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Abstract of Thesis

The digital management of the existing building facade plays a key role in efficiently allocating resources and developing
urban renewal strategies. Large-scale collection and management of building facade data are crucial in the maintenance
of the life cycle of the stock buildings. However, the automation of the building measurement process has long been a
challenge that has plagued both academia and industry. Field measurements by professional surveyors are still the
predominant method in the industry. This study attempts to develop a framework to automate the measurement of
building facade data at a large scale to construct an urban facade database. The collected building facade data includes
semantic segmentation, dominant colors, building functions, and wall-window semantic information. The dissertation
will be divided into six chapters.

Chapter 1 introduces the research background, problem statement, research objective, research significance, research
scopes, research framework, and the overview of the dissertation.

Chapter 2 reviews the issues and recent research pertinent to this study. It is divided into five sections, the first of which
introduces the brief problem of orientation on the achievements and shortcomings of the facade data extraction using
street-level images and deep learning. The second section presents the existing methods for automatic objects removal
with obstructed facades completion. The third section describes the strengths and limitations of using synthetic datasets
for training instance segmentation of building facades. The fourth section reviews the applications of image-based
building facade data extraction in city information modeling and building retrofitting. The fifth section summarizes the
gaps in established research and outlines the overall objectives of this study.

Chapter 3 addresses object removal and facade inpainting. An image-based cityscape removal approach is proposed by
detecting multiple classes, including pedestrians, cyclists, vegetation, and cars, as well as using generative adversarial
networks to fill in the detected areas by background textures from streetscape images.

Chapter 4 develops a novel framework that can automatically produce synthetic datasets from a city digital twin (CDT).
An auto-generation system for synthetic street views was built by rendering a city’s digital assets into a game engine,
while the system auto-generated the annotations for building facades. The hybrid dataset, along with various subsets
containing different proportions of synthetic and real data, were used to train deep learning models for facade instance
segmentation. Two types of synthetic data (CDT-based and virtually-based) were compared, and the results showed that
the CDT synthetic data were more effective in boosting deep learning training with real-world images compared with the
virtual synthetic data (no real-world counterparts). By swapping a certain portion of the real data with the proposed CDT
synthetic images, the performance could almost match what is achievable when using the real-world training set.
Chapter 5 explores an approach utilizing state-of-the-art deep learning techniques and street-level imagery to measure
multiple facade elements, including facade dominant color, building function, and window-wall semantics. A database
was constructed using a street of 500 meters in length in Osaka, Japan as an example. The results demonstrate the
transferability and effectiveness of the scheme.

Chapter 6 offers the conclusions, contributions, and limitations of the study and presents plans for future work.
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