Mid-level Image Editing with PatchMatch
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Why IS Content Creation Hard?
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Why Does it Matter’?

FARCRY

Graphlc Design Fabrication



Research Goals

¥ Easler for everyone to create content
¥ Smarter tools with an understanding of images

¥ Strategies:
PEXxploit statistics of the natural world
PMid level (patch) image manipulation



Other Research Projects

[Video Puppetry, A Performative! SIGGRAPH Asia O08]

- Tuned C++: 262 lines
| Halide: 52 lines

. % Expert, quad-core x86: 157 ms
N Halide, quad-core x86: 86 ms

_ Halide, GPU: 21 ms

/. 5x shorter, 2-7x faster
/ [~y / / ’

[Optimizing Parallelism, Locality, ! , ACM PLDI O13]

[RealBrush, under review, Jingwan Lu at Princeton]



This Talk: PatchMatch

Input Photograph Synthesized Output with User Constraints

[Barnes et al, PatchMatch: A Randomized Correspondence Algorithm, SIGGRAPH O09]



[Efros and Leung O99]

[Hertzmann et al O01]



[Barnes et al, PatchMatch: A Randomized Correspondence Algorithm, SIGGRAPH O09]



lnree example Applications

[Photoshop demos]



Overview

¥ Fast matching in images: theatchMatchalgorithm
P Randomized algorithm
B Applications: Image editing and video tapestries

¥ Matching under lighting and geometric variations
B Dealing with higher dimensional spaces
P Applications: computer vision, stitching and morphing, E

¥ Impact
¥ Future perspectives



verview

¥ Matching under lighting and geometric variations
BDealing with higher dimensional spaces
P Applications: computer vision, stitching and morphing, E

¥ Impact
¥ Future perspectives
























Pseudocode:

For each patclp in the hole region:
Loop through all patcheg in background region;
Find the most similar tq.




Initialize Find NN Update
hole inside B»out image




Initialize Update
hole Image
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Distribution of
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After propagation:
f(x, y) = argmin, { current, left, above}
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After propagation:
Hf(x, y) = argmin, { current, left, above}
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Distribution of
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After propagation and search:
f(x, y) =argmin, { candidate correspondences$




Step 2: Propagation

Step 3: Random Searc






10-100x faster than kd-tree

Propagation Random Search PatchMatch Ground Truth




¥ Fast matching in images: theatchMatchalgorithm
P Randomized algorithm
and video tapestries

¥ Matching under lighting and geometric variations
B Dealing with higher dimensional spaces
P Applications: computer vision, stitching and morphing, E

¥ Impact
¥ Future perspectives






Initialize Update
hole Image
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Initial Find NN Update
guess A BB output




Initial Update
guess output

Slow




(enlarged)



(enlarged)
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¥ Fast matching in images: theatchMatchalgorithm
P Randomized algorithm
B Applications: Image editing and

¥ Matching under lighting and geometric variations
B Dealing with higher dimensional spaces
P Applications: computer vision, stitching and morphing, E

¥ Impact
¥ Future perspectives
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¥ Fast matching in images: theatchMatchalgorithm
P Randomized algorithm
B Applications: Image editing and video tapestries

P Applications: computer vision, stitching and morphing, E
¥ Impact
¥ Future perspectives






Average Error

40 sec

Time [sec]
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¥ Fast matching in images: theatchMatchalgorithm
P Randomized algorithm
B Applications: Image editing and video tapestries

¥ Matching under lighting and geometric variations
B Dealing with higher dimensional spaces
, stitching and morphing, E
¥ Impact
¥ Future perspectives
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¥ Fast matching in images: theatchMatchalgorithm
P Randomized algorithm
B Applications: Image editing and video tapestries

¥ Matching under lighting and geometric variations
B Dealing with higher dimensional spaces
B Applications: computer vision, E

¥ Impact
¥ Future perspectives






Source 1

Our result

Source 2










¥ Fast matching in images: theatchMatchalgorithm
P Randomized algorithm
B Applications: Image editing and video tapestries

¥ Matching under lighting and geometric variations
B Dealing with higher dimensional spaces
P Applications: computer vision, stitching and morphing, E

¥ Future perspectives






PatchMatch Stereo - Stereo Matching with Slanted Support Windciws
PMBP: PatchMatch Belief Propagation for Correspondence Field Estimiation
PatchMatch-Based Content Completion of Stereo Image Pairs
PatchMatchGraph: Building a Graph of Dense Patch Correspondences for Label Transfer
Parallel-Friendly Patch Match Based on Jump Flooding

Feature match: an'ecient low dimensional PatchMatch technigue
Mixed-Resolution Patch-Matching

Non-parametric Texture Transfer Using MeshMatcri

TreeCann - k-d tree Coherence Approximate Nearest Neighbor algoritr.m
Coherency sensitive hashing

Computing nearest-neighbottelds via Propagation-Assisted KD-Tre:s




PatchMatch Stereo - Stereo Matching with Slanted Support Windcivs
PMBP: PatchMatch Belief Propagation for Correspondence Field Estimitiai:
PatchMatch-Based Content Completion of Stereo Image Pairs
PatchMatchGraph: Building a Graph of Dense Patch Correspondences for Label Trarsfer
Parallel-Friendly Patch Match Based on Jump Flooding

Feature match: an'ecient low dimensional PatchMatch technigue
Mixed-Resolution Patch-Matching

Non-parametric Texture Transfer Using MeshMatcri

TreeCann - k-d tree Coherence Approximate Nearest Neighbor algoritt.m
Coherency sensitive hashing

Computing nearest-neighbottelds via Propagation-Assisted KD-Tre:s

RepFinder#nding approximately repeated scene elements for image editing

A high-quality video denoising algorithm based on reliable motion estimation
Regenerative morphing

Synthesizing structured image hybrid:

NRDC: Non-Rigid Dense Correspondence with Applications for Image Enhance nan?
Transforming image completion

Randomized motion estimation

Decoupled coarse-t@fne matching and nonlinear regularization for'ecient motion estimation
Object Removal by Depth-guided Inpainting

Interactive images: cuboid proxies for smart image manipulaticin

A global sampling method for alpha matting

ImageAdmixture: Putting Together Dissimilar Objects from Groups

Statistics of Patch $sets for Image Completion

Interactive image completion with perspective constrairit

Super-Resolution-based Inpainting

Robust patch-based hdr reconstruction of dynamic scene-










