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Course Introduction

I ntroduction

This intensive training course provides a comprehensive exploration of Advanced Digital Signal Processing
(DSP) techniques specifically tailored for modern communication systems. Participants will delve into the
theoretical foundations and practical applications of DSP algorithms essential for designing, analyzing, and
optimizing high-performance wireless and wired communication links. Training Course on Advanced Digital
Signal Processing (DSP) for Communications covers critical areas such as multirate signal processing,
adaptive filtering, spectral estimation, and orthogonal frequency-division multiplexing (OFDM), equipping
engineers and researchers with the sophisticated tools needed to overcome challenges like noise,
interference, and channel impairments in today's complex communication environments.

In an era defined by the demand for higher data rates, increased spectral efficiency, and robust
connectivity in 5G/6G networks, loT, and cognitive radio systems, a deep understanding of
advanced DSP is paramount. This course goes beyond fundamental DSP concepts to address
trending topics like compressive sensing, sparse signal processing, graph signal processing, and
the application of machine learning for communication systems. Through rigorous theoretical
derivations, practical simulations using industry-standard tools like MATLAB/Python, and real-world
case studies, attendees will gain invaluable expertise in developing cutting-edge signal processing
solutions that drive innovation in diverse communication technologies.
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optimizing high-performance wireless and wired communication links. Training Course on Advanced Digital
Signal Processing (DSP) for Communications covers critical areas such as multirate signal processing, adaptive
filtering, spectral estimation, and orthogonal frequency-division multiplexing (OFDM), equipping engineers and
researchers with the sophisticated tools needed to overcome challenges like noise, interference, and channel
impairments in today's complex communication environments.

In an era defined by the demand for higher data rates, increased spectral efficiency, and robust connectivity in
5G/6G networks, 10T, and cognitive radio systems, a deep understanding of advanced DSP is paramount. This
course goes beyond fundamental DSP concepts to address trending topics like compressive sensing, sparse
signal processing, graph signal processing, and the application of machine learning for communication
systems. Through rigorous theoretical derivations, practical simulations using industry-standard tools like
MATLAB/Python, and real-world case studies, attendees will gain invaluable expertise in developing cutting-
edge signal processing solutions that drive innovation in diverse communication technologies.

Course duration
10 Days

Course Objectives
1. Master the theoretical underpinnings of advanced DSP algorithms for communications.
2. Design and implement efficient multirate signal processing systems for sample rate
conversion.
3. Apply adaptive filtering techniques for equalization, noise cancellation, and echo
cancellation.
Perform advanced spectral estimation using parametric and non-parametric methods.
Understand and optimize OFDM system design for high-speed data transmission.
Implement channel estimation and equalization algorithms for wireless communication.
Explore the principles of cognitive radio and its DSP requirements.
Understand and apply compressive sensing for efficient signal acquisition.
Utilize sparse signal processing techniques for channel estimation and resource allocation.
10. Analyze and design filter banks for various communication applications.
11. Apply machine learning techniques for communication system optimization (e.g., modul ation
classification, channel decoding).
12. Develop DSP solutions for 5G/6G physical layer challenges and emerging wireless standards.
13. Contribute to the design and implementation of next-generation communication systems with
enhanced performance.
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Organizational Benefits

1. Enhanced Communication System Performance: Higher data rates, improved reliability,
lower latency.
Increased Spectral Efficiency: Maximizing data transmission within limited bandwidth.
Robustness to Channel Impairments: Better resilience against noise, fading, and interference.
Reduced Development Cycles: Efficient design and testing of DSP algorithms.
Optimized Resource Utilization: Smarter allocation of power and bandwidth.
Innovation in Product Development: Enabling new features and capabilities in
communication devices.
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7. Competitive Advantage: Expertisein cutting-edge DSP for wireless and wired systems.
8. Skilled Workforce: Empowered employees proficient in advanced DSP techniques.
9. Cost Reduction: Efficient signal processing leading to lower hardware complexity.
10. Future-Proofing Solutions. Preparedness for evolving communication standards (e.g.,
5G/6G).

Target Participants
o Communication Systems Engineers
» Wireless Communication Engineers
o DSP Engineers
o R&D Engineersin Telecommunications
« Electrical and Electronics Engineers
« PhD Students and Researchersin Signal Processing and Communications
« Network Architectsinvolved in Physical Layer Design
« Professionals working on 5G/6G, 10T, Satellite Communications, and Radar Systems.

Course Outline
Module 1: Review of DSP Fundamentalsfor Communications

« Discrete-Time Signals and Systems. Sampling, aliasing, Z-transform, frequency response.

o FIR and IIR Filter Design: Characteristics, design methods, implementation considerations.

o Discrete Fourier Transform (DFT) & FFT: Properties, windowing, spectral leakage.

« Random Processesin Communications: Autocorrelation, power spectral density, Wiener-
Khinchin theorem.

« Case Study: Analyzing the effect of different windowing functions on the spectrum of a
modulated signal.

Module 2: Multirate Signal Processing

« Decimation and Inter polation: Downsampling and upsampling techniques.

« Polyphase Filters: Efficient implementation of multirate filters.

« Filter Banks: Analysis and synthesisfilter banks, perfect reconstruction conditions.

« Sampling Rate Converters. Design of arbitrary sampling rate converters.

« Case Study: Designing a multirate system for converting audio signals between different
sampling rates.

Module 3: AdaptiveFiltering |: Basicsand LM S Algorithm

« Motivation for Adaptive Filters: Time-varying channels, unknown noise characteristics.

o Wiener Filter Theory: Optimal linear filter for stationary random processes.

« Least Mean Squares (LM S) Algorithm: Derivation, convergence properties, complexity.

o Normalized LMS (NLMS) Algorithm: Improving convergence speed and stability.

« Case Study: Implementing an LM S adaptive filter for noise cancellation in avoice
communication system.

Module 4: Adaptive Filtering I1: RLSand Applications

» Recursive Least Squares (RLS) Algorithm: Faster convergence, higher complexity,
stability.



o Comparisonsof LM Sand RLS: Performance trade-offs.

« Applications: Channel Equalization: Compensating for Inter-Symbol Interference (1S).
« Applications: Echo Cancellation: Mitigating echoes in telecommunication systems.

« Case Study: Designing an RLS adaptive equalizer for a mobile communication channel.

Module 5: Optimal and Matched Filtering

» Matched Filter Design: Maximizing SNR for detecting known signalsin noise.

« Correlation Receiver: Optimal detection for binary signaling.

o Maximum Likelihood Sequence Estimation (ML SE) / Viterbi Algorithm: Optimal
detection in channelswith IS].

« Optimal Filtering for Detection: Neyman-Pearson criterion.

» Case Study: Implementing a matched filter receiver for a BPSK communication system.

Module 6: Advanced Spectral Estimation

« Parametric Methods: AR, MA, ARMA Models: Modeling power spectral density.

« Prony, Pisarenko, and MUSIC Algorithms: High-resolution spectral estimation.

« Non-Parametric Methods: Periodogram, Welch's M ethod: Improving spectral estimates.

» Spectrum Sensing for Cognitive Radio: Identifying vacant frequency bands.

« Case Study: Using aMUSIC agorithm to estimate the directions of arrival of multiple
impinging signals.

Module 7: Orthogonal Frequency-Division Multiplexing (OFDM) Systems

o OFDM Principle: Paralel datatransmission, orthogonality, guard interval (Cyclic Prefix).

« OFDM Transceiver Architecture: IFFT/FFT, parallel-to-serial conversion.

« Advantages and Disadvantages of OFDM: Spectral efficiency, robustnessto 1SI, high
PAPR.

« Channel Estimation and Equalization in OFDM : Pilot-based and decision-directed
methods.

« Case Study: Designing and ssimulating a basic OFDM communication link in MATLAB.

Module 8: MIMO-OFDM Systems

« MIMO Fundamentals: Spatial multiplexing, diversity gain, beamforming.

« MIMO-OFDM Integration: Combining spatial and frequency diversity.

« Space-Time Coding: Alamouti scheme and beyond.

« Channel Capacity of MIMO Systems: Shannon capacity for multi-antenna channels.

o Case Study: Simulating a2x2 MIMO-OFDM system and evaluating its performance gains.

Module 9: Channel Coding and Decoding (DSP Per spective)

« Error Control Coding Basics: Block codes, convolutional codes.

« Viterbi Decoding Algorithm: DSP implementation for convolutional codes.

« Turbo Codesand LDPC Codes: Principles and decoding algorithms (iterative decoding).
« Soft Decision Decoding: Using reliability information for improved performance.

« Case Study: Implementing a Viterbi decoder for asimple convolutional code.

Module 10: DSP for Software-Defined Radio (SDR)

« SDR Architecture: Hardware and software components.

« Digital Front-End Design: Digital down-conversion, digital up-conversion.

« Baseband Processing in SDR: Modulation, demodulation, filtering in software.
» GNU Radio and USRP Platforms: Practical SDR implementations.



« Case Study: Designing and implementing a simple digital receiver using GNU Radio.
Module 11: Introduction to Compressive Sensing for Communications

» Sparse Signals and M easur ement Matrix: Representing signals with fewer coefficients.

» Restricted Isometry Property (RIP): Conditions for successful recovery.

« Reconstruction Algorithms: L1-minimization, Orthogonal Matching Pursuit (OMP).

« Applicationsin Communication Systems. Channel estimation, spectrum sensing, anal og-to-
information conversion.

« Case Study: Applying compressive sensing for efficient sparse channel estimationin a
wireless system.

Module 12: Sparse Signal Processing for Communications

» Basis Pursuit and L asso: Regularization techniques for sparse solutions.

« Dictionary Learning: Discovering optimal sparse representations.

» Sparse Channel Modeling: Leveraging channel sparsity for improved estimation.

« Sparse Coding for Source Compression: Efficient representation of communication signals.

» Case Study: Using sparse recovery algorithms to identify active usersin amassive l0oT
network.

Module 13: Machine Learning for DSP in Communications

« Supervised Learning for Modulation Classification: Identifying modulation schemes
automatically.

» Deep Learning for Channel Estimation and Equalization: Using neural networks for
complex channels.

« Reinforcement Learning for Resour ce Allocation: Optimizing spectrum and power usage.

« Unsupervised L earning for Anomaly Detection: Identifying unusual patternsin
communication signals.

» Case Study: Training a Convolutional Neural Network (CNN) to classify different digital
modul ation types.

Module 14: DSP for 5G/6G Physical Layer Challenges

« DSP for Millimeter-Wave (mmWave) Communications: Beamforming, channel
estimation at high frequencies.

o DSP for Massive MIM O Systems: Large-scale channel estimation, precoding.

« DSP for Ultra-Reliable L ow-L atency Communication (URLL C): Short packet processing,
retransmission strategies.

« DSP for Integrated Sensing and Communication (I SAC):Upcoming Scheduled Sessions

Start Date End Date Location Price

10 Aug 2026 21 Aug 2026 Online $2,200
17 Aug 2026 28 Aug 2026 Online $2,200
24 Aug 2026 04 Sep 2026 Online $2,200

31 Aug 2026 11 Sep 2026 Online $2,200



Start Date

07 Sep 2026

14 Sep 2026

21 Sep 2026

28 Sep 2026

End Date Location

18 Sep 2026 Online
25 Sep 2026 Online
02 Oct 2026 Online
09 Oct 2026 Online

Ready to enroll or request a customized program? Book online or contact us:

Register Online Now

$2,200

$2,200

$2,200

$2,200

Email: info@fineskilltrainingcenter.com | Website: www.fineskilltrainingcenter.com
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