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Abstract  

This paper presents Pathfinder, a case study for making sound data tactile in clay, using ceramic 3D printing. Going 
outside the commonly used practice of generating a three-dimensional design in a CAD program, we have used an 
algorithm based on elementary trigonometry, which replaces each GCODE coordinate with a new one. The sound 
data determines an alternative path for the printer nozzle, resulting in an object with a highly textured surface. The 
project also demonstrates the wonderful role chance and glitch play in algorithmic processes.  

 
A Brief Introduction to the Ceramic 3D Printing Process 

Ceramic 3D printing has begun a decade ago with machine, workflow, and software experimentation by 
designers, engineers, and architects. Clay was originally used as a pliable, experimental medium [5], then 
became an art material with the involvement of potters in ceramic 3D printing. In the studio practice, 3D 
printing with clay is an extrusion process, similar to PLA printing [2], but its scale is much larger, and its 
results are more tactile. The printer extrudes 2–6mm diameter coils and lays them atop one another, building 
up the walls of the form layer by layer. In a typical 3D printing workflow, the object is designed in a CAD 
software, resulting in an STL or OBJ file. The geometry of the digital object is then translated by a second 
type of software, the slicer, into GCODE. In addition to simple instructions for machine operation [1], 
GCODE is a set of printing instructions that divide the object into a stack of layers and describe these layers 
as linear movement paths from vertex to vertex using XYZ coordinates. 

The simplicity of this system invites experimentation at every step of the workflow. I am a visual artist 
with no formal background in mathematics. I collaborate with mathematicians and designers frequently, 
finding unique conceptual solutions for problems, which fall into areas of speculative design and 
mathematical thinking. Clay adds a level of unpredictability to the 3D printing process (Figure 1), since it 
keeps transforming not only during the actual printing but also after, in the drying, finishing, and firing 
process [3]. 
 

   
Figure 1:  Examples of 3D printed porcelain using the Pathfinder code. The basic shape is the same, 
while the surfaces vary depending on the algorithm settings and on glitches of the code or printing. 
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The Pathfinder Workflow 
The process began with recording ambient audio with a phone app (Voice Recorder). The app allows saving 
and exporting the sound volume (dB) data as a comma-separated values (CSV) file. In an everyday 
environment, such as a home, office, restaurant or street, the intensity of the sound recorded usually ranges 
between 30–120dB. We divided this into four ranges, based on human capacity for hearing: <40dB for soft 
almost inaudible sounds, 41–65dB for speaking voice, 66–85dB for loud noises, such as city traffic sounds, 
>85dB for sounds causing hearing loss. In addition to the sound file, a basic three-dimensional shape was 
created in Rhinoceros 3D, a surface modeling CAD program. This shape was processed by a slicer software, 
resulting in a GCODE form file, which then was further manipulated by a custom Python program I call 
Pathfinder code.  

The idea for the project was inspired by considering various ways by which data can alter form. In my 
previous work, ListeningCups [4], I had done so by taking advantage of the pause command in the GCODE 
[1], which resulted in a passive extrusion in place, showing up as a small bump on the surface of the printed 
form. In the Pathfinder project, my intention was to create bigger textures by displacing segments of the 
wall within each slice. Each layer of a GCODE in 3D printing consists of only polygons, linear paths 
between XYZ coordinates, which form the vertices of these polygons.  

The key idea of Pathfinder is that keeping the Z height the same within a layer, it is possible to consider 
each of the polygon vertices as rotational centers of a smaller planar circle. If we keep the radius of the 
small circles (rsmall) consistent, we can find 4 neighboring points on each of these, placed at every ½ p 
rotational angle, starting at ¼ p away from the radius of the original point (rbig). The new points (ABCD) 
may be considered to form two other boundary polygons, one on the inside and one on the outside (Figure 
2).  

At each of the original points of the perimeter (P1,P2,…,Pn) of the object there are four possible 
alternative locations the printer nozzle can detour to. The Python program we created calculates the 
positions of ABCD using elementary trigonometry. The user sets up which decibel range will be associated 
with each of the ABCD positions, then runs the code, which generates the revised coordinates. As the end 
result, the perimeter of the walls will move in and out, creating a textured surface. This process, while 
driven by an algorithm, is a form of chance operation [6], resulting in texture variations and a somewhat 
different shape every time the code is run.  
 

   
Figure 2:  A sketchbook drawing detail by the author conceptualizing the Pathfinder code. 
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When creating the code, we took care that rsmall was always chosen relative to the actual printing nozzle size 
(<half of nozzle diameter), which ensured that consecutive layers could still rest on one another, even if 
only partially supported. Occasionally a slip happened, resulting in smaller or larger sections of the 
extrusion leaving the perimeter of the object (Figure 3). 
 

 

Figure 3:  Sections of the perimeter create smaller or larger “dropped” loops of clay. These are 
unpredictable glitches of code and clay, which make printing with the material somewhat unpredictable 

and filled with exciting potential.  
 
 

Variations and Further Possibilities 
Developing the Python code, we started with the basic cylinder shape for the object, which provided a 
constant rbig and reduced some of the coding and structural challenges. This allowed us to experiment with 
the number of vertices within a layer and the spacing of the points Pi to arrive at legible but also structurally 
sound iterations. Later versions of the code opened possibilities for applying Pathfinder to form files of 
organic and complex starting shapes. In additional versions, we specified horizontal bands of the object by 
layer number (Z height), which received texture, while other sections remained unaltered. Further steps will 
explore a combination of these strategies in order to develop more complexity in the design. 
 
 

Summary and Conclusions 
3D printing with clay provides tremendous opportunities for innovation through iteration. Even the most 
elementary mathematical ideas can be quite useful when exploring novel possibilities within the printing 
workflow. Clay adds unpredictability and physicality to the process. When spatial information is combined 
with other types of data it can result in unique tactile expressions of form and texture (Figure 4).  
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Figure 4:  Pathfinder code applied to the mid-section of this vessel. The slip in one section of the wall 

jeopardized the structural integrity of the entire form but also created an aesthetic focal point.   
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