An Internet of Custom-Made Things:

From 3D Printing and Personal Fabrication
to Personal Design of Interactive Devices

Prof. Jan Borchers
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|. Interactive 3. Mobile Interaction:

Surfaces: locative gaming, 3D

tangibles on tabletops, audio VR, nomadic apps,
actuation, haptic instant user interfaces

feedback, nonplanar
surfaces, hybrid 4. Gestural
documents, 3D tabletops Interaction:

conducting music,

2. Navigating Media: shadowplay interaction
- video nawgatlon canvas

+ . '-. - -.:: :.‘.. '...t L .-'.-.‘ ‘.; Sl .. .
=~ -): A:!.I_q‘ _-\—{ " ,’ ] v oL ," LS ‘: , 2 L .‘_ R . A i

=1




O) O
mu
o 0O
ur
o O
-
-
o



http://hci.rwth-aachen.de
http://hci.rwth-aachen.de

The 3 Digital




en.wikipedia.org/wiki/File:Eniac.j

s aan b b annn
R

«
L
-
-
-
-
P »
-
-
L
.
»

- 3
.
L
LA
. 3
.
LR
L
L
L
. -
LR
L
L
, -

PrAT RS RO NN

e o ,
. Tk _

~ Borchers; Personal
).:}6. " "2 ~: -

- B e -



http://en.wikipedia.org/wiki/File:Eniac.jpg
http://en.wikipedia.org/wiki/File:Eniac.jpg

3dl'4yz0o | dew 3suasau:a|i4/pm/3a0 eIpadpjim ud

7

ign

Personal Des

2500007
PN I
Borchers







y...l.
y

an/jim/3ao-eipadpiim us « 3d[-a119s583108dWOD):3|14/1|IM /310 BIPSWID|IM SUOWIWOD o E...
.

[J[][poBY B:-C NR



http://commons.wikimedia.org/wiki/File:Compactcassette.jpg
http://commons.wikimedia.org/wiki/File:Compactcassette.jpg
http://en.wikipedia.org/wiki/CD
http://en.wikipedia.org/wiki/CD

lossless




en.wikipedia.org/wiki/File:Sinclair_ZX81.jpg

Borchers: Personal Design ||




~
O
(a0)]
o
N
S
N
(o]
Vo)
<
o™
~
()
—
0
=
(7]
(o}
o
o
<
o
~
£
(0]
(8}
[
-~
o
o=

Borchers: Personal Design



http://www.flickr.com/photos/bre/3458247336/
http://www.flickr.com/photos/bre/3458247336/

:
W~

t'g)s/bre/56l 1086130/

t*'.c_om/ﬁho

i
N1

- '_-1

orchers: Personal Desig \“ |3

Thires LA St~


http://www.flickr.com/photos/bre/5611086130/
http://www.flickr.com/photos/bre/5611086130/




tablab.rwth-aachen.ds

fablab.rwth-aachen.de



http://hci.rwth-aachen.de/weatherella
http://hci.rwth-aachen.de/weatherella

L —
@P—— - ". - - . »
. ' e — 5
o
’ o
v -
- E
0
«
0
o
-
.O
L J

waﬁ'oagg‘w Borchers: Personal Design 16


http://hci.rwth-aachen.de/weatherella
http://hci.rwth-aachen.de/weatherella

UNl@é?HW '

Borchers: Personal Design

1)
<
c
@
<
=
&
¢
g
a
i)
e
=

|7


http://hci.rwth-aachen.de/weatherella
http://hci.rwth-aachen.de/weatherella

/

wod sAkemadeysg

’. o
0.. \.: .w,x\ %
: { P.. \.* 45

3 - 4 N
02sIDUBI UBS YSS(OINY x

Iy Auueq / wodu

sl
" 7
\\ \w r ...LNP . .
. (

- »
v
PAEY
. \ X
‘a , ’

j

Y

N
()
=

:



http://www.flickr.com/photos/bre/5611086130/
http://www.flickr.com/photos/bre/5611086130/
http://www.flickr.com/photos/bre/5611086130/
http://www.flickr.com/photos/bre/5611086130/
http://www.flickr.com/photos/bre/5611086130/
http://www.flickr.com/photos/bre/5611086130/
http://fablab.rwth-aachen.de
http://fablab.rwth-aachen.de

YA qeIqe)

19

e
.20
(%]
Q
O
<
=
o)
(%]
LS
0]
(a1
.
1
0]
<
&
(a8]



http://fablab.rwth-aachen.de
http://fablab.rwth-aachen.de

UNI@E\?HW





http://hci.rwth-aachen.de/weatherella
http://hci.rwth-aachen.de/weatherella

Borchers: Personal Design 22




B e U1
////N\\y' t
—_— T e -

o
=
c
@
=
(9}
&
¢
=
g
a
L
a
<

UNI@Q?W 4 Borchers: Personal Design


http://hci.rwth-aachen.de/weatherella
http://hci.rwth-aachen.de/weatherella

Borchers: Personal Design 24







O ORGSR

thingiverse.com/thing:591
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Fab Labs

® Free access to personal
fabrication tools
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Source: Gershenfeld 2010
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RWTH Master Class

fablab.rwth-aachen.de‘

Re P Rap (Bowyer 2008)

T
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expansionarytimes.wordpress.com/2008/06/ | | /reprap-open-source-machine-prints-3-d-objects-including-copies-of-itself/
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Genetic Building Block — Digital Inverter
Ron WVeiss, 4‘ >O,
BioEng, MIT 1 ’

input protein output protein
(repressor)

Transcription /
Translation

J
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Four Stages!?

® Fab |.0: Expensive digital machines on
dumb materials

® Fab 2.0: Easil S I.Cated |||aCh.||e that
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e 0o Lego Compatible Disc Buttons by clothbot - Thingiverse
| < > _l + & hutp://www.thingiverse.com/thing: 1005 | Reader Nl (o8

Thingiverse is a place to share digital designs that can be made into real, physical objects. Let's create a better universe, together! | # UPLOAD A THING

Lego Compatible Disc Buttons

How do you make a great idea like Makerbot-printable (clothing)

< Created by buttons better?

A\ clothbot

Created on Sep 13, 2009 Why, make them Lego Compatible! Naturally.
Featured on Sep 14, 2009 Update 2009/10/04: In the design files, the knobs are Smm in
diameter. | remeasured my source Lego disc after getting back
some Shapeways test prints and the Lego knobs are actually
closer to 4.8mm in diameter. | lucked out with my MakerBot
printed buttons; shrinkage brought them down to about 4.9mm
in diameter. The Shapeways printed versions are more
accurate, 5.00mm diameter, +/- 0.05mm. There's enough give
in the plastic matenals for them to still fit regulation size' lego
blocks, but the metal one was simply 100 wide a diameler.

Update 2009/11/07: I've been playing around with OpenSCAD
(http://www.openscad.org/) and came up with the attached
DiscButton_20091107 variation. | even added bottom *sockets"
to this vanation. It's almost too easy when it's all code!

Disclaimer: LEGO is a trademark of the LEGO Group and these
explorations are in no way associated with LEGO Group. Heck!
The files are CC-icensed; nothing to stop them embracing and

extending it themselves if they so chose! ;-)

Kl Like (f')

Sort By “ Date Popular Fie Type -
Instructions ADVERTISEN ENT

DiscButton.stl 0. Download the STL. R prints four buttons
~ 2mb /361 downloads / 2 years ago

-r
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Make awesome stuff.

Flat is boring. Capture your world in 3D with

free Autodesk 123D apps.

-» Meet the 123D Apps

123D Catch

Design stuff you really want Automatically convert
to make, send it straight to a ordinary photos into

3D printer. extraordinary 3D models.

RWTH

123D Sculpt 123D Make

Shape and paint digital clay Transform 3D models into a

into amazing 3D sculptures pattern for assembling real
on your iPad. artful creations.

Borchers: Personal Design 48




g



http://hci.rwth-aachen.de/weatherella
http://hci.rwth-aachen.de/weatherella




VisiCut

® TheVisiCalc of LaserCutting



http://hci.rwth-aachen.de/visicut
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- VisiCut
Full Preview ( Cutting Preview ) Zoom: 17 ![2) Capture Foto Laser Cutter
Preview —
) Epilog ZINC @ <
L Fablab
Material
5 A
Acrylic Class -
Total Height
3.0 mm
Dimensions
600 x 300 mm
Mapping

Engrave @

Estimated Time:

( Custom )

100:08:10

( Calculate )

( Execute ) :




Cassius Lamp
(AEC '09)

unGERSHY j



Sketch Chair
(Greg Saul, 2010)
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hing Furniture (2007)



http://youtu.be/8zP1em1dg5k
http://youtu.be/8zP1em1dg5k

FreeD:
A Freehand Digital Sculpting Tool

® Amit Zoran, Joe Paradiso (MIT), CHI 2013 (vimeo.com/59826043)

® Handheld milling device knows 3D model, constrains sculptor to
avoid, e.g., carving too deeply

A



http://vimeo.com/59826043#
http://vimeo.com/59826043#

Milling bit Magnetic sensor

| !

Handle (on a linear bearing)

The fabricated object

The FreeD tool 3D model

ZX2 e Spindle

[
l
Desktop 4 MMTS

Grasshopper Control PCB

Motion tracking Polhemus FASTRAK
sensor
Polhemus FASTRAK
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Interactive Construction

® Stefanie Mueller
et al. (HPI), UIST

2012 (youtu.be/
8g3LaF90oVFY)

® Use laser pointers
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3D Scan

Al, Assistants, Templates

Crowdsourcing
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Personal Design vs.
Personal Fabrication

Local Design Outsoyrced
Design
.. AutoCAD —
Local Fabrication . Thingiverse
Outsourced i
Fabrication Shapeways Traditional

untERSHY
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Research Topics

® TJools for HCI & Ubicomp Research
® Examples: SLAP, Madgets, Pneumatic Displays (CHI 2009)

® Software for Fabrication

® 123D Make (Autodesk)
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FINALLY, A
THAT EVERYONE CAN USE

WATCH VIDEO ©

BUCCANEER™
S347 Fully Assembled
Shipping Dec 2013

" PRE-ORDER —— . ‘
U\ ON KICKSTARTER

d 2.4k W Tweet 490
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For Permanent Storage

Personal Fabrication: the 3rd digital revolution
3D Printer, Lasercutter & Co.: lossless — fast — cheap
Personal Fabrication & Copyright, gun control,...

Fab Labs: hands-on Personal Fabrication
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