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Background
Content Creatoin by End-users

TIME
Person of the Year: You |
Dec. 25, 2006
http://content.time.com/ti
me/covers/0,16641,20061
225,00.html

Neil Gershenfeld,
Fab: The Coming
Revolution on Your
Desktop--from Personal
Computers to Personal
Fabrication, Basic Books,
2007.

Chris Anderson,
Makers: The New
Industrial Revolution,
Crown Business, 2014.

Hod Lipson, Melba
Kurman,
Fabricated: The New
World of 3D Printing,
Wiley, 2013.

Consumer generated contents, Prosumer,
Personal fabrication, Maker movement,
3edsndustrial Revolution

UTokyo Online Education 24 {ffi 8% 2016 A+ EMEK CC BY-NC-ND



http://creativecommons.org/licenses/by-nc-nd/4.0/

Existing Online Platforms

You Tube, shapeways

I8, etc.

Lm

Upload, share, and view / print

—> Design is still difficult !

20160623
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Research Goal

"Help people design things by themselves”

Graphics (3D, animation)
Physical objects (clothing, furniture)

Focusing on "interaction” (au+ermation)
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Goal

Dedicated construction by experts
for later presentation

Instant construction by novices

for live communication
\ f i— ) [/
0 O
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Goal

Farewell to Mass Production and Consumption

“Design Your Own Artifacts by Yourself”
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2D Drawings and Animations

e Diagram Beautification

« Shape Manipulation

* Dynamic lllustrations

Sketch-based Dynamic Illustration of Fluid Systems* ACM
Transactions on Graphics, Volume 30, Issue 6, Proceedings of
SIGGRAPH Asia 2011, 12-15 Dec, 2011.
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Problem

How do you draw this?
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Demo

PEJASUS
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Algorithm

1. Beautification
2. Prediction

20160623
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1. Beautification Algorithm

Segment coordinates

rimary candidate
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Constraint Solver

Alignment
E> Connection
Perpendicularity

Verticality

Find valid combination of constraints.
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2. Prediction Algorithm

S

Existing segments New segment
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2. Prediction Algorithm

Match ; \/ Match /

Existing segments New segment
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2. Prediction Algorithm

Copy
; \/ Copy\7
Existing segments New segment
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2. Prediction Algorithm

VAN

Existing segments New segment
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Takeo Igarashi, Tomer Moscovich, John F. Hughes

The University of Tokyo / Brown University
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Space-Warp
Deform space, not object.
Different from reality...
Physics (mass-spring model)

Slow to converge...
C@j Unstable, need tuning...
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Algorithm

N
(s

Rest shape Handles

Minimize shape distortion, satisfying constraints.
Closed-from solution, not iterative.
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Input:  coordinates of
handles (q)

Output: coordinates of
mesh vertices (u)

Minimize: distortion of triangles

TR AT
g‘ﬁgy%mmw
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Two-Step Algorithm

Step 1: Obtain intermediate result by using E,; allowing scaling.
Fitting: Fit correct-sized individual triangle to the result.

Step 2: Stitch fitted triangles by using E,
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UTokyo Online Education 24 {ffi 8% 2016 A+ EMEK CC BY-NC-ND



http://creativecommons.org/licenses/by-nc-nd/4.0/

2D Drawings and Animations

* Dynamic lllustrations

Sketch-based Dynamic Illustration of Fluid Systems* ACM
Transactions on Graphics, Volume 30, Issue 6, Proceedings of
20160623 SIGGRAPH Asia 2011, 12-15 Dec, 2011.
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SIGGRAPH Asia 2011

Sketch-based Dynamic Illustration
of Fluid Systems

B. Zhu, M. Iwata, R. Haraguchi, T. Ashihara,
N. Umetani, T. Igarashi, K. Nakazawa

Bidirectional { t

“« £ 7 Glenn [% £ PDA patch I\
(—BTshun\

/ BT shunt patch

Bidirectional
Glenn Proc. g

Sketch-based Dynamic Illustration of Fluid Systems* ACM Transactions on Graphics, VVolume 30, Issue 6,
Proceedings of SIGGRAPH Asia 2011, 12-15 Dec, 2011. , Figure 1
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Video
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Hybrid Fluid Simulation

Global network Local region
V\/
R s
« {7
Hydraulics Hydrodynamics
Node Inflow P|pe Flow Detalils within

Node Pressure regions
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Global network  Node Inflow Pipe flow
Qﬂ. — _MQE

Pipe flow Pipe pressure drop

QE — DEPE

Pipe pressure drop Node pressure

Hydraulics -
PE — _M P?'z.

Solve a global linear system.
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Local region ! !
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(Navier-Stokes Equation)

Solve this on grid cells inside each region.
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3D Modeling

e Suggestive Interface ﬁ
» Sketch-based Modeling NIy
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UIST 01
Chateau: a suggestive
Interface for 3D modeling

Takeo lgarashi, John F. Hughes

3

| INIT | ERASE | UNDO | FILE|

User interface using hints and suggestions
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Motivation

B Microsoft PowerPaoint — [CHIZE]
=] 77 REE® Frw BAO EBRQ P-MD 2N *;r@ Db AL H) -8 x|

|_|||r|—b_:rga@-'_|

| > ol

I ﬂvwvgl_lﬁ ﬂl|”‘:lé=ulI'4m% - @
| ms P2y - 32 === s
EEEETE e “'@Iwimmm A AR
“4- -v|o|ﬁaaam|h}ku e - | “4 ;

CO=EmsgE 2 Er| 4
| 251N 14 / 95 EETY ox

S

So many commands In nested menus!

20160623
UTokyo Online Education 24 {ffi 8% 2016 A+ EMEK CC BY-NC-ND



http://creativecommons.org/licenses/by-nc-nd/4.0/

Demo

Chateau
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IMPLEMENTATION

Examiner
Generator

Scene Suggestion engines Suggestions

Each engine observes the scene and generates a
suggestion when the scene matches its input pattern.
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FUTURE WORK

Other applications (e.g. PowerPoint)

Sleep Sieep Sleep
Eat ) Eat Eat
Play Play Play
Suggest
Work Work Work
Roughly aligned Align left Align center
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SIGGRAPH 99
Impact paper

FESATYVFICKD
SRTETIVD
Teddy

Takeo Igarashi
Satoshi Matsuoka
Hidehiko Tanaka
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Algorithm
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Algorithm

1. Find axes
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Algorithm

1. Find axes 2. Elevate axes .
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Algorithm

1. Find axes 2. Elevate axes (%
3. Wrap polygon and axes |

22222222
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Creation -Finding axes-

Input 2D polygon

20160623
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Creation -Finding axes-

Constrained Delaunay Triangulation

20160623
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Creation -Finding axes-

Chordal axis (connecting mid-points)
[Prasad 1997]

20160623

UTokyo Online Education 24 {ffi 8% 2016 A+ EMEK CC BY-NC-ND



http://creativecommons.org/licenses/by-nc-nd/4.0/

Creation -Finding axes-

)

Before trimming After trimming

20160623
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Creation -Trimming-

Stop!

Y

Starting from each terminal,
search for the first significant edge.
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Creation -Finding axes-

)

Before trimming After trimming

20160623
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Creation -Wrapping-

Lift the axes, and generate 3D faces along the spine.
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Products

PlayStation2
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W =B ZHIRLE
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(20024F F 5% - Sony)

Nintendo GameCube

EZRIEFDHEICEKY. C
ZIZEASN TV -EE%E
HIFRLZELT=,

SOAFEE
(20024 F 5% - Sony)

Package
for PCs
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Software
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SIGGRAPH 2007

FiberMesh: Designing Freeform
Surfaces with 3D Curves

L@

"FiberMesh: Designing Freeform Surfaces with 3D Curves”, ACM Transactions on Computer Graphics, ACM SIGGRAPH 2007, San Diego, USA, 2007
http:/Avww-ui.is.s.u-tokyo.ac.jp/~takeo/papers/fibermesh.pdf, Figure 1

Nealen, Igarashi, Sorkine, Alexa
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Designing with “Curves”

Original sketch stays and works as a handle.
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Demo

fibermesh

20160623
UTokyo Online Education 24 {ffi 8% 2016 A+ EMEK CC BY-NC-ND



http://creativecommons.org/licenses/by-nc-nd/4.0/

i,
Ao
AvLAREL
SRR
VAV ALY
T
Ay,

(i

g
5
S0
s
b
ok

s
(Vs

Fa
i
X

7i¥
S
AV

e A

<]

= G

ATy
o0

o2

-
17

e

R K PN N
LRl gy Y 0N
DY R s
NP A
b “g a VAV }4’ S
"N§%§§{;‘ N

T
X T
N A
W NN
1] VAN WA Y
AN

20160623

Results

N
)

e in
s

et

T

38 :
Y ATAVAN
A

2

7
Ao
VY

D
=
Ié“

=

+

AV

rar
e

N

g

"
5
Fatvgy,
VAV,

AN

K
<)
S

/|
)
r=
%
¥
.é
)
i
S

s
2

“‘""E’Q%‘ﬁb
S SOATSAT
Lo

V.

e
P
vy
=

P
el

UTokyo Online Education A1 {HEEE#E 2016 E@X CCBY-NC-ND



http://creativecommons.org/licenses/by-nc-nd/4.0/

Algorithm

1. Curve Deformation
Handle position -> Curve geometry

2. Surface Optimization
Curve geometry -> Surface Geometry

20160623
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Computer-aided Design

e Plush Toys

e Beadworks

e Musical Instruments
o Garments

o Gliders

2’};

UTokyo Online Education 24 {ffi 8% 2016 A+ EMEK CC BY-NC-ND
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Computer-aided Design

-0 . L
=R

Designer Computer Products
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Traditional Approach

Modeling and simulation are separated.

ﬂ;: —

friction

—
collision
ﬂ n /-\ =
| s

ity @ e

Design Test
(Modeling) (Simulation)
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Our Approach

Integrate real-time physics into modeling.

ﬂ'{t NE| I
\ \ v friction

collision

Ay

a‘rn.uit)r "

<~
moterial
Prupqptr

[= =
=0

C—=
P

D)
ﬂ§ -
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Our Approach

Automatically generate 3D model and cloth
pattern for a sketch.

20160623
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Video

plushie.mp4
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Algorithm

20160623
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Physical Simulation & Shape Adjustment

20160623
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SIGGRAPH 2012
A INSDFT 12 TRE—ZATH1 Y

Y. Igarashi and T. Igarashi

VI RAF P BECE-XETINZETTAMVITD
c A V-—0D@UnZBaTrE IS
+ BHEFIEZ DD DOIIRNIT D
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Problem to Address

= Beadwork is the art of connecting beads together by
wires.

EFEFOREICEY, CSITHAShTOV:
E{RZHIFRLELT=,

E—XFHALTOTSLE

The design and construction of 3D beadwork are very
difficult !
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Our Approach

= [nteractive Design and Construction

| B
_.il 'J.-l....' “, .J '-\ l.- ‘ o j
. N YaPs
¥ ! L .-’ kT /
4 ‘." ‘:;\.

\ / I'l \ \

! :J,.r '|| \\

f . - '.N“\l'l

= \Wire path planning algorithrﬁ”

20160623
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Examples

20160623
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Algorithm
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Computing Wire Path

Ay

—

e An edge corresponds to a bead

/

-

(0

« A wire path is given as an Eulerian Circuit

20160623
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Computing Wire Path

N
3
< 1| 2 |O >
> >
6
unstable (dangling) beads Face strip Final wire path

« Arbitrary Euler cycle Is not stable
 Make an Euler cycle along a face strip
 Face strip Is given as a Hamilton path
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Stripification Results
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NIME 2010

Designing Custom-made Metallophone
with Concurrent Eigenanalysis

N. Umetani, K. Takayama, J. Mitani, T. Igarashi
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Motivation

How to design an original musical instrument?

It is very difficult to find a shape that produce
appropriate sound (tone).
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Our approach

Design system with continuous tone prediction.

(7m)

Coy

[\ Audio feedback
D

Edit shape

The user edits the shape, and the system provides audio feedback.
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Video

delfem.mp4
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SIGGRAPH 2011

Sensitive Couture for Interactive
Garment Editing and Modeling

N. Umetani, D. Kaufman, T. Igarashi, E.Grinspun
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Motivation

How to design a new garment?

It IS not easy to predict the result of draping
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Video

cloth
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Algorithm

2D cloth pattern 3D cloth shape
(input) \ / (output)
residuat - R(' ‘ ) 0

3D cloth shape

‘ R=0
Al

= 2D cloth pattern

e »

UTokyo Online Education 24 {ffi 8% 2016 A+ EMEK CC BY-NC-ND
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Our approach

Design system with continuous draping simulation.

Concurrent
simulation result

User’s edit

upper length

The user edits the 2D pattern, and the system shows simulation result.
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Algorithm

2D cloth pattern 3D cloth shape
(input) \ / (output)
residuat - R(' ‘ ) 0

3D cloth shape

‘ R=0
Al

= 2D cloth pattern

e »
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Algorithm

R 1s non-linear and slow to compute.
So, we use linear approximation around the current state.

linear approximation

3D CIOtF shape (Sensitivity Analysis)
R=0
DA
Al |
7
/ :‘ : = 2D cloth pattern
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Algorithm

Single linear approximation is not enough.
We cache multiple linear approximations and blend them.

3D cloth shape

= 2D cloth pattern
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SIGGRAPH 2014
BERCEDBERITHET T 1>

with N. Umetani, S. Ryan, Y. Koyama

automatic
adjustment

user's edit

- iBRTTET U VI DEBBBIICHRSKDIC
BEEY D,
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Motivation

How to design a paper airplane (glider)?

EFEFOEREICLY, CCITHASNTWERZHIBRLELT=.
RETSA5—%7E

It IS not easy to design a glider that flies well.
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Our approach

automatic
adjustment

Continuous simulation.

user's edit

_|_
Automatic optimization.

x
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Data-driven Approach

Accurate, analytic simulation is difficult.
—> We use many measured “data”.
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Video

pteromys
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Future Vision

Design Everything |
Furniture, Clothing, Car, House...
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http:// www-ui.is.s.u-tokyo.ac.jp/ takeo
http://www.jst.go.jo/erato/igarashi/
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