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to develop a design methodology that incorporates 
dynamic feedback that enables the testing of multiple 
scenarios for the production of design intent.

In a time when digital tools outpace design meth-
ods, we now see an increasing emphasis on providing 
empirical support for a historically qualitatively-ori-
ented profession; there is a need to develop a research 
framework that allows for a more comprehensive 

Architects have historically circumvented the need 
within the design process to establish real-time or 
sensor-based feedback relationships between the 
object and its environment by avoiding the complex 
variability of the actual environment. This has been 
accomplished by using a reductivist approach that 
takes large sets of spatial and temporal data, deriving 
mean values, and using these "average" conditions 
to inform both design goals and processes. Such a 
method understates the causalities across the sys-
tems and fails to engage the relevant information of 
the nuanced performative realities. The concreteness 
of the actual gets lost in the abstraction of the interpo-
lated ideal. Given the lack of computational tools that 
can simultaneously integrate both analysis and design 
scenarios, this method once made sense. However, 
the current trend in building simulation research leans 
toward deciphering the specific causation of perfor-
mative variability within high-dimensional parametric 
spaces.1 Such methods can serve as means to suc-
cessfully expose discrete and dependent relationships 
between environmental variables, spatial organiza-
tions, and other forces, and can highlight the need 

Figure 1: Concrete 
thermal patterns 
generated while 
constrained by the 
same volume and 
controlled increase of 
surface area. Epiphyte 
Lab, 2014.



2014 TxA EMERGING DESIGN + TECHNOLOGY 103102

assessment of both context condition and design 
effect. Today, with plugins like Grasshopper (GH) for 
Rhinoceros 3D,2 designers are able to integrate data 
and computation within their native modeling environ-
ment. Furthermore, the ability to couple information 
with geometry and dynamic visualizations enables 
the potential to produce intuitive and informative 
representations of data that is otherwise esoter-
ic when confined to a numeric format. Our thermal 
mass research project (fig. 1) provided a case study 
in these contemporary methods: We tested the extent 
to which the incorporation of data processing within a 
visualization environment is able to provide intuitive 
representation of complex information, comparing 
thermal metrics against desired effects. 

The Thermal Mass Regimes3 project investigates 
the impact of complex geometry on the process of 
passive heat distribution in thermal mass systems 
(fig. 2), with the goal to develop design principles 
that effectively engage the thermal gradient between 
buildings and their environment. These processes and 

goals necessitate a deeper understanding of how spe-
cific morphological manipulation of mass distribution 
to surface area affects the rate of thermal transfer, and 
how the surface area geometry can become an opera-
tive design variable in energy collection, throughput, 
storage, and re-radiation of sensible heat. The analysis 
of our geometric populations suggests the possibility 
for a more synthetic incorporation of morphology, one 
in which surface geometry can be passively utilized to 
generate playful effects, while providing more fidelity 
over the pace of thermal absorption and release of 
sensible heat. 

Our methods utilize workflow that connects para-
metric tools with raw thermal data from physical simu-
lation in order to analyze and visually represent thermal 
performance of unique geometries. Custom scripts for 
interpretation and representation of data help translate 
large sets of information into approachable formats 
that offer intuitive application of complex information. 

Globally, the Mass Regimes project defines prin-
cipals that integrate passive-system thinking into 

the built environment. By understanding thermal 
behavior in response to the scale, form, and color of 
architectural components, we begin to define new 
design strategies and, from them, design solutions 
that respond to multi-variable parameters. This pro-
cess thus aids in the negotiation of balance between 
thermal functionality and immersive experience. The 
knowledge thereof expands design possibilities while 
empowering the building surfaces with self-regulating 
properties and reducing the building’s dependency on 
mechanical systems. 

The main reason that thermal passive strategies 
are not used more extensively in design is that the 
traditional Trombe4 and mass systems ask for solid 
concrete mass, generally blocking light and views 
while failing to create an appealing space within. We 
are interested in establishing a synthetic design re-
sponse to thermal and aesthetic criteria by developing 
a specific functional thermal mass pattern logic that 
allows for apertures within its surface. 

In the Mass Regimes, we physically simulated the 
thermal behavior of 30 tiles (fig 3). This set was made 
up of five families of six concrete tiles measuring at 16” 
x 24”. The ratio of volume to surface area is a function-
al performative parameter that contributes to effec-
tive convection. The tile geometries were generated 
using the Galapagos5 genetic algorithm solver to en-
sure consistent volume across all tiles while increas-
ing the tile surface area within each family (fig. 4). 

In the physical simulations, the tiles were exposed to 
a heat source that was turned on for six hours and then 
turned off for six hours, heated up and then naturally 
cooled over a total period of 12 hours. Thermal data was 
collected by thermal cameras scanning the back surface 
of the tiles at one-minute intervals. This produced a vast 
numeric dataset that could be spatialized and interpret-
ed using the computational and graphic powers of the 
GH plugin for Rhinoceros 3D from McNeel. 

The following process is based on interpretation 
and application of statistical data within system de-
sign thinking. Our workflow consisted of four phases: 
initial data visualization for thematic understanding; 
statistical processing for taxonomical understanding 
of performance; defining querying system for desired 
thermal attributes; and redistributing the pattern and 
matching the thermal attributes with desired perfor-
mance and effect.

The GH plugin offers two critical capabilities that 
enabled us to tightly couple the statistical feedback 
to the design process. On the most basic level, there 
is an ability to associate all numerical information 
directly with 3d geometry, thus allowing for intuitive 
reading of object performance. Then, by attributing 
statistical values to virtual objects, the attributes can 
be used to re-map the objects onto newly designed 
systems: Conditioned by another layer of information, 

this “reception” map outlines performative desire and 
receives the trending pattern. Such a process requires 
that steps and feedback loops be constrained by the 
same statistical parameters in response to systems 
conditions. The level of abstraction necessitated by 
this process may seem hindering at first: These con-
straints encouraged the development of an interme-
diate associative mapping system, enabling the de-
signer to identify numerical values through color and 
pattern to maintain an understating of the process’s 
input and output parameters. 

THEMATIC UNDERSTANDING OF DATA
Collected base thermal data is first exported from the 
physical experiment in JSON6 format. This data set 
represents the temperature of each pixel of the ther-
mal camera at one-minute intervals, in a text-based 
format. The first operation is the reorganization of the 
data set according to its four dimensions: tempera-
ture, x, y, and time. Figure 5 shows the base 2d repre-
sentation of the data utilizing a matrix to display time.

Within the GH environment, time, as a fourth dimen-
sion, can also be represented in motion as video or, ab-
stractly, as a slider along which one can query specific 
instances (fig. 6). These representations offer a themat-
ic understanding of how each tile performs uniquely 
across time and space, and shadows of thermal trends 
among tiles and families start to become apparent. 

STATISTICAL PROCESSING FOR TAXONOMI-
CAL UNDERSTANDING OF PERFORMANCE
The next phase generates and displays each tile’s per-
formance statistics in histogram/dot-plot format, as 
well as in pairwise scatterplots. The goal of this step is 
to classify all the tiles into performance-based groups. 
The value here is twofold: First, we gain deeper un-
derstanding of the morphologies’ impact on thermal 
performance. Second, we gain a data set embedded 
within the virtual morphological objects, each with its 
own series of performance attributes. Once we have 
written a script to generate all the population param-
eters regarding tile performance, and have created 
standard scripts that will process the data into a visual 
format, we are able to compare, query, and categorize 
the data in many ways. The matrix in Figure 7 demon-
strates different types of information and groups of 
relationships produced in order to better understand 
the relationship between surface area, morphology, 
and thermal performance.

This matrix of data enables the designer to readily 
engage with each pattern tile or tile family to derive the 
functional parameters based on performance needs, 
such as rates of thermal gain and loss, etc. By processing 
and re-representing our data sets within the GH plugin, 
we are able to produce more tangible interpretations for 
designers unfamiliar with conventional statistical  meth-

Figure 2: Samples 
of proposed surface 
geometries.

Figure 3: Diagram of 
physical simulation 
process and thermal 
data collection and 
digitization.
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Figure 4: Diagrams of 
parametric geometric 
operations – Genetic 
optimization algo-
rithms for two different 
pattern logics. Epi-
phyte Lab, 2014.

Figure 5: Diagram 
illustrating raw data 
translation into 
color-coded thermal 
maps. Epiphyte Lab, 
2014.

Figure 6: Animated 
Heap Maps – Sample 
key-frames from two 
sets of tile groups with 
the constant volume 
and surface area, but 
with varying surface 
morphology, visual-
izing the difference in 
thermal performance 
over time. Color- 
coding refers to the 
temperature range 
from approximately 
14 to 32 °C. Epiphyte 
Lab, 2014.
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ods and numeric descriptive statistics. The conventional 
histogram, for example, is typically intended to represent 
the total frequencies of occurrence and provide “anon-
ymous” interpretation about the totals in a form of ab-
stracted trend of performance. Our method automates 
the histogram production by utilizing the link between 
3d tile geometry and spatialized data set about tile fam-
ily in relationship to surface area increase, embedding 
more complex information into the representation. The 
matrix produced identifies specific performances and 
their corresponding multi-layered information sets (i.e., 
average rate increase, thermal gain, etc.), explicitly cou-
pling metrics to the tile pattern inside of the histogram. 
This histogram then serves directly as a data-based 
substrate for the next phase of querying logic. 

DEFINING QUERYING SYSTEM FOR DESIRED 
THERMAL ATTRIBUTES
The following phase focuses on making the data set op-
erational within a design process, identifying and query-
ing geometries based on multiple desired performative 
characteristics. As our study is focused on the thermal 
properties of complex geometry for specific sample 
morphologies, we have a population of tiles about which 
we know specific metrics (fig. 8). 

We are able to compare all tiles against performance 

of increasing temperature and decreasing tempera-
ture, as displayed in Figure 9. GH script allows us to au-
tomatically visualize the thermal range while matching 
each pattern to a rate of heat gain or loss. To navigate 
the design process, one needs to engage the overlap 
between stochastic understanding of the system and 
generative abilities of the computational workflow. The 
designer has a choice to select the tile types and then 
apply them as desired within specific design systems. 
the design process, one needs to engage the overlap 
between stochastic understanding of the system and 
generative abilities of the computational workflow. The 
designer has a choice to select the tile types and then 
apply them as desired within specific design systems.

As our initial set was limited to only 36 tiles, this 
was also a moment when we attempted to expand on 
the previous work and, based on our findings, gen-
erate a more nuanced geometric variation set (fig. 
10). We developed a new series of geometries ge-
netically optimized to produce a tighter constrained 
testing set, still maintaining consistent tile volume 
while allowing surface area to increase. This is the 
foundation of a future phase of the project that will 
potentially enable us to generate a larger rule-based 
variety of functional forms automated into new per-
formative patterns. 

Figure 7: Histogram 
Performance Matrix 
– Showing different 
criteria related to rate 
of heat gain and loss, 
sorted by degrees of 
difference from base-
line performance of flat 
tiles. Colors differenti-
ate between tile series, 
warmer colors being 
smoother tiles, colder 
colors being rougher. 
Epiphyte Lab, 2014.

Figure 8: Performance 
parameters from 
thermal data are 
attributed to the virtual 
time geometries; these 
can be queried for per-
formance comparison 
or further generative 
association. Epiphyte 
Lab, 2014.

Figure 9: Performance 
graph per tile for rate 
of temperature change 
showing the pattern 
and performance 
trending. Epiphyte Lab, 
2014.
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Figure 10: Sample 
morphologies using 
Octopus plugin (www.
food4rhino.com/
project/octopus?ufh) 
generative script based 
on genetic optimization 
of multi-variable 
constraint of volume to 
surface area across the 
family types to produce 
new generation of 
thermal morphologies. 
Epiphyte Lab, 2014.

Figure 11: Diagram 
of Seasonal Solar 
Exposure of Thermal 
Mass to Inform Pattern 
Distribution. Epiphyte 
Lab, 2014.

AUTOMATED RE-MAPPING OF THERMAL 
VALUES TO PATTERN MATCHING FOR  
SPECIFIC CLIMATIC PERFORMANCE
Of course, developing a detailed understanding of ther-
mal performance for specific concrete tiles is not much 
use if we are unable to operationalize the information. 
The final stage of our study is the incorporation of the 
tile geometries into an architectural thermal mass sys-
tem based on the need to relate thermal attributes to a 
specific time delay in temperature re-radiation.

In principal, the mass wall’s geometry can help to 
decrease energy usage by both capturing solar energy 
and redistributing it over time, serving as a thermal 
buffer. Such systems passively prevent rapid swings 
in ambient temperature, thus significantly reducing 
the building’s heating loads and needs for additional 
mechanical systems.

The desired operability and performance of a 
mass wall varies from one climate to another, as 
well as throughout the seasons. Tuning such per-
formance thus depends on a number of variables 
based on site climate and project context (fig. 11). 
This process of nuanced morphological manipu-
lation is less about the optimization routines and 
more about understanding the general thermody-
namic trends that can be enhanced and enriched by 
the pattern logic for performance, design purposes, 
and spatial effects.

In this final phase, we generated a script utilizing ba-
sic daylighting simulation in GH and Ladybug7 plugins, 
coupling the incident radiation values for a specific 
time period with the performance rate of geometries 
(particular speed of thermal absorbency and release). 
The desired attributes are determined by both the inci-
dent radiation simulation and the climate of the loca-
tion for which radiation was simulated. 

The script relies on climactic information extract-
ed from the weather file (.epw), contextualizing and 
orienting the tested geometry. The script includes a 
built-in variability that allows for defining the recep-
tion surface of thermal mass and its surrounding 
geometry through basic modeling procedures, while 
respecting cardinal ordination and the system’s scale. 
The simulation time-span and season can be selected 
to target a desired performative outcome. By turning 
on and running the simulation, the receiving surface 
is matched to the tiling logic by a basic UV subdivision 
and receives radiation values. The analysis returns the 
numerical values producing the color mapping of the 
mesh. It is important that the simulation values have 
the same ratio as the tile dimensions: As a tile’s per-
formance is linked to the specific ratio between its 
mass and surface area, it is critical that the pattern 
scale is preserved and UV subdivisions are matched. 
The simulation returns trimmed surfaces, as well as 
their basic geometric parameters: center points, nor-
mal vectors, and planes. Color mapping is then paired 
with geometric pattern attributes, which serves as a 
vehicle for automatic redistribution of the tiles and 
generation of the overall design. The radiation val-
ues for each trimmed surface serve as a substrate 
to determine the panel location. Within the code, the 
radiation range serves as a bridge between location 
and ordination of a particular geometry.

For example: For a wall in Pittsburgh (in figs. 12a 
and 12b) that seeks to gain heat quickly and release 
heat slowly during the summer, we can query tiles 
with the greatest (x, y) values in the scatter plot and 
then map them across the wall based on radiation 
levels and tile attributes. Tiles with a fast rate of heat 
gain and slow release behavior are being mapped as 
red pixels with highest radiation values, illustrating the 
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Distributing Geometries most effective location for these geometries within the 
mass wall system.

In this script, we can control the location, the way the 
mass wall is integrated into the building,8 the shape of 
the wall, and the desired impact of the wall. Changes in 
any of these variables produce specific results whose 
aesthetic is imprinted with the logics of performance, 
and the wall’s context within a particular place. 

CONCLUSION
The use of computation empowers the designer by 
allowing for greater versatility and agility throughout 
the design process. This workflow translates data 
processing and archiving across numeric and visual 
boundaries, allowing for more intuitive design deci-
sions while maintaining the integrity of the pure data. 
As such, data becomes integral to the navigation of 
formal decisions, allowing the designer to respond 
to building attributes and a dynamic environmental 
context.
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Figure 12a: Diagram 
showing synthetic ap-
plication of automated 
redistribution of pat-
tern logic associated 
with varied climate. 
Epiphyte Lab, 2014.

Figure 12b: Diagram 
showing synthetic ap-
plication of automated 
redistribution of pat-
tern logic associated 
with same climate, but 
varied 3d geometry of 
the ‘reception’ surface. 
Epiphyte Lab, 2014.
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