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3D Rendering Pipeline 
(for direct illumination)
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Polygonal Mesh
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3D Rendering Pipeline 
(for direct illumination)

3D Geometric Primitives

Modeling
Transformation

Viewing
Transformation

Projection
Transformation

Lighting

Image

Clipping

Scan
Conversion

This is a pipelined
sequence of operations 
to draw a 3D primitive

into a 2D image 
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Polygonal model generated from spline patches.
Orthographic projection
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Polygonal model generated from spline patches.
Perspective projection
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Depth cueing.
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Up: Depth Clipping.   Down: Colored vectors.
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Up: Visible line determination.   
Down: Visible surface determination with ambient illumination.
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Up: Individually shaded polygon with diffuse reflection.   
Down: Gouraud shaded polygon with diffuse reflection.
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Up: Gouraud shaded polygon with specular reflection.   
Down: Phong shaded polygon with specular reflection.
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Up: Gouraud shaded polygon with specular reflection.   
Down: Phong shaded polygon with specular reflection.
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Up: Curved surfaces with specular reflection.   
Down: multiple lights.
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Up: Texture mapping.   
Down: shadows.
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Final image
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3D Rendering Pipeline 
(for direct illumination)

3D Geometric Primitives

Modeling
Transformation

Viewing
Transformation

Projection
Transformation

Lighting

Image

Clipping

Scan
Conversion

This is a pipelined
sequence of operations 
to draw a 3D primitive

into a 2D image 



Vertex and Fragment 
Processing
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An example thro’ the 
pipeline…

14/03/2021 Lecture 119

The scene we are trying to represent:

Images courtesy of Picture Inc.



Model Transformations 

14/03/2021 Lecture 120



Perspective Projection

14/03/2021 Lecture 121



Hidden Surface Removal 

14/03/2021 Lecture 122

Objects occluded by other objects must not be drawn 



Hidden Surface Removal
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Shading : Constant Shading - Ambient

14/03/2021 Lecture 124

Objects colours by its own colour



Shading – Flat Shading 

14/03/2021 Lecture 125

Object

point light source



Gouraud shading, no specular highlights

14/03/2021 Lecture 126

Lighting calculation per vertex 



Specular highlights added

14/03/2021 Lecture 128

Light perfectly reflected in a mirror-like way



Phong shading 

14/03/2021 Lecture 129



Rasterization
•Converts the vertex information output by 

the geometry pipeline into pixel 
information needed by the video display

•Aliasing:  distortion artifacts produced 
when representing a high-resolution signal 
at a lower resolution.

•Anti-aliasing : technique to remove aliasing

14/03/2021 Lecture 130



Anti-aliasing

14/03/2021 Lecture 131

Aliased polygons
(jagged edges) Anti-aliased polygons



Texture mapping

14/03/2021 Lecture 132



Shadow??
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3D Rendering Pipeline 
(for direct illumination)

3D Geometric Primitives

Modeling
Transformation

Viewing
Transformation

Projection
Transformation

Lighting

Image

Clipping

Scan
Conversion

This is a pipelined
sequence of operations 
to draw a 3D primitive

into a 2D image 
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