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Abstract:   Rendering is the most important stage of animation, fi lm and game industry, which is a high-quality and lengthy 3D 
rendering process. Stunning 3D blockbusters need equally stunning 3D eff ect pictures to do hard support. Layered rendering is a 
modern computer graphics technique used to generate high-quality 3D images in real time. The technique works by breaking the 
scene down into multiple layers, each containing diff erent geometry and textures, as well as materials with diff erent shading and 
lighting models, and each layer can be rendered and combined independently to create the fi nal image.
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Layered rendering can separate diff erent elements of the scene into diff erent rendering layers, such as characters, backgrounds, 
special eff ects, etc., so that each rendering layer can be adjusted and processed independently in the post-production process, thus 
enhancing the control over the picture details, lighting, special eff ects, etc., and improving the fi nal production eff ect.

Through layered rendering, the rendering tasks in the process of 3D animation can be distributed to multiple computing resources 
and rendered in parallel, thus speeding up the entire production process. This is especially important for the production of large 
projects and complex scenes, helping to improve production effi  ciency.

1.  Research status at home and abroad
At present, the research on layered rendering technology is very active at home and abroad. The research on layered rendering 

abroad involves layered rendering algorithm based on ray tracing, layered rendering algorithm based on line of sight prediction, 
layered rendering algorithm based on polygon division, etc. This shows that layered rendering technology has a wide application 
prospect in the fi eld of computer graphics, and will continue to be paid attention to and invested by researchers. Domestic research 
on 3D layered rendering technology started late, but with the support of national policies, 3D layered rendering technology has also 
achieved rapid development in China. In the article "Application of three-dimensional Animation Layered Rendering Technology in 
Hainan Folk Elements Research Center", it is pointed out that the layered rendering technology of three-dimensional animation can 
promote the simulation of cultural elements in the real environment, and can more completely show the promotion and application 
value of traditional cultural elements.

2.  Basic principles and advantages of layered rendering
The basic principle of layered rendering is to divide the rendering process into multiple layers, each representing a diff erent aspect 

of the fi nal image. Because each level can be adjusted or manipulated independently, and doing so gives greater control over how the 
fi nal image looks, layered rendering works by fi rst rendering the entire scene into a single level. Additional layers are then created and 
rendered, each focusing on a specifi c element or attribute of the scene, such as lighting, shadows, refl ections, or materials.

Layered rendering has the advantages of speeding up rendering speed, facilitating post-production and improving rendering 
quality.

Speed up rendering. Through layered rendering, a complex three-dimensional scene can be divided into multiple levels, each 
level contains only part of the object or a specifi c rendering eff ect, so the complexity of rendering can be reduced, thereby improving 
the rendering speed.

Convenient post-production. Layered rendering can divide the three-dimensional scene into multiple levels, and each level can 
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be processed independently, which provides greater flexibility and operability for the later work of color mixing, special effects, and 
synthesis.

Improve rendering quality. Layered rendering allows users to perform different processing and optimization for each level, such 
as different Settings for shadows, anti-aliasing, etc., to improve the quality and realism of the rendering.

In large-scale scene rendering, the advantages of layered rendering are more prominent, which can reduce the computational load, 
thus speeding up the rendering speed, and also can layer different objects, making complex scenes easier to manage.

3.  Implementation and classification of layered rendering
Image rendering can be divided into two types: real-time rendering in 3D games and offline rendering used in animated movies. 

Real-time rendering has to compromise on image quality in order to ensure smooth player interaction, while offline rendering has to 
show high real image quality regardless of cost. Render farm is an offline rendering method. Offline rendering has been primarily for 
movies since its inception, and it still is. The implementation of layered rendering can choose between real-time rendering and offline 
rendering. This paper mainly discusses the layered rendering technology of offline rendering.

The implementation of layered rendering mainly includes layered rendering based on renderer and layered rendering based on 
programming. Renderer-based layered rendering is achieved through extensions to renderers such as Autodesk Maya's Arnold renderer 
and 3ds Max's V-Ray renderer, both of which provide layered rendering capabilities. The layered rendering based on programming is 
achieved by writing a program, which is more flexible and can be optimized for specific scenes.

In layered rendering, it can be divided into multi-layer color separation, multi-layer depth separation and multi-layer transparency 
separation according to the way of layering. Multi-layer color separation refers to the process of rendering objects of different colors 
separately, with one layer for each object. Multi-layer depth separation is to render objects in layers according to distance, and each 
layer corresponds to a certain depth range. Multilayer transparent separation is the separation of translucent objects for rendering, each 
object corresponds to a layer. Depending on the complexity of the layers, layered rendering can also be divided into two, three, four or 
even more layers. Generally speaking, the more layers, the higher the quality of the rendered image, but the higher the requirements 
for computing resources and storage resources of the computer.

4.  The process and steps of layered rendering
Layered rendering is basically divided into five processes: preparing scene data, setting rendering parameters, layered rendering, 

synthesizing images, and exporting results. Each process has corresponding Settings and requirements. Only by carefully specifying 
each step can there be a better rendering effect.

Prepare scene data: Import data such as scene models and textures to build the hierarchy of scene objects.
Set render parameters: Set the parameters for layered rendering, including the number of layers to render, the render range of each 

layer, and camera position.
Layered rendering: Render the scene into multiple independent layers according to the parameters set. In each layer, only part 

of the scene objects or specific effects are rendered, such as only shadows or reflections. In the rendering process, some optimization 
techniques can also be used, such as space culling and cone culling, to reduce unnecessary rendering calculations and improve 
rendering efficiency.

Composite image: The rendering of multiple layers is combined into the final image. In the image synthesis process, each layer 
can also be post-processed, such as adding filters, adjusting brightness, etc., to further optimize the image quality.

Export the result: Export the final rendering result as an image file or video file for subsequent production and display.
Technical details and applications in layered rendering
There are also some important techniques and means for layered rendering, such as depth buffer, transparency sorting, multi-

channel rendering, shaders, post-processing, etc.
Depth Buffer: The depth buffer is one of the essential techniques in layered rendering, which records the depth information of 

each pixel. During rendering, the renderer sorts the depth information of each pixel to determine the order in which they are drawn.
Transparency Sorting: When there are multiple transparent objects in a scene, they need to be drawn in a certain order. Transparency 

sorting is a common technique, which can sort objects according to transparency, so as to ensure the correctness of drawing.
Multi-Pass Rendering: Multi-pass rendering refers to the use of multiple rendering channels in the rendering process, each channel 

renders a part of the scene, so as to achieve the effect of layered rendering. The rendered image from each channel can act as a layer, 
and the resulting image is a combination of all the layers.

Shader: Shader is one of the important technologies in layered rendering, which can render objects more finely. In layered 
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rendering, shaders can be used to achieve effect differences between different layers.
Post-Processing: Post-processing refers to some processing of the rendering result after the rendering process is over to achieve 

better results. In layered rendering, post-processing can be used to adjust and synthesize different layers.
Layered rendering is also widely used, including film production, game development, virtual reality and so on. In film production, 

layered rendering can be used to achieve special effects and post-processing; In game development, layered rendering can be used to 
improve image quality and performance; In virtual reality, layered rendering can be used to achieve three-dimensional and realistic 
sensations.

5.  Concluding discussion
Layered rendering in the 3D animation production process can greatly improve the rendering efficiency, achieve better picture 

quality, have a more flexible control mode. In addition to being used in various 3D animation projects, layered rendering technology 
can also be applied to movies, TV plays, games, etc., and has a wide range of application prospects.

With the continuous development of computer hardware and software technology, layered rendering technology will become 
more efficient, intelligent and easy to use, and can be applied to more complex and high-quality 3D animation production. The 
development of layered rendering technology can also facilitate the collaboration and sharing of 3D animation production, making it 
easier for team members to participate in projects together.

In future research, the combination of layered rendering technology and other 3D animation techniques can be explored to 
achieve better effects and richer creative expression.
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