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light estimation relighting (shading + shadow)



Outline
• Models of light

– Point light
– Directional light
– Environment light

• lightmap images, spherical harmonics
• Lighting estimation

– HDR light probes
• Relighting

– Shadow map
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Point Light
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Directional Light
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Environment Light
• A mapping representing distant lighting from all directions
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Lightmap Images
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spherical map



Lightmap Images
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cube map



Spherical Harmonics
• A set of basis functions to represent functions 

defined on the surface of a sphere
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Spherical Harmonics

Yℓ
m — spherical harmonic function of degree ℓ ∊ { 0, 1, 2, …} and order m ∊ [ -ℓ, ℓ ]

Pℓ
m — associated Legendre polynomial

N   — normalising constant
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Spherical Harmonics

11

order

degree



• Use the coefficients of the spherical harmonic functions to 
represent illumination

Spherical Harmonics
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Spherical harmonics Lightmap images

Storage compact memory intensive

Computation expensive fast

Accuracy limited high

Editability difficult controllable

Generalisability yes no



Light Estimation
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light probe images
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Relighting
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relighting = shading + shadow



Shadow Mapping
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Shadow Mapping
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Shadow Mapping
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orthographic projection
(directional light)

perspective projection
(point light)



Shadow Mapping
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Relighting
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ARCore relighting
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