
Take a break and enjoy your holiday time;)



Announcement
Final Exam – 

 Date: Fri, Dec. 13, 4pm - 6pm

 Location: Online

 Open book: laptop and digital material – Yes; Chat/ChatGPT/LLM based tools – No

 Final Milestone Presentation – 

 Date: Dec 9th 3:30pm - 5:00pm (Be there at least 15 min ahead of time to setup your ‘booth’)

 Location: Sandbox

 Live Demo! Bring your setup to Sandbox early, and prepare to give a live demonstration, walkthrough key features/iterations you’ve
made throughout the semester.

Final Milestone Summary  – 

 Date: Dec 15 EOD （Sun)

 Format: 2 options.

  1) Online https://www.hackster.io/smartlab/projects with Documentation + simple video.

  2) UIST paper format. https://uist.acm.org/2024/author-guide/

 More details on ELMS.

Team Eval Survey – 

  Date: Dec 15 EOD

 https://forms.gle/TtPvygMeq9VXvVPs5 

 

https://www.hackster.io/smartlab/projects


Personal Fabrication
CMSC730 | Huaishu Peng | UMD CS



Industrial 3D Printer



The Economist (Cover)

Long-term vision
(1) Everyone can design and customize everyday objects.
 



The Economist (Cover)

Long-term vision
(1) Everyone can design and customize everyday objects.
(2) A personal fabricator will construct both its appearance and functionality.



# Design 3D digital models is difficult



What are the drawbacks of CAD design tools?

Implicit design commands
Complex interface
No fast physical feedback (intimacy between the designer and the raw material)



?

Input: 3D digital model Output: 3D clay model





Rivers et.al. from MIT
2012



Structured light 3D scanning

Compare the scanning result with the 3D digital model

Differences are projected at each step with green/red colors



Limitations of this light guidance idea?
Turn-taking (scan at each of the ‘step’)
Would be hard to do with other material such as wood/foam (because there is no additive process for such material)

Possible solutions?



Zoran et.al. from MIT
CHI 13 and UIST 13







Tracking: 6DOF Magnetic tracking

Control: stop milling at the edge of the digital model

Control can be overridden with manual control

What can this do that the 
previous project cannot?



Manual override



Physical merging

user can manually switch between 
different reference virtual models during the work



What if we have no digital model at the beginning? 
What if we hope to design a 3D model from scratch?



Peng et.al.
CHI 15



Hand grip

Magnetic tracker

Motorized direction actuator





3D modeling with no CAD interface

No CAD Interface
No implicit building commands

Constant tangible feedback



Compound model

Model with 
branch structure

Copy & paste



D-Coil

No CAD interface
Digitalization

Slow in building speed
Not for CAD users



What if we can have a system for CAD users 
but with timely physical feedback?

Hours of delay



Hours of delay





Peng et.al.
CHI 16



3D modeling while 3D printing



3D modeling while 3D printing

Design + print from scratch < 10 min

The user can focus on digital design

The user can check physical prints early on



To support design and fab in parallel
our machine should be able to

print fast
print incrementally
make subtractive changes



To support design and fab in parallel
our machine should be able to

print fast
print incrementally
make subtractive changes

(to catch up the CAD design speed)



A pair of mist cooling nozzles

Extended extruder tip



To support design and fab in parallel
our machine should be able to

print fast
print incrementally
make subtractive changes

(to avoid reprint every time)



Rotational rail (B axis)

Rotational rod (C axis)



To support design and fab in parallel
our machine should be able to

print fast
print incrementally
make subtractive changes (to reflect digital editing)





To allow the designer to focus on the design
our software should be able to

print new primitives automatically
solve potential collisions



design new 
primitives in CAD

slicer: solid model 
to sliced model

next to print printing queue

optimize 
printing angle

g-code file

print physical 
preview

current print is done

Software Workflow

optimize printing order
Relaxing printing orientation | Out of order printing | Omitting geometries



Aircraft

Candelabra

Teapot

Bird’s nest stadium

Lamp

Dinosaur

Panton chair

Vase









In-situ Design and Fabrication



Peng et.al.
CHI 18



AR headset

AR controller
Rotating platform

Robotic 3D printer





Printing using the wireframe structure
Design and fab happen in parallel



Step into the 3D printer



Using the user’s body as design reference



Using partially printed model to support 
next design step



Design and fabrication directly 
ON a physical object



Proxemics-based 
interaction



Proxemics-based 
interaction

User touches
 and rotates

Robot parks 
automatically



Proxemics-based 
interaction

User leaves the 
design scene

Robot takes
 control of the platform



Design on an object





Adding and removing material is still very slow
Can we directly reshape the material?



Formative manufacturing

Additive manufacturing

Subtractive manufacturing



Mueller et.al.
TEI 19



Selectively heat the material

Directly manipulating the area with gestures



Limitations
Slow heating process
Limited expressiveness

How to further improve the system?



What if we can generate physical models in seconds?



What if we can generate physical models in seconds?

Fast shape changing speed
But only 2.5D
And it’s not detachable



UIST 18
Suzuki et.al.



For an already printed 3D artifact, can we still “edit” it?



Teibrich et.al.
UIST 15





Besides physical "editing," what are its other potential uses?



Reducing material (plastic) waste;)

Sustainable making has rapidly emerged as a significant 
research interest among technical HCI researchers, 
particularly with the growing democratization and 
accessibility of digital fabrication tools.

But what’s the flip side? As we democratize making, we are 
also inadvertently democratizing the creation of waste.



Some of the current explorations to mitigate this issue



Wall et.al.
CHI 21



The main idea of this work is to reduce the infill by using scrap
materials lying around us



The main idea of this work is to reduce the infill by using scrap
materials lying around us



Wall et.al.
UIST 23



The main idea of this work is to reduce the supporting structure by
using existing objs around us



The main idea of this work is to reduce the supporting structure by
using existing objs around us



Some of the current explorations to mitigate this issue

- Reduce the material usage
- New material



Rivera et.al.
DIS 23





Rivera et.al.
DIS 23

Nicolae et.al.
UIST 23







Some of the current explorations to mitigate this issue

- Reduce the material usage
- New material

Zoom out:

Throughout your own making and prototyping practices in this semester,
>Where do you see waste happens?
>What are things we can do?
>At what cost?



Have a good break;) I will see you next Monday.


