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Light

Electromagnetic (EM) radiation
ÅFrom long radio waves to ultra short wavelength gamma rays

Visible spectrum: ~400 to 700 nm (all animals)
ÅLikely due to development of early eyes in water

ÅOnly very small window that lets EM radiation pass though
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Radiation Law

Physical model for light
ÅWave / particle ςdualism

ÅElectromagnetic radiation wave model

ÅPhotons: Ὁ ὬὺO particle model & ray optics (Ὤ: Planck constant)

ÅPlenopticfunction defined at any point in space

Åὒ ὒὼȟȟὸȟὺȟ ᴼ5 dimensional

ÅIgnored parameters:

ÅNo polarization

ÅNo fluorescence

ÅDecoupling of the spectrum

ÅNo time dependence

Å Instant propagation with speed of light

ÅNo phosphorescence

ÅUsed parameters:

ÅDirection

ÅLocation
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https://en.wikipedia.org/wiki/Planck_constant
https://en.wikipedia.org/wiki/Light_field#The_5D_plenoptic_function


Radiometric Units

Specification Definition Symbol Unit Quantity

Energy ὗ
[J =Wϊs]

(joule)
Radiantenergy

Power,flux Ὠὗ
Ὠὸ ɮ

[W = J/s]

(watt)
Radiantflux

Fluxdensity Ὠὗ
ὨὃὨὸ

Ὁ [W/m2] Irradiance

Flux density Ὠὗ
ὨὃὨὸ

ὄ [W/m2] Radiosity(radian exitance)

Intensity Ὠὗ
ὨὨὸ

Ὅ [W/sr] Radiantintensity

Ὠὗ
ὨὃὨὨὸ

ὒ [W/(m2ϊsr)] Radiance
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Photometry

Equivalent units to radiometry
ÅWeighted with luminosity function ὠ‗ (a.k.a. luminousefficiency function)

ÅConsiders the spectral sensitivity of the human eye

ÅMeasured across different humans

Å{ǇŜŎǘǊŀƭ ƻǊ όǘȅǇƛŎŀƭƭȅύ άǘƻǘŀƭέ ǳƴƛǘǎ

Å Integrate over the entire spectrum  and deliver
a single scalar value

ɮ ὑ ὠ᷿‗ɮ ‗Ὠ‗

ὑ ϳ

ÅSimple distinction (in English!):

ÅbŀƳŜǎ ƻŦ ǊŀŘƛƻƳŜǘǊƛŎ ǉǳŀƴǘƛǘƛŜǎ Ŏƻƴǘŀƛƴ άradiέ

ÅbŀƳŜǎ ƻŦ ǇƘƻǘƻƳŜǘǊƛŎ ǉǳŀƴǘƛǘƛŜǎ Ŏƻƴǘŀƛƴ άlumiέ
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luminosityfunctionὠ(‗)

Luminosity%20function


Photometric Units

Specification Definition Symbol Unit Quantity

Energy ὗ
[T =lmϊs]  

(talbot)
Luminousenergy

Power,flux Ὠὗ
Ὠὸ ɮ

[lm =T/s]  
(lumen)

Luminousflux

(e.g.emitted power of lamp)

Fluxdensity Ὠὗ
ὨὃὨὸ

Ὁ
[lx =lm/m2]

(lux)
Illuminance

Flux density Ὠὗ
ὨὃὨὸ

ὄ
[lx =lm/m2]  
(lux)

Luminosity

(e.g. illumination on adesk)

Intensity Ὠὗ
ὨὨὸ

Ὅ
[cd = lm/sr]

(candela)

Luminousintensity

(e.g. intensity of a pointlight)

Ὠὗ
ὨὃὨὨὸ

ὒ
[lm/(m2ϊsr)]

(nits)

Luminance

(e.g. brightness of amonitor)
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Illumination: Examples

Typical illumination intensities:
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Lightsource Illuminance[lux]

Direct solarradiation 25,000 ς110,000

Daylight 2,000 ς27,000

Sunset 1 ς108

Moon light 0.01 ς0.1

Starrynight 0.0001 ς0.001

TVstudio 5,000 ς10,000

Shoplighting 1,000 ς5,500

Officelighting 200 ς550

Homelighting 50 ς220

Streetlighting 0.1 ς20



Luminance Range

10-6 10-4 10-2

Luminance [cd/m2]

100 102 104 106 108

« about 10-order of magnitude absolute span 

« about 4-order  

of magnitude  

simultan. span
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Contrast (Dynamic Range)

Dynamic
range

LCD/CCD: 1:500

Film: 1:1500

Print: 1:30

10-6 10-4 10-2

Luminance [cd/m2]

100 102 104 106 108
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High Dynamic Range (HDR)

How to display computed / measured HDR values on an LDR device ?
ÅTone mapping
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HDR photo Usual photo

10-6 10-4 10-2 100 102 104 106 108



Perception Effects: Vision Modes

Simulation requires:
ÅControl over color reproduction

ÅLocal reduction of detail visibility (computationally expensive)
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twilight



Visual Acuity and Color Perception
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Perception Effects: Temporal Adaptativity

Adaptation to dark much slower

Simulation requires:
ÅTime-dependent filtering of light adaptation
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HVS ςRelationships

Real-WorldStimulus

Psychophysics
(qualitativemeasurements)

Physiology
(quantitativemeasurements)

Perception
Neural

response

14



Human Visual System

Physical structure well established

Perceptional behavior complex and less understood process
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Opticchiasm



Optical Chiasm

Right half of the brain operates on 
left half of the field of view

ÅFrom both eyes!!

And vice versa
ÅDamage to one half of the  brain can results 

in loss of  one half of the field of view

16

16



Perception and Eye
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Human Visual Perception

Determines how real-world scenes appear to us

Understanding of visual perception is necessary to reproduce appearance, 
e.g.in tone mapping
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early vision(eyes)

light



Distribution of Rods and Cones

High-resolution fovealregion with highest cone density

Poisson-disc-like distribution
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Conemosaic in 
fovea which  
subtends small 
solid angle

Cone mosaic  
in periphery  
with almost  
180Áfield of  
view

Cones Rods

L-cones
~

M-cones
>>

S-cones

Fovea:

Some 50,000  
closely packed  

cones each  with   
individual  neuron  

connection



Retina

Receptors on opposite side of incoming light

Early cellular processing between receptors & nerves
ÅMainly for rods

20


