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• How do we compute the color for the whole surface?
• Illumination models (e.g., Phong) provide a way to compute the color at 

specific points. 
• How do we color the entire object?

Shading
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Phong model
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𝑓𝑃h𝑜𝑛𝑔(𝐋𝑙𝑖𝑔h𝑡, 𝐥, 𝐯, 𝐧) = 𝑘𝑎𝑚𝑏𝑖𝑒𝑛𝑡𝐋𝑎𝑚𝑏𝑖𝑒𝑛𝑡 + ∑
𝑚∈𝑙𝑖𝑔h𝑡𝑠

𝑘𝑑𝑖𝑓𝑓𝑢𝑠𝑒(𝐥𝐦 ∙ 𝐧)𝐋𝑚,𝑑𝑖𝑓𝑓𝑢𝑠𝑒 + 𝑘𝑠𝑝𝑒𝑐𝑢𝑙𝑎𝑟(𝐫𝐦 ∙ 𝐯)𝜶𝐋𝑚,𝑠𝑝𝑒𝑐𝑢𝑙𝑎𝑟
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• What we need in the shaders?

• Light and material properties (uniforms)

Shading (in shaders)
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• What we need in the shaders?

• Light and material properties (uniforms)
• Normals and reflect (per vertex, optionally interpolated per fragment)

Shading (in shaders)
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• What we need in the shaders?

• Light and material properties (uniforms)
• Normals and reflect (per vertex, optionally interpolated per fragment)
• Light position (uniform)

Shading (in shaders)
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• What we need in the shaders?

• Light and material properties (uniforms)
• Normals and reflect (per vertex, optionally interpolated per fragment)
• Light position (uniform)
• Do we need to send  ? We can work on camera space! (viewer is 

always at (0, 0, 0) after model-view transform)
𝐯

Shading (in shaders)
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Triangle with vertices :𝐯1, 𝐯2, 𝐯3

Computing normals
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𝐯1 𝐯3

𝐯2

𝐧 = (𝐯2 − 𝐯1) × (𝐯3 − 𝐯1)
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• Once per triangle (flat shading)
• All vertices of a triangle share the same 

normal

• Once per vertex (Gouraud shading)
• Shading color calculated at each vertex 

(slightly different normal for each vertex)
• Vertex color interpolated at every fragment

• Once per pixel (Phong shading)

Shading: 
per-triangle, per-vertex, per-pixel
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Application
(Vertices)

Vertex shader

Fragment shader

Lighting effect
computed at
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• Compute one color per polygon.
• All pixels in the same polygon are colored by the same color.

Flat shading
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• Compute one color per vertex.
• Interpolate vertex colors across triangles.

Gouraud shading
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w = Area of BCP / area of ABC
u = Area of CAP / area of ABC
v = Area of ABP / area of ABC
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• One color per pixel.
• Interpolates vertex normals across triangles.
• Illumination model evaluated at each pixel.

Phong shading
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Comparison
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Vertex shader Fragment 
shader

color Vertex shader Fragment 
shader

normal
position

Gouraud 
shading

Phong 
shading
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Gouraud vertex shader anatomy
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NI=-L R
V

vPos

(0,0,0)
After view transform
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Transforming normals
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• Vertex:

• Normal:

How can we transform normals?
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v = modelViewMatrix * vec4(position, 1);

n = uNormal * vec4(normal, 1);

𝐍𝐨𝐫𝐦𝐚𝐥𝐌𝐚𝐭𝐫𝐢𝐱 = (𝐌𝐨𝐝𝐞𝐥𝐕𝐢𝐞𝐰−𝟏)
𝐓
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How can we transform normals?
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Point and directional light
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uniform vec3 lightDir; lightDir = normalize(lightPos - 
pos);


