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Abstract of Thesis

Occupant behavior (OB) models, that simulate the daily activity of residents, have been developed to be
integrated into building simulation tools to estimate residential building energy demand. OB models contribute to
improving accuracy as they can capture the impact of the OBs on energy loads. However, previous OB studies
mainly focused on the simulation algorithms and paid less attention to the design of the overall model, especially
the pre-simulation process — variable selection and parameter preparation method. In addition, the diversity
among the occupants particularly the spatial variation was greatly underestimated. Therefore the existing OB
models hinder generating realistic behavior profiles thereby leading to less reliable energy predictions for future
building design and planning.

Based on the aforementioned background, this thesis aims to provide a systematic investigation in three steps.
First, various machine learning based OB models are evaluated and compared to illustrate the importance of the
pre-simulation process for the OB model development. Second, the existence of spatial variation and historical
change in OBs were confirmed. The significance of these factors on model performance is further evaluated.
Finally, new OB models incorporating spatial variation are proposed to enhance the diversity exhibited over given
heterogeneous regions.

Chapter 1 first introduces the role of OB in energy demand modeling, the development of OB modeling, and
diversity in OBs. Three critical reviews are presented to reflect the current research status. One summarizes the
model engine, modeling methods to prepare the parameter, and variables used in the model in previous studies.
The remaining two summarize studies relative to spatial variation. Then, the research gap was found based on
the review. Finally, the overall framework of research targeting the assessment of OB model performance and
development of the model that can involve spatial variation are outlined.

Chapter 2 analyzes and evaluates the pre-simulation process of OB modeling. In this chapter, two research
questions that represent the vital components of the pre-simulation process were solved — variable selection, and
parameter preparation by a case study based on the single-year American time use survey (ATUS) data.

Chapter 3 shows the existence of the spatial variation and historical change through a case study of watching
television activity for the women population based on the multi-year ATUS data. In this chapter, the spatial
variation is checked for the time interval with the largest discrepancies in the probability among the years from
2009 to 2019. The historical change is detected in a five-year period for the entire research area.

Chapter 4 establishes new OB models that can incorporate spatial variation. In this chapter, the spatial
variation in four activities — sleeping, cooking and washing up, watching television, and commuting for 6 groups
of the subpopulation of women is confirmed and modeled. The new OB model is assessed by comparing its
performance to the conventional logistic regression model in terms of the error and diversity indicators.

Chapter 5 presents a combined in-depth discussion of the preceding chapters. The chapter highlights the
significance of the design of the OB modeling and put forwards the pre-conditions and appropriate ways to involve
spatial variation in the OB modeling process. The limitations and future works are also discussed.

Chapter 6 summarizes the main study findings, conclusions, and contributions.

Overall, this work has contributed to broadening the knowledge of the pre-simulation and successfully
incorporating spatial variation to enhance the model diversity thus greatly improving the understanding of the
systems and identifying areas to support sustainable decision-making depending on the time-use of people in

different regions. These findings can be extended to develop more realistic energy demand models in future work.
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