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Abstract

The World Health Organization estimated in 2021 that approximately 7% of the
world's population (500 million people) are affected by hearing loss. Cochlear
implant is recognized as the most successful neural prosthetic and the only medical
treatment for restoring some level of hearing in patients with severe deafness. One
of the key components of the cochlear implant system is the signal processing block,
which is responsible for receiving information from the microphone, performing
frequency analysis and processing on the data, and ultimately transmitting them to
the auditory nerve receptors. In this thesis, an advanced algorithm for multi-objective
signal processing is introduced. The main objective of this algorithm is to simplify
and incorporate a sleep mode capability for the subsequent blocks, leading to overall
energy reduction in the system. This feature aids in the future development of fully
implanted cochlear devices, which has been one of the significant goals in the field
of cochlear implantation in recent years. Additionally, this algorithm aims to improve
sound perception in the presence of noise and interference, enhance music
recognition, and enable differentiation between various spoken languages by
utilizing better phase information extraction. This strategy extracts phase information
based on peak and trough identification, which is considered the best approach in
this field. Simulations are performed in the MATLAB Simulink environment, and
correlation coefficient is used as a quantitative measure for comparison.
Furthermore, the improved performance of the proposed algorithm is validated
against the well-known delta modulation algorithm for asynchronous modulation.
Circuit simulations in 180-nanometer technology are also conducted using Cadence,
and the performance of this simulation is confirmed by comparing it with the
MATLAB simulation output. The results demonstrate that the algorithm presented
in this thesis performs well and provides significant improvements compared to other
established algorithms. Moreover, the correlation coefficient and the consistency of
performance with circuit-level and MATLAB Simulink simulations confirm that the
algorithm introduced in this thesis is verified and works well.

Key Words: Cochlear Implant, Audio Signal Processor, Amplitude and Phase
Extraction, Audio Perception.
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