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Lighting & Shading

• Without light… 

• We do not see much of our scene!
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Lighting & Shading

• Without shading…

• Objects do not look three dimensional
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Lighting & Shading
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Basic concepts of light
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• wave-particle duality (波粒二象性)



Light or visible light
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Light source

• Natural
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Light source

• Man-made
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Illumination (照度)
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Interaction of light with a Solid
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入射光

漫反射

镜面反射

散射和吸收

全内反射

折射



Lighting Simulation

• 在隐藏面消除后，为了使对象看起来更真实，应当模拟光

照在物体的状态，即应当通过计算确定表示对象的像素的

适当状态。

• 在这种计算中应充分根据对象表面的状态，光源的位置以

及视点的位置。

• 需要计算每帧图像中各个像素的颜色亮度，而不是由用户

直接指定。
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Example

12Computer Graphics

Wireframe Simple lighting & flat shading



Smooth Shading

• 如果多边形网格表示的对象为光

滑对象，那么显示的结果应当反

映这种光滑性

• 在计算了每个顶点处的亮度后，

应用线性插值计算出内部的亮度

－称为Gouraud明暗处理算法

13Computer Graphics



Specular Light

• 为了得到更真实的效果，

可以加入镜面光的效果
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Shadow

• 在加入阴影后，可以进一步

提高图像的真实感

15Computer Graphics



shading

• Assume a ball model is constructed by using polygon mesh, its 

color is defined by glColor, then we obtain,

• However, we expect 
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Why?

• 为何实际中球的图像应当类似于

• 光源与材料的交互作用导致每点有不同的

颜色或者明暗效果

• 这时需要考虑

• 光源

• 材料属性

• 观察者位置

• 曲面定向
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Interaction of Light

• There are two illumination phenomena of importance

• interaction of light with the boundaries between materials

• Scattering (发散) and absorption (吸收) of light as it passes 

through the material

• Boundaries between materials are surfaces which make up the 

environment

• Light striking a boundary is either reflected (反射) or transmitted 

(透射). For opaque materials, light is absorbed on passing through 

the boundary
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Light interaction in a Scene
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Illumination Models

• A surface point could be illuminated by

• local illumination, light directly emitted by light sources

• global illumination, light reflected from and transmitted 

through its own and other surfaces
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Illumination models

• Illumination models
• express the factors which determine the surface color at a 

given point on a surface

• compute the color at a point in terms of both local and 
global illumination
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Illumination models

• Local illumination – Fast
• “Fake (假伪)” –Ignore real physics, approximate the look

• Compute at material, from light to viewer

• Only direct illumination from emitters to surfaces

• Global illumination – Slow
• It is illuminated by all the emitters and reflectors in the global scene

• Physically based
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Global Illumination
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Color of Light

• 光源不但发射出不同量的不同频率光，而且它们的方向属

性随着频率也可能不同

• 真正的物理模型将非常复杂

• 人的视觉系统是基于三原色理论的

• 在大多数应用中，可以用三种成分—红、绿、蓝—的强度表

示光源

• 光亮度(luminance)函数为𝐈 = [𝐼𝑟 , 𝐼𝑔, 𝐼𝑏]
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Light Sources

• Point source

• Parallel source

• Ambient lights

• Spotlights
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Point source

• A point light source emits light equally in all directions from a 

single point

• The direction to the light from a point on a surface thus differs 

for different points
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Luminance of Point Light

• 由位置和颜色表示

• 理想的点光源向各个方向发射光

• 远光源--即在无穷远处的光源，光线为平行线

• 点光源的亮度函数

• 在点p接受的光亮度

• 反比于光源与点的距离
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Application of Point Light

• 在计算机图形学中大量应用点光源，

是因为它易于使用，

• 但不能很好地反映物理现实

• 只有点光源的场景得到的图像中对比度比

较高；对象显得要么很亮，要么很暗

• 而真实的光源由于尺寸较大，因此场景的

结果比较柔和
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Parallel source

• light rays are parallel

• Rays hit a planar surface at identical angles

• May be modeled as point source at infinity

• Directional light
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Ambient Lights

• Objects not directly lit are typically still 
visible

• e.g., the ceiling in this room, undersides of desks

• This is the result of indirect illumination from 
emitters, bouncing off intermediate surfaces

• Too expensive to calculate (in real time), so 
we use a hack called an ambient light source

• No spatial or directional characteristics; 
illuminates all surfaces equally

• Amount reflected depends on surface properties
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Ambient Lights
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Spotlights

• Spotlights are point sources whose intensity falls off 

directionally. Point + direction + cutoff angle

• Requires color, point direction, falloff parameters

• Supported by OpenGL
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Interaction of Light Sources & Materials 

• 照射在对象上的光线部分被吸收，部分被反射

• 如果对象是透明的，有些光被折射

• 反射部分的多少确定对象的颜色与亮度

• 对象表面在白光上看起来是红的，就是因为光线中的红色

分量被反射，而其它分量被吸收

• 反射光被反射的方式是由表面的光滑程度和定向确定的
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Materials
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• Surface reflectance (反射比)

• Illuminate surface point 

with ray of light from 

different directions

• How much light is reflected 

in each direction



Types of Reflection

35Computer Graphics



Materials
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Reflectance Distribution Model
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Physics of Diffuse Reflection

• Ideal diffuse reflection

• very rough surface at the microscopic level (微观级别)

• real-world example: chalk

• microscopic variations mean incoming ray of light equally 

likely to be reflected in any direction over the hemisphere

• what does the reflected intensity depend on?

• Only depends on light direction!
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Lambert’s Cosine Law

• Ideal diffuse surfaces reflect according to Lambert’s 

cosine law:

• the energy reflected by a small portion of a surface from a 

light source in a given direction is proportional to the cosine 

of the angle between that direction and the surface normal

• Reflected intensity

• independent of viewing direction

• depends on surface orientation w.r.t. light

39Computer Graphics



Lambert光照模型
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• Lambert光照模型用于纯粹的漫反射表

面的物体，比如磨砂的玻璃表面，观察

者的所看到的反射光和观察的角度无关，

这样的表面称为Lambertian。直观地说，

就是他表面的亮度是各向同性的，亮度

的计算遵循 Lambert‘s cosine 法则。



Computing Diffuse Reflection
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Diffuse Lighting Examples
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• Lambertian sphere from several lighting angles: 

• need only consider angles from 0° to 90°



Specular Reflection
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• shiny surfaces (光泽曲面) exhibit specular reflection

• polished metal

• glossy car 

• specular highlight

• bright spot from light shining on a specular surface (镜面)

• view dependent

• highlight position is function of the viewer’s position



Optics of Reflection

• Reflection follows Snell’s Law:

• incoming ray and reflected ray lie in a plane with the 

surface normal

• angle the reflected ray forms with surface normal equals 

angle formed by incoming ray and surface normal
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Non-Ideal Specular Reflectance (Glassy Reflectance)

• Snell’s law applies to perfect mirror-like surfaces, but aside 

from mirrors few surfaces exhibit perfect specularity

• How can we capture the “softer” reflections of surface that are 

glossy, not mirror-like?

• One option: model the microgeometry of the surface and 

explicitly bounce rays off of it
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Empirical Approximation

• we expect most reflected light to travel in direction 

predicted by Snell’s Law

• but because of microscopic surface variations, some 

light may be reflected in a direction slightly off the 

ideal reflected ray

• as angle from ideal reflected ray increases, we expect 

less light to be reflected
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Empirical Approximation

• Angular falloff (角度下降)

• No physical basis, works ok in practice

47Computer Graphics



Empirical Approximation
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Calculating R Vector

• P = ( N · L ) N : 

• projection of L onto N, L, N are unit length
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Calculating R Vector

• P = ( N · L ) N : 

• projection of L onto N, L, N are unit length
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Phong Illumination Model
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• Developed by Phong Bui-Tuong (1975) is a popular model for 

non-perfect reflectors

• Specular reflection of shiny objects is considered. It assumes 

that maximum specular reflection occurs at

• The light calculation depends on the viewing direction

• Reflected intensity is modeled in terms of

• Ambient component

• Diffuse reflection component

• Specular reflection component



Phong Illumination Model

• The illumination equation in its simplest form is given as(综合

了漫反射、泛光反射分量及镜面反射)
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Phong Illumination Model

• Multilights (多点光源)

• Vector arithmetic (矢量积形式)
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Colored objects

• The color of objects is set by appropriate setting of the ambient 
and the diffused reflection coefficients

• Specular coefficient is not decided by the color

• There are now three intensity equations

• Summarizing these three equations as single expression
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Lighting in OpenGL
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OpenGL Lighting Model
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• The OpenGL lighting model is simple.

• Types of lights

• Ambient light is light that has been reflected so 

much that it doesn’t seem to come from 

anywhere and illuminates from all directions 

equally

• Point lights – rays emanate in all directions. Small 

compared to objects in the scene

• Spot lights – rays emanate in a narrow range of 

angles



Lights in OpenGL

• Most implementations of OpenGL can have up to 8 

lights in the scene

• Each light can have a diffuse and a specular component

• Each light can also have an ambient component (light that is 

reflected off of so many surfaces, we can’t tell where it 

comes from)

• Lights are referred to by the macros

• GL_LIGHT0, GL_LIGHT1, … , GL_LIGHT8

• We set the properties of lights with calls to the function 

“glLightfv” (v stands for vector)
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Light properties

• 1、创建光源：
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Light properties
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Light properties
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Lighting in OpenGL
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Material Properties
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Example
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Example

• 以上程序运行结果是一个蓝色的球，其中高光部分仍为上

一例的亮紫色。从上可看出，球漫反射光的结果是

mat_diffuse[]与light_diffuse[]中的三个颜色分量值相乘，即: 

(0.0*1.0, 0.0*1.0, 0.8*1.0, 1.0*1.0) = (0.0, 0.0, 0.8, 1.0)，

• 所以球大部分呈现蓝色。
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Shading 

• Shading is the process of determining the colors of all the pixels 

covered by a surface using an illumination model

• Simplest method is to

• determine surface visible at each pixel

• compute normal of the surface

• evaluate light intensity and color using an illumination model

• This is quite expensive. The shading methods could be made 

efficient by customizing for specific surface representation
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Lighting vs. Shading

• Lighting (光照)

• process of computing the luminous intensity (i.e., outgoing 

light) at a particular 3D point, usually on a surface

• Shading (描影，着色)

• the process of assigning colors to pixels
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Applying Illumination

• we now have an illumination model for a point on a 

surface

• if surface defined as mesh of polygonal facets, which 

points should we use?

• Three shading methods:

• Flat Shading（平面描影处理）

• Gouraud Shading（光滑描影处理）

• Phong Shading （Phong描影处理）
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Shading Models

• Flat Shading

• Compute Phong lighting once for entire polygon

• Constant color

• Gouraud Shading

• Compute Phong lighting at the vertices and interpolate 

lighting values across polygon

• Interpolate colors

• Phong Shading

• Compute averaged vertex normals

• Interpolate normals across polygon and perform Phong 

lighting across polygon
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Flat Shading
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Flat Shading
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Flat Shading

• 人类视觉系统对光强的变化非常敏感

• 称为lateral inhibition（侧抑制）性质

• 观察到下图边界上的条状效果，称为Mach带

• 没有办法避免这种情形，只有给出更光滑的明暗处理方法
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Flat Shading in OpenGL
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Gouraud Shading

• Performs the illumination model on vertices and interpolates 

the intensity of the remaining points on the surface

73Computer Graphics

Notice that facet artifacts are still visible



Gouraud Shading
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• It is an interpolative shading method, also called intensity interpolation shading 

or color interpolation shading

• Involves the following steps

• Normals are computed at the vertex as the average of the normals of all the faces

meeting at that vertex

• Intensity at each vertex is calculated using the normal and an illumination model

• For each polygon the intensity values for the interior pixels are calculated by linear 

interpolation of the intensities at the vertices



Gouraud Shading

75Computer Graphics



Gouraud Shading Artifacts
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Phong Shading

• Phong shading is not the same as Phong Illumination Model, 

though they are sometimes mixed up

• Phong Illumination: the empirical model we’ve been discussing to 

calculate illumination at a point on a surface

• Phong shading: linearly interpolating the surface normal across the 

facet, applying the Phong Illumination model at every pixel

• Same input as Gouraud shading

• Usually very smooth-looking results:

• But, considerably more expensive
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Review: Phong Illumination Model

• The illumination equation in its simplest form is given as(综合

了漫反射、泛光反射分量及镜面反射)
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Phong Shading
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• It is an interpolative shading method, also called:

• normal-vector interpolation shading

• Involves the following steps

• 1. Normals are computed at the vertex as the average of the 

normals of all the faces meeting at that vertex

• 2. For each polygon the value of the normal for the surface 

occupied by each interior pixel is calculated by linear interpolation

of the normals at the vertices

• Specular reflections are also incorporated

• Interpolation of normals is done exactly like intensity 

interpolation in Gouraud shading



Phong Shading
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Pros and cons
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Flat Shading
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Gouraud Shading
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Phong Shading

84Computer Graphics



Advanced Rendering
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Global Illumination Models

• Simple lighting/shading methods simulate local 

illumination models

• No object-object interaction

• global illumination models

• More realism, more computation

• Approaches

• Ray tracing (光线追踪)

• Radiosity (辐射度)

• Photon mapping (光子映射)

• Subsurface scattering (次表面散射)
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Recall : what is ray tracing
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Ray Tracing

• Ray Tracing is a technique for image synthesis helps create a 2D 

picture of a 3D world

• An algorithm for visible surface determination, which combines 

following factors in a single model

• hidden surface removal

• shading due to direct illumination

• shading due to global illumination

• shadows
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Features

• Best known for handling shadows, reflections and refractions

• It is an algorithm that works entirely in object space, hence accurate

• Partial solution to global illumination problem and is the most complete 

simulation of an illumination-reflection model in computer graphics

• Ray tracing has produced some of the most realistic images in computer 

graphics
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Ray Tracing
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Ray Tracing
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Simple Ray Tracing
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Representing a Ray
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Representing a Ray
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Ray-Sphere Intersection
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Ray-Sphere Intersection
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Ray-Plane Intersection
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Ray-Polygon Intersection

• Involves two steps

• Find the point of intersection of the ray with the plane of 

the polygon

• Check if the point is inside or outside the polygon (even-

odd rule)
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Efficiency in Ray Tracing
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Some observations of ray tracing
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More about ray tracing

101Computer Graphics

http://luxrender.net/

http://luxrender.net/


Fantastic work from CAD Lab

• RenderAnts Pro (GPU based)

• http://www.gaps-zju.org/project/renderants.html
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http://www.gaps-zju.org/project/renderants.html


Aliyun Render

• Rendering Cloud System (cloud based @ aliyun)

• https://rendering.aliyun.com/
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https://rendering.aliyun.com/

