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Introd uction
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• Lum inance  & co lo r co ntra st  makes real-world  ob jects d ist ing uishab le
• This is also  true  for re p ro d uctio ns in  the  fo rm  o f im ag e s

• Drawing s, p ainting s, che mical p ho tog rap hs, d ig ital imag ing  & d isp lay,…

• Sufficie nt  co ntra st  sup p o rts the  e xp re ssio n  o f the  re p ro d uctio n  e .g ., in p hotog rap hy 
• In the  p ast 25 years Hig h  Dynam ic Rang e  im ag ing  or ‘HDR’ has sig n ificantly e xte nd e d  

the  lum inance  & co lo r co ntra st  rang e s availab le  to  imag ing

• Since  then, the  HDR fie ld  has b een continuously evolving .
• Tod ay, HDR is ava ilab le  & b e ne ficia l to  m any a re a s o f 

im ag ing

Let’s look at the reasons & benefits of HDR!



What is HDR Te chnolog y?
• Hig h Dynamic Rang e  b ene fits in a nutshe ll…

• To p rovid e  comp e lling  HDR exp e riences, we  
need  to  consid e r many asp ects…

IN TRO D U C TIO N

!

Detail & Colors Visible Detail ‘Crushed ’ &
Colors lost

Detail & Colors Visible Detail & Colors ‘Clipped’

Direct View of Scene
Inherently ‘HDR’

Reproduction of Scene
Not necessarily HDR
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?

How do we
Perce ive  ‘Reality’?

How do we
Cap ture? How do we

Perce ive  a
Rep roduction?

How do we
Disp lay?

How do we  De live r?



What d o  We  Want to  Achie ve  with 
HDR Te chnolog y
• Realistic and  comp e lling  imag e  q uality

• Does this mean to  re p ro d uce  p hysica l re a lity?

• An HDR imag ing  ecosystem, and  p articular d isp lay d evice s can’t rep rod uce  all 

p hysical reality 

• Actual p hysica l re a lism  is typ ically no t req uired  or even d e sired

• Instead , re create  the  p e rce p tio n  o f a  re a list ic w o rld  on a d isp lay

• Mainta in  the  in te nt  o f the  content
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IN TRO D U C TIO N



Contrast & Color Saturation Ap p earance

P E RC E P TU A L A S P E C TS  O F  H D R
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Color Saturation
& Color Volume

Peak
Brightness

Black
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Diffuse  vs Emissive  and  Sp e cular Hig hlig hts

P E RC E P TU A L A S P E C TS  O F  H D R

• Peak white  is no t the  only ‘white ’
• Consid e r the  luminance  & p e rcep tual d iffe rences b e tween e m issive s & d iffuse  w hite  

Em issive
Lig ht So urce Sp e cula r

Diffuse / Re fle ctive
White
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Detail Visible

Shad ow & Black Ap p earance

P E RC E P TU A L A S P E C TS  O F  H D R

Lifte d / ’Mud d y’ Blacks:
Provid e  2D Planar Cue s 

De e p  Blacks:
No 2D Planar Cue s 

7

Se nse  o f De p th
fro m  Lo w e r Black
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The  ap p e a rance  o f a  m ate ria l is co nne cte d  to  its re fle ctivity

Realistic Mate ria l Ap p earance

P E RC E P TU A L A S P E C TS  O F  H D R
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Imag e  Context

P E RC E P TU A L A S P E C TS  O F  H D R

9

Physiological 
Response

Cultural or 
Monetary Value

Realism & 
Fantasy

Material
Appearance

Scene
Appearance

We t Stone



Real World  Luminance  Le ve ls & the  HVS

P H YS IC S ,  TH E  VIS U A L S YS TE M  & IM A G E  C A P TU RE

500 cd /m 2

0 .08  cd /m 2

0 .0001 cd /m 2

2100 cd /m 2

40 nits

330,000 cd /m 2

3600 nits

1 .6  b illion 
cd /m 2

12,000 cd /m 2IC C  C O LO U R S YM P O S IU M 1 0

• Absolute luminance does not 
necessarily match appearance!

• We can’t see everything in the 
physical world



Real World  Luminance  Le ve ls & the  Human Visual Syste m (HVS) 

P H YS IC S ,  TH E  VIS U A L S YS TE M  & IM A G E  C A P TU RE

Stead y State
Dynamic Rang e
(SSDR)

Ad ap tation 
Proce sse s
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Objective of HVS:
Alig n  visua l se nsit ivity

to  the  e nviro nm e nt



Real World  Luminance  Le ve ls & the  HVS

P H YS IC S ,  TH E  VIS U A L S YS TE M  & IM A G E  C A P TU RE
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Gaze  Patte rn

Te m p o ra l Asp e ct
• The  HVS is no t  a  Cam e ra
• Ad ap tation is co ntinuo us o ve r t im e  
• Eve n with Still Im ag e s
• Chang e s d o  no t have  to  b e  extre me !

Ad ap t to  Hig he r Local Luminance
Ad ap t to  Lo w e r Local Luminance

Gray @
77 cd /m 2

Black @
0.5  cd /m 2

Gray @
2100 cd /m 2

Black @
40 cd /m 2

Chang e  o f Enviro nm e nt



Came ra  Cap ture

P H YS IC S ,  TH E  VIS U A L S YS TE M  & IM A G E  C A P TU RE

Hig he r Lowe r
Ad a p ta tio n

Le ve l

Came ra SNR
(‘Dynamic Rang e ’)

Exp osure : 1/2000 se c.
Ap e rture : f8.0
ISO : 100

Exp osure : 1 se c.
Ap e rture : f1.8
ISO : 800

Exp osure
Value  (EV)

Long  Exp osure s
(e .g . minute s)

Ve ry Short
Exp osure s
(e .g . µ se c.)

‘Sing le  Exp o sure ’

Ob jective : Cap ture  the  d o m inant
illumination /  luminance  wind ow
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Exam p le Luminance Range not High!
Camera Range Sufficient

✓



HVS Ad ap tation & Exp osure  Value s (EV)

P H YS IC S ,  TH E  VIS U A L S YS TE M  & IM A G E  C A P TU RE

Hig he r Lowe r Inte re st-
De p e nd e nt

Ad a p ta tio n
Le ve l

Ca m e ra  SNR
(‘Dynamic Rang e ’)

HDR
Im age

How  to Cap ture in HDR?
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High Contrast /
Dynamic Range

SDR
Im age

Camera Range
Might NOT be Sufficient✘



UNDER EXPO SURE:
BRIG HTS & HIG HLIG HTS
O VER EXPO SURE:
DARKS

1 5

S AS KATC H EW AN
RIVER C RO S S IN G

C AN AD A,  2 0 1 2

Clip p e d  Are a s
in  Brig hts

Crushe d  Are a s 
in  Da rks
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HDR Me rg ing

P H YS IC S ,  TH E  VIS U A L S YS TE M  & IM A G E  C A P TU RE

HDR 
Me rg e

Exp osure : 1/30 se c.
Ap e rture : f8.0
ISO : 100

Exp osure : 1/250 se c.
Ap e rture : f8.0
ISO : 100

Exp osure : 1/2000 se c.
Ap e rture : f8.0
ISO : 100

1. Use r d oe s this m anua lly (trad itional ap p roach)

2. Came ra d oe s exp osure  me rg ing  in te rna lly

3. Came ra se nso r ha s la rg e  d ynam ic rang e
IC C  C O LO U R S YM P O S IU M

often mixed  & 
achieved  using  AI



Sig nal Granularity
• O b je ctive s: 1 : Avo id  Co nto uring !, 2 : Be  e fficie n t!
• SDR: Gam m a a t 8  Bits (0.1-100 cd /m2, sRGB, Re c.709) → not e fficient
• HDR: Line a r Lig ht a t  1 6  Bits (e .g . O p e nEXR) → not e fficient
• Pe rce p tua lly Efficie n t (e .g ., ITU-R. BT Re c. 2100 PQ)

• O ve r la rg e  lum inance  rang e s
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E N C O D IN G

HDR Co nte nt w ith  in sufficie n t  q ua ntiza tio n  g ra nula rity*

Gra nula rity Sufficie n t  - No  Co nto uring

8 Bit* 10 or 12 Bit*

Pe rce p tua lly
Unifo rm

No n-
Unifo rm

*Simulation

0 100 10k
Luminance  (cd /m2)

0 100 10k
Luminance  (cd /m2)* 
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Disp lay Te chnolog ie s

• We ’ve  come  a long  way from CRT 
Te chnolog y

• Many Mod e rn Disp lay
Te chnolog ie s are  HDR cap ab le

• Exact Disp lay Cap ab ilit ie s Va ry
• Ho w  can  w e  st ill m a inta in  fid e lity?

IC C  C O LO U R S YM P O S IU M 1 8

RE P RO D U C TIO N  & D IS P LA Y

OLED

Direct View LED

Dual Modulation LCD

MicroLED



Using  the  Full Cap ab ilitie s of HDR

• Not eve ry e lement in the  HDR ecosystem is eq ually cap ab le

• Came ras, e ncod ing s, d e live ry p aths, d isp lay d e vice s, p rinte rs,…

• We can’t lim it  the  HDR e co syste m  to  the  le a st  co m m o n d e no m ina to r

• This would  le ave  a  lo t  o f cap ab ilit ie s o n  the  tab le

• Imp lement ap p roaches for o p tim ize d  m ap p ing  o f sig na ls, co nte nt  & in te nt

• This is called  to ne  m ap p ing , o r, more  accurate ly co lo r vo lum e  m ap p ing

• This is tod ay an inte g ral p art o f many HDR imp le me ntations

IC C  C O LO U R S YM P O S IU M 1 9

RE P RO D U C TIO N  & D IS P LA Y



Re p rod uction with Re fle ctive  Me d ia

RE P RO D U C TIO N  & D IS P LA Y

Ne wsp ap e r

Fine  Art Print

O ffice /Offse t Print

2 0IC C  C O LO U R S YM P O S IU M

Color
Volume
Increase

Hig h Fid e lity
LDR Imag e

Co lo r/ Gam ut 
Map p ing
Using  ICC
Workflow

Fine  Art Print

O ffice /Offse t Print

Ne wsp ap e r Print

Reflective Med ia
Color Volume Limited  b y Peak White of Med ium:

Limited  Head room  for Hig hlights & Emissive s



Hig h  End  
HDR Disp lay

peak ~4000cd/m2

Re p rod uction on Emissive  Disp lays

RE P RO D U C TIO N  & D IS P LA Y

Ne wsp ap e r

Fine  Art Print

Office /Offse t Print

Color
Volume
Increase
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SDR Disp lay

‘Mild ’ HDR 
Disp lay

p eak ~600cd /m2

Hig h Fid e lity
LDR Imag e

Reflective Med ia

Em issive Disp lay

HDR Imag e

HDR 
Co lo r/ Gam ut 
Map p ing



TO N E  & C O LO R VO LU M E  M A P P IN G

Color Volume Mapping
Exa m p le s:
Re fe re nce  or 
Hig h-End  Consume r
HDR Disp lay

2 2

All the  co lors 
e ncod e d  b y 
imag e  format.

Can b e  >  d isp lay 
cap ab ilitie s

Pixe ls: Curre nt
Conte nt Imag e

La rg e  Co lo r Vo lum e Sm all Co lo r Vo lum e

Conce p t for Conte nt Map p ing

Re sult : Imag e  
can b e  faithfully 
d isp laye d  on 
targ e t d isp lay

Pixe ls: Curre nt
Conte nt Imag e

Tone
Map p ing

Exa m p le s:
Consume r
HDR Disp lay

All the  co lors th is 
d isp lay can 
re p rod uce

All the  co lors th is 
p rinte r can 
re p rod uce
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Ca n  b e  
Sup p o rte d  b y 

Sta tic o r Dyna m ic
Me ta d a ta



Me tad ata

• HDR stand ard s such as Dolb y Vision, HDR10 and  

HDR10+ utilize  Im ag e  Me tad a ta  (MD)

• MD can p rovid e  in fo rm atio n  ab o u t the  im ag e  co nte xt

• Disp lay To ne  Map p e r can use  this imag e  MD to  

o p tim ize  im ag e

• MD can have  sig nificant im p act o n  im ag e  ap p e a rance

• Hig h ly b e ne ficia l to  Fid e lity e .g ., fo r movie s, 

p ho tos,…

• Conte nt p ip e line s are  e stab lishe d

• Fo rm ats d iffe r in  cap ab ilit ie s!
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Source  p hoto  courte sy of the  EBU



Curre nt State  of HDR

• O ver the  p ast 10 years, a co m p le x and  e ffe ctive  Eco syste m  has b e e n  e stab lishe d  
to  facilitate  HDR from the  start to  the  end  of an imag ing  p ip e line

TH E  C U RRE N T H D R IM A G IN G  P IP E LIN E

Scene

Viewing Environment
Room
Light

Perception

Visual System
Adapted to EnvironmentCamera & CGI

Content Creation

Post-Production
& Color Grading

Production Distribution

Broadcast, OTT & BD

Display

Projection, TV,
Tablet & Mobile
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Summary
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Pe rce p tua l Asp e cts
• Hig hlig hts, White s & Blacks
• Color & Mate rial Ap p earance

1

Cap ture  HDR w / o  Artifa cts
• No Clip p ing /Crushing
• Head room for Hig hlig ht
• Me rg ing  to  exte nd  DR

2

To ne m ap p ing  Enab le s:
• Color Volume  Re d uction
• Artistic O p tions
• Maintain Creative  Inte nt

3

We  have  HDR Cap ab le  Disp lays
• Re p rod uce  Realistic

Luminance  Rang e s

4

HDR is e stab lishe d  
as a found ational 

comp onent d e fining  
tod ay’s imag e  fid e lity. 

The re  are  still
Are as tha t  can  

Be ne fit  fro m  HDR 
Te chno lo g ie s



…you can feel the heat…
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With HDR…



…create an experience as if you’re there!
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N O RTH ERN  BRITIS H C O LUMBIA
C AN AD A 2 0 1 2

2  EXP O S URE HD R
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THANK YOU!

Contact: timo.kunke l@d olb y.com
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