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Through Photopolymerization Additive Manufacturing
With the advent of digital technologies proliferating the additive manufacturing industry, our 
research based explorations offer a rigor to question the ability to generate creative inquiry into the 
processes and innovate alternative design methodologies that challenge the traditional means of 
reproduction. In our case, we look to challenge and compare traditional photographic reproduction 
inquiry through the use of modernized tooling.  

As an interdisciplinary applied research project, our collaborative (architectural and design engi-
neering) approach of the project questions the use photopolymerization as a tool of digital and 
physical discovery. We look to generate a dialogue that brings out the integral playfulness in digital 
craft and embedded material agency of resin-based additive manufacturing, through both single 
and multi-material additive printing explorations and visual forming processes, while questioning 
the novelty of intellectual property and creative license in the reproduction of digital goods.  

Within next phase of the research development, we are interested in the social and culturally bene-
ficial aspects of merging the abilities of digital production along with artful reproduction. We would 
like to inquire whether the technology and the methods of producing through additive printing 
adds value to the art world, and increasing the tactile function of art exploration to communities 
that are visually impaired and blind.  
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1 Detail of Wave CT scan of the relief from figure 2.  (Scanned by Michael Koehle, 2016, © Michael Koehle).
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The exploration of material agency in photopolymerization in 
treating public domain imagery is a newly found territory, and 
parlays on the intellectual property right issues that surround 
photographic work. Legally, photography tends to be protected 
by the law through copyright and moral rights. In copyright 
law, photographic works retain the rights and ownership by the 
photographer and creator. In moral rights, attribution applies 
both to anonymous and pseudonymous creations, and are solely 
permissible rights of creators in their copyrighted works gener-
ally recognized in civil law jurisdictions and, to a lesser extent, in 
some common law jurisdictions. Therefore, the experimentations 
made through our research are challenges to the circumstances 
that adjourns systematic processes of design and law, man 
and machine, and, physical and digital fabrication processes. 
Through the transference of material and collaboration of man 
and machine digital fabrication methods, we look into photopo-
lymerization, using both single and multi-material agencies that 
look into composite forming processes that inherently absorb 
embedded responsiveness, both in visual and material effects.  

This new form of additive manufacturing through the produc-
tion of photographic work lends a questionable hand to leading 
research that questions the legality of digital reproduction, 
and also the ownership and authorship rights through largely 
creative exploration and research that plays beyond the orig-
inality of the photographic piece, lending to the access within 
the public domain. We look into the craft of the digital fabri-
cation processes that also holding to reproduction as much to 
exploration. 

Processes of Research
A seldom explored application of additive manufacturing is in 
the reproduction of two dimensional images. The resolution of 
some technologies, like photopolymerization, is comparable to 
2D printers, making it possible to recreate images with similar 
fidelity. However, these technologies typically lack the capacity 
to mix shades or colors. Or, if this capability exists, it is limited 
and difficult to apply.  But by taking advantage of the third axis, 
these images can still be reproduced. 

2 3D-printed height map relief developed from a photograph. (Photo by Michael 
Koehle, 2016, © Michael Koehle).

3 3D-printed relief from figure 2 printed in grayscale. (Photo by Michael Koehle, 
2016, © Michael Koehle).

4 Simulated view of a relief with .25 inch depth (above) / 10 feet depth (below) 
(Render by Michael Koehle, 2016, © Michael Koehle).
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Following are descriptions of two techniques that take advantage 
of the third dimension to reproduce two-dimensional images.  

Images can be reproduced in three-dimensions by translating 
the image into a relief whose top surface is a height map of the 
image. The height of the relief scales with the intensity of the 
image (figure 2). The grayscale information is now present in the 
object, but is not immediately visually accessible.

In a second technique, the grayscale is printed into the image 
relief, using multi-material photopolymerization. The relief’s 
digital model is sliced horizontally into layers, where each layer 
is assigned a mixture of black and white materials.  The models 
shown in figures 3 and 6 were created by using 8 mixtures of 
TangoBlackPlus and VeroWhite.  

Future of 3D Reproductive Ownership
With the naissance in the technological explorations of the 
machine and the possibilities of the next phases of use scenario 

for the project, we are looking to furthering the creative tech-
niques for reproducing photographs as three dimensional reliefs, 
using additive manufacturing processes. Although photographic 
images are the source of these reliefs, these reproductions 
change the way the content is viewed. Because the image now 
has physical depth, the apprehension of the image becomes 
conditional and changes as one moves around the work. 

Additionally, new ways of decoding the image are possible, 
including touch and medical imaging technologies like x-rays. 
These changes and additions to the perception of the image raise 
interesting questions about the ownership and authorship of the 
content. 
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5 Video time lapse of the printing of Girl with a Pearl Earring.  (Video Screenshot by Michael Koehle, 2016, © Michael Koehle).
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ANNEX
[Figure 1] Accessing the visual content or the reliefs requires a process 

that senses depth.  X-rays can transverse materials opaque to light. Their 

penetration attenuates with depth. By taking an x-ray or CT scan, the 

image can be decoded from the solid model (figure 2). The image can 

also be decoded by touch. Using a CMM device (a coordinate measuring 

machine) the spatial information of the relief cold be obtained, and trans-

lated back to a grayscale image. 

[Figure 5] Video time lapse of the printing of Girl with a Pearl Earring.  

Video Link - https://vimeo.com/166255734  (Michael Koehle and Wendy 

W Fok, 2016)
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6 3D-printed grayscale height map of the Mona Lisa (Photo by Michael Koehle, 2016, © Michael Koehle).




