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Recently, the use of speech processing in a time-frequency domain that handles the phase
spectrum in addition to the amplitude one has been increasing because many studies have revealed
the importance of phase. Motivated by this, the objective of this thesis is to address two key aspects
of phase processing: exploring the hidden information within the phase and developing techniques
for phase reconstruction.

To extract useful information from the phase, this thesis examines several conventionally used
phase-based features. Additionally, two novel phase-based features, namely the derivative of
instantaneous frequency and the inter-frequency phase difference, are introduced and their properties
are investigated.

Regarding phase reconstruction, this thesis focuses on a two-stage approach that indirectly
estimates the phase through the instantaneous frequency (IF) and the group delay (GD).
Conventional methods for the second stage either overlook the significance of high-amplitude time-
frequency bins, such as the least squares-based method, or lack a solid model, as in the average-
based method. To address these limitations, this thesis proposes improvements to the second stage of
two-stage algorithms by utilizing the von Mises distribution-based maximum likelihood and
weighted least squares techniques.

In the online setting for phase reconstruction, this thesis concentrates on deep neural network
(DNN)-based methods. Conventional DNN-based methods do not consider the distinct properties of
the phase at different time-frequency bins, which may lead to limitations in training the DNNs. To
overcome this, this thesis introduces loss functions for phase reconstruction that incorporate
frequency-specific and amplitude weights to distinguish the importance of phase elements based on
their properties. To enhance generalization, the thesis augments the data by randomly shifting the
signals in the time domain for each epoch during training.

Both the subjective and objective experiments confirm the superior performance of the proposed
phase reconstruction methods compared to conventional methods.
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