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Light

Electromagnetic (EM) radiation

A From long radio waves to ultra short wavelength gamma rays

Visible spectrum: ~400 to 700 nm (all animals)

A Likely due to development of early eyes in water
A Only very small window that lets EM radiation pass though
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Radiation Law

Physical model for light
A Wave / particle; dualism
A Electromagnetic radiation wave model

A Photons’O "QLO particle model & ray optic¥YPlanck constat

A Plenoptidunctiondefined at any point in space
A0 0O(ah Mk ) © 5dimensional
‘ A lgnored parameters:
A Nopolarization
A Nofluorescence
A Decoupling of the spectrum
» A Notime dependence
A Instant propagation with speed of light
A No phosphorescence
A Used parameters:

» A Direction
» A Location



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

Radiometric Units

Definition

Specification

Symbol

Energy 0 E].]OZYZ;S] Radianenergy
Power,flux Qo 0o |B R,/VVa:t)J/S] Radianflux
Fluxdensity Q G,Q 500 O [W/m?2] Irradiance
Flux density Q G,Q 500 0 [W/m?] Radiosityradian exitance)
Intensity Q0 Q00 O [W/sr] Radianintensity
Q0 0 [W/(m?Zisr)] Radiance




Photometry

Equivalent units to radiometry

A Weighted withuminosity functiormo _ (a.k.a luminousefficiency function

A Considers the spectral sensitivity of the human eye

A Measured across different humans

A{LISOGNIYt 2NJ olGeLMAOlrtfftenou dz
A Integrate over the entire spectrum and deliver %
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A Simple distinction (in English!):
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Luminosity%20function

Photometric Units

Specification Definition Symbol
x [T =Imis] .
Energy U (talbot) Luminousenergy
00 [Im =T/s] Luminoudlux
Powerflux Qo |B (lumen) (e.g.emitted power of lamp)
: 0 0 , [IX =Im/m?] .
Fluxdensity 08 00 O (1uY llluminance
. 0 0 .y [IX =Im/m?] Luminosity
Flux density Q6 Qo° (lux) (e.g.illumination on alesk)
. 00 . [cd=Im/sI] Luminousntensity
Intensity Q Qo O (candela) (e.g.intensity of a pointight)
00 . [Im/(m?2isr)] Luminance
QoTmo|” (nits) (e.g.brightness of anonitor)




lllumination: Examples

Typical illumination intensities:

Lightsource llluminancglux]

Direct solaradiation 25,000¢ 110,000
Daylight 2,000¢ 27,000
Sunset 1¢108

Moon light 0.01¢0.1
Starrynight 0.0001¢ 0.001
TVstudio 5,000¢ 10,000
Shoplighting 1,000¢ 5,500
Officelighting 200¢ 550
Homelighting 50¢ 220
Streetlighting 0.1¢ 20
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Luminance Range
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Contrast (Dynamic Range) *\7

d |
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: : : : | range
Luminance [cd/m?] -
(9 ‘ LCD/CCD: 1:500
Film: 1:1500
Print: 1:30




High Dynamic Range (HDR) ‘7
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HDR photo

Usual photo

How to display computed / measured HDR values on an LDR device ?
A Tone mapping
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Perception Effects: Vision Modes

Vision mode: SCOTOPIC MESOPIC PHOTOPIC
. rod e_zctivity . / . \ cone activit){
6 4 2 0 2 4 6 8
night light twilight daylight
Mode properties: monochromatic vision good color perception
limited visual acuity good visual acuity

{ Luminance [log Cd/m?]

Simulation requires:

A Control over color reproduction

A Local reduction of detail visibility (computationally expensive)
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b) interior: 10 cd/m”2
d) starlight: 0.001 cd/m”2
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a) daylight: 1000 cd/m”2

¢) moonlight: 0.04

Scotopid mesopic

Photopicvision iransition




Perception Effects: Temporailaptativity ‘7

Adaptation to dark much slower

adaptation to light e=—
adaptation to dark e——»

adapted state

sudden change in illumination

Simulation requires:
A Timedependent filtering of light adaptation
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Physiology

(quantitativemeasurements

HVS; Relationships

RealWorld Stimulus

Psychophysics

(qualitativemeasurements)

Neural <
response

> Perception
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Human Visual System

Physical structure well established
Perceptionabehavior comple&andless understood process

optic nerve Iateral geniculate
chi . ~ _ optic
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Optical Chiasm

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

A From both eyes!!

And vice versa

A Damage to one half of the brain can results
in loss of one half of the field of view
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Perception and Eye “7

iris
cornea

pupil _ fovea

lens visual axis
optic axis optic
disk
optic nerve
retina

sclera

—

retinal image
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Human Visual Perception ‘7

Iris P“‘F’"

Axons of
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Optic nerve
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_ Intermlediate cells
——— Retinal blood vessels

earlyvision(eyes)

Determines how realorld scenes appear to us

Understanding of visual perception is necessary to reproduce appearanc
e.g.in tone mapping
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Distribution of Rods and Cones ‘7

Highresolutionfovealregion with highest cone density
Poissordisclike distribution

Conemosaic in - > . Some 50,000

foveawhich : ' ‘ f s closely packed
subtends small <A VR cones each with
solid angle : = e 4 individual neuroy

connection

Cone mosaic
in periphery
with almost
180Afield of
view
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Retina

Receptors on opposite side of incoming light

Early cellular processing between receptors & nerves
A Mainly for rods
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