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Abstract of Thesis

Immersive Virtual Reality technology has gained momentum in architectural design and research applications, mainly through
creating Immersive Virtual Environments (IVEs). Several studies have employed IVEs as an alternative medium of real
environments to assess the visual perception of daylighting in architectural spaces. However, limitations can be found in the
current literature concerning interactivity and feedback methods. The aims of this study are to propose a novel method to extend
the capability of IVE in evaluating daylighting in architectural spaces using a game engine, to validate the proposed method in
terms of perceptions and quantitative measurements, and to validate the applicability of the method to architectural design by a
case study on a specific building. This dissertation is composed of seven chapters:

In Chapter 1, a brief background of the study highlighting daylight significance in the built environment was described.
Furthermore, it comprised the problem statement, objectives, and thesis framework.

In Chapter 2, a narration of the state-of-art was provided, focusing on daylight performance in quantitative measures and
user-oriented indicators. Previous studies utilizing IVEs in lighting research were surveyed and discussed. Finally, the
effectiveness of game engines in daylight simulation was conferred.

In Chapter 3, an overview of the proposed methods in this study was provided. The construction method of the IVE using a game
engine was described. It also introduced the methodology of developing Perceptual Light Maps (PLMs) as a visualization
approach of daylighting perceptions in architectural space.

In Chapter 4, the photometric accuracy of real-time rendering in game engines was investigated. Two daylit test models were
simulated. Illuminance measurements at several points were compared across a validated lighting simulation and lux meter
measurements in reality. Two real-time rendering techniques in the game engine were tested: a conventional technique and
real-time raytracing (RTX). Generally, RTX notably outperformed the conventional technique. Compared to real sensor
measurements, the average error percentage of RTX outputs was 15.8%, while 15% in the validated renderer. It was found that
daylight illuminance in IVE was as accurate as the validated lighting simulation, even with the adoption of real-time rendering.

In Chapter 5, daylighting perceptual accuracy in the proposed method was validated from the viewpoint of users. Thirty-six
subjects were recruited in two groups to evaluate daylight perception in a real space and its virtual replica. In a 5-point Likert
questionnaire, subjects in the IVE majorly reported a high sense of "being there™ and high accuracy of scale representation. The
spatial distribution of subjects' perceptions in reality and IVE were generated and compared using PLMs, where a significant
positive correlation was found. In addition, the aggregated brightness perceptions in reality and IVE were compared, where a
higher significant positive correlation was found. Thus, it was found that the proposed method enabled the evaluation of
daylighting perception in the same manner as in real space.

In Chapter 6, the proposed method was applied to Kimbell Art Museum, where 24 subjects explored a virtual replica of the
museum, reported their brightness perceptions. The proposed method showed a unique output of the generated PLMs that cannot
be identified by physical metrics, which was the detection of "mixed perception” areas, where subjects perceived the brightness of
the same view differently. In addition, the cycloid vaults with indirect daylighting, a characteristic of the museum, were
investigated as a source of mixed perception. 83% of mixed perception scenes included the vaults. It was found that the higher the
luminance ratio between the vault and other scene compositions, the higher the occurrence of mixed perception. It was indicated
that the indirect daylighting of the Kimbell Art Museum brought ambiguous brightness perception to the subjects, and it was
clarified that the proposed method could detect areas that should be considered for various user evaluations in architectural design
utilizing daylight.

In Chapter 7, findings and conclusions obtained from the whole study were summarized, and the possibilities of the proposed
method in architectural planning research were discussed.
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