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1 ABSTRACT 
In this demonstration, we present Mixels, programmable magnetic 
pixels that can be rapidly fabricated using an electromagnetic print-
head mounted on an of-the-shelve 3D printer. The ability to pro-
gram a magnetic material pixel-wise with varying magnetic forces 
enables Mixels to create new tangible, tactile, and haptic interfaces. 
To facilitate the creation of interactive objects with Mixels, we pro-
vide a user interface that lets users specify the high-level magnetic 
behavior and that then computes the underlying magnetic pixel 
assignments and fabrication instructions to program the magnetic 
surface. Our custom hardware add-on based on an electromagnetic 
printhead clips onto a standard 3D printer and can both write and 
read magnetic pixel values from magnetic material. Finally, we 
highlight the importance of fundamental magnet parameters such 
as coercivity and remanence in designing a magnetic plotter, and 
show how leveraging 2D plotting enables a number of interactive 
applications. 

2 INTRODUCTION 
Advances in digital fabrication tools have enabled users to fabri-
cate objects with a wide range of properties by modifying physical 
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parameters, such as the color [13], surface texture [14], and compli-
ance [4, 7] of objects. More recently, digital fabrication tools have 
also been used to fabricate objects with other functional properties, 
such as custom acoustic [2] and optical [17] behaviors. 

Magnetic materials, however, still remain far behind this digital 
fabrication revolution [3] despite the fact that magnetic materials 
hold great promise for interactive applications. For example, re-
searchers used magnets to create novel tangible interfaces (MechaM-
agnets [18]), to produce custom tactile sensations (MagneLayer [16]), 
to guide the assembly of 3D objects (DynaBlock [12], ElectroVoxel [6], 
Stochastic Self-assembly [5]), and to create actuated interfaces (Pro-
grammable Polarities [10]). However, all of these works either use 
of-the-shelf magnets (MechaMagnets [18], DynaBlock [12]) or re-
quire manual construction of the customized magnetic materials 
(FluxPaper [11], MagneLayer [16]). 

More recently, researchers also started to automate the fabrica-
tion process of custom magnetic materials. For instance, Magnetic 
Plotter [15] is a 2D plotter that stamps custom magnetic patterns 
onto magnetic sheets using two permanent magnets to provide 
interaction. Although this method supports programming a variety 
of patterns, Polymagnets [1] introduced a commercial product that 
expedites the programming of magnetic pixels and developed a 
method to create magnets with unique applications such as non-
contact attachment. However, researchers have not yet investigated 
how to create a design and fabrication pipeline for programmable 
magnetic pixels that are selectively attractive, repulsive and agnos-
tic between multiple objects. 

In this demonstration, we introduce Mixels [8], the frst digital 
fabrication pipeline for arbitrary 2D magnetic patterns through 
programmable magnetic pixels, which we call Mixels. In contrast 
to prior work, which only showed how to create repeated patterns 
across magnetic material, our system is able to create arbitrary 2D 
binary patterns (North "N" or South "S" poles) on the magnetic 
sheet with high precision. We use this feature to synthesize pat-
terns of N- and S-polarized pixels that exhibit selectivity to other 
faces in some orientations, while exhibiting agnosticism (i.e. not 
interacting magnetically) in other orientations. We accomplish this 
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Figure 1: Magnetic plotter. (a) plotting add-on mounted onto 
a 3-axis CNC. (b) add-on electronics viewed from above. (c) 
Zoom of the plotting end efector, consisting of an cone-
tipped electromagnet for writing and a hall efect sensor for 
reading magnetic programs. 

Figure 2: Invisible tagging and detection of objects using 
selectively attractive patterns. 

associated correct location on the workshop wall and in the correct 
orientation. Locations and orientations can both be reprogrammed. 

by evaluating the 2D cross-correlation between the matrices rep-
resenting these pixel patterns and choosing only those matrices 
that maximize mutual agnosticism between pairs [9]. Finally, our 
system can vary the magnetic force of Mixels continuously (N to S) 
rather than just discreetly (N or S). 

Mixels hardware (Figure 1) consists of a custom magnetic plotter 
to stamp the soft magnetic sheet. The plotter includes an electro-
magnet for writing magnetic pixels, a hall efect sensor for reading 
them, and auxiliary electronics, installed in a housing mounted onto 
a 3-axis CNC. Mixels software interface allows the user to create 
encoding patterns, which on export are translated into fabrication 
instructions, allowing the plotter to program magnetic faces with-
out manual intervention. We demonstrate how the programmed 
magnetic material can be easily integrated into various objects for 
prototyping of tangible, tactile, and haptic interfaces. 

3 APPLICATIONS 
We built a number of applications to demonstrate features of the 
system. Figure 2 shows how objects can be programmed magnet-
ically to exhibit unique force profles. Three magnetic faces have 
been programmed and afxed to the bottom of 3D-printed objects; 
they are marked with green, yellow and red labels. When each of 
these is placed on a platform housing a pressure sensor, the unique 
force profle is registered by an Arduino and the associated colored 
LED lights up. 

Figure 3 shows how attachments to objects can be programmed 
that only permit placing objects in unique orientations and lo-
cations. We adhere specially formulated magnetic patterns with 
double sided tape to a workshop wall and their paired complements 
to associated tools; the tools will only bond when placed on the 

Figure 3: Storage of objects that will only adhere to a work-
shop wall in particular locations and orientations. 

Figure 4 shows how magnetic patterns can be plotted to create 
selectively paired locks and keys. Mating pairs of specially formu-
lated magnetic patterns based on orthogonal codes are found on the 
keys (foreground) and locks (background); for example, the yellow 
key opens a lock to the hidden yellow surface, but not others. Keys 
can be programmed to open multiple locks, and vice versa, and 
both locks and keys can be quickly reprogrammed for new security 
requirements. Moreover, unlike physical keys, the structure of the 
magnetic keys is invisible to the naked eye. 

Figure 5 shows how magnetic patterns can be used to create self-
assembling or self-guided assembly techniques guided by magneti-
cally programmed instructions. We can program arbitrary textures 
onto sheets (as with a magnetic drawing board) and view these 
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Figure 4: Selectively magnetic lock-and-key systems. Colored 
locks (solid lines) mate with keys of the associated color 
(dashed line), but not others. 

using magnetic viewing flm adhered onto its surface. We adhere 
these laminates to cubes, program letters onto their top faces, and 
program selectively mating patterns on faces between cubes. The 
result is that the cubes adhere magnetically only when assembled 
correctly to form a word, and cannot be assembled in any other 
anyway. 

Figure 5: Arbitrary textures printed in tandem with selec-
tively attractive faces guides users haptically to assemble 
objects in a single correct confguration. 

REFERENCES 
[1] [n.d.]. Polymagnets (last accessed July 26, 2022). http://www.polymagnet.com/ 

polymagnets/ 
[2] Yoshio Ishiguro and Ivan Poupyrev. 2014. 3D Printed Interactive Speakers. In 

Proceedings of the SIGCHI Conference on Human Factors in Computing Systems 
(Toronto, Ontario, Canada) (CHI ’14). Association for Computing Machinery, 
New York, NY, USA, 1733–1742. https://doi.org/10.1145/2556288.2557046 

[3] Yoonho Kim, Hyunwoo Yuk, Ruike Zhao, Shawn A Chester, and Xuanhe Zhao. 
2018. Printing ferromagnetic domains for untethered fast-transforming soft 
materials. Nature 558, 7709 (2018), 274–279. 

[4] Stefanie Mueller, Bastian Kruck, and Patrick Baudisch. 2013. LaserOrigami: laser-
cutting 3D objects. In Proceedings of the SIGCHI Conference on Human Factors in 
Computing Systems. 2585–2592. 

[5] Martin Nisser, Leon Cheng, Yashaswini Makaram, Ryo Suzuki, and Stefanie 
Mueller. 2021. Programmable Polarities: Actuating Interactive Prototypes with 
Programmable Electromagnets. In The Adjunct Publication of the 34th Annual 
ACM Symposium on User Interface Software and Technology. 121–123. 

[6] Martin Nisser, Leon Cheng, Yashaswini Makaram, Ryo Suzuki, and Stefanie 
Mueller. 2022. ElectroVoxel: Electromagnetically Actuated Pivoting for Scalable 
Modular Self-Reconfgurable Robots. In 2022 International Conference on Robotics 
and Automation (ICRA). IEEE, 4254–4260. 

[7] Martin Nisser, Christina Chen Liao, Yuchen Chai, Aradhana Adhikari, Steve 
Hodges, and Stefanie Mueller. 2021. LaserFactory: a laser cutter-based electrome-
chanical assembly and fabrication platform to make functional devices & robots. 
In Proceedings of the 2021 CHI Conference on human factors in computing systems. 
1–15. 

[8] Martin Nisser, Yashaswini Makaram, Lucian Covarrubias, Amadou Bah, Faraz 
Faruqi, Ryo Suzuki, and Stefanie Mueller. 2022. Mixels: Fabricating Interfaces 
using Programmable Magnetic Pixels. In 2022 ACM Symposium on User Interface 
Software and Technology (UIST). To Appear. 

[9] Martin Nisser, Yashaswini Makaram, Faraz Faruqi, Ryo Suzuki, and Stefanie 
Mueller. 2022. Selective Self-Assembly using Re-Programmable Magnetic Pixels. 
In 2022 IEEE International Conference on Intelligent Robots and Systems (IROS). To 
Appear. 

[10] Martin Nisser, Yashaswini Makaram, and Stefanie Mueller. 2021. Stochastic Self-
Assembly with Magnetically Re-programmable Voxels. In ACM Symposium on 
Computational Fabrication, Demonstration. 

[11] Masa Ogata and Masaaki Fukumoto. 2015. FluxPaper: Reinventing Paper with 
Dynamic Actuation Powered by Magnetic Flux. In Proceedings of the 33rd Annual 
ACM Conference on Human Factors in Computing Systems (Seoul, Republic of 
Korea) (CHI ’15). Association for Computing Machinery, New York, NY, USA, 
29–38. https://doi.org/10.1145/2702123.2702516 

[12] Ryo Suzuki, Junichi Yamaoka, Daniel Leithinger, Tom Yeh, Mark D Gross, Yoshi-
hiro Kawahara, and Yasuaki Kakehi. 2018. Dynablock: Dynamic 3d printing for 
instant and reconstructable shape formation. In Proceedings of the 31st Annual 
ACM Symposium on User Interface Software and Technology. 99–111. 

[13] Haruki Takahashi, Parinya Punpongsanon, and Jeeeun Kim. 2020. Programmable 
Filament: Printed Filaments for Multi-Material 3D Printing. Association for Com-
puting Machinery, New York, NY, USA, 1209–1221. https://doi.org/10.1145/ 
3379337.3415863 

[14] Cesar Torres, Tim Campbell, Neil Kumar, and Eric Paulos. 2015. HapticPrint: 
Designing Feel Aesthetics for Digital Fabrication. In Proceedings of the 28th Annual 
ACM Symposium on User Interface Software and Technology (Charlotte, NC, USA) 
(UIST ’15). Association for Computing Machinery, New York, NY, USA, 583–591. 
https://doi.org/10.1145/2807442.2807492 

[15] Kentaro Yasu. 2017. Magnetic plotter: a macrotexture design method using 
magnetic rubber sheets. In Proceedings of the 2017 CHI Conference on Human 
Factors in Computing Systems. 4983–4993. 

[16] Kentaro Yasu. 2020. MagneLayer: Force Field Fabrication by Layered Magnetic 
Sheets. In Proceedings of the 2020 CHI Conference on Human Factors in Computing 
Systems. 1–9. 

[17] Jiani Zeng, Honghao Deng, Yunyi Zhu, Michael Wessely, Axel Kilian, and Stefanie 
Mueller. 2021. Lenticular Objects: 3D Printed Objects with Lenticular Lens 
Surfaces That Can Change Their Appearance Depending on the Viewpoint. In 
The 34th Annual ACM Symposium on User Interface Software and Technology 
(Virtual Event, USA) (UIST ’21). Association for Computing Machinery, New 
York, NY, USA, 1184–1196. https://doi.org/10.1145/3472749.3474815 

[18] Clement Zheng, Jeeeun Kim, Daniel Leithinger, Mark D Gross, and Ellen Yi-Luen 
Do. 2019. Mechamagnets: Designing and fabricating haptic and functional physi-
cal inputs with embedded magnets. In Proceedings of the Thirteenth International 
Conference on Tangible, Embedded, and Embodied Interaction. 325–334. 

http://www.polymagnet.com/polymagnets/
http://www.polymagnet.com/polymagnets/
https://doi.org/10.1145/2556288.2557046
https://doi.org/10.1145/2702123.2702516
https://doi.org/10.1145/3379337.3415863
https://doi.org/10.1145/3379337.3415863
https://doi.org/10.1145/2807442.2807492
https://doi.org/10.1145/3472749.3474815

	1 abstract
	2 introduction
	3 Applications
	References



