
 

 

1. Introduction to Digital Signal 

Processing 

Topics 

 Signals and systems  

 Analog vs. digital signals  

 Sampling and quantization  

 DSP applications  

Summary 

Introduces the fundamental concepts of digital signal processing and explains how 

real-world signals are converted into digital form for analysis and processing. 

Keywords 

DSP, signal, system, sampling, quantization, ADC, digital representation 

 

2. Discrete-Time Signals and Systems 

Topics 

 Discrete-time sequences  

 Linear Time-Invariant (LTI) systems  

 Convolution  

 Difference equations  

Summary 

Explains how discrete-time systems operate and how their outputs can be determined 

using convolution and system equations. 

Keywords 

Discrete-time, LTI system, convolution, impulse response, causality, stability 

 

3. The Z-Transform 



Topics 

 Definition and properties  

 Region of Convergence (ROC)  

 Inverse Z-transform  

 System analysis  

Summary 

Provides a powerful mathematical tool for analyzing discrete-time systems and 

determining stability and frequency behavior. 

Keywords 

Z-transform, poles, zeros, ROC, transfer function, stability 

 

4. Discrete-Time Fourier Transform 

(DTFT) 

Topics 

 Frequency-domain representation  

 DTFT properties  

 Frequency response of systems  

Summary 

Introduces frequency-domain analysis of discrete signals and systems. 

Keywords 

DTFT, spectrum, frequency response, phase response, bandwidth 

 

5. Discrete Fourier Transform (DFT) 

Topics 

 DFT definition  

 Spectral analysis  

 Windowing effects  

 Circular convolution  



Summary 

Transforms finite-length sequences into a discrete frequency representation suitable 

for digital computation. 

Keywords 

DFT, spectral analysis, leakage, windowing, circular convolution 

 

6. Fast Fourier Transform (FFT) 

Topics 

 FFT algorithms  

 Radix-2 FFT  

 Computational efficiency  

Summary 

Presents efficient algorithms for computing the DFT with significantly reduced 

computational complexity. 

Keywords 

FFT, Radix-2, butterfly operation, computational complexity, O(N log N) 

 

7. FIR Filter Design 

Topics 

 Window method  

 Frequency sampling method  

 Optimal filter design  

Summary 

Discusses the design of Finite Impulse Response filters, which are inherently stable 

and can provide linear phase. 

Keywords 

FIR filter, linear phase, Hamming window, Blackman window, Parks-McClellan 



 

8. IIR Filter Design 

Topics 

 Butterworth filters  

 Chebyshev filters  

 Elliptic filters  

 Bilinear transformation  

Summary 

Explains Infinite Impulse Response filter design techniques and their advantages in 

achieving sharp frequency responses. 

Keywords 

IIR filter, Butterworth, Chebyshev, Elliptic, bilinear transform 

 

9. Digital Filter Structures 

Topics 

 Direct form realization  

 Cascade realization  

 Parallel realization  

 Finite-word-length effects  

Summary 

Focuses on practical implementation of digital filters and numerical issues 

encountered in hardware and software. 

Keywords 

Realization, quantization, overflow, fixed-point, floating-point 

 

10. Spectral Analysis 

Topics 



 Power Spectral Density (PSD)  

 Periodogram  

 Parametric spectral estimation  

Summary 

Covers methods for estimating the frequency content and power distribution of 

signals. 

Keywords 

PSD, periodogram, spectral estimation, autoregressive model, frequency analysis 

 

11. Multirate Signal Processing 

Topics 

 Decimation  

 Interpolation  

 Sampling-rate conversion  

 Filter banks  

Summary 

Studies techniques for changing the sampling rate efficiently while minimizing 

distortion. 

Keywords 

Multirate, decimation, interpolation, anti-aliasing, filter bank 

 

12. Adaptive Filters 

Topics 

 LMS algorithm  

 RLS algorithm  

 Adaptive noise cancellation  

 System identification  
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