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1) INTRODUCTION TO HDR
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Luminance (1)

A Physically:
[ = d* o,
V " dAdQcosé

[nit=cd/m?]

luminous power [Im]
per unit solid angle per
unit area

anal ogous to
see with our

photometric analog of
radiance (weighted by
luminous efficiency
function)

Relative Luminous Efficiency
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Luminance (2)

A Luminance

In color science: weighted sum of linear RGB
AY =0.2126 R + 0.7152 G + 0.0722 B

A Luma

Weighted sum of gamma corrected (nonlinear) RGB
AY'=0.2126 R' + 0.7152 G' + 0.0722 B'
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Various Dynamic Ranges (1)
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Various Dynamic Ranges (2)
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High Dynamic Range

HDR Image
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Measures of Dynamic Range

Contrast ratio CR=1":(Ypeak!Ynoise) displays

(e.g., 1:500)
Orders of M =10910(Ypear)10910(Y noise) HDR imaging
magnitude (= 2.7 orders)
Exposure latitude L =109,(Ypear)-1092(Ynoise) photography
(f-stops) (= 9 f-stops)
Signal to noise SNR = 20%1091o(Apeak/Anoise) digital cameras
ratio (SNR) (= 53 [dB))
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HDR Pipeline

/ LDR Camera
Viewing
- dmms A - *

Real Scene HDR Camera
f@%
0
Eye - . @9

A
i Abstract 3D Model CG Rendering

Image Quality Metric

= Viewing
} nndltlnns C
LDR I?.|'|s|::+l.*;l‘_.,ur \

Viewing
Conditions B

HDR Display Eye

Memory of Appearance
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1.1 Overview

A Capture of HDR images and video
HDR sensors
Multi-exposure techniques
Photometric calibration
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camert

106 104 102 1007 102

A linearity of the CCD sensor
A bound to 8-14bit processors
A saved in an 8bit gamma corrected image
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HDR Sensors

10_6 10_4 10'2

A logarithmic response
A locally auto-adaptive
A hybrid sensors (linear-logarithmic)

Training School - Brno, Czech Republic, COST, 5 October 2014 Martin L a d,hthp://cadik.posvete.cz #13



HDR Using Multiple Sensors

A semi-transparent mirror
/prism

A multimple sensors with
different sensitivity

A Panoscan Mark3,
SpheronVR (scanning
panoramic cameras), HDR
video, HDR-Cam, etc.
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Multi-exposure Technigque (1)

X pfsview: .. Schloss/photos/example_hdr hdr RELATIVE) |~ (01Jd

Frame View Help

10-6 10-4 10-2 1'00 ZI.IO2 104 106
Luminance [Cd/mz] —~— Noise level HDR Image
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Photometric Calibration

A Converts camera output to luminance

requires camera response,
and a reference measurement for known exposure
settings
A Applications
predictive rendering
simulation of human vision response to light

common output in systems combining different
cameras
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Photometric Calibration (cntd.)
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1.2 Overview

A Tone Mapping of HDR images and video
Early ideas for reducing contrast range
Image processing 1 fixing problems
Alternative approaches
Perceptual effects in tone mapping
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HDR Tone Mapping

d | na %
1|O_6 10_4 10_2

Luminance [cd/m?]

A Obijectives of tone mapping
really application dependent e
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Objective of Tone Mapping

Aesthetical Cognitive Perceptual
[L ad%k et al. 06]
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Large choice of Tone Mapping Methods

) Evaluation of Tone Mapping Operators - Martin Cadik - Mozilla Firefox
Fle Edt View Hitory Bookmarks Tools Help

OB c x« /(= e 28 -] [Welws y:

a
== I "< m | N
icdrom/

Drago, F., Myszkowski, K., Annen,
T., Chiba, N.

Adaptive Logarithmic Mapping
For Displaying High Contrast
Scenes

| hittp:/wWww-cg.cis.iwate-u.ac.jp

Low Curvature Image
Simplifiers (LCIS): A Boundary
Hierarchy for Detail-Preserving
Contrast Reduction

http:/iwww.cs.northwestern.edu

M. Ashikhrmin

A tone mapping algorithm for
high contrast images

http:/www.cs.sunysb.edu/~ashitm/
Fredo Durand, Julie Dorsey

Fast bilateral filtering for the
display of high-dynamic-range
images

hics.csail.mit.edu/~fredo

Surnanta N. Pananalk Hector Yee

Adaptive Gain Control for High
Dynamic Range Image Display

E AVAILABLE
Choudhury, P., Tumblin, J.

The Trilateral Filter for High
Contrast Images and Meshes

htty ww.cs.northwestern.edu
publications.html
AILABLE
R‘aanan Fattal, Dani Lischinski,
Michael Werman

Gradient Domain High Dynamic
Range Compression

http://www.cs.huji ~danix/hdr/ 2

53

http://cadik.posvete.cz/tmo/
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General Principle

visual model

SCene display display
observer model observer model device model

SCele
radiances
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===
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General Ideas

A Luminance as an input
absolute luminance
relative luminance (luminance factor)

A Transfer function
maps luminance to a certain pixel intensity
may be the same for all pixels (global operators)
may depend on spatially local neighbors (local operators)
dynamic range is reduced to a specified range

A Pixel intensity as output
often requires gamma correction

A Colors
most algorithms work on luminance
A use RGB to Yxy color space transform
A inverse transform using tone mapped luminance
otherwise each RGB channel processed independently
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2) HDR IMAGE AND VIDEO
QUALITY ASSESSMENT

Training School - Brno, Czech Republic, COST, 5 October 2014 Martin L a d,hthp://cadik.posvete.cz



HDR Pipeline

= Viewing
} nndltlnns C
LDR I?.|'|s|::+l.*;l‘_.,ur \

/ LDR Camera
Viewing
- dmms A - *

c Viewing
onditions B
Real Scene HDR Camera :
Eye i @‘é‘a HDR Display Eve
' A

4
i Abstract 3D Model CG Rendering

Memory of Appearance

Image Quality Metric
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2.1 Overview

A Introduction to Objective Quality Assessment

v

A
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FR Quality Assessment (IQA, VQA)

+ Reliable - High cost

Training School - Brno, Czech Republic, COST, 5 October 2014 Martin L a d,hthp://cadik.posvete.cz #27



Full-Reference Image Quality Metrics

V=i

reference FR
IQM

localized
distortion map
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Full-Reference Metrics

A What are they good for?

Quality assessment scenarios in
compression/transmission, etc.

Algorithm analysis/validation/evaluation
Guiding/ parameter estimation of renderers

Stopping criterions
Speed/ quality enhancements
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Math-based FR Metrics

A AD M = |ref — test|

. 1w

A (R)MSE M = (ref — test)? MSE = ;Z(refi — test;)?
A PSNR PSNR = 10 logo M4%°

MSE

A sCORREL M = SRCC(ref, test)

(Spearman's rank correlation coefficient per block)
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Simple Full-reference Metrics

R ik
Reference Random Noise

Decreased
Luminance

MSE = 280 MSE = 280 MSE = 280 !
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2.2 Overview

vV

A

A Image Quality Assessment
HVS-based Metrics (bottom-up)
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HVS Based Metrics

Random Noise

Y Decreased
Luminance

Probability of Detection: L

25%  50% 75%  95%  100%
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Human Visual System

A Physical structure

well established
(early vision)
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A High-level vision
still not fully understood

chigsm o

Lateral
geniculate
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Human Visual System (cont.)

A CSF
| specifies the sensitivity
(1/detection threshold)

as a function of the
spatial frequency

I depends on
Aspatial frequency

Aadaptation leve S L

Atemporal freq. [Campbell and Robson 1968]
Aorientation

Aviewing dist

Aeccentricity, &
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Contrast Sensitivity Function (CSF)

A Steady-state CSFS

Incl. adaptation
luminance

Sensitivity
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HVS 1 Visual Masking
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Visual Masking

tirvity to a sig
signal Anear byo.
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Modeling Visual Masking

A Example: J PEG6 s
pointwise extended
masking:

. 0.
[] Masked coefficent Szg{n’ (C,) ‘ O, ‘ °
@ Intra-channel neighborhood - (1 _|_ ZK ‘C}; ‘0.2)

[ Inter-channel neighborhood

-. Co: Nor mal i1 z e
()
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Modeling Visual Masking -
Visual Channels Cortex Transform

90’ 60’
30
-30°
90 -60°
H—
cycles per pixel 0 0.25 0.5
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Error Sensitivity Based Approaches

A General framework

Reference _ | Pre- | ICSF | Channel : Error Error - Quality/
signal processing |  Filtering ' | Decomposition | | Normalization [\\] Pooling Distortion
: ! l - |and Masking |: Measure
Distorted : /

. —» —>

signal ] : N

A Visible Differences Predictor [Daly93]

A Perceptual Distortion Measure [Teo, Heeger 94]
A Visual Discrimination Model [Lubin 95]

A Gabor pyramid model [Taylor et al. 97]

A WVDP [Bradley 99]

A HDRVDP2 [Mantiuk et al. 05, Mantiuk et al. 11]
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Error Sensitivity Based Approach
A Visible Differences Predictor (VDP) [Daly 93]

Reference | Amplit. Cortex Maskin
mage Nonlin. Transform| | Function
¥

Mutual 2 c O

Masking S| |28 = O

2.9 gt % g — N §

S = 0

=S| |8E| |20

Q (L o o S

Distorted | Amplit. | csE  |Cortex || Masking
Image Nonlin. Transform| | Function

A Threshold sensitivity
A Early vision modeling
A Visual Masking
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2.2 Overview

vV

A
A Image Quality Assessment

Structural Similarity (top-down)
Data-driven Approaches (top-down)
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Structural Similarity-Based Approaches

l"N

m= N a,:1Xi
. Luminance A1 ..n .0
Signal x Measurement ] 2 2N- 1ai§<' M) o
/D |Contrast Luminance
1/ Measurement Comparison

Contrast Combination L Similarity
Comparison Measure

.| Luminance
Measurement

Signal y

Structure
Comparison

AN Contrast
L/ Measurement

1 . ) )
sxy - ma i=1()§ nZ)(y| /7})

A UQI [Wang 02]
A SSIM [Wang 04]
A M-SSIM [Wang et al. 04]

A Multidimensional Quality Measure Using SVD
[Shnayderman 04]
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Superwsed Learning i Training Phase

fraining image set
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Supervised Learning T Prediction

tested image pair

A NoRM [Herzog et al. 12]
ALPLD[Lad?2 k €t al
A Image completion metric [Kopf et al. 14]
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No-Reference Image Quality Metrics

Detecting blockiness in JIPEG/MPEG
A[Wang & Bovik 606, Wu & Rao 605]

Blurriness measure
A[Liu et al. SPIE 611,

Detection / removal of false contours
(color quantization)
A[Daly S. & Feng SPIE 0604]

Natural image statistics no-ref. QA
A[ Shei kh et al. 605, Jpeg2000]

al .

—> 4.2

N Re a lref mairic
A NoRM [Herzog et al. 12]



NoRM: No-Reference Metric

[Herzog et al. 2012]

A Input: distorted image/video frame (no reference)
A Output: map of distortions (possibly perceptually weighted)
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Data-Driven No-Reference IQM

| Feature descriptors (various information available)
I Distortion maps (possibly real subjective data)
I Depth + 3D related information
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Data-Driven No-Ref. IQM

A Pisiasedigsasiswad) (raaeadinfsrAighion available)

I Traditional metrlcs :ust a number on scale 1-5

A WstraenmARS yhjective data)

T De mn@@rmueed mformatlon

. we have 3D data!!!
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System Pipeline NoRM

Data Preparation Training : Prediction ¢ Artifact :  Image QM
: : Correction
Input set Selected artifacts‘; Sample locations : New test image : Training pairs Pseudo reference

i labels

,—,

- Inpainting
ey :

5 Perceptual J

Extract = .

;

. Normalization
Predict =
local 3D . artifact
features Train ¢

Classifier : ., Classifier
(SVM) ¢ (trained)

Reference pairs User scribbles .

Multi-scale Predicted artifact ~ : Perceptual artifact
lighting, material, : * probability * strength
depth images
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Training Classifier

A Given input data:
color, depth, material for one artifact type
user scribbled artifact mask
reference image without artifacts
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Rendering Output I Classification Input

e Vatoas
HDR (LDR) color image depth buffer
(may contain noise) (in high precision, no noise)

diffuse texture buffer



Computation of Additional Input Data

textures depth

color (pixel radiance)

surface normals
(computed from depth)

lighting (irradiance)



Feature Descriptors

ATested several fist

A Color-features from computer vision
Histogram of oriented Gradients (HoG)

Frequency domain features (DCT)

Difference of Gaussians (DoG)

Local first-order statistics Cropped block DCT coeff,

A Plus 3D features given depth
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3D Features: Local First-order Statistics

A compute mean, variance, skewness, kurtosis in each segment at

different scales of the grey-scale image pyramid (also for depth,
normals)

” s
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3D Features: Ambient Occlusion

A given depth extract approx. ambient occlusion per pixel
(distance to nearest occluder)

v N
I'=

.}\%\! ,\K(
~ s

/‘

screen-space ambient
occlusion (SSAO)
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REFERENCE IMAGE




IMAGE WITH ARTIFACTS




Results (VPL noise)

Subjects (NO REF) Our Result (NO REF) SSI M [ Wangi (REF) al . 6 04]

corr = 0. . corr =

HDRVDP2 [ Mant i U(RER t Subjects (REE)1 ] Artifact Image

corr = I ||| corr =0.903
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Results (VPL noise)

Subjects (NO REF) Our Result (NO REF)

corr = 0.436 (0.298)

SSI'M [ Wangi (REF) al . 604]

corr=0.4

HDRVDP?2 Mant i U(RER t Subjects (REE)1 ]

corr = 0.495 corr =0.913

Artifact Image
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Results (VPL clamping)

Subjects (NO REF) Our Result (NO REF) SSI M [ Wangi (REF) al . 604]

corr = 0. . corr =

HDRVDP2 [ Mant i U(RER t Subjects (REE)1 ] Artifact Image

corr =0.134 corr=0.186
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Results (Shadow aliasing)

Subjects (NO REF) Our Result (NO REF) SSI M [ Wangi (REF) al . 604]

corr=0.767 (0.638) corr =0.742

HDRVDP2 [ Mant i U(RER t Subjects (REE)1 ] Artifact Image

corr = 0.669 corr=0.772
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FR Data-driven IQM (LPLD)

AlLad?2 k €t al. 13

A SL=ensembles of bagged decision trees
t=20 trees, avg. depth=10

A 10 best features ranked by feature selection

A LOCCG dataset for training

A Advantages
Computer graphics content
Many distortion types
Superposition of distortions
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LPLD T Performance

A Metric performance i ROC analysis
LOCCG dataset i leave one out cross validation
Compared to 7 state-of-the-art IQM

rue positive rate

— — — rand

SSIM

MS-SSIM
AD
sCIE-Lab
— — — sCorrel
NoRM

0 L I
0 0102030405060.70.809 1

Training School - Brno, Czech Republic, COST, 5 October 2014

newMetric

HDR-VDP-2|

False positive rate

Matthews correlation

0.6

0.4

0.2

0

D.8F -

2 A R S S S S S
0 0.10.203040.5060.70.80.9 1

True positive rate

Martin L a d,htkp://cadik.posvete.cz

#68



LPLD i Results (LDR)

ground-iruth new meltric SSIM HDR=VDP=2

ground-truth new metric SSIM  HDRVDP-2
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2.2 Overview

A Introduction to Objective Quality Assessment

A Image Quality Assessment
I HVS-based Metrics (bottom-up)
I Structural Similarity (top-down)
| Data-driven Approaches (top-down)
I HDR IQM
A Video Quality Assessment
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HDR vs. LDR

Luminance

Luminance

LDR HDR
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Dynamic Range Independent\iJDRIM)

A[ Ay deén2008t al

A Key ldea: Instead of
the traditional contrast
difference, use
distortion measures
agnostic to dynamic
range difference

A Result: An IQM that
can meaningfully
compare an LDR test
Image with an HDR
reference image, and
vice versa

A Enables evaluation of
tone mapping
operators
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Distortion Measures

HDR

LDR

] Contrast Loss
I C. Amplification
I C. Reversal
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DRIM

Test
image

Reference
image

Contrast Cort
detection —» ¢ 0 fex
predictor ransiorm
Contrast

detection | t Cor;ex
predictor AL

Y

!

Y

Loss of
visible contrast
predictor

Amplification of
nvisible contrast

predictor

Reversal of
visible contrast
predictor

AL

il

y

'

v

i

Band filter

Band filter

Band filter

Y

Y

Y

Visualization of structural changes

Contrast detection predictor

Optical
transfer
function

Photoreceptor
Nonlinearity

Neural
CSF
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l Distortion map

http://metrics.mpi-inf.mpg.de/
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DRIM T Results

Local Gaussian Blur

ﬁf«

AN

HDR Reference LDR Test

Training School -

Brno, Czech Republic, COST, 5 October 2014

Martin L a d,hthp://cadik.posvete.cz
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95%

75%

50%

25%
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DRIM T Limitations

A Grayscale
A not very accurate
A +/- user interface (http://metrics.mpi-inf.mpg.de/)

Dynamic Range Independent Metric Online
Interactive viewer

Opacity Control (%) Probahil cales (%)
STEP 1. SELECT IMAGES TO COMPARE : pic ol
Suppaortzad image formats: *jpg, *.png, *.bmp, *.gif, *.exr, * hdr a»
HOR images must ligrated in ccfm? exposure time {lang — short),
The um file -
Test image Refarence image

| Browss... Browss...

Adding Poisson noise
Stim 5127 { 12 x 768 (wxh

Testimage format. * pny Ratio of noise (%)



http://metrics.mpi-inf.mpg.de/

HDRVDPZ2

A [Mantiuk et al. 11]
Matlab code available http://hdrvdp.sourceforge.net/
Online version: http://metrics.mpi-inf.mpg.de/
opencl GPU implementation coming soon

Carefully calibrated with experimental data

A New CSF measurements
A LIVE, TID2008

Chromatic CSF
Steerable pyramid
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http://hdrvdp.sourceforge.net/
http://metrics.mpi-inf.mpg.de/

HDRVDPZ2

Limitations
A grayscale
A slower than SSIM
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