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Introduction

[uminance & color contrast makes real-world objects distinguishable
This 1s also true forreproductions in the form of images
Drawings, paintings, chemical photographs, digitalimaging & display,...
Sufficient contrast supports the expression of the reproduction e.g.,in photography

In the past 25 years High Dynamic Range imaging or ‘HDR’ has significantly extended

the luminance & color contrast ranges available to imaging

* Since then, the HDR field has been continuously evolving.

* Today, HDRis available & beneficial to many areas of

imaging

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



INTRODUCTION

What 1s HDRIcchnology?

 High Dynamic Range benefits in a nutshell...

* To provide compelling HDR experiences, we
need to consider many aspects...

Detail ‘Crushed’ &
Colors lost
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How do we Reproduction of Scene
Perceive Reality™ Not necessarily HDR
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INTRODUCTION

What do We Want to Achieve with
HDR Technology

* Realistic and compelling image quality
* Does thismean to reproduce physicalreality?

* An HDRimaging ecosystem, and particular display devices can’t reproduce all

physical reality
 Actualphysicalrealism is typically not required or even desired
* Instead,recreate the perception of a realistic world on a display

e Maintain the intent ofthe content
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PERCEPTUAL ASPECTS OF HDR

s Contrast & Color Saturation Appearance




PERCEPTUAL ASPECTS OF HDR

Diffuse vs Emissive and Specular Highlights

* Peak white 1s not the only ‘white’

e Considerthe lummance &perceptual differences between emissives & diffuse white
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from Lower Black
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PERCEPTUAL ASPECTS OF HDR

Realistic Material Appearance
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The appearance of a material is connected to its reflectivity
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PERCEPTUAL ASPECTS OF HDR

Image Context
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PHYSICS, THE VISUAL SYSTEM & IMAGE CAPTURE

Real World Lumimmance Levels & the HVS
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Absolute luminance does not

necessarily match appearance!

We can’t see everything in the
physical world
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PHYSICS, THE VISUAL SYSTEM & IMAGE CAPTURE

Real World Iuminance Levels & the Human Visual System (HVS)

10°
108

10°

10°

10?

10

10°

ICC COLOUR SYMPO SIUM

V)
or nits -

Human
1.6 Billion Real World Visual System

100 Million = —
1 Million -
E
10,000 >
(a]
100 ] Steady State o
1 » Dynamic Range Objective of HVS:
0.01 (SSDR) Align visual sensitivity
g Adaptation to the environment
00001 £ Processes
0.000001 _

O (abs. black) ——



PHYSICS, THE VISUAL SYSTEM & IMAGE CAPTURE

Real World Lumimmance Levels & the HVS
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PHYSICS, THE VISUAL SYSTEM & IMAGE CAPTURE

Very Short
Exposures
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Sun Direct
Camera SNR

, ‘Single Exposure’
(‘Dynamic Range’)

§ High -
= ' Exposure: /540, s€C.
g © Aperture: f8.2(())00 ]\E/,Xi)osuée
O 1SO: 100 alue (EV)
- O
k=
E "
= Indoor
______ Lighting © ‘
£ J Exposure: 1 sec.
@ Aperture: f1.8 Moon-
5 g
2
=
00 ———— ST :
c. High Key [ERER (.)b]ecftlve.. Cap tur§ the domlnant
lllumination / luminance window '-
Adaptati . .
T level  Higher Lower Example [luminance Range not High! Long Exposures

(e.g. minutes)

Camera Range Sufficient

ICC COLOUR SYMPO SIUM 13



PHYSICS, THE VISUAL SYSTEM & IMAGE CAPTURE

HVS Adaptation & Exposure Values (EV)
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O VER EXPO SURE:
DARKS

Clipped Areas
in Brights

Crushed Areas
in Darks

RIVER CRO SSING
CANADA, 2012
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PHYSICS, THE VISUAL SYSTEM & IMAGE CAPTURE

HDR Merging

1. Userdoes this manually (traditional approach)

2. Camera does exposure merging internally

3. Camera sensor has large dynamic range

ICC COLOUR SYMPO SIUM

often mixed &
achieved using Al

Exposure: !/5,sec.
Aperture: 8.0
ISO: 100

Exposure: '/,5,sec.
Aperture: {8.0

h_ISO: 100



ENCODING

Signal Granularity

* Objectives: 1: Avoid Contouring!, 2: Be efficient!

* SDR: Gamma at 8 Bits (0.1-100 cd/m?, sSRGB, Rec.709) — not efficient
« HDR: Linear Light at 16 Bits (e.g. OpenEXR) — not efficient

* Perceptually Efficient (e.g., ITU-R. BTRec.2100 PQ)

* Overlarge luminance ranges

10 or 12 Bit*

Perceptually
Uniform

Non-
Uniform

100 10k 0 100 10k
Luminance (cd/m?) Luminance (cd/m?)

* Simulation
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REPRODUCTION & DISPLAY

Displaylechnologies

* We'’ve come a long way from CRT

Technology

PRIV P
101010 D)

F S
Diffusor ALD LED Backlight Unit

Dual Modulation LCD

* Many Modern Display
Technologies are HDR capable

 Exact Display Capabilities Vary

* How can we still maintain fidelity?

Direct View LED MicroLED
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REPRODUCTION & DISPLAY

Using the Full Capabilities of HDR

Notevery element in the HDR ecosystem is equally capable

e Cameras,encodings,delivery paths, display devices, printers,...
* We can’t limit the HDR ecosystem to the least common denominator

* This would leave a lot of capabilities on the table

* Implement approaches foroptimized mapping of signals, content & intent

 Thisis called tone mapping,or, more accurately color volume mapping

 Thisistodayan integral part of many HDRimplementations
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REPRODUCTION & DISPLAY

Fine Art Prmt

Reproduction with Reflective Media

Color/Gamut

Fine Art Print High Fidelity Mapping
| Using ICC
Workflow

Color
Volume
Increase

— Newspaper

Color Volume Limited by Peak White of Medium:
Iimited Headroom for Highlights & Emissives Reflective Media
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REPRODUCTION & DISPLAY

Reproduction on Emissive Displays

Wit Bod Emissive Display

1 HDRDisplay

peak ~4000cd/m?

HDR Image

‘Mild> HDR HDR
Display L —) (C0olor/Gamut
peak ~600cd/m? Map p 1n g
¥ 4

SDR Display
Color g \
Vo lume High Fidelity
.\(d R_Image
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P
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TONE & COLOR VOLUME MAPPING

Concept for Content Mapping

Large Color Volume Small Color Volume
All the colors this

G .
All the colors 1.0 4 1.0 - printer can
encoded by ) 7 reproduce
image format. 0.8+ R 0.8 -
N B 1 N .
Can be > display 0.6 - 0.6 4 All the colors this
capabilities 1 Tone - display can
0.4 Mapping 0.4 - = reproduce
0.2 - .
. 0.2 0.0 K 0.2 ’ "
Examples: 02 5o K 5 0.0 W\ = 0.0 Examples:
Reference or ' 0.2 0.4 ‘ ' 0.2 04 Consumer
High-End Consumer Pixels: Current Can be Pixels: Current HDR Display
HDR Display Content Image Content Image

Supported by
Static or Dynamic
Metadata

Result: Image
can be faithfully

Y. displayed on
target display
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Metadata

HDR standards such as Dolby Vision, HDR10 and
HDRI10+ utilize Image Metadata (MD)

* MD can provide information about the image context

Display Tone Mapper can use this image MD to
optimize image

* MD can have significant impact on image appearance

Highly beneficial to Fidelity e.g., for movies,
photos,...

Content pipelines are established

Formats differ in capabilities!
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Mean: 236.7 cd/m”

Min: 0:041 cd/m?

Mean: 1820.8 cd/m¥

Min: 0:041 cd/m?

Mean: 2.1 cd/m?

;

Min: 0:041 cd/m?

Source photo courtesy ofthe EBU
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THE CURRENT HDR IMAGING PIPELINE

Current State of HDR

* Overthe past 10 years,a complex and effective Ecosystem has been established
to facilitate HDR from the start to the end ofan imaging pipeline

Viewing Environment

Post-Production Projection, TV, Visual System

Camera & CGl & Color Grading Broadcast, OTT & BD Tablet & Mobile Adapted to Environment

Scene Content Creation Production Distribution Perception
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Perceptual Aspects Capture HDR w/o Artifacts
* Highlights, Whites & Blacks * No Clipping/Crushing . .
* Color &Material Appearance * Headroom for Highlight HDR is established
* Merging to extend DR as a foundational
component defining
@ | today’s image fidelity.
Tonemapping Enables: We have HDR Capable Displays _
e Color Volume Reduction  Reproduce Realistic There are still
© Artistic Options Luminance Ranges Areas that can
* Maintain Creative Intent i
Bene fit from HDR
Technologies
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...you can feel the heat. ..
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Contact: timo.kunkel@dolby.com
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