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Title (Units): COMP4147 Audio and Speech Processing (3,2,1) 
 
Course Aims: This course aims to equip students with essential knowledge of audio and speech 

processing, including fundamental concepts, methodologies, application scenarios, 

and practical techniques and tools. In addition, students will gain hands-on 

experience on developing deep learning solutions for real-world audio processing 

problems. 

 

Prerequisite:  COMP3057 Introduction to AI and ML OR COMP3117 Applied Artificial 

Intelligence  

 

Course Intended Learning Outcomes (CILOs): 

Upon successful completion of this course, students should be able to: 

 

No.  Course Intended Learning Outcomes (CILOs) 

 Knowledge  

1 Describe the fundamental concepts and techniques in audio and speech processing 

2 Explain the advantages and limitations of methods developed for different scenarios 

3 Identify relevant approaches and the basic methods in audio recognition to meet real-world needs 

 Professional Skill  

4 Apply learned methods in audio and speech enhancement and recognition applications 

5 Evaluate the solutions designed to the problems of audio and speech enhancement and recognition 

 

Calendar Description: This course provides students with essential knowledge of audio and speech 

processing. It covers contemporary research and industrial applications, offering 

students opportunities to develop and evaluate techniques for solving real-world 

audio processing problems. 

 

Teaching and Learning Activities (TLAs):  
 

CILOs  Type of TLA 

1 – 3 Students will learn essential concepts and principles of audio and speech processing through 

lectures and tutorials. Besides, written assignment(s), lab exercise(s), and final examination 

will be designed to evaluate the students’ level of understanding. Students will learn critical 

algorithms and techniques through lectures and tutorials. Laboratory sessions will be 

designed so that students can apply what they have learnt in lectures. 
4 - 5 Students are required to conduct a project based on a selected topic about audio and speech 

processing and deep models and give a formal presentation on their proposed method. Peer 

evaluation will be used by instructors and teaching assistants to assess student performance. 
  

Assessment: 

 

No. Assessment 

Methods 

Weighting CILOs to be 

addressed 

Description of Assessment Tasks 

1  Written 

Assignment 

and 

Laboratory 

Exercises 

30% 1 - 5 The written assignment(s) and laboratory 

exercise(s) are designed to measure how well 

students have learned the fundamental concepts of 

audio and speech processing.  

2  Project 30% 3 - 5 Individual/group project will further strengthen their 

understanding and problem-solving skills. Peer 

evaluation will be conducted.  
3  Examination 40% 1 - 5 Examination will be used to assess students’ overall 

understanding in the concepts, algorithms, 

methodologies and their ability in applying this 

knowledge to solve problems.  
 

  

Assessment Rubrics: 
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Excellent (A) 

 Achieve all CILOs, demonstrating a good mastery of both the theoretical and practical 

aspects of the knowledge and skills associated with audio and speech processing  
 Able to develop correct solutions to problems, accompanied by critical thinking, analytical 

thinking and creative thinking 
 Demonstrate a thorough understanding and solid knowledge of audio and speech 

processing  
 Able to apply a variety of techniques and relevant knowledge for solving the real-world 

problems  

Good (B) 

 Achieve most of the five CILOs, demonstrating a good understanding of the concepts and 

underlying methodologies 
 Able to develop correct solutions to problems, accompanied by adequate explanations 
 Demonstrate a competent level of knowledge of audio and speech processing 
 Ability to make use of appropriate techniques and knowledge and apply them to familiar 

situations and problems 

Satisfactory 

(C) 

 Achieve some of the five CILOs, demonstrating a basic level of understanding of the 

concepts and underlying methodologies 
 Able to provide acceptable solutions to problems 
 Demonstrate an adequate level of knowledge of audio and speech processing  
 Ability to make use of some techniques and knowledge and apply them to familiar 

situations 

Marginal Pass 

(D) 

 Achieve few of the five CILOs, with minimal understanding of the associated concepts and 

underlying methodologies 
 Able to provide solutions to simple problems 
 Demonstrate a basic level of knowledge of audio and speech processing 
 Ability to apply some techniques and knowledge to a limited number of typical situations 

Fail (F) 

 Achieve none of the five CILOs, with little understanding of the associated concepts and 

underlying methodologies 
 Unable to provide solutions to simple problems 
 Knowledge of audio and speech processing falling below the basic minimum level 
 Unable to apply techniques and knowledge to situations or problems 

 

Course Content and CILOs Mapping: 
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     Signal Processing 1 (1-2), 1-194, 2007. 

•    K. P. Murphy, Probabilistic Machine Learning: Advanced Topics, MIT Press, 2023. 

•    D. Jurafsky, and J. Martin, Speech and Language Processing: An Introduction to Natural Language  

Processing, Computational Linguistics, and Speech Recognition with Language Models, 3rd ed. 2024.  

(Chapter 9, 25, 26) 

•    I. Goodfellow, Y. Bengio, and A. Courville, Deep Learning, MIT Press, 2016.  

•    K. Gröchenig, Foundations of time-frequency analysis. Springer Science & Business Media, 2001.  

(Chapter 3, 5, 10) 

•    F. Chollet, and F. Chollet. Deep learning with Python. Simon and Schuster, 2021. 

•    Selective reading from recent issues of IEEE Transactions on Pattern Analysis and Machine Intelligence, 

Transaction on Signal Processing, Proceedings of ICASSP, Interspeech, and ICML. 

   

 

Content CILO No. Hours  

I Introduction to audio and speech processing and core concepts 1, 2, 3 3 

II Audio and speech processing techniques 1, 2, 3 9 

III Convention and learning algorithms for acoustical modeling 1, 2, 3 9 

IV Recent techniques for audio processing and recognition  1, 2, 3 9 

V Audio and speech processing applications 3, 4, 5 9 
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Course Content: 

 

Topic  
 

 
 

I. Introduction to audio and speech processing and core concepts 
 

 

    

II. Audio and speech processing techniques 
 

 

 A.    Basic concepts 

       e.g. Fourier transform, sampling theorem, waveforms, 

frequency  

B.    Time-frequency analysis on audio signal 

       e.g. Mel-scale, MFCC, Gabor filters, spectrograms, constant-Q 

feature 

C.    Data mining and basic tools for audio signal processing 

   

  

    

III. Convention and learning algorithms for acoustical modeling 
 

 

 A.    Linear and nonlinear audio embedding  

B.    Acoustic inference in propagation with learning-based 

methods 

C.    Location estimation and clustering with acoustic array matrices 

 

   

  

    

IV. Recent techniques for audio processing and recognition  
 

 

 A.    Self-supervised learning and audio LLMs: wav2vec and 

HuBERT 

B.    Encoder-Decoder-Separator architectures in audio: TasNet and 

DPRNN 

C.    Voice biometric detection system with RawNet2 and AASIST  

  

    

V. Audio and speech processing applications 
 

 

 A.    Sound separations and noise filtering 

       e.g. music instrument separation, human voice separation 

B.    Audio and speech recognition 

       e.g. speech and speaker identification, music classification 

C.    Audio generation and information retrieval  

       e.g. music or human voice generation, text to speech (TTS) 

   

  

    

 


