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真实感渲染
Realistic Rendering

(Photorealistic Rendering)

Courtesy of Lingqi Yan, Rui Wang et al.



Rendering（渲染、绘制）

Photorealistic Rendering



Realistic Rendering







真实感渲染



GAMES101: 现代计算机图形学⼊⻔

• https://sites.cs.ucsb.edu/~lingqi/teaching/games101.html



真实感渲染：
光的物理原理与仿真计算



What is color?
• Intensities of light at certain frequencies



Recap: Local Shading 
Model

Credit by: Lingqi Yan



Local Shading



Diffuse Reflection

• Light is scattered uniformly in all directions
• Surface color is the same for all viewing directions





Lambertian (Diffuse) Shading

• Shading independent of view direction



Specular Term

• Intensity depends on view direction
• Bright near mirror reflection direction



Specular Term (Blinn-Phong)



Ambient Term

• Shading that does not depend on anything
• Add constant color to account for disregarded illumination and fill in black 

shadows 



Blinn-Phong Shading Model



局部光照模型的不足

• 过于简化的反射模型：复杂材质

• 间接反射光

• 其他
• 遮挡

• 阴影

• …



全局光照模型



材质：物体对光的视觉反应



Material = BRDF

Bidirectional Reflectance Distribution Function



BRDF



BRDF



Lambertian Material

• Light is equally reflected in each 
output direction



Lambertian Material

• Suppose the incident lighting is uniform:



Glossy material (BRDF)



Glossy material (BRDF)



Reflective / refractive material 
(BRDF)



Material == BRDF

• Because BRDF defines how the light interacts objects



The Rendering Equation



光路的不断反射传播

• 1. Light travels in straight lines 

• 2. Light rays do not “collide” with each 
other if they cross 

• 3. Light rays travel from the light sources 
to the eye



Radiance（辐射率）



Solid Angle



Light Transport

• Goal
• Describe steady-state radiance distribution in virtual scenes

• Assumptions
• Geometric optics

• Achieves steady state instantaneously



Radiance at Equilibrium

• Radiance values at all points in the scene and in all 
directions expresses the equilibrium

• 5D “Light-field”

• We only consider radiance on surfaces (4D)
• Assuming no volumetric scattering or absorption



Rendering Equation (RE)

• RE describes the distribution of radiance at equilibrium

• RE involves:
• Scene geometry 

• Light source info. 

• Surface reflectance info. 

• Radiance values at all surface points in all directions

Known

Unknown



Rendering Equation (RE)

Kajiya



Rendering Equation



Solving Rendering Equation

Credit by Rui Wang, Shuang Zhao



Solving Rendering Equation

• What is the color of pixel (i,j)?



Solving Rendering Equation

• What is the color of pixel (i,j)?



Solving Rendering Equation

• What is the color of pixel (i,j)?



Solving Rendering Equation

• What is the color of pixel (i,j)?



Solving Rendering Equation

• What is the color of pixel (i,j)?



光线跟踪算法
Ray Tracing

Courtesy of Lingqi Yan, Rui Wang, Shuang Zhao et al.



Solving Rendering Equation

• What is the color of pixel (i,j)?



反向跟踪

• 只有到达视点的光线才有作用

• 逆光线方向投射光线

• 每个像素至少需要一条光线



Ray Casting

• Appel 1968 - Ray casting 
• 1. Generate an image by casting one ray per pixel 

• 2. Check for shadows by sending a ray to the light



Ray Casting - Generating Eye Rays



Ray Casting - Shading Pixels (Local Only)



Recursive (Whitted-Style) Ray Tracing



Recursive Ray Tracing



Recursive Ray Tracing



Recursive Ray Tracing



Recursive Ray Tracing

判断遮挡关系：
是否是阴影？



Recursive Ray Tracing



递归的终止条件

• 在每个相交时，有些光线被吸收
• 跟踪余下的量

• 忽略进入无穷空间的光线（或背景光强）
• 在场景周围放一个大球

• 递归步数有限制



算法框架
color trace(point p, vector d, int step)

{

color local, reflected, transmitted;

point q; 

normal n;

if(step > max) return(background_color);

q = intersect(p,d,status);

if(status == light_source)

return(light_source_color);

if(status == no_intersection)

return(background_color);

n = normal(q);

r = reflect(q,n);

t = transmit(q,n);

local = phong(q,n,r);

reflected = trace(q,r,step+1);  // if this is a reflected

transmitted = trace(q,t,step+1); // if this is a transmitted

return(local+reflected+transmitted);

}



Recursive Ray Tracing



计算效率



大量的求交计算

• 点与三⻆⽹格的求交

• 点与三⻆形的求交 向量运算！



加速策略：Bounding Volumes

• Axis-Aligned Bounding Box (AABB) (轴对⻬包围盒)

• 包围球



加速策略：空间组织



加速策略：Bounding Volume Hierarchy (BVH)



Spatial vs Object Partitions



Discussions



Recap: Ray Tracing





光线跟踪算法是在求解渲染方程吗？



如何真正求解渲染方程？

• 积分方程的求解，如何计算积分？

光线数
爆炸！



Radiosity
辐射度渲染方法

Courtesy of Lingqi Yan, Rui Wang et al.



辐射度方法

• 假定：场景中的物体均为理想漫反射表面(Diffuse)
• Radiosity方法不能处理镜面反射的物体表面

• 求解渲染方程：与视点无关，只需求解一次
• 稀疏方程组

• 如光源不变，可预存为贴图

[Goral et al. 1984]



Idea: Radiance at Equilibrium

• Computing steady-state radiance distribution directly

• The scene is composed of small facets



Rendering Equation



Another Form of Rendering Equation



Another Form of Rendering Equation



Solving the Rendering Equation



Solving the Rendering Equation



Solving the Rendering Equation

Sparse!



Successive Approximation



Thank you!

Questions?
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