%o Computer Vision Group

Joint Super-Resolution and Optical Flow
Estimation

Sebastian Kiimper, Philipp Krueger, Jonas Sticha

Technische Universitat Miinchen
Department of Informatics
Computer Vision Group

October 6th, 2015

Sebastian Kiimper, Philipp Krueger, Jonas Sticha: Joint Super-Resolution and Optical Flow Estimation 1/22



Computer Vision Group

Outline

Introduction

Energy Minimization Approach

Results

Future Work

Sebastian Kiimper, Philipp Krueger, Jonas Sticha: Joint Super-Resolution and Optical Flow Estimation 2/22



Computer Vision

Outline

Introduction

Sebastian Kiimper, Philipp Krueger, Jonas Sticha: Joint Super-Resolution and Optical Flow Estimation 3/22



Computer Vision Group

Introduction

m Super-Resolution

m Enhance resolution of images
m Gain Additional Details
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m Super-Resolution
m Naive Upsampling
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Introduction

m Super-Resolution
m Using multiple images

16 input images Super-resolution £ = 3
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First image: Unger, Pock, Werlberger, Bischof 2010.
Second image: Goldliicke, Aubry, Kolev, Cremers 2014.
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Introduction

m Optical Flow Estimation
m Estimate the movement in the images
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Energy Minimization Approach

Input Images:
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Energy Minimization Approach

Input Images:

fi fy f3

uq Us Us

‘@’ e’

Defined by energy E(u, v)
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Energy Minimization Approach

Input Images:
fi fo f3
Alternating Optimization:
[ | VAL arg&nin E(U*,v)
U Us us k

Ukl < argmin E(u, V1)
u
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Defined by energy E(u, v)
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Flow Field Energy

m Optical Flow Constraint: u;(x) = Uir1(x + vi(x))
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Flow Field Energy

m Optical Flow Constraint: u;(x) = Uir1(x + vi(x))

— minimize ||u; — Vu' - V||
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Flow Field Energy

m Optical Flow Constraint: u;(x) = Uir1(x + vi(x))

— minimize ||u; — Vu' - V||

m Total Variation: TV(v)

(Erow(v) = lluc— VT Vi[1 + TV(v))
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Super-Resolution Energy
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Super-Resolution Energy

m Super-Resolution

— minimize: ||Au — f||1
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Super-Resolution Energy
m Super-Resolution
— minimize: ||Au — f||1

m Optical Flow Contraint
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Super-Resolution Energy
m Super-Resolution
— minimize: ||Au — f||1

m Optical Flow Contraint

— minimize: ||u;— Vu' - v||;

m Total Variation: TV(u)

| Esuper(t) = allAu = flJs + BTV(w) +|u = VuT - v|l1]
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Total Energy

(ErowlV) = At — VT -Vl + TV(v))

+

(Esuper(t) = ol Au — flJ1 + BTV(u) + | — VuT - ||

0

E(u,v) = a||Au—fl||1 + BTV(u) + TV(V) +~||us — Vu" - v||;
N——

Super-Resolution Flow Coupling
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Results

m Optical Flow Estimation
m Live Demo ...
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Results

m Super-Resolution with Optical Flow Estimation
m Input:

Input 1 Input 2
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Results

m Super-Resolution with Optical Flow Estimation
m Result:

Super-Resolution 1 Input 1
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Results

m Super-Resolution with Optical Flow Estimation
m Input:

Downscaled Original
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Results

m Super-Resolution with Optical Flow Estimation
m Result:

2 Input Images 4 Input Images
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Future Work
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Conclusion and Future Work

m Arbitrary scaling
m Optical flow estimation for movements > 1 Pixel
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End
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