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RELATED APPLICATION 

[0001] This application is proposed based on Chinese Patent Application No. 

202210648451.0, filed on June 09, 2022, and claims priority to the Chinese Patent, which is 

incorporated by reference in its entirety. 

FIELD OF THE TECHNOLOGY 

[0002] This application relates to the field of computer science and technology, and in 

particular, to a model processing method and apparatus, a device, and a computer-readable storage 

medium. 

BACKGROUND OF THE DISCLOSURE 

[0003] Three-dimensional modeling based on original drawings is an essential step in the 

production of virtual objects. Its process is substantially as follows: (1) A concept designer draws, 

based on conceptual design, a character model including the character's gender, clothing, hair 

accessories, body shape, and even appearance, props, and other accessories. These designs are often 

presented in two-dimensional original drawings at multi-view angles. (2) A modeler creates a three-

dimensional model corresponding to the original drawings using software such as 3Dmax, Zbrush, 

and Maya based on the creative draft of the concept designer. The modeler often needs to create 

corresponding medium-, high-, and low-precision models for the same model to adapt to different 

application scenarios, such as on- and off-site scenarios. 

[0004] In the foregoing process, it is difficult to automate step (1); while for step (2), the 

modeling based on original drawings is automated through deep networks in the related art. 

Methods based on deep learning often require a large amount of training data. In this case, a 

common method is to render a three-dimensional model that carries texture information into a 

plurality of two-dimensional original drawings at different view angles, and train a network based 

on these two-dimensional original drawings and the three-dimensional model. However, some 

invisible regions exist on the three-dimensional model, and consequently produce redundant data on 

the three-dimensional model, which affects two-dimensional rendering efficiency and model 

training efficiency. 
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SUMMARY 

[0005] Embodiments of this application provide a model processing method and apparatus, 

a device, and a computer-readable storage medium, which can reduce the model data volume, and 

therefore reduce the computing amount of model processing, increasing the processing efficiency. 

[0006] Technical solutions in the embodiments of this application are implemented as 

follows: 

[0007] An embodiment of this application provides a model processing method, applied to a 

computer device, and the method including: 

[0008] obtaining model information of a to-be-processed three-dimensional model and at 

least one preset view angle; 

[0009] determining a visible model region corresponding to the at least one view angle of 

the three-dimensional model based on the model information; 

[0010] determining a visible model region corresponding to the three-dimensional model 

based on the visible model region corresponding to the at least one view angle; and 

[0011] generating a processed three-dimensional model based on the visible model region 

corresponding to the three-dimensional model. 

[0012] An embodiment of this application provides a model processing apparatus, 

including: 

[0013] a first obtaining module, configured to obtain model information of a to-be-

processed three-dimensional model and at least one preset view angle; 

[0014] a first determining module, configured to determine a visible model region 

corresponding to the at least one view angle of the three-dimensional model based on the model 

information; 

[0015] a first merging module, configured to merge the visible model region corresponding 

to the at least one view angle to obtain a visible model region corresponding to the three-

dimensional model; and 

[0016] a model generation module, configured to generate a processed three-dimensional 

model based on the visible model region corresponding to the three-dimensional model. 

[0017] An embodiment of this application provides a computer device, including: 

[0018] a memory, configured to store an executable instruction; and 
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[0019] a processor, configured to execute the executable instruction stored in the memory to 

implement the method provided in the embodiments of this application. 

[0020] An embodiment of this application provides a computer-readable storage medium, 

storing an executable instruction. When the executable instruction is executed by a processor, the 

model processing method provided in the embodiments of this application is implemented. 

[0021] An embodiment of this application provides a computer program product, including 

a computer program or an instruction. When the computer program or the instruction is executed by 

a processor, the model processing method provided in the embodiments of this application is 

implemented. 

[0022] The embodiments of this application have the following beneficial effects: 

[0023] First, model information of a to-be-processed three-dimensional model and at least 

one preset view angle are obtained. The at least one view angle may be a front view angle, a rear 

view angle, a left view angle, a right view angle, or certainly any other view angle. Next, a visible 

model region corresponding to each view angle of the three-dimensional model is determined based 

on the model information of the three-dimensional model. The visible model region corresponding 

to each view angle is a region of the three-dimensional model that is visible at the view angle, 

excluding a region that is occluded at the view angle. Then, a visible model region corresponding to 

the three-dimensional model is determined based on the visible model region corresponding to the 

at least one view angle, and a processed three-dimensional model is generated based on the visible 

model region corresponding to the three-dimensional model. In other words, the processed three-

dimensional model includes only the visible model region at each view angle, with no invisible 

region. Therefore, the data volume of the model is reduced, so that the resource overheads and 

computing amount of processing equipment are reduced in subsequent processing of the processed 

three-dimensional model, increasing the processing efficiency. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] FIG. 1A is a schematic diagram of a 2D lowest envelope. 

[0025] FIG. 1B is a schematic diagram of a 3D lowest envelope. 

[0026] FIG. 1C is a schematic diagram of a result of constrained Delaunay triangulation. 

[0027] FIG. 1D is a schematic diagram of a two-dimensional Boolean intersection operation 

and a two-dimensional Boolean union operation. 
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[0028] FIG. 2 is a schematic diagram of a network architecture of a model processing 

system 100 according to an embodiment of this application. 

[0029] FIG. 3 is a schematic diagram of a structure of a server according to an embodiment 

of this application. 

[0030] FIG. 4 is a schematic implementation flowchart of a model processing method 

according to an embodiment of this application. 

[0031] FIG. 5A is a schematic implementation flowchart of determining a visible model 

region corresponding to each view angle according to an embodiment of this application. 

[0032] FIG. 5B is a schematic diagram of a cube as a three-dimensional model for rotation 

according to an embodiment of this application. 

[0033] FIG. 6 is a schematic implementation flowchart of performing triangulation on a 

merged region corresponding to an ith triangle mesh according to an embodiment of this application. 

[0034] FIG. 7 is another schematic implementation flowchart of a model processing method 

according to an embodiment of this application. 

[0035] FIG. 8 is a schematic diagram of a processing result obtained through model 

processing by a model processing method according to an embodiment of this application. 

[0036] FIG. 9 is a schematic diagram of a reconstruction result of a training model using a 

processed three-dimensional model obtained by a model processing method according to an 

embodiment of this application as training data. 

DESCRIPTION OF EMBODIMENTS 

[0037] To make the objectives, technical solutions, and advantages of this application 

clearer, the following further describes this application in detail with reference to the accompanying 

drawings. The described embodiments are not to be considered as a limitation to this application. 

All other embodiments obtained by a person of ordinary skill in the art without creative efforts shall 

fall within the protection scope of this application. 

[0038] In the following description, the term "some embodiments" describes subsets of all 

possible embodiments, but it may be understood that "some embodiments" may be the same subset 

or different subsets of all the possible embodiments, and can be combined with each other without 

conflict. 
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[0039] In the following description, the term "first/second/third" is merely intended to 

distinguish between similar objects, but does not indicate a particular order of the objects. It may be 

understood that "first/second/third" can be interchanged in a particular order or sequence where 

permitted, so that the embodiments of this application described herein can be implemented in an 

order other than that illustrated or described herein. 

[0040] Unless otherwise defined, all technical and scientific terms used in this specification 

have the same meaning as would normally be understood by a person skilled in the art of this 

application. The terms used in this specification are only for describing the embodiments of this 

application, but are not intended to limit this application. 

[0041] Before the embodiments of this application are further described in detail, a 

description is made on nouns and terms in the embodiments of this application, and the nouns and 

terms in the embodiments of this application are applicable to the following explanations. 

[0042] (1) X-monotone segments. For one polyline, if each vertical line intersects the 

polyline on at most one point, the polyline is referred to as the x-monotone segment. 

[0043] (2) XY-monotone surfaces. For one curved surface, if each vertical line intersects the 

curved surface on at most one point, the curved surface is referred to as the xy-monotone surface. 

[0044] (3) 2D lowest envelope (2D Envelope), defined on a lower boundary of a two-

dimensional primitive, including a set of continuous or discontinuous x-monotone segments on a 

two-dimensional plane. If a horizontal line L (as shown by line segments in a region 101 in FIG. 

1A) is defined underneath the two-dimensional primitive, projections of these x-monotone segments 

on L form complete division of a projection of the entire two-dimensional primitive on L. 

[0045] (4) 3D lowest envelope (3D Envelope), natural extension of the 2D lowest envelope 

in three-dimensional space. It is defined on a lower boundary of a three-dimensional primitive and 

includes xy-monotone surfaces in the three-dimensional space. If a horizontal plane P is defined 

underneath the three-dimensional primitive, projections of these xy-monotone surfaces on P form 

complete division of a projection of the entire three-dimensional primitive on P. For example, in 

FIG. 1B, lowest envelopes of two tangent spheres in a left panel 111 are two hemispheres formed 

by lower half parts of the two spheres, and projections of the two hemispheres on an xy plane are 

two tangent circles. Because a semicircular conical surface and a triangle shown in a right panel 112 

do not coincide in a z direction, their lowest envelopes are a semicircular conical surface and a 

triangle, and projections thereof on the xy plane are two tangent triangles. 
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[0046] (5) Constrained Delaunay triangulation. Delaunay triangulation of a point set P on a 

plane is triangulation DT(P), so that no point in P is strictly inside a circumcircle of any triangle in 

DT(P). The Delaunay triangulation maximizes the minimum angle of the triangles in the 

triangulation and avoids "extremely thin" triangles as much as possible. The constrained Delaunay 

triangulation refers to Delaunay triangulation with some constrained edges given. For example, if 

edges of an outer boundary and an inner hole of a hollow-square polygon with a hole in FIG. 1C are 

used as constrained edges (as shown by black bold line segments), a Delaunay triangulation result 

thereof is triangles formed by the black bold line segments and gray line segments.

[0047] (6) Polygon (with holes): a two-dimensional bounded plane graph including an outer 

boundary (formed by polygons with vertexes arranged counterclockwise) and several holes inside 

the outer boundary (formed by polygons with vertexes arranged clockwise).

[0048] (7) Two-dimensional Boolean operation (2D Boolean Operation): Given polygons 

and , similar to sets, Boolean operations such as intersection, union, difference, symmetric 

difference, and complement can be defined. The Boolean union is to merge and into a new 

region, which is formally defined as . FIG. 1D shows a visual example of Boolean 

operations of two-dimensional polygons. In FIG. 1D, a dark gray part is an intersection of P and Q, 

and the dark gray part and a light gray part together form a union of P and Q.

[0049] The embodiments of this application provide a model processing method and 

apparatus, a device, and a computer-readable storage medium, which can reduce the model data 

volume. The following describes exemplary applications of a computer device provided in the 

embodiments of this application. The device provided in the embodiments of this application may 

be implemented as a user terminal of various types, for example, a notebook computer, a tablet 

computer, a desktop computer, a set-top box, or a mobile device (such as a mobile phone, a portable 

music player, a personal digital assistant, a specialized message device, or a portable game device), 

or may be implemented as a server. The following describes exemplary applications when the 

device is implemented as a server.

[0050] Referring to FIG. 2, FIG. 2 is a schematic diagram of a network architecture of a 

model processing system 100 according to an embodiment of this application. As shown in FIG. 2, 

the network architecture includes: a first terminal 200, a second terminal 300, and a server 400. A 

communication connection is established between the first terminal 200 and the server 400 through 

a network (not shown in FIG. 2), and a communication connection is established between the 

second terminal 300 and the server 400 through a network (not shown in FIG. 2). The network may 

be a wide area network, a local area network, or a combination thereof.
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[0051] The first terminal 200 may be a model design terminal. A model designer may 

design a three-dimensional model of a virtual object using the first terminal 200, and may design 

three-dimensional models at different view angles. Then, the first terminal 200 sends the models at 

different view angles to the server 400. The server 400 obtains model information at different view 

angles; determines a visible model region corresponding to each view angle based on model 

information at each view angle; merges visible model regions corresponding to all the view angles 

to obtain a visible model region corresponding to the three-dimensional model; and generates a 

processed three-dimensional model based on the visible model region corresponding to the three-

dimensional model. The server 400 then sends the processed three-dimensional model to the second 

terminal 300. The second terminal 300 may be a rendering terminal. The second terminal 300 

performs two-dimensional rendering at multi-view angles on the processed three-dimensional 

model. The processed three-dimensional model includes only the visible region of the model. In this 

case, the model data volume is reduced compared with the original three-dimensional model. 

Therefore, two-dimensional rendering needs to be performed only on the visible region, thereby 

reducing the resource overheads of two-dimensional rendering and increasing the rendering 

efficiency. 

[0052] In some embodiments, the server 400 may be an independent physical server, or may 

be a server cluster or distributed system including a plurality of physical servers, or may be a cloud 

server providing basic cloud computing services such as cloud services, cloud databases, cloud 

computing, cloud functions, cloud storage, network services, cloud communication, middleware 

services, domain name services, security services, CDN, and big data and artificial intelligence 

platforms. The first terminal 200 and the second terminal 300 may be smartphones, tablet 

computers, notebook computers, desktop computers, smart speakers, smartwatches, on-board smart 

terminals, or the like, which are not limited thereto. The terminal and the server may be directly or 

indirectly connected through wired or wireless communication. This is not limited in the 

embodiments of this application. 

[0053] In some embodiments, the network architecture of the model processing system may 

include only the first terminal and the second terminal. After determining that a model design is 

completed, the first terminal determines visible model regions at different view angles based on 

model information at different view angles, merges the visible model regions at different view 

angles to obtain a processed three-dimensional model, and sends the processed three-dimensional 

model to the second terminal. Then, the second terminal performs two-dimensional rendering on the 

processed three-dimensional model. 
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[0054] In some embodiments, the network architecture of the model processing system may 

include only the first terminal and the server. The first terminal may be a model training terminal. 

The first terminal obtains sample data. The sample data includes two-dimensional original drawings 

at multi-view angles of a plurality of models and three-dimensional models at multi-view angles of 

the plurality of models. The first terminal sends the three-dimensional models at multi-view angles 

of the plurality of models to the server. For each model, the server determines a visible region at 

each view angle based on model information at each view angle, merges visible regions at all the 

view angles to obtain a processed three-dimensional model, and sends the processed three-

dimensional model to the first terminal. The first terminal performs prediction processing on the 

two-dimensional original drawings at multi-view angles of the plurality of models using a preset 

neural network model to correspondingly obtain a plurality of predicted three-dimensional models, 

and trains the neural network model using the processed three-dimensional model and the plurality 

of predicted three-dimensional models to obtain a trained neural network model. As the complexity 

and ambiguity of output of the network model are reduced during training, the training speed of the 

network model can be increased, and the training time can be shortened. 

[0055] Referring to FIG. 3, FIG. 3 is a schematic diagram of a structure of a server 400 

according to an embodiment of this application. The server 400 shown in FIG. 3 includes: at least 

one processor 410, at least one network interface 420, a bus system 430, and a memory 440. 

Components in the server 400 are coupled together by the bus system 430. It may be understood 

that the bus system 430 is configured to implement connection and communication between the 

components. In addition to a data bus, the bus system 430 further includes a power bus, a control 

bus, and a state signal bus. However, for ease of clear description, all types of buses in FIG. 3 are 

marked as the bus system 430. 

[0056] The processor 410 may be an integrated circuit chip and has a signal processing 

capability, such as a general-purpose processor, a digital signal processor (DSP), another 

programmable logic device, a discrete gate or a transistor logic device, or a discrete hardware 

component. The general-purpose processor may be a microprocessor or any conventional processor. 

[0057] The memory 440 may be a removable memory, a non-removable memory, or a 

combination thereof. For example, a hardware device includes a solid-state memory, a hard disk 

drive, an optical disc drive, and the like. The memory 440 alternatively includes one or more 

storage devices physically located away from the processor 410. 

[0058] The memory 440 includes a volatile memory or a non-volatile memory, or may 

include both a volatile memory and a non-volatile memory. The non-volatile memory may be a 
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read-only memory (ROM). The volatile memory may be a random access memory (RAM). The 

memory 440 described in this embodiment of this application is intended to include any proper type 

of memory. 

[0059] In some embodiments, the memory 440 can store data to support various operations. 

Examples of the data include programs, modules, and data structures or subsets or supersets thereof. 

The following makes an exemplary description. 

[0060] An operating system 441 includes a system program for processing various basic 

system services and executing hardware-related tasks, for example, a frame layer, a core library 

layer, or a drive layer for implementing various basic services and processing hardware-based tasks. 

[0061] A network communication module 442 is configured to reach other computing 

devices through one or more (wired or wireless) network interfaces 420. For example, the network 

interface 420 includes Bluetooth, wireless fidelity (Wi-Fi), a universal serial bus (USB), and the 

like. 

[0062] In some embodiments, the apparatus provided in the embodiments of this application 

may be implemented by software. FIG. 3 shows a model processing apparatus 443 stored in the 

memory 440. The model processing apparatus 443 may be software in the form of a program or a 

plug-in, and includes the following software modules: a first obtaining module 4431, a first 

determining module 4432, a first merging module 4433, and a model generation module 4434. 

These modules are logical and therefore can be combined in any way or further split depending on 

achieved functions. The following describes functions of the modules. 

[0063] In some other embodiments, the apparatus provided in the embodiments of this 

application may be implemented by hardware. For example, the apparatus provided in the 

embodiments of this application may be a processor in the form of a hardware decoding processor, 

and is programmed to perform the model processing method provided in the embodiments of this 

application. For example, the processor in the form of the hardware decoding processor may use 

one or more application-specific integrated circuits (ASICs), a DSP, a programmable logic device 

(PLD), a complex PLD (CPLD), a field-programmable gate array (FPGA), or another electronic 

element. 

[0064] The model processing method provided in the embodiments of this application is 

described with reference to exemplary applications and implementations of the server provided in 

the embodiments of this application. 
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[0065] An embodiment of this application provides a model processing method, applied to a 

computer device. The computer device may be a terminal or may be a server. In this embodiment of 

this application, an example in which the computer device is a server is used for description. FIG. 4 

is a schematic implementation flowchart of a model processing method according to an 

embodiment of this application. Steps of the model processing method according to this 

embodiment of this application are described with reference to FIG. 4. 

[0066] Step S101: Obtain model information of a to-be-processed three-dimensional model 

and at least one preset view angle. 

[0067] When the model processing method according to this embodiment of this application 

is implemented by a server, the model information of the to-be-processed three-dimensional model 

may be sent to the server by a terminal. The to-be-processed three-dimensional model may be a 

model for performing two-dimensional original drawing rendering or may be a training model for 

training a network model. The model information of the to-be-processed three-dimensional model 

may include vertex identifiers and vertex indexes of a plurality of triangle meshes that form the 

three-dimensional model. Vertex coordinates of the triangle meshes can be obtained based on the 

vertex indexes. The at least one view angle may be a view angle when the three-dimensional model 

is viewed from different angles, for example, may include at least one of a front view angle, a rear 

view angle, a left view angle, and a right view angle, or certainly may be any other view angle. For 

example, the front view angle is a view angle when a camera is located directly in front of the 

model. 

[0068] Step S102: Determine a visible model region corresponding to the at least one view 

angle of the three-dimensional model based on the model information. 

[0069] A visible model region corresponding to a view angle is a model region that can be 

viewed by the camera from the view angle. When the step is implemented, the three-dimensional 

model may be first rotated based on a camera direction vector of each view angle to a bottom view 

angle, and a 3D lowest envelope of the three-dimensional model and a two-dimensional projection 

of the 3D lowest envelope may be determined. A projection face on the two-dimensional projection 

is obtained by projecting a visible region onto a two-dimensional plane. In this case, after the two-

dimensional projection is obtained, a visible region that corresponds to each projection face in the 

two-dimensional projection and that is on the three-dimensional model may be further determined, 

and a visible region included in each triangle mesh in the three-dimensional model may be 

determined based on the visible region corresponding to each projection face. In this way, the 

visible model region corresponding to each view angle is obtained. 
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[0070] Step S103: Determine a visible model region corresponding to the three-dimensional 

model based on the visible model region corresponding to the at least one view angle. 

[0071] Merging is not required in this step when one view angle is preset in step S101, and 

the visible model region corresponding to the view angle is directly determined as the visible model 

region corresponding to the three-dimensional model. When two or more view angles are preset in 

step S101, as the visible regions included in all triangle meshes at different view angles have been 

determined in step S102, to implement this step, the visible regions of the triangle meshes at 

different view angles are transformed into two-dimensional space, a merged region of the visible 

regions of the triangle meshes at different view angles is determined in the two-dimensional space, 

and the merged region is transformed into three-dimensional space, to obtain a merged region of the 

triangle meshes in the three-dimensional space. As the three-dimensional model is formed by the 

triangle meshes, after the visible regions of the triangle meshes in the three-dimensional space are 

obtained, the visible model region corresponding to the three-dimensional model is obtained. 

[0072] Step S104: Generate a processed three-dimensional model based on the visible 

model region corresponding to the three-dimensional model. 

[0073] In this embodiment of this application, the visible model region is characterized by 

vertex identifiers and vertex indexes of each region. Therefore, after the vertex identifiers and the 

vertex indexes of each region are obtained, vertex coordinates may be determined based on the 

vertex indexes, to generate the processed three-dimensional model. 

[0074] In some embodiments, when the to-be-processed three-dimensional model may be a 

model for performing two-dimensional original drawing rendering, after the processed three-

dimensional model is obtained, texture mapping may be performed on the processed three-

dimensional model to map the processed three-dimensional model to the two-dimensional space for 

two-dimensional rendering. Since the processed three-dimensional model includes only the visible 

region of the model, two-dimensional rendering needs to be performed only on a two-dimensional 

polygon corresponding to the visible region of the model, thereby reducing the amount of rendering 

data to be processed and increasing the rendering efficiency. When the to-be-processed three-

dimensional model is a training model for training a network model, the server may send the 

processed three-dimensional model to the terminal, and the terminal trains the network model based 

on two-dimensional training original drawings at multi-view angles and the processed three-

dimensional model, to obtain a trained neural network model. As the complexity and ambiguity of 

output of the network model are reduced during training, the training speed of the network model 

can be increased, and the training time can be shortened. 
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[0075] In the model processing method provided in this embodiment of this application, 

first, model information of a to-be-processed three-dimensional model and at least one preset view 

angle are obtained. The at least one view angle may be a front view angle, a rear view angle, a left 

view angle, a right view angle, or certainly any other view angle. Next, a visible model region 

corresponding to the at least one view angle of the three-dimensional model is determined based on 

the model information of the three-dimensional model. The visible model region corresponding to 

each view angle is a model region that is visible at the view angle, excluding a model region that is 

occluded at the view angle. Then, a visible model region corresponding to the three-dimensional 

model is determined based on the visible model region corresponding to the at least one view angle, 

and a processed three-dimensional model is generated based on the visible model region 

corresponding to the three-dimensional model. In other words, the processed three-dimensional 

model includes only the visible model region at each view angle, with no invisible region. 

Therefore, the data volume of the model is reduced, so that the resource overheads and computing 

amount of processing equipment are reduced in subsequent processing of the processed three-

dimensional model, increasing the processing efficiency. 

[0076] In some embodiments, step S102 "determine a visible model region corresponding to 

each view angle based on the model information" may be implemented by step S211 to step S215 

shown in FIG. 5A. The following describes the steps with reference to FIG. 5A. 

[0077] Step S211: Determine a first angle and a second angle corresponding to a kth view 

angle. 

[0078] Herein, k is an integer greater than or equal to 1. Assuming that a total of K view 

angles are preset, k is 1, 2, ..., or K. The kth view angle may be understood as an angle of a lens 

center point of a camera relative to a model center of the three-dimensional model. 

[0079] In some embodiments, step S211 may be implemented by the following steps: 

[0080] Step S2111: Determine a camera direction vector corresponding to the kth view 

angle. 

[0081] The camera direction vector corresponding to the kth view angle is determined based 

on coordinates of a camera lens center and coordinates of a model center of the three-dimensional 

model. The model center of the three-dimensional model is also a center of a bounding box of the 

three-dimensional model. The camera direction vector includes an x-axis direction component (x-

axis direction), a y-axis direction component (y-axis direction), and a z-axis direction component 



 13  

(z-axis direction). Assuming that the camera direction vector is (a, b, c), the x-axis direction 

component is a, the y-axis direction component is b, and the z-axis direction component is c. 

[0082] Step S2112: Determine a first ratio of the y-axis direction component to the z-axis 

direction component, and determine a second ratio of the x-axis direction component to the z-axis 

direction component. 

[0083] Based on the foregoing example, the first ratio is b/c, and the second ratio is a/c. 

[0084] Step S2113: Determine an arctangent value of the first ratio as the first angle, and 

determine an arctangent value of an opposite number of the second ratio as the second angle. 

[0085] Still based on the foregoing example, the first angle is arctan(b/c), and the second 

angle is arctan( b/c). 

[0086] Step S212: Rotate, based on the model information, the three-dimensional model 

counterclockwise by the first angle in an x-axis direction, and then rotate the three-dimensional 

model counterclockwise by the second angle in a y-axis direction, to obtain a rotated three-

dimensional model. 

[0087] The rotated three-dimensional model is a model corresponding to a bottom view 

angle. 

[0088] The three-dimensional model is rotated counterclockwise by the first angle in the x-

axis direction, so that the y-axis direction component in the camera direction changes to 0. Then, 

the three-dimensional model is rotated counterclockwise by the second angle in the y-axis direction, 

so that the x-axis direction component in the camera direction changes to 0. That is, the camera 

faces the +z direction. In this case, the rotated three-dimensional model is the model corresponding 

to the bottom view angle. 

[0089] For ease of description, the process of rotating the three-dimensional model is 

described by using an example in which the three-dimensional model is a cube shown in FIG. 5B. 

Assuming that a first view angle is a front view angle, a second view angle is a right view angle, 

and a surface A of the three-dimensional model is seen from the first view angle, it is determined 

according to the process of implementing step S211 that the first angle is 90 degrees and the second 

angle is 0 degrees corresponding to the first view angle, and the three-dimensional model is rotated 

counterclockwise by 90 degrees in the x-axis direction to obtain a rotated three-dimensional model. 

In this case, the surface A of the three-dimensional model faces the z direction, that is, the camera 

faces the +z direction. For the second view angle, a surface B of the three-dimensional model is 

seen from the second view angle. It is determined according to the process of implementing step 
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S211 that the first angle is 0 degrees and the second angle is 90 degrees corresponding to the second 

view angle. The three-dimensional model is rotated counterclockwise by 90 degrees in the y-axis 

direction to obtain a rotated three-dimensional model. In this case, the surface B of the three-

dimensional model faces the z direction, that is, the camera faces the +z direction. In other words, 

the rotated three-dimensional model is obtained by rotating a part of the three-dimensional model 

seen from each view angle to the bottom view angle. 

[0090] Step S213: Determine, based on the rotated three-dimensional model, a three-

dimensional lowest envelope of the three-dimensional model at a kth view angle and a two-

dimensional projection of the three-dimensional lowest envelope. 

[0091] In some embodiments, a function for calculating a 3D envelope in CGAL may be 

called to obtain the three-dimensional lowest envelope of the three-dimensional model and the two-

dimensional projection of the three-dimensional lowest envelope. The two-dimensional projection 

is a projection of the three-dimensional lowest envelope on an xy plane. The two-dimensional 

projection includes at least one projection face. The projection face is a closed region formed by 

connecting edges on the two-dimensional projection. Using 112 in FIG. 1B as an example for 

description, a right side of 112 is a two-dimensional projection. The two-dimensional projection 

includes two projection faces: a large triangle corresponding to S1 and a small triangle 

corresponding to S2. 

[0092] Step S214: Determine a visible region corresponding to each projection face, and 

determine, based on the visible region corresponding to each projection face, a visible region 

included in each triangle mesh in the three-dimensional model. 

[0093] Determining the visible region corresponding to each projection face is determining 

the visible region of each projection face on a triangle mesh corresponding to the three-dimensional 

lowest envelope. In some embodiments, the triangle mesh corresponding to each projection face on 

the three-dimensional lowest envelope is first determined, a vertical line that passes through each 

vertex on the projection is constructed, and an intersection point of the vertical line and a target 

plane is determined as a projection point of a vertex of the projection face on the target plane. The 

target plane is a plane on which a triangle mesh that is in the three-dimensional lowest envelope and 

that corresponds to the projection face is located, and a connecting line between the vertex of the 

projection face and the corresponding projection point is perpendicular to the target plane. Then, 

projection points of each projection face on the corresponding target plane are connected to obtain 

the visible region corresponding to each projection face. In a case that the projection points on the 

triangle meshes are connected, if the projection face is a polygon without holes, the plurality of 
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projection points are connected counterclockwise; and if the projection face is a polygon with holes, 

projection points corresponding to vertexes on an outer boundary of the polygon with holes are 

connected counterclockwise, and projection points corresponding to vertexes on inner holes are 

connected clockwise. 

[0094] Each projection point is a vertex of the visible region. In some embodiments, 

coordinates of each projection point may be obtained, and the coordinates of the projection point 

may be determined as coordinates of the vertex of the visible region. In addition, a triangle mesh 

corresponding to the projection face is a triangle mesh where the visible region is located. 

[0095] During actual application, each projection face corresponds to one triangle mesh, one 

triangle mesh may correspond to a plurality of projection faces, each projection face corresponds to 

one visible region, different visible regions may be located on the same triangle mesh, and therefore 

one triangle mesh may correspond to a plurality of visible regions. In this embodiment of this 

application, after the visible region corresponding to each projection face is determined, the visible 

region included in each triangle mesh in the three-dimensional model may be obtained based on the 

triangle mesh where the visible region is located. For example, a face F1 corresponds to a visible 

region R1, a face F2 corresponds to a visible region R2, a face F3 corresponds to a visible region 

R3, a face F4 corresponds to a visible region R4, ..., and a face F10 corresponds to a visible region 

R10. The visible regions R1, R2, and R3 are located on the same triangle mesh T1, R4 is located on 

a triangle mesh T2, R5 and R6 are located on a triangle mesh T3, R7 is located on a triangle mesh 

T4, and R8, R9, and R10 are located on a triangle mesh T5. In this case, the triangle mesh T1 

includes the visible regions R1, R2, and R3, the triangle mesh T2 includes the visible region R4, the 

triangle mesh T3 includes the visible regions R5 and R6, the triangle mesh T4 includes the visible 

region R7, and the triangle mesh T5 includes the visible regions R8, R9, and R10. 

[0096] Step S215: Rotate the visible region included in each triangle mesh clockwise by the 

second angle in the y-axis direction, and then rotate the visible region included in each triangle 

mesh clockwise by the first angle in the x-axis direction, to obtain the visible model region 

corresponding to the kth view angle. 

[0097] In some embodiments, the rotated three-dimensional model may be rotated 

clockwise by the second angle in the y-axis direction and then rotated clockwise by the first angle in 

the x-axis direction, so that the visible region corresponding to each triangle mesh is rotated in an 

opposite manner to that of step S212. That is, the visible region corresponding to each triangle mesh 

is rotated clockwise by the second angle in the y-axis direction and then rotated clockwise by the 
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first angle in the x-axis direction. In this case, the model is restored to the state at the kth view angle 

to obtain the visible model region corresponding to the kth view angle. 

[0098] Through step S211 to step S215, when the visible model region of the three-

dimensional model at the kth view angle is determined, the three-dimensional model is first rotated 

by the first angle and the second angle that are determined based on the kth view angle to obtain the 

rotated three-dimensional model, the rotated three-dimensional model is rotated from the kth view 

angle to the bottom view angle to determine the three-dimensional lowest envelope corresponding 

to the kth view angle and the two-dimensional projection corresponding to the three-dimensional 

lowest envelope, and the visible model region of each triangle mesh in the three-dimensional model 

at the kth view angle is determined based on a correspondence between the three-dimensional lowest 

envelope and the two-dimensional projection, to further provide a necessary data basis for 

determining the overall visible model region of the three-dimensional model. 

[0099] In some embodiments, step S103 "determine a visible model region corresponding to 

the three-dimensional model based on the visible model region corresponding to the at least one 

view angle" may be implemented by the following steps: 

[00100] Step S1031: Determine whether there is one preset view angle. 

[00101] When there is one preset view angle, step S1032 is performed. When there are at 

least two preset view angles, step S1033 is performed. 

[00102] Step S1032: Determine the visible model region corresponding to the view angle as 

the visible model region corresponding to the three-dimensional model. 

[00103] When there is one preset view angle, the visible model region corresponding to the 

view angle is directly determined as the visible model region corresponding to the three-

dimensional model. 

[00104] Step S1033: Obtain a visible region that corresponds to each view angle and that is 

of an ith triangle mesh in the three-dimensional model. 

[00105] Herein, i is 1, 2, ..., or N, N is an integer greater than 1, and N is a total number of 

triangle meshes in the three-dimensional model. Assuming that there are four different view angles, 

visible regions of the ith triangle mesh at each view angle form a visible region set, respectively V1, 

V2, V3, and V4. An empty set may exist in V1, V2, V3, and V4. 

[00106] Step S1034: Merge visible regions that correspond to all view angles and that are of 

the ith triangle mesh to obtain a merged visible region corresponding to the ith triangle mesh. 
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[00107] In some embodiments, the visible regions that correspond to all the view angles and 

that are of the ith triangle mesh are first mapped to two-dimensional space and then subjected to a 

two-dimensional Boolean union operation to obtain a merged region in the two-dimensional space, 

and the merged region in the two-dimensional space is mapped to three-dimensional space to obtain 

the merged visible region corresponding to the ith triangle mesh. 

[00108] Step S1035: Determine merged visible regions corresponding to the first triangle 

mesh to an Nth triangle mesh as the visible model region corresponding to the three-dimensional 

model. 

[00109] Since each triangle mesh on the original three-dimensional model has different 

occlusion relationships at different view angles, the visible regions of the same triangle mesh at 

different view angles may either overlap or differ, in other words, may be connected together or 

may be split apart. To eliminate duplicated regions in a final result, merging the visible regions is 

merging the visible regions obtained by each triangle mesh at different view angles, to determine 

the merged visible region of each triangle mesh, ensuring the accuracy of the merged visible region 

corresponding to each triangle mesh. 

[00110] In some embodiments, step S1034 "merge visible regions that correspond to all view 

angles and that are of the ith triangle mesh to obtain a merged visible region corresponding to the ith 

triangle mesh" may be implemented by the following steps: 

[00111] Step S341: Transform the visible regions that correspond to all the view angles and 

that are of the ith triangle mesh into two-dimensional space to obtain two-dimensional visible 

regions corresponding to the view angles. 

[00112] In some embodiments, an affine transformation matrix corresponding to the ith 

triangle mesh may be first determined, and then the ith triangle mesh is projected to the two-

dimensional space by the affine transformation matrix. The visible region corresponding to the ith 

triangle mesh at each view angle is located on the ith triangle mesh. Therefore, projecting the ith 

triangle mesh to the two-dimensional space is projecting the visible region corresponding to the ith 

triangle mesh at each view angle to the two-dimensional space, to obtain the two-dimensional 

visible region corresponding to the ith triangle mesh at each view angle. 

[00113] Step S342: Merge the two-dimensional visible regions corresponding to the view 

angles to obtain a merged region corresponding to the ith triangle mesh. 

[00114] In some embodiments, the two-dimensional visible regions corresponding to the 

view angles may be merged based on the two-dimensional Boolean operation to obtain the merged 
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region corresponding to the ith triangle mesh. The merged region may be a polygon without holes or 

may be a polygon with holes. 

[00115] Step S343: Perform triangulation on the merged region corresponding to the ith 

triangle mesh to obtain a plurality of two-dimensional triangles. 

[00116] In this step, performing triangulation on the merged region corresponding to the ith 

triangle mesh is performing constrained Delaunay triangulation on the merged region. That is, at 

least one connecting edge of the obtained two-dimensional triangles is a connecting edge on the 

merged region. 

[00117] Step S344: Transform the two-dimensional triangles into three-dimensional space to 

obtain the merged visible region corresponding to the ith triangle mesh. 

[00118] In some embodiments, the two-dimensional triangles may be transformed into the 

three-dimensional space based on inverse affine transformation to obtain the merged visible region 

corresponding to the ith triangle mesh. After merged visible regions corresponding to all the triangle 

meshes are obtained, the processed three-dimensional model may be generated in subsequent steps 

based on the vertex coordinates and the vertex indexes of the merged visible regions. 

[00119] Through step S341 to step S344, the visible regions of the ith triangle mesh at 

different view angles are merged and then subjected to constrained triangulation, which can ensure 

that there is no occlusion or overlap in the merged visible region corresponding to the ith triangle 

mesh. 

[00120] In some embodiments, step S343 "perform triangulation on the merged region 

corresponding to the ith triangle mesh to obtain a plurality of two-dimensional triangles" may be 

implemented by step S3431 to step S3437 shown in FIG. 6. The following describes the steps with 

reference to FIG. 6. 

[00121] Step S3431: Obtain each connecting edge of the merged region corresponding to the 

ith triangle mesh. 

[00122] When the merged region corresponding to the ith triangle mesh is a polygon with 

holes, connecting edges of the merged region corresponding to the ith triangle mesh include 

connecting edges on an outer boundary of the polygon and connecting edges of inner holes. When 

the merged region corresponding to the ith triangle mesh is a polygon without holes, connecting 

edges of the merged region corresponding to the ith triangle mesh include connecting edges on an 

outer boundary of the polygon. 
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[00123] Step S3432: Perform constrained triangulation on the merged region corresponding 

to the ith triangle mesh based on each connecting edge to obtain a plurality of candidate triangles. 

[00124] For example, each connecting edge may be added into a constrained list, and then a 

constrained Delaunay triangulation function in CGAL is called based on the constrained list to 

perform triangulation on the merged region corresponding to the ith triangle mesh to obtain the 

plurality of candidate triangles. In this case, at least one edge in the candidate triangles is a 

connecting edge of the merged region. 

[00125] Step S3433: Determine target location information of a centroid of a jth candidate 

triangle. 

[00126] In some embodiments, the target location information of the centroid of the jth 

candidate triangle may be determined based on coordinates of three vertexes of the jth candidate 

triangle. 

[00127] Step S3434: Determine whether the merged region corresponding to the ith triangle 

mesh is a polygon with holes. 

[00128] Whether the merged region corresponding to the ith triangle mesh is a polygon with 

holes may be determined by determining whether other polygons are included inside an outer 

boundary of the merged region corresponding to the ith triangle mesh. If other polygons are included 

inside the outer boundary of the merged region, it is determined that the merged region 

corresponding to the ith triangle mesh is a polygon with holes, and in this case, step S3435 is 

performed. If no other polygon is included inside the outer boundary of the merged region, it is 

determined that the merged region corresponding to the ith triangle mesh is a polygon without holes, 

and in this case, step S3436 is performed. 

[00129] Step S3435: Determine whether the centroid of the jth candidate triangle is located 

inside a connected region in the merged region corresponding to the ith triangle mesh. 

[00130] The connected region in the merged region corresponding to the ith triangle mesh is a 

region between a connecting edge on an outer boundary and a connecting edge on an inner hole in 

the merged region. In some embodiments, whether the centroid of the jth candidate triangle is 

located inside the connected region in the merged region corresponding to the ith triangle mesh may 

be determined based on the target location information and the connecting edge of the merged 

region corresponding to the ith triangle mesh, further, based on vertex coordinates of each vertex of 

the ith triangle mesh and the target location information of the centroid. When the centroid of the jth 

candidate triangle is located inside the connected region in the merged region corresponding to the 
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ith triangle mesh, step S3437 is performed. When the centroid of the jth candidate triangle is not 

located inside the connected region in the merged region corresponding to the ith triangle mesh, step 

S3439 is performed. 

[00131] Step S3436: Determine whether the centroid of the jth candidate triangle is located 

inside the merged region corresponding to the ith triangle mesh. 

[00132] Similar to step S3435, whether the centroid of the jth candidate triangle is located 

inside the merged region corresponding to the ith triangle mesh may be determined based on the 

target location information and the connecting edge of the merged region corresponding to the ith 

triangle mesh, further, based on vertex coordinates of each vertex of the ith triangle mesh and the 

target location information of the centroid. When it is determined that the centroid of the jth 

candidate triangle is located inside the merged region corresponding to the ith triangle mesh, step 

S3437 is performed. When the centroid of the jth candidate triangle is not located inside the merged 

region corresponding to the ith triangle mesh, step S3439 is performed. 

[00133] Step S3437: Determine that the jth candidate triangle is located inside the merged 

region corresponding to the ith triangle mesh. 

[00134] Step S3438: Determine candidate triangles inside the merged region corresponding 

to the ith triangle mesh as the plurality of two-dimensional triangles. 

[00135] Step S3439: Determine that the jth candidate triangle is not located inside the merged 

region corresponding to the ith triangle mesh, and skip determining the jth candidate triangle as the 

two-dimensional triangle. 

[00136] In step S3431 to step S3439, constrained Delaunay triangulation is performed based 

on each connecting edge of the merged region corresponding to the ith triangle mesh, so that at least 

one edge of the triangles obtained through dissection is a connecting edge of the merged region, and 

after the triangulation is performed, it is necessary to further determine whether the triangles 

obtained through the triangulation are located inside the merged region (connected region), to 

ensure the accuracy of a triangulation result. 

[00137] The following describes an exemplary application of the embodiments of this 

application in an actual application scenario. 

[00138] The model processing method provided in the embodiments of this application may 

be applied to two-dimensional model rendering, neural network model training, and other scenarios. 

An example in which the model processing method provided in the embodiments of this application 

is applied to two-dimensional model rendering is used for description. A first terminal determines a 
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three-dimensional model of a designed virtual object in response to a received model design 

operation. In some embodiments, a plurality of three-dimensional models of the virtual object at 

different view angles may be designed. Then, the first terminal sends the three-dimensional models 

at different view angles to a server. The server obtains model information at different view angles; 

determines a visible model region corresponding to each view angle based on model information at 

each view angle; merges visible model regions corresponding to all the view angles to obtain a 

visible model region corresponding to the three-dimensional model; and generates a processed 

three-dimensional model based on the visible model region corresponding to the three-dimensional 

model. The server sends the processed three-dimensional model to the first terminal. The first 

terminal performs UV unwrapping on the processed three-dimensional model to obtain a two-

dimensional unwrapping result of the three-dimensional model, and performs two-dimensional 

rendering based on the two-dimensional unwrapping result. The processed three-dimensional model 

includes only the visible region of the model. In this case, the model data volume is reduced 

compared with the original three-dimensional model. Therefore, two-dimensional rendering needs 

to be performed only on the visible region, thereby reducing the resource overheads of two-

dimensional rendering and increasing the rendering efficiency. 

[00139] In some embodiments, after completing the design of the three-dimensional models 

of the virtual object at different view angles, the first terminal may complete a model processing 

process by itself in response to a received model processing operation, and generate the processed 

three-dimensional model. Then, UV unwrapping is performed on the processed three-dimensional 

model to obtain the two-dimensional unwrapping result of the three-dimensional model, and two-

dimensional rendering is performed based on the two-dimensional unwrapping result. 

[00140] By using the model processing method provided in the embodiments of this 

application, the visible regions of the three-dimensional model at multi-view angles can be 

extracted based on the 3D envelope, and the processed model can be determined based on the 

visible regions of the three-dimensional model at the multi-view angles. 

[00141] FIG. 7 is another schematic implementation flowchart of a model processing method 

according to an embodiment of this application. Steps are described below with reference to FIG. 7. 

[00142] Step S501: Visible region generation. 

[00143] In some embodiments, based on each given view angle and a three-dimensional 

model, a visible region that corresponds to each view angle and that is of the three-dimensional 

model is generated and stored. As shown in FIG. 7, assuming that the given view angles include a 

front view angle, a rear view angle, a left view angle, and a right view angle, in FIG. 7, 701 is a left 
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visible region, 702 is a right visible region, 703 is a front visible region, and 704 is a rear visible 

region. It can be seen from FIG. 7 that the visible regions at different view angles have both 

overlapping parts and differing parts. 

[00144] Step S502: Visible region merging. 

[00145] In some embodiments, the generated visible regions at different view angles are 

merged to form a final result. As shown in FIG. 7, the left visible region, the right visible region, the 

front visible region, and the rear visible region are merged to obtain a final result 705. Regions that 

are invisible at all the view angles are eliminated in the final result 705. 

[00146] The following describes the processes of implementing step S501 and step S502. 

[00147] Step S501 "visible region generation" is the key to the model processing method 

according to this embodiment of this application. To implement vectorized representation of the 

visible region, a correspondence between a three-dimensional visible region and a two-dimensional 

projection may be established by using a 3D envelope implemented in CGAL. The 3D envelope can 

be computed quickly based on a divide-and-conquer algorithm. A lowest envelope in three-

dimensional space is used as an example for description. 

[00148] First, computing a lowest envelope of a single xy-monotone surface is simple as 

follows: A boundary of the xy-monotone surface is projected on an xy plane, and a corresponding 

surface is marked. A group of curved surfaces (not necessarily xy-monotone surfaces) in the three-

dimensional space are given, each curved surface is subdivided into a limited quantity of weak xy-

monotone surfaces, and a set formed by the weak xy-monotone surfaces is denoted as . Then, the 

set is divided into two subsets  and  of equal size but disjoint, and lowest envelopes of the 

two subsets are computed recursively. Finally, z values of intersecting regions of the lowest 

envelopes of the two subsets on the xy plane are calculated, and the smaller one of the z values is 

selected, to merge the two lowest envelopes with the intersecting regions. The method for 

computing 3D envelopes based on triangles and spheres in three-dimensional space has been 

implemented in CGAL, and the implementation in CGAL is directly called in the visible region 

generation algorithm. 

[00149] In this embodiment of this application, the implementation process of visible region 

generation is described by using visible region computing of a front view as an example. A visible 

region of the front view may be determined through the following steps: 

[00150] Step S5011: Rotate a model counterclockwise by 90° in an x-axis direction, so that a 

camera of the front view faces a +z direction. 



 23  

[00151] Step S5012: Call a function for computing a 3D envelope in CGAL to obtain a 3D 

lowest envelope of the model and a two-dimensional projection of the 3D lowest envelope of the 

model on an xy plane. 

[00152] Step S5013: Perform step S5014 to step S5016 for each face F on the two-

dimensional projection. 

[00153] Step S5014: Obtain a triangle T that corresponds to F and that is on the three-

dimensional model, and determine a plane P where T is located. 

[00154] Step S5015: Construct a vertical line L that passes through each vertex on a 

boundary of F, and determine an intersection point of L and the plane P. 

[00155] Step S5016: Sequentially connect all intersection points obtained in step S5015, 

where a region formed by the intersection points on the plane P is a visible region corresponding to 

F. 

[00156] Step S5017: Record all visible regions obtained in the foregoing step in triangles on 

the original model, where all these visible regions form a visible model region in the current view. 

[00157] Step S5018: Rotate these visible regions clockwise by 90° in an x-axis direction to 

be restored to the original location. 

[00158] Visible regions corresponding to a rear view, a left view, and a right view can be 

obtained by using the similar method (where only a rotation mode needs to be changed). 

[00159] FIG. 7 shows visible regions of a three-dimensional model at specific view angles (a 

front view, a rear view, a left view, and a right view). This is because specific view angles are 

usually preset for original drawings provided by a concept designer during original drawing 

modeling. The method for extracting the visible region provided in this embodiment of this 

application is not limited to a specific view angle, but can be extended to any view angle. A camera 

direction X of any view angle is set to a vector (x, y, z). In this case, when step S5011 is 

implemented, a first rotation angle  may be determined according to the formula (1-1): 

                                      (1-1). 

[00160] In this formula, arctan() is an arctangent function. Then, the model is rotated 

counterclockwise by the first rotation angle in the x-axis direction, so that the component y of the 

camera direction changes to 0. 

[00161] A second rotation angle  is determined according to the formula (1-2): 
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                                     (1-2). 

[00162] Then, the model is rotated counterclockwise by the second rotation angle in the y-

axis direction, so that the component x of the camera direction changes to 0. In this case, the camera 

faces the +z direction. 

[00163] Correspondingly, when step S5018 is implemented, the model is rotated clockwise 

by  in the y-axis direction, and then the model is rotated clockwise by  in the x-axis 

direction, to be restored to the original angle of the model. 

[00164] Since a three-dimensional model at any view angle can be processed by using the 

model processing method provided in the embodiments of this application, the model processing 

method provided in the embodiments of this application can be widely applied to other related 

fields. For example, for a three-dimensional building model, if a direct sunlight direction at a time 

point is given, a visible region of the three-dimensional building model in the direct sunlight 

direction is determined by using the model processing method provided in the embodiments of this 

application. The visible region is a lighting region of the three-dimensional building model, which 

is very conducive to lighting optimization of a building design model. The model processing 

method provided in the embodiments of this application may also be applied to exhibit optimization 

of 3D printing: for regions that cannot be seen from a view angle of viewers, the printing resolution 

can be reduced or hollow processing can be performed, thereby reducing the printing costs of 

exhibits. 

[00165] In this embodiment of this application, step S502 "visible region merging" may be 

implemented by the following steps: 

[00166] Step S5021: Perform step S5022 to step S5024 for each triangle on the original 

model. 

[00167] Step S5022: Assume that the visible regions obtained in step S501 at the front, rear, 

left, and right view angles are , , , and  respectively. 

[00168] Step S5023: Calculate an affine transformation matrix corresponding to the triangle, 

and project , , , and  onto two-dimensional plane based on the affine transformation 

matrix to obtain , '
2V , , and . 

[00169] , , , and  may be polygons with holes or may be polygons without 

holes. 
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[00170] Step S5024: Perform a two-dimensional Boolean operation provided in CGAL to 

obtain a union of , , , and , to form one or more polygons (with holes). 

[00171] In some embodiments, the two-dimensional Boolean operation in CGAL may be 

called to determine a plurality of visible regions of the model on the two-dimensional plane, to 

obtain one or more polygons (with holes). 

[00172] Step S5025: Process, by using a constrained Delaunay triangulation method, the 

polygons (with holes) obtained in step S5024, and record a result. 

[00173] The recorded result includes vertex coordinates and vertex indexes of each divided 

triangle. 

[00174] Each triangle on the original model has different occlusion relationships at different 

view angles. Therefore, the visible regions of the same triangle at different view angles may either 

overlap or differ, in other words, may be connected together or may be split apart. To eliminate 

duplicated regions in a final result, the visible regions corresponding to all the views are first 

merged and then triangulated. In this case, when step S5025 is implemented, the Delaunay 

triangulation method needs to be designed for the polygons (with holes) to cope with different 

special cases. During actual implementation, step S5025 may be implemented by the following 

steps: 

[00175] Step S51: Add each edge on an outer boundary and an inner hole of a polygon (with 

holes) into a constrained list L. 

[00176] Step S52: Call a constrained Delaunay triangulation method in CGAL based on the 

constrained list L to perform triangulation on a plane, denoted as T. 

[00177] Step S53: Determine whether each triangle in T is located inside the polygon (with 

holes). If the triangle in T is located inside the polygon (with holes), mark the triangle as true. If the 

triangle in T is not located inside the polygon (with holes), mark the triangle as false. 

[00178] For example, when this step is implemented, a centroid  of the triangle is 

calculated, and then whether  is inside the polygon (with holes) is determined. If  is inside 

the polygon (with holes), the original triangle is inside the polygon (with holes). If  is not inside 

the polygon (with holes), the original triangle is outside the polygon (with holes). 

[00179] Step S54: Extract all triangles marked as true to obtain a constrained Delaunay 

triangulation result of the polygon (with holes). 
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[00180] Step S5026: Perform inverse affine transformation on the vertex coordinates of each 

divided triangle to obtain each corresponding three-dimensional triangle. 

[00181] Step S5027: Integrate all three-dimensional triangles obtained in step S5022 to step 

S5026, to generate a three-dimensional model including only visible regions. 

[00182] In an actual application process, the model processing method provided in the 

embodiments of this application is tested on a character model set of a game. FIG. 8 shows three 

exemplary results. 801, 803, and 805 on the left side represent original models. 802, 804, and 806 

on the right side represent models obtained by merging visible regions at four view angles: a front 

view angle, a rear view angle, a left view angle, and a right view angle. For the models in the first 

two rows, the back neck portion and the left crotch of the female character are invisible regions at 

the four view angles due to the occlusion of the hair and the left arm. Similarly, the hip and the 

soles of feet of the male character in the third row are also invisible due to the occlusion. These are 

in line with user intuition and verify the correctness of the algorithm. 

[00183] A deep learning-based original drawing reconstruction experiment using the 

processed model obtained by the model processing method provided in the embodiments of this 

application is performed based on two-dimensional original drawings 901 and 902 shown in FIG. 9, 

to obtain reconstruction results shown in 903 and 904 respectively. The invisible regions are 

eliminated, so that model sampling points can be reduced by 25%, which leads to a 25% reduction 

in time consuming to generate two-dimensional renderings at multi-view angles. In addition, due to 

the reduction of complexity and ambiguity of the network output, the convergence of the whole 

network training is accelerated, and the overall training time is reduced by 25%. Moreover, the 

reconstruction quality is comparable to the result corresponding to the original data, with a slight 

improvement. 

[00184] The following describes an exemplary structure implemented as a software module 

of the model processing apparatus 443 provided in the embodiments of this application. In some 

embodiments, as shown in FIG. 3, the software module stored in the model processing apparatus 

443 of the memory 440 may include: 

[00185] a first obtaining module 4431, configured to obtain model information of a to-be-

processed three-dimensional model and at least one preset view angle; a first determining module 

4432, configured to determine a visible model region corresponding to the at least one view angle 

of the three-dimensional model based on the model information; a first merging module 4433, 

configured to determine a visible model region corresponding to the three-dimensional model based 

on the visible model region corresponding to the at least one view angle; and a model generation 
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module 4434, configured to generate a processed three-dimensional model based on the visible 

model region corresponding to the three-dimensional model. 

[00186] In some embodiments, the first determining module 4432 is further configured to: 

determine a first angle and a second angle corresponding to a kth view angle; rotate the three-

dimensional model counterclockwise by the first angle in an x-axis direction, and then rotate the 

three-dimensional model counterclockwise by the second angle in a y-axis direction, to obtain a 

rotated three-dimensional model, the rotated three-dimensional model being a model corresponding 

to a bottom view angle; determine, based on the rotated three-dimensional model, a three-

dimensional lowest envelope of the three-dimensional model at a first view angle and a two-

dimensional projection of the three-dimensional lowest envelope, the two-dimensional projection 

including at least one projection face; determine a visible region corresponding to each projection 

face, and determine, based on the visible region corresponding to each projection face, a visible 

region included in each triangle mesh in the three-dimensional lowest envelope; and rotate the 

visible region corresponding to each triangle mesh clockwise by the second angle in the y-axis 

direction, and then rotate the visible region corresponding to each triangle mesh clockwise by the 

first angle in the x-axis direction, to obtain the visible model region corresponding to the kth view 

angle of the three-dimensional model. 

[00187] In some embodiments, the first determining module 4432 is further configured to: 

determine a camera direction vector corresponding to the first view angle, the camera direction 

vector including an x-axis direction component, a y-axis direction component, and a z-axis direction 

component; determine a first ratio of the y-axis direction component to the z-axis direction 

component, and determine a second ratio of the x-axis direction component to the z-axis direction 

component; and determine an arctangent value of the first ratio as the first angle, and determine an 

arctangent value of an opposite number of the second ratio as the second angle. 

[00188] In some embodiments, the first determining module 4432 is further configured to: 

determine a projection point of a vertex of each projection face on a target plane corresponding to 

each projection face, the target plane being a plane on which a triangle mesh that is in the three-

dimensional lowest envelope and that corresponds to the projection face is located, and a 

connecting line between the vertex of the projection face and the corresponding projection point 

being perpendicular to the target plane; and connect projection points of each projection face on the 

corresponding target plane to obtain the visible region corresponding to each projection face. 

[00189] In some embodiments, the first merging module 4433 is further configured to: 

determine, in a case that there is only one preset view angle, a visible model region corresponding 



 28  

to the view angle as the visible model region corresponding to the three-dimensional model; obtain, 

in a case that there are at least two preset view angles, a visible region that corresponds to each view 

angle and that is of an ith triangle mesh in the three-dimensional model, i being 1, 2, ..., or N, N 

being an integer greater than 1, and N being a total number of triangle meshes in the three-

dimensional model; merge visible regions that correspond to all view angles and that are of the ith 

triangle mesh to obtain a merged visible region corresponding to the ith triangle mesh; and 

determine merged visible regions corresponding to the first triangle mesh to an Nth triangle mesh as 

the visible model region corresponding to the three-dimensional model. 

[00190] In some embodiments, the first merging module 4433 is further configured to: 

transform the visible regions that correspond to all the view angles and that are of the ith triangle 

mesh into two-dimensional space to obtain two-dimensional visible regions corresponding to the 

view angles; merge the two-dimensional visible regions corresponding to the view angles to obtain 

a merged region corresponding to the ith triangle mesh; perform triangulation on the merged region 

corresponding to the ith triangle mesh to obtain a plurality of two-dimensional triangles; and 

transform the two-dimensional triangles into three-dimensional space to obtain the merged visible 

region corresponding to the ith triangle mesh. 

[00191] In some embodiments, the first merging module 4433 is further configured to: obtain 

each connecting edge of the merged region corresponding to the ith triangle mesh; perform 

constrained triangulation on the merged region corresponding to the ith triangle mesh based on each 

connecting edge to obtain M candidate triangles, at least one edge of the candidate triangles being 

the connecting edge of the merged region, and M being an integer greater than 1; and determine 

candidate triangles inside the merged region corresponding to the ith triangle mesh as the plurality of 

two-dimensional triangles. 

[00192] In some embodiments, the apparatus further includes: a second determining module, 

configured to determine target location information of a centroid of a jth candidate triangle; and a 

third determining module, configured to determine, in a case that the merged region corresponding 

to the ith triangle mesh is a polygon without holes, and it is determined, based on the target location 

information and a connecting edge of the merged region corresponding to the ith triangle mesh, that 

the centroid of the jth candidate triangle is located inside the merged region corresponding to the ith 

triangle mesh, that the jth candidate triangle is located inside the merged region corresponding to the 

ith triangle mesh, j being 1, 2, ..., or M. 

[00193] In some embodiments, the apparatus further includes: a third determining module, 

configured to determine, in a case that the merged region corresponding to the ith triangle mesh is a 
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polygon with holes, and it is determined, based on the target location information and the 

connecting edge of the merged region corresponding to the ith triangle mesh, that the centroid of the 

jth candidate triangle is located inside a connected region in the merged region corresponding to the 

ith triangle mesh, that the jth candidate triangle is located inside the merged region corresponding to 

the ith triangle mesh, the connected region in the merged region corresponding to the ith triangle 

mesh being a region between a connecting edge on an outer boundary and a connecting edge on an 

inner hole in the merged region. 

[00194] The description of the model processing apparatus in the embodiments of this 

application is similar to the description of the method embodiments, and has beneficial effects 

similar to the method embodiments. Refer to the description of the method embodiments of this 

application for technical details undisclosed in the apparatus embodiments. 

[00195] An embodiment of this application provides a computer program product or a 

computer program. The computer program product or the computer program includes a computer 

instruction. The computer instruction is stored in a computer-readable storage medium. A processor 

of a computer device reads the computer instruction from the computer-readable storage medium. 

The processor executes the computer instruction to enable the computer device to perform the 

model processing method according to the embodiments of this application. 

[00196] An embodiment of this application provides a computer-readable storage medium 

storing an executable instruction. When the executable instruction is executed by a processor, the 

processor performs the model processing method provided in the embodiments of this application, 

for example, the model processing method shown in FIG. 4, FIG. 5A, and FIG. 6. 

[00197] In some embodiments, the computer-readable storage medium may be a memory 

such as an FRAM, a ROM, a PROM, an EPROM, an EEPROM, a flash memory, a magnetic 

surface memory, an optical disc, or a CD-ROM; or may be various devices including one of or any 

combination of the foregoing memories. 

[00198] In some embodiments, the executable instruction may be written in the form of 

program, software, software module, script, or code using any form of programming language 

(including a compiled or interpreted language, or a declarative or procedural language), and may be 

deployed in any form, including being deployed as a stand-alone program or being deployed as a 

module, a component, a subroutine, or another unit suitable for use in a computing environment. 

[00199] For example, the executable instruction may, but does not necessarily, correspond to 

a file in a file system and may be stored in a part of a file for saving other programs or data, for 



 30  

example, stored in one or more scripts in a hyper text markup language (HTML) document, stored 

in a single file dedicated to a program in question, or stored in a plurality of collaborative files (for 

example, files storing one or more modules, a subprogram, or a code part). 

[00200] For example, the executable instruction may be deployed on a computing device for 

execution, or deployed on a plurality of computing devices located at one location for execution, or 

deployed on a plurality of computing devices distributed at a plurality of locations and 

interconnected through a communication network for execution. 

[00201] The foregoing descriptions are merely embodiments of this application, but are not 

intended to limit the protection scope of this application. Any modification, equivalent replacement, 

or improvement made within the spirit and scope of this application shall fall within the protection 

scope of this application. 
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CLAIMS 

What is claimed is: 

1. A model processing method, executable by a computer device, and the method comprising: 

obtaining model information of a to-be-processed three-dimensional model and at least one 

preset view angle; 

determining a visible model region corresponding to the at least one view angle of the three-

dimensional model based on the model information; 

determining a visible model region corresponding to the three-dimensional model based on the 

visible model region corresponding to the at least one view angle; and 

generating a processed three-dimensional model based on the visible model region 

corresponding to the three-dimensional model. 

2. The method according to claim 1, wherein the determining a visible model region 

corresponding to the at least one view angle of the three-dimensional model based on the model 

information comprises: 

determining a first angle and a second angle corresponding to a kth view angle, k being a 

positive integer greater than or equal to 1; 

rotating, based on the model information, the three-dimensional model counterclockwise by 

the first angle in an x-axis direction, and then rotating the three-dimensional model 

counterclockwise by the second angle in a y-axis direction, to obtain a rotated three-dimensional 

model, the rotated three-dimensional model being a model corresponding to a bottom view angle; 

determining, based on the rotated three-dimensional model, a three-dimensional lowest 

envelope of the three-dimensional model at a first view angle and a two-dimensional projection of 

the three-dimensional lowest envelope, the two-dimensional projection comprising at least one 

projection face; 

determining a visible region corresponding to each projection face, and determining, based on 

the visible region corresponding to each projection face, a visible region comprised in each triangle 

mesh in the three-dimensional lowest envelope; and 

rotating the visible region corresponding to each triangle mesh clockwise by the second angle 

in the y-axis direction, and then rotating the visible region corresponding to each triangle mesh 

clockwise by the first angle in the x-axis direction, to obtain the visible model region corresponding 
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to the kth view angle of the three-dimensional model. 

3. The method according to claim 2, wherein the determining a first angle and a second angle 

corresponding to a kth view angle comprises: 

determining a camera direction vector corresponding to the kth view angle, the camera 

direction vector comprising an x-axis direction component, a y-axis direction component, and a z-

axis direction component; 

determining a first ratio of the y-axis direction component to the z-axis direction component, 

and determining a second ratio of the x-axis direction component to the z-axis direction component; 

and 

determining an arctangent value of the first ratio as the first angle, and determining an 

arctangent value of an opposite number of the second ratio as the second angle. 

4. The method according to claim 2, wherein the determining a visible region corresponding to 

each projection face comprises: 

determining a projection point of a vertex of each projection face on a target plane 

corresponding to each projection face, the target plane being a plane on which a triangle mesh that 

is in the three-dimensional lowest envelope and that corresponds to the projection face is located, 

and a connecting line between the vertex of the projection face and the corresponding projection 

point being perpendicular to the target plane; and 

connecting projection points of each projection face on the corresponding target plane to 

obtain the visible region corresponding to each projection face. 

5. The method according to claim 1, wherein the determining a visible model region 

corresponding to the three-dimensional model based on the visible model region corresponding to 

the at least one view angle comprises: 

determining, in a case that there is only one preset view angle, a visible model region 

corresponding to the view angle as the visible model region corresponding to the three-dimensional 

model; 

obtaining, in a case that there are at least two preset view angles, a visible region that 

corresponds to each view angle and that is of an ith triangle mesh in the three-dimensional model, i 

being 1, 2, ..., or N, N being an integer greater than 1, and N being a total number of triangle 

meshes in the three-dimensional model; 

merging visible regions that correspond to all view angles and that are of the ith triangle mesh 
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to obtain a merged visible region corresponding to the ith triangle mesh; and 

determining merged visible regions corresponding to the first triangle mesh to an Nth triangle 

mesh as the visible model region corresponding to the three-dimensional model. 

6. The method according to claim 5, wherein the merging visible regions that correspond to all 

view angles and that are of the ith triangle mesh to obtain a merged visible region corresponding to 

the ith triangle mesh comprises: 

transforming the visible regions that correspond to all the view angles and that are of the ith 

triangle mesh into two-dimensional space to obtain two-dimensional visible regions corresponding 

to the view angles; 

merging the two-dimensional visible regions corresponding to the view angles to obtain a 

merged region corresponding to the ith triangle mesh; 

performing triangulation on the merged region corresponding to the ith triangle mesh to obtain 

a plurality of two-dimensional triangles; and 

transforming the two-dimensional triangles into three-dimensional space to obtain the merged 

visible region corresponding to the ith triangle mesh. 

7. The method according to claim 6, wherein the performing triangulation on the merged 

region corresponding to the ith triangle mesh to obtain a plurality of two-dimensional triangles 

comprises: 

obtaining each connecting edge of the merged region corresponding to the ith triangle mesh; 

performing constrained triangulation on the merged region corresponding to the ith triangle 

mesh based on each connecting edge to obtain M candidate triangles, at least one edge of the 

candidate triangles being the connecting edge of the merged region, and M being an integer greater 

than 1; and 

determining candidate triangles inside the merged region corresponding to the ith triangle mesh 

as the plurality of two-dimensional triangles. 

8. The method according to claim 6, further comprising: 

determining target location information of a centroid of a jth candidate triangle; and 

determining, in a case that the merged region corresponding to the ith triangle mesh is a 

polygon without holes, and it is determined, based on the target location information and a 

connecting edge of the merged region corresponding to the ith triangle mesh, that the centroid of the 
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jth candidate triangle is located inside the merged region corresponding to the ith triangle mesh, that 

the jth candidate triangle is located inside the merged region corresponding to the ith triangle mesh, j 

being 1, 2, ..., or M. 

9. The method according to claim 8, further comprising: 

determining, in a case that the merged region corresponding to the ith triangle mesh is a 

polygon with holes, and it is determined, based on the target location information and the 

connecting edge of the merged region corresponding to the ith triangle mesh, that the centroid of the 

jth candidate triangle is located inside a connected region in the merged region corresponding to the 

ith triangle mesh, that the jth candidate triangle is located inside the merged region corresponding to 

the ith triangle mesh, 

the connected region in the merged region corresponding to the ith triangle mesh being a region 

between a connecting edge on an outer boundary and a connecting edge on an inner hole in the 

merged region. 

10. A model processing apparatus, comprising: 

a first obtaining module, configured to obtain model information of a to-be-processed three-

dimensional model and at least one preset view angle; 

a first determining module, configured to determine a visible model region corresponding to 

the at least one view angle of the three-dimensional model based on the model information; 

a first merging module, configured to determine a visible model region corresponding to the 

three-dimensional model based on the visible model region corresponding to the at least one view 

angle; and 

a model generation module, configured to generate a processed three-dimensional model based 

on the visible model region corresponding to the three-dimensional model. 

11. A computer device, comprising: 

a memory, configured to store an executable instruction; and 

a processor, configured to execute the executable instruction stored in the memory to 

implement the method according to any one of claims 1 to 9. 

12. A computer-readable storage medium, storing an executable instruction, the executable 

instruction being executed by a processor to implement the method according to any one of claims 1 

to 9. 
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13. A computer program product, comprising a computer program or an instruction, the 

computer program or the instruction being executed by a processor to implement the method 

according to any one of claims 1 to 9. 


