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(Summary)

The paper is divided into seven chapters. Chapter 1 discusses the lack of practical methods for
remotely observing temperature distribution in built spaces and the feasibility of applying satellite-
based techniques to building-scale horizontal temperature distributions. The study aims to determine
the feasibility and conditions of using thermal infrared remote sensing for inverse estimation of
temperature distribution in built spaces. Chapter 2 explains the radiative transfer process and
formulates the observation equation. It discusses the increased difficulty of inverse temperature
estimation for horizontal observations compared to vertical ones. Chapter 3 introduces the Maximum a
Posteriori (MAP) method, which regularizes solutions using prior probabilistic information about
temperature. The chapter also introduces the Averaging Kernel to quantify the influence of prior
information. Chapter 4 shows sensitivity analysis of building-scale temperature distribution inverse
estimation. The results show that temperature distribution can be estimated without solution instability.
Increasing spectral resolution improves information from observations, but excess channels should be
reduced to minimize observation error impact. Random have low impact, but observation biases
significantly affect results. Chapter 5 describes an experiment using a portable thermal infrared
spectroradiometer to estimate temperature distribution between two spaces with different
temperatures. The study confirms that MAP reduces RMSE by 38% on average compared to prior
information, although sensitivity was only observed in the nearest layer to the sensor. Chapter 6
extends the experiment to scenarios with local heat sources, showing that MAP can still reduce errors
even with higher uncertainties in prior information. The study finds that MAP is sensitive to the
position of heat sources even when they are distant from the spectroradiometer, if we know the
location of the heat source in advance. Chapter 7 summarizes the findings and results and outlines
future research directions. In summary, the paper shows the feasibility of using thermal infrared
remote sensing for inverse estimation of temperature distribution in built spaces through simulations

and experiments.
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