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Problem

Simplifying ASAP while remaining to artist’s intention

Dense SVG Simplified SVG



simplification?

State-of-the-art way of editing curves...

#segments = 19 #segments = 19

Up-sample
in place
Simplify by

#segments = 304
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simplification?

Existing literature and commercial software this simple test...
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simplification

Once lossless removals are exhausted, subsequent lossy simplification starts to
introduce error...

Lossless Lossy
#segments = 19 #segments = 10



Related work

Sampling and refitting
L

while sampling

gent not guaranteed

r
. Introduce errot¥
Consistent endpoint tan

e e,

|Schneider 1990]



Related work

Top-down algorithm by subdividing and fitting

kurbo, a Rust 2D curves library
(0 o emnal o lification

im
The kurbo library Cannot recover 10551355 S p

appropriate for ¢

The name "kurbo “78 Esperanto for "curve".

|[Levien 2009] Adobe Illustrator
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Related work

Vector graphics animation

AN — -

lifying SVG time-series

No attention t0 simp

. m ora‘ COherency o
T with tempor® T Y
\\/ Original Our optimized ap-l-)mach
[Dalstein et al. 2015] [Liu etal. 2014]
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Contributions

Recover lossless simplification >

Improve /ossy simplification >

Conduct a large-scale benchmark comparison

Simplify vector graphics time-series with temporal coherency >
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Inspired by mesh simplification...

° 0
N ,‘A‘A contract -
V.VAV e \
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Vawy
Y

1. Simplify with local operatior;s
'2. Processina greedy manne

Surface Simplification using Quadric Error
Metrics (QEM)
[Garland and Heckbert 1997]
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Method

Input Chains with sharp corners
Label 2
sharp corners _ ]
Lossless Simplify
(2—-1)
.
Lossy Lossless
@ \
Until K
segments left LOSSY Slmpllfy
(4-3)
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Label sharp corners

Label
sharp corners

With tangent direction change
0> 0,
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Distance between two segments

o Segment: a single cubic Bézier curve

o Integrated distance over an arbitrary parametric domain:

E(x,y) = [11A(gaw + ha) — B(gsw + hp)l|?dw
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Distance between two chains

o Chain: G! continuous sequence of one or more segments

Chain A of n segments
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Greedy algorithm (2-1)

Chains with

Lossless Simplify 2-1

cost

-

Enqueue:
update

cost

.

J

Dequeue:
collapse

Queue processing...

untilCy =t = 0

J
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Lossless




Why 2—-1 lossless?

cost = min E(P,1si}, O, {t;
. (P,{s:},Q.{t}})

~
~
-~
-

2—1 eg .- ‘ Exact solution is just a root finding!
segment remov : —(1+nt3+3rt? =3rt+r=0

@) ‘
__________ O
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Greedy algorithm (4-3)

Lossless

Lossy Simplify 4—3
~
cost Dequeue:
collapse
4 )
Enqueue:
update
Queue processing...
\_ cost ) untilCy = T
J
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Until K

Lossy

segments| 4%

left




4—-3 segment removal operation

4—3
segment removal

\/\

G! & Ccontinuity

cost =

min FE

{Si}er{tj}

P, {Si}i Q, {tj})

G ratio and relative

[ parameterization constant

J {

®

\ 4

Quadratic
Form

Linear solve ]
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Relax G! ratio and relative
parameterization

|

\ 4

[ Non-linear optimization ]

Gauss-Newton method



Time complexity

Lossless Simplify 2—1
@ D
Element with the
cost Dequeue:
2 = 1 collapse
operation
Enqueue:
updated
Queue processing...
2 > 1cost until G =t = 0
. J

Lossy Simplify 4—3
3 D
Element with the
cost Dequeue:
4 - 3 collapse
operation
Enqueue:
updated
Queue processing...
4 — 3 cost until C, = T
\. J

All local operations have 0 (1) complexity.

« Total processing complexity is [O(NlogN)].
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RESULT



Qualitative evaluation

 Lossless simplification removes ~13% redundancy.

input our lossless
#curves = 2233 (100%) #curves = 1961 (87.82%)
chamfer error: 0 chamfer error: 7.493e-10
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Qualitative evaluation

 Our lossy simplification outperforms Adobe Illustrator and Inkscape [Schneider 1990].

/‘// ) \
/’7 ==
s
SN
3 5 P
Q
1% \\
input our lossy Adobe Illustrator [Schneider 1990]
#curves = 2233 (100%) #curves = 687 (30.77%) #curves = 687 (30.77%) #curves = 687 (30.77%)
chamfer error: 0 chamfer error: 2.478e-4 chamfer error: 8.927e-4 - chamfer error: 5.143e-3
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Quantitative evaluation > openclipart

Large-scale benchmark of vector graphics simplification on 20K OpenClipArts .svg files:

Chamfer Error

10° [Schnelder 1990]

104 | :

10°

107 | Ours
0-16

——————

10%  20%  30%  40%  50%  60%  70%  80%  90%  100%
Percentage of segments remaining
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Quantitative evaluation > openclipart

Large-scale benchmark of vector graphics simplification on 20K OpenClipArts .svg files:

J Around 75% SVGs in the wild have at least some curves!

Chamfer Error

100 [Schnelder 1990]
‘ 'k"" .Q,;? I.y".r sl '..,r.. -_;A ; iy . »' )
Y g d (}‘{(' r “% (SRR
10 el i
10°® ;
10 | Ours

[0ssless mm—
1076 S —

10% 20% 30% 40% 50% 60% 70% 80% -v 90% 100%
Percentage of segments remaining
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Quantitative evaluation > openclipart

Large-scale benchmark of vector graphics simplification on 20K OpenClipArts .svg files:

1 Our method’s median is always

Chamfer Error (median + quartile intervals)

10°
— [Schneider 1990]

10 (
our median is
always less
108

Ours

10-12

-|0—16I

10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Percentage of segments remaining
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Quantitative evaluation > openclipart

Large-scale benchmark of vector graphics simplification on 20K OpenClipArts .svg files:

1 Our method’s median is always

improvement and best improvement for

Chamfer Error (median + quartile intervals)

10°

— [Schneider 1990]
10 (

our median is

always less order of magnitude
10°8 error difference

107 ]
5800

less error
-I 0—16 L

10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Percentage of segments remaining
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Quantitative evaluation > openclipart

5000 randomly-sampled smooth chains from the dataset of length N > 20:

Chamfer Error (median + quartile intervals)

10° [Schneider 1990]

10

107

1072

Ours

[ossless g
]0—16

10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Percentage of segments remaining
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Quantitative evaluation > openclipart

5000 randomly-sampled smooth chains from the dataset of length N > 20:

1 Our median is the until the very end.

Chamfer Error (median + quartile intervals)

10° [Schneider 1990]
10 ( - =
our median is smallest
until the very end
10°®
102

Ours

[ossless g
]0—16

10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Percentage of segments remaining
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Quantitative evaluation > openclipart

5000 randomly-sampled smooth chains from the dataset of length N > 20:
1 Our median is the until the very end.

O Kurbo [Levien 2009] fails ~34% of the time.

Chamfer Error (median + quartile intervals) ‘[arge error (failure)

10° [Schneider 1990]

o ( ==
our median is smallest

until the very end

108
-12
10 Ours .
increased
lossless #segments
1016 | (failure)

10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Percentage of segments remaining
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APPLICATIONS



Integrate with brushwork

original densely up-sampled Zco1uN + WARP Brushwork
#segments: 231 #segments: 7224

our lossy our lossless
#segments: 300 #segments: 1164
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Plotter & Laser cutter

Simplified result produces less ink bleeding

photo of
fuzzier

: plotter
fjords

drawing

original our lossy

#segments: 2280 #segments: 400, chamfer error: 3.002e-06
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“3D” curve

Simplify “3D” curve by treating the stroke width as an extra dimension

, /

s

/%41/7&4%[4%”’4/ -

é&ﬁd
.///

original ours
#segments: 1000 #segments: 100
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Vector graphics animation

Input

T

4}
v

=1

dim = 2xT

0w
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Principle
Components

dim =N < 2T



Vector graphics animation

Principle
Components

dim =N < 2T

Q Lossless

| Simplify

38

9 Lossy

| Simplify

Simplified
Principle Vectors

dim=N



Vector graphics animation

Simplified
Principle Vectors

dim =N

Reconstructed

Frames

ol

=1

Lossless Simplify
Lossless Simplify
Lossless Simplify
Lossless Simplify
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Output

t=1

dim = 2xT



Vector graphics animation

Input: Dense Animation

#segments: 1130
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. 2 . ¢
Limitations and Future work L\b‘
ope

 Parallelism analogous to surface mesh simplification in parallel to speed up.

1 Our method does not conduct topological simplification.
(1 More perceptually accurate corner detection.

( Extension to spline surface simplification.

oval
.y release appr
Code: MATLAB (complex-step numerical differentiation) Waiting J Or n!
Coming out S00™

C++ (automatic differentiation)

ﬁ https://cs.nyu.edu/~sw4429/ > O https:zZgithub.com/rachael-wang> sw4429@nyu.edu >



https://cs.nyu.edu/~sw4429/
https://github.com/rachael-wang
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