
Computer Graphics

Shadow Mapping

Mark Pauly
Geometric Computing Laboratory

1



Overview

3D Geometry 2D Image

Rasterization Pipeline

Global Illumination
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Shadows

Shadows are important for 3D depth perception
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Shadow Art
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Shadow Art Research

Shadow Art Research 8

https://graphics.stanford.edu/~niloy/research/shadowArt/shadowArt_sigA_09.html


Shadow Computation

Shadow computation is very similar to visibility computation:
Visibility: Which objects can be seen from the camera?

Shadows: Which objects can be seen from the light source?
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Lighting & Shadows

If a light source is occluded, simply skip its diffuse and specular contribution:

ambient

shadow diffuse specular

with shadow
light source   is visible from 

light source   is blocked from 

10



Light Maps & Shadows

Store precomputed lighting in textures
Precomputation can take shadows into account

Works for static scenes only
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Shadows in OpenGL

Shadows are a global effect
Occluders block light from reciever

Occluders can move/deform dynamically

How to achieve global effects with a local rendering pipeline?
We have to use multiple render passes!

Two main approaches
Shadow volumes (object space algorithm)

Shadow maps (image space algorithm)
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Shadow Maps
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Shadow Computation

Visibility
Which objects can be seen from the camera?

Shadows
Which objects can be seen from the light source?

Apply standard visibility techniques for shadows:
z-buffer  shadow map
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Shadow Maps

1. Render scene as seen from light source
Store z-buffer (holds distance to light)

Light’s z-buffer is called shadow map

z-buffer from light source
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Shadow Maps

1. Render scene as seen from light source
Store z-buffer (holds distance to light)

Light’s z-buffer is called shadow map

z-buffer from light source

2. Render scene from eye point
Light a certain image plane pixel ?

Map it back into word coordinates: 

Project it into shadow map: 

If distance point-to-light > depth stored in map

Point is in shadow!
Scene rendered from eye point
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Shadow Maps

Images from Akenine-Möller et al., Real-Time Rendering 17

https://www.realtimerendering.com/


Shadow Maps

Scene without shadows   

 

Seen from light’s view z-buffer of light’s view

Pixels in shadow Scene with shadows

Images from Wikipedia 18



Shadow Maps
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OpenGL Implementation

1. Render scene with ambient lighting only
Update frame- and z-buffer

2. For each light source
1. Render scene from light source

Store z-buffer in shadow map

2. Render scene with light contribution (accumulate)

Shadow map look-up for each pixel

Pixels in shadow are discarded

Other pixels are lit and rendered
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Demo: Shadow Maps

three.js shadow map demo
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Shadow Map Aliasing

  light view shadow map camera view

Many image plane pixels map to
the same shadow map pixel
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Shadow Maps Summary

Works for everything that can be rasterized
Self-shadowing, alpha-textured objects

Advanced techniques for soft shadow and anti-aliasing

Omni-direction lights?
Needs “shadow cube maps”
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Exam Question from 2024
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Chapter 7

Real-Time Rendering
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https://www.realtimerendering.com/



