Honors Course offered by School of Electrical Sciences
	Sl. No.
	Course Code
	Subject
Code
	Subject (Theory)
	Contact Hrs.
L-T-P
	Credit

	1
	SEM-5
	EE3171
	Machine Learning Applications in Smart Grid Systems
	3-0-0
	3

	2
	SEM-6
	EE3172
	Electricity Markets and Regulatory Frameworks
	3-0-0
	3

	3
	SEM-7
	EE4171
	Load Forecasting and Reliability in Power Systems
	3-0-0
	3

	4
	SEM-7
	EE4173
	Advanced Power Converter
	3-0-0
	3

	5
	SEM-8
	EE4172
	System Identification and Adaptive Control
	3-0-0
	3

	Subject (Sessional)

	6
	SEM-6
	EE3572
	Advanced Power System Lab
	0-0-3
	1.5

	7
	SEM-7
	EE4571
	Advanced Power Electronics Simulation Lab
	0-0-3
	1.5

	
	
	
	Total
	15-0-6
	18























	SUBJECT NAME
	SUBJECT CODE
	L-T-P
	CREDIT

	Machine Learning Applications in Smart Grid Systems
	EE3171
	3-0-0
	3


PRE-REQUISITES:
1. Basics of Power Systems
2. Fundamentals of Smart Grids

COURSE OUTCOMES:
At the end of this course, students will demonstrate the ability to:
	CO Code
	Course Outcome
	Bloom’s Level

	CO1
	Understand the structure, types, and challenges of smart grid data
	Understand (L2)

	CO2
	Apply core ML techniques to load forecasting, anomaly detection, and profiling
	Apply (L3)

	CO3
	Analyze smart grid operations using supervised and unsupervised models
	Analyze (L4)

	CO4
	Evaluate and implement advanced AI/ML solutions for intelligent grid decisions
	Evaluate/Create (L5)



MODULE 1: (8 Hours)
Introduction to Data Analytics and Smart Grid Data Sources: Overview of smart grid architecture and data flow, Data types in smart grids: AMI, SCADA, PMU, DERs, EVs. Characteristics of smart grid data: volume, velocity, variety, veracity, Basics of data analytics: pre-processing, normalization, missing data handling, Exploratory data analysis and visualization (using Python/Pandas/Matplotlib), Introduction to time-series data and multivariate sensor datasets
MODULE 2: 										(8 Hours)
Machine Learning Fundamentals for Smart Grids: Overview of supervised and unsupervised learning, Regression models: Linear, Polynomial, Classification models: kNN, SVM, Decision Trees, Random Forests, Clustering: k-means, hierarchical clustering for load pattern analysis, Model selection, performance evaluation (RMSE, accuracy, F1 score, AUC)
MODULE 3: 										(8 Hours)
Applications in Load Forecasting, Demand Response, and Power Quality: Short-term and long-term load forecasting using ML models, Load disaggregation and customer profiling, Energy theft detection using anomaly detection techniques, Power quality classification using sensor data, Predictive models for demand response and price elasticity, Case studies using real or simulated smart meter datasets (e.g., UCI or Smart Meter Texas)
MODULE 4: 										(8 Hours)
Deep learning: Introduction to ANN, RNN, and LSTM for sequential grid data, Real-time analytics and edge computing in smart grids. AI for fault detection, predictive maintenance, and cyberattack detection, Big data platforms: Hadoop, Spark, and cloud analytics for smart grids, Data privacy and cybersecurity in ML for energy systems,India Smart Grid Forum.

TEXT BOOKS:
1. James Momoh, Smart Grid: Fundamentals of Design and Analysis, Wiley, 1st edition, 2012
2. S. Chakrabarti et al., Data Analytics for Intelligent Grid Systems, CRC Press
3. Aurélien Géron, Hands-On Machine Learning with Scikit-Learn, Keras, and TensorFlow, O’Reilly, 2019
REFERENCE BOOKS:
1. Mini S. Thomas and John D. McDonald, Power System SCADA and Smart Grids, CRC Press, 2015
2. Gellings, C., The Smart Grid: Enabling Energy Efficiency and Demand Response, CRC Press, 2009
3. CEA & ISGF reports on Smart Metering and DSM in India
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	SUBJECT NAME
	SUBJECT CODE
	L-T-P
	CREDIT

	Electricity Market and Regulatory Framework
	EE3172
	3-0-0
	3


PREREQUISITES:
1. Power Systems-I.
2. Power Systems-II.
COURSEOUTCOMES:
At the end of this course, students will demonstrate the ability to
	CO No.
	Course Outcome Description
	Bloom's Level

	CO1
	Explain the structure, evolution, and key concepts of competitive electricity markets and their participants.
	Understand (L2)

	CO2
	Analyze electricity market pricing mechanisms, including LMP and congestion management strategies.
	Analyze (L4)

	CO3
	Evaluate regulatory frameworks, policies, and the roles of institutions in the electricity sector.
	Evaluate (L5)

	CO4
	Compare Indian and international electricity markets and interpret the impact of regulatory and operational practices.
	Analyze (L4)


[bookmark: _Hlk199861437]MODULE 1: (10 Hours)
FUNDAMENTALS OF ELECTRICITY MARKETS: Evolution of the power sector: Monopoly to competition, Characteristics of electricity as a commodity, Types of electricity markets (Spot, Day-ahead, Ancillary), Market players: Generators, Discoms, Traders, Consumers, Introduction to Market Design: Pool vs bilateral, single vs multi-settlement
MODULE 2: (10 Hours)
PRICING MECHANISMS AND MARKET OPERATION: Economic dispatch and marginal cost pricing, Locational Marginal Pricing (LMP) and nodal pricing, Congestion management techniques, Ancillary services and their procurement, Risk management: Contracts, hedging, Financial Transmission Rights (FTRs)
MODULE 3: (8 Hours)
Regulatory Framework and Institutions: Regulatory principles and tariff setting, Role of CERC, SERCs, APTEL, Open access, cross-subsidy surcharge, and wheeling, Electricity Act 2003 and policy reforms, Legal and judicial aspects of electricity regulation
MODULE 4: (8 Hours)
Indian and International Market Practices:Indian electricity market: IEX, PXIL, Market-Based Economic Dispatch, Role of NLDC, RLDCs, SLDCs, and POSOCO, Real-time markets and DSM regulations, International case studies: PJM (USA), Nord Pool (EU), NEM (Australia), Future trends: Green energy markets, cross-border trading, and digital platforms
TEXT BOOKS:
1. Loi Lei Lai, “Power System Restructuring and Deregulation”, John Wiley & Sons Ltd, England, 2001
2. Mohammad Shahidehpour, MuwaffaqAlomoush, “Restructured Electric Power Systems: Operation, Trading and Volatility”, Marcel Dekker, Inc, 2014
3. D. S. Kirschen and G. Strbac, “Fundamentals of power system economics”, John Wiley & Sons, 2018
REFERENCE BOOKS:
1. Geoffrey Rothwell, Tomas Gomez (Eds.), “Electricity Economics Regulation and Deregulation”, IEEE Press Power Engineering Series, John Wiley & Sons, 2003.
2. Electricity Act 2003 (Govt. of India)
3. CERC & POSOCO reports
4. Market data from IEX and PXIL websites.
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	SUBJECT NAME
	SUBJECT CODE
	L-T-P
	CREDIT

	Load Forecasting and Reliability in Power Systems
	EE4171
	3-0-0
	3



PREREQUISITES:
1. Power system

COURSE OUTCOMES:
At the end of this course, students will demonstrate the ability to

	CO Code
	Course Outcome
	Bloom’s Level

	CO1
	Apply load forecasting techniques using classical and AI-based models
	Apply (L3)

	CO2
	Analyze power system reliability using probabilistic and state-based methods
	Analyze (L4)

	CO3
	Evaluate reliability metrics using Monte Carlo, UGF, and Markov models
	Evaluate (L5)

	CO4
	Assess and model power system resilience using standard frameworks and tools
	Evaluate (L5)



MODULE 1:                                                                                                                              (8 hours)
Load Forecasting: Load Forecasting Categories-Long term, Medium term, short term, very short term Applications of Load Forecasting, Factors Affecting Load Patterns Medium and long term load forecasting methods- end use models, econometric models, statistical model based learning. Short Term Load Forecasting (STLF): Applications of Load Forecasting, methods- similar day approach, regression methods, time series, ANN, Expert systems, Fuzzy logic based method, support vector machines ANN architecture for STLF, Seasonal ANN, Adaptive Weight, Multiple-Day Forecast, sensitivity analysis in STLF.
MODULE 2:       			                                                                                (12 hours)
Concepts of Power System Reliability: Basic Notions of Power System Reliability- sub systems, reliability indices, outage classification, value of reliability tools, Concepts and methodologies, power system structure, Reliability based planning in power systems, Effect of failures on power system, Planning criteria, Risk analysis in power system planning, multi-state systems. 
Basic Tools and Techniques: random processes methods & Markov models, Computation of power system reliability measures by using Markov reward models, Evaluation of reliability indices, Universal Generating Function (UGF) Method, Monte Carlo simulation. 
MODULE 3: 			                                                                                               (8 hours)
Analysis of Power System Reliability: Capacity outage calculations, reliability indices using the loss of load probability method, unit commitment and operating constraints, optimal reserve management, single and multi-stage expansion. Reliability Assessment for Elements of Transmission and Transformation Systems- reliability indices of substations based on the overload capability of the transformers, evaluation and analysis of substation configurations, Reliability analysis of protection systems for high voltage transmission lines.



MODULE 4:                                                                                                                           (8 Hours)
Introduction to Resilience: Definition: Resilience vs Reliability, Importance of resilience in modern power systems, Impact of extreme events: natural disasters, cyber-physical attacks, Key metrics and terminologies, Role of distributed energy resources (DERs), microgrids.
Power System Disturbances: Types: Faults, Natural disasters, Electro-Magnetic Pulse (EMP), Historical blackouts and case studies, Vulnerability analysis and identification
Modeling Power System Resilience: Component-level vs system-level resilience, Resilience curve and quantification, Basic models for disturbance and recovery, Emergency restoration planning
TEXT BOOKS:
1. Markey operations in electric power systems Forecasting, Scheduling, and Risk Management, Shahidehpour M, Yamin H, Li z, John Willey & sons, 2002.
2. Reliability evaluation of power systems, Billinton R, Allan R  Plenum Press New York, 1996.
3. Computational Methods in Power system Reliability, D. Elmakias, Springer-Verlag, 2008
REFERENCE BOOKS:
1. J.J. Grainger &W.D. Stevenson, “Power system analysis”, McGraw Hill ,2003 
2. 2. A. R. Bergen & Vijay Vittal, “Power System Analysis”, Pearson, 2000 
3. 3. L.P. Singh, “Advanced Power System Analysis and Dynamics”, New Age International, 2006 
4. G.L. Kusic, “Computer aided power system analysis”, Prentice Hall India, 1986 
5. A.J. Wood, “Power generation, operation and control”, John Wiley, 1994 6. P.M. Anderson, “Faulted power system analysis”, IEEE Press, 1995
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	SUBJECT NAME
	SUBJECT CODE
	L-T-P
	CREDIT

	Advanced Power Converter
	EE4173
	3-0-0
	3



PREREQUISITES:
1. Power Electronics 

COURSE OUTCOMES:
At the end of this course, students will demonstrate the ability to
	CO Code
	Course Outcome
	Bloom's Level

	CO1
	Analyze the operation of non-isolated and isolated DC-DC converters under continuous and discontinuous conduction modes considering non-idealities.
	Analyze (L4)

	CO2
	Compare various resonant DC-DC converter topologies and evaluate their performance based on switching characteristics and loss profiles.
	Evaluate (L5)

	CO3
	Explain the need for multilevel inverters and differentiate between common multilevel inverter topologies and their applications.
	Understand (L2)

	CO4
	Apply the knowledge of AC-AC controllers and matrix converters to improve power factor in converter-based systems.
	Apply (L3)



MODULE 1:                                                                                                                             (10hours)
Non-isolated DC-DC Converters: DC-DC Converter operation in DCM and CCM. Classification, effects of converter non-idealities: Inductor Resistance, Transistor and Diode Voltage Drop, Switch Resistance on converter performance
Isolated DC-DC Converters: Buck and boost derived isolated converters, single-ended fly-back, single-ended forward, Push–Pull Converter, Half-Bridge and Full-Bridge Converter operation and design
MODULE 2:       								              (8 hours)
Resonant DC-DC converters: Operating principle of resonant converters, Classification, waveforms, switching trajectory, losses and control, Zero-Current-Switching Resonant Converters, L-Type ZCS Resonant Converter, M-Type ZCS Resonant Converter, Zero-Voltage-Switching Resonant Converters, Comparisons between ZCS and ZVS Resonant Converters
MODULE 3: 			                                                   			  (8 hours)
Multi-level Inverters: Need for multi-level inverters, Concept of multi-level, Topologies for multi-level: Diode Clamped, flying capacitor and Cascaded H-bridge multilevel Converters configurations, features and relative comparison of these configurations
MODULE 4: 										   (8 hours)
AC-AC voltage controller, Matrix Converter, power factor improvement techniques used in converters

TEXT BOOKS:
1. N. Mohan, T. M. Underland & W.P. Robbing, Power Electronics: Converter, Applications & Design, John Wiley & Sons , 2003
2. M. H. Rashid, Power Electronics Circuits, Devices, and Applications, Pearson Education , 2014
REFERENCE BOOKS:
1. L. Umanand, Power Electronics Essentials and Applications, Wiley India Pvt Ltd., 2009
2. Erickson and Maksimovic, Fundamentals of Power Electronics, Springer, 2nd edition, 2006
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	SUBJECT NAME
	SUBJECT CODE
	L-T-P
	CREDIT

	System Identification and Adaptive Control
	EE4172
	3-0-0
	3



PREREQUISITES:
1. Control Systems
2. Probability and Statistics

COURSE OUTCOMES:
At the end of this course , students will demonstrate the ability to
	CO 
	Course Outcome
	Bloom's Level

	CO1
	Design and implement system identification experiments
	Apply 
(L3) 

	CO2
	Utilize input-output experimental data for the identification of dynamical models for physical systems
	Analyze
(L4)

	CO3
	Design various adaptive control techniques for identified dynamical systems
	Create
(L5)

	CO4
	Understand the advantages and disadvantages of adaptive control techniques relative to other conventional control approaches
	Understand (L2)



MODULE 1                                                                                                                    (8 hours)
Introduction to System Identification: Introduction to dynamic systems and modelling, Concept of system identification and its need, Types of models: white-box, black-box, grey-box, Basic concepts of signals, noise, and data collection, Overview of time-domain and frequency-domain identification
MODULE 2:       	                                    				                 (8 hours)
Parametric Model Structures and Estimation: ARX, ARMAX, Output Error (OE), and Box-Jenkins models, Least Squares (LS) and Recursive Least Squares (RLS) estimation, Model validation and selection, Identification using MATLAB/System Identification Toolbox
MODULE 3         									    (8 hours)
Fundamentals of Adaptive Control: Need for adaptive control, Difference between adaptive and robust control, Gain scheduling, Model Reference Adaptive Systems (MRAS), Direct and indirect adaptive control schemes
MODULE 4										(10 hours)
Design of Adaptive Controllers: Lyapunov-based design methods, Self-tuning regulators, Adaptive pole placement techniques, Stability and convergence of adaptive systems
Practical issues in system identification and adaptive control implementation
TEXT BOOKS:
      1. K.J. Astrom and B. Wittenmark, Adaptive Control, Pearson, 2011.
      2. L. Ljung, System Identification Theory for the user, Prentice-Hall, 2007
REFERENCE BOOKS:
1. K.S. Narendra and A.M. Annaswamy, Stable Adaptive Systems,, Prentice-Hall, 1989.
2. Arun K. Tangirala, Principles of system identification: theory and practice., CRC press, 2018.
3. Goodwin, G. C., and Sin, K. S. Adaptive Filtering Prediction and Control. Dover Publications, 2009.
4. Isermann, R. System Identification: An Introduction. Springer, 2018.
5. Landau, I. D., and Lozano, R. Adaptive Control: Algorithms, Analysis and Applications. Springer, 2011.
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	SUBJECT NAME
	SUBJECT CODE
	L-T-P
	CREDIT

	Advanced Power Systems Lab
	EE3572
	0-0-3
	1.5



PREREQUISITES:
1. Electrical Machines Lab
2. Power System-I
3. Power System-II

COURSE OUTCOMES:
At the end of this course, students will demonstrate the ability to
	CO No.
	Course Outcome 
	Bloom’s Level

	CO1
	Demonstrate the working and application of different protection relays through simulation.
	Apply (L3)

	CO2
	Implement and compare different load flow analysis techniques using MATLAB.
	Analyze (L4)

	CO3
	Simulate fault analysis and security assessment in modern power systems.
	Analyze (L4)

	CO4
	Apply optimization and market simulation tools for economic dispatch and OPF studies.
	Apply (L3)



List of Experiments
Any 10 experiments to be performed
1. To determine the operating characteristics of Distance Relay and determination of the location of fault in transmission line.
2. Write a program to solve the Load Flow problem of a given network using Gauss-Seidel Method.
3. Write a program to solve the Load Flow problem of a given network using Newton-Raphson Method.
4. Write a program to solve the Load Flow problem of a given network using Decoupled Load Flow Method.
5. Simulation of Load Flow Studies using Participation factor-based Load Flow Method.
6. Simulation of Fault Studies without fault and neutral impedance (LG/LLG/LLL).
7. Simulation of Fault Studies with fault and neutral impedance (LG/LLG/LLL).
8. To perform unsymmetrical fault analysis in a power system.
9. Simulation for overload security Analysis
10. Simulation for voltage security Analysis

TEXT BOOKS:
1. J. J. Grainger and W. D. Stevenson, Power System Analysis, McGraw-Hill Education, 2017
2. R. Bergen and V. Vittal, Power System Analysis, Pearson Education, 1999.
3. P. Kundur, Power System Stability and Control, McGraw-Hill, 2006.

REFERENCE BOOKS:
1. Hadi Saadat, Power System Analysis, McGraw-Hill, 1998.
2. D. P. Kothari and I. J. Nagrath, Modern Power System Analysis, Tata McGraw-Hill.
3. Chakrabarti & Halder, Power System Analysis: Operation and Control, PHI Learning.

CO-PO-PSO MAPPING
(1-Weak Correlation;2-Medium correlation;3-Strong Correlation)
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	SUBJECT NAME
	SUBJECT CODE
	L-T-P
	CREDIT

	Advanced Power Electronics Simulation Lab
	EE4572
	0-0-3
	1.5



PREREQUISITES:
1. Power Electronics.
2. Electrical Machines.

COURSEOUTCOMES:
At the end of this course, students will able to

	CO Code
	Course Outcome
	Bloom's Level

	CO1
	To simulate and analyze advanced power electronic circuits using modern simulation tools.
	Analyze(L4)

	CO2
	To understand the behavior and performance of converters, inverters, and control schemes under various conditions.
	Understand(L2)

	CO3
	To gain hands-on experience in MATLAB/ Simulink, PSIM, or similar platforms for modeling power electronic systems.
	Create (L6)

	CO4
	To verify dynamic model of induction motor in reference frames through simulation using MATLAB programming.
	Evaluate(L5)



List of Experiments
Any 10 to be performed

1. Simulation of Buck-Boost DC-DC Converters.
2. Modeling and Simulation of Single-phase Inverters using PWM techniques (SPWM, SVM). 
3. Modeling and Simulation of Three-phase Inverters using PWM techniques (SPWM, SVM). 
4. Simulation of Flyback converter.
5. Harmonic Analysis of Power Electronic Converters using FFT tools.
6. Closed-loop Control of DC Motor Drive Using Chopper Circuit using PI controller.
7. Closed-loop Control of Induction motor drive using P-I controller.
8. Modeling and Simulation of Resonant Converters (Series/Parallel).
9. Simulation of Renewable Energy-based Power Converters using Solar PV inverter systems and MPPT algorithms.
10. Speed Control of Induction Motor Using V/f Technique with scalar control method.
11. Simulation of dynamic model induction motor to plot torque vs. speed characteristics for free acceleration.
12. Speed Control of DC motor drive using universal bridge PWM converter.
TEXT BOOKS:
1. M. H. Rashid,” Power electronics: circuits, devices, and applications”, Pearson Education India, 2009.
2. N. Mohan and T. M. Undeland,” Power Electronics: Converters, Applications and Design”, John Wiley & Sons,2007.
REFERENCE BOOKS:
1. R. W. Erickson and D. Maksimovic,” Fundamentals of Power Electronics”, SpringerScience & Business Media,2007.
2. L. Umanand,” Power Electronics: Essentials and Applications”, Wiley India,2009.
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