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Canon HDRrelated Terminology

Scene
lHlumination



Canon

Luminous Flux

Sun

/ Luminous Intensity

IHuminance
(Lux)

The Sun (or moon) in the outdoors
ILLUMINATE
the scene

Studio Light in the indoors
ILLUMINATE
The scene

ILLUMINANCE
Is measured in LUX

Object
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Canon

Scene llllumination
in the
Real\World



9

1.6 Billion
100 Million

1 Million

10,000

100

0.01

0.0001

0.000001

Real World Scene llluminance ( Lux )

10
108

Direct Sun

Sunlight

Indoor Lighting

Moonlight

Starlight
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Canon HDRrelated Terminology

An Introduction
to
GbrsX G & é



Canon

Luminous Flux

Sun

Luminous Intensity

IHluminance

(Lux)

The Human Visual System (HVS)
sees the scene
asreflectedilluminance
which is called LUMINANCE

LUMINANCE
Is Technically measured in
Candelas per Square Meter

Luminance

(CDIm3)

Object
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Real World
Light Examples

Light units are in
candela/m2, more
conveniently spoken -
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Canon

Human Visual System
and
HDR



The Human Visual System Real World Scenkuminance ( Nits )
has three separate mechanisms

to deal with the 00 |, DirectSun
enormous range of Scene Luminance
10° ——— —1miion  SunNlight
Photopic 4
(COHGS) 10 —— 10,000
10" ——— ——————100 Indoor Lighting
: 10° 1
Mesopic Moonlight
(Rods + Cones) 107 001
Scotopic 10" 0.0001 |
(ROdS) Starlight

-6
10 0.000001
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Luminance (cd/m or nits)

8
100 —— — 100 Million
6
10 —— — 1 Million
Human Visual System
Steady State DR 109* — 10,000

100

0.01

Under any specific viewing situation
the HVS has a
Steady State Dynamic Range
of about 6000:1
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Luminance (cd /M  or

Canon

108

10°

10"

2
Human Visual System]10
Steady State DR

The HVS
Steady State Dynamic Range
adapts to the
specific scene illumination

nits )

100 Million

1 Million

10,000

100

0.01
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Luminance (cd / m

10°
Human Visual System
Steady State DR 106

The HVS
Steady State Dynamic Range
adapts to the
specific scene illumination

or

nits )

100 Million

1 Million

10,000

100

0.01
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Canon HDR Considerations

Limitation
of
Television(Dynamic. Range



Display Luminance (cd/™m or nits)

Canon

8
100 ——— — 100 Million

6
10 —— — 1 Million

Human Visual System
Steady State DR 109* — 10,000

100
1
o
Consumer
0.01 TV

the home display was the CRT
with a limited DynamicRange of
about 1000: L f e e
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Canon HDR Considerations

Industry Quest
For
High DynamiciRangei(HDR)



Canon March of Consumer Display Technolog

A

Display
Screen
Luminance
(Nits)

100 nit

Current
Consumer
SDR
0.1 nit

1000 nit

More Highlight Detail'

New
Consumer

; HDR

More Lowlight DetaiII

0.05nit




Canon 2012 Dolby Submission to ITU

G ¢ KeSv UHDTV signal should be abledpresent
viathe EOTF
a brightness range

from
0.001nitsto 10,000mits

with nonlinearcode values such that
contouring/steppings never visible
with the specified bit depthslQ-12 bits) a



Display Luminance (cd /™  or nits)

Canon

108 —— —— 100 Million
10° —— ———— 1 Million
Human Visual System
Steady State DR 10% —— 10,000
"""""""""" More Highlight Detail
100
Dolby
1 Vision
0.01
More Lowlight Detail

0.0001
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Canon HDR Considerations

Camera
DynamicrRapge



Canon Standard Dynamic Range (SDR) Systt

)
System Transfer
Scene of
Light Scene: Referred
Image Data
OETF EOTF
Opto Electronic TransfeFunction ElectroOptical Transfer Function

ITUR BT.709 ITUR BT.1886









BBC
Production

az2t ¥

© BBC/Company Productions Ltd
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Canon

12dB

0dB

Luma
Video
Level

54 dB

Peak White

llIIlll%IIlllI" EEEEEEERN

Nominal Exposed

. Referénce White

ontrast Ratip

66.0dB
54 dB
Dynamic Rang@000:1 500:1
H CMQO$
EEEEEEEERN EEEEEEEEEEEEEEEEEEEEEEEESR II‘IIIII_II-IIIIIIIIIII
. Noise Floor

-8 -4 0 +2
Normalized lllumination FStops



I

I

|

Nonlinear :
Processed 5 5 g
Video i i I
Output 5 5 :
I

|

|

|

0 100 200 300 400 500 600 700
Light Input %



Canon Linear Light Transfer Function

FDYIT: S 1600 % _(Limit of image sensor). ... PeakWhie
Reference
Mapping Bert
0 100 IRE
Ref. White
N (from 89.9% reflectance white
Linear =
Luma
Signal Level
From

Image Sensqr

| 15-stops (Exposure-Latitude -
I IS©=800 g
-68 dHl Noise iFloor
| | | | | | | | | | | | | | | |

13 12 11 ‘10 9 8 -7 6 5 -4 -3 2 -1 0 1 2 3 45
Light Reflectance in-$tops (Scene lllumination)
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| | l Loga:rithmic | |
| '| ’
Nonlinear '|
Processed |
Video .|
Output |
I
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.'
.'
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Canon Contemporary Log Curves

A ARRI
A LegC

A Canon
A Canonlbeg

A Panasonic
A V-Log

A RED
A RedlcagRilm

A Sony
A SLog3



Canon

llumination
Lux
32,000

15-Stop Dynamic Range Camera

Signal level Signal level T-Stop
mVolt IRE
--------------------------------------- 160606------------- 0 Peak White (1440 % Reflectance)
800 1
400 2
200 3
-------------- 700------ - B e 4 - - ReferenceVhite (90 % dReflectarice)
350 50 5
175 25 6
Reference Gray (18 % Reflectance)
87.5 12.5 7
43.75 6.25 8
21.88 3.13 9
10.94 1.56 10
———————————————————————————————————————————————————————— 1 1 % Black.evel
5.47 0.78 11
2.73 0.39 12
1.37 0.20 13
0.68 0.10 14
0.34 0.05 15



Canon

15-Stop Dynamic Randgéamera

lllumination Signal level Signal level T-Stop
Lux mVolt IRE
32,000 e 160606------------- 0 Peak White (1440 % Reflectance)
800 1
400 2
200 3
—————— 2008 - T e BB e 4 - ReferenceVinite (90 % dReflectarice)
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
1 1% Black.evel
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




Canon

-12.0 2.74 mV ; 0.39 IRE
1. 37 mV peal
-13.0¢ Stop 1.37 mV 0.20 IRE
0.73 mV peak
-14.0¢ Stop 0.68 mV 0.10 IRE
0.32 mv Pez&
-15.0¢ Stop 0.34 m 0.05 IRE




Canon

Luma Signal to Noise
68dB on 700 mV

Noise Floor0.28mV r.m.s



Canon

-12.0 2.74 mVMIlmm“ 0.39 %

1. 37 mV peal

-13.0¢ Stop 1.37 mV 0.20 %

0.73 mV peak

-14.0¢ Stop 0.68 mV 0.28 mV r.m.s 0.10 %
(Noise Floor)

Approx. 0dB S/N 0.05 %

-15.0¢ Stop
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Canon

Logafithmic@EAF
and

Image ssensorPerformance



Canon

IRE[%]

120%

100%

80%

60%

40%

20%

0%

Canon Log 2

X
IRE[%]

Yy
IRE[%0]

0%

3.54%

20%

39.209

100%

58.369

6400%

109.139

7 Yo

(Xos)

=0.122411583 Log,(87.09937586x,, +1)+0.03538813

0%

1000%

1600%

2000%

3000%

IRE[%]

4000%

5000%

6000%

7000%



Canon LogLog Scale

A Theuse ofLinearales does not work well

AThesolution is to focus oh & PNA VB (1 €

A Use MidGrayas the @xtum
A Ratherthan Blackand White



Call()ll Log Camera Peak White

Imagef-----"""""mmmm 5
Luminance

Mid

Gray LogScene Luminance

Camera Black







