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Cellular automata offer a compelling model for complex generative design.
However, the abstraction of classical cellular automata models hinders their
application in the design process, particularly at small scales where regular grid
matrices do not provide an adequate approximation. This paper presents some
tests in appling these generative properties to a real site using irrregular
tesselation adapted to the terrain and an spreadsheet interface that translate
design concerns into set of neighborhood and state behaviors with the goal of
generating massing diagrams for an urban masterplan. The development of the
model over time is also presented as a visual reference that aids in comparing
different parameter sets and informing the design process.
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INTRODUCTION
This paper presents recent work in computational urban design and masterplanning. The approach described adapts the generative potential of cellular automata to negotiate complex typological solutions
using localized behaviors. The focus of this research
is in adapting and making accessible the mechanics
of of cellular automata to a design workﬂow rather
than simulation of natural urban growth patterns.
In contrast to classical cellular automata models,
which rely on regular, gridded cells as a base unit
of operation, this project extends the functionality
to arbitrarily shaped meshworks with highly irregular tessellations. The motivation for this approach is
to adopt the cellular automata methods to be more
relatable to the design process with ability to deform
the meshwork to reﬂect complex existing conditions
instead of a generic ground. Urban masterplans are
very contingent on features of their site and are not

well served by a regular, arbitrary, or voronoi lattice
(Navid and Ahghababa 2013). The example covered
in the paper will include adaptation to ﬁt extreme topographic conditions. Further, the implementation
of context-speciﬁc meshes allows the introduction of
additional localized information into the factors affecting adjacency behaviors using relatively low level
relational abstractions.
This research has been undertaken in the aim
of producing a model that generates and visualizes
volumetric massing studies. Particular emphasis has
been placed on the ability of a designer to easily formulate a series of cellular behaviors and test scenarios in real-time, including the ability to interact with
the simulation and underlying geometry as it runs.
The formulation of these behaviors is formatted to reﬂect urban design concerns such as orientation, visà-vis, density, slope, access, and others. This leads to
a larger list o interactions than most classical cellu-
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lar automata, resembling in some ways, a multi-agent
system of dynamic, but immobile agents.
In contrast to previous studies with irregular tessellation that use Euclidean distance to deﬁne neighboring cells (Flache and Hegselmann 2001), this
study uses shared edges or vertices to facilitate handling of the various spatial relationships that might
be desired between neighboring cells or their context. Adjacency behaviors can be input graphically
via a spreadsheet application further reducing the
complexity for the designer.
Experimental results of the design tool will be
presented with regard to the temporal patterns of the
model, the relationship between the designer's intent and enacted results, and aspects which demonstrate stability over perturbations of the initial parameters.

LITERATURE REVIEW
The general application of cellular automata to
studying questions of urban growth and morphology is treated most throughly in (Batty 2005) These
methods are presented within the context of urban
design, though they often operate at a macroscopic
scale that limits their applicability to the shape and
diﬀusion of an urban metropolis, concerns beyond
the scope of much urban design practice. Couclelis (1997) has detailed generalizations of cellular automata that allow these models to more closely approximate real-world applications and to reﬂect empirical observations.
In particular these adaptations diverge from the
homogeneity of the initial grid to incorporate persistent environmental features such limits such as borders, coasts, transportation corridors, etc. Integrating features from GIS models, based on vector shapes
rather than raster grids can be accommodated by
specifying zones to which the cells belong (White
1997) or by linking the GIS shape as a layer on top of
the cellular automata model.
A more direct coupling can be achieved by using irregular tessellations of the ground into cells.
Though this may raise structural questions about the

462 | eCAADe 33 - Generative Design - Concepts - Volume 2

automata model, it can also bring beneﬁts. For example, Shi and Pang (2000) conclude that voronoi-based
tessellations oﬀer a more natural and expressive basis for cellular automata models while others have
shown how variable grid cells may better model action at a distance (van Vliet et al. 2009). When spatial
units such as cadastral plots or other GIS shapes exist
and constitute an extensive ﬁeld, they may be used
as an irregular tessellation pattern that will more efﬁciently represent the geographic conditions (White
and Engelen 2000). This approach has been repeatedly tested with success on small urban areas by
Pinto and Antunes (2010) using census blocks as the
basis of cell deﬁnition.

PROJECT PRESENTATION
This project is primarily interested in how the generative potential of cellular automata models to integrate discrete, localized actions in a bottom-up way
that produces emergent macro form can be used
in masterplanning design. This focus leads to three
unique concerns. First, the size of the site under
consideration is much smaller than the typical area
of cellular automata models, which calls for more
speciﬁcity with regard to the existing site conditions
and the cell geometry. Second, the deﬁnition of
neighborhood interactions has been made in terms
of design-language with little abstraction and may be
contingent on the cell state. Third, in order to produce a complex and ﬂexible masterplan, simple, but
mulit-layered transition behaviors have been used.
The model has been written using Grasshopper and
GhPython to provide interaction within a 3d CAD
software commonly used by designers.

Site
The site of inquiry is adjacent to a rural village in periurban Beijing and covers approximately 50 hectares
of steeply sloped hillside. The topography of the site
inﬂuenced the decision to use an irregular tessellation such that the geometry of the cells would follow the irregularities of the ground. A topographic
analysis was performed to produce the subdivision

that also calculated and assigned data related to the
slope-its magnitude, orientation, rainwater runoﬀ-to
each cell in a custom object class. See ﬁgure 1. This
data was included as factors in the initial state of
the cellular automata model and also participate in
the adjacency behaviors during operation. The site
is continuously covered by approximately 3200 cells
with a mean area of 106 sq.m.; 67% are quadrilaterals with 19% triangular, 12% pentagonal, and a few
assorted other polygons.
Figure 1
The subdivision of
the hillside site into
a topographic
meshwork of cells.

Model Operation
Figure 2
Reaction of cell
ﬁtness values to
various site
conditions can be
input through this
spreadsheet.

through which the designer can adjust their incremental impact on the various ﬁtness values, see ﬁgure 2.
In a classical cellular automata, the neighborhood behaviors are enacted based on the number
of adjacent cells in the 'on' state. Here, the adjacent
'on' cells impact the ﬁtness value that corresponds to
their own current use value. In this case it is computationally more eﬃcient to make this adjustment from
a cell that is 'on' extending outward rather than the
central cell gathering in (the entire series is summed
within each frame so there is no diﬀerence in the
outcome). Again, using a spreadsheet for input, the
neighborhood behaviors can be programmed to incorporate spatial aspects of their relation such as relative orientation, see ﬁgure 3. Here the active use
determines the appropriate column and each of the
rows displays the possible ﬁtness value adjustments
based on the target face's relative location on the
compass rose. In this example, a garden cell ('GR')
makes a incentive (+2) to high-rise ﬁtness to its north,
but a disincentive (-2) if the neighbor cell is to the
south. This interface is composed with the idea of enabling roughly typological relationships of volumetric massing, here for instance, the behaviors suggest
a clustering of building volumes around a central garden courtyard with lower volumes to the south and
higher volumes to the north.

Each cell has a series of ﬁtness values (Katoshevski et
al. 2008) that express its suitability for one of the ﬁve
possible uses-three built uses: high-rsise, mid-rise,
and low-rise; and two open uses: garden courtyard
and void. These ﬁtness values are initially derived
from site conditions, incrementally factored frameby-frame. Until the ﬁtness values reach a certain
threshold, the cell is in an 'oﬀ' state. This assures
that the initial conditions have time to be processed.
When a cell switches to the 'on' state, its greatest
ﬁtness value deﬁnes its use. Because of the diﬀering conditions each cell ﬁnds itself in, some cells will
reach the 'on' state much earlier, these cells constitute the kernal of the cellular automata. The site conditions that are measured are listed in a spreadsheet

Generative Design - Concepts - Volume 2 - eCAADe 33 | 463

MODEL RESULTS

Behavior Layers
Wooldridge (2002, p.102) describes a decomposition
of functional behaviors into layers that are reactive,
proactive, and social. So far we have discussed two
of the behavior layers and their position in a sequential operation. The ﬁrst layer is active when the cell is
in the 'oﬀ' state and the ﬁtness is driven by site conditions. The second layer occurs when the cell is in the
'on' state and neighborhood behaviors are eﬀected
in coordination with the use state of the cell. Finally, a
third layer reacts to the existence of certain clustered
assemblages. When a cell maintains a persistent use
for a longer duration of time, this third pattern of behaviors can be triggered that reinforces the existing
patterns, nudging them toward convergence, or that
disrupts a state of equilibrium. Figure 4 shows a set
of variables that allow cells with the 'garden' state to
have greater impact on their neighbors in organizing
the typology described above. This behavior follows
(O'Sullivan 2002) in using the subgraph of cell states
as the basis for a new behavior.
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To test this model we have prepared three iterations
layering additional complexity into the model parameters. The ﬁrst is a straightforward application of
the behaviors in ﬁgures 2 and 3 with no clustering behaviors. The second uses a more gradated set of inputs for neighborhood behaviors as seen in Figure 5.
Finally, the third iteration adds clustering behaviors
to the model, operating with the settings in Figures
2, 5, and 4.
In the resultant volumetric massing, see ﬁgure
6, the three iterations show a similar pattern of coverage, though it is clear that the ﬁrst scenario does
the least to activate the site. Because the 'on' state
of the cells depends on its neighbors, the second
scenario, with more thorough neighborhood behaviors, increases the number of active cells considerably
while also better distributing the states and the links
that indicate a typological match.

Figure 3
Active
neighborhood
behaviors can
incorporate spatial
patterns and
suggest typological
organizations.

Figure 4
The third layer of
behaviors operates
to form more
coherent
assemblages using
targeted
adjustments
localized around
persistent cells.
Figure 5
Neighborhood
behaviors with the
parameters
assigned a
smoother gradation
between types.

Looking at the development of the model over time
is also revealing. In order to track the patterns of
the model as a whole we have produced histomaps
of each scenario, see ﬁgure 7. Here, each horizontal
line represents a tiimeline of an individual cell over
the course of the simulation. The color represents
the state value while the line thickness increases in
proportion to the state's persistence. The cells that
have persisted in their current state the longest are
sorted to the top of the graph, giving an image of the
overall trends of volatility or stability. It is interest-

Figure 6
Volumetric massing
results from the
three scenarios.

ing to note that while the ﬁrst scenario remains quite
volatile with fewer long-lasting cell states, the proportional distribution of the states does not much differ between the three trials. The identiﬁcation of further properties that are robust in the face of parameter changes is important for further mapping the intention space (Zuelzke et al. 2012).

CONCLUSIONS AND FURTHER WORK
This project has attempted to use the framework of a
cellular automata model as the basis of a generative,
bottom-up masterplanning tool, leverging its facility
for computing local, relational data of an iterative sequence of frames. In comparison with conventional
uses of cellular automata, this project was less motivated by predictive ability or elegance of abstraction, but by the ability to provide behavior parameters that can easily be correlated to design intentions. This raises questions about how to judge the
quality of the model's calibration. We have demonstrated that the complexity of the model is scalable
through the modiﬁcation and layer of behaviors and
illustrated how setting the rules has been simpliﬁed
through an interactive spreadsheet. The adherence
to design intent is more diﬃcult to conﬁrm, and while
we have oﬀered some preliminary quantitative measurements of the output, more scenarios should be
tested to identify guidelines for greater calibration
and more sophisticated metrics should be proposed
based on spatial formations. Similarly, it is clear that
the sub-division of the site has a substantial impact
on the product of the model, primarily during the
ﬁrst layer relating to the initial ﬁtness values. It would
be useful to compare diﬀerent initial tesselations to
isolate how much impact this has in contrast to the
neighborhood behaviors that follow.
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Figure 7
Histomaps for the
three scenarios.
Each horizontal line
represents the
changes in state
that an individual
cell over the
duration of the
simulation.

