An Efficient Algorithm for
Determining an Aesthetic Shape
Connecting Unorganised 2D Points

Stefan Ohrhallinger'? and Sudhir Mudur?

"Vienna University of Technology, 2Concordia University, Montréal s




Connect The Dots T

oll
4. f 6 10
3e ® 7 8 9 e 012
2 ® o ©
®
@ ol13
014
ol15
° °
23 . . 18 ol6
® 19
22 ® 20 ®17

Stefan Ohrhallinger and Sudhir Mudur 2




Now Try Without The Numbers

Stefan Ohrhallinger and Sudhir Mudur 3



Now Try Without The Numbers

Boundary reconstruction = recovering connectivity

Stefan Ohrhallinger and Sudhir Mudur 4



Now Try Without The Numbers

Boundary reconstruction = recovering connectivity

Stefan Ohrhallinger and Sudhir Mudur 5



30 Years of Research Effort TU
{u-shapes [EKS83], B-skeleton [KR85],} m | X

v-n'hood [Vel93], r-regular [Att97]

sharp corners | X
sparse sampling | X
G!B!V!"'
parameter-free
O(n log n)
fast
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Global Approach for Closed Curves TU

Related: Travelling Salesman Problem non-uniform
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The Fundamental Problem TU

B reconstructs C
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Our Approach

Sampling process

What do we know? 2
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Our Approach

Sampling process Sampled object

What do we know? 2
Correlates to
Gestalt principles

Proximity Closure
Formalized as B argmin || B; || vertex degree c=2
min B'L EDT

Goal: O(n log n) for aesthetic point sets, heuristic for remaining class

Stefan Ohrhallinger and Sudhir Mudur 28 ﬁ



A Naive Attempt TU

P Bmzn

Stefan Ohrhallinger and Sudhir Mudur 29



A Naive Attempt TU

P Convex hull Brin

Stefan Ohrhallinger and Sudhir Mudur 30



A Naive Attempt TU

° ° .:
(X'} ®
°® ° oo o
° g ° °
o0 © 0o * _o
® o oo ©
e o
o °, 0 oo o ©
o [ ]
® °
° °
g °
) ..
°
°
°
e ®
°
°
°
°
e ®
® o
XX

P Convex hull: Sculpturing [Boi84]

Stefan Ohrhallinger and Sudhir Mudur

31

Bmin




A Naive Attempt TU

Py ° ° °
. *%
AR
e o0 oo o
° g ° °
o0 © 0o * _o
® o ee ©
e o
o °, 0 oo o O
) [ ]
. °
° °
. °
) .‘
e o
°
([ ]

rfind ti candidates‘

-~

select t: min A|B|‘

remove ti from B

P Convex hull: Sculpturing [Boi84] B,in

Stefan Ohrhallinger and Sudhir Mudur 32



A Naive Attempt TU

° ° ° 04
oo *%
oos e el
.'. oo o0 oo
° g ° °
o0 © 0o * _o
® o oo ©
e o
o °, 0 oo o ©
o [ ]
b °
° °
. °
) .‘
e o

e e 1
find ti candidates

-~

select t: min A|B|‘

remove ti from B

P Convex hull: Sculpturing [Boi84]

Stefan Ohrhallinger and Sudhir Mudur

33

Bmin




A Naive Attempt TU

° ° ° 04
oo *%
oos e el
.'. oo o0 oo
° g ° °
o0 © 0o * _o
® o oo ©
e o
o °, 0 oo o ©
o [ ]
b °
° °
. °
) .‘
e o
°
([ ]

rfind ti candidates‘

-~

select t: min A|B|‘

remove ti from B

P Convex hull: Sculpturing [Boi84] B,in

Stefan Ohrhallinger and Sudhir Mudur 34



A Naive Attempt TU

° ° ° 04
oo *%
oos e el
.'. oo o0 oo
° g ° °
o0 © 0o * _o
® o oo ©
e o
o °, 0 oo o ©
o [ ]
b °
° °
. °
) .‘
e o
°
([ ]

rfind ti candidates‘

-~

select t: min A|B|‘

remove ti from B

P Convex hull: Sculpturing [Boi84] B,in

Stefan Ohrhallinger and Sudhir Mudur 35



A Naive Attempt TU

[ [ ]
o0
o o °
P oe o
..
e® © o °®
A P
o'.' o0
°
°
°
°
°
e o

rfind ti candidates‘

-~

select t: min A|B|‘

remove ti from B

P

Stefan Ohrhallinger and Sudhir Mudur

Convex hull: Sculpturing [Boi84]

36

Bmin




A Naive Attempt TU

[ [ ]
o0
o o °
P oe o
..
e® © o °®
A P
o'.' o0
°
°
°
°
°
e o

rfind ti candidates‘

-~

select t: min A|B|‘

remove ti from B

P

Stefan Ohrhallinger and Sudhir Mudur

Convex hull: Sculpturing [Boi84]

37

Bmin




A Naive Attempt TU

° ° ° 04
oo *%
oos e el
.'. oo o0 oo
° g ° °
o0 © 0o * _o
® o oo ©
e o
o °, 0 oo o ©
o [ ]
b °
° °
. °
) .‘
e o

e e 1
find ti candidates

-~

select t: min A|B|‘

remove ti from B

P Convex hull: Sculpturing [Boi84]

Stefan Ohrhallinger and Sudhir Mudur

38

Bmin




A Naive Attempt TU

° ° ° .:
(X'} ®
B e el
.’. ee o0 oo
° g ° °
o0 © 0o * _o
® o oo ©
e o
o °, 0 oo o ©
o [ ]
b °
° °
. °
[ [ J

e e 1
find ti candidates

-~

select t: min A|B|‘

{ ! N
remove ti from B

P Convex hull: Sculpturing [Boi84] B,in

Stefan Ohrhallinger and Sudhir Mudur 39



A Naive Attempt TU

° ° ° 04
° —
oo o0 °o® ®%e
° ° e
.'. oo o0 oo
° g ° °
o0 © 0o * _o
® o oo ©
e o
o °, 0 oo o ©
o [ ]
b °
° °
. °
[ [ J

e e 1
find ti candidates

-~

select t: min A|B|‘

{ ! N
remove ti from B

P Convex hull: Sculpturing [Boi84] B,in

Stefan Ohrhallinger and Sudhir Mudur 40



A Naive Attempt TU

° ° ° .:
(X'} ®
B e el
.’. ee o0 oo
° g ° °
o0 © 0o * _o
® o oo ©
e o
o °, 0 oo o ©
o [ ]
b °
° °
. °
[ [ J

e e 1
find ti candidates

-~

select t: min A|B|‘

{ ! N
remove ti from B

P Convex hull: Sculpturing [Boi84] B,in

Stefan Ohrhallinger and Sudhir Mudur 41



A Naive Attempt TU

:‘ :. ... ...: V '\
:‘. ; e oo o
° .. e o °® .. o *
.o .'.: :o .: :
i °
. °
b °
® ° ®

e e 1
find ti candidates

-~

select t: min A|B|‘

:rer;ove t from B
P Convex hull: Sculpturing [Boi84]

Stefan Ohrhallinger and Sudhir Mudur

/ local minimum

42

Bmin




A Naive Attempt TU

:. :. ... ...: V '\
:‘. E e oo o
° .. e o °® .. o *
.o .'.: :o .: :
i °
. °
° . . °

rfind ti candidates‘

select t: min A|B|‘

remove ti from B

P Convex hull: Sculpturing [Boi84]

Stefan Ohrhallinger and Sudhir Mudur

/ local minimum

43

min




Start With A Minimum Set

P Bmzn

Stefan Ohrhallinger and Sudhir Mudur 44



Start With A Minimum Set

N%rd

P Bmzn

Stefan Ohrhallinger and Sudhir Mudur 45



Start With A Minimum Set

O(nlogn) N%rd

P MST Brin

Stefan Ohrhallinger and Sudhir Mudur 46



Start With A Minimum Set

O(nlogn) N%rd

P MST Brin
Vertex degree C c>1 c=2

Stefan Ohrhallinger and Sudhir Mudur 47



Start With A Minimum Set

O(nlogn) N%rd

P MST Brin

Vertex degree c c>1 c=2
— v
argmin Z les]]
GeDT [~=¢,

Stefan Ohrhallinger and Sudhir Mudur 48



Start With A Minimum Set

O(nlogn) N%rd

P MST Brin

Vertex degree c c>1 c=2
— v
argmin Z les]]
GeDT [~=¢,

Stefan Ohrhallinger and Sudhir Mudur 49



Start With A Minimum Set

O(nlogn) X\rd

P mzn Bmzn
Vertex degree c c>1 c > 2 c=2
— v
argmin Z les]]
GeDT [~=¢,

Stefan Ohrhallinger and Sudhir Mudur 50



Start With A Minimum Set

O(nlogn) ard’? N%rd

mzn Bmin
Vertex degree c c>1 c > 2 c=2
— v
argmin Z les]]
GeDT e.cG

Stefan Ohrhallinger and Sudhir Mudur 51



Start With A Minimum Set

O(nlogn) B(Cjy: ogn X\rd
+
1
mzn 'mzn
Vertex degree c c>1 c > 2 c=2
— _
argmin Z les]|
GeDT =(,

Stefan Ohrhallinger and Sudhir Mudur 52



Start With A Minimum Set

O(nlogn) B(Cjy: og n) N%rd

mzn

> 1 c > 2

argmin Z les]]

GeDT e, €G

Vertex degree cC C
—

Stefan Ohrhallinger and Sudhir Mudur 53



Overview Of Our 'Connect2D' Algorithm B4

Input Bout
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Overview Of Our "Connect2D' Algorithm

Inflate
-
min A|B| H min A|B|

DT, B C’O> Sculpture

>

Input BCy B B+

Theorem 1: Our algorithm constructs B_ in O(n log n) time.
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Improved For Sparse Sampling
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Large Sets: Easy T
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Large Sets: Easy

' Gathan [DWO1] ] [ Ours [OM13]: manifold ]
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Failure Cases T

[[0M11]]

Stefan Ohrhallinger and Sudhir Mudur 71



Failure Cases T

local minimum

[ [OM11] ] [Ours [OM13]]
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Not Bmin? Insert Points, Manually TU
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Robust To Noise T

[ IMTSM10] ]
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Robust To Noise T

[ IMTSM10] ] [ Ours [OM13]: manifold+interpolating]

Stefan Ohrhallinger and Sudhir Mudur 79 #



Class Of Point Sets T
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Class Of Point Sets TU

_ “longer

Cshorter

Medial axis M Local feature size f(x)=||x, M||

esampling: vz € C,3p € P, ||, pl| < f ()
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Class Of Point Sets T

~ “longer

Cshorter

Theorem 2
BC_ reconstructs e-sampled C from P with

€ < 0.5 and a local non-uniformity u < 1.609.
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Class Of Point Sets T

~ “longer

Cshorter

d
() = 7
/()
d
Theorem 2 ABl
BCO reconstructs e-sampled C from P with [ B=B
¢ < 0.5 and a local non-uniformity u < 1.609. | ((:onjr'n)In
0.252 0.5 1 €

Stefan Ohrhallinger and Sudhir Mudur 91 ﬁ



Why Limited Non-Uniformity?
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Future Work (2D)
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Local minimum — fill hole
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Future Work (2D)

Local minimum — fill hole

Multiply connected components
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Open curves (vs. sparse)
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Future Work (3D)

See my talk at SMI'13 (July 11th), Bournemouth, UK
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Contributions Source: http://sf.net/p/connect2dlib/ M
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Contributions Source: http://sf.net/p/connect2dlib/ M
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- L M
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Contributions Source: http://sf.net/p/connect2dlib/ M
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Theorem 2
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Experimental evidence + Proof
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Contributions Source: http://sf.net/p/connect2dlib/ M

- O(nlogn
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Noise robust
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Contributions Source: http://sf.net/p/connect2dlib/ M

argmin || B;||
B,eDT

- O(nlogn
g A ( i )

MST c>1 Inflate as
BCy ¢ >2  Sculpture

Theorem 2

£€<0.5,u<1.609
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