
DATA-DRIVEN A-TYPE

/ The Solar Envelope Construction / DISCRETE AGGREGATION / DATASET FINALISATION
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In order to increase the total amount of sam-
ples in the dataset, I decided to calculate the 
set of north angle values for each location. 

/ EPW

For each generated location, it was decided 
to use variant EPW data from different parts 
of the world to enlarge the variety of the sam-
ples in the data set. 

/ Sun Path 

The Ladybug Solar Envelope component uses pre-calcu-
lated data based on the Ladybug Sunpath component to 
generate accurate simulations of the sun’s path at different 
times of the year. The sun paths were calculated for eight 
different north directions. The SunPath construction provid-
ed points of sun position during the observed time, which 
were then used to calculate sun vectors. These sun vectors 
were used to calculate the solar envelope by determining 
the angles at which sunlight hit the site.

/ Solar Envelope + Building Mass

Using the data from the sun path calculations and the con-
text provided by the surrounding buildings, I engaged the 
Ladybug’s Solar Envelope component. This tool helped 
define the maximum permissible volumes for new buildings 
With the solar envelopes defined, I proceeded to create 
the building masses.

A footprint of the 
building was drawn 
for each structure 

/ Footprint

/ Structure

The distribution of data centers and green modules is 
completed after using precalculated boundary volume 
and field logic. For the structure creation and distribution 
of data and green modules, the field logic was calculat-
ed  to increase the distribution chance of green modules 
to the top border of the solar envelope calculated in the 
previous step
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Every data center module will be filled with a simple 
red plane of 5% transparency, and the green mod-
ule will be filled with a simple green plane of 5% 
transparency.

The ultimate depiction of samples intended for utilization within a machine 
learning framework comprises paired representations: the structure’s top 
view and its corresponding height map top view. The height map encap-
sulates data indicative of the structure’s characteristics contingent upon the 
surrounding urban context. Conversely, the top view representation delin-
eates the structure’s composition, encompassing spatial arrangement and 
numerical distribution of green and data modules.

Every structure created will be analyzed to extract the 
height information of distributed modules. This infor-
mation is distributed in a gradient from white to black, 
with the same range of heights as the context buildings 
represented at the beginning of dataset creation.  
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The customized library  is represented in various 
voxels differentiated by functional or spatial usage. 
Voxels A-v, B-v, C-v, D-v, and E-v are designed for 
spatial aggregation of the structure in the vertical 
direction, while voxels A-h, B-h, C-h, D-h, and E-h 
serve for horizontal assembly. Voxel F represents 
the data center hardware system. Voxel H is de-
signed for urban farm systems. Voxel G serves as 
an air transportation unit from the data center to 
the greenhouse or as a heat-accumulating device 
for further distribution. Voxel I is a complex unit 
that functions as the main reinforcing unit of the 
construction, with integrated pipes for electricity 
and water distribution.

vertical distribution 
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// Configuration theory 

Regardless of how the spatial schemes of the UDC 
building are obtained, whether using trained ML 
or calculation from scratch using algorithms pre-
sented in the diploma section devoted to data-
set generation, the assembly is based on discrete 
logic. The discrete nature of the assembly, divided 
into steps, each associated with a unique part, al-
lowed for the creation of a state-based fabrica-
tion process. This approach identifies various states 
of the robotic system, enabling the integration of 
multiple assemblers, external sensing, actuation 
equipment, and human-machine collaboration. 
The state-based model maintains control of each 
element, allowing instruction modifications based 
on information from other assemblers. Combined 
with semi-automatic path planning, this model en-
hances flexibility and interaction during execution, 
blurring the line between design and fabrication. 
The structure is a graph with an exact start and sev-
eral endpoints. This graph will serve as a guide for 
the robotic system used to achieve the programma-
ble building result. Every node of the graph rep-
resents a type of unit: data unit or green unit. Each 
unit follows its discrete logic at the level of node 
space creation. The entire construction is represent-
ed as a robotic construction system following the 
assembly sequence.

/ aggregation graph 

graph unit voxel 

/ Process

pix2pix : footprint2hightmap

pix2pix : hightmap2structure
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Two pre-trained, open-source models were 
adapted to explore the interplay between AI 
and architecture for the thesis methodology. Ini-
tially fine-tuned and subsequently trained with 
prepared datasets, these models were trans-
formed into a bespoke architectural tool. The 
process involves two sequential pix2pix models: 
the first model processes the footprint sketch-
es to generate a height map of the proposed 
structure, while the second model analyzes this 
height map to determine the building’s structural 

representation, data modules and green mod-
ules ratio. This methodology culminates in the 
development of a tool that enables architects 
to sketch a building’s footprint within a specific 
context initially; the tool then generates a cor-
responding map of building heights, which is 
utilized to define the internal structure. This tool 
demonstrates the practical application of ad-
vanced machine-learning techniques in archi-
tectural design, enhancing both creativity and 
efficiency.
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WASP output

AI output

The post-processed and optimized 
model of the Tokyo urban area se-
lected for the experiment is imported 
as context for calculations and solar 
envelope. 

The process of structure generation based on WASP 
was described in the block devoted to data set cre-
ation. Now, let’s describe the extraction of AI outputs 
and compare them with these outputs from WASP.  
To transfer 2D structure representation, I created a point 
cloud from an AI-generated height map using an open 
3D library that worked in the following way: Firstly, it 
reads the height values encoded in the image. These 
height values are then transformed into a 3D point cloud 
by mapping each pixel’s (x, y) coordinates and height 
value (z) into a three-dimensional space. The resulting 
point cloud is then post-processed using mesh genera-
tion in Rhino. There is a comparison of Point Cloud based 
on heightmap output from AI  with structure output from 
WASP. As you can see, the volume represented with the 
point cloud closely approximates the the WASP output.  
The structural representation based on the overlaying 
matrix can represent that the overlaying matrix green 
and data modules correspond to the WASP output with 
a low margin of error. The WASP result will be used to 
prototype the UDC for the following iterations for more 
precise calculation and easier case study showcasing. 

Users input a building footprint sketch, 
which can be done in any pixel-based 
graphic program, into a prepared map 
capture with defined building heights 
represented in a grayscale gradient 
based on the height .

WASP aggregation processing and 
output extraction are in the form of 3D 
model representations of building mass 
and spatial structure organization. 

AI-based output in the form of two-pix-
el images of the height map and the 
structure. 
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Introduction
In the Anthropocene epoch, characterized 
by significant human impact on the environ-
ment, we witness rapid technological ad-
vancements and a complete digitalization 
of our world. These changes have funda-
mentally altered our lifestyles and interac-
tions. Among the most pivotal structures for 
our digital existence are data centers, which 
have traditionally operated at the fringes of 
human-centric spaces. As our reliance on 
digital infrastructure grows, these centers 
have become central to managing and pro-
cessing the vast amounts of data necessary 
for modern urban operations. This thesis ex-
plores the evolution of a new architectural 
typology, the urban data center—termed 
‘Data-Driven A-Type’—through the innova-
tive use of artificial intelligence (AI), affirm-
ing the increasing multimodality and com-
plexity of architecture as a discipline.
Anthropocene to Post-Anthropo-
cene Shift
The Anthropocene era has led to signifi-
cant environmental changes, necessitating 
a transition to a more harmonious relation-
ship with nature. This thesis examines the shift 
from the Anthropocene to the post-Anthro-
pocene from the perspective of technolog-
ical progress and its environmental impact. 

Leveraging technological advancements 
is essential to transitioning to the post-An-
thropocene era. Subsequent technologies 
designed to mitigate and normalize envi-
ronmental impacts are necessary to pro-
gressively minimize the overall environmen-
tal impact through continuous technological 
innovation. Innovations in renewable ener-
gy, sustainable agriculture, and ecological 
restoration are pivotal in facilitating this tran-
sition. The development of digital technolo-
gies and the Internet of Things (IoT) further 
enables more efficient resource manage-
ment and monitoring of ecological systems.
Architecture and Data Centers
Data centers are integral to managing and 
processing the vast amounts of data nec-
essary for modern urban operations. These 
facilities, which stand devoid of human 
presence, have become central to functions 
ranging from traffic management and pub-
lic safety to energy distribution and waste 
management. Data centers are compared 
to ancient libraries, highlighting their sig-
nificance in storing and processing data 
integral to modern life. They are becom-
ing cultural landmarks of the digital age, 
symbolizing our shift into a fully digitalized 
society. However, the rapid growth of the 
data center industry has led to significant 

environmental concerns due to substantial 
energy consumption and resultant carbon 
footprint. This thesis discusses the challenges 
and opportunities of integrating data centers 
into urban environments.
Data Center Challenges
Data centers face significant challenges re-
lated to energy consumption, environmental 
impact, and the need for advanced cooling 
systems. Sustainable practices and innova-
tive cooling methods are essential to ad-
dress these issues. The cooling systems em-
ployed in data centers include conventional 
air conditioning, chilled water air handlers, 
liquid cooling, free cooling using outside air, 
hot aisle/cold aisle containment, and raised 
floor cooling. Each method has its advan-
tages and limitations in terms of energy effi-
ciency and environmental impact. This the-
sis explores these cooling methods in detail 
and examines how they can be optimized 
for better performance and sustainability.
Urban Integration
Integrating data centers into urban environ-
ments is crucial for the development of smart 
cities. Urban data centers (UDCs) should be 
conceptualized as multifunctional spaces 
that support various urban functions such 
as traffic management, public safety, en-
ergy distribution, and waste management. 

This integration goes beyond their traditional 
utilitarian functions, incorporating them into 
the social, economic, and environmental 
tapestry of smart cities. By blending data 
centers seamlessly into the urban fabric, we 
can create smarter cities that are capable of 
real-time data processing and efficient man-
agement of urban operations.
Decentralized Data Networks and 
Edge Computing
Decentralized data networks distribute stor-
age and processing across multiple nodes, 
enhancing data accessibility, redundancy, 
and security. By eliminating single points of 
failure, decentralized networks boost sys-
tem resilience and reliability. Edge comput-
ing processes data closer to its source, re-
ducing latency and bandwidth usage, which 
is crucial for real-time applications like au-
tonomous vehicles and smart traffic systems. 
This thesis explores the integration of decen-
tralized data networks and edge comput-
ing to optimize data flow and enhance sys-
tem resilience. By deploying local nodes 
throughout city buildings, we can minimize 
data transmission distances, reduce latency, 
and improve application performance.
Heat Reuse and Sustainability
Reusing waste heat from data centers for 
urban farming, district heating, and other 

applications promotes sustainability and 
reduces environmental impact. This thesis 
discusses various examples of heat reuse, 
such as using waste heat for greenhouse 
heating, district heating, swimming pool and 
spa heating, aquaculture, and industrial pro-
cesses. These applications demonstrate the 
potential for data centers to contribute to 
urban sustainability and energy efficiency. 
Integrating UDCs with urban farming infra-
structure offers numerous benefits, includ-
ing a continuous supply of fresh produce 
throughout the year and a significant re-
duction in environmental impact associated 
with traditional farming and food logistics. 
Public Realm and Configurable Spaces 
The integration of UDCs into urban land-
scapes should include public spaces, green 
spaces, and recreational facilities. These 
multifunctional spaces contribute to the ur-
ban fabric, promoting public acceptance 
and understanding of advanced technol-
ogies. Designing UDCs with flexibility and 
scalability allows them to adapt to changing 
technological demands and spatial require-
ments. By incorporating mixed-use elements 
such as public spaces, green spaces, and 
recreational facilities, UDCs can serve their 
primary technological functions while con-
tributing to the urban environment.

Methodology
The research involves designing and imple-
menting UDCs using artificial intelligence 
to create sustainable and adaptable archi-
tectures. The methodology includes location 
structure generation, building massing, dis-
crete assembly, dataset finalization, dataset 
samples representation, and robotic system 
configuration. The shift from modularity to AI 
and the learning process of machine learn-
ing models are also explored. This approach 
ensures that UDCs are designed to meet cur-
rent technological demands and anticipate 
future requirements, embodying principles of 
sustainability, adaptability, and efficiency.
In conclusion, the Data-Driven A-Type 
concept represents a paradigm shift in the 
design and implementation of urban data 
centers. By integrating advanced compu-
tational methods, sustainable design prin-
ciples, and the practical application of AI, 
this research provides a comprehensive 
framework for further developing cooper-
ation between architectural disciplines and 
artificial intelligence. 
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