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From 3D Printing 
and Personal Fabrication 

to Personal Design
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Today

• Personal Fabrication: Concepts and tools

• Fab Labs

• Personal Design and HCI



media computing groupCTHCI — Jan Borchers

The 3rd Digital 
Revolution?
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Source: Gershenfeld 2010
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lossless 

fast 

cheap
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Personal Fabrication (Fabbing)

• Personal, digital fabrication of goods

• Personalizable to individual needs unlike mass-market products

• Largely missed by corporate world until now
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Lasercutter
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If you’re looking for a CNC solution for production that delivers high performance, 
high volume, speed and reliable power for all cutting tasks, ShopBot’s PRSalpha 
series of full-sized gantry tools will be your system of choice. 

With enough production capability for a three-shift factory, ShopBot PRSalpha 
tools are our toughest, most sophisticated, gantry-based CNC routers. Using 
advanced technology for CNC cutting, drilling, carving and machining, the 
PRSalpha series tools deliver rapid transit speeds of 1800 inches per minute and 
cutting speeds of up to 600 inches per minute. Easy to configure and re-configure, 
learn and use, the PRSalpha CNC delivers affordable, full-production performance 
in digital fabrication of wood, plastic, aluminum, and other materials.

Traditional shop-size and larger. 
ShopBot builds CNC gantry tools in many sizes to suit the varying needs of 
manufacturers: 96 x 48, 96 x 60, 120 x 60, 144 x 60. Give us a call to discuss  
your production needs. We’ll help you to choose the right tool to get the job done. 

Call to order your Full Size
Shopbot CNC router.  888-680-4466 ShopBotTools.com

Full Size Gantry Tools

CNC Router
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Fruit bowl
by Jakob Henke
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Four Stages 

• Fab 1.0: Expensive digital machines on dumb materials

• Fab 2.0: Easily replicated machines that make (MTM)

• Fab 3.0:, 4.0: Smart, self-arranging (replicating?) materials

20



Fab Lab Utrecht



makeyourbot.org
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Physical Literacy

• Correcting historical error (“liberal arts” excluded making stuff)

• Reunite arts and artisans, creator and consumer
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Impact on Society
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Source: hackaday

http://www.bbc.co.uk/news/technology-22423883

http://www.bbc.co.uk/news/technology-22423883
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Fab Labs

• Free, open access

• Teach “revolutionary” skills

• Community based

• 432 around the world (240 in Europe)

• Fab Lab Aachen: Germany’s first

• http://fablab.rwth-aachen.de
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http://fablab.rwth-aachen.de
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Source: Gershenfeld 2010
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Personal Fabrication Enables New 
HCI Design/Research/Teaching 

Practices
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http://weatherella.wordpress.com/

http://weatherella.wordpress.com
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Personal Fabrication Requires New 
User Interfaces
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Jan Borchers, RWTH Aachen University: Personal Design

Reprap 3D printer
$40.000 ➙ $400

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


Jan Borchers, RWTH Aachen University: Personal Design
Altair: $397 (1975)

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

The VisiCalc of LaserCutting 

Open-source, free 

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

http://hci.rwth-aachen.de/borchers
http://hci.rwth-aachen.de/visicut
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FINAL PROTOTYPE
Turntable + Rotating Laser

4Francis Engelmann - FabScan: Affordable 3D Laser Scanning of Physical Objects 

Rotating 
Laser

Stable box 
with Cover 

+ Lights

Thursday, September 22, 2011

$110 hc
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FabScan (RWTH)

Jan Borchers, RWTH Aachen University: Personal Design

hci.rwth-aachen.de/fabscan 

http://hci.rwth-aachen.de/weatherella
http://hci.rwth-aachen.de/borchers
http://hci.rwth-aachen.de/fabscan
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FabScan + 3D Printer  
= Replicator

Jan Borchers, RWTH Aachen University: Personal Design

http://hci.rwth-aachen.de/weatherella
http://hci.rwth-aachen.de/borchers
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FRONT: Sketching Furniture (2007)
Jan Borchers, RWTH Aachen University: Personal Design

http://hci.rwth-aachen.de/borchers
http://www.youtube.com/watch?v=8zP1em1dg5k
http://hci.rwth-aachen.de/borchers
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Cassius Lamp 
(AEC ’09)

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


hci.rwth-aachen.de/borchers

Sketch Chair  
(Greg Saul, 2010)

Jan Borchers, RWTH Aachen University: Personal Design

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

Furniture

Replacement parts

Consumer 
electronics

Weapons

WHAT?

(Copyrighted)  
Toys

Small-market gadgets

Art

Prosthetics

45
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Gesture

Touch&Haptics

AI, Assistants, Templates

Parameterization

Download/Query

3D Scan

HOW?

CAD
Crowdsourcing

46
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Personal Design vs. Personal 
Fabrication
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Local Design Outsourced 
Design

Local 
Fabrication

AutoCAD
+RepRap

Thingiverse

Outsourced 
Fabrication

Shapeways Traditional
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HCI Research Topics

• Tools for HCI Research

• Examples: SLAP, Madgets, Pneumatic Displays (CHI 2009)

• Software for Fabrication

• 123D Make (Autodesk)

• SketchChair.cc (Igarashi)

• New Interactions for Fabrication (beyond CAD)

• FreeD

• Constructables

48
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D-Coil: A Hands-on Approach to 
Digital 3D Models Design

• Huaishu Peng,  Amit Zoran, and François V Guimbretière, CHI 2015

• Handheld actuated extruder device knows 3D model, uses wax 
coiling to bring tangibility to the design

49
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Interactive Construction
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• Stefanie Mueller et al. 
(HPI), UIST 2012 
(youtu.be/8g3LaF9oVFY)

• Use laser pointers to 
draw on material, 
lasercutter cuts 
interactively

 

Interactive Construction: 
Interactive Fabrication of Functional Mechanical Devices 

Stefanie Mueller, Pedro Lopes, and Patrick Baudisch 

Hasso Plattner Institute, Potsdam, Germany 
{stefanie..mueller, pedro..lopes, patrick. baudisch}@hpi.u.ni-potsdam.de 

 

 

ABSTRACT 
Personal fabrication tools, such as laser cutters and 3D 
printers allow users to create precise objects quickly. How-
ever, working through a CAD system removes users from 
the workpiece. Recent interactive fabrication tools reintro-
duce this directness, but at the expense of precision. 
In this paper, we introduce constructable, an interactive 
drafting table that produces precise physical output in every 
step. Users interact by drafting directly on the workpiece 
using a hand-held laser pointer. The system tracks the 
pointer, beautifies its path, and implements its effect by 
cutting the workpiece using a fast high-powered laser cutter. 
Constructable achieves precision through tool-specific 
constraints, user-defined sketch lines, and by using the laser 
cutter itself for all visual feedback, rather than using a 
screen or projection. We demonstrate how Constructable 
allows creating simple but functional devices, including a 
simple gearbox, that cannot be created with traditional 
interactive fabrication tools. 
Author Keywords: interactive fabrication; laser cutting; 
rapid prototyping; sketching; construction; mechanics. 
ACM Classification Keywords: H5.2 [Information inter-
faces and presentation]: User Interfaces. - Graphical user 
interfaces. 
General Terms: Design; Human Factors. 
INTRODUCTION 
Rapid prototyping/personal fabrication tools, such as 3D 
printers and computer controlled milling machines help 
users create one-off prototypes rapidly. 
The process places CAD software at the front-end to per-
sonal fabrication tools. The use of CAD provides three 
main benefits over traditional woodworking tools, such as 
saws and wood chisels: (1) Fast interaction, it is generally 
faster to describe what to do to a software program than to 
operate an actual mechanical tool. (2) Trial-and-error: 
Users can undo mistakes and even selectively correct flaws.  

 
Figure 1: (a) Constructable users interact by drafting 

directly on the workpiece with hand-held lasers. 
(b) Here the user sketches a finger joint across two 

objects (c) The system responds by cutting the desired 
joint using the cutting laser. (d) Constructable allows 

creating precise & functional mechanical objects, 
such as this simple motorized vehicle. 

(3) Precision: constructions aids, such as constraints allow 
users to precisely manufacture pieces that can perform 
mechanical functions. 
On the flipside, the transition from traditional tools to per-
sonal fabrication tools means that all editing is now done 
on a computer screen, which removes users from the 
workpiece and prevents users from refining their design 
interactively along the way [31]. 
Interactive fabrication 
Interactive fabrication systems address this by letting users 
once again work directly with the workpiece [31]. 
CopyCAD [8], for example, allows users to draw on the 
workpiece. 
A key element of interactive fabrication systems is that 
they provide output to users not at the end of the process, 
but after every editing step (e.g., Shaper [31]). This allows 
users to (1) validate their designs earlier and (2) build sub-
sequent work steps on the result of earlier steps. The related 
work suggests that this offers value to artists and designers 
[31], as their creative process is often inspired by seeing the 
partially completed workpiece. We argue that similar bene-
fits can be achieved when working on technical projects. 

Permission to make digital or hard copies of all or part of this work for 
personal or classroom use is granted without fee provided that copies are 
not made or distributed for profit or commercial advantage and that copies 
bear this notice and the full citation on the first page. To copy otherwise, 
to republish, to post on servers or to redistribute to lists, requires prior 
specific permission and/or a fee. 
UIST’12, October 7–10, 2012, Cambridge, Massachusetts, USA 
Copyright © 2012 ACM  978-1-4503-1580-7/12/10...$15.00. �
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http://youtu.be/8g3LaF9oVFY
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• “People doing strange things with 
electricity”

• International network of people doing 
interactive art and electronic hacks

• We launched the Aachen dorkbot 
chapter in 2009

• Meetings every 3rd Wed of the 
month, here (room 2222)

• dorkbot.de 
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Tomorrow 

19:00-23:00  

Room 2222

http://dorkbot.de

