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Figure 1: Generative TuneShrooms are capacitive touch instruments designed with form-finding algorithms.

Abstract
In this Lighting Talk, we will present an approach to enable the
fabrication of generative interactive objects. The process builds
on our work called Pintegrated Circuits which enables rapid cus-
tomisation of 3D printable interactive objects which incorporate
printed circuit boards (PCBs). We combine the fabrication of fully
enclosed electronics with the development of a novel technique
for automatic routing. Our specific demonstration supports the
automatic fabrication of 3D printed TuneShrooms – mushroom-
shaped capacitive touch MIDI instruments. Through this design
and the accompanying talk we will demonstrate the development
of a domain-specific design tool and algorithm for the fabrication
of interactive objects using tools and materials readily available
to designers and makers, suggesting future application in bespoke
interactive device production in non-industrial contexts. Using Kan-
garoo Physics, a Package for Grasshopper3D, an implementation of
our platform automates the routing of non-intersecting conductive
traces through arbitrary predefined 3D meshes.
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1 Introduction
Interactive device fabrication is increasingly material-centric, as
digital fabrication tools support makers to add functionality into
the structure and materials of the device itself [3, 4, 7]. Low-cost and
increasingly accessible prototyping tools allow designers and mak-
ers to harness the precision of machines to craft functional objects
in non-industrial settings. Specifically, 3D printed electronics using
fused filament fabrication (FFF) is a well-explored avenue of re-
search which is becoming part of the tool-belt of designers [1, 6, 9].

Despite the availability of physical equipment and materials that
support fabrication 3D printed interactive devices. Specific design
tools for 3D and structural electronics are not accessible, and design
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Figure 2: Automated stages of TuneShroom design: (A) User specified curves create a solid of rotation. The user places a PCB
from the library into the design and physics based form-finding is used to (B) fan out the wires on the base plane, (C) position
non-overlapping touch pads on the cap, (D) Route traces from the contact points to the touch pads.

must therefore be done in either existing electronic or mechanical
CAD platforms, giving up crucial capabilities of the other. Attempts
to create tools that support material-centred interactive device
fabrication have beenmade, such as Capricate [9] and Pipedream [8]
which provide automatic routing between interactive elements and
connections to more conventional electronics. However, adaption
or integration into modern design tools has been slow, and as
electronics becomes more integrated into the devices themselves
avenues to adoption become critical.

These approaches introduce additional workflow steps within
standard digital fabrication processes. The increasing breadth of
expertise required to engage with these technologies forms a barrier
to adoption and interaction.

In this project we take a different approach. We create a domain-
specific design tool as a demonstration of what we imagine future
bespoke interactive process may be like. Instead of creating a gen-
eral purpose tool or building functionality into an existing model
we present the TuneShroom customizer as a stand alone parametric
platform that allows individuals to customize and create their own
interactive mushroom-shaped musical instruments. Our process
is nonetheless modular so stages of our platform could be reused
across a wide range of designs.

This approach leans on patterns from traditional passive 3D
printing, where online customizers allow non-experts and experts
alike to re-use designs and modify specific parameters [5]. This
creates an entry point for newcomers to engage with customisable
material-centered interactive device fabrication without the need to
become an expert across the domains of mechanical and electrical
design.

In this work we demonstrate a our tool for the design of custom
interactive TuneShrooms. The TuneShroom, presented in figure 3 was
designed as an example to demonstrate the Printegrated Circuits
process. In this piece and lightning talk we will present how that
design was taken from the one-off manually designed prototype to
a customizable design with in-built automated routing and contact
placement. The process harnesses physics form-finding simulations
to integrate design rules within the model itself, allowing for a wide
range of forms while maintaining electrical functionality.

2 Parametric TuneShrooms
In this section, we outline our development of a customizer for
parametric TuneShrooms, illustrating a transferable method for
integrating electronics and facilitating the automatic routing of
conductive traces within 3D models.

The design tool is structured as a Grasshopper3D definition,
leveraging the form-finding capabilities of Kangaroo Physics. This
enables the creation of non-intersecting pathways throughout the
model, allowing for efficient passage of conductive materials, such
as carbon-infused PLA.

2.1 Design
2.1.1 3D form. The fundamental geometric shape of the mush-
room is derived from a pair of curves referenced from the Rhino
CAD modeling environment. These curves are used to create solids
of revolution that define both the base and the cap of the mush-
room, guiding the entire form-finding process. By manipulating the
control points of these 2D curves within Rhino, different mushroom
forms can be easily created.

2.1.2 Embedded electronics. A library of 3D models of embeddable
printed circuit boards was created. Each file contains both the
geometric form of the PCB as well as details of the cavity needed to
support it within the print and lines that represent where they are
on the board. All PCBs in the Printegrated Circuits process must be
placed unpopulated face up [2], so inserted PCBs can be described
by a single point. The cavity for the PCB and the input USB to the
PCB is subtracted from the original base model mesh.

2.1.3 Fan-out. The highest density of conductive traces in our
model is where the conductive traces fan out from the contact pads
of the PCB. Traces need to be thinner at this point to fit them in
and avoid intersection. Thinner traces are more resistive, so we
fan out these points in the plane of the top face of the PCB, and
then, in a later step, add the thicker traces that travel through the
print. Traces from the pads of the PCB must be 1.5mm wide to
allow for a 1mm gap between adjacent pins (standard pin spacing
in PCBs). These first fan out as parallel lines from the PCB then
expand out at different angles and increase the size of the base of
the conductive tubes. This 2-dimensional fan pattern depicted in
Figure 2 is created using a simulation similar to the later 3D routing
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where traces extend outwards from the anchored contact points,
and uses collision detection to avoid overlapping traces.

2.1.4 Touch pad population. The spots on the top of the TuneSh-
room are capacitive touch pads, which serve as the input interface.
To enhance customisation options, these pads can have adjustable
sizes and positions. In our design, we populate the top surface of
the PCB with eight pads of varying sizes and placements. The pads
are defined by the intersection of spheres with the cap, with their
centres located at specific points on the surface. To ensure that the
pads do not overlap, we utilise an additional solver component with
objectives that guarantee the points remain on the surface and that
spheres with radii larger than those of the pads come into contact
with one another.

2.1.5 Automatic routing. Finally, demonstrated in Figure 2 D, au-
tomatic routing between the fanned-out contact points and the
touch pads on the mushroom cap is performed using a more com-
plex kangaroo solver definition. 1. A chain of line segments is con-
structed between the points on the fanned-out pieces, then points
are populated along those lines. 2. The solver takes the hard anchor
constraint to maintain the position of the end points 3. An inset
version of the mushroom geometry is used to create a boundary
within which the line segments must remain. 4. The line segment
chain uses the rod, collision, and solid goals to ensure line seg-
ments maintain a minimum distance from each other, create broad
sweeping patterns and stay within the mushroom geometry 5. The
polyline defined by the line segments is used to define a pipe to go
from the contacts to the capacitive touch pads

Finally, the conductive pieces are subtracted from the original
model to create a separate body for the non-conductive form and
each of the touch-pad-trace-contact combinations.

3 Discussion and Future Work
Modelling interactive objects can be a significant barrier to adop-
tion and experimentation with these tools, as it necessitates the
integration of a wide range of skills and expertise. In developing this
interactive device customiser, our proposed approach automates
much of the tedious work involved in creating these devices and
integrates design expertise into the workflow.

In this vein, we focus on projects like Dynamic Toolchains by
Twigg-Smith and Peek [10], which enable novel workflows and
designs that support extensibility and iteration. In future work, we
aim to explore how both experts and non-experts might create and
develop interactive devices where more complex design constraints
can be directly integrated into the objects themselves.

4 Conclusion
We have presented the generative TuneShroom, a novel way of sup-
porting the customisation of interactive 3D printable objects. Using
form-finding techniques and parametric design, we integrated me-
chanical, electrical and aesthetic constraints into a customisable de-
sign. Through this approach, we highlighted challenges preventing
the adoption of 3D printed electronics for high-fidelity interactive
device creation by non-experts.

Figure 3: The original 3D printed interactive TuneShroom

References
[1] Jesse Burstyn, Nicholas Fellion, Paul Strohmeier, and Roel Vertegaal. 2015. Print-

Put: Resistive and Capacitive Input Widgets for Interactive 3D Prints. In Human-
Computer Interaction – INTERACT 2015, Julio Abascal, Simone Barbosa, Mirko
Fetter, Tom Gross, Philippe Palanque, and Marco Winckler (Eds.). Springer Inter-
national Publishing, Cham, 332–339. doi:10.1007/978-3-319-22701-6_25

[2] Oliver Child, Ollie Hanton, Jack Dawson, Steve Hodges, and Mike Fraser. 2025.
Printegrated Circuits: Personal Fabrication of 3D Printed Devices with Embedded
PCBs. doi:10.48550/arXiv.2509.08459 arXiv:2509.08459 [cs].

[3] Jun Gong, Olivia Seow, Cedric Honnet, Jack Forman, and Stefanie Mueller. 2021.
MetaSense: Integrating Sensing Capabilities intoMechanical Metamaterial. In The
34th Annual ACM Symposium on User Interface Software and Technology (UIST
’21). Association for Computing Machinery, New York, NY, USA, 1063–1073.
doi:10.1145/3472749.3474806

[4] Ollie Hanton, Mike Fraser, and Anne Roudaut. 2024. DisplayFab: The State
of the Art and a Roadmap in the Personal Fabrication of Free-Form Displays
Using Active Materials and Additive Manufacturing.. In Proceedings of the CHI
Conference on Human Factors in Computing Systems (CHI ’24). Association for
Computing Machinery, New York, NY, USA, 1–24. doi:10.1145/3613904.3642708

[5] H. (Harris) Kyriakou, J. V. (Jeffrey V. ) Nickerson, and G. (Gaurav) Sabnis. 2017.
Knowledge reuse for customization: Metamodels in an open design community
for 3D printing. (March 2017). https://hdl.handle.net/10171/69274 Publisher:
Management Information Systems Research Center.

[6] Hiroyuki Matsui, Yasunori Takeda, and Shizuo Tokito. 2019. Flexible and printed
organic transistors: From materials to integrated circuits. Organic Electronics 75
(Dec. 2019), 105432. doi:10.1016/j.orgel.2019.105432

[7] Rei Sakura, Changyo Han, Yahui Lyu, Keisuke Watanabe, Ryosuke Yamamura,
and Yasuaki Kakehi. 2023. LattiSense: A 3D-Printable Resistive Deformation
Sensor with Lattice Structures. In Proceedings of the 8th ACM Symposium on
Computational Fabrication (SCF ’23). Association for Computing Machinery, New
York, NY, USA, 1–14. doi:10.1145/3623263.3623361

[8] Valkyrie Savage, Ryan Schmidt, Tovi Grossman, George Fitzmaurice, and Björn
Hartmann. 2014. A series of tubes: adding interactivity to 3D prints using internal
pipes. In Proceedings of the 27th annual ACM symposium on User interface software
and technology (UIST ’14). Association for Computing Machinery, New York, NY,
USA, 3–12. doi:10.1145/2642918.2647374

[9] Martin Schmitz, Mohammadreza Khalilbeigi, Matthias Balwierz, Roman Lisser-
mann, Max Mühlhäuser, and Jürgen Steimle. 2015. Capricate: A Fabrication
Pipeline to Design and 3D Print Capacitive Touch Sensors for Interactive Objects.
In Proceedings of the 28th Annual ACM Symposium on User Interface Software
& Technology (UIST ’15). Association for Computing Machinery, New York, NY,
USA, 253–258. doi:10.1145/2807442.2807503

[10] Hannah Twigg-Smith and Nadya Peek. 2023. Dynamic Toolchains: Software In-
frastructure for Digital Fabrication Workflows. In Proceedings of the 36th Annual
ACM Symposium on User Interface Software and Technology (UIST ’23). Associa-
tion for Computing Machinery, New York, NY, USA, 1–20. doi:10.1145/3586183.
3606802

Received 20 February 2007; revised 12 March 2009; accepted 5 June 2009

https://doi.org/10.1007/978-3-319-22701-6_25
https://doi.org/10.48550/arXiv.2509.08459
https://doi.org/10.1145/3472749.3474806
https://doi.org/10.1145/3613904.3642708
https://hdl.handle.net/10171/69274
https://doi.org/10.1016/j.orgel.2019.105432
https://doi.org/10.1145/3623263.3623361
https://doi.org/10.1145/2642918.2647374
https://doi.org/10.1145/2807442.2807503
https://doi.org/10.1145/3586183.3606802
https://doi.org/10.1145/3586183.3606802

	Abstract
	1 Introduction
	2 Parametric TuneShrooms
	2.1 Design

	3 Discussion and Future Work
	4 Conclusion
	References

