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The building and construction industry faces significant
challenges in achieving sustainability, innovation, and effective
stakeholder engagement. However, their achievement is
hindered by limited adoption of advanced technologies. This
study addresses this challenge by proposing a framework
named ‘Data-Driven Immersive Design Optimization (DIDO)’
in terms of architectural design. DIDO integrates data-driven
building design, virtual reality (VR), and computer vision to
enhance decision-making and optimize architectural practices.
Chapter 1 discusses the transformative potential of DIDO in
addressing challenges in the architectural design process. It
highlights the increasing demand for sustainability, innovation,
and collaboration in the building and construction industry
while emphasizing limitations of heuristic-hased approaches
and resistance to adopting advanced technologies. The
problem statement identifies the lack of a unified framework
to align computational rigor with user-centered goals. The
research objectives focus on developing and validating
DIDO through applications in site layout planning and facade
complexity analysis to enhance decision-making and better
align user preferences with optimized outcomes.

Chapter 2 reviews the state of advanced technologies in
architectural design, including data-driven building design,
VR, and computer vision, and discusses their contributions and
challenges. Data-driven building design enhances precision
through performance metrics and multi-objective optimization
but faces barriers such as limited data availability and industry
adoption. VR fosters stakeholder engagement by providing
immersive environments that improve spatial understanding
and decision-making, yet adoption is hindered by high costs
and resistance to change. Computer vision automates design
analysis, offering insights into patterns and materials while
complementing VR by enabling intuitive user experiences.
However, these technologies are often applied in isolation,
limiting their impact. This chapter identifies a critical gap in
integrating these technologies into a cohesive framework.
Chapter 3 presents DIDO as a comprehensive methodology
that integrates data-driven building design, VR, and computer
vision to address architectural challenges identified in Chapter
2. DIDO consists of five components — 3D modeling,
data-driven processes, VR integration, data analysis, and
optimization and refinement. Those together create a seamless
workflow combining computational precision with experiential
insights. Evaluation metrics and validation techniques align
technical optimization with stakeholder preferences. DIDO’s
scalability was demonstrated through applications in site
layout planning and facade complexity analysis. This chapter

underscores DIDO’s potential to unify advanced technologies
in architectural design process.

Chapter 4 applies DIDO to site layout planning, emphasizing
VR’s role in enhancing stakeholder engagement, improving
decision-making, and facilitating data-driven building design
through an experimental study. In an immersive environment,
participants evaluated three key factors of site layout planning,
that is, earthwork volume, cost, and environmental impact.
During the evaluation, feedback from a multi-objective
optimization model was shown in real time in the immersive
environment. Evaluation in the immersive environment
revealed a 48.3% improvement in decision-making accuracy
compared to evaluation using traditional 2D images. While
variability in user experiences remains, VR enabled the
participants to dynamically evaluate complex terrain and refine
layouts. The findings validated DIDO’s adaptability.

Chapter 5 applies DIDO to facade complexity analysis,
illustrating its versatility in addressing diverse architectural
challenges, through an experimental study. The chapter
introduces the ‘Computational Image Complexity Analysis’
(CICA) system developed for this study. The CICA system
combines VR and computer vision to quantify the complexity
of facade design. The experimental results showed a strong
correlation between CICA scores and participants preferences
for design complexity, validating the system’s reliability. The
participants showed a consistent preference for moderate
complexity. Analysis of urban streetscapes across five culturally
different cities also showed the adaptability of the system.
Chapter 6 concludes the thesis by reflecting on the
significance, limitations, and future potential of DIDO. It
validates DIDO’s ability to bridge computational rigor and user-
centered design and emphasizes that DIDO will contribute
to enhanced stakeholder engagement, democratized access
to data analysis, and promotion of culturally sensitive design
practices. However, there is room for further examination into
more diverse participants, expanded datasets, and metrics
that capture three-dimensional complexity and environmental
factors. The chapter concludes that future research directions
should include integrating realtime environmental data and
exploring cross-disciplinary collaborations.
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