
The role of the designer has been long defined to be 
highly conceptual and immaterial. This distinct separation 
between mind and body coined in the Renaissance era 
undeniably constitutes the basis for contemporary design 
practice, in which designers are mainly concerned with 
the representation of the design and not so much with 
the materialization. Following the successful attempts 
at automating the fabrication process starting from the 
1940s, Computer-Aided Manufacturing (CAM) and 
Design (CAD) tools focused on attempting to liberate 
designers from arduous tasks of design further. Even 
though such efforts enabled faster and more accurate 
fabrication, CAM tool implementations are deterministic, 
minimizing ambiguity and discoveries that inform design 
decisions, and highly generalized, failing to capture vast 
possibilities of computation in design. This thesis proposes 
an interactive design-fabrication pipeline where users can 
actively manipulate the object at any given moment during 
the fabrication process which then can be captured using 
computer vision based feedback loop to inform digital 
representation, capturing geometrical intentions introduced 
through physical interaction. By doing so, this thesis 
argues that active engagement with materials is a learning 
opportunity that can enhance creative freedom and inform 
design decisions, and that creative human agency can 
coexist along deterministic machines to facilitate creative 
and cognitive exploration through making.
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The adoption of Computer Aided Design (CAD) systems 
changed the workflow of design disciplines and shifted 
the design practice towards visual representation. The 
abstraction of design into digital representations biased 
design towards the idealized visual form and it undermined 
the physical relevance of design artifacts. This thesis 
attempts to bridge the physicality of design artifacts 
and the abstract visual representation by redefining our 
interaction with CAD systems, using 3D texture capturing 
and haptic simulation techniques. The thesis documents 
the development of an integrated hardware and software 
toolkit that would allow sampling of real-world texture 
at a microscopic scale and enable designers to map the 
sampled texture into the 3D model where texture can be 
simulated through a haptic interface. A novel representation 
of texture at microscale along with the haptic toolkit could 
provide more active engagement with materiality during the 
CAD Process that could inform design decisions through a 
simulated perceptual experience of the material.

3D Microscopic Texture Interface in CAD: 
Cultivating Material Knowledge for the Practiced 
Digital Hand

Wei Wei Chi 

Computational design is a field combining multiple concepts 
and a variety of fields linking design and computation 
around the innovative re-definition of computer-aided 
design methods through digital, physical, interactive 
computing. Through computational visual analysis based 
on several conferences in computational design fields, 
including ACADIA, CAADRIA, CAAD, CHI, DIS, ICCAD etc., 
this thesis aims to increase our understanding of this rich 
field of research and practice. Through data visualization 
and analytics it tries to find new insights from the field’s 
production, including what are the important theories; how 
authors and institutions have cooperated and impacted 
each other over time; and the distribution of researchers 
based on gender, location, and institutions. This thesis 
tries to introduce the field’s historic evolution in a clear 
interactive visualization, for people to quickly understand 
what topics covered, areas of focus, blind spots of research, 
during the past 50 years. The thesis uses the unsupervised 
classification method, LDA topic modeling, to discover 
the topics covered by papers and to illustrate how to gain 
insight into the structure of the field from those topics. 
Through topic modeling with a network structure, the thesis 
tries to extend the model to include authorship information. 
Taking a visual analytics approach like D3js and Threejs, I 
integrated those text analysis algorithms with interactive 
visualizations to provide a dynamic system that allows users 
to explore collections of documents. 

Modeling Computational Design: An Interactive Visual 
Analysis of the Field Based on Topic Modeling and 
Bibliometrics

Zhuoni Yang

As the line between the physical and the digital is gradually 
blurred because of the rapid developments in computation, 
cybernetics, artificial intelligence, and engineering, 
architectural environment increasingly become receptive, 
perceptive, reactive, interactive, and even proactive. 
However, although people are fascinated with the idea 
of reactive spaces and ubiquitous computing, there is 
still missing an integrated sensing system which not only 
leverages the occupants’ status, activities, interactions, and 
contextual information but also maintaining extensibility 
and expandability. Moreover, it still requires great efforts, 
especially for non-experts, to design appliances and 
applications compatible with the system.  In this thesis, I 
present a lightweight sensing system which can gather, 
analyze and fuse the occupants’ movement, gestures 
and voice data, provide easy-to-use templates and rules 
for designers and developers to create appliance and 
the configure the behavior of the application. I provide 
the audiences with a design space which articulates the 
potency of the system being applied in two major domains 
- smart home context and creativity installation context. 
The system, including software and hardware components, 
is packaged and documented in detail, serving as an 
off-the-shelf open-source project for developing sensor 
environments. 

Endowing the Built Environment with Intelligence: 
a Design Framework for Interactive Sensing 
Environments

Runchang Kang



Materials in nature are mostly active, responsive, and 
transformative. Yet in conventional design practices, these 
features are often neglected and removed from the actual 
design. 4D printing is an additive manufacturing technique 
that leverages these properties to create stimuli-responsive, 
shape-changing artifacts. However, due to the lack of a 
fast and physically accurate simulation method to inform 
design decisions, prior studies in 4D printing rely almost 
exclusively on physical prototyping. A proper simulation 
method to inform decisions in this domain is needed. This 
thesis addresses this challenge by proposing a data-driven 
simulation method that leverages finite element analysis for 
accuracy and machine learning for computational speed. 
Compared to other simulation methods, this approach can 
produce physically accurate transformation predictions in 
real-time, allowing for an interactive forward-design process 
of 4D printing. A prototype CAD tool is also implemented 
to expose the design and development guidelines of a 
‘forward-design tool’ adopting this simulation engine, and 
is deployed in several design tasks to demonstrate its 
applicability.

GeoMATries: Designer-Oriented Material 
Programming and Simulation Tools for a 4D 
Printing CAD Platform

Humphrey Yang

Designers translate their ideas into images via visualization 
tools. Most of these tools provide some level of editing 
capabilities. Although these tools have very powerful and 
comprehensive capability in editing, they require users to 
have a strategy before using and decide the combination of 
commands he/she needs to apply. For some simple task, for 
instance, moving the position of the light source in an image, 
these tools will have very limited power (image processing) 
or require great amount of computational resources 
(render). Even though the user may have a clear image of 
the expected result, current tools will have a hard time to 
the task, mostly because they are ‘content-blind’. To test 
the idea of a ‘content-aware’ image processing tool, in this 
research I use machine learning methods to develop a proof 
of concept tool that is able to rapidly relight an image based 
on content traits in the image (depth, shape, reflectiveness, 
etc.) that relate to the re-lighting task. By doing this, we can 
have the light weight convenience of an image processing 
tool as well as the content-awareness of a rendering tool. 

Smart Filter: A Machine Learning Approach For 
‘Content-aware’ Image Processing

Zheng Luo
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This thesis reports on the analytic and generative potential 
of machine learning methods on context-rich urban 
datasets. Working with a dataset of Pittsburgh’s urban data, 
the paper proposes a novel method to extract information 
about each building in the city in ways that reflect its 
immediate urban context, analyzing its morphology. The 
method can identify urban characteristic or gradients that 
yield surprising correlations with Pittsburgh’s distinctive 
neighborhoods by clustering feature vectors of a novel 
dataset. In contrast to analyzing the morphological 
homogeneity of urban space in a top-down fashion (such as 
existing GIS data focusing on individual buildings) this thesis 
illustrates a bottom-up method to reveal morphological 
patterns in new ways. The potential of this framework to 
integrate morphological and non-morphological aspects 
of cities — such as economic and socio-cultural data — is 
discussed. 
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The Master of Science in Computational Design 
(MSCD) is a research oriented program at the School of 
Architecture at Carnegie Mellon University investigating 
critical perspectives and creative opportunities at the 
intersection of design, computing, and society. 
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