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Figure 1: FusePrint fabrication process. User wants to create a penholder; its shape is designed with the reference of physical 
objects, and projected through the bottom of the container holding the resin and physical objects (pens). The projected shape 

solidifies, resulting in being perfectly matched to the objects. 

ABSTRACT 
FusePrint is a Stereolithography-based 2.5D rapid 
prototyping technique that allows high-precision fabrication 
without high-end modeling tools, enabling the mixing of 
everyday physical artifacts and liquid conductive gels with 
photo-reactive resin during the printing process, facilitating 
the creation of 2.5D objects that perfectly fit the existing 
objects. Based on our polynomial model on 2.5D resin 
printing, we developed the design interface of FusePrint, 
which allows users to design the printed shapes using 
physical objects as references, generates projection patterns, 
and notifies users when to place the objects in the resin 
during the printing process. Our workshops suggested that 
FusePrint is easy to learn and use, provides a greater level 
of interactivity, and could be useful for a wide range of 
applications domains including: mechanical fabrication, 
wearable accessory, toys, interactive systems, etc. 
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INTRODUCTION 
The popularity of 3D printing technology has significantly 
boosted personal fabrication in the past decade. Although 
3D printing has become increasingly precise, using it to 
create objects that can tightly fit with real-world artifacts 
can still be challenging [8] despite the availability of tools 
to create 3D models from existing objects, such as 
CADScan’s Cubik® 3D scanner [6] and MakerBot’s 
Digitizer [21]. This is because physical objects can have 
complex geometric structures (e.g., an internal screw 
thread). While fitting objects within a simpler structure, 
such as a cube, is theoretically easy, in practice, daily wear 
and tear may transform parts or the whole of that simple 
object into a more complex shape/texture, increasing the 
difficulty of modeling. High-end 3D scanning devices [1] 
can achieve greater precision, but they are usually costly 
and less accessible for hobbyists.  

Even if a perfect 3D model can be created, much of the 
printing process in current low-cost 3D printers may 
introduce additional errors due to the difficulty in 
calibration(e.g., it can be difficult to 3D-print the details of 
an internal screw thread in an object to tightly fit the 
existing screws). These factors could result in a long chain 
of trial-and-error attempts with current 3D printers to 
produce objects that fit existing artifacts well. 

One way to print objects (e.g., an internal thread) that can 
tightly fit existing artifacts (e.g., an external screw thread) 
is to leverage existing artifacts as a mold so that the printing 
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material in contact with the artifact can naturally fit to its 
shape and texture. This implies that the printer needs to be 
able to tolerate the insertion of arbitrary objects during the 
printing process (before the printing material is solidified) 
without causing too much interference to the construction 
of the intended 3D model. Shape Deposition Manufacturing 
(SDM) [24] provides the possibility of embedding 
actuators, sensors and other pre-fabricated functional 
components inside the product. However, SDM still 
requires the fabrication of molds that precisely fit the 
embedded parts, which leads to ad-hoc tolerance 
optimization by novice users [15]. To fabricate parts for 
well-fitting assembly, current SDM processes often requires 
users to amend the original models in an ad-hoc manner for 
optimal tolerance, making the entire process time-and-cost 
consuming for novice users [29].  

The current 3D-printing process (i.e., Fused Deposition 
Modeling – FDM [9], Stereolithography – SLA [14], and 
Selective Laser Sintering – SLS [10]) do not support the 
insertion of physical objects in the printing process. While 
inserting physical objects may obstruct the printing head for 
FDM or the laser beam for SLS, SLA leverages the usage 
of the liquid resin that can be cured gradually using light 
sources, thus it becomes theoretically possible to mix it 
with existing objects to produce the desirable molding 
effect.  However, “introducing objects into the resin while 
the printer is running can damage the resin tank,” and 
“may also interrupt the printing process”; therefore, 
existing SLA 3D printer manufacturers (e.g., Formlabs [11]) 
clearly declare that “mixing anything into the resin” is 
neither supported nor recommended [12]. In addition, 
testing with commercial SLA/DLP printers, although 
possible, requires modifying its setup to clear the space 
above the resin occupied by the building plate, thus it is 
non-trivial without any technical detail from the companies.  

To support such capability, the printing process adopted by 
existing SLA printers needs to be carefully modified and 
tested. In this paper, we present our first effort to enable the 
capability of inserting existing artifacts with FusePrint, a 
DIY SLA-based 2.5D printing technique that allows for the 
mixture of everyday physical artifacts as well as liquid 
conductive gel with the photo-reactive resin during the 
printing process, making it much easier to create 2.5D 
objects that tightly fit with the existing objects and thereby 
offering interactivity. Using FusePrint, one can simply 
place an external screw thread or a cup, for example, into 
the photo-reactive resin during the printing process to print 
an internal thread or a cup holder that perfectly matches the 
shape of the inserted objects. In addition, by mixing liquid 
conductive gel with the resin, one can print customized 
touch-sensitive interactive objects that can detect multi‐
touch points as well as gestures. 

As a first attempt, our DIY FusePrint technique still has a 
few limitations: it only permits the printing of 2.5D objects 

instead of true 3D objects, and the printing quality of the 
2.5D object has a less polished finishing as compared with 
higher-end commercial products. However, with the new 
capability to include existing objects in the printing process 
without the requirement of prior modeling, FusePrint opens 
up new possibilities for personal fabrication and is already 
useful as a rapid prototyping tool for a wide range of 
applications domains.   

The contribution of this work is threefold: 

 A new SLA-based fabrication technique that can 
integrate everyday artifacts into the printing process to 
produce 2.5D models that easily fit various shapes and 
sizes without high-end modelling tools. 

 Experimental investigation to find the parameters for 
controlling the resin curing process using a Digital 
Light Processing (DLP) projector.  

 A workshop study showing FusePrint’s effectiveness 
and the various application scenarios that leverage the 
unique capabilities of our technique. 

BACKGROUND AND RELATED WORK 
Our design of FusePrint was inspired by the working 
principles of SLA 3D printers, the existing research in 
Human-Computer Interaction on integrating physical 
objects with 3D printing, and 3D printed interactive objects. 
We summarize key related work in these areas below. 

Personal Fabrication with Existing Object 
Researchers have long discovered the advantages of mixing 
existing artifacts with 3D created objects and have 
developed various tools to facilitate this process. For 
example, MixFab is a mixed-reality environment for 
personal fabrication, which allows users to create models 
by placing physical objects in the workspace [8]. KidCAD 
allows children to combine the 2.5D shape of their toys to 
create new 3D models for printing [27]. In CopyCAD, users 
can reuse 2D shapes in a CNC milling setting [28]. 
Constructable extends the 2D contour reuse by copying 
textures to workpieces [30]:  a camera takes a photo of the 
texture and transfers it on the part using a laser-cutter. 
Enclosed [7] uses electronic components as handles and 
size references during enclosure design. It automatically 
adds cutouts to the enclosure patterns so that the 
components can be mounted. Printed Optics [16] adopted 
the shape-deposition-based process that still requires the 
detailed 3D models of embedded components. Similarly, 
the FDM-based Voxel8 [31] enables the fabrication of 
conductive circuit, but it still needs ad-hoc tolerance 
adjustment to integrate electronics. 

More recently, Gannon et al. developed Tactum [20], which 
enables the design of 3D models for wearable accessories 
based on body shape. A review on rapid prototyping using 
laser-based, nozzle-based, and printer-based systems in the 
field of bioengineering shows how to combine 3D printed
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the resin) and tuning the parameters (i.e. adjusting the 
projection) of these commercial printers could be non-
trivial without detailed technical specification from the 
companies. In addition, there emerged more related 
literature on customizing DLP-projection-based 3D printers 
in the maker community than the commercial market. Thus, 
it was more cost-and-time-effective for us to customize our 
own projection setup for FusePrint than purchasing and 
modifying commercial product. Lastly, FusePrint may seem 
similar with clay molding at the first glance, but FusePrint 
offers the possibility for setting up in the daily environment 
with off-the-shelf DLP projectors, while clay molding 
usually requires advanced manufacturing skills and 
facilities, such as cutters and high-temperature ovens. 

Limitation 

Ease of Setup 
The participants in the presented workshop studies were not 
asked to set up the FusePrint system from scratch, thus the 
ease of setup for FusePrint was not evaluated explicitly. 
However, one participant mentioned it would be time 
saving and cost saving to set up FusePrint at home. As one 
future plan, we will investigate the set-up and the usage of 
FusePrint in different settings, including home, school 
fablabs, and maker spaces. Particularly, we would like to 
investigate the ease for makers and hobbyists to replicate 
the DIY process of collecting empirical data, tuning the 
polynomial factors, setting up and using the FusePrint 
system. 

3D Fabrication 
Our experiment showed that FusePrint is enable to fabricate 
high-precision assembly mechanisms, including non-
permanent assembly (i.e. screw threads, which is essential 
in valve structure) and permanent assembly (i.e. shaft-hole 
sockets and pipes), without requiring high-end modeling 
tools. However, the current setup of FusePrint has 
limitations that prevent it from fabricating complex 
structures, such as hollow or suspension structures. As the 
next step, we will explore how to fabricate true 3D objects 
with FusePrint, by carefully calibrating and coordinating 
the top and the bottom projection. One other solution is to 

parse the 3D models into multiple 2.5D parts, and print 
them in sequence where the printed part can be inserted for 
fabricating new parts, so that they can be assembled into 3D.  

While the current FusePrint can produce user-acceptable 
2.5D objects, shape distortion may occur when printing 
different heights in the z axis. This is mainly due to the 
difficulty of controlling light transmission in the liquid resin. 
Lastly, users are required to use gloves while handling the 
photo-reactive resin because touching the liquid resin can 
“cause mild skin irritation for some people” [12]. 

CONCLUSION 
In this paper, we introduced FusePrint, a DIY 2.5D printing 
technique exploring the possibility of inserting everyday 
artifacts in SLA-based 2.5D printing. We experimented 
with how lighting condition affected the height of a printed 
object, derived a mathematical model, and applied it to the 
software part of FusePrint. We also explored the 
possibilities of inserting physical objects and conductive gel 
into the printing process. The workshops on FusePrint 
suggest the technique is easy to adapt for making objects 
that fit well with existing ones, and users are highly 
engaged in the printing process. More importantly, the 
workshops revealed various possible applications of 
FusePrint: mechanical fabrication, toy design, wearable 
accessories, rapid prototyping for interactive system, 
bioengineering, etc. 

For the future work, we will further investigate the setup 
and the usage of FusePrint in different contexts. Finally, 
this fabrication process points to further investigation, 
including integrating with traditional moulding technique, 
fabricating true 3D objects, mixing different materials, and 
empirical investigations of resulting characteristics (e.g., 
conductance, color, texture, and haptic properties). 
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 FusePrint Encore [32] Voxel8 [31] Printed Optics [16] 

Cost ~$650 ~$350 ~$550 ~$20,000 
Time spent for 

fabricating the pen holder 
~20 min with the 
described settings 

~45 min with 
MakerBot 

Reprecator 2 [22] 

~45 min with 
MakerBot 

Reprecator 2 [22] 

~50 min with Objet 
Eden260V [23] 

Printing Technology SLA FDM FDM SDM 
Printed Object 2.5D 3D 3D 3D 

Inserted Artefact Physical objects & liquid 3D printed objects 
with the same 

material 

Electronics Electronics 

Physical Connection 
Modeling 

Sketch-based modeling  
on tablet 

High-end accurate scanning/modeling for surface connection 

Tolerance Adjustment Not required Require ad-hoc adjustment. 

Table 2: Comparison of FusePrint and existing methods for embracing physical objects in fabrication 

Printing/Proxies DIS 2016, June 4–8, 2016, Brisbane, Australia

155



 

 

REFERENCES 
1. 3shape Convince scanners series for quality control 

(accuracy: 16-20 microns) http://www.3shape.com/ 

2. B9 Creator. http://www.b9c.com/  

3. Billiet, T., Vandenhaute, M., Schelfhout, J., Van 
Vlierberghe, S., & Dubruel, P. (2012). A review of 
trends and limitations in hydrogel-rapid prototyping for 
tissue engineering. Biomaterials, 33(26), 6020-6041. 

4. Bottom-up stereolithography 3D printing technology 
http://www.kudo3d.com/   

5. Buechley, L., Eisenberg, M., Catchen, J., and Crockett, 
A. The lilypad arduino: using computational textiles to 
investigate engagement, aesthetics, and diversity in 
computer science education. In Proc. of CHI 2008,  

6. Cadscan Cubik Desktop 3D Scanner http://cad-
scan.co.uk/product/cubik-desktop-3d-scanner/   

7. Christian Weichel, Manfred Lau, and Hans Gellersen. 
2013. Enclosed: a component-centric interface for 
designing prototype enclosures. In Proc. of TEI '13. 

8. Christian Weichel, Manfred Lau, David Kim, Nicolas 
Villar, and Hans W. Gellersen. 2014. MixFab: a mixed-
reality environment for personal fabrication. In Proc. of 
CHI '14.  

9. Chua, Chee Kai, Kah Fai Leong, and Chu Sing Lim. 
"Powder-based rapid prototyping systems." Rapid 
prototyping: principles and applications. Singapore: 
World Scientific (2003).  

10. Deckard, Carl R. "Method and apparatus for producing 
parts by selective sintering." U.S. Patent No. 4,863,538. 
5 Sep. 1989.  

11. Desktop stereolithography 3D printer 
http://formlabs.com/   

12. Formlabs Resin Care. 
http://formlabs.com/support/guide/print/resin-care/  

13. Gierad Laput, Eric Brockmeyer, Scott E. Hudson, and 
Chris Harrison. 2015. Acoustruments: Passive, 
Acoustically-Driven, Interactive Controls for Handheld 
Devices. In Proc. of CHI’15.  

14. Hull, Charles W. "Apparatus for production of three-
dimensional objects by stereolithography." U.S. Patent 
No. 4,575,330. 11 Mar. 1986. 

15. Jorge G. Cham, Beth L. Pruitt, Mark R. Cutkosky, Mike 
Binnard, Lee E. Weiss, and Gennady Neplotnik. 
"Layered manufacturing with embedded components: 
process planning considerations." In ASME Design 
Engineering Technical Conferences, Sept, pp.12-15. 
1999. 

16. Karl Willis, Eric Brockmeyer, Scott Hudson, and Ivan 
Poupyrev. 2012. Printed optics: 3D printing of 
embedded optical elements for interactive devices. In 
Proc. of UIST’12. 

17. Kening Zhu and Shengdong Zhao. 2013. AutoGami: a 
low-cost rapid prototyping toolkit for automated 
movable paper craft. In Proc. of CHI’13. 

18. Kruth, J-P., Ming-Chuan Leu, and T. Nakagawa. 
"Progress in additive manufacturing and rapid 
pprototyping." CIRP Annals-Manufacturing Technology 
47.2 (1998): 525-540.  

19. Lipson, Hod, and Melba Kurman. Fabricated: The new 
world of 3D printing. John Wiley & Sons, 2013. 

20. Madeline Gannon, Tovi Grossman, and George 
Fitzmaurice. 2015. Tactum: A Skin-Centric Approach to 
Digital Design and Fabrication. In Proc. of CHI’15.  

21. MakerBot Digitizer 3D Scanner. 
http://store.makerbot.com/digitizer 

22. MakerBot Replicator 2. 
http://store.makerbot.com/replicator2.html  

23. Objet Eden260V. http://www.stratasys.com/3d-
printers/design-series/objet-eden260vs  

24. Robert Merz, F. B. Prinz, K. Ramaswami, M. Terk, and 
L. Weiss. Shape deposition manufacturing. Engineering 
Design Research Center, Carnegie Mellon Univ., 1994. 

25. Rubaiat, H. K, Chua, K. C., Zhao, S., Davis, R., Low, 
K.. SandCanvas: a multi-touch art medium inspired by 
sand animation. In Proc. of CHI 2011, ACM Press 
(2011), 1283- 1292 

26. Sachs, Emanuel M., et al. "Three-dimensional printing 
techniques." U.S. Patent No. 5,204,055. 20 Apr. 1993.  

27. Sean Follmer and Hiroshi Ishii. 2012. KidCAD: digitally 
remixing toys through tangible tools. In Proc. of CHI’12. 

28. Sean Follmer, David Carr, Emily Lovell, and Hiroshi 
Ishii. 2010. CopyCAD: remixing physical objects with 
copy and paste from the real world. In Adjunct Proc. of 
UIST’10.  

29. Shrey Pareek, Vaibhav Sharma, and Rahul Rai. Design 
for Additive Manufacturing of Kinematic Pairs. 
International Solid Freeform Fabrication Symposium 
2014. p732 – 745. 

30. Stefanie Mueller, Pedro Lopes, Konstantin Kaefer, 
Bastian Kruck, and Patrick Baudisch. 2013. 
constructable: interactive construction of functional 
mechanical devices. In ACM SIGGRAPH 2013 Talks  

31. Voxel8. http://www.voxel8.co/ 

32. Xiang 'Anthony' Chen, Stelian Coros, Jennifer Mankoff, 
and Scott E. Hudson. 2015. Encore: 3D printed 
augmentation of everyday objects with printed-over, 
affixed and interlocked attachments. In ACM 
SIGGRAPH 2015 Posters. 

33. Yan, Xue, and P. E. N. G. Gu. "A review of rapid 
prototyping technologies and systems." Computer-Aided 
Design 28.4 (1996): 307-318. 

Printing/Proxies DIS 2016, June 4–8, 2016, Brisbane, Australia

156



 

 

34. Yoshio Ishiguro and Ivan Poupyrev. 2014. 3D printed 
interactive speakers. In Proc. of CHI’14.  

35. Weichel Christian, Hardy John, Alexander Jason, and 
Gellersen Hans. 2015. ReForm: Integrating Physical and 
Digital Design through Bidirectional Fabrication. In 
Proc. of  UIST '15.  

36. Weichel Christian, Alexander Jason, Karnik Abhijit, and 
Gellersen Hans. 2015. SPATA: Spatio-Tangible Tools 
for Fabrication-Aware Design. In Proc. of TEI '15. 

37. Teibrich Alexander, Mueller Stefanie, Guimbretière 
François, Kovacs Robert, Neubert Stefan, and Baudisch 
Patrick. 2015. Patching Physical Objects. In Proc. of 
UIST '15. 

 

Printing/Proxies DIS 2016, June 4–8, 2016, Brisbane, Australia

157




