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Gabor Holograms as (Angular Spectra of)
Images from Multiple Viewpoints




Images from Multiple Viewpoints as Light Fiel




Light Fields as Point Clouds



https://shrouded-beach-34171.herokuapp.com/scenes/VALENTINO_1450/
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Applications



Holograms: The Medium to Represent
Natural Content in VR / AR / MR

VR putsyouin a Virtual World




Audio: Three Modes of Distribution

OnDemand Live Broadcast Telecommunication
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Video: Three Modes of Distribution
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Holograms: Three Modes of Distribution

OnDemand Live Broadcast Telecommunication
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Historical Remarks



180+ years since invention of images (as
photographs)

Daguerreotype, 18380



140+ Years since the invention of audio (as

telephony)

Telephone ca. 1875



90+ Years since the invention of video (as

television)

Television, 1926




Dawn of Digital Video

Discrete Cosine Transform

N. AHMED, T. NATARAJAN, anp K. R. RAO

Abstract—A discrete cosine transform (DCT) is defined and an algo-
rithm to compute it using the fast Fourier transform is developed. It is
shown that the discrete cosine transform can be used in the area of
digital processing for the purposes of pattern recognition and Wiener
filtering. Its performance is compared with that of a class of orthogonal

transforms and is found to compare closely to that of the Karhunen-
Loeve transform, which is known to be optimal. The performances of
the Karhunen-Loéve and discrete cosine transforms are also found to
compare closely with respect to the rate-distortion criterion.

Index Terms—Discrete cosine transform, discrete Fourier transform,
feature selection, Haar transform, Karhunen-Loeéve transform, rate dis-

Arun Netravali, Head Visual

Communications Research Dept.

tortion, Walsh-Hadamard transform, Wiener vector and scalar filtering.

IEEE Transactions on Computers, 1974



JPEG (January 1988)

Today:

> 1Trillion photos/year m




MPEG PCC (Macau, October 2017)




Subjective Results: Category 2 (Dynamic)

Sequence Red and Black Sequence Soldier Sequence Longdress
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MPEG Point Cloud Compression (PCC)

1. Static (singldrame) 2. Dynamic (multframe) 3. Dynamic Acquisition
(e.g., from Mobile Mapping Systems)
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ADimensions

AOccupancy map

AGeometry video

ATexture video
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Point Cloud Attribute Compression

using a Region Adaptive Hierarchical
Transform (RAHT)

Ricardo L, de Queiroz afthilip A.Choi ¢/ 2YLINBaaAzy 2F o5
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Three Generations of Transforms
for Point Cloud Attribute Compression
1. Graph Signal Processing (Graph Fourier TranstdbiAT)

2. Sampled Spatial Stochastic Process (Gaussian Process Tran&iBiim
3. Volumetric Functions (Region Adaptive Hierarchical Trans{dRAHT)



Measure

AMeasure' Y" g maps each set to a nemegative real number
AThe sets lie in a-algebra' (set of sets for whichy~ ' + “Y and® YN ')
AIf"YRYH are disjoint, thert ¢ YY) B‘ "Y.

AExamples:

ALebesgue measure enmaps each interval of lengihto 0

A Probability distribution of.v. ® maps each sévto the probability thattoN Y
A Counting measure w.r.t. poins 8 he N 5 maps eacliYO s to #points
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Measure defines Integration
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Integration defines Inner Product.
Inner Product defines Norm, Orthogonality.
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t Measure defines Hilbert Space,

and with it all the machinery
required for function approximation



Cardinal BSplines of Ordat

Scaling functions

Integer shifts of scaling functions

span space of functions that are

A Piecewise polynomial of degree
N pover unitintervals

A Continuously differentiable up to

ordern p



B-Spline Basis Functiong ( p)

J L Nested subspaces




B-Spline Wavelet Basis Functions (p)

Using Lebesgue Measure Using Counting Measure
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Multiresolution Approximation

Using Lebesgue Measure Using Counting Measure
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Compression Results

Intra-coding of color -
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Surface Light Field Compression
using a Point Cloud Codec

Xiang Zhanghilip A. ChouMing¢ Ay 4 { dzy 2 al 2t 2y 3d || y3dz
CAStR /J2YLINKaaAzy dzaaAy3ad | t2Aya [t 2dzR
ISsue on immersive video, and to appear at ICIP 2018.

«
QC



a[ A KGO PerogitFenétiom T

A7D: " Goduhoh—Hsh_h)
A5D:"Qaodudoh—+bo
A4D:"Qaoruh—Héo

90 |1 & ! RSt a2y IpieioptivFaizywdmi A.23NHE ST (6KSK St SYSyida 2F SINI& GAaizyizés A



ImageBased Light Field Representations
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Surface Light Field (SLF)

AThe SLF can be regarded as a function
"Dmakitd ), representmg the color of
surface point=s  GIdX When viewed
from directiono —%o.

ASpherical imag&io |==, Or view map,
for eachemjeneralizes lenslet
representation.

ATo compres&i=kio ) efficiently:
ARepresent@o |ms for eachmin
some image basis

ACompress coefficients across surface
points to reduce spatial redundancy

D.N. Woodetal.,d { dzZNF I OS A 3K FASEGRAPMAE2Z NJ o R LIK2 02 3INF LIK&I¢ )
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View Map Representation

Linear combination of basis functioN§0 |me¢ B O(0)

B-spline wavelet basis functions
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Compress Coefficients of Representation

ASpatially, using a Point Cloud Codec
ACoefficients are attributes of the points

Aln this work, we used
AOctree+RAHPCC (MPEG PCC TMC1)

AVideobased PCC (MPEG PCC TMC2)
A All the SLEoefs are scaled to the range of [0,255] fob& video codec



Datasets

Natural datasets: Elephant, Fisf

Synthetic datasets: Can, Die
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Die LF reconstruction
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Fish LF reconstruction
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RD Performance
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Streaming of Volumetric Media
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Also submitted to IEEE JETCAS special issue on immersive video,
and to appear at Globecom 2018.
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