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“Interesting and unpublished” is equivalent to "non-existent.”
— George Whitesides



Let's publish your achievement effectively and beautifully.



Three presentation methods
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"Everything flows" dress ( M&RIRZ DAR)
Change its texture by inner temperature
Change its color by outer light

Self- foldmg Tessellated Ortgami Objects by Inkjet UV Prmtung




A LIVE UN LIVE

"Everything flows” dress ( MBBEIRZ; DOAR)
Change its texture by inner temperature
Change its color by outer light
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Today's topics

Video-shooting environment

| like to take videos in the same environment as photos.

Video examples from my videos

Six video tips from my past videos.

Other video examples
Let's check other great videos.



VIDEO-SHOOTING
ENVIRONMENT




Disclaimer: 'm not a videograpnher

'l just share my experience of video-shooting.
Professionals are more professional.



Our video-shooting setup

RN Diffused video light x3 (two diffusers, one umbrella)

e Black, white, and other colored backgrounds
¥ Sony o7

| use totally the same setup for photo-shooting and video-shooting.
This is not the best for photos, but very convenient and mostly fine enough.




NO |

't you only need still photos, strobes are better than video lights.
But | like to use video lights to take photos and movies at the same time.
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[ 1] Godox AD300Pro, Amazon



https://amzn.asia/d/ds5hNSW
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Take movies as well in pnoto-shoot

NO |

-+
-
o
S

L.

up

Close-

Photos for a figure

Short video clips are unexpectedly useful.

Let's always take short movies as well when you take photos.

[1] Narumi and Koyama et al., Inkjet 4D Print, ACM TOG 2023.
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NOTE: Take movies as well in pnhoto-snooting

Videos taken at the same time (raw) Videos taken at the same time

Short video clips are unexpectedly useful.
Let's always take short movies as well when you take photos.

[1] Narumi and Koyama et al., Inkjet 4D Print, ACM TOG 2023.
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‘Convenient”" zoom lens [ A Macro lens [ 2

| mostly use a “convenient” zoom lens, which is usually enough for papers.
Optionally a macro lens works better for specific shots.

1]Sony SEL24105G, Amazon, [Z2] Sony SEL90M28G, Amazon



https://amzn.asia/d/dXi7I2B
https://amzn.asia/d/1Ouj8YJ
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Other equipment
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A list of our photo booth equipment: https://amzn.asia/4UCd0tm
WARNING: DO NOT ACCIDENTALLY BUY from our Amazon Wish List.

[1] Our photobooth equipment on Amazon Wish List. [2] Backpaper on #—



https://amzn.asia/4UCd0tm
https://amzn.asia/4UCd0tm
https://www.ginichi.com/shop/g/g113?itemPerPage=12&dtype=Search&minprice=0&isFilterKeyword=false

Today's topics

Video-shooting environment

| like to take videos in the same environment as photos.

Video examples from my videos

Six video tips from my past videos.

Other video examples
Let's check other great videos.
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VIDEO EXAMPLES
FROM MY VIDEOS



| often compose videos with Final Cut Pro

IIIIDDD wigunizwen / . e, " , .

In k Jet 4D Prlnt

-~ Self-foldis qT seltated Or1g2 Eb; nvu.,tuupmmg'

al === HB _ el
T ET T (==l AN /= I NEr =T WV ERNaN . TE I

You can do similar things with Premiere or DaVinci Resolve.
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Narumi & Koyama et al., Inkjet 4D Print, TOG, 2023. https://youtu.be/2rY-XNBnTW4



https://youtu.be/2rY-XNBnTW4
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-xample 1: Photo-schematic transition

How did | make this?

Narumi & Koyama et al., Inkjet 4D Print, TOG, 2023. https:.//youtu.be/2rY-XNBnTW4



https://youtu.be/2rY-XNBnTW4

Z

Prepare a 3D model on Rhino/Grasshopper

.' Rhino7 File Edit View Curve Surface SubD Solid Mesh Dimension Transform Tools Analyze Render Window Help A 2 o) 80%EH & 5HA218(X) 22:43:26

[5) = principle.3dm
lh Grid Snap Ortho Planar SmartTrack Gumball History

Standard CPlanes Sot View Display Select Viewport Layout Visibility Transform Curve Tools Surface Tools Solid Tools $SubD Tools Mesh Tools Render Tools Drafting New in V7

wRMEFXD U~ QP RPOL 2% H - 5 .80 e e 0 2M

Paralle

® Persistent
One shot

8 end
@ Near

Tangent
Quadrant

Knot

ject

B SmartTrack

Disable all

File successfully saved as Rhino 7 file /Users/koya/Koya Narumi's Team Dropbox/$kth #8/Mac (2)/Desktop/principle.3dm Millimeters CPlane Y: 835238 Z: 0,000

D schematic made with Grasshopper.

Narumi & Koyama et al., Inkjet 4D Print, TOG, 2023. https:.//youtu.be/2rY-XNBnTW4


https://youtu.be/2rY-XNBnTW4
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Parametrically transform a camera and the shape

@ Grasshopper File Edit View Display Solution Window Help ShapeDiver o N ©9 ® A 2 o 77%Es ~ Q &8+ 58218(X) 22:41:05 @ Grasshopper File Edit View Display Solution Window Help ShapeDiver O N ©9 ©® A 2 o) 78% E% ~ Q &8+ 58218(X) 22:41:23

(] Grasshopper - principle* (6] Grasshopper - principle*
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Project

¥ SmartTrack .
inks

Disable all

Project

¥ SmartTrack
Parameters D
Disable all
@ ] O
Millimeters X:123.667 Y:78.818 Z:0.000 # Autosave complete (3 seconds ago) 1.0.0007

Parametrically moving a camera position Parametrically moving the shape
with a "Horster” plugin

Millimeters X:123.667 Y:78.818 Z: 0.000 # Autosave complete (60 seconds ago) 1.0.0007

Narumi & Koyama et al., Inkjet 4D Print, TOG, 2023. https:.//youtu.be/2rY-XNBnTW4



https://youtu.be/2rY-XNBnTW4
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Record animation frames
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R|ght click a number shder to "Animate’ Generated animation frames

Grasshopper can generate animation frames by ‘animate.

Narumi & Koyama et al., Inkjet 4D Print, TOG, 2023. https:.//youtu.be/2rY-XNBnTW4


https://youtu.be/2rY-XNBnTW4
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4 Take a movie at a similar angle

This doesnt have to be a movie, but | use a movie to find a suitable distance.

Narumi & Koyama et al., Inkjet 4D Print, TOG, 2023. https:.//youtu.be/2rY-XNBnTW4



https://youtu.be/2rY-XNBnTW4

B Cross dissolve transition on

—

transition

-inal Cut
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Narumi & Koyama et al., Inkjet 4D Print, TOG, 2023. https:.//youtu.be/2rY-XNBnTW4



https://youtu.be/2rY-XNBnTW4
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one

Narumi & Koyama et al., Inkjet 4D Print, TOG, 2023. https:.//youtu.be/2rY-XNBnTW4



https://youtu.be/2rY-XNBnTW4
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-xample Z2: Closed-up transition

How did | make this?

Narumi & Koyama et al., Inkjet 4D Print, TOG, 2023. https:.//youtu.be/2rY-XNBnTW4



https://youtu.be/2rY-XNBnTW4
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(D Take a clip in a REVERSED order

Start by a placed sheet Pick it up

't was very hard to precisely put a sheet at the center of the video frame.
Thus | took a movie inversely.

Narumi & Koyama et al., Inkjet 4D Print, TOG, 2023. https:.//youtu.be/2rY-XNBnTW4



https://youtu.be/2rY-XNBnTW4
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(D Take a clip in a REVERSED order

=t was very hard to precisely put a sheet at the center of the video frame.
Thus | took a movie inversely.

Narumi & Koyama et al., Inkjet 4D Print, TOG, 2023. https://youtu.be/2rY-XNBnTW4



https://youtu.be/2rY-XNBnTW4
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2 Reverse-edit the clip

The reversed video is as if | placed a sheet on a table.

Narumi & Koyama et al., Inkjet 4D Print, TOG, 2023. https:.//youtu.be/2rY-XNBnTW4



https://youtu.be/2rY-XNBnTW4
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2 Reverse-edit the clip

The reversed video is as if | placed a sheet on a table.

Narumi & Koyama et al., Inkjet 4D Print, TOG, 2023. https://youtu.be/2rY-XNBnTW4



https://youtu.be/2rY-XNBnTW4

3

(3 Take a closed-up clip

| imitated a zooming effect by de-focasing a macro lens.

Narumi & Koyama et al., Inkjet 4D Print, TOG, 2023. https://youtu.be/2rY-XNBnTW4



https://youtu.be/2rY-XNBnTW4
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@) Zoom transition on Final Cut Pro

—_
/00m

transition

Connect two clips by a zoom transition effect.

Narumi & Koyama et al., Inkjet 4D Print, TOG, 2023. https://youtu.be/2rY-XNBnTW4



https://youtu.be/2rY-XNBnTW4

@) Zoom transit
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Narumi & Koyama et al., Inkjet 4D Print, TOG, 2023. https:.//youtu.be/2rY-XNBnTW4



https://youtu.be/2rY-XNBnTW4
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Narumi & Koyama et al., Inkjet 4D Print, TOG, 2023. https:.//youtu.be/2rY-XNBnTW4



https://youtu.be/2rY-XNBnTW4



https://youtu.be/1HRlDPuNSMo
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-xample 3: Color grading

Slightly dyed color only for the assembly process

Sometimes color grading is effective to tell differences.

Suto et al,, Crane, TOCHI 2023. https://vyoutu.be/THRIDPUNSMO



https://youtu.be/1HRlDPuNSMo
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f by Tomohiro Tachi

Narumi & Koyama et al., Inkjet 4D Print, TOG 2023.
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-xample 3: Color grading

W5V
i

achi, Origamizing Polyhe

Red color grading for the past Blue color grading for now

Sometimes color grading is effective to tell differences.

Narumi & Koyama et al., Inkjet 4D Print, TOG 2023.
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Narumi & Qin et al., Self-healing Ul, UIST 2018. https://youtu.be/kpmmUsjgOPg



https://youtu.be/kpmmUsjgOPg
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-xample 4: Time-lapse

R

SELP-HEALING U

CARNEGIE MELLON UNIVERSITY & UNiVERSITY OF TOKYO

—————

Raw video Fdited video

| took approx. 1700 time-lapse photos for the 6-hour self-folding process.

Narumi & Qin et al., Selt-healing Ul, UIST 2018. https://youtu.be/kpmmUsjgOPg



https://youtu.be/kpmmUsjgOPg
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-xample 5: Layer animation

Healing heart

Fusion 360 has a animation function as a default.

Narumi & Qin et al., Selt-healing Ul, UIST 2018. https://youtu.be/kpmmUsjgOPg



https://youtu.be/kpmmUsjgOPg

® Fusion
e} ®
& KoyaNarumi v o0 X i R 8 &0~
F—9 ' AV~
| FoA-vay v rﬁ.
7y7a-F TRV =
#  Healing UI -] « TH0Y
a @ 3dheartvs
& 3dheart I b [ avm-zyr
. Q Vv |
S— )
¥ controller.mp4
Vie
& controller_perspective.jpg
Viw
¥ damage_sensoer.mp4
1w
¢ damage_sensor
Viw
& heart.mp4
e
W robot.mpd
Viw
& Rose_lining
Mw
& Rose_lining LA
4/3119 @ FoA=vav ¥ALI1
vav 0.0 [OF
wssies B ®R
: “ ‘:ou_llning vi.mp4d 5 [b AUR—2T
< — () 7th_layer_PBS:1
() 6th_layer_PBS:1
# Rose_lining v10.mp4 () 5th_layer_PBS:1
48119 () 4th_layer_LED:1
- Viw (14th laver MWCNTs-PE

FoA=Tar

AR=Y=—H=k v

Autodesk Fusion (RNERR> 1t 2)

W 3dheart v8*
14 i ? =
+8804 ¢ = I
2R 2~Lv 2E "R~ KTV 9ax

———

Storyboard! +

M » M 3 &

Before

)

.' Fusion

& KoyaNarumi v

F—b ' HH A~

Qo X B 8 &0 & 3dheart v8*

#  Healing Ul &
¢ 3dheart
Q VEw
¥ controller.mp4
Viwe
& controller_perspective.jpg
Viw
¥ damage_sensoer.mpd
=
1w
¢ damage_sensor
Viw
& heart.mp4
s
W robot.mpd
Viw
& Rose_lining
Mw
W Rose_lining
43119
Viw
¥ Rose_lining vO.mp4
=
Viw

¥ Rose_lining v10.mp4

42

-xample 5: Layer animation

Autodesk Fusion (RNER> 1t 2X)

P=x-vay
P=x-yaYv v @ ,%. 29 [ il ? LD
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18
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la [ A= 2 b
() 7th_layer_P8S:1
() 6th_layer_PBS:1
() 5th_layer_PBS:1
(1 4th_layer_LED:1

Storyboard1 +

(~14th laver MWCNTs-PE
<> M & Qe <«

Fusion 360 has a function of animation as a default.

Narumi & Qin et al., Selt-healing Ul, UIST 2018. https://youtu.be/kpmmUsjgOPg



https://youtu.be/kpmmUsjgOPg

i Fusion

-xample 5: Layer animation
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Fusion 360 has a function of animation as a default.
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Narumi & Qin et al., Selt-healing Ul, UIST 2018. https://youtu.be/kpmmUsjgOPg
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https://youtu.be/0F-B-xAxwog
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-Xxample 6: a gimpal shot

e — - .

- ; = /{p——‘ i . - e —— g
- . -t " 4 3 4 —r - » \‘\
T palmo e y > 3 ——
—— s ——— —a— “
—— emote control. f :

A gimbal is useful for a dynamic chasing shot.

Nilyama et al., Soft yet Strong Inflatable Structures, CHI 2019 EA. https:.//youtu.be/0OF-B-xAxwo0(g



https://youtu.be/0F-B-xAxwog

DJI OSMO Mobile

DJI OSMO Pocket
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-Xxample 6: a gimpal shot

DJI Ronin

A gimbal is useful for a dynamic chasing shot.

Photos cited from https://www.dji.com/



Today's topics

Video-shooting environment

| like to take videos in the same environment as photos.

Video examples from my videos

Six video tips from my past videos.

Other video examples
Let's check other great videos.

4/



OTHER
VIDEO EXAMPLES
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PUt-that-there

1982

Voice and gesture input interfaces to put that there.

Bolt et al., Put-that-there, SIGGRAPH 1980. https://youtu.be/CbIn8p4_4CQ



https://www.youtube.com/watch?v=CbIn8p4_4CQ
https://youtu.be/CbIn8p4_4CQ
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Transtformative Appetite

Printable and transformable pasta-like materials.

Wang & Yao et al., Transformative Appetite, CHI201 7. _https://vimeo.com/199408/41



https://vimeo.com/199408741
https://vimeo.com/199408741

5

Multimode QSCR

Wireless power transfer inside a whole room.

Sasatani et al., Nature Electronics, 2021. https://youtu.be/L]d-T2BUEX8



https://www.youtube.com/watch?v=LJd-T2BUEx8
https://youtu.be/LJd-T2BUEx8
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Seqguential Gallery

Sequential 2D-search subtasks Optimal
|User-in-the-loop Bayesian optimization] parameters

Interactive and computational design processes based on bayesian optimization.

Koyama et al., Sequential Gallery, TOG 2020. https://youtu.be/PmvS1TywENWA



https://www.youtube.com/watch?v=PmvS1ywENWA
https://youtu.be/PmvS1ywENWA
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Perfect Red

JOIN THE SPHERE

®
3

A vic | . |
vision video of radical atoms changing their shapes according to intention.

Ishii et al., Radical Atoms, Interactions 2017. https://vimeo.com/61141209



https://vimeo.com/61141209
https://vimeo.com/61141209

3D Printed Kinematics Dress
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3D printed dress foldable into a small volume

Nervous System, Kinematic Dress, 2014. https://youtu.be/6EKOMBJiFXU



https://www.youtube.com/watch?v=6EK9MBJiFXU
https://youtu.be/6EK9MBJiFXU

FlectroDermis

Skin adhesive layer

Simplified production of electronic wearable bandages.

Markvicka and Wang et al., ElectroDermis, CHI 2018. https://youtu.be/1kXd2099GfE



https://www.youtube.com/watch?v=1kXd2099GfE
https://youtu.be/1kXd2099GfE

Three presentation methods

PBS

MWCNTs-PBS
Conductive wire

A LIVE UN LIVE

"Everything flows" dress ( M&RIRZ DAR)
Change its texture by inner temperature
Change its color by outer light

PBS

. MWCNTS-PBS
’/ MWCNTs-PBS

Week 3: Slides Week5: Figures

Inkjet 4D Prmt

Self- foldmg Tessellated Ortgami Objects by Inkjet UV Prmtung

Week6: Videos

56




A LIVE UN LIVE

"Everything flows” dress ( MBBEIRZ; DOAR)
Change its texture by inner temperature
Change its color by outer light

Three presentation methods

o

PS5

\\:‘ MWCNTs-PBS
\\\\\ Conductive wire
o PBS
MWCNTs-PBS

/MWCNTS-PBS

qujet 4D Prlmt

:33|’L”Hilo

Week6: Videos

5/




As demonstration of what | taught in these three weeks,
'l do my presentation including slides, figures, and videos.
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Computational
Fabrication



http://www.apple.com/jp
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Research Topics

Topics: Computational Fabrication

Related Fields: Human-Computer Interaction (HCI)
Computer Graphics (CG)
Soft Robotics

Abstract: | design daily products like clothes, food, mobility devices
by computationally distributing special material and
structural properties,. Then | fabricate them with digital
fabrication tools like inkjet printers, 3D printers, and CNC
milling machines, to create new experiences of users.




COMPUTATIONAL
FRBRICRTION

= | sese ] NAE
=TE RS




64

What is Computational Fabrication?

A Definition of “Computational Design"”

A general definition:

Computational design is a paradigm in which design problems are formulated
mathematically and solved by computational techniques. ‘

A more focused (narrower) definition:

Computational design is a paradigm in which design problems are formulated
as optimization problems and solved by computational techniques.

~ fp,
-

Computational Design [1] Digital Fabrication

Computational Fabrication refers to fabrication of ‘computationally designed objects”
under the constraints of real tools, materials, and structures.

[1] Yuki Koyama, Introduction to Computational Design, CHI 2021 Courses.



Computational Fabrication is Getting Popular

% SCF 2023 Home About  Organizers Keynoles Schedule  Submissions Computational Fabrication Seminar

Welcome to the 8th annual

ACM Symposium on
Computational Fabrication

Exploring the use of computational
tools for the creation of physical things

Watch the Livestream!

October 8-10, 2023
New York, NY

ACM Symposium on Computational Fabrication (SCF) Computational Fabrication Seminar
2016- 2021-

https://sct.acm.org/2023/index.html https://computational-fabrication.org/
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http://www.apple.com/jp
https://scf.acm.org/2023/index.html

Book about Computational Fabrication

-

AETRLBY -
362934649 4% Computational Fabrication:
Design and Science of Origami and Tessellation
Hiroya Tanaka & Tomonhiro Tachi, 2020.
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| ConductAR can K
| recognize, analyze, and visualize
the parameters in conductive ink circuits.

/

Circuit Eraser ConductAR Liquid Pouch motors Papilion
ACM CHI EA 2015, Kickstarter ACM UbiComp 2016 IEEE ICRA 2017/, IEEE RA-L 2020 Ars Electronica 2017

= B X X K R o
O O®E® S®
© 00O

-B-B—N--

LK -
A LIVE UN LIVE Self-healing Ul Kirigami Haptic Swatches Pop-up Print
Roppongi Corssing 2018 ACM UIST 2019 ACM CHI 2020 ACM UIST 2020

T e Ry .

~~~~

= < "R e
%

Flower Jelly Printer Crane Inkjet 4D Print

ACM UIST 2020, B ACM CHI 2021 ACM TOCHI (CHI) 2023 ACM TOG (SIGGRAPH) 2023



Origami-inspired Computational

Pop-up Print Crane
ACM UIST 2020 ACM TOCHI (CHI) 2023

-aprication

Inkjet 4D Print
ACM TOG (SIGGRAPH) 2023

63



Pop-up Print:

Rapidly 3D Printing Mechanically Reversible Objects in the Folded State




Problems in 3D Printing Tall Objects

Longer printing time Larger support material consumption More storage space

The smaller the object is, the better for 3D printing

/0



/1

Inverse Origami” of Beetles Chrysalis

Push

Beetle inside a chrysalis Adult beetle

In the chrysalis state, the beetle has a folded horn, which is called inverse origami [ 2]

[ 1] Matsuda et al., Scientific Reports, 201 7.
(2] 8%, EOFE DL VDEMEL " HT7 NAAREM (in Japanese)

S




l[dea of Inverse Origami 3D Print

=

| (DPrint

MPrint an object in a folded state, and @expand it afterward

/2






From an input

the system visualize

0lda

STLT

overview

e Fold a model
eregions

/4

Thicken and distribute
. soft materials to hinges

Noma et al., Pop-up Print, UIST 2020.
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How to Fold with Pop-up Print

Tapered

/ Q2

T Tapered

(D Extract tapered regions

[ 1] Mitani and Igarashi, Pacific Graphics, 2011,



/6

(D Extract Tapered Region

+ _ Normal vector

X-y plane

/-components of all the normal vectors are plus < the surface is tapered [2]

[2] Wolff et al.,, Computer Graphics Forum, 2018.



Augmentation of Tapered

2=,

—

~ 2"-1planes

—

Z=7:

-2,)/ 2" (> hy)

project the contours on the same plane l

P —— e
/ \ /x:intersections of Q(z;) and Q(z,)
. é Q(z,) .Q(Zi)
align the points on Q(z;) so that b oloh
it won't intersect with Q(z,) or Q(z,)

/7

Region

In reality, many surfaces are NOT tapered
in their original shape

\4

Modify the mesh pattern
to enlarge the tapered region

Noma et al., Pop-up Print, UIST 2020.
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How to Fold with Pop-up Print

S SI Sl
1]

@ Apply “planar folding” to each tapered region

[ 1] Mitani and lgarashi, Pacific Graphics, 2011.



-Or practica
netween o

/9

Sistability of the Structure

Bad example of non-bistable Pop-up

use, the structure needs to be mechanically bistable

ded and unfolded states

Noma et al., Pop-up Print, UIST 2020.
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Nnteractive Software

0° rotated 20° rotated 40° rotated 60° rotated

The system visualizes foldable regions in red
Users can enlarge a foldable region by dragging and selecting the region

Noma et al., Pop-up Print, UIST 2020.
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-valuation of Pop-up Structure

Tokkuri
(& Choko)

properties *' view of design tool printed objects

without folding
print time: 10 h 24 min
support: 477 g

folded
print time: 5 h 20 min
support: 342 g

Stanford Bunny

without folding
print time: 7 h 16 min
support: 149 g

folded
print time: 5 h 25 min

support: 141¢

In the best case, the printing time and support materials consumption decrease to 1/5

Noma et al., Pop-up Print, UIST 2020.



Origami-inspired Computational

Pop-up Print Crane
ACM UIST 2020 ACM TOCHI (CHI) 2023

-aprication

Inkjet 4D Print
ACM TOG (SIGGRAPH) 2023
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CRANE M

An Integrated Computational Design Platform for Functional, Foldable, and Fabricable Origami Products

Kai Suto, Yuta Noma, Kotaro Tanimichi, Koya Narumi, Tomohiro Tachi
The University of Tokyo, Nature Architects, Inc.



HC| people love origami fabrication
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However, origami design nas much more!

How TO
Fold

a Bunny

by Tomohiro Tachi

Space engineering [1] Garments [2] Any polyhedron [3]

More sophisticated origami design is required in engineering, industry, and mathematics.

[ 1] BYU, Origami in Space, 2013 [2] ISSEY MIYAKE, Steam Stretch, 2014 [3] Tachi, How to Fold a Bunny, 2009
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Can we easily make them?

WY
T A

At a first glance, these origami products seem simple.




3/

Can we easily make them?

(’J

T

Foldable with rigid panels ""!ll"""""

- Rigid foldability N

Fold from a flat sheet
- = — Developability

Fold into a flat sheet ' e —— y |

- Flat foldability : Y -

g Aesthetics and functions & \ Accomodate thickness | -

- Symmetry — Fabricability

—

/ST, L

In reality, mathematically feasible origami products are difficult.




CRANE

An Integrated Computational Design Platform for Functional, Foldable, and Fabricable Origami Products



Cranes GUI

Nagd & NN S B R iy AV e I s f~ 2 A NS a 5
ff ,;E‘ ARAINXIAMNY ’,’?7",’4}_4 W V e.e"C (_,Bﬁ IR R & e .. 44 C\:,
CorstEgu- | ConstFu | Const Gl | ConsOn_ [Connng _] CorsvSer_ JCom-5rm.] FabToos | inputs +] Ouputs +] Pasem +] Previews | Sober +[Tesselaco_| (i

=1 N LHECXPY 9 930 o

/ L
'
I Aode: Off '

id 8l
Grab Mod

‘Record Mode: Off

S AN

Crane is implemented on Rhino/Grasshopper,
with a visual programming environment and a CAD visualizer.
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Crane overview

(DGive input @Put constraints for functionality and foldability 3Conduct Simulation and form-finding

Constraint Components 1 Integrated Solver

l CMesh ;
E; RigiaOnigami
g Residual
Massage

CMesh

g Constraints
{ FoldSpeed
Rigidity

o003

10 & D4

CMesh from M

PreviewCMes

180 Fold Blocking Mode: On

Grab Mode: On

Constraint Mode: On

SoluttonSpaceDbH

Record Mode: On

v
@Calculate thickness and hinges for the desired tools
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Step 1: input

The system converts a photo of origami to a 2D origami pattern for post-processing.
Users manually prototype, assign colors (mountain, valley, boundary), and take a photo.
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Step Z2: Simulation anad form-finding

Constraint Components Integrated Solver

CMesh
RigidOnigami !

CMesh

g Constraints
FoldSpeed

Rigidity

Push Button to Fold

Residual

Massags

' : 003 )
1001

Push SButton to Unfold

Push Button to Reset

Solver: On

Rigid Edge Mode:On

oo

SolutionSpaceD

Hat Panel Mode: On
180 Fold Blocking Mode: On

Grab Mode: On

Conetraint Mode: On

Record Mode: On

ﬂ Clu;VerEj

Developahle] MirrorSymmetr
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Step Z2: Simulation anad form-finding

BO00RQCINRRRBIOIPNI KLNOP

Perspective |v

The system simulates the folding transformation.
However, this “‘chair’ is bad as a chair.




04

Step Z2: Simulation anad form-finding

Backrest leans too much

Not symmetry

\

Seat not horizontal

' /
' / Two edges do not touch each other
Edges floating from the ground
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Step Z2: Simulation and form-finding

a OnPlane @ GlueVertices e Developable
. 07w
java Sk
o
" S < ‘.

FixFoldAngle G MirrorSymmetry

¥\

el

70°

Users put constraint components to solve issues.
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Step Z2: Simulation anad form-finding

Constraint Components Integrated Solver

CMesh CMesh
d Constraints [ RigidOrigami |

>
FoldSpeed u:?\ Residual
Rigidity

> 003 ",
100D

Massage

Push Button to Fold

Push Button to Unfold

PrevlewCMeq‘

Push Button to Reset

Solver: On

Rigid Edge Mode:On

r

Flat Panel Mode: On
180 Fold Blocking Mode: On

Grab Mode: On

Constraint Mode: On

O
(@]
L
~
©
o
2
H
1
| O
W

Record Mode: On

—
£ -
" £ s
o 0 [
= = | S
v N -~ L =

J v =
gl g = 3 G
) | R @

-

’v‘; | x
c
o |
Wl
A
(&)

Constraints are connected to a Solver.
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Step Z2: Simulation and form-finding

@00QRQ0P«RBBRBICIS I KLIOP

Perspective [v

The system automatically finds a shape satisfying constraints.
Users can also manually modify 2D or 3D shapes, while preserving constraints.
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Step 3: Fabrication

Integrated Solver
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Step 3: Fabrication

Offset Hinge , :
8 Single Hinge
Laser Cutting
3D Printing
3D Printing pEER(ONlG
Finger Joint .
& Double Hinge
Laser Cutting — ‘ 72 S S D Gt O
3D Printing — é.)/
™ @ G,

Tapered Hinge

3D Printing

The system assigns hinges considering the thickness, folding angle, and fabrication tool.
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Step 3: Fabrication

G000 =BBBBIOISMI XKL D

Perspective |»

Users can try different hinge structures for the same pattern.




Other Functions
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Tessellation between two surfaces

A\
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Given two offset surfaces, the system generates a pattern between them.
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L ampshade

The pattern was automatically generated from the offset surfaces.

The shape satisfies rotational symmetry.
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Generalized Ron Resch pattern

Given an arbitrary polyhedral mesh, the system generates an approximated pattern.
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Mask

The pattern is automatically generated from a mesh covering a face.




CRANE

with A-POC ABLE ISSEY MIYAKE



© A-POC ABLE ISSEY MIYAKE



project

© A-POC ABLE ISSEY MIYAKE



April 2023, in Milan, Italy
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Conventional design procedure
Forward design
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The procedure enabled by Crane
Inverse design

Salone del Mobile Milano 2023 at ISSEY MIYAKE / MILAN, © A-POC ABLE ISSEY MIYAKE
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Salone del Mobile Milano 2023 at ISSEY MIYAKE / MILAN, © A-POC ABLE ISSEY MIYAKE



INere are many . iapscation papers-published ih CHP everyyear;

but we are proud of our paper applied to the REAL design and industry.



Conclusions



@ Simulation and form-finding phase

G Fabrication phase

R Folding Simulation

Geometric Constraints

é MirrorSymmetry

Form-Finding

/

/ 3z
/,,,’ e’ ’(/ ’ "."
,”// : e - E //"
I” T / e A" /’.
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OnPlane

FixFoldAngle

etc.

Crane is a seamless design platform for design and fabrication of origami product
allowing for input, simulation, form-finding, and panel thickening.



Crane Is open-source

e # github.com

food4rhino.com

ﬁ fOOd [‘_ R h i n 0 O Product Solutions ~ Open Source Pricing Signin  Signup

EVENTS SUPPORT

crane Notifications Fork 278

Issues 56 1 Pull requests is sions ») Actions Projects 1 Security Insights

g i) & . -~ m P 22 o Go to file Code ~ About
Rhino Certifications and Exams ;
Are you looking to become a Certified Rhino Specialist? | Crane is a FinOps Platform for Cloud
Click here for more info S g 3 Q gmhu Merge pull request #673 fro ebear009/error O 917 Resource Analytics and Economics in
= ° Kubernetes clusters. The goal is not only
B .githut help user to manage cloud cost easier
ut also ensure the quality
. | . B LICENSES b s0 ensure the quality of
f aisut applications. httg
B cmd
V Crane is a Grasshopper plugin to design origami products.
B deploy
Designing foldable products with rigid folding motion is difficult for designers, architects, and researchers := ”
who are not origami experts. Crane is a powerful tool for not only such people but also origami experts. B
This software focuses on design, rigid folding simulation, form-finding, and fabrication for R
origami, Because Crane Solver is a hard constraint solver, it can precisely simulate a rigid folding motion and form-finding B examples
with geometrical constraints like Freeform Origami [1){2)
Downloads B hack
Developer 15686
Bz}
( . ) -
Kotaro Tanimichi ( ) e [
How to Install Crane i}

- Using PackageManager (Rhino7 only)

golangciyam

CODE_OF_CONDUCT.md

License
CONTRIBUTING.md
Releases 9o
Dockerfile
\\\\\\\\““""”,”" )
l Makefie
| -
README.md
. > Packages 4

Food4Rhino GitHub
https://www.food4rhino.com/en/app/crane https://github.com/gocrane/crane
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An Integrated Computational Design Platform for Functional, Foldable, and Fabricable Origami Products
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Origami-inspired Computational Fabrication

Pop-up Print Crane Inkjet 4D Print
ACM UIST 2020 ACM TOCHI (CHI) 2023 ACM TOG (SIGGRAPH) 2023



Inkjet 4D Print

Self-folding Tessellated Origami Objects by Inkjet UV Printing

Koya Narumi®, Kazuki Koyama®, Kai Suto, Yuta Noma, Hiroki Sato, Tomohiro Tachi, Masaaki Sugimoto, Takeo Igarashi, Yoshihiro Kawahara
The University of Tokyo, Nature Architects, Inc., Miyagi University, Elephantech Inc. (* joint first authors)
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Any Polynedron is Folaaple

Y Or gamaer M= E3
File System Model Tool Yew

o0 193152 fps &4.5682 [ 1 ]

In 2017, Demaine and Tachi proved that any polyhedron is foldable from a sheet of paper [2].

| 1] Tachi, Origamizing Polyhedral Surfaces, TVCG2010. [2] Demaine and Tachi, Origamizer, SoCG2017.
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Any Polynedron is Foldable
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In 2017, Demaine and Tachi proved that any polyhedron is foldable from a sheet of paper [2].

| 1] Tachi, Origamizing Polyhedral Surfaces, TVCG2010. [2] Demaine and Tachi, Origamizer, SoCG2017.
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Sut Origami Takes So Long Time

Software generates the pattern in seconds, but manual folding sometimes takes tens of hours.

| 1] Tachi, How To Fold a Bunny, 2009. https://voutu.be/GAnW-KU?2


https://youtu.be/GAnW-KU2yn4
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Possible Solution: 4D Printing for Self-folding

Everyone can print self-assembly structures
with low-cost and desktop 3D printers.

4D printing achieves a self-folded 3D shape by time-dependent shape change (+1D).

[ 1] An et al,, Thermorph, CHIZ2018.
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Prior 4D Printing is Not Enough for Origami

independent hinge

Prior 4D Printing [ 1] What origami researchers want
Number of facets 26 4299
Hinges Independent Dependent
Hardware FDM 3D printer 27?7

[ 1] An et al,, Thermorph, CHIZ2018.



Inkjet 4D Print

Self-folding Tessellated Origami Objects by Inkjet UV Printing
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nkjet 4D Print: Overview

Inkjet Printing Heat-shrinkable sheet + UV Ink Self-folding
by commercialized UV printer with origami patterns by 70 °C heat
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°rinciple
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Shrinkage of the heat-shrinkable sheet is constrained by the black ink layers.
By changing the gap width, folding angle is linearly controllable.
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Earth

We can achieve colored texture as well as shape in one process.




Software &
Design Examples
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oftware Qverview
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Our GUl'is implemented on Rhino/Grasshopper,
with a visual programming environment and a CAD visualizer.
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Name 3D model 2D model 2D photo 3D photo

2D origami size
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Name
2D origami size

3D model (input) 3D model (origami) 2D photo 3D photo
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Resolution

Edge length /

We defined the resolution by the edge length / of Ron Resch patterns.
Then, the practical folding resolution was 7/=3.0 mm.
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Resolutl
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We defined the resolution by the edge length 7 of Ron Resch patterns.
Then, the practical folding resolution was /= 3.0 mm.
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Resolution

5Cm

Our current setup allows for at maximum an A2-sized sheet with at minimum 3.0 mm edges.
This means 88,008 self-foldable facets, which is>1000x more facets than prior 4D printing.
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Comparison: Complexity

Conventional 4D Printing [ 1] Inkjet 4D Print
Hardware FDM 3D printer Inkjet UV Printer
Number of facets 26 4,299 (> 150x than ever)
Max number of facets 69 80,008 (> 1200x than ever)

[ 1] An et al,, Thermorph, CHIZ2018.
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Comparison: Support Materials and Speead
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FDM 3D printing [1]

Conventional 4D printing

Inkjet 4D Print

[1]
Support material
: 65 ¢ 0g 0g
consumption
Printing time 8h 47 m Th12m 0h 26 m (1/20 of 3D printing)

[ 1] An et al,, Thermorph, CHIZ2018.
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-asnion ltems

Fashion item Real image, human-scale

(((L UV/

Inkjet 4D Print achieves complex shape and colors at the same time.
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A Ship in a Bottle

Inkjet 4D Print achieves self-deployment even with a limited human access
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Nnteractive Postcara

Interactive postcard
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Inkjet 4D Print achieves interactive and encrypted message.




Conclusions



150
Summary

@ 2D patterns G Inkjet UV printing @ Printed sheet G Self-folding by heat ﬂ 3D object

@ 3D model

Inkjet 4D Print enables:

1. Self-folding of complex origami patterns with thousands of facets;
2. Printing 20x faster than 3DP, without material waste, in a small volume;
3. Asingle printing process achieves both shape and texture.
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What is Computational Fabrication?

A Definition of “Computational Design"”

A general definition:

Computational design is a paradigm in which design problems are formulated
mathematically and solved by computational techniques. ‘

A more focused (narrower) definition:

Computational design is a paradigm in which design problems are formulated
as optimization problems and solved by computational techniques.

~ fp,
-

Computational Design [1] Digital Fabrication

Computational Fabrication refers to fabrication of ‘computationally designed objects”
under the constraints of real tools, materials, and structures.

[1] Yuki Koyama, Introduction to Computational Design, CHI 2021 Courses.
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Origami-inspired Computational Fabrication

Pop-up Print Crane Inkjet 4D Print
ACM UIST 2020 ACM TOCHI (CHI) 2023 ACM TOG (SIGGRAPH) 2023



Origami-inspired Computational Origami Fabrication | Koya Narumi
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Today's topics

Video-shooting environment

| like to take videos in the same environment as photos.

Video examples from my videos

Six video tips from my past videos.

Other video examples
Let's check other great videos.
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“Interesting and unpublished” is equivalent to "non-existent.”
— George Whitesides
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Let's publish your achievement effectively and beautifully.



Next Week

Invited Talk 1: Conducting Al Research on High-Performance Computing (HPC) Systems
Yoshiaki Bando (AIST)






