplified candidate three-dimensional 

model, is conducive to rapidly obtaining a simplified three-dimensional model satisfying the preset 

similarity requirement, reducing calculation load in a rendering process, and improving rendering 

efficiency of the simplified three-dimensional model.

[0089] In addition, in this embodiment of this application, to improve processing efficiency 

of the simplification processing process, the simplification processing process may be further 

optimized. For example, the simplification processing on each sub-model region is performed in 

parallel, that is, the simplification processing is simultaneously performed on the plurality of 

sub-model regions in the initial three-dimensional model through a plurality of processing threads. 

Referring to Formula 4, in the foregoing parallel processing manner, processing time for performing 

the simplification processing process can be effectively reduced.

O(Tnew)=O(Told)/j*log(z) Formula 4

[0090] O(Tnew) in Formula 4 represents processing time for a simplification processing 

process after optimization, O(Told) represents processing time for a simplification processing 

process before optimization, j represents a quantity of processing threads configured for performing 

the simplification processing in parallel, and z represents a quantity of sub-model regions in the 

initial three-dimensional model.

[0091] S2012: Perform difference measurement processing on the simplified candidate 

three-dimensional model, where the difference measurement processing includes: determining, 

according to a visual quality evaluation result and a performance evaluation result that correspond 

to the simplified candidate three-dimensional model, and a visual quality evaluation result and a 

performance evaluation result that correspond to the initial three-dimensional model, whether the 
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simplified candidate three-dimensional model and the initial three-dimensional model satisfy the 

preset similarity requirement.

[0092] To ensure that a rendering effect of the model is not affected by the simplification 

processing process, so that a rendering effect of the simplified three-dimensional model is close to a 

rendering effect of the original three-dimensional model as much as possible, difference 

measurement processing may be performed on the simplified candidate three-dimensional model, to 

determine whether the simplified candidate three-dimensional model and the initial 

three-dimensional model satisfy the preset similarity requirement. If the simplified candidate 

three-dimensional model and the initial three-dimensional model satisfy the preset similarity 

requirement, the simplified candidate three-dimensional model is used as a simplified 

three-dimensional model on which final rendering is based.

[0093] FIG. 5 is a schematic structural diagram of a difference measurement processing 

process according to an embodiment of this application. The performing difference measurement 

processing on a simplified candidate three-dimensional model may include: determining, according 

to a difference between a visual quality evaluation result corresponding to the simplified candidate 

three-dimensional model and a visual quality evaluation result corresponding to an initial 

three-dimensional model and a difference between a performance evaluation result corresponding to 

the simplified candidate three-dimensional model and a performance evaluation result 

corresponding to the initial three-dimensional model, whether the simplified candidate 

three-dimensional model and the initial three-dimensional model satisfy a preset similarity 

requirement.

[0094] In an example, visual quality (a similarity degree between model contours) of the 

simplified candidate three-dimensional model and the initial three-dimensional model may be 

separately calculated in a visual quality evaluation method (such as a visual quality evaluation 

function), to obtain a visual quality evaluation result corresponding to the simplified candidate 

three-dimensional model and a visual quality evaluation result corresponding to the initial 

three-dimensional model. The visual quality evaluation result corresponding to the simplified 

candidate three-dimensional model is configured for indicating visual quality of the simplified 

candidate three-dimensional model, that is, configured for representing an impact degree of a 

change (compared with a mesh quantity in the initial three-dimensional model) of a mesh quantity 

in the simplified candidate three-dimensional model on a visual effect corresponding to the 

simplified candidate three-dimensional model.
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[0095] In this embodiment of this application, based on the visual quality, a difference 

between model contours of the simplified candidate three-dimensional model and the initial 

three-dimensional model may be evaluated when the simplified candidate three-dimensional model 

and the initial three-dimensional model are displayed. Generally, a larger difference between model 

mesh quantities included in two three-dimensional models indicates a larger difference between 

model contours of the two three-dimensional models. Alternatively, a larger difference between 

model mesh quantities of two three-dimensional models in a same region indicates a larger 

difference between model contours of the region. For example, when the initial three-dimensional 

model is a human-shaped model, for a head region, if a difference between model mesh quantities 

of the simplified candidate three-dimensional model and the initial three-dimensional model on the 

head is excessively large relative to another part (for example, the torso and the limbs) in a 

simplification process, a difference between a contour of the head of the simplified candidate 

three-dimensional model and a contour of the head of the initial three-dimensional model is 

excessively large, and it is difficult to pass visual quality evaluation.

[0096] For example, the visual quality evaluation result corresponding to the simplified 

candidate three-dimensional model may be represented in a manner of visual quality scoring. 

Correspondingly, the visual quality evaluation result corresponding to the initial three-dimensional 

model is configured for indicating the visual quality of the initial three-dimensional model, that is, 

configured for representing an impact degree of a change of a mesh quantity in the initial 

three-dimensional model on a visual effect corresponding to the initial three-dimensional model. 

For example, the visual quality evaluation result corresponding to the initial three-dimensional 

model may be represented in a manner of visual quality scoring. Therefore, an expression form of 

the visual quality evaluation result is not specifically limited in this application. In a manner of 

visual quality scoring, model simplification (a model mesh quantity is reduced for the initial

three-dimensional model) may be performed based on reducing an impact of a model contour to the 

greatest extent, so that a difference between model meshes of the initial three-dimensional model 

and the simplified candidate three-dimensional model in regions is relatively uniform and is not 

very large, to avoid an excessively large difference between a model contour of the simplified 

three-dimensional model (for example, the simplified three-dimensional model) and a model 

contour of the initial three-dimensional model.

[0097] Correspondingly, performance of the simplified candidate three-dimensional model 

and performance of the initial three-dimensional model may be respectively calculated in a 

performance evaluation method (such as a model precision calculation method), to obtain a 

performance evaluation result corresponding to the simplified candidate three-dimensional model 
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and a performance evaluation result corresponding to the initial three-dimensional model. The 

performance evaluation result corresponding to the simplified candidate three-dimensional model is 

configured for indicating performance of the simplified candidate three-dimensional model. The 

performance of the simplified candidate three-dimensional model may be specifically determined 

by the mesh quantity included in the simplified candidate three-dimensional model. Generally, the 

larger mesh quantity included in the simplified candidate three-dimensional model indicates better 

performance of the simplified candidate three-dimensional model. For example, the performance 

evaluation result of the simplified candidate three-dimensional model may be represented through a 

model precision calculation result. Correspondingly, the performance evaluation result 

corresponding to the initial three-dimensional model is configured for indicating performance of the 

initial three-dimensional model. The performance of the initial three-dimensional model may also 

be specifically determined by the mesh quantity included in the initial three-dimensional model. For 

example, the performance evaluation result of the initial three-dimensional model may be 

represented through a model precision calculation result. Therefore, an expression form of the 

performance evaluation result is not specifically limited in this application.

[0098] Performance of a three-dimensional model may be understood as modeling fineness 

of the three-dimensional model. Generally, a larger model mesh quantity included in a 

three-dimensional model indicates a smoother surface and higher contour fineness of the

three-dimensional model. A smaller model mesh quantity included in a three-dimensional model 

indicates a more defined surface and lower contour fineness of the three-dimensional model. It can 

be learnt that, a performance evaluation result corresponding to a three-dimensional model having a 

large model mesh quantity may be better than that corresponding to a three-dimensional model 

having a low model mesh quantity.

[0099] In an example, the preset similarity requirement may include a preset visual quality 

difference requirement and a preset performance difference requirement. In this case, the visual 

quality evaluation result corresponding to the simplified candidate three-dimensional model and the 

visual quality evaluation result corresponding to the initial three-dimensional model may be 

compared with the preset visual quality difference requirement, to determine whether a visual 

quality difference between the simplified candidate three-dimensional model and the initial 

three-dimensional model satisfies the preset visual quality difference requirement. Correspondingly, 

the performance evaluation result corresponding to the simplified candidate three-dimensional 

model and the performance evaluation result corresponding to the initial three-dimensional model 

may be further compared with the preset performance requirement, to determine whether a 
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performance difference between the simplified candidate three-dimensional model and the initial 

three-dimensional model satisfies the preset performance difference requirement.

[00100] In a possible implementation, the "determining, according to a visual quality 

evaluation result and a performance evaluation result that correspond to the simplified candidate 

three-dimensional model, and a visual quality evaluation result and a performance evaluation result 

that correspond to the initial three-dimensional model, whether the simplified candidate 

three-dimensional model and the initial three-dimensional model satisfy the preset similarity 

requirement" in S2012 may include:

[00101] determining a first visual quality difference between the simplified candidate 

three-dimensional model and the initial three-dimensional model according to a region visual 

quality difference corresponding to each region pair; and the region pair includes the simplified 

sub-model region and the sub-model region that have a correspondence, and the region visual 

quality difference is determined according to respective visual quality evaluation results of the 

simplified sub-model region and the sub-model region;

[00102] determining a second visual quality difference according to respective visual quality 

evaluation results of the simplified candidate three-dimensional model and the initial 

three-dimensional model;

[00103] determining a performance difference according to respective performance

evaluation results of the simplified candidate three-dimensional model and the initial 

three-dimensional model; and

[00104] determining, according to the first visual quality difference, the second visual quality 

difference, and the performance difference, whether the simplified candidate three-dimensional 

model and the initial three-dimensional model satisfy the preset similarity requirement.

[00105] The region pair includes a simplified sub-model region and a sub-model region that 

have a correspondence, that is, the region pair includes a sub-model region obtained before 

performing the simplification processing and a corresponding simplified sub-model region obtained 

after performing the simplification processing.

[00106] The region visual quality difference is determined based on a difference between the 

visual quality evaluation result of the sub-model region and the visual quality evaluation result of 

the corresponding simplified sub-model region, and is configured for indicating a visual quality 

difference of the sub-model region obtained before and after performing the simplification 

processing. For example, the region visual quality difference may be represented in a manner of 
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visual quality scoring. A calculation method of the visual quality evaluation result of the simplified 

sub-model region may be the same as a calculation manner of the visual quality evaluation result of 

the sub-model region.

[00107] FIG. 6 is a schematic structural diagram of another difference measurement 

processing process according to an embodiment of this application. After a region visual quality 

difference corresponding to each region pair to which each sub-model region belongs is calculated, 

a first visual quality difference between a simplified candidate three-dimensional model and an 

initial three-dimensional model may be further determined according to the region visual quality 

difference corresponding to each region pair. The first visual quality difference is configured for 

reflecting a difference between the simplified candidate three-dimensional model and the initial 

three-dimensional model from the perspective of local visual quality.

[00108] For example, referring to Formula 5, the first visual quality difference between the 

simplified candidate three-dimensional model and the initial three-dimensional model is determined 

based on the region visual quality difference corresponding to each region pair.

Q(Mnew, Mold)=1–1/m Formula 5

[00109] Q(Mnew, Mold) in Formula 5 represents the first visual quality difference between the 

simplified candidate three-dimensional model and the initial three-dimensional model, m represents 

a quantity of region pairs, namely, a quantity of sub-model regions in the simplified candidate 

three-dimensional model, V(fi, new) represents a visual quality evaluation result of an ith simplified 

sub-model region, and V(fi, old) represents a visual quality evaluation result of an ith sub-model

region, where the ith simplified sub-model region and the ith sub-model region have a 

correspondence, and both belong to an ith region pair.

[00110] In addition, a second visual quality difference between the simplified candidate 

three-dimensional model and the initial three-dimensional model may be further determined 

according to a visual quality evaluation result of the simplified candidate three-dimensional model 

and a visual quality evaluation result of the initial three-dimensional model. The second visual 

quality difference is configured for reflecting a difference between the simplified candidate 

three-dimensional model and the initial three-dimensional model from the perspective of an overall 

visual quality difference. For example, referring to Formula 6, a difference between the visual 

quality evaluation result of the simplified candidate three-dimensional model and the visual quality 

evaluation result of the initial three-dimensional model is used as the second visual quality 

difference.
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V(Mnew)≥V(Mold)– Formula 6

[00111] V(Mnew) in Formula 6 represents the visual quality evaluation result of the simplified 

candidate three-dimensional model, V(Mold) represents the visual quality evaluation result of the 

initial three-dimensional model, and represents an acceptable visual quality evaluation error 

range. In an example, a visual quality evaluation result V(Mnew) corresponding to the simplified 

three-dimensional model may be determined by using a visual quality evaluation function according 

to each mesh included in the simplified candidate three-dimensional model. Correspondingly, a 

calculation manner of the visual quality evaluation result of the initial three-dimensional model may 

be the same as a calculation manner of the visual quality evaluation result of the simplified 

candidate three-dimensional model.

[00112] In addition, a performance difference between the simplified candidate 

three-dimensional model and the initial three-dimensional model may be further determined 

according to a performance evaluation result of the simplified candidate three-dimensional model 

and a performance evaluation result of the initial three-dimensional model. For example, referring 

to Formula 7, a difference between the performance evaluation result of the simplified candidate 

three-dimensional model and the performance evaluation result of the initial three-dimensional 

model is used as the performance difference.

P(Mnew)≤P(Mold)+ Formula 7

[00113] P(Mnew) in Formula 7 represents the performance evaluation result of the simplified 

candidate three-dimensional model, P(Mold) represents the performance evaluation result of the 

initial three-dimensional model, and represents an acceptable performance evaluation error 

range.In an example, a performance evaluation result P(Mnew) corresponding to the simplified 

three-dimensional model may be determined by using a performance quality evaluation function 

according to a vertex quantity included in the simplified candidate three-dimensional model. 

Correspondingly, a calculation manner of the performance evaluation result of the initial 

three-dimensional model may be the same as a calculation manner of the performance evaluation 

result of the simplified candidate three-dimensional model.

[00114] Finally, when the first visual quality difference, the second visual quality difference, 

and the performance difference are determined, whether the simplified candidate three-dimensional 

model and the initial three-dimensional model satisfy the preset similarity requirement may be 

determined based on the foregoing differences.
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[00115] For example, if the first visual quality difference satisfies a preset local visual quality 

difference requirement, for example, the first visual quality difference obtained through calculation 

through Formula 5 is within a preset first difference threshold, the second visual quality difference 

satisfies a requirement of Formula 6, and the performance difference satisfies a requirement of 

Formula 7, it may be considered that the simplified candidate three-dimensional model and the 

initial three-dimensional model satisfy the preset similarity requirement. The preset local visual 

quality difference requirement is configured for measuring, from the perspective of local vision, 

whether a rendering effect of the simplified candidate three-dimensional model is close to a 

rendering effect of the initial three-dimensional model.

[00116] On the contrary, if any one of the first visual quality difference, the second visual 

quality difference, and the performance difference does not satisfy a corresponding difference 

requirement, it is considered that the simplified candidate three-dimensional model and the initial 

three-dimensional model do not satisfy the preset similarity requirement, and a new simplified 

candidate three-dimensional model needs to be re-determined.

[00117] Therefore, in the foregoing method, the simplified candidate three-dimensional 

model can be carefully determined and compared in all aspects from a dimension of local visual 

quality, a dimension of overall visual quality, and a dimension of performance, to ensure that a 

rendering effect of the finally determined simplified three-dimensional model can be close to a 

rendering effect of the original three-dimensional model as much as possible.

[00118] S2013: Determine the simplified candidate three-dimensional model as the 

simplified three-dimensional model if the simplified candidate three-dimensional model and the 

initial three-dimensional model satisfy the preset similarity requirement, and perform the 

simplification processing again if the simplified candidate three-dimensional model and the initial 

three-dimensional model do not satisfy the preset similarity requirement, to obtain a new simplified 

candidate three-dimensional model, and perform the difference measurement processing on the new 

simplified candidate three-dimensional model.

[00119] In an example, if a visual quality difference (which may include the first visual 

quality difference and the second visual quality difference) between the simplified candidate 

three-dimensional model and the initial three-dimensional model satisfies a preset visual quality 

difference requirement, and a performance difference between the simplified candidate 

three-dimensional model and the initial three-dimensional model satisfies a preset performance 

difference requirement, it is considered that the simplified candidate three-dimensional model and 
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the initial three-dimensional model satisfy the preset similarity requirement, and the simplified 

candidate three-dimensional model may be determined as the simplified three-dimensional model.

[00120] If either of the visual quality difference and the performance difference between the 

simplified candidate three-dimensional model and the initial three-dimensional model does not 

satisfy a corresponding difference requirement, it is considered that the simplified candidate 

three-dimensional model and the initial three-dimensional model do not satisfy the preset similarity 

requirement. In this case, S2011 and S2012 may be performed again, that is, the simplification 

processing is performed on a model structure of the initial three-dimensional model again based on 

a topology structure feature of the initial three-dimensional model, to obtain a new simplified 

candidate three-dimensional model, so that difference measurement processing may be performed 

on the new simplified candidate three-dimensional model until a simplified candidate 

three-dimensional model satisfying the preset similarity requirement is determined as the simplified 

three-dimensional model.

[00121] Therefore, first, the simplification processing may be performed on the model 

structure of the initial three-dimensional model based on the topology structure feature of the initial 

three-dimensional model, to obtain the simplified candidate three-dimensional model, and then 

difference measurement processing may be performed on the simplified candidate 

three-dimensional model, that is, difference measurement processing may be performed from two 

aspects, namely, a visual aspect and a performance aspect, to determine whether the simplified 

candidate three-dimensional model and the initial three-dimensional model satisfy the preset 

similarity requirement. If the simplified candidate three-dimensional model and the initial 

three-dimensional model satisfy the preset similarity requirement, the simplified candidate 

three-dimensional model may be determined as the simplified three-dimensional model. If the 

simplified candidate three-dimensional model and the initial three-dimensional model do not satisfy 

the preset similarity requirement, the simplification processing operation may be performed again, 

to determine a new simplified candidate three-dimensional model, and difference measurement 

processing continues to be performed on the new simplified candidate three-dimensional model, 

until the simplified candidate three-dimensional model satisfying the preset similarity requirement 

is determined as the simplified three-dimensional model. It can be learnt that, in the foregoing 

method, a difference between the simplified candidate three-dimensional model and the initial 

three-dimensional model may be measured from two aspects, namely, the visual aspect and the 

performance aspect, to ensure that the rendering effect of the finally determined simplified 

three-dimensional model is close to that of the initial three-dimensional model in the visual aspect 

and the performance aspect.
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[00122] In a possible implementation, FIG. 7 is a schematic flowchart of an illumination 

simulation processing process according to an embodiment of this application. The "determining, 

through illumination simulation processing when the simplified three-dimensional model is in a 

preset virtual environment, an illumination intensity corresponding to a vertex in the simplified 

three-dimensional model" in S202 may specifically include S2021 to S2024.

[00123] S2021: Perform clustering processing on the vertexes in the simplified 

three-dimensional model, to determine a plurality of representing vertexes in the simplified 

three-dimensional model.

[00124] The clustering processing is a process of clustering and merging adjacent similar 

classification regions by using a morphology operator. A similarity degree or a distance between 

data points may be calculated through a clustering algorithm, data points with a high similarity 

degree are classified into a same cluster, and data points with a low similarity degree are classified 

into different clusters. For example, the clustering algorithm may include a K-means clustering 

algorithm, a hierarchical clustering algorithm, a spectrum clustering algorithm, and the like. The 

clustering algorithm is not specifically limited in this application.

[00125] In an example, referring to Formula 8, clustering processing is performed on 

vertexes in the simplified three-dimensional model based on the K-means algorithm, so that a 

plurality of representing vertexes in the simplified three-dimensional model may be determined. 

The representing vertexes refer to a representing result in a cluster obtained after clustering 

processing is performed on the vertexes in the simplified three-dimensional model.

Vprocessed=Kmean(Voriginal) Formula 8

[00126] Vprocessed in Formula 8 represents the plurality of representing vertexes in the 

simplified three-dimensional model obtained by clustering processing, Voriginal represents the 

vertexes in the simplified three-dimensional model, and the Kmean algorithm refers to an improved 

K-means algorithm, and is configured for optimizing vertex data in the simplified three-dimensional

model, to reduce redundancy and improve processing efficiency of illumination simulation 

processing.

[00127] Optionally, one vertex (for example, a vertex at a cluster center) may be selected 

from vertexes in a cluster as a representing vertex. In this implementation, the cluster and the 

representing vertex are in one-to-one correspondence. Alternatively, a plurality of representing 

vertexes may be selected from one cluster. This is not limited in this application.
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[00128] S2022: Perform space transform processing on the plurality of representing vertexes, 

to determine respective positions of the plurality of representing vertexes in projection space.

[00129] The space transform processing refers to mapping a point in a three-dimensional 

model from one space to another space. After the plurality of representing vertexes in the simplified 

three-dimensional model are determined, space transform processing may be performed on the 

plurality of representing vertexes, to transform the plurality of representing vertexes from model 

space to the projection space, that is, determine respective positions of the plurality of representing 

vertexes in the projection space. The model space refers to space in which the simplified 

three-dimensional model is originally in, and the projection space refers to space that can reflect an 

illumination effect of the simplified three-dimensional model.

[00130] In a possible implementation, the "performing space transform processing on the 

plurality of representing vertexes, to determine respective positions of the plurality of representing 

vertexes in projection space" in S2022 may include:

[00131] obtaining, through transform based on respective positions of the plurality of 

representing vertexes in model space, respective positions of the plurality of representing vertexes 

in world space;

[00132] obtaining, through transform based on respective positions of the plurality of 

representing vertexes in the world space, respective positions of the plurality of representing 

vertexes in view space; and

[00133] obtaining, through transform based on respective positions of the plurality of 

representing vertexes in the view space, respective positions of the plurality of representing vertexes 

in the projection space.

[00134] The model space refers to coordinate space associated with the three-dimensional 

model. The world space refers to a three-dimensional region occupied by material existence and 

motion, and a position of an object in the world space is defined based on a global coordinate 

system. The view space is space defined from the perspective of a camera or an observer. The 

projection space is space that can reflect an illumination effect of the three-dimensional model.

[00135] In an example, referring to Formula 9, respective positions of the plurality of 

representing vertexes in the world space may be obtained through transform based on the respective 

positions of the plurality of representing vertexes in the model space multiplying a transform matrix 

in the world space.

Vworld=Mworld*Vmodel Formula 9
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[00136] Vworld in Formula 9 represents the respective positions of the plurality of representing 

vertexes in the world space, Mworld represents a transform matrix from the model space to the world 

space, and Vmodel represents the respective positions of the plurality of representing vertexes in the 

model space. The transform matrix in the world space is configured for indicating changes of 

positions, directions, and scales of the representing vertexes in the world space. The transform 

matrix may be considered as a set of a series of space transforms (for example, operations such as 

zooming, rotation, and translation).

[00137] After the respective positions of the plurality of representing vertexes in the world 

space are determined, referring to Formula 10, the respective positions of the plurality of 

representing vertexes in the view space may be obtained through transform based on the respective 

positions of the plurality of representing vertexes in the world space multiplying a transform matrix 

in the view space.

Vview=Mview*Vworld Formula 10

[00138] Vview in Formula 10 represents the respective positions of the plurality of 

representing vertexes in the view space, and Mview represents the transform matrix from the world 

space to the view space. The transform matrix in the view space is configured for indicating 

changes of positions, directions, and scales of the representing vertexes in the view space.

[00139] After the respective positions of the plurality of representing vertexes in the view 

space are determined, referring to Formula 11, the respective positions of the plurality of 

representing vertexes in the projection space may be obtained through transform based on the 

respective positions of the plurality of representing vertexes in the view space multiplying a 

transform matrix in the projection space.

Vproj=Mproj*Vview Formula 11

[00140] Vproj in Formula 11 represents the respective positions of the plurality of representing 

vertexes in the projection space, and Mproj represents the transform matrix from the view space to 

the projection space. The transform matrix in the projection space is configured for indicating 

changes of positions, directions, and scales of the representing vertexes in the projection space.

[00141] Therefore, through the foregoing formula, space transform processing may be 

performed on the plurality of representing vertexes, to sequentially transform positions of the 

plurality of representing vertexes in the model space into the world space, the view space, and the 

projection space, so that the respective positions of the plurality of representing vertexes in the 
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simplified three-dimensional model in the projection space may be accurately determined, thereby 

facilitating subsequent rendering and display.

[00142] S2023: Determine, through the illumination simulation processing based on the 

respective positions of the plurality of representing vertexes in the projection space when the 

simplified three-dimensional model is in the preset virtual environment, illumination intensities 

respectively corresponding to the plurality of representing vertexes.

[00143] The illumination simulation processing is a processing method for simulating, based 

on knowledge of optics and physics, processes such as transmission, reflection, and refracting of 

light in space, to determine an illumination effect of a processing target. After the respective 

positions of the plurality of representing vertexes in the projection space are determined, in the 

illumination simulation processing method, the illumination intensities respectively corresponding 

to the plurality of representing vertexes in the simplified three-dimensional model may be 

determined based on the respective positions of the plurality of representing vertexes in the 

projection space when the simplified three-dimensional model is in the preset virtual environment.

[00144] In a possible implementation, the "determining, through the illumination simulation 

processing based on the respective positions of the plurality of representing vertexes in the 

projection space when the simplified three-dimensional model is in the preset virtual environment, 

illumination intensities respectively corresponding to the plurality of representing vertexes " may 

include:

[00145] determining, for each representing vertex according to a position of the representing 

vertex in the projection space, a normal direction, a reflection vector, and a line-of-sight direction 

that correspond to the representing vertex; and determining an illumination intensity corresponding 

to the representing vertex according to a simulated light intensity, a diffuse light intensity, a 

reflected light intensity, a light source direction, and a highlight index that correspond to the preset 

virtual environment, the normal direction, the reflection vector, and the line-of-sight direction.

[00146] The normal direction refers to a direction perpendicular to a vector of a surface on 

which the position of the representing vertex is located, and is configured for describing an 

orientation of the surface on which the position of the representing vertex is located. For example, 

normal vectors of all surfaces sharing the representing vertex may be first obtained, then these 

normal vectors may be added and normalized, a normal vector of the representing vertex may be 

determined, and further a normal direction may be determined based on the normal vector of the 

representing vertex. The reflection vector refers to a vector of light obtained after the light is 

reflected on a surface on which the position of the representing vertex is located. For example, a 
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reflection vector corresponding to the representing vertex may be obtained through calculation 

through a reflection vector calculation formula based on an incident light vector and a plane normal 

vector of the surface on which the position of the representing vertex is located. The line-of-sight 

direction refers to a direction from a viewing angle of an observer to a vector of a representing 

vertex in a scenario. For example, the direction from the viewing angle of the observer to the vector 

of the representing vertex in the scenario may be determined based on a difference between a 

position of the representing vertex and a position of the observer, so that the line-of-sight direction 

may be further determined based on the direction of the vector.

[00147] Therefore, in the foregoing method, for each representing vertex, a normal direction, 

a reflection vector, and a line-of-sight direction that correspond to the representing vertex may be 

determined according to the position of the representing vertex in the projection space. Then, 

referring to Formula 12, the illumination intensity corresponding to the representing vertex is 

determined according to the simulated light intensity, the diffuse light intensity, the reflected light 

intensity, the light source direction, and the highlight index that correspond to the preset virtual 

environment, the normal direction, the reflection vector, and the line-of-sight direction.

T=Ia*ka+ Formula 12

[00148] T in Formula 12 represents the illumination intensity corresponding to the 

representing vertex, Ia represents the simulated light intensity corresponding to the preset virtual 

environment, ka represents a material coefficient when the simulated light intensity is determined in 

the preset virtual environment, Id represents the diffuse light intensity corresponding to the preset 

virtual environment, kd represents a material coefficient when the diffuse light intensity is 

determined in the preset virtual environment, L represents the light source direction corresponding 

to the preset virtual environment, N represents the normal direction corresponding to the 

representing vertex, Is represents the reflected light intensity corresponding to the preset virtual 

environment, ks represents a material coefficient when the reflected light intensity in the preset 

virtual environment is determined, R represents the reflection vector corresponding to the 

representing vertex, V represents the line-of-sight direction corresponding to the representing vertex, 

and a represents the highlight index corresponding to the preset virtual environment.

[00149] The simulated light intensity refers to a light intensity that is generated in the preset 

virtual environment through a simulation means. For example, the light intensity in the preset 

virtual environment may be simulated through a simulation tool, to obtain the simulated light 

intensity. The diffuse light intensity refers to an intensity of light reflected in various directions after 

the light is projected on a rough surface in the preset virtual environment. For example, the diffuse 
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light intensity may be obtained through calculation through simulation software based on 

information such as a surface material of a reflective object and a light source parameter and 

according to a law that the diffuse light intensity is directly proportional to a cosine of an angle 

between a surface normal and a light source direction, to obtain the diffuse light intensity. The 

reflected light intensity refers to an intensity of light reflected by light from an object surface in the 

preset virtual environment, and may be, for example, calculated according to Fresnel's law (a law of 

reflection and refracting of light on an interface of two media), to obtain the reflected light intensity. 

The light source direction refers to a direction in which light is emitted from a light source. For 

example, the light source direction may be set in simulation software, to determine the light source 

direction in the preset virtual environment. The highlight index is a parameter configured for 

measuring a specular reflection capability of the object surface in the preset virtual environment,

and may reflect an intensity and a range of a highlight effect generated when the object surface in 

the preset virtual environment is irradiated by the light source. For example, the highlight index 

may be determined by adjusting a material parameter in simulation software.

[00150] Therefore, for a position of each representing vertex in the projection space, the 

normal direction, the reflection vector, and the line-of-sight direction that correspond to the 

representing vertex may be determined. Further, referring to the foregoing formula, the illumination 

intensity corresponding to the representing vertex may be obtained through calculation based on the 

normal direction, the reflection vector, and the line-of-sight direction that correspond to the 

representing vertex, and the simulated light intensity, the diffuse light intensity, the reflected light 

intensity, the light source direction, and the highlight index that correspond to the preset virtual 

environment. It can be learnt that, in the illumination simulation processing process, not only an 

illumination environment in the preset virtual environment is considered, but also an impact of the 

representing vertex on the illumination environment is considered. Therefore, in the illumination 

simulation processing method, an illumination effect of the simplified three-dimensional model in 

the preset virtual environment may be accurately determined, and the illumination effect may help 

improve a rendering effect in a subsequent rendering process, so that a finally obtained rendering 

effect is more vivid.

[00151] S2024: Determine, according to the illumination intensities respectively 

corresponding to the plurality of representing vertexes, illumination intensities respectively 

corresponding to the vertexes in the simplified three-dimensional model.

[00152] In an example, when the illumination intensities respectively corresponding to the 

plurality of representing vertexes are determined, it may be considered that the illumination 
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intensities of the vertexes are the same as an illumination intensity of a representing vertex 

belonging to a same cluster. Alternatively, the illumination intensities of the vertexes may be 

properly adjusted according to a distance between the representing vertex and the vertexes 

belonging to a same cluster and a distance between the vertexes and the light source. For example, 

if a distance between the representing vertex and a vertex A belonging to a same cluster is within a 

first distance threshold range, and the vertex A is closer to the light source than the representing 

vertex, an illumination intensity corresponding to the representing vertex may be properly enhanced, 

to use an enhanced illumination intensity as an illumination intensity of the vertex A. If a distance 

between the representing vertex and a vertex B belonging to a same cluster is within a second 

distance threshold range (greater than the first distance threshold range), and the vertex B is farther 

from the light source than the representing vertex, an illumination intensity corresponding to the 

representing vertex may be properly reduced, to use the reduced illumination intensity as an 

illumination intensity of the vertex B. Therefore, the illumination intensities respectively 

corresponding to the vertexes in the simplified three-dimensional model may be determined 

according to the illumination intensities respectively corresponding to the plurality of representing 

vertexes.

[00153] Therefore, clustering processing is first performed on the vertexes in the simplified 

three-dimensional model, to determine the plurality of representing vertexes in the simplified 

three-dimensional model, and then space transform processing is performed on the plurality of 

representing vertexes, to determine respective display positions of the plurality of representing 

vertexes in the projection space. Then, through illumination simulation processing, the illumination 

intensities respectively corresponding to the plurality of representing vertexes may be determined 

when the simplified three-dimensional model is in the preset virtual environment. Finally, the 

illumination intensities respectively corresponding to the vertexes in the simplified 

three-dimensional model may be determined according to the illumination intensities respectively 

corresponding to the plurality of representing vertexes. It can be learned that, in the illumination 

simulation processing process, processing is performed by using the representing vertex obtained by 

clustering processing as an execution unit, to improve processing efficiency in the illumination 

simulation processing process and reduce a calculation amount in the illumination simulation 

processing process. In addition, the illumination intensities respectively corresponding to the 

vertexes in the simplified three-dimensional model may be accurately determined according to the 

illumination intensities respectively corresponding to the plurality of representing vertexes, to 

accurately determine an illumination effect when the simplified three-dimensional model is in the 

preset virtual environment, thereby improving rendering performance.
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[00154] In a possible implementation, in the process of performing S203, the method 

provided in this embodiment of this application may further include:

[00155] performing rendering enhancement processing in a process of rendering the 

simplified three-dimensional model, where the rendering enhancement processing includes at least 

one of the following: high-frequency detail enhancement processing, light tracing processing, 

ambient light occlusion processing, and dynamic blur processing on a motion region in the 

simplified three-dimensional model.

[00156] The rendering enhancement processing refers to a processing method of improving, 

through a series of technical means, quality of a two-dimensional image obtained through rendering 

in a rendering process of the simplified three-dimensional model, so that a two-dimensional image 

is clearer, more vivid, and conforms to a specific visual effect requirement. For example, the 

rendering enhancement processing may include any one or more of high-frequency detail 

enhancement processing, light tracing processing, ambient light occlusion processing, and dynamic 

blur processing on a motion region in the simplified three-dimensional model.

[00157] The high-frequency detail enhancement processing is an algorithm configured for 

enhancing a rendering effect of high-frequency details in an image, and is configured for improving 

definition and an information amount of an image by extracting and enhancing high-frequency 

details in the image. The high-frequency details in the image may be details, an edge, texture 

information, and the like in the image. The high-frequency details in the simplified 

three-dimensional model may be determined according to attention degrees of different regions in 

the simplified three-dimensional model. That is, a region in the simplified three-dimensional model 

is at a relatively conspicuous position and easily attracts attention. It may be considered that the 

region is the high-frequency detail in the simplified three-dimensional model, and high-frequency 

detail enhancement processing may be particularly performed on the region in a rendering process.

[00158] In an example, the high-frequency detail enhancement processing may be 

implemented in the following manner:

[00159] extracting, based on a Gaussian blur function, a target vertex belonging to a 

high-frequency detail region from the vertexes included in the simplified three-dimensional model; 

and

[00160] performing, based on the target vertex, image enhancement processing on a map 

associated with the simplified three-dimensional model.
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[00161] The Gaussian blur function is configured for reducing noise and a level of detail in 

an image, to simulate an effect that an object seen by human eyes becomes blur when a distance 

increases. The Gaussian blur function is implemented by performing weighted averaging on a pixel 

and pixels around the pixel in the image. The target vertex is configured for indicating the vertex 

belonging to the high-frequency detail region in the simplified three-dimensional model. For 

example, referring to Formula 13, the target vertex belonging to the high-frequency detail region is 

extracted from the vertexes of the simplified three-dimensional model based on the Gaussian blur 

function.

Dhf= *(V–G(V, )) Formula 13

[00162] Dhf in Formula 13 represents the vertex corresponding to the high-frequency detail 

region in the simplified three-dimensional model, namely, the target vertex, G(V, ) represents a 

Gaussian blur function applied to each vertex in the simplified three-dimensional model, and 

represents a standard deviation of the Gaussian kernel, and is configured for controlling a blur 

degree in the Gaussian blur function. represents a coefficient for controlling enhancement strength 

when the target vertex is extracted.

[00163] After the target vertex is determined, referring to Formula 14, image enhancement 

processing is performed based on the target vertex configured for representing the high-frequency 

detail region in the simplified three-dimensional model and the map associated with the simplified 

three-dimensional model.

Ienhanced=I+ *Dhf Formula 14

[00164] Ienhanced in Formula 14 represents a map obtained after the image enhancement 

processing is performed based on the high-frequency detail region in the simplified 

three-dimensional model, I represents the map associated with the simplified three-dimensional 

model, and represents a coefficient of enhancement strength for controlling the image 

enhancement processing.The image enhancement processing is a processing method for improving 

quality of a map image corresponding to the high-frequency detail region in the simplified 

three-dimensional model, to achieve a better visual effect.

[00165] Therefore, the target vertex configured for representing the high-frequency detail 

region in the simplified three-dimensional model may be determined through the foregoing formula, 

and then image enhancement processing is performed based on the target vertex and the map 

associated with the simplified three-dimensional model, to obtain a map on which the image 

enhancement processing is performed based on the high-frequency detail region in the simplified 
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three-dimensional model. It can be learnt that, the high-frequency detail region in the simplified 

three-dimensional model may be enhanced by performing rendering enhancement on the simplified 

three-dimensional model in the high-frequency detail enhancement processing method, to improve 

definition of a two-dimensional image including the simplified three-dimensional model.

[00166] The light tracing processing is a method for truly displaying an object, and is mainly 

configured for simulating propagation and reflection of light in a scenario by tracing light 

interacting with an optical surface, to vividly simulate the propagation and the reflection of the light 

in the scenario, so as to generate the high-quality two-dimensional image including the simplified 

three-dimensional model.

[00167] In an example, the light tracing processing may be implemented in the following 

manner:

[00168] determining, for pixels in a to-be-generated model image, reflected light 

corresponding to the pixels; and determining, through a light following function according to the 

reflected light corresponding to the pixels and a light intensity of the reflected light, color values 

corresponding to the pixels.

[00169] The to-be-generated model image is the two-dimensional image including the 

simplified three-dimensional model that is obtained by performing rendering on the simplified 

three-dimensional model. For example, referring to Formula 15, for each pixel in the 

two-dimensional image, reflected light corresponding to the pixels is determined.

ri=R(oi, di) Formula 15

[00170] ri in Formula 15 represents reflected light corresponding to a pixel in the 

to-be-generated model image, and R(oi, di) is a function configured for calculating reflected light of 

a pixel, where oi represents a position of an observer, namely, an observation point, and di

represents a direction of the reflected light from a direction of the observation point.

[00171] After reflected light corresponding to the pixels is determined, referring to Formula 

16, color values corresponding to the pixels are determined through a light tracing function and 

according to the reflected light corresponding to the pixels and a light intensity of the reflected 

light.

Cray= Formula 16

[00172] Cray in Formula 16 represents a color value corresponding to a pixel, x represents an 

amount of reflected light related to the pixel, L represents a light tracing function, and T represents a 

light intensity of the reflected light corresponding to the pixel. The light tracing function is 
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configured for simulating a process in which light starts from a light source, passes through an 

object in a scenario, and finally reaches eyes of an observer, to generate a highly vivid image.

[00173] Therefore, the reflected light corresponding to the pixels in the two-dimensional 

image including the simplified three-dimensional model may be determined through the foregoing 

formula, and then the color values corresponding to the pixels may be determined through the light 

tracing function and according to the reflected light corresponding to the pixels and the light 

intensity of the reflected light. It can be learnt that, rendering enhancement is performed on the 

simplified three-dimensional model in the light tracing processing method, so that a propagation 

and reflection process of light in the preset virtual environment can be vividly simulated, to ensure 

that the color values of the pixels can be close to a rendering effect of the original three-dimensional 

model, thereby improving a sense of reality of the two-dimensional image including the simplified 

three-dimensional model.

[00174] The ambient light occlusion processing is a technology configured for improving a 

shadow effect generated when objects in an image are mutually occluded, and enhancing details and 

a sense of layering of an image by simulating an occlusion condition of ambient light on a surface 

and a gap of an object. In other words, when the objects are close to each other or intersect with 

each other, surrounding light may be blocked, leading to a shadow and a dark part. The ambient 

light occlusion technology enhances dark part details and a sense of layering of an image by 

calculating an impact of the blocked light on the surface of the object.

[00175] In an example, the ambient light occlusion processing may be implemented in the 

following manner:

[00176] determining, for the pixels in the to-be-generated model image according to a visible 

relationship between the pixels and the vertexes in the simplified three-dimensional model, ambient 

light occlusion values corresponding to the pixels.

[00177] The ambient light occlusion value is configured for indicating an intensity value of 

indirect illumination received by the pixels in the to-be-generated model image due to occlusion of 

a surrounding environment.

[00178] For example, referring to Formula 17, the ambient light occlusion values 

corresponding to the pixels is determined according to the visible relationship between the pixels 

and the vertexes in the simplified three-dimensional model.

A0(p)=1–1/X Formula 17
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[00179] A0(p) in Formula 17 represents an ambient light occlusion value corresponding to a 

pixel p, X represents a quantity of vertexes in the simplified three-dimensional model, and V(p, pi)

is a visibility function configured for representing a visible relationship between the pixel and the 

vertexes in the simplified three-dimensional model. For example, when V(p, pi)=1, it indicates that 

an ith vertex pi in the simplified three-dimensional model is visible to the pixel p, that is, the ith

vertex pi can be seen from the pixel p; and when V(p, pi)=0, it indicates that an ith vertex pi in the 

simplified three-dimensional model is invisible to the pixel p, that is, the ith vertex pi cannot be seen 

from the pixel p.

[00180] Therefore, through the foregoing formula, the ambient light occlusion values 

corresponding to the pixels may be determined according to the visible relationship between the 

pixels and the vertexes in the simplified three-dimensional model. It can be learnt that, rendering 

enhancement is performed on the simplified three-dimensional model in the ambient light occlusion 

processing method, so that an impact of occlusion light on the pixel in the two-dimensional image 

can be calculated, thereby enhancing a depth feeling and detail richness of the two-dimensional 

image including the simplified three-dimensional model.

[00181] Dynamic blur processing on the motion region in the simplified three-dimensional 

model is a technology configured for enhancing a sense of reality of a motion scenario. When the 

simplified three-dimensional model or a camera moves quickly, to simulate a blur effect generated 

when a camera shutter speed is relatively slow in actual photographing, dynamic blur processing is 

performed on the motion region, to enhance a sense of reality of the two-dimensional image 

including the simplified three-dimensional model. The motion region in the simplified 

three-dimensional model is identified and determined according to an algorithm. For example, if a 

key feature of the motion region, such as a joint point and a rotation axis, is identified through an 

identification algorithm, it is considered that a region in which the key feature is located belongs to 

the motion region in the simplified three-dimensional model. Therefore, the motion region in the 

simplified three-dimensional model is not specifically limited in this application.

[00182] In an example, the motion blur processing on the motion region in the simplified 

three-dimensional model may be implemented in the following manner:

[00183] determining, for each pixel corresponding to the motion region in the 

to-be-generated model image according to a model motion speed at each dynamic sampling 

moment and a time interval between every two adjacent dynamic sampling moments, a dynamic 

blur value corresponding to the pixel.
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[00184] The dynamic sampling moment is a sampling moment at which a vertex in the 

motion region moves. The dynamic blur value corresponding to the pixel is a result value of a 

dynamic blur effect implemented when the camera or the simplified three-dimensional model 

moves in a rendering process.

[00185] For example, referring to Formula 18, the dynamic blur value corresponding to the 

pixel may be determined according to the model motion speed at each dynamic sampling moment 

and the time interval between every two adjacent dynamic sampling moments.

Bmotion(p)=1/Y Formula 18

[00186] Bmotion(p) in Formula 18 represents the dynamic blur value of the pixel p 

corresponding to the motion region in the to-be-generated model image, Y represents a total 

quantity of dynamic sampling moments, I represents an image function, and is configured for 

determining the dynamic blur effect of the pixel in the motion region, si represents a model motion 

speed at an ith dynamic sampling moment, and represents the time interval between the two 

adjacent dynamic sampling moments.

[00187] Therefore, through the foregoing formula, the dynamic blur value corresponding to 

the pixel may be determined according to the model motion speed at the dynamic sampling moment 

and the time interval between every two adjacent dynamic sampling moments. It can be learnt that, 

rendering enhancement is performed on the motion region in the simplified three-dimensional 

model in the dynamic blur processing method for the motion region in the simplified 

three-dimensional model, to enhance a visual effect of the motion region, so that the 

two-dimensional image that includes the simplified three-dimensional model and that is obtained 

through rendering is more dynamic and vivid.

[00188] One or more of the foregoing rendering enhancement processing methods may be 

applied to a rendering process. Therefore, a quantity and a type of the rendering enhancement 

processing method used in a process of rendering the simplified three-dimensional model are not 

specifically limited in this application.

[00189] Therefore, in the process of rendering the simplified three-dimensional model, 

rendering enhancement processing is performed on the simplified three-dimensional model in the 

foregoing rendering enhancement processing method, so that a rendering effect of the simplified 

three-dimensional model can be comprehensively enhanced from different dimensions, rendering 

quality of the simplified three-dimensional model is improved, and simulated illumination and a 
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sense of reality of the map are increased, to obtain a two-dimensional image that is more vivid and 

closer to the rendering effect of the original three-dimensional model.

[00190] Based on the model rendering method provided in the foregoing embodiment, this 

application further correspondingly provides a model rendering apparatus. Descriptions are 

provided below with reference to FIG. 8. FIG. 8 is a schematic structural diagram of a model 

rendering apparatus 800 according to an embodiment of this application. The apparatus includes:

[00191] a simplification module 801, configured to perform, based on a topology structure 

feature of an initial three-dimensional model, simplification processing on the initial 

three-dimensional model by reducing a model mesh quantity, to obtain a simplified 

three-dimensional model, the simplified three-dimensional model and the initial three-dimensional 

model satisfying a preset similarity requirement;

[00192] an illumination simulation module 802, configured to determine, through 

illumination simulation processing when the simplified three-dimensional model is in a preset 

virtual environment, an illumination intensity corresponding to a vertex in the simplified 

three-dimensional model; and

[00193] a rendering module 803, configured to render, based on the simplified 

three-dimensional model and the illumination intensity corresponding to the vertex in the simplified 

three-dimensional model, the simplified three-dimensional model, to obtain a model image 

corresponding to the simplified three-dimensional model.

[00194] Optionally, the simplification module 801 includes:

[00195] a simplification processing unit, configured to perform, based on the topology 

structure feature of the initial three-dimensional model, the simplification processing on the initial 

three-dimensional model by reducing the model mesh quantity, to obtain a simplified candidate 

three-dimensional model;

[00196] a difference measurement processing unit, configured to perform difference 

measurement processing on the simplified candidate three-dimensional model, the difference 

measurement processing including: determining, according to a visual quality evaluation result and

a performance evaluation result that correspond to the simplified candidate three-dimensional 

model, and a visual quality evaluation result and a performance evaluation result that correspond to 

the initial three-dimensional model, whether the simplified candidate three-dimensional model and 

the initial three-dimensional model satisfy the preset similarity requirement; and
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[00197] a first determining unit, configured to determine the simplified candidate 

three-dimensional model as the simplified three-dimensional model if the simplified candidate 

three-dimensional model and the initial three-dimensional model satisfy the preset similarity 

requirement, and perform the simplification processing again if the simplified candidate 

three-dimensional model and the initial three-dimensional model do not satisfy the preset similarity 

requirement, to obtain a new simplified candidate three-dimensional model, and perform the 

difference measurement processing on the new simplified candidate three-dimensional model.

[00198] Optionally, the initial three-dimensional model includes a plurality of sub-model

regions. The simplification module 801 includes:

[00199] a second determining unit, configured to determine, for each sub-model region, an 

importance evaluation result of the sub-model region based on a topology structure feature of the 

sub-model region, and determine, according to the importance evaluation result, a to-be-reduced 

mesh quantity corresponding to the sub-model region; and perform region simplification processing 

on the sub-model region according to the to-be-reduced mesh quantity, to obtain a simplified 

sub-model region corresponding to the sub-model region; and

[00200] a third determining unit, configured to determine the simplified candidate 

three-dimensional model according to simplified sub-model regions respectively corresponding to 

the plurality of sub-model regions.

[00201] Optionally, the apparatus further includes the following unit configured to determine 

the topology structure feature of the sub-model region:

[00202] a fourth determining unit, configured to determine the topology structure feature of 

the sub-model region through a scale-invariant feature transform algorithm according to position 

data of vertexes in the sub-model region and map fragments associated with the vertexes.

[00203] Optionally, the second determining unit includes:

[00204] a fifth determining unit, configured to determine a visual quality evaluation result 

and a geometrical quality evaluation result of the sub-model region based on the topology structure 

feature of the sub-model region, where the visual quality evaluation result is configured for 

representing an impact degree of a change of a mesh quantity in the sub-model region on a map 

effect corresponding to the sub-model region, and the geometrical quality evaluation result is 

configured for representing an impact degree of a change of a mesh quantity in the sub-model

region on a region shape of the sub-model region; and
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[00205] a sixth determining unit, configured to determine the importance evaluation result of 

the sub-model region according to the visual quality evaluation result and the geometrical quality 

evaluation result.

[00206] Optionally, the difference measurement processing unit includes:

[00207] a seventh determining unit, configured to determine a first visual quality difference 

between the simplified candidate three-dimensional model and the initial three-dimensional model 

according to a region visual quality difference corresponding to each region pair; and the region pair 

includes the simplified sub-model region and the sub-model region that have a correspondence, and 

the region visual quality difference is determined according to respective visual quality evaluation 

results of the simplified sub-model region and the sub-model region;

[00208] a seventh determining unit, configured to determine a second visual quality 

difference according to respective visual quality evaluation results of the simplified candidate 

three-dimensional model and the initial three-dimensional model;

[00209] an eighth determining unit, configured to determine a performance difference 

according to respective performance evaluation results of the simplified candidate 

three-dimensional model and the initial three-dimensional model; and

[00210] a ninth determining unit, configured to determine, according to the first visual 

quality difference, the second visual quality difference, and the performance difference, whether the 

simplified candidate three-dimensional model and the initial three-dimensional model satisfy the 

preset similarity requirement.

[00211] Optionally, the illumination simulation module 802 includes:

[00212] a clustering processing unit, configured to perform clustering processing on the 

vertexes in the simplified three-dimensional model, to determine a plurality of representing vertexes 

in the simplified three-dimensional model;

[00213] a space transform processing unit, configured to perform space transform processing 

on the plurality of representing vertexes, to determine respective positions of the plurality of 

representing vertexes in projection space;

[00214] a tenth determining unit, configured to determine, through the illumination 

simulation processing based on the respective positions of the plurality of representing vertexes in 

the projection space when the simplified three-dimensional model is in the preset virtual 

environment, illumination intensities respectively corresponding to the plurality of representing 

vertexes; and
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[00215] an illumination intensity determining unit, configured to determine, according to the 

illumination intensities respectively corresponding to the plurality of representing vertexes, 

illumination intensities respectively corresponding to the vertexes in the simplified 

three-dimensional model.

[00216] Optionally, the space transform processing unit includes:

[00217] a first transform unit, configured to obtain, through transform based on respective 

positions of the plurality of representing vertexes in model space, respective positions of the 

plurality of representing vertexes in world space;

[00218] a second transform unit, configured to obtain, through transform based on respective 

positions of the plurality of representing vertexes in the world space, respective positions of the 

plurality of representing vertexes in view space; and

[00219] a third transform unit, configured to obtain, through transform based on respective 

positions of the plurality of representing vertexes in the view space, respective positions of the 

plurality of representing vertexes in the projection space.

[00220] Optionally, the tenth determining unit includes:

[00221] an eleventh determining unit, configured to determine, for each representing vertex 

according to a position of the representing vertex in the projection space, a normal direction, a 

reflection vector, and a line-of-sight direction that correspond to the representing vertex; and 

determine an illumination intensity corresponding to the representing vertex according to a 

simulated light intensity, a diffuse light intensity, a reflected light intensity, a light source direction, 

and a highlight index that correspond to the preset virtual environment, the normal direction, the 

reflection vector, and the line-of-sight direction.

[00222] In some embodiments, the apparatus further includes:

[00223] a rendering enhancement processing unit, configured to perform rendering 

enhancement processing in a process of rendering the simplified three-dimensional model, where 

the rendering enhancement processing includes at least one of the following: high-frequency detail 

enhancement processing, light tracing processing, ambient light occlusion processing, and dynamic 

blur processing on a motion region in the simplified three-dimensional model.

[00224] Optionally, the apparatus further includes the following units configured to 

implement the high-frequency detail enhancement processing:
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[00225] an extraction unit, configured to extract, based on a Gaussian blur function, a target 

vertex belonging to a high-frequency detail region from the vertexes comprised in the simplified 

three-dimensional model; and

[00226] an image enhancement processing unit, configured to perform, based on the target 

vertex, image enhancement processing on a map associated with the simplified three-dimensional 

model.

[00227] Optionally, the apparatus further includes the following unit configured to implement 

the light tracing processing:

[00228] a color value determining unit, configured to determine, for pixels in a 

to-be-generated model image, reflected light corresponding to the pixels; and determine, through a 

light tracing function according to the reflected light corresponding to the pixels and a light 

intensity of the reflected light, a color value corresponding to the pixels.

[00229] Optionally, the apparatus further includes the following unit configured to implement 

the ambient light occlusion processing:

[00230] an ambient light occlusion value determining unit, configured to determine, for the 

pixels in the to-be-generated model image according to a visible relationship between the pixels and 

the vertexes in the simplified three-dimensional model, ambient light occlusion values 

corresponding to the pixels.

[00231] Optionally, the apparatus further includes the following unit configured to implement 

the dynamic blur processing:

[00232] a dynamic blur value determining unit, configured to determine, for each pixel 

corresponding to the motion region in the to-be-generated model image according to a model 

motion speed at each dynamic sampling moment and a time interval between every two adjacent 

dynamic sampling moments, a dynamic blur value corresponding to the pixel.

[00233] Embodiments of this application further provide a computer device. The computer 

device may be specifically a terminal device or a server. The following describes the terminal 

device and the server provided in the embodiments of this application from the perspective of 

hardware materialization.

[00234] FIG. 9 is a schematic structural diagram of a terminal device according to an 

embodiment of this application. As shown in FIG. 9, for ease of description, only parts related to 

this embodiment of this application are shown. For specific technical details not disclosed, refer to 

the method part of the embodiments of this application. The terminal may be any terminal device 
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such as a mobile phone, a tablet computer, a personal digital assistant (PDA), a point of sales (POS), 

or an in-vehicle computer. An example in which the terminal is a computer is used.

[00235] FIG. 9 is a block diagram of a part of a structure of a computer related to the 

terminal provided in this embodiment of this application. Referring to FIG. 9, the computer includes: 

components such as: a radio frequency (RF) circuit 1210, a memory 1220, an input unit 1230 

(including a touch panel 1231 and another input device 1232), a display unit 1240 (including a 

display panel 1241), a sensor 1250, an audio circuit 1260 (connected to a speaker 1261 and a 

microphone 1262), a wireless fidelity (Wi-Fi) module 1270, a processor 1280, and a power supply 

1290. A person skilled in the art may understand that the structure of the computer shown in FIG. 9 

does not constitute a limitation on the computer, which may include more or fewer components than 

those shown in the figure, or some merged components, or different component arrangements.

[00236] The memory 1220 may be configured to store a software program and a module. The 

processor 1280 runs the software program and the module stored in the memory 1220, to implement 

various functional applications and data processing of the computer. The memory 1220 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 (such as a sound 

playback function and an image display function), and the like. The data storage area may store data 

(such as audio data and an address book) created according to the use of the computer, and the like. 

In addition, the memory 1220 may include a high-speed random access memory, and may also 

include a non-volatile memory, for example, at least one magnetic disk storage device, a flash 

memory, or another volatile solid-state storage device.

[00237] The processor 1280 is a control center of the computer, is connected to all parts of 

the entire computer by using various interfaces and lines, and executes various functions of the 

computer and performs data processing by running or executing the software program and/or the 

module stored in the memory 1220 and invoking data stored in the memory 1220. Optionally, the 

processor 1280 may include one or more processing units. Preferably, the processor 1280 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. The foregoing modem may either not be integrated into the 

processor 1280.

[00238] In this embodiment of this application, the processor 1280 included in the terminal is 

configured to perform the operations in the model rendering method described in the foregoing 

embodiments.
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[00239] FIG. 10 is a schematic structural diagram of a server 1300 according to an 

embodiment of this application. The server 1300 may vary greatly because of different 

configurations or performance, and may include one or more central processing units (CPUs) 1322 

(for example, one or more processors), a memory 1332, and one or more storage media 1330 (for 

example, one or more mass storage devices) that store an application program 1342 or data 1344. 

The memory 1332 and the storage medium 1330 may be transient or persistent storages. A program 

stored in the storage medium 1330 may include one or more modules (not shown in the figure), and 

each module may include a series of instruction operations on the server. Further, the central 

processing unit 1322 may be configured to communicate with the storage medium 1330, and 

execute, on the server 1300, the series of instruction operations in the storage medium 1330.

[00240] The server 1300 may further include one or more power supplies 1326, one or more 

wired or wireless network interfaces 1350, one or more input/output interfaces 1358, and/or one or 

more operating systems, such as Windows ServerTM, Mac OS XTM, UnixTM, LinuxTM, and 

FreeBSDTM.

[00241] Operations performed by the server in the foregoing embodiments may be based on 

the structure of the server shown in FIG. 10.

[00242] The CPU 1322 is configured to perform the operations in the model rendering 

method described in the foregoing embodiments.

[00243] Embodiments of this application further provide a computer-readable storage 

medium, configured to store a computer program, the computer program being configured to 

perform the operations in the model rendering method described in the foregoing embodiments.

[00244] An embodiment of this application further provides a computer program product 

including a computer program. When the computer program product is run on a computer, the 

computer is enabled to perform the method according to the foregoing embodiments.

[00245] A person skilled in the art can clearly understand that for convenience and 

conciseness of description, for specific working processes of the foregoing systems, apparatuses, 

and units, refer to the corresponding processes in the foregoing method embodiments, and details 

are not described herein again.

[00246] In several embodiments provided in this application, the disclosed system, apparatus, 

and method may be implemented in another manner. For example, the described apparatus 

embodiment is merely an example. For example, the unit division is merely a logical function 

division and may be other division during actual implementation. For example, a plurality of units 
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or components may be combined or integrated into another system, or some features may be 

ignored or not performed. In addition, the displayed or discussed mutual couplings or direct 

couplings or communication connections may be implemented by using some interfaces. The 

indirect couplings or communication connections between the apparatuses or units may be 

implemented in electronic, mechanical, or other forms.

[00247] The units described as separate components may or may not be physically separated, 

and the components displayed as units may or may not be physical units, and may be located in one 

place or may be distributed over a plurality of network units. Some or all of the units may be 

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

[00248] In addition, functional units in the embodiments of this application may be integrated 

into one processing unit, or each of the units may be physically separated, or two or more units may 

be integrated into one unit. The integrated unit may be implemented in the form of hardware, or 

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

[00249] When the integrated unit is implemented in the form of a software functional unit 

and sold or used as an independent product, the integrated unit may be stored in a 

computer-readable storage medium. Based on such an understanding, the technical solutions of this 

application essentially, or the part contributing to the related technology, or all or some of the 

technical solutions may be implemented in the form of a software product. The computer software 

product is stored in a storage medium and includes several instructions for instructing a computer 

device (which may be a personal computer, a server, a network device, or the like) to perform all or 

some of the operations of the methods described in the embodiments of this application. The 

foregoing storage medium includes any medium that can store a computer program, such as a USB 

flash drive, a removable hard disk, a read-only memory (ROM), a random access memory (RAM), 

a magnetic disk, or an optical disc.

[00250] In this application, "at least one" refers to one or more, and "a plurality of" refers to 

two or more. The term "and/or" is used to describe an association relationship between associated 

objects and indicates that three relationships may exist. For example, "A and/or B" may indicate the 

following three cases: only A exists, only B exists, and both A and B exist. A and B may be singular 

or plural. A character "/" generally indicates an "or" relationship between the associated objects. "At 

least one of the following" or a similar expression thereof refers to any combination of these items, 

including one item or any combination of a plurality of items. For example, at least one of a, b, or c 

may represent a, b, c, "a and b", "a and c", "b and c", or "a, b, and c", where a, b, and c may be 

singular or plural.



48

[00251] The foregoing embodiments are merely intended for describing the technical 

solutions of this application, but not for limiting this application. Although this application is 

described in detail with reference to the foregoing embodiments, a person of ordinary skill in the art 

is to understand that they may still make modifications to the technical solutions described in the 

foregoing embodiments or make equivalent replacements to some technical features thereof, 

without departing from the spirit and scope of the technical solutions of the embodiments of this 

application.
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CLAIMS

1. A model rendering method, performed by a computer device, and the method comprising:

performing, based on a topology structure feature of an initial three-dimensional model, 

simplification processing on the initial three-dimensional model by reducing a model mesh quantity, 

to obtain a simplified three-dimensional model, the simplified three-dimensional model and the 

initial three-dimensional model satisfying a preset similarity requirement;

determining, through illumination simulation processing when the simplified 

three-dimensional model is in a preset virtual environment, an illumination intensity corresponding 

to a vertex in the simplified three-dimensional model; and

rendering the simplified three-dimensional model based on the simplified three-dimensional 

model and the illumination intensity, to obtain a model image corresponding to the simplified 

three-dimensional model.

2. The method according to claim 1, wherein the performing, based on a topology structure

feature of an initial three-dimensional model, simplification processing on the initial 

three-dimensional model by reducing a model mesh quantity, to obtain a simplified 

three-dimensional model comprises:

performing, based on the topology structure feature of the initial three-dimensional model, the 

simplification processing on the initial three-dimensional model by reducing the model mesh 

quantity, to obtain a simplified candidate three-dimensional model;

performing difference measurement processing on the simplified candidate three-dimensional 

model, the difference measurement processing comprising: determining, according to a visual 

quality evaluation result and a performance evaluation result that correspond to the simplified 

candidate three-dimensional model, and a visual quality evaluation result and a performance 

evaluation result that correspond to the initial three-dimensional model, whether the simplified 

candidate three-dimensional model and the initial three-dimensional model satisfy the preset 

similarity requirement; and

determining the simplified candidate three-dimensional model as the simplified 

three-dimensional model if the simplified candidate three-dimensional model and the initial 

three-dimensional model satisfy the preset similarity requirement, and performing the simplification 

processing again if the simplified candidate three-dimensional model and the initial 

three-dimensional model do not satisfy the preset similarity requirement, to obtain a new simplified 

candidate three-dimensional model, and performing the difference measurement processing on the 
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new simplified candidate three-dimensional model.

3. The method according to claim 2, wherein the initial three-dimensional model comprises a

plurality of sub-model regions, and the performing, based on the topology structure feature of the 

initial three-dimensional model, the simplification processing on the initial three-dimensional model 

by reducing the model mesh quantity, to obtain a simplified candidate three-dimensional model 

comprises:

determining, for each sub-model region, an importance evaluation result of the sub-model

region based on a topology structure feature of the sub-model region, and determining, according to 

the importance evaluation result, a to-be-reduced mesh quantity corresponding to the sub-model

region; and performing region simplification processing on the sub-model region according to the 

to-be-reduced mesh quantity, to obtain a simplified sub-model region corresponding to the 

sub-model region; and

determining the simplified candidate three-dimensional model according to simplified 

sub-model regions respectively corresponding to the plurality of sub-model regions.

4. The method according to claim 3, wherein the topology structure feature of the sub-model

region is determined in the following manner:

determining the topology structure feature of the sub-model region through a scale-invariant 

feature transform algorithm according to position data of vertexes in the sub-model region and map 

fragments associated with the vertexes.

5. The method according to claim 3 or 4, wherein the determining an importance evaluation

result of the sub-model region based on a topology structure feature of the sub-model region 

comprises:

determining a visual quality evaluation result and a geometrical quality evaluation result of the 

sub-model region based on the topology structure feature of the sub-model region, wherein the 

visual quality evaluation result is configured for representing an impact degree of a change of a 

mesh quantity in the sub-model region on a map effect corresponding to the sub-model region, and 

the geometrical quality evaluation result is configured for representing an impact degree of a change 

of a mesh quantity in the sub-model region on a region shape of the sub-model region; and

determining the importance evaluation result of the sub-model region according to the visual 

quality evaluation result and the geometrical quality evaluation result.

6. The method according to any one of claims 3 to 5, wherein the determining, according to a

visual quality evaluation result and a performance evaluation result that correspond to the simplified 
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candidate three-dimensional model, and a visual quality evaluation result and a performance 

evaluation result that correspond to the initial three-dimensional model, whether the simplified 

candidate three-dimensional model and the initial three-dimensional model satisfy the preset 

similarity requirement comprises:

determining a first visual quality difference between the simplified candidate 

three-dimensional model and the initial three-dimensional model according to a region visual 

quality difference corresponding to each region pair; and the region pair comprises the simplified 

sub-model region and the sub-model region that have a correspondence, and the region visual 

quality difference is determined according to respective visual quality evaluation results of the 

simplified sub-model region and the sub-model region;

determining a second visual quality difference according to respective visual quality evaluation 

results of the simplified candidate three-dimensional model and the initial three-dimensional model;

determining a performance difference according to respective performance evaluation results 

of the simplified candidate three-dimensional model and the initial three-dimensional model; and

determining, according to the first visual quality difference, the second visual quality 

difference, and the performance difference, whether the simplified candidate three-dimensional 

model and the initial three-dimensional model satisfy the preset similarity requirement.

7. The method according to any one of claims 1 to 6, wherein the determining, through

illumination simulation processing when the simplified three-dimensional model is in a preset 

virtual environment, an illumination intensity corresponding to a vertex in the simplified 

three-dimensional model comprises:

performing clustering processing on the vertexes in the simplified three-dimensional model, to 

determine a plurality of representing vertexes in the simplified three-dimensional model;

performing space transform processing on the plurality of representing vertexes, to determine 

respective positions of the plurality of representing vertexes in projection space;

determining, through the illumination simulation processing based on the respective positions 

of the plurality of representing vertexes in the projection space when the simplified 

three-dimensional model is in the preset virtual environment, illumination intensities respectively 

corresponding to the plurality of representing vertexes; and

determining, according to the illumination intensities respectively corresponding to the 

plurality of representing vertexes, illumination intensities respectively corresponding to the vertexes 

in the simplified three-dimensional model.
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8. The method according to claim 7, wherein the performing space transform processing on the

plurality of representing vertexes, to determine respective positions of the plurality of representing 

vertexes in projection space comprises:

obtaining, through transform based on respective positions of the plurality of representing 

vertexes in model space, respective positions of the plurality of representing vertexes in world 

space;

obtaining, through transform based on respective positions of the plurality of representing 

vertexes in the world space, respective positions of the plurality of representing vertexes in view 

space; and

obtaining, through transform based on respective positions of the plurality of representing 

vertexes in the view space, respective positions of the plurality of representing vertexes in the 

projection space.

9. The method according to claim 7 or 8, wherein the determining, through the illumination

simulation processing based on the respective positions of the plurality of representing vertexes in 

the projection space when the simplified three-dimensional model is in the preset virtual 

environment, illumination intensities respectively corresponding to the plurality of representing 

vertexes comprises:

determining, for each representing vertex according to a position of the representing vertex in 

the projection space, a normal direction, a reflection vector, and a line-of-sight direction that 

correspond to the representing vertex; and determining an illumination intensity corresponding to 

the representing vertex according to a simulated light intensity, a diffuse light intensity, a reflected 

light intensity, a light source direction, and a highlight index that correspond to the preset virtual 

environment, the normal direction, the reflection vector, and the line-of-sight direction.

10. The method according to any one of claims 1 to 9, wherein the method further comprises:

performing rendering enhancement processing in a process of rendering the simplified 

three-dimensional model, wherein the rendering enhancement processing comprises at least one of 

the following: high-frequency detail enhancement processing, light tracing processing, ambient 

light occlusion processing, and dynamic blur processing on a motion region in the simplified 

three-dimensional model.

11. The method according to claim 10, wherein the high-frequency detail enhancement

processing is implemented in the following manner:

extracting, based on a Gaussian blur function, a target vertex belonging to a high-frequency 
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detail region from the vertexes comprised in the simplified three-dimensional model; and

performing, based on the target vertex, image enhancement processing on a map associated 

with the simplified three-dimensional model.

12. The method according to claim 10, wherein the light tracing processing is implemented in

the following manner:

determining, for pixels in a to-be-generated model image, reflected light corresponding to the 

pixels; and determining, through a light tracing function according to the reflected light 

corresponding to the pixels and a light intensity of the reflected light, color values corresponding to 

the pixels.

13. The method according to claim 10, wherein the ambient light occlusion processing is

implemented in the following manner:

determining, for the pixels in the to-be-generated model image according to a visible 

relationship between the pixels and the vertexes in the simplified three-dimensional model, ambient 

light occlusion values corresponding to the pixels.

14. The method according to claim 10, wherein the dynamic blur processing is implemented in

the following manner:

determining, for each pixel corresponding to the motion region in the to-be-generated model 

image according to a model motion speed at each dynamic sampling moment and a time interval 

between every two adjacent dynamic sampling moments, a dynamic blur value corresponding to the 

pixel.

15. A model rendering apparatus, comprising:

a simplification module, configured to perform, based on a topology structure feature of an 

initial three-dimensional model, simplification processing on the initial three-dimensional model by 

reducing a model mesh quantity, to obtain a simplified three-dimensional model, the simplified 

three-dimensional model and the initial three-dimensional model satisfying a preset similarity 

requirement;

an illumination simulation module, configured to determine, through illumination simulation 

processing when the simplified three-dimensional model is in a preset virtual environment, an 

illumination intensity corresponding to a vertex in the simplified three-dimensional model; and

a rendering module, configured to render the simplified three-dimensional model based on the 

simplified three-dimensional model and the illumination intensity, to obtain a model image 
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corresponding to the simplified three-dimensional model.

16. A computer device, comprising a processor and a memory,

the memory being configured to store a computer program; and

the processor being configured to perform, according to the computer program, the model 

rendering method according to any one of claims 1 to 14.

17. A computer-readable storage medium, the computer-readable storage medium being

configured to store a computer program, and the computer program, when executed by an electronic 

device, implementing the model rendering method according to any one of claims 1 to 14.

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

when executed by a processor, implementing the model rendering method according to any one of 

claims 1 to 14.


