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Intfroduction

minimize  fo(x)

| subjectto fi(x)<b; i=1,..,m
in general:

x € 7"

in our work: fo(x) =c'x

(f1 (x), f2(x), ..., fin (X))T = Ax
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Intfroduction

T

minimize C' X
in our work: subject to Ax < b
x € Z"
D Integer Programming (IP or ILP)
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Intfroduction

T

minimize C' X
in our work: subject to Ax < b
x € Z"
D Integer Programming (IP or ILP)

if some x; € R:  Mixed Integer Programming (MIP or MILP)

if all x; € {0,1}: Zero-One or Binary Integer Programming (BIP)
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Integer Programming

minimize c'x
subject to Ax < b

x € 7"

« Widely used In practice
» Production Planning
» Scheduling
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Integer Programming

minimize c'x
subject to Ax < b

x € 7"

« Widely used In practice
» Production Planning
» Scheduling

 NP-complete
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Integer Programming
Eight Queens Problem

a b C d e f g h
8 @ 8
7 @ 7
6 @ 6
5 @ 5
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Integer Programming

« Solution Strategies
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Integer Programming

« Solution Strategies

Cutting Plane Algorithm Branch-and-Bound
Xi = 5.7
i

xisy \,;26
/' N\ /\
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Integer Programming in Our Work

Path
max
Vi

Layout

Tmax N

s 3 S0
Prixeye £= =1 o= Not managable
with Gurobi

ST M IZATISR —> Own Greedy Solver
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Overview

Michael Birsak, Przemyslaw Musialski, Peter Wonka, and Michael Wimmer

Dynamic Path Exploration on Mobile Devices
|EEE Transactions on Visualization and Computer Graphics. May 2018

Michael Birsak, Florian Rist, Peter Wonka, and Przemyslaw Musialski

String Art: Towards Computational Fabrication of String Images
Computer Graphics Forum (Proc. EUROGRAPHICS 2018). April 2018




Overview

Michael Birsak, Przemyslaw Musialski, Peter Wonka, and Michael Wimmer

Dynamic Path Exploration on Mobile Devices
|EEE Transactions on Visualization and Computer Graphics. May 2018
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Motivation

« Moblile Devices (smartphones, tablets)

navigation
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Motivation

- .. 1.
» Common navigation approach using yelp®»
Choosing category Choosing POl Walking on shortest path

Wresmra Ketagorte - ¢ o s
; n

Beliebte Kategorien |-~ - ‘
Preis =c>  Jetzt getffnet ' % & 7 Min.

Neueroffnungen

, , 1. Schillinger’s Swing Kitchen
Lieferservice M 0000 526t
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Wien Museum K

o 2. Yong Streetfood
Nightlife IS IS 21 Beitrage & ®

Asiatisch @
; : @ Technische
Coffee Shop Rechte Wienzeile ‘33 a, Wieden N i orsitat

P Opernaasse

7 min (550 m)

Tankstellen
liber Operngasse
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5 | Pl |

DETAILS A STARTEN

In der Nahe suche IC Aktivitat  Sammiunger In der Nahe Suche
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Motivation

’ ‘ : : L
* Problems of the common navigation scenario using yelp®%ss

1.No guarantee that
also the path is
Interesting

2.0ften user does not
know where to go
but is more
interested in
exploration

Michael Birsak 12
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System Overview

 |[nput: User position p, Points of Interest P = {Py, P,, ..., B, }
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System Overview

 |[nput: User position p, Points of Interest P = {P;, P,, ..., P,
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System Overview

, Points of Interest P = {P, P,, ..., B, }
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Path Computation

e GGOAQIls

1. It should be Interesting (modeled similar to Grabler et al. [2008])
2. Walking distance should stay below threshold (e.g. 1.2 - §,,,;,)

e Choice of destination d
1. elther by the user
2. Or by our system

Michael Birsak 1 GC D m



Path Computation

Path

Vrixc, :
CuFE T=1 1=1 cel’

GUROBI

OPTIMIZATION

Michael Birsak 18




Path Computation

» y; = 1 when vertex v; Is visited
* q(P;) Is The ranking value (quality) of P;

Path » subject to the following constraints:
d
&
O
O
A s
&
&
GUROBI & O .

OPTIMIZATION S

Michael Birsak 17 GC D M




Path Computation

 Influence of the walking distance threshold 6,4«
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System Overview

 |[nput: User position p, Points of Interest P = {Py, P,, ..., B, }

Map Cutout
Optimization

Michael Birsak 23



Map Cutout Optimization

¢ Motivation
« Want 1o make better use of screen estate

« Approacn
o Computation of another path m(t) for map cutouts M(t)

Michael Birsak 24 GC D M



Map Cutout Optimization

Requirements Solutions
1. It should be smooth 1. Define m(t) as cubic spline
2. Should pass through hot-spots 2. Position control points of m(t)

in regions of high POl density

3. Should follow the movement 3. Choose suitable
parameterization of m(t)

Michael Birsak 29 GC D M



Map Cutout Optimization

L1 \

f
%
L) '
\ \
Ci+1 '
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Map Cutout Optimization
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Map Cutout Optimization
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System Overview

 |[nput: User position p, Points of Interest P = {P;, P,, ..., P,
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Placement
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Detail Lens Placement

e Moftivation
e Information about POIs Is Important

» Godal
 Dynamic Layout following approved design guidelines

Michael Birsak 23 GC D M



Detail Lens Placement

« Parfitioning of ’rhe map into 2d Cartesian grio
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Path Computation

Path

Vrixc, :
CuFE T=1 1=1 cel’

GUROBI

OPTIMIZATION

Michael Birsak 30




Path Computation

* Viix.y. = Lwhenlens L; Is shown at
yYrrvCor) C
frame t at position (x., y.)

* qrix.y. S the corresponding quality value

* subject to several constraints
Layout

Tmax N

mdax E § E i x.y.V T,0,X Y
vT;i:xc;}’c

T=1 1=1 ¢cEC

GUROBI

OPTIMIZATION

Michael Birsak 31




Detail Lens Placement

C1: Each detall lens L; Is shown at most once at a fime
C2: No two deftall lenses may overlap
C3: Each detall lens Is shown at just one posifion on the map

C4: Each detall lens Is shown In just one contiguous block of frames

Michael Birsak 32



System Overview

 |[nput: User position p, Points of Interest P = {Py, P,, ..., B, }
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System Overview

 |[nput: User position p, Points of Interest P = {Py, P,, ..., B, }

Visualization

Michael Birsak 33 GC D m



Visualization
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Overview

Michael Birsak, Florian Rist, Peter Wonka, and Przemyslaw Musialski

String Art: Towards Computational Fabrication of String Images
Computer Graphics Forum (Proc. EUROGRAPHICS 2018). April 2018
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Intfroduction

Nttps://babbledabbledo.com/math-art-idea-explore-geometry-string-art/
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Frame

Canvas
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Canvas
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Notation —

Target .
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Notation

j-th edge image € R™

Target v CCD B



Notation

y € [0,1]™ c R™ j-th edge image € R™

. CCD b




Notation

y € [0,1]™ c R™ j-th edge image € R™

48 CCD b




Notation

y € [0,1]™ c R™ j-th edge image € R™

m X n matrix 4
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Notation

y € [0,1]™ c R™ j-th edge image € R™

=

m X n matrix 4

43



Related Work

« Daniel Varga [Varl/]
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Related Work

« Daniel Varga [Varl/]

|=>| minl|Ax — ylI3 |=

X not fabricable

y Z = Ax

S0



Related Work

« A new way to knit" by Artist Petros Vrellis [Vre16]
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Related Work

« A new way to knit" by Artist Petros Vrellis [Vre16]

X Proprietary algorithm

¥ Hand crafted

ol




Contributions

(C1) First formal fabrication-aware (C2) Automatic computational
freatment of the problem fabrication pipeline

m}}n“WDC(AR) — Wy“i s.t. x € {0,1}"

(C3) Split of the problem

String
segment
selection

Qur

proposed
algorithm

Path
exiraction

57



Fabrication Considerations

(R1) Fully opaqgue string

2> x € {0,1}"

(R2) Choice of canvas resolution

Canvas diameter (e.g. 630 mm)

1

/ = ?d -2 4096 x 4096 pixels

AN

Physical string thickness (e.g. 0.15 mm)

(R3) Account for pin diameter

(R4) Graph needs to be Eulerian

4 (g
5




System Overview

String
= Segment Exil:qt?. = Fabrication |
Selection action

fabricated
result

54 CCD b



System Overview

. String
- Selection

o4



Objective Derivation

 Infroducing Rounding into the work of [Varl/]

7 = AXx

X not fabricable
X violates (R1)

Z C(AR (x))

Y L, Squeezing and Rounding o {0,1}
Clamping to [0,1]

57 CCD B



Objective Derivation

X non-satisfying

X violates requirement (R2) (Z ==d

ldea: Upscaling

INnfroducing U: R™ — R™

min”Ax — Uy”; with 4: R® — RS™
X

o3



Objective Derivation
min”ﬂx — Uy”z with 4: R"* - RS™
X

Y

z = Ax z=C(AR(x))

X violates (R1) X inaccurate

Y



Objective Derivation

« Cruclal disadvantage of least squares approaches is
tTheir non-binary oufput

 ldea: Forcing the result x to be binary (NP-hard)
* L, min“DC(ﬁx) — y||1 — min ),;—, §; NOT Manageable
X X j

» L,: EXisting approaches [QS08, CZ07] can not handle
huge sparse matrices like 4 (130,560 edges and 40962
oixels)

4 CCD B



Objective Derivation

« Our solution: an iterative greedy solver

min||C(4x) — y||5 s.t. x € B" min|{C(Ax) — Uy||2 s.t. x € B"
X X

61




Range Problem

« Results so far are elther too dark or too bright

* Redason
« Qutput Image lacks an expressive range per pixel

» Each pixel inear combination of binary edge
contributions

* Pixel values almost always > 1

62



Range Problem

min||C(4x) — y||5 s.t. x € B"
X

63



Range Problem

) - Uy||; s.t. x € B"

Ax

1¢(

min
X

=H
O
O
@,
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Range Problem

|||DC(ZIx) — y||§ s.t. x € B"

min
X

. . . . - B B "..u E i . . . . . . . .
[ B B i 2
- . . . = i B 8 ....“_ - . . . - . . -

=H
O
O
O
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Range Problem

2
Zs.t.xEIB"
= Bu

m

]

with u » D(u)

1

min
X

. . . . - B B "..u E i . . . . . . . .
[ B B i 2
- . . . = i B 8 ....“_ - . . . - . . -

)

|DC(Ax) -y
[0

D:10,1]°™ —

=H
O
O
O
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Range Problem

. ~ 2 , ~ 2
mxln”C(Ax) — Uy||2 s.t. x € B" mxln”DC(Ax) — y”2 s.t. x € B"

y CCD B




Importance Mapping

« Real-valued mportance map W:[0,1|™ — [0,1|™

« Allows to enhance the importance of regions manually

UTPpUT
(Wwithout W)
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Path Computation

Not managable
with Gurobi

—> Own Greedy Solver

Michael Birsak 69




Path Computation

» L, minimization: min|[DC(Ax) — y||1 s.t. x € B"
X

* §; IS the albs. difference o Input value y;

String Selection  more than 16M variables and constraints

Not managable
with Gurobi

—)> Own Greedy Solver

Michael Birsak /0 GC D M




Iterative Greedy Solver
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System Overview

. String
> '] Selection

Path

Exiraction

/9



Eulerian Graph Exiraction

« Requirement (R4)
» Fabrication from a single piece of threaa
« Graph of string segments has 1o be (semi-) Eulerian
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Eulerian Graph Exiraction

« Requirement (R4)
» Fabrication from a single piece of threaa
« Graph of string segments has 1o be (semi-) Eulerian
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Eulerian Graph Exiraction

« Edge enumeration
1. Inbound outer tangent
2. outrbound outer rangent
3. Inbound diagonal tangent
4. diagonal outbound tangent

« Edge grouping

2
e 1-3 (Inbound)
» 2-4 (outbound)

r'f




Eulerian Graph Exiraction

« Key criteria of tabricable graph

|G13| — |Gz4|

2

/8




Eulerian Graph Exiraction

e String segment selection does not produce graph with
equality of groups 1-3 and 2-4 per pin
» AddIing Auxiliary Edges

CCD B




Eulerian Graph Exiraction

« Path Idenftification

« Adapftion of Hierholzer's algorithm
» all sub-cycles must be fabricable

30



System Overview

R String
L. LN~ Segment |5
> ] Selection

Path - Fabrication

Exiraction
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Fabrication

« Hardware Seftup

32






Fabrication

e Hardware Setup

Industrial Robot
(KUKA KR 60HA)

32






Fabrication

e Hardware Setup

Aluminum

Industrial Robot Bicyc\e RiM
(KUKA KR 60HA) ~ (25¢ pins)

32
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Fabrication

e Hardware Setup

Aluminum

Industrial Robot Bicycle Rim Custom Made

32



Fabrication

e Hardware Setut

Industrial Robot

—

(KUKA KR 60HA) k -




Fabrication

e Hardware Setup

—_—

_ Aluminum
Industrial Robot Bicycle Rim Custom Made Threaad
(KUKA KR 60HA) (256 Pins) Winding Tool Tension

Regulator

32 GCD M
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System Overview

String
= Segment Exfl:aﬂ;. = Fabrication |
Selection action

fabricated
result
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Computed Results
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Computed Results
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Computed and Fabricated Results

o 1y ey T
iy S e ; B
e :l. 'il.'l..lu-\:I ""“'\"l"h"., )

RN
Y '55_.--":"-"1‘.._'”

i Pl U oL




Computed and Fabricated Results
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Computed and Fabricated Results
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Computed and Fabricated Results




Computed and Fabricated Results
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Numbers and Timings

Computation | Fabrication
#Edges | Thread [m] Tin’;’e m fime [h
8,324 2,980 1.87 3.4
6,575 2,679 1.94 2.4
14.850 5,985 4.39 4.3
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Medial Success

« Nafional
e Der Stfandara
* Facrorynet
e FUuTurezone
e Kronenzeitun
e Kurier
« Wiener Zeltun

e International
 Digital Trends

Michael Birsak

-+

E3 This Robot Create Amazing 5t X

<> C @

":E:I'ﬁ-'ﬂ hittps: fwww.digitaltrends E' = 3 ﬁ' Q Suchen i ED =

d_-‘! DIGITAL TRENDS

Watch a robot create amazing string art
portraits with thousands of feet of yarn

By Luke Dormehl — Posted on September 13, 2018 - 12:21PM

String Art

String art is one of those deceptively simple things: Crisscross string back and forth
between tiny nails hammered into a board until they form a recognizable image. At
the simplest levels, it's possible to create attractive geometric patterns. If you're more
expert, you can create full-on detailed portraits. It's a challenging process that takes a

whole lot of time, and a massive amount of human skill — until now, that is.

That's thanks to researchers from TU Wein, one of the major universities in Vienna,
Austria. They have created an algorithm that allows an industrial robot to create these
images for itself. Just show it any arbitrary image, and the robot will then figure out

the optimal thread path to accurately re-create it in thread art form.
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Overview

Michael Birsak, Przemyslaw Musialski, Peter Wonka, and Michael Wimmer

Dynamic Path Exploration on Mobile Devices
IEEE Transactions on Visualization and Computer Graphics. May 2018

Michael Birsak, Florian Rist, Peter Wonka, and Przemyslaw Musialski

String Art: Towards Computational Fabrication of String Images
Computer Graphics Forum (Proc. EUROGRAPHICS 2018). April 2018
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Conclusion

» Discrete Optimization and in particular Infeger Programming
(IP) 1s an iImportant and powertul tool

 We have shown the versatility of IP for a variety of problems

Michael Birsak 107






Diskrete Optimierung fur GIS und Kunst
VIsIt us at

Thank you for
your aftention
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