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Semantic Segmentation for Line Drawing
Vectorization Using Neural Networks

Byungsoo Kim', Oliver Wang?2, A. Cengiz Oztireli', Markus Gross'
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I Intro

» Raster vs. Vector Drawings

Raster Drawings
Not Scalable
No Semantic Information

ETH:zurich

\#.

Vector Drawings
Resolution Independent
Support for Higher-Level Editing




Problem

» Vectorization Ambiguities

Square Four Line Strokes
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Problem

» Vectorization Ambiguities

Chinese Character Two Line Strokes
(Mouth) + One Corner
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Problem

» Vectorization Ambiguities

Tetris One Connected Stroke
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I Problem

» Vectorization Ambiguities

[

Context
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I Problem

»

Vectorization Ambiguities
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Cat

)

Vector Soup [Faveau et al. 16]
Not Easily Editable




I Goal

» Semantic Vectorization

)
[ I/

Cat Semantic Vector Set
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Related Work
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I Related Work
» Line Drawing Vectorization

= Three-step Topology-Driven Procedure
1. Simplify an input image
teD 2. ldentify topological structure

3. Refine it with vector primitives

Sl St >

(a) Topological graph (b) Hypergraph (c) Reconstructed curves

[Favreau et al. 16]

- Result in Vector Soup

[Noris et al.13]
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I Related Work

» Segmentation

= |nstance Segmentation

Raster Input Segmented Paths Combined Vector Set
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I Related Work

» Segmentation

= |nstance Segmentation = Non-Photo Based Segmentation
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| Method

» Challenges

= Challenges

1. Compute path similarity

I
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| Method

» Challenges

= Challenges

1. Compute path similarity
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| Method

» Challenges

= Challenges

1. Compute path similarity

2. Handle overlaps between multiple paths
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| Method

» Challenges

= Challenges
- 1. Compute path similarity

2. Handle overlaps between multiple paths

—
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| Method

» Challenges

= Challenges

1. Compute path similarity

2. Handle overlaps between multiple paths

=

ETH-urich cad



| Method

»

Overview
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PathNet
Learning to Predict Path Similarity

OverlapNet
Handling Overlapping Paths

Global Aggregation

Combine all the local predictions




| Method

» PathNet: Learning to Predict Path Similarity

X 20 -
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Xp |_C3S1 Conv.

__RelU
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| Method
» Path Similarity

= Labeling Problem

HOERY

PGEN

= |ntuition

Voq

(lp, lq) [Delong et al.12]

Penalty of assigning I, and I,

* Path Similarity K,,q: How likely two pixels are to occur on the same path

Voq X Kpg,

ETH:zurich

where lp + lq




| Method
» Path Similarity

= Penalty 1},

With a spatial smoothness assumption:

v

- L, # [,

dlstancepq
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| Method
» Path Similarity

= Penalty 1},

With a path similarity K

Vg lp-',/:lq

pq
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| Method
Path Similarity

»

ETH:zurich
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Path Similarity K

1.

Chinese Character: Stroke composition




| Method
» Path Similarity

= Path Similarity K,,,
1. Chinese Character: Stroke composition

2. Synthetic Lines: Straight lines & Bezier curves

\“"4- )
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| Method
» Path Similarity

= Path Similarity K,,,

L\_ d 1. Chinese Character: Stroke composition

2. Synthetic Lines: Straight lines & Bezier curves

52\_?_///', 3. Sketches: How people tend to draw

- How to predict?
PathNet
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Method
» PathNet: Learning to Predict Path Similarity

Input Output Ground Truth
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Method
» PathNet: Learning to Predict Path Similarity

Input Output Ground Truth
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| Method

»

Overview

ETH:zurich

PathNet
Learning to Predict Path Similarity

OverlapNet
Handling Overlapping Paths

Global Aggregation

Combine all the local predictions




| Method
» OverlapNet: Handling Overlapping Paths

Input Overlaps Blended Image
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| Method

»

Overview

ETH:zurich

PathNet
Learning to Predict Path Similarity

OverlapNet
Handling Overlapping Paths

Global Aggregation

Combine all the local predictions




| Method
» Global Aggregation

= Labeling Problem

E(l) — z qu (lp' lq) [Delong et al. 12 (Vog % Kpq, Where L, # 1)
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| Method
» Global Aggregation

= Labeling Problem

E(l) — z qu (lp' lq) [Delong et al.12] (Vog % Kpq, Where L, # 1)
PGEN

~— —— e

i ~— o T

Overlap Augmented Graph
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| Method
» Global Aggregation

= Labeling Problem

E(l) — z qu (lp' lq) [Delong et al.12] (Vog % Kpq, Where L, # 1)
PGEN

= Pipeline
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I Result

» Chinese Characters

N\

S /

Input Potrace (0.66) F. vs. S. (0.25)f Ours (0.99)
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I Result
» Synthetic Lines & Sketches

L K

Input Potrace (0.62) F. vs. S. (0.14) Ours (0.97) Ground Truth

0 30 3.~

Input Potrace (0.47) F. vs. S. (0.25) Ours (0.87) Ground Truth
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I Result
» Sketches

/[I\ /n\ /I\ /0

Input Potrace (0.77) F. vs. S. (0.26) Ours (0.90) Ground Truth
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I Result
» Effect of the OverlapNet

A DK A

Input Without OverlapNet ~ With OverlapNet
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I Result

» Preprocessed Rough Sketches

Input E vs. S. Ours
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I Result
»  Editing
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Vector Paint

Ground Truth Strokes Our Result Edited Image
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http://vectorpaint.yaks.co.nz/

I Limitations & Future Work

Multiple Overlapping Paths Support for Colored Patches

ETHzurich 42 '] B



I Conclusion

ETH:zurich

PathNet
Learning to Predict Path Similarity

OverlapNet
Handling Overlapping Paths

Global Aggregation

Combine all the local predictions




Copyright
Chinese characters:
Sketches:

Thank you for your attention!

ETH-urich <


https://github.com/skishore/
(http:/kanjivg.tagaini.net/index.html
https://github.com/googlecreativelab/quickdraw-dataset

