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Abstract 

This project is an exploration of the applications of growth algorithms for product design and 

3D printing. A series of algorithms are implemented and analysed. The findings are cemented 

into a proof-of-concept system for the generative modelling of a desk lamp. The system must 

demonstrate a high level of customisability and have a user friendly interface. The aim of the 

system is to allow the average consumer to design a personal, bespoke lamp. The product 

should be able to be printed on a home 3D printer at a low price. 
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Introduction 

 

This project aims to explore how growth algorithms can be used for product design with 3D 

printing. The goal is to create a system that allows a customer to create a customisable a desk 

lamp for home printing. A desk lamp was chosen as it is a fairly ubiquitous household 

product. A series of algorithms will be explored to assess their level of appropriateness. The 

project will use Houdini both for the initial testing and creation of the proof-of-concept 

system which will take the form of a Houdini Digital Asset (HDA). This is because Houdini 

provides powerful toolsets in its Surface Operator (SOP) nodes, Vector expressions (VEX) - 

Houdini's internal programming language, and VEX Operator (VOP) nodes. 

3D printing is revolutionising the design manufacturing industries. Due to their compact size 

and variable outputs, for some purposes 3D printers are superior to traditional fabrication 

techniques. The technology is already fast becoming accepted as mainstream in several fields 

such as medical implants and aeronautics. However, its application to domestic product 

design is still untapped and only a handful of companies specialise in the technology (namely 

Nervous Systems). With home printers becoming readily available and affordable, 3D 

printing allows consumers to download and print products at home. This is fitting with 

modern consumerism trends such as home delivery and online shopping.  

Mathematical growth models have seen widespread application in a variety of fields, this 

project attempts to broaden their application to product design for personal printing. Growth 

algorithms demonstrate dynamic outputs that are ideal for goals of this project. The chosen 

algorithm must display high levels of customisability as well as potential to control the 

printing process by specifying material and colour blends. Generative modelling of products 

exploits the flexible capabilities of 3D printing, allowing a consumer to create a personalised 

product and print it themselves.  

 

Research 

 

Growth Models 

 

A mathematical growth model is a system governed by one or more growth rules. These 

systems display dynamic features due to their irreversible nature. The systems that will be 

discussed use discrete time intervals as this is preferable for computer simulation; such 

systems are known as non-Markovian systems. The configuration of a system at any given 

time t is dependent not only on the growth rules but also on the configuration at the start time 

t=0. Because of this dependence on their history, generation functions for growth models 

cannot be defined
1
. Such models saw significant attention in the 1980s with several new 

models being described and refined. Study of growth models and their applications has 

                                                           
1
 (Herman, 1986) 
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contributed to progress in a wide range of fields including chemistry, economics, biology and 

medicine. In recent years, the complex natural visual outputs of growth algorithms have seen 

widespread use in the visual effects industry. 

 

 

 

Growth models are of interest for digital manufacturing because of their dynamic nature. 

Small changes in the start state can produce markedly different results in the end state. This 

allows one system to produce a wide range of different yet stylistically similar results. These 

varying outputs can be exploited to produce a personalised product – perfect for the aims of 

this project. 

Four algorithms will be studied in greater detail to examine their application to digital 

manufacturing. The customisability, ability to control the printing and aesthetic qualities of 

the outputs will be assessed. 

 

Eden Growth Model 

In 1961, Eden proposed this simple and stochastic growth model in an attempt to examine the 

properties of populations of cells
2
. The model constructs clusters on a lattice. A cluster is 

composed of connected sites; two sites are connected if they are adjacent. The Eden growth 

model mimics biological growth such as that of tumours
3
.  

Let us define the model on a 2 dimensional square lattice. At the starting configuration, one 

central "seed" site is occupied, this site is said to be sick. All sites that neighbour the sick 

sites at any given time are said to be growth sites. Then the growth rule is as follows: 

(i) Choose a growth site at random. 

(ii) Occupy the chosen growth site. 

                                                           
2 (Eden, 1961) 
3
 (Jean-François, 1992) 

Fig. 1. Growth algorithms in VFX (a) Prometheus by Weta Digital (Prometheus, 2012).  (b) Skyfall by Framestore (Skyfall, 2012). 

(a)                (b) 
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Due to the Eden growth model’s simplicity, it is relatively easy to modify and refine it. One 

such modification, proposed by Williams and Bjerknes in 1972
4
, (WB model) modifies the 

growth rule by allowing a growth site neighbouring a malignant cell to be contaminated with 

probability α and this malignant cell to become healthy with probability β. The ratio between 

the probabilities k is now the defining parameter. 

 

 

 

 

 

 

 

 

 

 

 

 

Diffusion Limited Aggregation (DLA) 

DLA is a growth model introduced in 1981 

by Witten and Sander
5
. Originally, DLA was 

applied to understanding experiments on 

aggregates of condensing metal vapour by 

                                                           
4 (Williams & Bjerknes, 1972) 
5
 (T. A. Witten & Sander, 1981) 

Fig. 2. Diagram illustrating the growth of an Eden cluster on a square 

lattice. (Jean-François, 1992) 

Fig. 3. (a) Typical Eden cluster on square lattice (Herman, 1986). (b) WB model Clusters 

for varying values of k (Williams & Bjerknes, 1972). 

(a)                                 (b) 

Fig. 4. Copper Sulphate aggregate from a copper sulfate 

solution in an electrode position cell (e.g. of DLA cluster) 

(Johnson, 2006) 
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Fig. 5. Schematic diagram of DLA steps and parameters (Wonźniak, 2012) 

Forrest and Witten
6
. DLA has since shown good agreement in the experimental 

measurements of a wide range of natural phenomena. DLA is one of the most influential and 

widely studied cluster growth models
7
.  

DLA may be defined on or off lattice, for simplicity, let us define it on-lattice. The starting 

configuration is one seed point in a central site. The growth rule is as follows: 

(i) Seed a particle in an arbitrary direction and far distance from the aggregate. 

(ii) Let this particle perform a random walk with an equal probability to occupy any 

of its neighbouring sites at the next time interval. 

(iii) If the particle occupies a site that neighbours the aggregate, then it permanently 

sticks to it (go to step i) 

(iv) If the particle strays beyond the lattice limits, then remove it (go to step i) 

In an off-lattice implementation, the random walk is achieved by allowing the particle's 

position to be randomly updated to any position one particle diameter away.  

 

 

 

 

 

 

 

Spatial Colonisation 

This algorithm was introduced by Runions et al. in 2007
8
. The 

algorithm is an extension of an algorithm for modelling leaf 

venation, proposed in 2005
9
, from two dimensions to three. The 

algorithm generates branching structures with surprising similarity 

to natural trees and shrubs. 

The leaf venation algorithm simulates development of veins 

towards the plant growth hormone auxin. Both vein nodes and 

auxin sources are specified by a set of points. The auxin (food) 

points effect the vein node (seed) points depending on an 

influence radius
10

. The growth rule is as follows: 

 

                                                           
6 (T. A. Witten & Sander, 1981) 
7 (Herman, 1986) 
8
 (Runions, et al., 2007) 

9 (Runions, et al., 2005) 
10

 (Runions, et al., 2005) 

Fig. 6. Various trees generated by the 

algorithm (Runions, et al., 2007) 
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Fig. 8. Reaction-diffusion formula and explanation (Sims, 2013).  

(i) Each food point is associated with the closest seed point. 

(ii) The normalised average of the vectors from each seed point to its associated food 

points is calculated. The result is the growth vector. 

(iii) New seed points are added to the system from these growth vectors. 

(iv) The proximity of food point to seed points is checked and any food points within a 

specified kill radius are removed from the system. 

 

 

 

 

 

 

 

 

 

 

 

The spatial colonisation algorithm expands on the leaf venation algorithm. The basic growth 

rule is the same however food points are not constrained to a surface but may fill a volume. 

This simulates competition between branches for space. 

 

Gray-Scott Reaction Diffusion 

Gray-Scott Reaction Diffusion was described in 1983 by Gray and Scott
11

. It models the 

interaction of two chemicals as they diffuse across a surface. The reaction-diffusion system 

involves two generic chemical species A and B. Chemical A is constantly added at a given 

"feed" rate and B is removed at a given "kill" rate. There is a  reaction that occurs at different 

rates depending on the concentrations of each chemical
12

: 

A + 2B  3B 

The overall behaviour of the system can be described by the following set of equations: 

 

                                                           
11 (Gray & Scott, 1983) 
12

 (Munafo, 2016) 

Fig. 7. Illustration of the leaf venation algorithm (Runions, et al., 

2005)  
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Fig. 9. Graph showing different patterns with values of k and f on the x and 

y axes respectively (Munafo, 2016) 

 

This reaction-diffusion system displays surprisingly complex and dynamic behaviours. It is 

capable of producing a huge variety of behaviours. By varying the kill (k) and feed (f) rates 

entirely different patterns emerge. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Printing Process 

 

3D printing is an additive manufacturing technique whereby the material is typically layered 

by a computer controlled nozzle. There are several techniques for 3D printing that vary in 

respect to how materials are deposited, construction of support structures, speed and 

reliability. Most techniques allow for various materials to be used as well as the blending of 

different materials and even colour. The two most widespread methods are Fused Deposition 

Modelling (FDM) and Selective Laser Sintering (SLS).  
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  Fig. 11. SLS printing technique. (3D Printing Industry, 2014) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Selective Laser Sintering 

Developed by Dr Deckard in the mid-

1980s, this technique involves 

depositing a layer of heat-fusible powder 

onto a target surface and solidifying the 

particulates through exposure to external 

energy
13

. This external energy is usually 

supplied in the form of a directed laser, 

controlled by a computer with a 3D 

model as input. The portion of 

particulate exposed to the laser is fused 

or ‘sintered’ with the layer below
14

.  

Un-sintered material remains within the printer as the print continues. This allows it to act as 

a support structure, removing the need for support scaffolds to be computed and printed. As a 

result, SLS printers are ideal for printing complex geometries such as the kinematic dress by 

Nervous Systems design studios.  

                                                           
13 (Deckard, 1989) 
14

 (3dprinting.com, 2016) 

Fig. 10. 3d printing techniques comparison (Sculpteo, 2012) 
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    (a)              (b) 

  Fig. 13. FFF printing technique. (3D Printing Industry, 2014) 

 

 

 

 

 

 

 

 

 

 

 

Fused Deposition Modelling 

Invented by S. Scott Crump in 1989
15

, 

FDM produces 3D objects by extruding a 

stream of melted thermoplastic to form 

layers that are fused together. This 

technique was further refined into Fused 

Filament Fabrication (FFF) in which the 

material is provided in the form of a 

filament on a spool. The extrusion 

involves a hot end and a cold end. The 

cold end usually consists of gears or a 

roller mechanism to supply the material filament to the extruder. The hot end is the active 

component of the 3D printer, consisting of a liquefier (heater) to melt the material and a 

nozzle to deposit the material onto the printing surface
16

. 

In order to print structures that are not self-supporting (e.g objects with large overhangs or 

arches that are not self-supporting until complete) with the FFF method, temporary support 

structures must be printed and removed after completion. Most modern printers are capable 

of determining the necessary position and density of the scaffolds.  

The FFF method’s simple and intuitive process and relatively low price make it the ideal 

technique for home printers. The printer available to me uses this technique and as such the 

design process will be tailored to FFF printers. 

 

 

                                                           
15 (Crump, 1992) 
16

 (3dprinting.com, 2016) 

Fig. 12. (a) Kinematic Dress by Nervous Systems. (b) Dress in fabrication. SLS allows for the dress to be 

printed in a folded position and all interlinking parts already in place. (Nervous Systems, 2014) 
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Growth Model Analysis 

In order to further understand the models under examination they have been implemented in 

Houdini. The resulting geometry's viability for the project is analysed. 

Eden Growth Model Implementation and Analysis 

Another variation on the Eden model is that the chosen growth site becomes sick with chance 

ρ or immune with chance (1 - ρ)
17

. This variant was chosen because the base Eden model 

provides little to no customisation and in the WB model the cluster continuously moves 

around and islands form which is not ideal for controlling the overall shape and position. 

Houdini's "Points From Volume" and "Connect Adjacent Points" SOPs are used to initialise 

the lattice. In combination these generate regularly spaced, connected points within a cube. 

Each point is assigned 3 variables - "grow", "sick" and "immune". These are used to group 

the relevant points. The seed point is chosen and the variables are initialised using VEX code.     

The growth rule is applied within a solver SOP. The points are sorted so that the "grow" 

points are the first elements in the points array. One is chosen randomly and then the 

attributes are updated accordingly. The "immuneChance" can be set manually. This is 

achieved through VEX code and group nodes. 

 

 

 

 

 

This Eden variant creates interesting clusters and branching formations. Varying the immune 

chance provides a fair amount of customisability. While interesting, the forms generated by 

this Eden modification are not suitable for FFF printing as the structure is extremely 

convoluted, making it impossible for FFF printers to reproduce. 

 

                                                           
17

 (Jean-François, 1992) 

Fig. 14. Code for the Eden growth rule 
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(a)                                                                               (b)                                                                               (c) 

Fig. 18 (a) Node graph in Solver So for DLA. (b) The resulting cluster of x aggregated particles at t = x. 

 

DLA Implementation and Analysis 

The implementation of DLA involves using groups and dynamic scaling of VDB volumes for 

the sourcing of new particles. The random walk and aggregation are controlled via VEX 

code. The lattice is defined by the possible directions that the walking particle can move in 

with the movement amount hard coded to 0.2 Houdini units. 

  

 

 

 

 

 

 

 

 

 

 

Fig. 15. Resulting Eden clusters. (a) immune chance = 0.35. (b) immune chance = 0.5. (c) immune chance = 0.65. 

Fig. 16. Code for DLA random walk 

Fig. 17. Code for DLA aggregation 

(a)             (b) 
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DLA produces incredibly intricate and beautifully organic branching patterns. It also provides 

seemingly infinite customisation by applying custom vector fields to influence the random 

walk of the particles. However, this form of customisation requires some in depth knowledge 

of how vector fields work which is not a realistic expectation of the average consumer. On 

top of this, DLA clusters pose similar problems to the Eden clusters in that, while suitable for 

other 3D printing methods, they are un printable with the FFF method. The process is also 

incredibly slow and therefore not viable. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Spatial Colonisation Implementation and Analysis 

There are two sections to be implemented in the spatial colonisation algorithm. Firstly the 

food and seed points are set up. The food points are created with a Scatter SOP to randomly 

produce food points over the surface of any input geometry. A seed point is manually 

positioned near the food points. The second stage is the growth algorithm itself. This is 

performed inside a Solver SOP  and is separated into three sections; pairing food points to 

seed points, growth and consumption of food points. All of these steps are implemented in 

VEX code. The radius for finding food points, radius for consuming food points, gravity 

strength and direction can all be customised to produce different result. 

Fig. 19. Example of a controlled DLA aggregate by 

Any Lomas shown at SIGGRAPH 2005. (Lomas, 

2005) 
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Fig. 21. The resulting geometry from the spatial colonisation algorithm 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 20. Code for the growth section of the spatial colonisation algorithm. 
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Fig. 23. (a) VEX code for reaction-diffusion equations. (b) and for Laplacian Function 

 

The algorithm generates tree-like branching structures 

and has a high level of control. The base shape can be 

practically anything, the positioning of the food and start 

points and parameters that control the growth can be 

altered. However, as with DLA and Eden growth models, 

the forms are too intricate and interwoven to be produced 

by FFF printing methods. In addition to this, the output is 

extremely similar to the "Hyphae" lamp by Nervous 

Systems which uses a similar algorithm. As the Product 

must be original and printed with FFF, this algorithm is 

not suitable for this project.  

 

 

Gray-Scott Reaction Diffusion Implementation and Analysis 

For simplicity, Gray-Scott reaction-diffusion is 

initially implemented on a 2D grid. The chemicals 

are represented by various point attributes. The 

Laplacian function, which takes a weighted average 

of a value from the surrounding is implemented in 

VEX code
18

. The "ca" and "cb" attributes (that 

represent the chemicals) are then updated by another 

VEX function. 

 

 

 

 

 

                                                           
18

 This can be thought of as a smoothing function. 

Fig. 22. Hyphae lamp by Nervous Systems. 

(Nervous Systems, 2015)  

(a)                                                                                         (b) 
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Fig. 25. Various patterns arising from changing the kill and feed rates. (Sims, 2013) 

A huge variety of different patterns emerge 

from varying the "kill" and "feed" rates. These 

can be further customised by painting custom 

maps. Other factors such as diffusion rates and 

the starting concentrations of "ca" and "cb" can 

also be adjusted giving the system an 

extremely high level of user control. Most 

reactions settle into a stable state. However, by 

varying the kill and feed rates ongoing 

reversible reaction can occur. The ratio cb/ca is 

used to visualise the reaction. This ratio can 

also be used to drive various effects such as 

displacement. The chemical attributes can also 

be used to drive material or colour blends in 

printing.  

 

 

The resulting geometry does not contain holes or convoluted branches. Due to the huge level 

of customisation as well as the potential to control the printing process this is the algorithm to 

be developed into a Houdini Digital Asset to make lamps. 

 

Implementation and Production 

 

Creating the Tool 

 

From the initial research it is clear that growth algorithms have the potential for creating 

varied and aesthetic products for 3D printing. The Grey-Scott reaction-diffusion equations 

were subsequently refined to create a tool for generating a desk lamp. Functionality was 

added to allow user customisation. 

 

 

Fig. 24. The resulting pattern with  kill = 0.061 

and feed = 0.052 
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Fig. 27. Variations of feed and kill rates. (a) f = 0.05, k = 0.06. (b) f = 0.052, k = 0.061. (c) f = 0.98, k = 0.058 

Reaction-Diffusion Over an Arbitrary Surface 

In order to be of use, the reaction-diffusion needed to be generated over any 3D surface. 

Implementation of a Laplacian kernel that took into account points with potentially irregular 

spacing in 3D space was not necessary as Houdini provides many powerful tools for dealing 

with point clouds - namely the "pcfilter" VEX function. This function returns a weighted 

average of a specified value from the points opened by a point cloud with closer points 

having a higher weighting. Each Point is assigned a  "laplacian_ca" and "laplacian_cb" 

attribute to store the values for use in the reaction diffusion equations. These Laplacian 

attributes and the new chemical concentration are calculated within a solver SOP. The ratio is 

then calculated and the result can be cached. 

 

 

 

Attribute Setup            

The attributes to control the reaction-diffusion are set up to maximise customization. Each of 

the initial chemical concentrations as well as the feed and kill rates can either be a constant 

value or vary across the surface. This is achieved through both noise - set up in an Attribute 

VOP - and the Paint SOP that allows the user to manually paint values on to the surface. 

Maximum values for the kill and feed rate can also be set. Switch nodes are utilised to change 

between the two methods. The resulting greyscale colour maps are converted to point 

attributes using VEX code inside an attribute wrangle. 

 

(a)                       (b) 

Fig. 26. VEX code for (a) calculating the laplacian for ca and (b) the reaction-diffusion equations. 

Fig. 28. Node graph for setting up the attributes. 

(a)                                                                           (b)                                                                        (c) 
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Fig. 30. Visualised ratio and resulting displacement. 

 

 

 

 

Shape 

Due to the reaction-diffusion's capabilities to be generated over an arbitrary surface, the base 

shape of the lamp can be any user specified shape. For the purposes of demonstrating this 

project a sphere is used. The cb/ca ratio is used to drive displacement with optional 

smoothing. The displacement amount can be set as well as skipped entirely (for example to 

use the attributes for material blends with no displacement). 

 A small platform is modelled manually for the bulb holder to sit on. Its position is 

dynamically adjusted using the "bbox" and "centroid" expressions to ensure that it is always 

in the correct position.  

(a)                                                                                                      (b)    

Fig. 29. The effects of varying  (a) the kill rate across the surface with a painted map and (b) the feed rate across the 

surface with a noise function. 
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As Houdini provides powerful tools for working with VDB volumes, volume modelling 

techniques are used to combine the pieces. The "VDB combine" node allows for various 

combination operations such as add, different, intersection, etc to be used. Each piece is 

converted to a VDB to be combine with this method. The final product is then converted back 

to polygons to be exported as an OBJ. 

 

 

 

Fig. 31. Example of volume modelling using VDB combine node set to SDF Intersection 

Fig. 32. Procedural modelling network. 
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Creating Houdini Digital Asset 

The whole network is condensed into a Houdini Digital Asset (HDA) so that it can be 

controlled from one node. The HDA can be shared over the Orbolt Asset Store built into 

Houdini. The relevant parameters are promoted to the top level interface and liked via 

relative references. Visualisation is implemented with a switch node and an ordered menu. In 

order to use the Paint SOPs, they must be set as the active node. In order to do this from the 

HAD interface, python callback scripts were implemented to add functionality to the Paint 

buttons.  

One drawback of using this method is that if the network view is not pinned, pressing the 

button will force the network view into the internal node network. These callback scripts will 

also only work if the HDA is unlocked, allowing editing of contents. 

 

Printing 

After exporting the lamp geometry as an OBJ file, it is sent to the printer for fabrication. The 

printer in use is an Ultimaker 2 that uses the FFF printing method (image of printer). The file 

is loaded into the printer’s proprietary software Cura where support scaffolds are computed 

and the internal density can be set. Due to time constraints and the printer queue an internal 

density of 20% was set. The model was then exported in g-code, a format readable by the 

printer and sent to print. 

During the production process, several test were printed; 1/8th and 1/4 size test and a full size 

slice of the base. These were vital in assessing whether or not the shapes translated well to 

3D, if the dimensions were correct and to find potential errors in the printing. The 

temperature of the room and age of the material were identified as factors that resulted in a 

poor quality or failed print, care was taken to avoid such factors for the final print. 
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Fig. 33. The post-print prcess of removing support scaffolds and assembling the lamp 
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The final print took 2.5 days and 54 meters of plastic to print. Most plastic was used for the 

support scaffolds. After completion the base plate and support scaffolds were removed. An 

externally bought lamp holder was glued to the base platform to complete the lamp. 

 

 

 

Conclusion 

Overall the project successfully explored how growth algorithms can be used in product 

design for 3D printing. Their history dependant structures enable customisation that exploits 

the variability of a 3D printer. This analysis of growth algorithms is grounded in the reaction-

diffusion lamp HDA and final lamp product. 

There were several issues, both technical and physical, that I had to overcome. I had 

difficulty implementing a successful Laplacian function for arbitrarily spaced points on a 3D 

surface. This was overcome by utilising Houdini's point cloud tools, particularly the "pcfilter" 

VEX function. As I had never used Houdini's python callback scripts and the documentation 

was mediocre I had difficulty implementing the buttons for the SOPs in the HDA. However, 

with trial and error and fully researching Houdini's python module I succeeded. There were 

two factors that were identified that could affect the printing process; the weather and the age 

of the material. The weather was unavoidable but luckily was fine during the final print. An 

unopened spool of plastic was used in the final print to ensure the best possible finish. I had 

to guaranteeing that the bulb and holder would fit into lamp as there was not enough time or 

plastic to make two prints. To do this I used properly scaled proxy geometry inside Houdini 

and then printed a test slice of the base to test physically with the real bulb. 

 

Algorithm Analysis 

This project successfully identified the strengths and weaknesses of various growth 

algorithms for their use in product design with domestic 3D printing. Whilst suitable for SLS 

printing methods, most algorithms are not suitable for FFF as the generated geometry is too 

complex. Grey-Scott reaction-diffusion was the algorithm that is best suited for home 

Fig. 34. The final lamp 
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printing. It doesn’t produce geometry with holes and generates a huge variety of patterns 

from relatively simple parameters. These patterns all have a similar organic style, reminiscent 

of brains, coral, cells or micro-organisms, yet are individually distinctive. Further variations 

on these patterns can arise from varying the feed and kill rates across the surface as well as 

the starting conditions. Adapting the algorithm for generative modelling effectively exploits 

the capabilities of 3D printing; one printer can print a variety of personalised product. 

Although the printer available to me was not capable of printing material blends, the system 

is capable of controlling these with the chemical attributes. 

 

Lamp 

The final, printed desk lamp is successful and serves its purpose well. The chosen feed and 

kill parameters of 0.052 and 0.061 respectively generate a brain or coral like structure. This 

organic form is in opposition to the internal square lattice structure. This lattice is a result of 

the 20% internal density. This was an unexpected success as it embeds the digital origins of 

the organic structure within it. Together, the organic and digital structure create a more 

interesting pattern when the light shines through it. 

 

Digital Asset  

The HDA system provided by Houdini proved to be an excellent way of producing a proof-

of-concept system. The entries system can be stored inside one node that has an appropriate 

user interface. The HDA can be exported as a .hda file and shared via the Orbolt Digital 

Asset Store.  

The interface could be streamlined to make it more user friendly for the average consumer.  

For example, the reactions are most effective when the diffusion rates of ca and cb are at a 

2/1 ratio; this could be hard coded into the asset and one control used to vary both 

simultaneously while retaining the ratio. However, as a proof-of-concept this particular 

interface worked well as it allowed me to assess the importance of each parameter. 

 

Fabrication 

Producing test prints proved to be invaluable as printing proved to be more temperamental 

than expected. Several test prints failed due to temperature and humidity conditions as well as 

aging of the plastic. Once these problems were identified they could easily be resolved. The 

printing process was extremely slow, taking 2.5 days to complete. There are small 

imperfections in certain areas, possibly due to the high density of support structures and low 

internal density.  

Overall the cost of this print was approximately £20 (£10 on plastic and £10 on bulb and bulb 

holder). This is an extremely competitive price especially when considering it is a bespoke, 

personalised product.  
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Innovation  

This project provides an innovative approach to product design. Although some design 

studios are focussing on 3D printing technology for domestic products, most are still 

focussing on industrial printing methods. The degree to which this system can be customised 

as well as its ability to control material and colour blends sets it apart from other similar 

systems such as nervous system's custom jewellery. As home 3D printers become cheaper 

and more viable more people will print household items at home. This is a natural 

progression from pre-fab to personal fabrication. Systems such as this one provide the most 

use for this potential consumer market as well as the current community of 3D printer 

hobbyist. 

The project also demonstrates an innovative collaboration between disciplines and software. 

The growth algorithms under discussion are originally developed for understanding 

experimental science. Their aesthetic qualities are a by-product that this project exploits for 

digital manufacturing. This is possible due to the power and diverse range of applications of 

the visual effects software Houdini. 

 

Further Work 

The project could be further enhanced by creating a WebGL application instead of the HDA. 

This would enable users to easily access the product without having to download Houdini as 

well.  

The implementation of images as maps for kill and feed rates would add an extra layer of 

personalisation to the product. 
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