f3.js: A Parametric Design Tool for Physical Computing Devices
for Both Interaction Designers and End-users

= f3 _js # Edit the project © BasicInformation </» Source Code & Design Alternatives ; f3'js ¢ Get Started 2 IoT Projects & Modules

</> Source Code

Provide the source code of a microcontroller or tiny computer in JavaScript. Node.js-based computers are supported. number of LEDs (2]

Require f3js package and use its AP to design the device enclosure.

* LED blinking app for Intel Ediso

number of LEDs [1,4]
& width = 138
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» thickness = 45;
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@ show labels near adjacent edges

. i Show warnings on module interferences
. € 3js.createcontainer() 1em
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The presented system is publicly available at

http://f3js.org




Physical computing devices, everywhere
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Physical computing devices, everywnere

e Physical user interfaces (as opposed to GUI)
e Home appliances

e Smart devices

e [nternet of Things



Personal Tabrication made easy

Working prototypes

3D print in “Maker” venues ¥ rin
)
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How about device programming & assembly?
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Research questions
regarding physical computing devices

For interaction designers
« How can we support prototyping of the devices?

For end users
« How can we support personal customization of the devices?
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Preliminary observations:
ohotos of 200 devices and informal interviews
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Design patterns in Physical User Intertaces
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Coffee machine Remote for a robot Rice cooker (bottom-aligned)

Line layout

Circle layout

« 187 devices have physical user interfaces on planar surfaces
» 139 devices have modules placed along straight lines
« 51 devices have modules placed on circular paths
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NMental gap between sottware & hardware

e Designers need to imagine hardware while writing code
e “new Button()” does not infer any hardware layout
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Ditficulties in exploring design alternatives

« Expensive switching cost between two activities in two tools
e Prior efforts in either one of these (software or hardware)
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Preliminary observations (summary)

 Typical design patterns should have tool support
 Mental gap between software & hardware exists
« Comparing alternatives is crucial for good design



=
13.js: integrated support for programmers

e Live Programming with intuitive APls of features & layout
e Interactive development of loT devices in one environment

L]
= f3 .JS 4 © Basic Information </> Source Code &o Design Alternatives v = ) o 4
27 JMUVE TUL —£2, 1Y)
38 .1lineTo(-25 ,-5)
39 .moveTo(25, 1@)
40 .lineTo(25 ,-5);
41
42 // draw arc ‘
43 var thetaOffset = 25 / r;
44 var theta = ((Math.PI * 2) - (thetaOffset * 2 * numBuzzers)) / numBuzze - i
45 var n = 50; -
46 ~ for (var j = 09; j <=n; j ++) { 44 )
47 var t = thetaOffset + (theta / n) * j;
48
49 pp.lineTo(
50 Math.sin(t) * r,
51 Math.cos(t) * r - r
52 )5
53 }
20?1‘5‘716/14 £ (module) { ACM DIS '17 _ 11
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NModule repository for hardware metrics
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APls for 3D
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Partial extrusion (black lines ignored)

3D extrusion
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3.js Tor parametric design of physical
computing devices

 Typical design patterns should have tool support
 Mental gap between software & hardware exists
« Comparing alternatives is crucial for good design



=
13.js: customizing support for end-users

= f3‘js ¥ Get Started & loT Projects & Modules o«

e Interactive Uls for customization

e Automatic generation of device ———
building instructions

© Basic Information  ~ usdate

R Simple blinking LED project

One or more LEDs blink at a certain interval,

& Authors _#° = R
& Enclosure layout
Page: 1 v

P " number of LEDs (2)
; . .

E

!

L

. o wona - @K  showmodule names
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' # Building Instructions

Purchase Print & Assemble Install

Purchase hardware 2 Print out enclosure 3 Install and run the
components components program
| q
& 2 Grove LED Printer type Archive type
Laser cutter (Trotec R: ¥ TAR » 1 5
Beside the modules listed above,
‘ Labels near

the following items are needed.
B adiacent edoas ]|



User studies

e 14 teams to create physical computing devices with f3.js
e b interaction designers and 16 university students
* Intel Edison and Grove modules, acrylic panels and screws provided

e 3 interaction designers and 3 end-users with revised f3.js
e 3 interaction designers asked to create parametric designs
e 3 end-users asked to customize and assemble devices
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User studies:
results & discussions

e Creativity support environments,
not tools

e 3D vs 2D layout managers
e [nterface builders are important

e Code-centric tool complements
to 3D modeling tools

« Domain-specific language
support (like HTML)

g
D. Rhythm Game (from the third study) = D. Translator (from the second study)
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f3.js: A Parametric Design Tool for Physical Computing Devices
for Both Interaction Designers and End-users

= f3 _js # Edit the project © BasicInformation </» Source Code & Design Alternatives ; f3'js ¢ Get Started 2 IoT Projects & Modules

</> Source Code

Provide the source code of a microcontroller or tiny computer in JavaScript. Node.js-based computers are supported. number of LEDs (2]

Require f3js package and use its AP to design the device enclosure.

* LED blinking app for Intel Ediso
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