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Abstract

The problem of speech dereverberation remains a significant challenge in the field of speech signal
processing. This study addresses the issue under specific controlled conditions, focusing on single-
channel dereverberation with the goal of improving the accuracy of Automatic Speech Recognition
(ASR) systems. The research is motivated by the ASR—Dereverberation Paradox, which highlights
the inherent difficulty in balancing the enhancement of speech signal quality with the preservation
of recognition accuracy.

In the initial stage, an LSTM-based model was adopted as a baseline for dereverberation due to its
capability to model temporal dependencies in speech signals. While this model achieved a
noticeable improvement in perceptual speech quality, it simultaneously increased the Word Error
Rate (WER), confirming that traditional recurrent approaches fail to effectively resolve the ASR—
Dereverberation paradox.

To overcome this limitation, the study developed a more robust approach by adopting the Mamba
architecture, which is based on Selective State Space Models (S6) for dereverberation. The Mamba
model demonstrated a better balance between improving speech quality and maintaining ASR
accuracy, forming the foundation for the proposed integrated system.

Based on these findings, an End-to-End system was designed by combining the adopted
dereverberation model with the HUBERT model for speech recognition. The system was trained
using the rsLoRA (Rank-Stabilized Low-Rank Adaptation) technique, which allowed the update
of less than 1.5% of HUBERT parameters, ensuring computational efficiency and training stability.

Experimental results showed that the proposed system achieved a clear improvement in speech
quality, as measured by PESQ, along with a significant reduction in WER across multiple real and
simulated reverberant datasets. The model demonstrated superior performance in complex
reverberant environments while maintaining minimal impact on clean signals. These findings
indicate that the proposed framework represents a promising step toward developing Robust End-
to-End ASR systems capable of operating efficiently in real-world acoustic conditions, offering a
scalable foundation for speech recognition in multiple languages, including Arabic.

Keywords: Dereverberation, Single Channel, Room Impulse Response, Parameter-Efficient Fine-
Tuning, Selective State Space Models.
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Training Summary:
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