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HDR-related Terminology

Scene 

Illumination
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Illuminance Luminance
(Lux) (Nits)

The Sun (or moon) in the outdoors 
ILLUMINATE 

the scene

Studio Light in the indoors
ILLUMINATE 
The scene

ILLUMINANCE 
Is measured in LUX
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Scene Illumination 
in the 

Real World
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HDR-related Terminology

An Introduction 

to

άbƛǘǎέ
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Illuminance Luminance
(Lux) (CD/m²)

The Human Visual System (HVS) 
sees the scene 

as reflectedilluminance 
which is called LUMINANCE

LUMINANCE
is Technically measured in
Candelas per Square Meter
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Image
Courtesy of Dolby
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Human Visual System
and
HDR
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The Human Visual System
has three separate mechanisms 

to deal with the 
enormous range of Scene Luminance

Real World Scene Luminance ( Nits )
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Under any specific viewing situation 
the HVS has a 

Steady State Dynamic Range
of about 6000:1
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The HVS 

Steady State Dynamic Range
adapts to the 

specific scene illumination
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adapts to the 
specific scene illumination
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HDR Considerations

Limitation 
of  

Television Dynamic Range
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For most of the history of television 
the home display was the CRT

with a limited Dynamic Range of 
about 1000:1
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HDR Considerations

Industry Quest

For

High Dynamic Range (HDR)
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1000 nit

0.05 nit

Current
Consumer

SDR

More Lowlight Detail

More Highlight Detail

0.1 nit

100 nit New
Consumer

HDR

Display
Screen

Luminance
(Nits)

March of Consumer Display Technology
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2012 Dolby Submission to ITU

ά¢ƘŜ new UHDTV signal should be able to represent

via the EOTF

a brightness range 

from 

0.001 nits to 10,000 nits, 

with non-linear code values such that 

contouring/stepping is never visible 

with the specified bit depths (10-12 bitsύ ά
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HDR Considerations

Camera

Dynamic Range
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Scene
Light OETF EOTF

Display
Light

Camera
Display

System Transfer
of 

Scene Referred 
Image Data

Standard Dynamic Range (SDR) System

OETF EOTF
Opto Electronic Transfer Function Electro Optical Transfer Function

ITU-R BT.709 ITU-R BT.1886
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BBC
Production

ά²ƻƭŦ Iŀƭƭέ
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54 dB

0 dB

12 dB

66.0 dB
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54 dB
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Linear Light Transfer Function

- 68 dB

Linear

Luma
Signal Level 

From 
Image Sensor

0        1         2        3         45-13     -12     -11     -10 -9 -8 -7 -6       -5       -4 -3       -2        -1

Light Reflectance in T-stops    (Scene Illumination)

100 IRE
Ref. White

(from 89.9% reflectance white )

0 dB

+24 dB

15-stops Exposure Latitude    
ISO 800   

Peak White1600 %   (Limit of image sensor)

Noise Floor

Reference 
Mapping Point
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Contemporary Log Curves
Å ARRI

ÅLog C

Å Canon

ÅCanon Log

Å Panasonic

ÅV-Log

Å RED

ÅRedLogFilm

Å Sony

ÅS-Log 3
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15-Stop Dynamic Range Camera  
Illumination   Signal level Signal level            T-Stop

Lux       mVolt                                       IRE

32,000 1600 0

800 1

400 2

200 3

2000 700 100 4

1000          350 50 5

500          175 25 6

Reference Gray (18 % Reflectance)

250       87.5 12.5 7

125      43.75 6.25 8

62.5   21.88 3.13 9

31.25   10.94 1.56 10

15.625    5.47 0.78 11

7.8125   2.73 0.39 12

3.406  1.37 0.20 13

1.7 0.68 0.10 14

0.85 0.34 0.05 15

1

Peak White (1440 % Reflectance)

Reference White (90 % Reflectance)

1 % Black Level
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15-Stop Dynamic Range Camera
Illumination   Signal level Signal level            T-Stop

Lux       mVolt                                       IRE

32,000 1600 0

800 1

400 2

200 3

2000 700 100 4

1000          350 50 5

500          175 25 6

Reference Gray (18 % Reflectance)

250       87.5 12.5 7

125      43.75 6.25 8

62.5   21.88 3.13 9

31.25   10.94 1.56 10

15.625    5.47 0.78 11

7.8125   2.73 0.39 12

3.406  1.37 0.20 13

1.7 0.68 0.10 14

0.85 0.34 0.05 15

1

Peak White (1440 % Reflectance)

Reference White (90 % Reflectance)

1 % Black Level
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-12.0 2.74 mV 0.39 IRE

-13.0 ςStop 1.37 mV 0.20  IRE

-14.0 ςStop 0.68 mV 0.10  IRE

-15.0 ςStop  0.34  mV 0.05  IRE 

1. 37 mV peak

0.73 mV peak

0.32 mv Peak
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Luma Signal to Noise

68 dB on 700 mV 

Noise Floor  0.28 mV r.m.s 
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-12.0 2.74 mV 0.39  %

-13.0 ςStop 1.37 mV 0.20  %

-14.0 ςStop 0.68 mV 0.10  %

-15.0 ςStop  0.34  mV 0.05  %

0.28 mV r.m.s    
(Noise Floor)     
Approx.  0 dB  S / N

1. 37 mV peak

0.73 mV peak

0.32 mv Peak
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Logarithmic OETF

and 

Image Sensor Performance
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ÅThe use of Linear Scales does not work well

ÅThe solution is to focus on ŀ άDǊŀȅ Pƻƛƴǘέ

ÅUse Mid-Gray as the Datum

ÅRather than Black and White

Log-Log Scale
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Log Scene Luminance

Camera Peak White

Camera Black

Log
Image

Luminance 

Mid
Gray




