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Scatterplot matrix

Parallel coordinates




Dvi—omEi D570k
| |

Cone tree

Treemap

;@) Visualization Discovery Process
|

= VISCL7/R—K(1987)D = Visualization systems are explicitly
i RBR designed not to replace the human
§ = IEEE Vis. 2005 TFS7h but to keep the human in the loop by
| EAm extending human capabllltles ‘(:)’_‘c')’

Data |=| Visualization H Image [~ Zerc on.& '—> Knowledge
ognition

e i

Data Visualization User
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g?)) Overview

Gradient
methods

ég?)) Gradient Method

Cost function
A

ég?)) Overview

Gradient | < I
methods |--+-=

Multivariate analysis




~Asymmetric Biclustering for Finding Data Correlation~

4 % fSm %w %u Yo ke de

[ 9= 9o bu du $u S [ T ™ [

(2) Subspace Mining from High-Dimensional Data
|

K. Watanabe, H.-Y. Wu, Y. Niibe, S. Takahashi, I. Fujishiro. Biclustering Multivariate Dat9‘§or
Correlated Subspace Mining, Proc. IEEE Pacific Visualization Symposium 2015, 287"5@4
2015.

;@ Analyzing Multivariate Data
|

Data Data
arrangement analysis Important features

Dimension

Sanﬁple

Biclustering Data Samples and

;@) Dimensions
|

Important features

Clusters of
Correlated
dimensions

Biclustering techniques for
correlated subspace mining

Vi

o Vau

o Vi

;@) Biclustering Method
|

[Hartigan, 1972; van Mechelen et al., 2004]

= Block model

5?&:’w&auﬁen x -
imensions
(G s G oo GO\

samples




ﬁ) K-means Clustering
|

= Minimize the sum of distances from the
corresponding cluster centers

height, BMI, .
PE class, distance, min E ||7’; - GK(i) ||
¥ literature, English,

math, physics, ...

p%) Biclustering Method
|

[Hartigan, 1972; van Mechelen et al., 2004]

= Block model
= Symmetric application of K-means to rows
means
and columns =
l' A\
{5 % BCE .
Via | V12 Vi3
K-means OK!! - Vou [ Va2 V23
n_d
min " (X, =V 1)) Vai | Vio ] Vi3
s NG| Vaa | Va2 Va3

4@‘ Normalization
|

= Projected onto a high-dimensional
sphere

;@) Spherical K-means Clustering
|

= Inner product represents correlation

1' ‘¥ +
‘\»vl Wy x

d
max Y -y,
Jj=1
Inner product




/g,@%) Spherical K-means Clustering
<

= Inner product represents correlation

€6 = "CP ""cq ||coscp

'z,'?\".’ 3 (X, =X, - F,)

) =y P

\" Ei=] (%, =%, ) \/Ei=l (g =%, )y
C

Pearson product-moment
@ correlation coefficient

/ Strongly-correlated Uncorrelated

4’;@?) Asymmetric Biclustering

= Iterative algorithm for
reducing the objective
function monotonically

d dimensions
d ' doydy

Block error
ml Vi | Vi2 Vi3
1 - . )
n.d Z Z{x’f _S(J)Vk'l} n M Var | Va2 ] Va3
K i (iy=k j: 2)=1 samples
Vé V3 iy V3o V33
| Var | Va2 Va3

Data is provided by courtesy of
Professor Uemura of Hiroshima Univ.

ég?) Overview

Gradient
methods

-

Multivariate analysis




;@) Anchored Maps of Image Feature Space
|

~Projecting High-Dimension through Bipartite Relationships~

Feature space

Representative
features

Images

Ry

Sy ”
“==""Coarse level Fine level
Y. Gao, H.-Y. Wu, K. Misue, K. Mizuno, S. Takahashi. Visualizing Bag-of-Feature Image
Categorization Using Anchored Maps, Proc. VINCI 2014, 39-48, 2014.

”@) Bag-of-Features Model
|

= Associate each image with a set of
features

Representative features

2

Feature space

A

» :

C

Representative

Images features

The bipartite graph

;‘@) Visualizing Bipartite Relatioships
|

= Visualize the bipartite graph using
anchored map representations

A A

a
B

b
c B C

Representative
Images features Landmarks
Bipartite graph

Anchored map

;@) Anchored Map Representation
|

= Force-directed algorithm is employed

erL ol ol 1OF
‘@“ oy,

P,

&’ L)
4 ¥,
o %

o
o
o
o
LI L




p%) The Force Directed Algorithm
|

= Avoid excessive visual clutter using
drawing and repulsive forces

F(v)= Ek(lv—v I-1,)(v, - v,)

I, : original length

p%) Anchored Map Representation
|

= Genetic-based optimization

= improve the visual readability of the
anchored map.

Gene [o]1]2fs]4] EIRNEHED

@) Anchored Map Representation

0@ , ]@

*/ @ \\\ * . @ i/\
@ = = 3] e 4 - =] [ r‘:‘)
® B/= (L E g
['\::)\ @ ‘_:‘ L @ @ @l ['\) LY ) ‘\Q /’E\:)l

"*‘\ rv 7 @ 2 « - @

Vg ( ) . & 2

ey 00" @b mm@@s‘/

With an optimized circular

Original layout :
ordering of features

9 Demonstration
|
= Discriminate car images from others.

System Demo

Cars, tomatoes, and grapes




g?)) Overview

Gradient
methods

B
-

Multivariate analysis

Linear
programming

(9 Linear Programming (LP)

= Inequality constraints

contour lines of

3x-4y=4 y f the objective function
x<6 3x-dy=4
9x+25y=50

= Objective function ‘
minimize c=x+2y : 5

&

|
= Inequality constraints

3x-4y=4
x=<6
9x+25y =50

= Objective function

minimize c=x+2y

e

@) Linear Programming (LP)

contour lines of
the objective function

3x-4y=4

/@‘ Linear Programming (LP)
<

L Inequa"ty constraints contour lines of
3x-4y=4

y / the objective function
X< 6 3x-4y=4

9x+25y =50 95+ 2552 50]

= Objective function

minimize ¢ =x+2y s




P Linear Programming (LP)
|

- Inequa"ty ConStI"aintS contour lines of

3x—-4 y= 4 y f the objective function
x=<6 3x-dy=4
9x+25y =50 9x+25y2507

= Objective function

minimize ¢ =x+2y “ s

P Overview

Gradient

methods

-,
Multivariate analysis

Linear
programming

Map composition

~Constrained Optimization for 3D Urban Map Layouts~

PDisoccluding Routes in Urban Maps

1 =Xy
D H|rono, H =Y. Wu, M. Arlkawa, S8 Takahashl Constralned Optlmlzatlon for Dlsoccludlng
Geographical Landmarks in 3D Urban Maps, Proc. IEEE Pacific Visualization Symposium

2013, 17-14, 2013.

/ v| F: ¥
Synthesized map
(by Googleearth )

Hand drawn map
(by ATP Jihlava)




“@ Hand-Drawn Urban Maps P Goal
£ ST P, O < 2N !

Deform 3D urban maps to enhance their
readability

e

k)
Synthesized ma | Hand-drawn ma ' . = - p
y(by Google earth ) > (by ATP Jihlava) a Original Iayout Optimized layout

Overview

11 »
Keep the consistency in the map layout

"

g Fixed Relative Scale limits
-Buildings orientation position Hard
(prisms) . - .
-Roads Minimize occlusion and displacement Soft
(polylines) 211‘ MIN DL

Minimum Occlusion
displacement avoidance

Y

i Formulate the problem using the linear programming (LP)




Overview
I '>—

_ . Keep the consistency in the map layout

8-

i‘)\ Fixed Orientation y
= L.

: . £ A
e Fixed Relative Scale limits

-Buildings orientation position

(prisms) . i )

.Roads Minimize occlusion and displacement P(X,.Y,)

(polylines) T" Tm PN
P > I 0(X,.Y,)
Minimum Occlusion

displacement avoidance

! Formulate the problem using the linear programming (LP) |

Fixed Orientation Fixed Orientation y
\ \
\ p(x,,y,) \\<A p(x,,y,) Lx

oy {L\ P |
q(xq,yq \/> \q(xq,yq)

\




i‘)\ Fixed Orientition y
p(x,.y,)

P(X,.Y,) l:s

/> q(x,.y,)

0, Y)
x,=x,=s5(X,-X,)
Yo =Yg =S(Yp _Yq)

Overview
I  Output

Keep the consistency in the map layout

=) i £ Ay
o Fixed Relative Scale limits
' Bu!ldlngs orientation position Hard
(prisms) . . :
.Roads Minimize occlusion and displacement Soft
(polylines) :u" D oy
e f d
Minimum Occlusion
displacement avoidance

Formulate the problem as a constrained optimization problem

V(X,.Y,)
0(X,.Y,)

/ e

V(X,.Y)

0(X,.Y,)

13



Relative Position

V(X,.Y)

0(X,.Y,)

P(X .Y
(A,B) X, %)
L:Ax+By+C=0 (A>+B*=1)

Relative Position

y

V(X,.Y,) X
/

D 0(X,.Y,)

P(X .Y
(A,B) Xy 1y)
L:Ax+By+C=0 (A>+B*=1)

V(X,.Y)

D 0(X,.Y,)

P(X,.Y
(A, B) Yy
L:Ax+By+C=0 (A>+B°=1)

y
T 1,
D=AX,-X,)+B(Y,-Y,) V(X,.Y) _
D o(X,.Y,)

P(X,.Y
(A, B) Yy
L:Ax+By+C=0 (A>+B°=1)

14



Hard | Soft

Relative Position

D= A(X X)+B(Y Y,) V(X,.Y,)

o

P(X .Y
(A,B) XY,
L:Ax+By+C=0 (A>+B’=1)

Hard | Soft

Relative Position

y
. 1
o "
D= A(X -X,)+B(Y,-Y,) V(X,.Y,)
0(X,.Y)
P(X,.Y,)
(4B) *[Negative sige

L:Ax+By+C=0 (A>+B’=1)

Relative Position

D= A(X:-"'XP)+ B(Y,-Y,)>0 V(X,.Y,) *
0X,.Y,)
P(X,.Y,)
(42) " [Negative sie

L:Ax+By+C=0 (A>+B>=1)

Hard | Soft

Relative Position

v(x,,x,) q(x,.y,) }T)_)
B A, X)+B(Y Y)>M\ o
) p(xp,y,, ~

P(X
(A,B)
L:Ax+By+C=0

15



Hard Soft
‘ Relative Position -
"""" > y
& V) @)
P, b t )
D=A(X,-X,)+B(Y, -Y,)>0 V(X,.Y,) _

A,B p(x,.y,)

" P(X,.Y,)
@D
L:Ax+By+C=0

Hard | Soft

Relative Position

- v(x,,X,) ﬁq,yq)y
1
i V(X 1& .

D=A(Xv...—X,,)+B(Yv—YP)>0 -

A,B p(x,.y,)

d=A(x,-x,)+B(y,-y,)>0 P(X,.Y,)
(4.5)

L:Ax+By+C=0

P Results: Sharply Curved Route
|

P Results: All the Routes on the Map
|

16



g‘@ Results: Landmark Buildings
|

P Results: Annotating Roads
l ,

Preprocess

Optimization
Number of
variables
Number of
constraints
Elevation
angle

15.6 sec
53.0 sec
117,724
322,615
20

6.7 sec
12.7 sec
45,774
105,690
20

2.4 sec

6.9 sec

22,363

59,067
20

Gradient

methods |-+

NS

Multivariate analysis

Linear .
programming

Integer ey

programming

B
Map composition

17



= Inequality constraints

;@) Linear Programming (LP)
|

3x-4y=4 J
X< 6 3x-4y=4
9x+25y =50 9x+25y=
= Objective function
minimize ¢ =x+2y “ s
~NN X
x<6

”@) (MIP)

Mixed-Integer Programming

= Inequality constraints

3x-4y=4
.XS6 3x-4y=4
9x+25y=50 9x+25y=/50 ¢

= Objective function
minimize c=x+2y

;@J Overview
I

Gradient
methods
Multivariate analysis
Network analysis
Linear

programming

Integer
programming

: Map composition

Spatially-Efficient Metro Map Layout

\
G
?I') ~Modeling Hand-Drawn Maps as Optimization Problems~
| = W g

AN
o S el (2 £ iy

\
/ > h :
/ o an e
iy L. 2011 2012
pagpepd =] - ﬂn Taipei MRT map handkerchief
s =
° Lo

= o
- =: -
- bl

- ™ 28

@ 2 ams /g =
X

. =2 -

A Le el

I f Octilinear “:, A0 Orthogonal

Yen. Spatially Efficient

=
H.-Y. Wu, S. Takahashi, D. Hirono, M. Arikawa, C.-C. Lin, H.-C.

Design of Annotated Metro Maps, Computer Graphics Forum, 32(3), 261-270, 2013.

18



oy

London Gnderground Map

;@) Hand-Drawn Schematic Maps
| X -

i 1 Y.
Taipei MRT map handkerchief 2012
(Courtegy of Milu Design Co., LTD, Taiwan)

EuroVis 2013, Leipzig, Germany

The Eurographics Conference on Visualization

% Map Aesthetic Criteria
Layout

¢ (LH1) Edge octilinearity

¢ (LH2) Circular vertex order

¢ (LH3) Edge spacing

¢ (LS1) Bend minimization

¢ (LS2) Relative position
minimization

¢ (LS3) Edge length
minimization

SioEL D,




Map Aesthetic Criteria

LH1) Edge octilinearity (AH1) Leader octilinearity
(LH2) Circular vertex order (AH2) Overlap-free layout
(LH3) Edge spacing (AS1) Leader orientation
(LS1) Bend minimization (AS2) Total leader length
(LS2) Relative position (AS3) Leader bends
minimization (AS4) Closed regions
{500 e g (AS5) Alternating distribution

ET e e T :
Harry Beck, 1933 ’Spatial y efficient annotated map

”@) Soft Constraints
|

m C=(AS1) Leader orientation penalty
+(AS2) Leader length penalty
+(AS3) Leader bend penalty
+(AS4) Closed region penalty

+ +(AS5) Label consistency penalty

(AS4) Closed region penalty (ASS5) Label consistency penalty

;@) Label Consistency Penalty
|

COSt 455, = O adi(f;)

For each enclosed region i<
24,21+ f,(v)- f,(v,,)s1+a |AND|
SOMXOM G 2b, <1 f,(0)+ f,(v,)s1+b,  [AND]

= (f,(¥)AND £,(v,, )JOR(f, (v ANDY(v,,,)) _ ‘
1-adj (f,) s a,+b, =2(1-adj(f,)) | OR]

AND 2x=x +x,<l+x E

OR |[X¥=x, +x,=2x f}

fod o]

(AS5) Label consistency penalty

4@‘ Three-Step Algorithm
|

Predefined
layout chech




P Demonstration
|

Design Scenario

OREOEES 0
®

The London metro map

Gradient

methods |-+

Linear
programming

Integer
programming

B
Map composition

21



~Partial Orders of Nodes Inference~

P Hierarchical Network Visualization
|

Dependency Visualization

Complex ASISG

relationship B->E->D
——_— =
4.2 7 |C>D>6 S R

Nz [ HSBSI D
< .. | B2E>F->C 5 d T
Py \ C>I>H v e

c”’ B R DEYY *

@ Input Inferred hierarchy Minimal edge crossing

= |

IRl WAEEEe) Output Edge contraction Space adjustment

H.-Y. Wu, S. Takahashi, H. N. Miyamura, S. Ohzahata, A. Nakao, Inferring Partial Orders of Nodes
for Hierarchical Network Laglout, Journal of Imaging Science and Techno ogy, pp. 60407-1-60407-
13(13), Vol. 60, No. 6, 2016.

g‘% LS Ry kT — M

Network data

P LS Ry kT — A
| —

Network data

B AN —OERS

Network data

22



f@%@ EE%OD*‘JFU ,

Tier 3 Networks Tier 3 Networks
s

_ Internet users
(business, consumers, etc)

f@%@ EE%OD*‘JFU ,

X = *
X X
Tier 3 Networks

5‘9 RS SE e B AR 1 D 6B S AT 8L

P q 2 Nelworks

Intemet users
(business, consumers, etc)

_ Internet users
(business, consumers, etc)

5@ FAFT: IR T—H 82D H R
|
s FENZNABRRYNT—IEBZEIER
[ZEDLDERTE.

» FEAREREE, SEE, EEELEE
T AU D/INRZE{RTE. [Gao, 2001]

4 B (Uil
k-th path

FE/SR (EX VAW S

B EEICIORBEILERAVTEIRTS

23



59 Fik HE/AR

E>G>C->1
E>C->B
A>G->H->B
A->H-D
A>F->D

=€) Uil
/(1/1 path

AR B%JE’F% EEEHE LRI R

RFLT1—, DNEFREFE K.

pu)-pu,,)=1- Viisl BBID=2
p(u,)— p(u,,,) < A’i,i+1

&p(uh-lj

RRID =3 —&
FEEBIDDZE,
MEFRFELN.

59 Fik EE/R

F>E->B->H->C->D->I
I>H>C->D->1
I>H->E->A
F>E->B->G »
AN . B%JE% ﬁ#&t‘l#ﬁﬂ:
EYR inary

p(u )_ p(MHI) = +a1,i+1 Mﬁz i+ zz+1
p(l/l ) p(u1+l) ll+1

EYRR

RBEBID= 2 —o—— m

a=1p=

w1 = 3— @ —

O EX:I-2-FX
/dgﬂll%f.ﬁﬁ/\x

_ TUY/RR

s B P,y C )
a=1p=0 @=0,p=1
WRID = 3 —(E 5a) D@,

HAV S
p(u )_ p(uz+1) = +a1,z’+l Mﬁz i+ zz+l

p(u ) p(uz+l) l i+l
TUYIRR

pu;)-pu,,) < ‘/3, Moy +v,
p(u ) p(u1+1) = ]+1

53,@ Fik FEAR

HOVAVS

UZAVS

a=1,=0

REFEID= 2 B &)

a=0,=1

BEFEID = 3 —(E Pt
EYRR
p(u )_ p(uz+1) = +a1,z’+l Mﬁz i+ zz+l

TY/RR REVBHMZEA
(M )_p(”1+1)<_/3”+1+Ma”+1 jj+]
p(u ) p(u1+1) = ]+1

+6. .. =1

j Jj+l Jj+l

o)

)= p, )< Ay EYSRETYARBEETIELEN D,
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D Fik R

fEEID="1
Qi = 1‘ . 10‘1‘.] = 0‘
- . ~
LA &p(um) a pu;)
&, =1 . @i = 0
— — N
FEEID = 3 ‘p(u,) &p(ujn)

NJAVS

p) = plu, ) 2+, —MpB, ., =V,

p(w) - pu,,,)=< )Li.i+1

TYsRR

P(uj) - P(uj+1) = _ﬁj,j+l + Maj,j+l TV

p(uj) - P(u,-+1) = _A’j,j+l

A jat ﬁj,j+l =1

|a DU+ Doy +a @, =1 SXOR)

i+l

)\ -~ — *,\0 ~ 2
O Fik /SR
fEID="1
' "
FERID=2 ——(B 5T )

&, =1 @i = 0

= ~
FERBID = 3 ‘p(u,) &p(ujn)

EYsRR

p(u) = pQu,) 2+, = MB; =V,
p(u)-pu,,) = )Li.i+1

TYISR

P(uj) - P(uj+1) = _ﬁj,j+l +Ma , +V; ),
p(uj)_ P(u,~+1) = _A’j,j+l
At ﬁj,j+l =1

|ai.i+l D+ Doy +a  Da = 1| @(XOR)

=/ME | minimize w; X A, + W, XV, |

”@) A Short Demonstration

;@) User Intervention

0

A

[
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;rJ@ Applications 1: One-way Path
|

- Curricdla of Univ. of Aizu

Reverse paths are more penalized '\Lllé"}gg{,segtfl‘g g;,tesrgre equalized at

5@ Applications 3: Round-trip Path
|

= P2P network
. 116 nodes 306 edges and 525 paths .

) Optimized Iayout Iarge-sized P2P network

,@ Applications 2: Round-trip Path
|

= Tokyo metro
= 255 stations
= 13 metro lines

Accessibility zones inferred from
the metro network

Visualizing hierarchies among
the metro stations

5@ Overview
I

Gradient
methods

Map composition

Genetic
algorithms Multivariate analysis

Network analysis

Linear
programming

Integer | 0. N
programming
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”@) Genetic Algorithm
|

Crossover é

Population
- L1 1 [ 1]
[t]2f3]a]5]
L [ | [ |
[t[2]s5]4]3] v
I T I.I
I
Chromosomes _—> I I I I
L l Multation

”@) Genetic Algorithm
|

Termination

Evaluation Selection
Initialization
> Loop until

termination

Replacement Crossover

Mutation

;@) Overview
I

Gradient Cartographic design
methods

Map composition
Genetic s

algorithms Multivariate analysis

Network analysis

Linear
programming

Integer :
programming TN

~ Consistent label placement for maps of high readability ~

2) Dynamic Map Labeling on Continuous Scales
|

Independen
scale

14 i :
" e
5 R
fokehanfarke, . SR E«rﬁﬁﬂ; < 2
H.-Y. Wu, S. Takahashi, S.-H. Poon, M. Arikawa. Ongoing project. Intermediate results will

L7 > Y

be presented at International Cartographic Conference 2017.
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DFoINIITORR
|
= REDRAT—L(HER) IS DR

=
X
)
R
S
&
H
%
v
N o
) LaLaport
SHIWANOHA =
KBF— @&
ARERE o
SDEFLS )

DI LERE DB
|
s A—I)LDEAEIC /\)bﬂjiﬁ,ﬁ,m'é

110

;@) Objectives
|
= Optimize label placement on the map

the map scale

= Retain the consistency in labeling over

Scale-Aware Label Placement

|
= Specific area shrinks as the scale reduces

Scale T
1/2001 & SR
\\
\
NN
ize is fixed |

________

1/150+ / :
4 sesior mers
7
X
‘ ISpeC|f c area,

1/100+
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”@/ Scale-Aware Label Placement

|
= Labels expand/shrlnk as the scale changes

Inverse \
of the scalew
2001

P “~~
=z
A8

150+

i A AL T H
1 e ol
1004 e \

= Labels expand/s

Inverse

of the scalew

200t

150+

100+

N

”@/ Scale-Aware Label Placement

hrink as the scae changes

”@/ Scale-Aware Label Placement

|
= Select labels according to the scale
1 Overlaps between labels

Inverse
of the scale

map space

”@/ Scale-Aware Label Placement

. Sell\ect labels according to the scale

Inverse
of the scale

\ \ \V4 fo]

\ \ /\ L]
\ Nooflo\ [,
\ Lo\ /

/.
N\t
\V4

N\ I\ n .
NC#17/ N #2 ) \#3

/. Nt/ \of.

N\
AVA

VA VA

| 1 | 2 | 3 I map space
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g?) Scale-Aware Label Placement
<

. Se}l\ect labels according to the scale

Inverse
of the scale
\ V [ ]
\ \ /\ [/
\ N/ .\ [ ]
\ NS\ ./ /
\ \V4 \./ /
\ /\ \V4 /
\ - / ................ 4o #3/ ...................
N/ N/ \/
\/ \VARNAY/ R
1 2 3 map space

g?) Scale-Aware Label Placement
<

. Se}l\ect labels according to the scale

Inverse
of the scale

v \V4 7
\ \ 7\ R
\ N
\ N
\ N
\ N VAR

\\#1 // \\#2 ......... #3/ ...................
Nt Nofo .
\/ AV VA 5

1213 map space

/@ Scale-Aware Label Placement
<

= Select labels according to the scale

g;vtiresicale

N y V4 2
\ \ / \ I’ g

\ \‘ / ‘\ 4 /

\ o/ \ ! J

\ VAT,

/\ /
\ #1 // \\ 49 A\ w3
N/ N/ \/

\V4 AV R

| 1 | 2 | 3 I map space

/@ Scale-Aware Label Placement
<

= Select labels according to the scale

Inverse

of the scale
\ V [ ]
\ \ /\ [/
\ N/ .\ [ ]
\ N\ ./ /
\ \V4 \./ /
\ /\ \V4 /

\ VAN
NC#17/ N #2 ) \#3
Nof. Nt/ \of.

\/ \/ AV 5

| 1 | 3 | 2 I map space
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P Scale-Aware Label Placement
|

= Select labels according to the scale

Inverse
of the scale

\ I\ o f.
\ #2 7/ \#3/
N/
\/ V

map space

S

1] 3|2

P Scale-Aware Label Placement
|

= Select labels according to the scale

Inverse
of the scale

11312 map space

P Scale-Aware Label Placement
|

= Select labels according to the scale

Inverse
of the scale

P Active Range
|

= Total scale range that contain the labels

N
Inverse = 23 intervals
of the scale

/ /
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P Active Range
|

= Total scale range that contain the labels
= 19 intervals

Inverse
of the scale

Gradient
methods |-+

Genetic

fet

algorithms Multivariate analysis

Linear
programming

Integer
programming

Network analysis ——————

Cartographic design
— S|

Map composition Entertainment

RS

P Demonstration
|

Overview
(Tokyo, Japan)

~Papercraft Construction from a Single Patch~

PTopological Surgery for Mesh Unfolding
|

S. Takahashi, H.-Y. Wu, S. H. Saw, C.-C. Lin, H.-C. Yen. Optimized Topological Surgery for

Unfolding 3D Meshes, Computer Graphics Forum, 30(7), 2077-2086, 2011.
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4’9 Papercraft Models [9 Why Difficult?

©(Can retrieve 3D physical shapes « Practical issues
©For preparing the miniatures of 3D = Large number of unfolded
scenes patches, including small
fragments

= Troubles in finding
correspondence between
a pair of cut edges

©Fun for both children and adults
@still difficult to construct

5,[J Key Ideas 5,[J Papercraft Construction Example

o Employ the topological surgery to
encode the boundary edges of the
unfolded patch

o Genetic-based approach to unfolding a
3D mesh into a single connected patch

Papercraft Construction
Example




PNSNANTSE
WX N~

Inbut 3D mesh

Single

connected # " . -

patch

Genetic-based
optimization

£ /;/7‘§>'—'1_-»Vv<w.\q
R 2 Patches having a small
MY number of faces

/9 Stitching Unfolded Patches
&

o Encode the order of edges to be
stitched together as a chromosome

o Apply a genetic algorithm with
improved crossover and mutation
operations

/@‘ Mesh Unfolding Process

<

Mesh Unfolding

59 Results FBunny; 348 fa\c_’eS) :

K

Conventional
MST-based
approach
#{patches}=13

Our proposed
approach
#{patches}=1
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Conventional
MST-based
approach
#{patches}=12

Our proposed |
approach
#{patches}=1

;@) Results (Dragon; 344 faces)
|

P
NS WL
%ir.l\%’: i /}\

Conventional
MST-based
approach
#{patches}=13

Our proposed
approach
#{patches}=1

Conventional
MST-based
approach
#{patches}=18

S

T
,JN\QAYV\ /]

Our proposed
approach
#{patches}=1

ot; 480 faces

;@) Results (Kn
! =

Conventional
MST-based
approach
#{patches}=14

Our proposed
approach
#{patches}=1
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é}@?) Results (Cat; 702‘,facevs‘,)_

=

/777
()

Conventional
MST-based
approach
#{patches}=28

Our proposed
approach
#{patches}=1

Conventional
MST-based
approach
#{patches}=31

S
Our proposed g/
approach
#{patches}=1

g?)) Papercraft Construction




Bunny (348 faces)
34:01

_
N
/W
57 (min:sec)
Hand (336 faces) Knot (480 faces)
33:55 46:13
P Overview
|
Gradient % % - Cartographic design
methods |- «=== || 2 e =y s
( } Map composition
Genetic e

algorithms Multivariate analysis

Network analysis ——

——

ot

Linear ..e"‘ i ———— —
programming e o
SR S

Integer
programming

o [BFRATRICICEH T AIRIEV R TEREE
H—mICEEEEEELTER L
» BEETAREREN
« XY= T —HRRE
= MROEK KT EERET
n Bi”‘ ﬂﬁé?é

s HROBBEEEDLSICETIVIET HH
DEER~ADKROI
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