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	Ye ar
	THIRD SEMESTER
	FOURTH SEMESTER

	
	Sub. Code
	Subject Name
	L
	T
	P
	C
	Sub. Code
	Subject Name
	L
	T
	P
	C

	




II
	SMS 2107
	Engineering Mathematics – III  
	2
	1
	0
	3
	SMS 2208
	Probability and Optimization Methods 
	2
	1
	0
	3

	
	EER 2101
	Analog and digital Electronics
	3
	1
	0
	4
	EER 2201
	Machine learning
	2
	1
	0
	3

	
	EER 2102
	Fundamentals of Robotics & AI
	2
	1
	0
	3
	EER 2202
	Theory of Machines & Machine Design
	2
	1
	0
	3

	
	EER 2103
	Electrical Machines & Drives
	2
	1
	0
	3
	EER 2203
	Sensors and Actuators for Robotics
	2
	1
	0
	3

	
	EER 2104
	Microcontrollers and its applications
	2
	1
	0
	3
	EER 2204
	Kinematics of Robotics
	2
	1
	0
	3

	
	EER 2105
	Signals and Systems
	2
	1
	0
	3
	EER 2205
	Robot safety and Maintenance
	2
	1
	0
	3

	
	EER 2111
	Analog & Digital Electronics Laboratory
	0
	0
	2
	1
	EER 2211
	Microcontrollers & its Applications Laboratory
	0
	0
	2
	1

	
	EER 2112
	Robot Programming Laboratory
	0
	0
	2
	1
	EER 2212
	Sensors and Actuators Laboratory
	0
	0
	2
	1

	
	EER 2113
	Signals and Systems Laboratory
	0
	0
	2
	1
	EER 2213
	Robotic Simulation Laboratory
	0
	0
	2
	1

	
	
	
	
	
	22
	
	
	
	
	21

	
	Total Contact Hours (L + T + P)
	24
	Total Contact Hours (L + T + P)
	25



	Ye ar
	FIFTH SEMESTER
	SIXTH SEMESTER

	
	Sub. Code
	Subject Name
	L
	T
	P
	C
	Sub. Code
	Subject Name
	L
	T
	P
	C

	




III
	SMS 3001
	Engg Economics & Financial Management
	3
	0
	0
	3
	SMS 3002
	Essentials of Management
	3
	0
	0
	3

	
	EER 3101
	Data Structures, Files and Algorithms
	2
	1
	0
	3
	EER 3201
	Embedded Systems Design
	2
	1
	0
	3

	
	EER 3102
	Advances in Robotics and Artificial Intelligence
	2
	1
	0
	3
	EER 3202
	Internet of Robotic Things (RIoT)
	2
	1
	0
	3

	
	EER 3103
	Control Systems
	2
	1
	0
	3
	ERP 4XXX
	PE-1 /Minor Specialization
	3
	0
	0
	3

	
	EER 3104
	Hydraulic & Pneumatic Drives for Robots
	2
	1
	0
	3
	ERP 4XXX
	PE-2 / Minor Specialization
	3
	0
	0
	3

	
	EER 3111
	Artificial Intelligence Laboratory
	0
	0
	2
	1
	EER 3211
	Embedded Systems Laboratory
	0
	0
	2
	1

	
	EER 3112
	Hydraulic & Pneumatic Drives Laboratory
	0
	0
	2
	1
	EER 3212
	Robotics and AI case studies with RIoT
	0
	0
	2
	1

	
	EER 3113
	Theory of Machines & Mechanism
Laboratory
	0
	0
	2
	1
	EER 3213
	Data Modeling and Visualization
Laboratory
	0
	0
	2
	1

	
	IOE 3xxx
	OE (Creativity, Problem Solving, Innovation)
	2
	0
	2
	3
	IOE 3XXX
	OE-2*
	3
	0
	0
	3

	
	
	
	
	
	21
	
	
	
	
	21

	
	Total Contact Hours (L + T + P)
	24
	Total Contact Hours (L + T + P)
	24




	Year
	SEVENTH SEMESTER
	EIGHTH SEMESTER

	
	Sub. Code
	Subject Name
	L
	T
	P
	C
	Sub. Code
	Subject Name
	L
	T
	P
	C

	





IV
	ERP 4XXX
	PE-3 / Minor Specialization
	3
	0
	0
	3
	EES 4299
	Industrial Training (MLC)
	
	
	
	1

	
	ERP 4XXX
	PE-4 / Minor Specialization
	3
	0
	0
	3
	EER 4999
	Project Work
	
	
	
	12

	
	ERP 4XXX
	PE-5
	3
	0
	0
	3
	EEH 5999
	Project Work (B Tech – honours) * (V - VIII sem)
	
	
	
	20

	
	ERP 4XXX
	PE-6
	3
	0
	0
	3
	EEH 5XXX
	B Tech – honours Theory – 1* (V semester)
	
	
	
	4

	
	ERP 4XXX
	PE-7
	3
	0
	0
	3
	EEH 5XXX
	B Tech – honours Theory – 2* (VI
semester)
	
	
	
	4

	
	IOE 3XXX
	OE-3*
	3
	0
	0
	3
	EEH 5XXX
	B Tech – honours Theory – 3* (VII semester)
	
	
	
	4

	
	*** 4199
	Mini Project (Minor specialization) ***
	
	
	
	8
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	18/26***
	
	
	
	
	13/33*

	
	Total Contact Hours (L + T + P)
	
	Total Contact Hours (L + T + P)
	


*Applicable to eligible students who opted for and successfully completed the B Tech – honours requirements
** Performance of students to be recorded in Eighth semester grade sheet.
***Applicable to students who opted for minor specialization




















B Tech Curriculum – 2026
B.Tech. in Robotics and Artificial Intelligence Engineering
Department of Electronics and Communication Engineering 

SEMESTER – III

MATHEMATICS III (Vector Calculus and Partial
Differential Equations)
SMS_2107										 [ 2  1  0  3]

Total Number of contact hours: 36
Course Learning Outcomes:
At the end of the course, the student will be able to:
	CLO1
	Apply concept of orthonormal basis and orthonormal projections in practical situations.

	CLO2
	Apply the suitable matrix decomposition methods for dimension reduction process.

	CLO3
	Apply Partial differential concept to wherever necessary in Engineering Problems

	CLO4
	Apply and Perform Laplace Transformation

	CLO5
	Acquire the knowledge of vector differentiation and apply them in engineering
domain.



Course Description
Analytic Geometry: norms, inner products, orthogonality, rotations, projections; Matrix Decompositions: determinant, trace, eigenvalues, eigenvectors, Cholesky decomposition, SVD; Vector Calculus: gradient, divergence, curl, line integrals, Green's, Stokes’, and Gauss' theorems; Partial Differential Equations: separation of variables, boundary value problems, vibrations, heat, and potential equations; Laplace Transforms: properties, unit step function, Dirac delta function, convolution theorem, differential equation solving.

Self-directed Learning:  Matrix Approximation.  

References:
1.  C.R. Wylie, “Advanced Engineering Mathematics”, McGraw Hill Publications, New Delhi. 
2.  Peter V. O’ Neil, “Advanced Engineering Mathematics”, Thomson Brooks / Cole, Singapore, 7th edition, 2011.
3.  Fritz John, “Partial Differential Equations” (4th edition), Springer, 1991. 
4.  Michael D. Greenberg, “Advanced Engineering Mathematics (2nd edition)”, Pearson Education, 1998.
5. Grewal B.S. - Higher Engineering Mathematics, Khanna Publishers, 43rd edition, 2015

ANALOG AND DIGITAL ELECTRONICS
EER_2101							                                         [ 3  1  0  4]

Total Number of contact hours: 48
Course Learning Outcomes:
At the end of the course, the student will be able to:
	CLO1
	Design and analyze various MOSFET amplifier configurations like common-source, common-gate, and cascode amplifiers.

	CLO2
	Apply small-signal analysis to design and evaluate MOS differential amplifiers and calculate CMRR.

	CLO3
	Design op-amp circuits, including inverting, non-inverting, and summing amplifiers, using feedback techniques.

	CLO4
	Design and analyze non-linear circuits like Schmitt triggers, precision rectifiers, and oscillators.

	CLO5
	Simplify Boolean expressions and design combinational and sequential digital circuits, including flip-flops, counters, and fsms.



Course Description

MOSFETs: Structure, energy-band diagram, operation, channel length modulation, amplifier topologies (common-source, common-gate, source follower, current mirror, cascode), differential amplifier, CMRR. Op-Amp: Parameters, feedback circuits, inverting/non-inverting configurations, current-to-voltage converters, summing amplifier, instrumentation amplifier. Non-linear circuits: Schmitt trigger, comparators, precision rectifiers, sample & hold circuits, integrators, differentiators. Feedback & oscillators: Positive/negative feedback, amplifier analysis. Logic design: Boolean algebra, SOP/POS, Karnaugh maps, multiplexers, adders, ALU. Sequential logic: Latches, flip-flops, counters, shift registers, FSM design.                                                                                   

Self-directed Learning:  Concept of PLDs like PAL, PLA, CPLDs, FPGA

References:
1. Thomas L Floyd, “Electronic Devices”, 10th edition, Pearson, 2017. 
2. G.B. Clayton, “Operational Amplifiers”, International Edition, 2nd Edition,1979.
3. Anand Kumar, “Fundamentals of Digital circuits”, PHI, Fourth edition, 2016. 
4. R.P. Jain, “Modern digital Electronics”, Tata McGraw Hill, fourth edition, 2010

FUNDAMENTALS OF ROBOTICS & AI 
EER_2102								                           [ 2  1  0  3]

Total Number of contact hours: 36
Course Learning Outcomes:
At the end of the course, the student will be able to:
	CLO1
	Differentiate types of robots and robot grippers

	CLO2
	Apply basic principles of AI in solutions that require problem solving, inference, perception, knowledge representation and learning.

	CLO3
	Analyze forces in links and joints of a robot.

	CLO4
	Demonstrate awareness and a fundamental understanding of AI techniques in intelligent agents, artificial neural networks.

	CLO5
	Model forward and inverse kinematics of robot manipulator.



Course Description

Introduction to robotics: Classification, specifications, application-based selection, serial and parallel manipulators, performance characteristics (accuracy, repeatability, speed, load). Sensors and drives: Selection criteria and applications of position, velocity, proximity, tactile, force/torque sensors, drive types, gripper design considerations. Kinematics: Rotation matrix, D-H transformation, direct/inverse kinematics, differential kinematics for planar robots. Robot applications: Material handling, assembly, inspection, programming languages (RAIL, VAL II). Introduction to AI: Foundations, intelligent agents (reactive, goal-driven, learning), AI techniques. Problem-solving: State-space, heuristic, minimax, alpha-beta pruning, evolutionary algorithms. Knowledge representation: Predicate logic, reasoning, planning (partial order, planning graphs), uncertain applications in AI. Applications of AI in robotics and vision.
												

*Self-directed Learning:  Controllers, Types of Controller and introduction to close loop controller Grippers,

References:
1.  S. K. Saha, Introduction to Robotics, TATA McGraw Hills Education, 2014.
2.  S. B. Nikku, Introduction to Robotics – Analysis, Control, Applications, 3rd edition, John Wiley & Sons Ltd., 2020.
3.  Mikell Groover, Mitchell Weiss, Roger N. Nagel, Nicholas Odrey, Ashish Dutta, Industrial Robotics 2nd edition, SIE, McGraw Hill Education (India) Pvt. Ltd., 2012.
4.  R. D. Klafter, Thomas A. Chmielewski, and Michael Negin, Robotic Engineering – An Integrated Approach, EEE, Prentice Hall India, Pearson Education Inc., 2009.
5. Russell, Stuart and Norvig, Peter, Artificial Intelligence: A Modern Approach" Prentice Hall, 2003. 
6.  Aleksander, Igor and Burnett, Piers, Thinking Machines Oxford, 1987. 
7.  Bench-Capon, T. J. M., Knowledge Representation: An approach to artificial intelligence Academic Press, 1990. 

ELECTRICAL MACHINES & DRIVES 
EER_2103								                            [ 2  1  0  3]

Total Number of contact hours: 36
Course Learning Outcomes:
At the end of the course, the student will be able to:
	CLO1
	Understand the principles, characteristics, and control techniques of DC motors, including speed control and efficiency.

	CLO2
	Analyze the working, performance, and control methods of three-phase and single-phase induction motors.

	CLO3
	Understand synchronous machine construction, armature reaction, power-angle characteristics, and methods of synchronization with infinite bus bars.

	CLO4
	Design and analyze electric drive systems, including motor-load dynamics and speed control methods.

	CLO5
	Understand and implement control methods for DC, induction, and synchronous motor drives, including speed control and braking.



Course Description

Introduction to DC Motors: Principles, back EMF, torque equation, speed control, losses, applications. Three-Phase Induction Motors: Types, power output, starting methods, speed control, and modeling. Synchronous Machines: Construction, armature reaction, power angle characteristics, and motor operation. Electric Drives: Motor-load dynamics, speed control, multi-quadrant operation, and motor selection. DC Motor Drives: Performance, speed control, controlled rectifier and chopper-controlled drives, closed-loop speed control. Induction and Synchronous Motor Drives: Speed control, rotor resistance control, slip power recovery, and motor control methods. PMAC and BLDC motor drives.			               

Self-directed Learning:  Stepper motor drives switched reluctance motor drives.

References:
1. M. G. Say,” Alternating current machines”, fifth edition, E.L.B.S. Publication, 1987.
2.  A. F. Puchstein, T.C. Lloyd, A.G. Conrad, “Alternating current machines”, John Wiley and Sons, New York 1954.
3.  P. C. Sen, “Principles of Electric Machines and Power Electronics “, John Wiley and Sons Publication, second edition 1997.
4.  M. H. Rashid, “Power Electronics -Circuits, devices and Applications”, 3rd Edition, PHI Pub. 2004.
5.   B. K. Bose, “Modern Power Electronics and AC Drives”, Pearson Education, Asia, 2003.
6.  G. K. Dubey, “Fundamentals of Electrical Drives”, Second edition (sixth reprint), Narosa Publishing house, 2001

MICROCONTROLLERS AND ITS APPLICATIONS 
EER_2104     								                                   [ 2  1  0  3]

Total Number of contact hours: 36
Course Learning Outcomes:
At the end of the course, the student will be able to:
	CLO1
	Comprehend and analyze architectures of microprocessors, microcontroller and ARM7 processor.

	CLO2
	Understand  the memory organization of 8051 microcontrollers.

	CLO3
	Comprehend and use peripheral serial communication and the concepts of interrupts in 8051 microcontrollers

	CLO4
	Interface 8051 microcontroller with the input and output devices such as LEDs, LCDs, 7- segment display and keypad

	CLO5
	Design 8051 microcontroller-based system with analog-to-digital converters and digital-to analog converters within realistic constraints like user specification, availability of components etc



Course Description
Fundamentals of Microprocessors: Architecture of 8-bit, 16-bit, and 32-bit microcontrollers, comparison, embedded systems, 8051 family, ARM7, Intel i3/i5/i7 processors. 8051 Architecture: Internal block diagram, CPU, ALU, memory structures, timing diagrams, machine cycles, I/O ports, and registers. Instruction Set: Addressing modes, data types, subroutines, 8051 instruction set, instruction timings, and bit manipulation. Programming: Assembly and C language programming, assemblers, compilers, and debugging tools. I/O and External Communication: Memory, I/O buses, interfacing with peripherals, serial communication (RS232, SPI, I2C), Bluetooth, Zigbee. Applications: Interfacing with LED, LCD, keyboard, stepper motor, DC motor, sensors, ADC, DAC, and signal conditioning.
				               

*Self-directed Learning:  Role of microcontrollers in embedded Systems

References:
1. M. A. Mazidi, J. G. Mazidi and R. D. McKinlay, “The 8051 Microcontroller and Embedded Systems: Using Assembly and C”, Pearson Education, 2007. 
2.  K. J. Ayala, “8051 Microcontroller”, Delmar Cengage Learning, 2004
3.  R. Kamal, “Embedded System”, McGraw Hill Education, 2009. 
4.  R. S. Gaonkar, “, Microprocessor Architecture: Programming and Applications with the 8085”, Penram International Publishing, 1996. 
5.  D. A. Patterson and J. H. Hennessy, "Computer Organization and Design: The Hardware/Software interface”, Morgan Kaufman Publishers, 2013. 
6.  D. V. Hall, “Microprocessors & Interfacing”, McGraw Hill Higher Education, 1991

SIGNALS AND SYSTEMS 
EER_2105								      [ 2  1  0  3]

Total Number of contact hours:36 
Course Learning Outcomes:
At the end of the course, the student will be able to:
	CLO1
	Classify systems based on their properties: in particular, to understand and exploit the implications of linearity, time-invariance, causality, memory, and bounded-input, boundedout (BIBO) stability

	CLO2
	Analyze and realize discrete system using z transform.

	CLO3
	Determine Fourier transforms for continuous-time and discrete-time signals (or impulseresponse functions), and understand how to interpret and plot Fourier transform magnitude and phase functions.

	CLO4
	Understand the sampling theorem and how it links continuous-time signals to discrete-time signals

	CLO5
	Determine Laplace transforms for the given signals



Course Description

Introduction to Signals and Systems: Overview of signals, systems, and their properties (periodicity, linearity, stability), classification of systems. Behavior of Continuous and Discrete-time LTI Systems: Impulse/step responses, convolution, stability, state-space representation. Fourier Transforms: Fourier series, Fourier transform, DFT, Parseval’s theorem, and frequency analysis. Laplace Transform: Laplace transform, system functions, poles/zeros, inverse Laplace transform. z-Transforms: z-transform, stability, difference equations, inverse z-transform. Sampling and Reconstruction: Sampling theorem, aliasing, and reconstruction methods. Applications in communication, filtering, and control systems.				               

Self-directed Learning:  State-Space Analysis, Multi-input, multi-output representation.

References:
1.  A. V. Oppenheim, A. S. Willsky and S. H. Nawab, “Signals and systems”, Prentice Hall India, 1997. 
2.  S. Haykin and B. V. Veen, “Signals and Systems”, John Wiley and Sons, 2007.
3.  A. V. Oppenheim and R. W. Schafer, “Discrete-Time Signal Processing”, Prentice Hall, 2009. 
4.  B. P. Lathi, “Linear Systems and Signals”, Oxford University Press, 2009.
5.   J. G. Proakis and D. G. Manolakis, “Digital Signal Processing: Principles, Algorithms, and Applications”, Pearson, 2006. 
6.  H. P. Hsu, “Signals and systems”, Schaum’s series, McGraw Hill Education, 2010.
7.  M. J. Robert “Fundamentals of Signals and Systems”, McGraw Hill Education, 2007.

ANALOG & DIGITAL ELECTRONICS LABORATORY 
EER_2111								                           [ 0  0  2  1]

Total Number of contact hours: 20
Course Learning Outcomes:
At the end of the course, the student will be able to:
	CLO1
	Analyze the transfer and drain characteristics of MOSFETs and understand their behavior in switching and amplification applications.

	CLO2
	Design and implement MOSFET-based amplifiers for signal processing and amplification applications

	CLO3
	Design and implement op-amp applications including integrators, differentiators, comparators, and Schmitt triggers.

	CLO4
	Use the Karnaugh map (K-map) technique to simplify and implement Boolean functions, such as in code converters and implement multiplexers, encoders, decoders,

	CLO5
	Design ripple and synchronous counters (using JK and D flip-flops), along with MOD counters using ICs like 7490/93 and 74192/193.



Course Description

● Transfer and Drain Characteristics of MOSFET. 
● MOSFET based amplifiers
● Op-amp Applications-I: Integrator, Differentiators, Comparator, Schmitt trigger. 
 ● Simplification and implementation of a Boolean function using k -map technique e.g. code converter. 
● Use of Multiplexers, Encoders, Demultiplexer and decoders for implementing logic.
 ● Design and implementation of ripple and synchronous counters using JK and D FF and additional gates. 
● Design of MOD counter using ICs like 7490/93 (ripple) and 74192/193(synchronous) 						               

References:
1. Thomas L Floyd, “Electronic Devices”, 10th edition, Pearson, 2017.
2. G.B. Clayton, “Operational Amplifiers”, International Edition, 2nd Edition,1979.
3. Anand Kumar, “Fundamentals of Digital circuits”, PHI, Fourth edition, 2016. 
4. R.P. Jain, “Modern Digital Electronics”, Tata McGraw Hill, fourth edition, 2010.

ROBOT PROGRAMMING LABORATORY
EER_2112								                           [ 0  0  2  1]

Total Number of contact hours: 20
Course Learning Outcomes:
At the end of the course, the student will be able to:
	CLO1
	Demonstrate proficiency in robot programming using Flex Pendant and coordinate systems.

	CLO2
	Implement wrist mechanism interpolation and interlock commands in robotic systems.

	CLO3
	Program and control robotic operations using VAL language for pick and place applications.

	CLO4
	Develop robot applications for palletizing, object detection, and sorting using VAL programming.

	CLO5
	Utilize RAPID language, AML, and Robot Studio software for industrial robot applications and simulations.



Course Description

● Robot Programming using Flex Pendant- Lead through programming including Coordinate systems of Robot.
 ● Wrist Mechanism-Interpolation-Interlock commands.
 ● VAL language commands motion control, hand control, program control, pick and place applications. ● Palletizing applications using VAL.
 ● Object detection and Sorting.
 ● Robot welding application using VAL program.
 ● RAPID Language and AML.
● Programming using Robot studio software.						               

References:
1. Lentin Joseph, “Learning Robotics Using Python”, Second Edition Design, simulate, program, and prototype an autonomous mobile robot using ROS, OpenCV, PCL, and Python, Packt Publishing Paperback – 1 January 2018.
2.  Staple Danny, “Learn Robotics Programming”, Packt Publishing Limited, Feb 2021.
3.  Kailashi Chandra Mahajan, Prashant Kumar Patnnaik, Raghvendra Kumar, “Robotics for Engineers”, Vikas Publishing House, 2016. 

SIGNALS AND SYSTEMS LABORATORY 
EER_2113								                          [ 0  0  2  1]

Total Number of contact hours: 20
Course Learning Outcomes:
At the end of the course, the student will be able to:
	CLO1
	Understand and Implement Convolution in Signal Processing

	CLO2
	Explore and Verify Properties of Fourier Transform

	CLO3
	Analyze Time-Varying and Time-Invariant Systems

	CLO4
	Investigate the Discrete Fourier Transform (DFT) and Its Inverse (IDFT)

	CLO5
	Visualize and Analyze Fundamental Sequences in Signal Processing



Course Description

● List of experiments to be performed on Matlab. 
● To find convolution of two sequences. 
● To check linearity property of Fourier transform. 
● To check whether the system y[n] = cos(x[n]) is time varying or time-invariant.
 ● To find Fourier transform of given sequence.
 ● To plot unit delta sequence, unit step sequence & unit ramp sequence. 
● To study convolution property of Fourier transform. 
● To study Discrete Fourier transform. 
● To study inverse Discrete Fourier transform. 
● To study time-shift property of Fourier transform						               

References:
1. A. V. Oppenheim, A. S. Willsky and S. H. Nawab, “Signals and systems”, Prentice Hall India, 1997. 
2.  S. Haykin and B. V. Veen, “Signals and Systems”, John Wiley and Sons, 2007. 
3.  A. V. Oppenheim and R. W. Schafer, “Discrete-Time Signal Processing”, Prentice Hall, 2009. 
4.  B. P. Lathi, “Linear Systems and Signals”, Oxford University Press, 2009. 
5.  J. G. Proakis and D. G. Manolakis, “Digital Signal Processing: Principles, Algorithms, and Applications”, Pearson, 2006. 
6.  H. P. Hsu, “Signals and systems”, Schaum’s series, McGraw Hill Education, 2010. 
7.  M. J. Robert “Fundamentals of Signals and Systems”, McGraw Hill Education, 2007
                                             
SEMESTER –IV

MATHEMATICS IV (Probability & Optimization methods)
SMS_2208 								                           [ 2  1  0  3]

Total Number of contact hours: 36
Course Learning Outcomes:
At the end of the course, the student will be able to:
	CLO1
	Make use of concepts of random variables and associated probability distributions to solve problems, illustrate the central limit theorem

	CLO2
	Demonstrate a number of methods of summarizing and visualizing data sets, evaluating
probabilities of events.

	CLO3
	Evaluate for basic statistical inference (t-test, z-test, F-test, χ2 –test, confidence interval, non- parametric tests)

	CLO4
	Explain basic principles of regression analysis and perform the same

	CLO5
	Demonstrate use of R software for all the above.



Course Description
 Descriptive Statistics: Measures of location, variation, and data visualization (frequency tables, bar diagrams, histograms, heat maps). Probability Distributions: Binomial, Poisson, Exponential, and Normal distributions. Introduction to R: Basic syntax, data structures, data analysis, and visualization using R. Statistical Inference: Estimation, t-test, z-test, F-test, χ2-test, non-parametric tests like Sign and Wilcoxon tests. Regression: Simple and multiple linear regression. Engineering Applications: Statistics in reliability, quality control, random processes, Markov chains. Machine Learning & Data Science: Application of statistical methods in modern data science.

*Self-directed Learning:  Central limit theorem.

References:
1.  Manish Sharma and Amit Gupta, The Practice of Business Statistics, Khanna Publishing Company Private Limited, New Delhi, 2014.
2. Ronald E, Walpole, Sharon L. Myers, Keying Ye, Probability and Statistics for Engineers and Scientists (8th Edition), Pearson Prentice Hall, 2007.
3. Tilman M. Davies, the book of R: A first course in Programming and Statistics (1st Edition), No Starch Press, USA, 2016.
4.  Jose J., Beginner’s Guide for Data Analysis using R Programming, Khanna Book Publishing, New Delhi, 2021.	

MACHINE LEARNING
EER_2201							                                        [ 2  1  0  3]

Total Number of contact hours: 36
Course Learning Outcomes:
At the end of the course, the student will be able to:
	CLO1
	Understand, visualize, analyze and preprocess the data from a real-time source.

	CLO2
	Apply appropriate algorithms to the data.

	CLO3
	Analyze the results of the algorithm and convert to appropriate information required for the real – time application

	CLO4
	Evaluate the performance of various algorithms that could be applied to the data and to suggest the most relevant algorithm according to the environment.

	CLO5
	Understand the difference between supervised and unsupervised learning



Course Description
Introduction to Machine Learning: Learning paradigms, PAC learning, basics of probability, version spaces. Supervised Learning: Linear/nonlinear classification, regression (linear, multilinear), Naïve Bayes, Decision Trees (ID3, CART). Classifiers: K-NN, Logistic regression, Perceptrons, Support Vector Machines. Unsupervised Learning: Clustering (K-Means, Hierarchical, Density-based), PCA, Expectation Maximization. Evaluation & Ensemble Learning: ROC curves, error correction, Bagging, Boosting (Random Forests, AdaBoost). Machine Learning Process: Data collection, preprocessing, outlier analysis, model evaluation, parameter tuning.

*Self-directed Learning:  Self-organizing maps

References:
1. Rajiv Chopra, Machine Learning, Khanna Publishing Company, Delhi, 2022. 
2.  Rajiv Chopra, Data Science with AI, ML, DL, Khanna Publishing Company,Delhi, 2022. 
3.  Mehryar Mohri, Afshin Rostamizadeh, Ameet Talwalkar "Foundations of Machine Learning”, MIT Press, 2012. 
4.  Charu C. Aggarwal, Data Classification Algorithms and Applications‖, CRC Press, 2014. 
5.  Christopher M. Bishop, Pattern Recognition and Machine Learning‖, Springer Edition. 2011

THEORY OF MACHINES & MACHINE DESIGN
EER_2202								                            [ 2  1  0  3]

Total Number of contact hours: 36
Course Learning Outcomes:
At the end of the course, the student will be able to:
	CLO1
	Draw velocity and acceleration diagrams for simple and complex mechanisms.

	CLO2
	Use graphical and analytical methods for solving problems in static and dynamic force analysis.

	CLO3
	Apply basic concepts and theory regarding friction, lubrication, belt, rope, chain drives , rotating and reciprocating machine element

	CLO4
	Evaluate the different types of stresses induced in a component due to different types of static loading conditions.

	CLO5
	Apply the principles of static loading to design couplings, screws, springs and welded joints



Course Description

Kinematics and Mechanisms: Kinematic links, pairs, chains, degrees of freedom, Grubler’s criterion, inversions of four-bar and slider-crank mechanisms. Velocity and Acceleration Analysis: Velocity polygon, acceleration diagrams, instantaneous center of rotation. Force Analysis: Static equilibrium, D'Alembert’s principle, inertia forces in mechanisms. Stresses and Strains: Stress, strain, shear force, bending moment diagrams, torsional stresses. Design Fundamentals: Types of loads, material selection, factor of safety, design of shafts, keys, threads, power screws. Gear Introduction: Gear types, gear tooth profiles, gear trains, bevel gears. Gear Trains: Differential gearboxes and calculations.					               

Self-directed Learning:  Velocity analysis of a Kinematic Link by ICR Method, Body and Space Centrode.  


References:
1.  D.S. Bedi, “Strength of Materials”, Khanna Book Publishing, 2022.
2.   Ulicker Jr., J.J., Penock, G.R. and Shigley, J.E. “Theory of Machines and Mechanisms”, Tata McGraw Hill Education Private Limited, 2009. 
3.  John Hannah and Stephens, R.C. “Mechanics of Machines: Advance Theory and Examples” Edward Arnold London. 
4.  Ramamurthy, V. “Mechanics of Machines”, Narosa Publishing House, 2009. 
5.  Thomas Beven, “Theory of Machines”, Pearson Education Ltd, 3rd edition, 2017.
6.  Spotts M.F. – “Design of Machine Elements” – Prentice Hall International, 2019.
7.  Black P.H. and O. Eugene Adams – “Machine Design” – McGraw Hill Book Co. Ltd. 

SENSORS AND ACTUATORS FOR ROBOTICS 
EER_2203								                            [ 2  1  0  3]

Total Number of contact hours: 36
Course Learning Outcomes:
At the end of the course, the student will be able to:
	CLO1
	Identify and describe the key components of a robotic system, including links, joints, and end effectors.

	CLO2
	Analyze and apply different types of sensors for motion, position, force, and tactile feedback in robotic systems.

	CLO3
	Demonstrate knowledge of vision system devices, image acquisition, and image processing techniques for robotic vision.

	CLO4
	Evaluate advanced sensor technologies such as MEMS-based sensors and smart sensors for robotics applications.

	CLO5
	Select and implement appropriate electric, pneumatic, and hydraulic actuators for robot system design and operation.




Course Description

Anatomy of robotic systems: links, joints, end effectors, degrees of freedom, calculations. Sensors: pressure, position, infrared, proximity, force, torque, tactile, flow, and temperature. Vision sensors: image acquisition, processing, noise reduction, edge detection, segmentation. Advanced sensor technology: smart sensors, MEMS, actuator selection, transmission systems. Electric actuators: DC, stepper, servo motors, rotary actuators, piezoelectric actuators. Pneumatic & hydraulic actuators: hydraulic and pneumatic cylinders, linear, rotary actuators. Advanced actuators: piezoelectric, elastomer actuators, shape memory alloys. Actuator design, selection, system integration, performance considerations.				

Self-directed Learning:  Linear and latching linear actuators


References:
1.  S. Mukherjee, Robotics Process Automation, Khanna Book Publishing, 2021.
2.  Mc Comb, G. Robot builder's bonanza. 5th ed. New York: McGraw-Hill, 2019. 
3.  Dr. Sabrie Soloman, Sensors Handbook, McGraw-Hill
4.  Braünl, T. Embedded robotics: mobile robot design and applications with embedded systems. 3rd edition Berlin; Heidelberg: Springer, 2008. ISBN 9783540705338. 
5.  Martin, F.G. Robotic explorations: a hands-on introduction to engineering. Upper Saddle River, N.J.: Prentice-Hall, 2001. ISBN 0130895687. 
6.  Gerard C., M. Meijer, Smart Sensors System, Wiley, 2008. 
7.  Andrzej M. Pawlak, Sensors and Actuators in mechatronics, Taylor & Francis Group, 2007. 
8.  S. R. Ruocco, Robot Sensors & Transducers, Springer, 2013

KINEMATICS OF ROBOTICS 
EER_2204								                            [ 2  1  0  3]

Total Number of contact hours: 
Course Learning Outcomes:
At the end of the course, the student will be able to:
	CLO1
	Master the fundamentals of vector operations, transformation matrices, and coordinate systems for modeling robot motion.

	CLO2
	Learn to combine translation and rotation in homogeneous transformation matrices and apply them to robotic motion tasks.

	CLO3
	Understand and implement forward and inverse kinematic equations using the Denavit-Hartenberg convention, and apply them to calculate robot configurations.

	CLO4
	Develop proficiency in using forward and inverse kinematics to solve position and orientation problems for industrial robots, including 3-DOF robots.

	CLO5
	Analyze the robot’s motion using the Jacobian for velocity and acceleration analysis, and apply these concepts in the design and simulation of robotic systems.



Course Description

Introduction: Vector representations, operations, transformations (translational, rotational), coordinate reference frames, matrix creation, manipulation using MATLAB. Homogeneous transformations: pure translation, rotation about an axis, combined transformations, transformations relative to a moving frame. Kinematics: Denavit-Hartenberg (DH) representation, forward and inverse kinematic equations, position in Cartesian, cylindrical, spherical, and articulated coordinates, MATLAB applications. Forward and inverse kinematics: orientation, roll, pitch, yaw (RPY) angles, Euler angles, geometric approach, industrial robots, design project on 3-DOF robot. Velocity and acceleration analysis: differential motions, Jacobian, forward and inverse velocity analysis, acceleration analysis, design project on 3-DOF robot.					               

Self-directed Learning:  Kinematics of Industrial Robots

References:
1.  Saeed B. Niku, “Introduction to Robotics – Analysis, Control, Applications”, Wiley India Pvt. Ltd., 20102.	A. S. Sedra, K. C. Smith, “Microelectronic circuits”, Oxford University Press, 2011.
2. Reza N. Jazar, “Theory of Applied Robotics: Kinematics, Dynamics, and Control”, Springer   July  2010
3.  Tuna Balkan, “Robot Kinematics: Forward and Inverse Kinematics”, Intech, Dec. 2006.

[bookmark: _Hlk182663364]ROBOT SAFETY AND MAINTENANCE 
EER_2205								                          [ 2  1  0  3]

Total Number of contact hours: 36
Course Learning Outcomes:
At the end of the course, the student will be able to:
	CLO1
	Understand robot safety concepts including hazards, safeguards, and roles in design and operation.

	CLO2
	Analyze real-life robot accidents and identify causes, effects, and prevention strategies.

	CLO3
	Apply safety devices and procedures such as emergency stops, mode switches, and safety fences.

	CLO4
	Consider human factors in robotics, focusing on ergonomics, human errors, and operator safety.

	CLO5
	Implement robot maintenance practices, including preventive maintenance, tools, and inspection.



Course Description

Introduction to Robot Safety: Safety terms, organizations, hazards, and safety issues in robot design, installation, programming, and operation. Robot Accidents: Real-life examples, causes, effects, and analysis of accidents in Japan, Europe, and the US. Robot Safety Devices: Safety education, safety in robot testing, welding operations, safety standards, emergency stops, and safeguards. Human Factors: Human-robot interaction, operator comfort, human bias, and error prevention. Robot Maintenance: General maintenance functions, tools, inspection, warranty, and preventive maintenance. Safety Standards: BIS, ISO standards, risk analysis, accident prevention, ergonomics, and safety management systems.
					               

Self-directed Learning:  Benefits and Drawbacks of Robotization from the Standpoint of Human Factors and Rules of Robotics with Respect to Humans, Some Guidelines for Safeguarding Robot Maintenance Personnel


References:
1. Nicholas Odrey, “Industrial Robotics -Technology, Programming and Applications”, 2017. 
2.  Mikell Groover, “Industrial Robotics, Tata McGraw Hill, 2008. 
3.  Tom Taulli, “The Robotic Process Automation Handbook: A Guide to Implementing RPA Systems”, Springer India, 31 December 2021

MICROCONTROLLERS & ITS APPLICATIONS LABORATORY 
EER_2211								                            [ 0  0  2  1]

Total Number of contact hours: 20
Course Learning Outcomes:
At the end of the course, the student will be able to:
	CLO1
	Master various addressing modes for accessing memory and control flow in microcontroller programming (e.g., loops, branches).

	CLO2
	Learn to use stack operations for storing and retrieving data, passing parameters via registers and stack, and implementing modular subroutines.

	CLO3
	Understand the working of timers, configure them for generating time delays, and use PWM for controlling devices like LEDs and motors.

	CLO4
	Gain proficiency in serial communication techniques, configuring USART/UART for data transmission, and implementing reliable communication protocols.

	CLO5
	Interface common peripheral devices (push buttons, LEDs, LCDs, stepper motors, ADC/DAC, and keypads) with microcontrollers and develop practical embedded system applications.



Course Description

List of Practical: Based on 8051 and PIC microcontroller mini-cards/kits by downloading the binary file in flash memory: 
● Assignment exploiting the various addressing modes for accessing internal as well as external memory and unconditional/conditional branch, loop control instructions.
 ● Stack and Stack arithmetic operations, Subroutines and parameter passing via register, stack. 
● Timers and its applications, PWM generation. 
● Serial Communication. 
● Interfacing – Push buttons LEDs Key Matrix Seven segment display LCD ADC/DAC Stepper motor

References:
1.  M. A. Mazidi, J. G. Mazidi and R. D. McKinlay, “The 8051 Microcontroller and Embedded Systems: Using Assembly and C”, Pearson Education, 2007. 
2.  K. J. Ayala, “8051 Microcontroller”, Delmar Cengage Learning, 2004. 
3.  R. Kamal, “Embedded System”, McGraw Hill Education, 2009. 
4.  R. S. Gaonkar, “Microprocessor Architecture: Programming and Applications with the 8085”, Penram International Publishing, 1996. 
5.  D. A. Patterson and J. H. Hennessy, "Computer Organization and Design: The Hardware/Software interface”, Morgan Kaufman Publishers, 2013. 
6.  D. V. Hall, “Microprocessors & Interfacing”, McGraw Hill Higher Education, 1991



SENSORS AND ACTUATORS LABORATORY 
EER_2212								      [ 0  0  2  1]

Total Number of contact hours: 20
Course Learning Outcomes:
At the end of the course, the student will be able to:
	CLO1
	Design and evaluate robot grippers with considerations for functionality, strength, and precision.

	CLO2
	Interface touch sensors and feedback systems to enable robots to detect and respond to environmental changes.

	CLO3
	Analyze manipulator kinematics to model and control robotic arm movement and positioning

	CLO4
	Implement object detection and image processing using vision sensors for enhanced robot perception and decision-making.

	CLO5
	Plan and analyze robot trajectories for efficient path execution, including pick-and-place and path tracking tasks.



Course Description

● Robot Gripper design and considerations. 
● Touch Sensors interfacing and feedback system. 
● Manipulator kinematics analysis.
 ● Use of object detection and Image processing using Vision sensors in Robot system. 
● Trajectory planning and analysis. 
● Pick and place / path tracking using robot. 
● Virtual lab experiments on Robot kinematics for Movemaster, PUMA 560 and KGP 50: http://vlabs.iitkgp.ernet.in/mr/#


References:
1. S. Mukherjee, Robotics Process Automation, Khanna Book Publishing Co., 2021. 
2.  Mc Comb, G. Robot builder's bonanza. 5th ed. New York: McGraw-Hill, 2019. ISBN 9781260135015. 
3. Dr. Sabrie Soloman, Sensors Handbook, McGraw-Hill. 
4.  Braünl, T. Embedded robotics: mobile robot design and applications with embedded systems. 3rd edition Berlin; Heidelberg: Springer, 2008. ISBN 9783540705338. 
5.  Martin, F.G. Robotic explorations: a hands-on introduction to engineering. Upper Saddle River, N.J.: Prentice-Hall, 2001. ISBN 0130895687. 
6.  Gerard C., M. Meijer, Smart Sensors System, Wiley, 2008. 
7.  Andrzej M. Pawlak, Sensors and Actuators in mechatronics, Taylor & Francis Group, 2007. 
8.  S. R. Ruocco, Robot Sensors & Transducers, Springer, 2013.

ROBOTIC SIMULATION LABORATORY
EER_2213								                           [ 0  0  2  1]

Total Number of contact hours: 20
Course Learning Outcomes:
At the end of the course, the student will be able to:
	CLO1
	Develop dynamic models and simulate the behavior of mechanical systems using MATLAB and Mathematica.

	CLO2
	Implement numerical techniques for simulating mechanical systems and analyze the system response over time.

	CLO3
	Apply linear system theory using root locus and Bode plots to analyze the stability of mechanical systems.

	CLO4
	Develop and simulate state-space models of mechanical systems using Simulink for dynamic analysis and control design.

	CLO5
	Use Simulink for building and simulating mechanical system models, focusing on time-domain and frequency-domain analysis.



Course Description

1. Dynamic model development and simulation of simple mechanical systems using Matlab and Mathematica. 
2. Numerical simulation of simple mechanical systems. 
3. Stability analysis of simple mechanical systems using linear system theory namely root locus and Bode plot. 
4. State space model development and dynamic simulation using Simulink.


References:
1.  Emilson Pereira Leite, “MATLAB - Modelling, Programming and Simulations”, Sciyo, 2010. 
2.  Jinkun Liu, “Intelligent Control Design and MATLAB Simulation”, Springer, 2018.


SEMESTER – V

[bookmark: _Hlk182663727]ENGG ECONOMICS AND FINANCIAL MANAGEMENT
SMS_3001							                           [ 3  0  0  3]

Total Number of contact hours: 36
Course Learning Outcomes:
At the end of the course, the student will be able to:
	CLO1
	Apply the appropriate engineering economics analysis method(s) for problem solving 

	CLO2
	Compute the depreciation of an asset using standard depreciation techniques 

	CLO3
	Describe and apply the basic techniques of financial statement analysis 

	CLO4
	Apply all mathematical approach models covered in solving engineering economics problems 

	CLO5
	Analyse the responsibility of an engineer on risk and safety 



Course Description
Time Value of Money: Interest factors, nominal and effective interest rates, present and future value of cash flows, case studies. Economic Analysis of Alternatives: Comparison methods, present worth, capital recovery, rate of return, incremental analysis, replacement and break-even analysis. Depreciation: Methods including straight line, declining balance, and double-declining balance, case study. Financial Statement Analysis: Balance sheet, profit & loss statement, ratio analysis (liquidity, leverage, turnover, profitability), limitations of financial ratios. Self-directed learning: Risk and safety assessment, case study, risk-benefit analysis.

References: 
1. Chan S. Park, Contemporary Engineering Economics, 4th Edition, Pearson Prentice Hall, 2007.
2. Thuesen G. J, Engineering Economics, Prentice Hall of India, New Delhi, 2005. 
3. Blank Leland T. and Tarquin Anthony J., Engineering Economy, McGraw Hill, Delhi, 2002.
4. Prasanna Chandra, Fundamentals of Financial Management, Tata McGraw Hill, Delhi, 2006. 



[bookmark: _Hlk182664206]DATA STRUCTURES, FILES AND ALGORITHMS
EER_3101								                           [ 2  1  0  3]

Total Number of contact hours: 36
Course Learning Outcomes:
At the end of the course, the student will be able to:
	CLO1
	Analyze the algorithms to determine the time and computation complexity and justify the correctness. 

	CLO2
	Implement for a given Search problem (Linear Search and Binary Search). 

	CLO3
	Implement for a given problem of Stacks, Queues and linked list it and Analyze the same to determine the time and computation complexity 

	CLO4
	Write an algorithm Selection Sort, Bubble Sort, Insertion Sort. 

	CLO5
	Quick Sort, Merge Sort, Heap Sort and compare their performance in terms of Space and Time complexity. 



Course Description

Introduction: Basic terminologies, data organization, data structure operations (insertion, deletion, traversal), analysis of algorithms, asymptotic notations, time-space trade-off, linear and binary search techniques. Stacks and Queues: ADT stack operations, expression conversion, evaluation algorithms, ADT queue types (simple, circular, priority) and operations with complexity analysis. Linked Lists: Singly and doubly linked lists, algorithms for traversal, insertion, deletion, and their analysis. Trees: Basic tree terminologies, binary tree, AVL tree, B-tree, B+ tree operations and algorithms. Sorting, Hashing, and Graph: Sorting algorithms (selection, bubble, insertion, quick, merge, heap sort), performance comparison, hashing, graph terminology, search, and traversal algorithms.

Self-directed learning: Circular Linked Lists: all operations their algorithms and the complexity analysis.

References 
1) R.B. Patel, Expert Data Structures with C++, Khanna Book Publishing, 2021. 
2) Algorithms, Data Structures, and Problem Solving with C++”, Illustrated Edition by Mark Allen Weiss, Addison-Wesley Publishing Company, 2014. 
3) Alfrared V. Aho et.al., “Data Structures & Algorithms”, Pearson Education India, 2002.
4) Robert Sedgewick, “Algorithms”, 4th Edition, Pearson, 2019. 


[bookmark: _Hlk182664612]ADVANCES IN ROBOTICS AND ARTIFICIAL INTELLIGENCE
EER_3102								                      [ 2  1  0  3]

Total Number of contact hours: 36
Course Learning Outcomes:
At the end of the course, the student will be able to:
	CLO1
	Analyze humanoid robot systems, including sensors, actuators, and integration for applications in healthcare and social environments.

	CLO2
	Understand swarm robotics and the use of multi-robot systems in real-world applications, such as warfare and smart robots.

	CLO3
	Evaluate Human-Robot Interaction (HRI) principles, focusing on ethical considerations and collaborative robot applications.

	CLO4
	Explore Industry 4.0 and the Internet of Robotic Things (IORT), and their role in creating connected, intelligent robotic systems.

	CLO5
	Apply Natural Language Processing (NLP) techniques in robotics for improved communication and interaction with machines.



Course Description

Humanoid Robotics: Sensors, actuation, control, system integration, and social robots in healthcare. Swarm Robotics: Characteristics, multi-robot systems, applications in real-world tasks, and robotics in warfare. Human-Robot Interaction: Definition, ethical issues, multi-modal perception, collaborative robots, and applications. Industry 4.0 and IORT: IoT and robotics, applications, and developments in Internet of Robotic Things. Natural Language Processing: Classical approaches, text preprocessing, lexical analysis, and semantic analysis. Logics for AI and Automated Reasoning: Reasoning methods, types, applications, and mathematical aspects.

Self-directed learning: Smart Robots applications

References:

1)  Sabrie Soloman, Advanced Robotics (Design & Applications), Khanna Book Publishing Co., 2023. 
2)  M.C. Trivedi, A Classical Approach to Artificial Intelligence, Khanna Book Publishing, 2023. 
3)  Luger " Artificial Intelligence", Edition 5, Pearson, 2008. 
4) Ralf Herbrick, Thore Graepel, “A Handbook on Natural Language Processing”, Second Edition, CRC Press, 2010. 


[bookmark: _Hlk182665295]CONTROL SYSTEMS
EER_3103								                       [ 2  1  0  3]

Total Number of contact hours: 36
Course Learning Outcomes:
At the end of the course, the student will be able to:
	[bookmark: _Hlk182820941]CLO1
	Analyze control systems using block diagrams, mathematical models, and transfer functions for different physical systems

	CLO2
	Evaluate time-domain response of first and second-order systems, including steady-state errors and performance specifications.

	CLO3
	Assess system stability using Routh-Hurwitz criterion, root locus, and pole-zero analysis to determine system performance

	CLO4
	Apply frequency-domain analysis techniques such as Bode plots, Nyquist analysis, and frequency-domain performance specifications to control systems.

	CLO5
	Understand state-space representation of systems, including concepts of controllability, observability, and state feedback control.



Course Description

Introduction to Control Systems: Block diagrams, components, actuators, sensors, open-loop and closed-loop control. System Representation: Mathematical models of mechanical, electrical, thermal, and hydraulic systems, block diagram reduction, and transfer functions. Time Domain Analysis: Response of first and second-order systems, steady-state error analysis, and sensitivity to parameter variation. Stability: Pole-zero locations, Routh-Hurwitz criterion, Root Locus method for stability analysis. Frequency Domain Analysis: Bode plots, frequency domain performance specifications, and Nyquist analysis. State Space Approach: Conversion from transfer functions, state-space models, eigenvalues, state feedback control, controllability, and observability.

Self-directed learning: Effect of feedback on system response, stability and disturbance.       	

References:
1) Nagrath & M. Gopal “Control System Engineering”, Anshan, 2008. 
2)  Norman S. Nice, “Control System Engineering”, Wiley, 2008. 
3) Smarajit Ghosh, “Control Systems Theory & Applications”, Pearson Education, 2007.
4) Katsuhiko Ogata,” Modern Control Engineering”, Prentice Hall, 2010.


HYDRAULIC & PNEUMATIC DRIVES FOR ROBOTS

EER_3104								                       [ 2  1  0  3]

Total Number of contact hours: 36
Course Learning Outcomes:
At the end of the course, the student will be able to:
	CLO1
	Understand different robotic actuators and grippers, and compare their characteristics for use in robotic systems.

	CLO2
	Apprehend the basic principles and components of fluid power systems, including fluids, pressure, flow, and gas laws.

	CLO3
	Understand  different fluid power control valves, their functions, and how to interpret control valve symbols in circuit design.

	CLO4
	Gain insights into the working of hydraulic and pneumatic power supplies, including compressors, regulators, filters, and pressure management.

	CLO5
	Develop and analyze fluid power circuits for controlling robotic actuators, focusing on integration with electrical controls and speed management.



Course Description

Introduction to Robot Actuation: Types of actuators, robotic grippers, and comparison of actuating systems. Fluid Power Systems: Properties of fluids, Pascal's Law, fluid flow, and gas laws. Control Valves: Directional, pressure, flow control valves, and their working principles, including servo-valves. Hydraulic and Pneumatic Power Supplies: Hydraulic power packs, air compressors, FRL units, and pressure regulation. Fluid Power Actuators: Linear and rotary actuators, mounting arrangements, cylinder dynamics, and speed control. Fluid Power Circuits & Control: Control of hydraulic and pneumatic cylinders, electro-hydraulic and electro-pneumatic circuits.

 Self-directed learning: Examples of Fluid Power Circuits in Robotics.

References:
1) Saeed B. Niku, “Introduction to Robotics – Analysis, Control, Applications”, Wiley India Pvt. Ltd., 2010. 
2) R. Mittal, Nagrath, “Robotics and Control”, McGraw Hill Education, 2017. 
3) Sabrie Soloman, Advanced Robotics (Design & Applications), Khanna Book Publishing, 2023. 
4) Hydraulics and Pneumatics, Jagadeesha T; I. K. International Publishing House Pvt. Ltd., 2015. 
5) Hydraulics and Pneumatics, Andrew Parr; Jaico Books, 1993. 


ARTIFICIAL INTELLIGENCE LABORATORY

EER_3111								                       [ 0  0  2  1]

Total Number of contact hours: 20
Course Learning Outcomes:
At the end of the course, the student will be able to:
	CLO1
	Implement the A* search algorithm for optimal pathfinding in a graph with both cost and heuristic considerations.

	CLO2
	Implement the AO* search algorithm for solving goal-based problems modeled as AND-OR graphs, focusing on subgoal and goal relationships.

	CLO3
	Implement and analyze the performance of various search algorithms (BFS, DFS, Uniform Cost, Greedy Search) for different problem-solving tasks

	CLO4
	Develop the Minimax search procedure for making optimal moves in two-player, zero-sum games like chess or tic-tac-toe.

	CLO5
	Implement and optimize the Minimax algorithm using variants such as Alpha-Beta pruning to enhance the search efficiency in game-playing scenarios.



Course Description

· Implement A* algorithm. 
· Implement AO* algorithm. 
· Implementation of other Searching algorithms. 
· Implementation of Min/MAX search procedure for game Playing. 
·  Implementation of variants of Min/ Max search procedure. 
·  Implementation of a mini Project using the concepts studied in the AI course. 

References: 
1)  M.C. Trivedi, A Classical Approach to Artificial Intelligence, Khanna Book Publishing, 2023. 
2)  Luger "Artificial Intelligence", Edition 5, Pearson, 2008. 
3)  Michael Negnevitsky, “Artificial Intelligence: A Guide to Intelligent Systems”, Addison-Wesley, May 2011. 
4) Russell, Stuart and Norvig, Peter, “Artificial Intelligence: A Modern Approach" Prentice Hall, 2003. 
5) Dr. Rajiv Chopra, Data Science with AI, ML, DL, Khanna Book Publishing, 2023. 
6) Bench-Capon, T. J. M., “Knowledge Representation: An approach to artificial intelligence”, Academic Press, 1990. 
7) Mohamad H. Hassoun, “Fundamentals of Artificial Neural Networks”, The MIT Press, 1995. 


HYDRAULIC & PNEUMATIC DRIVES LABORATORY
   EER_3112 	 	 	 	 	 	 	 	                           [0  0  2  1] 

Total Number of contact hours: 20 
Course Learning Outcomes: 
At the end of this laboratory course, the students will be able to:      
	CLO1 
	Understand the components and principles of operation in hydraulic and pneumatic systems.

	CLO2 
	Study and operate different DC valves and actuators, gaining practical experience in controlling fluid flow and actuator motion.

	CLO3 
	Study the use of speed and pressure control valves to regulate system performance and ensure safe, efficient operation.

	CLO4
	Implement and study pneumatic logic circuits using pilot-operated valves to automate control sequences in pneumatic systems.

	CLO5
	Apply fluid power principles to robotic systems, designing and testing fluid power circuits for controlling actuators and other robotic components.


 
Course Description

To study components and functioning of a hydraulic power pack. 
● To study components and functioning of a pneumatic fluid power supply. 
● To study different types of DC control valves and actuators in hydraulic fluid power systems. 
● To study different types of DC control valves and actuators in pneumatic fluid power systems. 
● To study the working of speed and pressure control valves in fluid power circuits. 
● To study a pneumatic logic circuit using a pilot operated DC valve. 
● To operate a linear hydraulic actuator using 4/2 and 4/3 DC valves. 
● To operate rotary pneumatic or hydraulic motors using two and three position DC valves. 
● To operate single acting and double acting linear pneumatic actuators using 3/2 and 5/2 DC electro pneumatic valves respectively. 
● To study the application of fluid power circuits in robots. 

References: 
1)  Saeed B. Niku, “Introduction to Robotics – Analysis, Control, Applications”, Wiley India Pvt. Ltd., 2010. 
2)  R. Mittal, Nagrath, “Robotics and Control”, McGraw Hill Education, 2017. 
3)  Sabrie Soloman, Advanced Robots Technology Design & Applications, Khanna Book Publishing, 2023.  
4)  Hydraulics and Pneumatics, Jagadeesha T; I. K. International Publishing House Pvt. Ltd., 2015.
5) Hydraulics and Pneumatics, Andrew Parr; Jaico Books, 1993. 


THEORY OF MACHINES & MECHANISM LABORATORY
EER_3113 	 	 	 	                      	 	                                          [0  0  2  1] 
 
Total Number of contact hours: 20 
Course Learning Outcomes: 
At the end of this laboratory course, the students will be able to 
	CLO1 
	Determine the moment of inertia of rigid bodies using bifilar or trifilar suspension methods.

	CLO2 
	Verify the displacement relations for different shaft angles in a single Hooke's joint experimentally.

	CLO3 
	Develop and apply computer programs to analyze velocity and acceleration in slider-crank mechanisms.

	CLO4 
	Solve velocity and acceleration problems in mechanisms graphically using relative velocity and acceleration methods.

	CLO5 
	Analyze and design mechanisms such as straight-line motion mechanisms and slider-crank mechanisms using Klein’s construction and graphical methods.


 
Course Description

· Determination of Moment of Inertia of rigid bodies by bifilar or trifilar suspension method. 
·  Compound Pendulum. 
· Experimental Verification of displacement relation for different shaft angles for single Hooke's Joint. 
·  Developing a computer program for velocity and acceleration of the slider crank mechanism. 
·  Graphical solution of problems on velocity & acceleration in mechanisms by Relative velocity & relative acceleration method including problem with Coriolis component of acceleration. 
·  Graphical solution of problems on velocity in mechanisms by ICR method. 
·  Klein’s constructions for the slider crank mechanism. 
· Inertia force analysis with graphical methods. 
·  Straight line motion mechanisms. 

References: 
1)  R. S. Khurmi and J. K. Gupta, “A Text Book of Theory of Machines”, S. Chand, 14th Revised Edition, 2005. 
2)  S.S. Ratan, “Theory of Machines”, Tata McGraw Hill Education Private Limited, 3rd Edition, 2009. 
3)  D.S. Bedi, “Strength of Materials”, Khanna Book Publishing, 2022. 
4) Ulicker Jr., J.J., Penock, G.R. and Shigley, J.E. “Theory of Machines and Mechanisms”, Tata McGraw Hill Education Private Limited, 2009. 
5)  John Hannah and Stephens, R.C. “Mechanics of Machines: Advance Theory and Examples” Edward Arnold London. 
6)  Ramamurthy, V. “Mechanics of Machines”, Narosa Publishing House, 2009. 


SEMESTER – VI

ESSENTIALS OF MANAGEMENT

SMS_3002	 	 	 	 	 	 	 			     [3 0 0 3] 
Total Number of contact hours: 36 
Course Learning Outcomes: 
At the end of the course, the student will be able to: 
	CLO1 
	Prepare the objectives, develop an appropriate strategy, identify the roles s manager should play in implementing new ideas at various levels of the organization. 

	CLO2 
	Develop the structure required for implementing the new plans by deciding the role of various departments and by deciding upon the number of employees required in each department. 

	CLO3 
	Prepare specifications and descriptions for various jobs of an organization; to develop a plan to recruit, select, train the new as well as the existing employees and prepare them for work.  

	CLO4 
	To decide the list of motivators required, leadership style required in implementing the new plans for an organization. 

	CLO5 
	To prepare a business plan by compiling various budgets and to implement the same by instilling the required ethics in various employees. 


 
Course Description
 
Management and Planning: Overview of industrial business, managerial classifications (top, middle, lower), functions of management, efficiency vs. effectiveness, Henri Fayol’s 14 principles, and planning types. Strategic Planning: SWOT, TOWS, business portfolio analysis, and Porter’s model. Organizing and Staffing: Principles of organizing, departmentation types, HRM, recruitment, selection, and staffing systems. Leading: Leadership vs. management, motivation theories (Maslow, Herzberg, McGregor), and communication barriers. Controlling and Entrepreneurship: Control types, management techniques, and entrepreneurial traits. International Management and Professional Ethics: Global business practices, managerial differences (USA, Japan), and engineering ethics.

Self-directed learning:	 	 	 	 	 	 
GLOBAL ISSUES - Multinational Corporations, Environmental Ethics, Computer Ethics, Weapons Development, Engineers as Managers, Consulting Engineers, Engineers as Expert Witnesses and Advisers, Moral Leadership, Code of Conduct, Corporate Social Responsibility.                                                               
 
References: 
1. Harold Koontz & Heinz Weihrich (2012), “Essentials Of Management”, Mc Graw Hill, New Delhi.
2. Peter Drucker (2004), “The Practice Of Management”, Harper And Row, New York. 
3. Vasant Desai (2007), “Dynamics Of Entrepreneurial Development & Management”, Himalaya Publishing House. 
4. Poornima M Charantimath (2006), “Entrepreneurship Development”, Pearson Education. 
5. Mike W. Martin And Ronald Schinzinger (2003), “Ethics In Engineering”, Tata Mcgraw Hill, New Delhi. 
6. Govindarajan M, Natarajan S, Senthil Kumar V S (2004), “Engineering Ethics”, Prentice Hall of India, New Delhi. 



EMBEDDED SYSTEMS DESIGN
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Total Number of contact hours: 36 
Course Learning Outcomes: 
At the end of the course, the student will be able to: 
	CLO1 
	Understand ARM Cortex M-series architecture, its components, and the basic principles of embedded systems, including RISC/CISC design philosophies and memory systems.

	CLO2 
	Understand ARM Cortex M-series architecture, its components, and the basic principles of embedded systems, including RISC/CISC design philosophies and memory systems.

	CLO3 
	Gain proficiency in using open-source development tools (e.g., GNU tools, Eclipse IDE, cross-compilers) to write, compile, and debug C/C++ programs for embedded systems.

	CLO4 
	Understand Linux kernel programming, including kernel configuration, booting, writing device drivers, and porting Linux to ARM-based platforms.

	CLO5
	Study RTOS concepts, develop multitasking applications, and interface embedded systems with various peripherals for real-time and control applications.


 
Course description

ARM-Cortex Series architecture, Tiva microcontroller, CPU modes, memory, I/O interfacing, CISC vs. RISC, Von-Neumann vs. Harvard architecture. OS fundamentals, memory management, multitasking, scheduling, Linux (Red Hat, Ubuntu), shell scripting. Development tools: GNU, Eclipse IDE, compilers, cross-compilers, kernel programming, device drivers, Linux porting to ARM. RTOS concepts: multitasking, task synchronization, context switching, interrupts. Interfacing peripherals: sensors, LEDs, ADCs, UART, SPI, I2C. Application development: web servers, wireless modules, OpenCV, BeagleBone, Java programming, Android porting.

Self-directed learning: Embedded Linux.                 

References: 
1) Venugopal, Introduction to Linux and Shell Programming, Khanna Book Publishing Co., Delhi. 
2) Sloss Andrew N, Symes Dominic, Wright Chris, “ARM System Developer's Guide: Designing and Optimizing”, Morgan Kaufman Publication, 2004. 
3) Michael Beck, “Linux Kernel Programming”, Addison-Wesley Professional, 3rd ed., 2002.
4) Raj Kamal, “Embedded Systems – Architecture: Programming and Design”, Tata McGraw-Hill Education, 3rd edition, 2003. 
5)  Embedded Systems: Real-Time Interfacing to ARM Cortex-M Microcontrollers, 2014, Jonathan W Valvano Create space publications ISBN: 978-1463590154. 
6) Embedded Systems: Introduction to ARM Cortex - M Microcontrollers, 5th edition Jonathan W Valvano, Create space publications ISBN-13: 978-1477508992. 


[bookmark: _Hlk182669653]INTERNET OF ROBOTIC THINGS (IoRT)
     EER_3202 	 	 	 	 	 	 	 	                            [2 1 0 3] 
Total Number of contact hours: 36 
Course Learning Outcomes: 
At the end of the course, the student will be able to: 
	[bookmark: _Hlk182691241]CLO1 
	Understand the drivers and enablers of Industry 4.0

	CLO2 
	Appreciate the smartness in Smart Factories, Smart cities, smart products and smart services.

	CLO3 
	Able to outline the various systems used in a manufacturing plant and their role in an Industry
4.0 world.

	CLO4 
	Appreciate the power of Cloud Computing in a networked economy.

	CLO5
	Understand the opportunities, challenges brought about by Industry 4.0 and how
organizations and individuals should prepare to reap the benefits.



Course description

Introduction to IoT: Definition, characteristics, physical and logical design, communication models, IoT protocols, SDN for IoT, cloud and fog computing, applications like smart cities and connected vehicles. IoT architecture: Networking, sensor networks, machine-to-machine communications, Arduino, and Raspberry Pi integration. Sensors: Types (motion, temperature, pressure, humidity, chemical, etc.), sensor applications. Actuators: Types, integration with Arduino, selection and maintenance. IoT in robotics: Applications in farming, drones, space robotics, and medical services. Future of IoT: Wireless robotics, big data, augmented reality, cybersecurity, and autonomous robots.

References:
1) Dr. Jeeva Jose, Internet of Things, Khanna Book Publishing (khannabooks.com), 2021.
2) Vijay Madisetti and Arshdeep Bahga, Internet of Things (A Hands-on Approach), 1 st Edition, VPT, 2014.
3) Korf Richard, “Space Robotics”, Carnegie-Mellon University, The Robotics Institute,1982.
4) Lewin A.R.W. Edwards, “Open source robotics and process control cookbook”, Elsevier Publications, 2005.


EMBEDDED SYSTEMS LABORATORY
         
      EER_3211 	 	 	 	 	 	 	 	 [0 0 2 1] 
Total Number of contact hours: 20 
Course Learning Outcomes: 
At the end of the course, the student will be able to: 
	CLO1
	Study and evaluate ARM system architecture for understanding its functionality and features.

	CLO2
	Interface ADC and DAC with ARM for analog-to-digital and digital-to-analog signal conversion.

	CLO3
	Implement PWM control and interface LEDs with ARM for efficient signal modulation.

	CLO4
	Interface real-time clock and serial ports with ARM for time-based applications and data transmission.

	CLO5
	Interface peripherals like keyboard, LCD, EPROM, and interrupts with ARM for system interaction and memory management.


 
Course description


1. Study of ARM evaluation system. 
2. Interfacing ADC and DAC. 
3. Interfacing LED and PWM. 
4. Interfacing real time clock and serial port. 
5. Interfacing keyboard and LCD. 
6. Interfacing EPROM and interrupt. 
7. Mailbox. 
8. Interrupt performance characteristics of ARM and FPGA. 
9. Flashing of LEDS. 
10. Interfacing stepper motor and temperature sensor. 
11. Implementing ZigBee protocol with ARM. 

References:
1) Venugopal, Introduction to Linux and Shell Programming, Khanna Book Publishing Co. 
2)  Sloss Andrew N, Symes Dominic, Wright Chris, “ARM System Developer's Guide: Designing and Optimizing”, Morgan Kaufman Publication, 2004. 
3) Michael Beck, “Linux Kernel Programming”, Addison-Wesley Professional,3rd edition 2002. 
4) Raj Kamal, “Embedded Systems – Architecture: Programming and Design”, Tata McGraw-Hill Education, 3rd edition,2003. 
5) Embedded Systems: Real-Time Interfacing to ARM Cortex-M Microcontrollers, 2014, Jonathan W Valvano Create space publications ISBN: 978-1463590154. 
6)  Embedded Systems: Introduction to ARM Cortex - M Microcontrollers, 5th edition Jonathan W Valvano, Create space publications ISBN-13: 978-1477508992. 


ROBOTICS AND AI CASE STUDIES WITH RIOT
      EER_3212 	 	 	 	 	 	 	 	 [0 0 2 1] 
Total Number of contact hours: 20 
Course Learning Outcomes: 
At the end of the course, the student will be able to: 
	CLO1
	Understand the design and application of Cobots, including their safety, flexibility, and role in human-robot collaboration

	CLO2
	Investigate the key technologies driving Industry 4.0, including IoT, cloud computing, and big data for smarter manufacturing.

	CLO3
	Explore the technologies behind autonomous vehicles, such as LIDAR, AI, and sensor fusion, and assess their impact on transportation.

	CLO4
	Study the integration of robotics and AI in smart factories, and design experiments to optimize industrial production using automation.

	CLO5
	Examine the design, technology, and ethical considerations of autonomous vehicles and their role in shaping the future of transportation.



Course description

Case study of:
● Collaborative Robot Systems
● Industry 4.0
● Autonomous vehicles
● Tesla Car

References:
1) Dr. Jeeva Jose, Internet of Things, Khanna Book Publishing (khannabooks.com), 2021.
2) Sabrie Soloman, Advanced Robotics, Khanna Book Publishing, 2023.
3) Vijay Madisetti and Arshdeep Bahga, Internet of Things (A Hands-on Approach), 1 st
Edition, VPT, 2014.
4) Korf Richard, “Space Robotics”, Carnegie-Mellon University, The Robotics Institute,
1982.

[bookmark: _Hlk182691160]DATA MODELING AND VISUALIZATION LABORATORY
 EER_3213	 	 	 	 	 	 	 	                                 [0 0 2 1] 
Total Number of contact hours: 20 
Course Learning Outcomes: 
At the end of the course, the student will be able to: 
	CLO1
	Illustrate the design principles for data modeling, ER model and normalization and
differentiate data types, visualization types to bring out the insight.

	CLO2
	Relate the visualization towards the problem based on the dataset.

	CLO3
	Identify and create various visualizations for geospatial and table data

	CLO4
	Ability to visualize categorical, quantitative and text data. Illustrate the integration of
visualization tools with hadoop.

	CLO5
	Ability to create and interpret plots using R/Python



Course Description

· Find and describe 3 datasets that you’d like to potentially visualize for your project. Load and parse those 3 datasets using D3.js. 
·  Re-create one of the small graphics from Figure 5.1 (page 94) using D3.js.
· Create a visualization of the dataset you chose for your project using D3.js, including axes and legends.
·  Add one of the interaction techniques discussed to your project using D3.js.
· Combine your 2 visualizations from week 4 with some form of linked interaction.
·  Create a histogram or aggregated bar chart of your project dataset.
· Machining Simulation in Autodesk Fusion (Mill-Turning).

References:
1) Tamara Munzer, Visualization Analysis and Design -, CRC Press 2014 Alexandru Telea,
Data Visualization Principles and Practice CRC Press 2014.
2) Paul J. Deitel, Harvey Deitel, Java SE8 for Programmers (Deitel Developer Series) 3 rd
Edition, 2014.
3) Y. Daniel Liang, Introduction to Java programming-comprehensive version- Tenth
Edition, Pearson Ltd. 2015.
4) Paul Deitel Harvey Deitel, Java, How to Program, Prentice Hall; 9 th edition, 2011


PROGRAM ELECTIVES(Minor)

1. MECHATRONICS 

INTELLIGENT MANUFACTURING
 XXX_XXXX 	 	 	 	 	 	 	 	                    [3 0 0 3] 

Total Number of contact hours: 36
Course Learning Outcomes: 
At the end of the course, the student will be able to: 
	CLO1 
	Summarize the concepts of computer integrated manufacturing systems and manufacturing
communication systems

	CLO2 
	Identify various components of knowledge-based systems

	CLO3 
	Demonstrate the concepts of artificial intelligence and automated process planning.

	CLO4 
	Select the manufacturing equipment using knowledge based system for equipment selection.

	CLO5
	Apply various methods to solve group technology problems and demonstrate the structure for
knowledge based system for group technology



Course description

Computer Integrated Manufacturing (CIM): Structure, functional areas (CAD, CAPP, CAM, CAQC, ASRS), communication systems (MAP/TOP, OSI Model), data redundancy, top-down and bottom-up approaches. Intelligent Manufacturing Systems: Components, architecture, data flow, operation. Knowledge-Based Systems: Knowledge representation, inference engine, acquisition. Automated Process Planning: Variant and generative approaches, expert systems, feature recognition. Equipment Selection: Knowledge-based system for manufacturing design. Group Technology: Visual, coding, cluster analysis methods, similarity coefficient, cost-based method. Knowledge-Based Group Technology: Structure, database, knowledge base, clustering algorithm.

Self -directed learning: Sorting-based Algorithms

References:

1) Andrew Kusiak, “Intelligent Manufacturing Systems”, Prentice Hall, 1990.
2) Pat Langley, “Computational Intelligence and Intelligent Systems”, 2006.
3)  Mohammad Jamshidi, “Design and Implementation of Intelligent Manufacturing Systems: From Expert Systems, Neural Networks to Fuzzy Logic”, 1 st Edition, 1995.
4) Lucia Knapčíková, Michal Balog, “Industry 4.0: Trends in Management of Intelligent Manufacturing Systems”, Springer, 2019.

MECHATRONICS SYSTEM DESIGN
      XXX_XXXX 	 	 	 	 	 	 	 	 [3 0 0 3] 

Total Number of contact hours: 36
Course Learning Outcomes: 
At the end of the course, the student will be able to: 
	CLO1 
	Understand the integrated approach to system design, including ergonomics, safety, and the design process in Mechatronics.

	CLO2 
	Gain practical knowledge of real-time interfacing, installation, and configuring data acquisition systems for sensor integration and control.

	CLO3 
	Learn to use Arduino and Raspberry Pi for Mechatronics applications, focusing on interfacing with wireless modules and sensors.

	CLO4 
	Develop the ability to design and implement data acquisition systems for various Mechatronics applications, focusing on sensor calibration and real-time control.

	CLO5
	Apply Mechatronics principles to design motion control systems and feedback control systems for a variety of industrial and consumer products.



Course description

Mechatronics Design: Control systems, adaptive control, distributed systems, integrated product design, load conditions, design flexibility, man-machine interface, industrial design, ergonomics, safety. Real-Time Interfacing: Data acquisition, I/O process, installation of I/O card and software. Microcontrollers: Open-source hardware (Arduino, Raspberry Pi), GPS, GPRS/GSM, Bluetooth, RFID, Xbee integration with wireless networks, databases, and mobile apps. Data Acquisition Case Studies: Automotive transducer calibration, strain gauge systems, solenoid force, inverted pendulum, temperature control, pick-and-place robots, car park barriers. Control Case Studies: Thermal fatigue, pH control, de-icing systems, autofocus camera, exposure control. Mechatronics Product Design: Motion control (D.C./A.C. motors, solenoids), car engine management, barcode reader.

 Self-directed learning: Rotary optical encoder 

References:

1) Sabrie Soloman, “Advanced Robotics”, Khanna Book Publishing Co., New Delhi, 2023.
2) Brian Morris, “Automated Manufacturing Systems - Actuators, Controls, Sensors and Robotics”, McGraw Hill International Edition, 1995.
3)  Gopal, “Sensors- A Comprehensive Survey Vol I & Vol VIII”, BCH Publisher, 2008.
4) A.K. Maini, “All-in-One Electronics Simplified”, Khanna Book Publishing, 2021.


MICRO ELECTROMECHANICAL SYSTEMS
XXXX-XXXX									[3 0 0 3]

Total Number of contact hours: 36
Course Learning Outcomes: 
At the end of the course, the student will be able to: 
	CLO1
	Understand the fundamentals of MEMS and explore its applications in micro and nano-scale systems.

	CLO2
	Gain knowledge of MEMS fabrication technologies including surface micromachining, etching, and thin film deposition techniques.

	CLO3
	Apply mechanical concepts such as crystal planes, internal force analysis, and resonant frequency calculations to MEMS design.

	CLO4
	Learn sensing and actuation techniques for MEMS, including electrostatic, thermal, piezoresistive, and piezoelectric sensors, and micro actuators.

	CLO5
	Analyze MEMS case studies in real-world applications such as inertial sensors in automobiles, inkjet printers, and RF MEMS switches.



Course description

Introduction to MEMS: Overview of MEMS, trends in micro/nano systems, micro sensors and actuators, materials (silicon, polymers, metals), and applications. Fabrication Technologies: Surface and bulk micromachining, etching techniques (dry, plasma, wet), high aspect-ratio processes (LIGA, DRIE), thin film deposition (CVD, PVD). Mechanical Concepts: Crystal planes, internal force analysis, silicon properties, flexural bending, torsional deflections, resonant frequency. Sensing and Actuation: Electrostatic, thermal, piezoresistive sensors, actuators using thermal forces, shape memory alloys, piezoelectric crystals, electrostatic forces. MEMS Case Studies: Inertial sensors in automobiles, MEMS accelerometers, gyroscopes, inkjet printers, DMD, RF switches, STM.
Self-directed learning: Piezoelectric sensor: Materials and Piezoelectric effect
References: 
1. Chang Liu,“Foundation of MEMS”, 2nd edition, Pearson Education Inc.,2012.
2. Tai Ran Hsu, “MEMS and Microsystems Design and Manufacture”, 2nd edition, Tata McGraw Hill, 2008.
3. Reza Ghodssi, Pinyen, “MEMS Materials and Processes Handbook”, Springer Science     Business Media, 2011
4. Rai-Choudhury P., “MEMS and MOEMS Technology and Applications”, Prentice Hall of India Learning Private Limited, 2009.

BIOMECHATRONICS
       XXXX 	 	 	 	 	 	 	 	                                [3 0 0 3] 

Total Number of contact hours: 36 
Course Learning Outcomes: 
At the end of the course, the student will be able to: 
	CLO1 
	Interpret the fusion of mechatronics systems with human physiology or biological system for various applications

	CLO2 
	Propose suitable sensors for gathering different biological signals

	CLO3 
	Apply the concepts of different types of actuators for the development of biomechatronic systems

	CLO4 
	Implement control strategies for biomechatronic systems

	CLO5
	Understand ethical, safety and risks involved in the development of biomechatronic systems through case studies



Course description

Introduction to biomechatronics: Integration of physiological systems with mechatronics, including sensors, actuators, controllers, and signal processors. Sensor technologies: Capture of biological signals using EMG, EEG, ECG, EOG, and oxygen consumption sensors, along with chemical, electric, optical, mechanical, and thermal sensors. Actuator technologies: Types of actuators for biological function replacement and augmentation, including motors, electromagnetic, fluidic actuators, shape memory alloys, and electroactive polymers. Control systems: Model-based open and closed-loop control of biomechatronic systems. Case studies: Brain-computer interfaces, upper limb prosthetics, and exoskeletons for extremity movement.

Self-directed learning: Neuro muscular physiology, Human gait 

References: 
1. Jacob Segil, Handbook of Biomechatronics, Academic Press, 2019.
2. Marko B. Popovic, Biomechatronics, Academic Press, 2019. 
3. Graham m. Brooker, Introduction to Biomechatronics, Scitech Publishing, 2012.

2. CONTROL SYSTEMS

ROBOT DYNAMICS AND CONTROL
XXX- XXXX 								      [ 3  0  0  3]

Total Number of contact hours: 36
Course Learning Outcomes:
At the end of the course, the student will be able to:
	CLO1
	Understand rigid-body kinematics and apply Denavit-Hartenberg parameters for forward and inverse kinematics analysis.

	CLO2
	Model and analyze electrical, mechanical, and electromechanical systems for open-loop and closed-loop control using analytical methods.

	CLO3
	Apply Root Locus methods to design and evaluate system performance in both time and frequency domains.

	CLO4
	Develop state-space models for linear control systems and analyze the behavior of multivariable and nonlinear systems.

	CLO5
	Design and implement control systems for a quadrotor, including trajectory generation, planning, and stability analysis.



Course Description

Introduction: Rigid-body, DoF, Rotation and Forward Kinematics. (DH par.) Inverse Kinematics Workspace, Rigid Body Dynamics. System Dynamics and Control - Modeling of electrical, mechanical, and electromechanical systems. Analytic solution of open loop and feedback type systems. Root Locus methods in design of systems and evaluation of system performance. Time and frequency domain. Introduction to Linear Control, State Space Modeling and Multivariable Systems, Nonlinear Control, Stability Theory Quadrotor Control Trajectory Generation Planning and Control of a Quadrotor design of control systems. 									

Self-directed learning: Dynamics of Robot Arms

References: 

1. Sabrie Soloman, Advanced Robotics (Design & Applications), Khanna Book Publishing, 2023. 
2. Saeed B. Niku, “Introduction to Robotics – Analysis, Control, Applications”, Wiley India Pvt. Ltd., 2010. 
3. S. Mukherjee, Robotics Process Automation, Khanna Book Publishing, 2021. 
4. S. K. Saha, “Introduction to Robotics”, McGraw Hill Education (India) Pvt. Ltd., 2014. 
5. Choset, Lynch, Hutchinson, Kantor, Burgard, Kavraki and Thrun, “Principle of Robot Motion”, PHI Learning Pvt. Ltd., 2000.  




CONTROL OF ROBOTIC SYSTEMS
XXX- XXXX 								      [ 3  0  0  3]

Total Number of contact hours: 36
Course Learning Outcomes:
At the end of the course, the student will be able to:
	CLO1
	Demonstrate non-linear system behavior by phase plane and describing function methods.

	CLO2
	Perform the stability analysis nonlinear systems by Lyapunov method.

	CLO3
	Derive discrete-time mathematical models in both time domain (difference equations, state equations) and z domain (transfer function using z-transform).

	CLO4
	Predict and analyze transient and steady-state responses and stability and sensitivity of both open-loop and closed-loop linear, time-invariant, discrete-time control systems.

	CLO5
	Acquire knowledge of state space and state feedback in modern control systems, pole placement, design of state observers and output feedback controllers.



Course Description

Robotic kinematics and dynamics, forward and inverse dynamics, symbolic modeling, nonlinear control schemes. Stability analysis, Lyapunov methods, joint space, task space control, position control, velocity control, trajectory control, force control. Nonlinear control techniques, proportional-derivative control, gravity compensation, computed torque control, sliding mode control, adaptive control, observer-based control, robust control. Optimal control, time-varying optimal control, LQR steady-state optimal control, Ricatti’s equation solutions. Nonlinear observer design, acceleration, velocity, position feedback. Numerical simulations, software packages.

Self-directed learning: Force Control Strategies, Hybrid Position / Force Control, Impedance Force / Torque Control.

References: 

1. Sabrie Soloman, Advanced Robotics, Khanna Book Publishing Co., 2023. 
2. R K Mittal, I J Nagrath, Robotics and Control, TMH Publishing Co. Ltd., 2003. 
3. S. Mukherjee, Essentials of Robotics Process Automation, Khanna Book Publishing, 2023.. 
4. R Kelly, D. Santibanez, LP Victor and Julio Antonio, “Control of Robot Manipulators in Joint Space”, Springer, 2005. 
5. A Sabanovic and K Ohnishi, “Motion Control Systems”, John Wiley & Sons (Asia), 2011. 
6. R M Murray, Z. Li and SS Sastry, “A Mathematical Introduction to Robotic Manipulation”, CRC Press, 1994. 
7. J J Craig, “Introduction to Robotics: Mechanics and Control”, Prentice Hall, 2004. 3. J J E Slotine and W Li, “Applied Nonlinear Control”, Prentice Hall, 1991. 
8. Sebastian Thrun, Wolfram Burgard, Dieter Fox, “Probabilistic Robotics”, MIT. 
9. Carlos, Bruno, Georges Bastin, “Theory of Robot Control”, Springer, 2012. 



ADVANCED CONTROL SYSTEM
XXX- XXXX 								                       [ 3  0  0  3]

Total Number of contact hours: 36
Course Learning Outcomes:
At the end of the course, the student will be able to:
	CLO1
	Demonstrate non-linear system behavior by phase plane and describing function methods.

	CLO2
	Perform the stability analysis nonlinear systems by Lyapunov method and Develop design skills in optimal control problems

	CLO3
	Derive discrete-time mathematical models in both time domain (difference equations, state equations) and z domain (transfer function using z-transform).

	CLO4
	Predict and analyze transient and steady-state responses and stability and sensitivity of both open-loop and closed-loop linear, time-invariant, discrete-time control systems.

	CLO5
	Acquire knowledge of state space and state feedback in modern control systems, pole placement, design of state observers and output feedback controllers.



Course Description

State space representation, solution of state equations, state transition matrix, canonical forms (controllable, observable, Jordan). Controllability and observability tests for continuous-time and time-varying systems, minimum energy control. Describing function analysis, nonlinear systems, phase-plane analysis, isoclines method. Lyapunov’s stability theorems, direct method for linear and nonlinear systems. Modal control, state feedback, pole placement, observers. Calculus of variations, constrained minimization, minimum principle, inequality constraints. Euler Lagrange equation, optimal control formulation, minimum time, energy, fuel problems. State regulator, output regulator, tracking problems, continuous-time linear regulators.

Self-directed learning: Control and State Variable Inequality Constraints. 

References: 

1. M. Gopal, Digital Control and State Variable Methods, Tata Mc Graw-Hill Companies, 1997. 
2. M. Gopal Modern Control System Theory, New Age International Publishers, 2nd edition, 1996. 
3. A. Ambikapathy, Control Systems, Khanna Book Publishing Co., 2018. 
4. K. Ogata, “Modern Control Engineering”, Prentice Hall of India, 3rd edition, 1998. 
5. I.J. Nagrath and M. Gopal, “Control Systems Engineering”, New Age International (P) Ltd, 2017. 
6. Stainslaw H. Zak, “Systems and Control”, Oxford Press, 2003. 


SYSTEM IDENTIFICATION
XXX- XXXX 								      [ 3  0  0  3]

Total Number of contact hours: 36
Course Learning Outcomes:
At the end of the course, the student will be able to:
	CLO1
	Understand and classify system models, focusing on first-principle and data-driven development techniques.

	CLO2
	Identify and apply system identification methods for LTI systems, considering overfitting and signal-to-noise ratio.

	CLO3
	Implement impulse, step, and frequency response models for system identification

	CLO4
	Apply linear regression, least squares estimation, and dynamic system models like ARX and ARMAX for system identification.

	CLO5
	Validate identified models using techniques such as empirical transfer function identification and model validation methods.




Course Description

Introduction to system models: Types of system models, importance, classification, model development techniques (first principle-based, data-driven). Introduction to system identification: Identification procedure, identifiability, signal-to-noise ratio, overfitting, LTI system models (impulse, finite impulse response, step response, frequency response). Data-based identification: Direct impulse and step response identification, impulse response via step response, sine-wave response, correlation methods. Time-invariant system identification: Linear static system identification (linear regression, least square estimation), linear dynamic system identification (transfer function models, ARX, ARMAX, ARIMAX, output-error models, Box-Jenkins), model validation techniques.

Self-directed learning: Empirical Transfer function Identification,

References: 
1. Arun. K. Tangirala, Principles of System Identification Theory and Practice, CRC Press, 2016. 
2. Karel. J. Keesman, System Identification – An Introduction, Springer, 2011. 



3. MACHINE VISION

[bookmark: _Hlk182670322]ROBOT SYSTEM DESIGN AND SLAM (SIMULTANEOUS LOCALIZATION AND AREA MAPPING)
   XXXX 	 	 	 	 	 	 	 	                       [3 0 0 3] 
Total Number of contact hours: 36 
Course Learning Outcomes: 
At the end of the course, the student will be able to: 
	CLO1 
	Set up and configure essential ROS tools for simulation and control, including Gazebo, MoveIt, and related software.
  

	CLO2 
	Learn to develop ROS applications, work with URDF, and implement core communication principles 

	CLO3 
	Study and implement SLAM algorithms and path planning techniques for autonomous robot navigation and obstacle avoidance.

	CLO4 
	Master the concepts of robot manipulation and apply MoveIt for creating manipulation strategies for complex tasks.

	CLO5
	Implement robot vision systems, focusing on object detection, pose estimation, and how visual feedback integrates with robot decision-making.



Course description

Introduction: Industrial applications of robots, constraints in industrial environments, open-source robot simulation software (ROS, Gazebo, MoveIt, Ubuntu, Python), installation and configuration of simulation software. Robotic Operating System (ROS): Fundamentals, building ROS applications, ROS services, actions, Unified Robot Description Format (URDF). Robot navigation: SLAM (Simultaneous Localization and Mapping) with ROS2 and C++, occupancy grid mapping, FastSLAM algorithm, self-localization, path planning, obstacle avoidance. Manipulation: Object manipulation, manipulation planning algorithms, prehension, software tools for manipulation. Robot vision: Object detection, pose estimation, logical camera, ROS tools for vision.

Self-directed learning: Simultaneous Localization and Mapping, Navigation using Software Tools.

References:
1) Sabrie Soloman, Advanced Robotics (Design & Applications), Khanna Book Publishing, 2023.
2)  Morgan Quigley, “Programming Robots with ROS: A Practical Introduction to the Robot Operating System”, O'Reilly Media, 2015.
3) Carol Fairchild, Dr. Thomas L. Harman, “ROS Robotics by Example”, Packt, 2016.
4) Ramkumar Gandhinathan , Lentin Joseph , “ ROS Robotics Projects: Build and control robots powered by the Robot Operating System, machine learning, and virtual reality”, Packt Publishing Limited, December 2019.

[bookmark: _Hlk182772351]IMAGE PROCESSING & COMPUTER VISION
   XXXX 	 	 	 	 	 	 	 	                                [3 0 0 3] 

Total Number of contact hours: 36 
Course Learning Outcomes: 
At the end of the course, the student will be able to: 
	CLO1 
	Understand the basics of image acquisition, sampling, quantization, and apply color transforms and image enhancement techniques.

	CLO2 
	Apply binary shape analysis, skeletonization, and active contours to extract and classify shapes in images

	CLO3 
	Implement the Hough Transform for line and circle detection and utilize the Generalized Hough Transform (GHT) for detecting complex shapes.

	CLO4 
	Study and implement 3D vision techniques and explore motion analysis using methods like optical flow and bundle adjustment for 3D reconstruction and dynamic scene analysis.

	CLO5
	Apply computer vision methods to real-world applications such as face recognition, object tracking, biometric authentication, and intelligent surveillance systems.



Course description

Image Formation: Image acquisition, digital camera review, sampling, quantization, color camera, color balance, point operators, pixel transform, histogram equalization, 2D convolution, edge detection, segmentation. Shapes and Regions: Binary shape analysis, object labeling, size filtering, distance functions, skeletons, deformable shape analysis, boundary tracking, active contours, shape recognition. Hough Transform: Line and object detection, RANSAC, ellipse detection, center localization. Case Study: Iris location, hole detection, GHT for feature collation. 3D Vision: Shape from shading, photometric stereo, range finding, 3D object recognition, motion analysis (optical flow, triangulation). Applications: Face recognition, object tracking, biometric authentication, emotion recognition, intelligent surveillance.

Self-directed learning: Fourier descriptors, region descriptors, moments

 References:
1) D. L. Baggio et al. “Mastering OpenCV with Practical Computer Vision Projects‖”, Packt Publishing, 2012.
2) E. R. Davies, “Computer & Machine Vision‖, Fourth Edition”, Academic Press, 2012.
3) Jan Erik Solem, “Programming Computer Vision with Python: Tools and algorithms for analyzing images”, O'Reilly Media, 2012.
4) Jeeva Jose, Introduction to Computing and Problem Solving with Python, Khanna Book Publishing Co., New Delhi, 2020.
[bookmark: _Hlk182671972]
DEEP LEARNING
       XXXX 	 	 	 	 	 	 	 	                       [3 0 0 3] 
Total Number of contact hours: 36 

Course Learning Outcomes: 
At the end of the course, the student will be able to: 
	CLO1 
	Learn about biological neurons, the Perceptron, and the Perceptron Learning Algorithm for solving linearly separable problems.

	CLO2 
	Study the architecture of MLPs, the role of gradient descent, and the backpropagation algorithm for training deep networks.

	CLO3 
	Understand gradient descent variations and advanced optimization methods such as Adam, AdaGrad, and batch normalization for improved convergence.

	CLO4 
	Explore different types of autoencoders and regularization techniques like dropout and L2 regularization for better generalization and model performance.

	CLO5
	Study CNNs for image tasks and RNNs for sequence-based tasks, focusing on LSTMs, GRUs, and attention mechanisms for improving neural network performance.



Course description

Introduction to biological neuron, McCulloch-Pitts unit, perceptron learning algorithm, linear separability. Neural networks, multilayer perceptrons (MLPs), sigmoid neurons, gradient descent, backpropagation. Gradient descent techniques: batch optimization, momentum-based GD, stochastic GD, AdaGrad, RMSProp, Adam, regularization methods: dropout, batch normalization. Autoencoders, regularization: denoising, sparse, contractive, L2 regularization, early stopping. Convolutional Neural Networks (CNNs): LeNet, AlexNet, VGGNet, GoogLeNet, ResNet, CNN visualization. Recurrent Neural Networks (RNNs): backpropagation through time (BPTT), vanishing and exploding gradients, Long Short-Term Memory (LSTMs), Gated Recurrent Units (GRUs), bidirectional models. Encoder-decoder models, attention mechanisms. Optimization techniques: greedy layer-wise pretraining, ensemble methods.

Self-directed learning: Better weight initialization methods, Batch Normalization
 
References:
1) Dr. Rajiv Chopra, “Deep Learning”, Khanna Book Publishing, 2023
2)  Dr. Rajiv Chopra, Data Science with AI, ML, DL, Khanna Book Publishing, 2023
3) Yoshua Benjio, Aaron Courville, “Deep Learning- Ian Goodfellow”, The MIT Press, 2016.
4)  A.C. Faul, “A Concise Introduction to Machine Learning”, CRC Press, 2019.
5) M.C. Trivedi, Deep Learning and Neural Networks, Khanna Book Publishing Co., 2023.

[bookmark: _Hlk182672751]

MACHINE LEARNING WITH BIG DATA

       XXXX 	 	 	 	 	 	 	 	                       [3 0 0 3] 

Total Number of contact hours: 36 
Course Learning Outcomes: 
At the end of the course, the student will be able to: 
	CLO1 
		
	Understand Machine Learning and Big Data Integration: Learn the integration of machine learning algorithms with big data processing, using frameworks like CRISP-DM.




	CLO2 
		
	Perform Data Exploration and Preparation: Explore data through summary statistics, plots, and address data quality issues, including missing values, using KNIME and Spark.




	CLO3 
		
	Implement and Apply Classification Algorithms: Build and apply classification models such as Decision Trees, Nearest Neighbors, and Naïve Bayes using KNIME and Spark.




	CLO4 
		
	Evaluate Machine Learning Models: Understand overfitting, model evaluation metrics (e.g., confusion matrix), and how to assess models using validation sets.




	CLO5
		
	Apply Regression, Clustering, and Association Analysis: Implement linear regression, k-means clustering, and association analysis for pattern discovery in big data.






Course description

Introduction to Machine Learning with Big Data, big data integration and processing, categories of machine learning techniques, CRISP-DM, scaling machine learning algorithms. Data exploration: summary statistics, plots, data exploration with KNIME and Spark, handling missing values. Data preparation: data quality, feature selection, transformation, dimensionality reduction, missing value handling in KNIME and Spark. Classification: building and applying models, algorithms like Nearest Neighbors, Decision Trees, Naïve Bayes, classification in KNIME and Spark. Model evaluation: overfitting, confusion matrix, evaluation metrics, decision tree evaluation in KNIME and Spark. Regression, cluster analysis: linear regression, k-means clustering, association analysis, cluster analysis in Spark. Machine learning applications and final remarks.
Self-directed learning: Comparing Classification Results for KNIME and Spark

References:
1. https://www.coursera.org/learn/big-data-machine-learning/home/
2. Bishop,C., Pattern Recognition and Machine Learning,Springer,2006.
3. Daume,H .III,A Course in Machine, Learning 2015.
4. Haykin S. Neural Networks and Learning Machines, Third Edition, Prentice Hall, 2008.
5. Shai Shalev-Shwartz and Shai Ben –David .Understanding Machine Learning: From Theory to Algorithms, Cambridge University Press, 2014.


4. COMMUNICATION SYSTEMS 

[bookmark: _Hlk182675477]ANALOG AND DIGITAL COMMUNICATION
       XXXX 	 	 	 	 	 	 	 	                       [3 0 0 3] 

Total Number of contact hours: 36 
Course Learning Outcomes: 
At the end of the course, the student will be able to: 
	CLO1 
	Discuss various modulation schemes of Analog Communication

	CLO2 
	Explain Detection and estimation and effect of noise in communication

	CLO3 
	Explain various baseband modulation schemes and ISI of Digital Communication

	CLO4 
	Explain various passband modulation schemes of Digital Communication

	CLO5
	Describe mathematical theory of communication



Course description

Analog Communication: Hilbert transform, linear distortion, equalization, bandpass transmission, amplitude modulation and demodulation, DSBSC, SSB, vestigial sideband modulation. Digital Communication: Digital coding of analog waveforms, pulse modulation, PCM, PAM, quantization, coding, regeneration, DPCM, DM, ADM. Inter-symbol interference: problem and solutions, eye pattern. Detection and Estimation: Gram-Schmidt orthogonalization, geometric interpretation, correlators, error probability, matched filter receiver. Digital Modulation Techniques: Coherent and non-coherent modulation (ASK, BPSK, QPSK, FSK, DPSK, etc.), design goals, error probability, Q functions. Noise: Thermal and shot noise, SNR, noise factor, noise in AM, SSB, FM systems, pre-emphasis and de-emphasis in FM.

Self -directed learning: Spectral analysis of coherent and noncoherent modulation techniques.	

References:	
1)  Simon Haykin, “An Introduction to Analog and Digital Communications”. 
2) Simon Haykin, “Digital Communications” 
3) Dennis Roddy & John Coolen, “Electronic Communications” Fourth Edition, PHI, 2001. 
4) B. P. Lathi, “Modern Digital and Analog Communication”, Oxford University Press, 2005.


[bookmark: _Hlk182675794]WIRELESS COMMUNICATIONS
       XXXX 	 	 	 	 	 	 	 	                       [3 0 0 3] 
Total Number of contact hours: 36 
Course Learning Outcomes: 
At the end of the course, the student will be able to: 
	CLO1 
	Discuss various path loss models of wireless communication channels

	CLO2 
	Develop mathematical models of time varying wireless communication channels

	CLO3 
	Estimate information carrying capacity of wireless channels

	CLO4 
	Discuss the performance of different digital modulation schemes in wireless communication scenario

	CLO5
	Analyze equalization and diversity techniques



Course description

Path Loss and Shadowing: Radio wave propagation, signal models, free-space path loss, ray tracing, empirical path loss models, indoor propagation, shadow fading, outage probability, cell coverage area. Statistical Multipath Channel Models: Time-varying channel impulse response, fading models classification, narrowband and wideband fading models. Capacity of Wireless Channels: AWGN capacity, flat fading channel capacity, frequency selective fading capacity. Digital Modulation over Fading Channels: Outage probability, average error probability, Doppler spread, ISI. Equalization and Diversity Techniques: Adaptive equalization, linear and nonlinear equalization, zero forcing, LMS algorithms, diversity combining, transmitter diversity.

Self -Directed Learning: DiversityTechniques.

References: 

1. Andrea Goldsmith, “Wireless Communications”, Cambridge University Press, 2005 
2. David Tse, Pramod Viswanath “Fundamentals of Wireless Communication”, Cambridge University Press, 2005 
3. Aditya Jagannatham, Principles of Modern Wireless Communication Systems Theory and Practice, McGraw Hill, 2016
 4. * Andreas F. Molisch, “Wireless Communications” IEEE Press, 2010. 5. Simon Haykin, Michael Moher “Modern Wireless Communications”, Pearson, 2011.
	
MACHINE LEARNING FOR COMMUNICATION SYSTEMS
       XXXX 	 	 	 	 	 	 	 	                       [3 0 0 3] 

Total Number of contact hours: 36 
Course Learning Outcomes: 
At the end of the course, the student will be able to: 
	CLO1 
	Discuss techniques used in machine learning

	CLO2 
	Design deep and CNN architectures for various applications

	CLO3 
	Use machine learning algorithms for communication system applications

	CLO4 
	Identify challenges in evolving machine learning concepts conforming to industry standards

	CLO5
	Discuss and develop Reinforcement learning based application



Course description

Introduction to machine learning: Linking machine learning with communication systems, overview of supervised, unsupervised, and reinforcement learning. Communication systems: Wireless system design, machine learning in OSI layer, signal processing, adaptive filtering, self-organizing wireless networks, cognitive radio, UAV positioning. ML and DL for communication systems: Neural networks, deep neural networks, Wiener filtering, regression techniques, K-nearest neighbor (KNN) for modulation classification, adaptive modulation and coding. Unsupervised learning: K-Means algorithm, applications in wireless systems, PCA in massive MIMO, reinforcement learning, Q-learning in Hetnet.

Self-directed Learning: Classification of learning 

References:
1) Christopher Bishop, “Pattern Recognition and Machine Learning”, First Edition, Springer, 2016.
2)  Krishna Kant Singh, Akansha Singh, Korhan Cengiz, Dac-Nhuong Le, “Machine Learning and Cognitive Computing for Mobile Communications and Wireless Networks”, Wiley, 2020. 
3) Yoshua Bengio, “Learning Deep Architectures for AI,Foundations and Trends in Machine Learning”, First Edition, Now Publishers Inc, 2009. 

*https://www.youtube.com/watch?v=EWmCkVfPnJ8&list=PLJ5C_6qdAvBGaabKHmVbtryZW9KpICiHC&in dex=2


SATELLITE BASED WIRELESS COMMUNICATION
       XXXX 	 	 	 	 	 	 	 	                                [3 0 0 3] 

Total Number of contact hours: 36 
Course Learning Outcomes: 
At the end of the course, the student will be able to: 
	CLO1 
	Demonstrate and understand orbital and functional principles of satellite Communication, Satellite sub system and Earth station system.

	CLO2 
	Discuss the ideas of link design and polarization techniques used for wireless satellite communication.

	CLO3 
	Understand and design the concepts of Diversity combining techniques in MEO satellites.

	CLO4 
	Design and simulate the concepts of free space optical communication and ATP.

	CLO5
	Implement beamforming techniques used for Satellite Communication using SDR.



Course description

Orbital Mechanics and Subsystems: Overview of satellite communication, satellite orbits, Kepler’s laws, orbital elements, azimuth, elevation, coverage angle, slant range, look angle, eclipse effect, sun transit outage, geostationary orbit placement, station keeping, and stabilization. Satellite Link Design: Uplink and downlink design, carrier-to-noise plus interference ratio, noise figure, atmospheric attenuation, rain depolarization, tropospheric multipath, interference analysis, and cross-polarization interference. Diversity Combining and Handover Techniques in 5G using MEO: MEO architectures, services, applications, uplink/downlink propagation, diversity combining, and handover techniques. Free Space Optical Communication for Inter-Satellites: Optical communication design issues, acquisition, tracking, pointing, beamforming, and future works in 5G FSO-IS.

Self-Directed Learning: Modulation formats for 5G wireless systems.

References: 
1. Digital Satellite Communications, 2/e, McGraw-Hill, 1990.Tri T. Ha. 
2. Satellite Communications, John Willey and Sons, 2011. T. Pratt, C.W. Bostian 
3. * Satellite Communications in the 5G Era, IET TELECOMMUNICATIONS SERIES 79 Shree Krishna Sharma, Symeon Chatzinotas and Pantelis-Daniel Arapoglou 2018.
 4. Terrestrial-Satellite Communication Networks: Transceivers Design and Resource Allocation, Springer International Publishing AG 2017, Linling Kuang, Chunxiao Jiang Yi Qian, Jianhua Lu. 2017

OTHER PROGRAM ELECTIVES
[bookmark: _Hlk182560801]
IoT & AUTOMATION

XXX- XXXX 							                           	[ 3  0  0  3]

Total Number of contact hours: 36
Course Learning Outcomes:
At the end of the course, the student will be able to:
	CLO1
	Understand the architecture, components, and challenges of IIoT and its distinction from IoT.

	CLO2
	Learn the fundamentals of control systems, sensor types, and their working principles in IIoT.

	CLO3
	Explore communication technologies and protocols used in IIoT, including industry standards and wireless networks.

	CLO4
	Apply visualization, cloud computing, and edge computing techniques for IIoT data management and retrieval.

	CLO5
	Understand the architecture, components, and challenges of IIoT and its distinction from IoT.



Course description

Introduction & Architecture: Overview of IIoT and the connected world, differences between IoT and IIoT, IIoT architecture, IOT nodes, and challenges in IIoT. IIoT Components: Fundamentals of control systems, open and closed loop systems, sensor types (ultrasonic, IR, MQ2, temperature, humidity), and digital/electromechanical switches. Communication Technologies: IEEE 802.15.4, ZigBee, Z-Wave, Bluetooth, BLE, NFC, RFID, industry standards like LoRaWAN, OPC UA, MQTT, and integration with Modbus/Profibus. Visualization and Data Types: Front-end edge devices, enterprise data for IIoT, emerging data standards, cloud and edge computing, setting up Raspberry Pi for IoT. Data Retrieval & Control: Web data extraction, sending data, troubleshooting Arduino issues, machine-to-machine (M2M) interaction. Control & Automation: PLC, real-time control, SCADA systems, HMI in automation, ERP & MES.

Self-directed learning: Wireless network communication.

[bookmark: _Hlk182647379]References:
1. The Internet of Things – Key applications and Protocols, Olivier Hersent, David Boswarthick, Omar Elloumi and Wiley, 2012 (for Unit2). 
2. 2. “From Machine-to-Machine to the Internet of Things – Introduction to a New Age of Intelligence”,Jan Ho¨ ller, VlasiosTsiatsis, Catherine Mulligan, Stamatis, Karnouskos, Stefan Avesand. David Boyle and Elsevier, 2014. 
3. 3. Architecting the Internet of Things,Dieter Uckelmann, Mark Harrison, Michahelles and Florian (Eds), Springer,2011. 
4. 4. Recipes to Begin, Expand, and Enhance Your Projects, 2nd Edition,Michael Margolis,Arduino Cookbook and O‟Reilly Media,2011.

[bookmark: _Hlk182558586][bookmark: _Hlk182555859]
PATTERN RECOGNITION
XXX – XXXX									                  [3 0 0 3]

Total Number of contact hours: 36
Course Learning Outcomes:
At the end of the course, the student will be able to:
	CLO1
	Learn about supervised and unsupervised learning, training and test sets, feature selection, and key mathematical concepts like linear algebra and probability theory.

	CLO2
	Study Bayes decision theory, discriminant functions, and apply Maximum Likelihood Estimation (MLE) and Maximum a Posteriori Estimation (MAP) for parameter estimation.

	CLO3
	Understand various distance functions, similarity measures, and apply clustering techniques such as partitional, hierarchical, and density-based clustering with a focus on cluster validity.

	CLO4
	Learn about mixture densities, maximum likelihood estimates, and K-means clustering, and apply them in real-world unsupervised learning tasks.

	CLO5
	Understand the Discrete-time Markov process, Hidden Markov Models (HMMs), and their applications, especially in speech recognition and other sequential data problems.



Course description

 
Supervised and unsupervised learning, training/test sets, feature selection, clustering vs. classification. Classification techniques, discriminant functions, Bayes decision theory, error minimization. Clustering methods, distance measures, cluster validity, and evaluation. Unsupervised learning, mixture models, maximum likelihood estimation, K-means clustering. Hidden Markov Models (HMMs) and their applications in speech recognition and sequential data analysis. Mathematical tools: linear algebra, probability theory, estimation techniques. Theoretical and practical foundations for analyzing and modeling complex data.
* Self-directed Learning: Bayesian estimation: Gaussian case         
[bookmark: _Hlk146716360]
[bookmark: _Hlk182647227]References:
1. Pattern Recognition and Machine Learning (Information Science and Statistics) by  Christopher M. Bishop.
2. R. O. Duda, P. E. Hart, and D. G. Stork, "Pattern Classification", John Wiley & Sons, 2000.
3. Machine Learning, T. Mitchell, MIT Press,1998.

[bookmark: _Hlk182560917]
HARDWARE FOR MACHINE LEARNING 
XXX- XXXX 								                         [ 3  0  0  3]

Total Number of contact hours: 36
Course Learning Outcomes:
At the end of the course, the student will be able to:
	CLO1
	Understand and apply linear and logistic regression models, including Bayesian and gradient descent methods for classification.

	CLO2
	Analyze and implement Convolutional Neural Networks (CNNs), transfer learning, and recurrent networks for image classification and other applications.

	CLO3
	Gain knowledge of hardware platforms for machine learning, including CPU, GPU, FPGA, and ASIC, for training and inference.

	CLO4
	Explore and implement hardware-accelerated machine learning techniques, including GPU and FPGA-based acceleration and hardware-software co-optimization.

	CLO5
	Apply machine learning for image segmentation, object detection, automatic captioning, and video-to-text tasks using advanced techniques like GANs, LSTMs, and attention models.



Course description

Machine learning techniques: linear regression models (least squares, Bayesian regression, gradient descent), linear classification models (logistic regression, Naive Bayes, SVMs, decision trees). CNN architectures, convolution and pooling layers, transfer learning for image classification, recurrent networks (RNNs, LSTMs). Hardware platforms for ML: CPUs, GPUs, DSPs, FPGAs, ASICs, and their roles in training and inference. Hardware-software co-optimization for machine learning. Advanced image processing: segmentation, object detection, image captioning, GANs for image generation, video-to-text with LSTMs. Attention models for computer vision tasks. Software libraries: PyTorch for deep learning.

Self-directed learning: Random forests
[bookmark: _Hlk182647403]
Reference Books:
1. Ethem  Alpaydin, ”Introduction to Machine Learning”, MIT Press, Prentice Hall of India, 3rd Edition2014. 
2. 2. Mehryar Mohri, Afshin Rostamizadeh, Ameet Talwalkar ” Foundations of Machine Learning”, MIT Press,2012. 
3. 3. Tom Mitchell, “Machine Learning”, McGraw Hill, 3rdEdition, 1997. 
4. 4. MACHINE LEARNING - An Algorithmic Perspective, Second Edition, Stephen Marsland, 2015.

[bookmark: _Hlk182560647]COMPUTER GRAPHICS AND ANIMATION
XXX- XXXX 								                          [ 3  0  0  3]

Total Number of contact hours: 36
Course Learning Outcomes:
At the end of the course, the student will be able to:
	CLO1
	Understand and apply fundamental concepts of computer graphics, including display technologies, input devices, and coordinate systems.

	CLO2
	Implement and analyze algorithms for scan conversion, including line, circle, and curve drawing, and filled-area primitives.

	CLO3
	Perform 2D geometric transformations, including translation, rotation, scaling, and shearing, along with viewing and clipping operations

	CLO4
	Apply 3D modeling techniques, including solid modeling, spatial-partitioning representations, and 3D transformations for realistic visualization.

	CLO5
	Design and create animations using key-frame systems, animation techniques like tweening and morphing, and explore illumination and shading models for visual realism.



Course description


Computer graphics fundamentals, functions, elements, and applications like GUI, computer vision, and augmented reality. Topics on raster and random scan systems, display technologies, and interactive graphics. Algorithms: DDA and Bresenham’s line drawing, circle and ellipse generation, scan-line polygon fill. Curve representation: Bezier and parametric curves. 2D transformations: translation, rotation, scaling, reflection, and matrix representations. 2D viewing, clipping methods (Cohen-Sutherland, Liang-Barsky), window-to-viewport transformations. 3D graphics: solid modeling schemes, procedural methods (fractals, shape grammars). Animation techniques: key-frame systems, tweening, and morphing.

Self-directed learning:
 Illumination and Shading: Modeling Light Intensities; Basic Illumination Models; Gouraud Shading; Phong Shading.

[bookmark: _Hlk182647362]References:
1. Computer Graphics: Principles And Practice in C by Andries van Dam; F. Hughes John; James D. Foley; Steven K. Feiner, Pearson.
2. Computer graphics, multimedia and animation pakhira, malay k.

[bookmark: _Hlk182677463]



3D PRINTING
XXX- XXXX 								                  [ 3  0  0  3]

Total Number of contact hours: 36
Course Learning Outcomes:
At the end of the course, the student will be able to:
	CLO1
	Understand the principles and applications of 3D printing, prototyping, and related technologies.

	CLO2
	Analyze the working mechanism and applications of Stereo Lithography Apparatus (SLA) and its associated processes.

	CLO3
	Evaluate the Solid Ground Curing (SGC) technique and its practical use cases, advantages, and limitations.

	CLO4
	Explore the principles, processes, and case studies of Laminated Object Manufacturing (LOM) in rapid prototyping.

	CLO5
	Demonstrate practical knowledge of Fused Deposition Modeling (FDM) and its applications in the context of 3D printing.




Course description

Fundamentals of design and prototyping, historical development of 3D printing, advantages. Commonly used terms, process chains, 3D modeling, data conversion, transmission, building, post-processing. RP data formats, applications in various fields. Stereo Lithography Apparatus (SLA): models, specifications, photopolymers, photo polymerization, laser scanning, applications, case studies. Solid Ground Curing (SGC): models, working principles, applications, case studies. Laminated Object Manufacturing (LOM): models, specifications, applications, case studies. Fused Deposition Modeling (FDM): models, process, applications, demonstrations. Focus on practical applications, technological advancements in rapid prototyping.

Self-directed learning: Classification of 3D printing process
[bookmark: _Hlk182647422]References:
1. 3D Printing Technology: Fundamentals and Applications, by H.N. Pandya.
2. 3D Printing for Dummies, 2ed by Richard Horne and Kalani Kirk Hausman


ELECTRONIC PRODUCT DESIGN & PACKAGING
XXX- XXXX 								                        [ 3  0  0  3]

Total Number of contact hours: 36
Course Learning Outcomes:
At the end of the course, the student will be able to:
	CLO1
	Understand and apply industrial design principles to enhance product planning, aesthetics, ergonomics, and lifecycle management.

	CLO2
	Analyze and apply thermal management techniques to improve heat dissipation and system performance in electronic designs.

	CLO3
	Demonstrate knowledge of electronic packaging technologies, including various packaging levels and reliability considerations.

	CLO4
	Design and implement low-noise circuits, manage EMI, and optimize PCB layout for analog and digital system integration.

	CLO5
	Evaluate and apply reliability prediction methods to ensure long-term durability and performance of electronic systems.



Course description

Industrial design concepts: product planning, creativity, product life cycle, reliability, aesthetics, ergonomics, control panel organization, detailing, and finishing. Thermal management: thermal sources, heat calculations, heat transfer methods, heat sink selection, cooling methods in electronics. Packaging techniques: electronic packaging, microelectronics technologies, silicon ICs, area array technologies (BGA, flip chip), first, second, and third-level packages, connectors, reliability prediction. Noise in electronic systems and EMI: low-noise circuit design, analog-digital system interfacing, PCB design, EMI sources, shielding, noise reduction, SMPS noise emission, reflections, cross-talk. Focus on practical applications, reliability, and system integration.

 Self-Directed Learning: - Advanced electronic packaging over multilayer PCB 

References: 
1. Flurshiem C. H. “Industrial design and Engineering”, Springer Verilog, 2007.
 2. P. Horowitz and W Hill, “The art of electronics”, Cambridge, 1995. 
3. H. W. Ott, “Noise Reduction Techniques in Electronic Systems”, Wiley, 1989. 
4. W.C. Bosshart, “Printed Circuit Boards: Design and Technology”, Tata McGraw Hill, 2000. 
5. G.L. Ginsberg, “Printed Circuit Design”, McGraw Hill, 1991. 
6. https://www.digimat.in/nptel/courses/video/108108031/L01.html Lecture series on electronic systems packaging

NEURAL NETWORKS
XXX- XXXX 							                           	[ 3  0  0  3]

Total Number of contact hours: 36
Course Learning Outcomes:
At the end of the course, the student will be able to:
	CLO1
	Understand the fundamental concepts, historical development, and biological comparisons of Artificial Neural Networks (ANN).

	CLO2
	Apply various learning rules and neural network models, including Perceptron and McCulloch-Pitts models, for pattern recognition tasks.

	CLO3
	Analyze feedback networks like Hopfield networks and their applications in associative memory and optimization problems.

	CLO4
	Implement and evaluate feedforward neural networks, including Backpropagation and Radial Basis Function networks.

	CLO5
	Explore and apply self-organizing feature maps (Kohonen maps, LVQ) for unsupervised learning and clustering tasks in ANN.



Course description

Artificial neural networks (ANNs), historical development, and comparison with biological neural networks. Basic building blocks of ANNs and associated terminologies. Fundamental models: McCulloch-Pitts neuron, learning rules such as Hebbian, Perceptron, Delta, Competitive learning, Boltzmann-based learning, and Hebb Net. Single-layer perceptron and perceptron networks. Feedback networks: discrete and continuous Hopfield nets, BAM-Hopfield relation. Feedforward networks: Backpropagation Network (BPN) and Radial Basis Function Network (RBFN). Self-organizing feature maps: Kohonen SOM, Learning Vector Quantization (LVQ), Max Net, Mexican Hat, Hamming Net.

Self-directed Learning:  Brief Introduction to Multilayer  Perceptron Networks.   

[bookmark: _Hlk182647249]Reference Books:
1. Neural Networks and Deep Learning: A Textbook" by Charu C. Aggarwal
2. Introduction to the Math of Neural Networks - Jeff Heaton
3. Neural Networks for Pattern Recognition - Christopher M. Bishop
4. Neural Network Design - Martin T Hagan
5. Neural Networks and Learning Machines - Simon O. Haykin


HUMAN – ROBOT INTERACTION
XXX- XXXX 								                           [ 3  0  0  3]

Total Number of contact hours: 36
Course Learning Outcomes:
At the end of the course, the student will be able to:
	CLO1
	Understand human factors, ergonomics methods, and the concept of trust in Human-Robot Interaction (HRI).

	CLO2
	Identify and evaluate influential factors affecting trust in HRI, including individual, social, and contextual determinants.

	CLO3
	Analyze the role of standards and regulations in robot safety and the relationship between private standards and public policy.

	CLO4
	Discuss the ethics of autonomous robots, including AI privacy, surveillance, machine ethics, and their impact on employment.

	CLO5
	Apply performance measurement techniques, such as Crandall's Neglect Tolerance model and biophysical assessments, in the context of human-robot interaction.



Course description


Human factors and ergonomics methods, definitions, six methods, Wilson's five basic types of design data, challenges. Trust in Human-Robot Interaction (HRI), multifaceted and multidimensional concepts, evaluations, trust in autonomous systems. Influential factors affecting trust in HRI, determinants from modeling, measurement, prediction, individual and social determinants, antecedents of trust. Role of standardization in technical regulations, private standards, public policy, robot safety benchmarking, ISO 13482. Ethics of autonomous robots: AI, privacy, surveillance, opacity of AI, automation, machine ethics. Performance measurements: Crandall's Neglect Tolerance model, biophysical data assessment, handedness in design, cueing for multitasking. Focus on trust, ethics, standards, performance in robotics, HRI.

     Self-directed Learning: Singularity and superintelligence

References:
1. Rogers, Y., Sharp, H., & Preece, J., Interaction Design: Beyond Human-Computer Interaction, 3rd edition, Wiley & Sons Publishing, 2011, ISBN: 0-470-66576-9
2.  Dautenhahn, K and Saunders, J., New Frontiers in Human-Robot Interaction, Advances in Interaction Studies, Benjamins Publishing, 2011, ISBN: 978-90-272-0455-4 
3.  Kulyukin, V.A. (ed.), Advances in Human-Robot Interaction, InTech, 2009, ISBN: 978-953- 307-020-9 
4.  Prassler, E., et al., Advances in Human-Robot Interaction, Springer Tracts in Advanced Robotics, 2010, ISBN: 978-3-540-31509-4 
5.  Rahimi, M. & Karwowski, W., Human-Robot Interaction, Taylor & Francis, 1992, ISBN: 0- 85066-809-3 
6.  Norman, D.A., The Design of Future Things, Basic Books, 2007, ISBN: 0-465-00227-7.




WIRELESS SENSOR NETWORK
XXX- XXXX 								                           [ 3  0  0  3]

Total Number of contact hours: 36
Course Learning Outcomes:
At the end of the course, the student will be able to:
	CLO1
	Understand the fundamentals of wireless communication technologies, radio propagation, and network types.

	CLO2
	Analyze the unique constraints, challenges, and applications of ad-hoc and sensor networks.

	CLO3
	Evaluate and compare MAC protocols for ad-hoc networks, focusing on S-MAC and IEEE 802.15.4.

	CLO4
	Examine the design and classification of routing protocols for wireless networks, including power-aware protocols.

	CLO5
	Investigate the challenges of QoS and energy management in wireless networks and associated management schemes.



Course description

Fundamentals of wireless communication, electromagnetic spectrum, radio propagation, wireless channels, modulation techniques, multiple access, wireless LANs, PANs, WANs, MANs, Wireless Internet. Introduction to adhoc and sensor networks, key definitions, unique constraints, challenges, advantages, applications, issues in design, architecture, data dissemination, gathering. MAC protocols: design issues, goals, classification, sensor network protocols, location discovery, S-MAC, IEEE 802.15.4. Routing protocols: design issues, table-driven, on-demand, hybrid, flooding, hierarchical, power-aware protocols. QoS and energy management: challenges, classifications, MAC and network layer solutions, energy management, battery, transmission power, system power management schemes

Self-directed Learning:  QoS frameworks

[bookmark: _Hlk182647295]References:
1. Wireless Sensor Networks  (English, Electronic book text, Sohraby Kazem), Publisher: John Wiley & Sons Inc
2. Wireless Sensor Networks and the Internet of Things, Future Directions and Applications Edited By Bhagirathi Nayak, Subhendu Kumar Pani, Tanupriya Choudhury, Suneeta Satpathy, Sachi Nandan Mohanty, Apple Academic Press



DYNAMICS AND TRAJECTORY
XXX- XXXX 								                         [ 3  0  0  3]

Total Number of contact hours: 36
Course Learning Outcomes:
At the end of the course, the student will be able to:
	CLO1
	Understand statics and manipulator design, including forces, moments, and joint torque calculations.

	CLO2
	Apply dynamic analysis methods, including Euler-Lagrange and Newton-Euler formulations, to robotic systems.

	CLO3
	Explore the concept of configuration space and its role in robot motion planning and obstacle avoidance.

	CLO4
	Develop skills in trajectory planning, including joint space and Cartesian space planning techniques

	CLO5
	Analyze and design motion control systems, including open/closed-loop control and the use of PID controllers.



[bookmark: _Hlk182687165]Course description

Statics and manipulator design, forces and moments balance, equivalent joint torques, Jacobian in statics, manipulator design. Dynamics: inertia properties, Euler-Lagrange formulation, Newton-Euler formulation, Recursive Newton-Euler algorithm, dynamic algorithms. Robot configuration space: specifying robot configuration, obstacles, dimensions, topology, transforming configuration and velocity representations. Trajectory planning: path, joint space and Cartesian space trajectory planning, point-to-point and continuous path planning. Motion control systems: open and closed loop control, Laplace transforms, transfer functions, system characteristics, PID controllers, digital control, robot actuation.

Self-directed learning: State-Space Control

References:
(i) Sabrie Soloman, Advanced Robotics (Design & Applications), Khanna Book Publishing
Co., 2023.
(ii) Saeed B. Niku, “Introduction to Robotics – Analysis, Control, Applications”, Wiley
India Pvt. Ltd., 2010.
(iii) S. K. Saha, “Introduction to Robotics”, McGraw Hill Education (India) Pvt. Ltd., 2014.
(iv) S. Mukherjee, Robotics Process Automation, Khanna Book Publishing, 2021.

[bookmark: _Hlk182565943]



VISUAL DATA PROCESSING APPLICATIONS
XXX- XXXX 								                          [ 3  0  0  3]

Total Number of contact hours: 36
Course Learning Outcomes:
At the end of the course, the student will be able to:
	CLO1
	Understand and apply image processing fundamentals, including digital image representation, types, and operations.

	CLO2
	Analyze the physical and biological aspects of digital imaging systems, including image quality and file formats

	CLO3
	Implement image enhancement techniques in both spatial and frequency domains using smoothing, sharpening, and homomorphic filters.

	CLO4
	Apply image restoration techniques for noise reduction and degradation function estimation.

	CLO5
	Utilize image compression methods and morphological processing techniques for segmentation and boundary detection.



Course description
Introduction to image processing, nature, related fields, digital image representation, types of images, basic operations, fundamental steps, and applications. Digital imaging system: physical and biological aspects of acquisition, digital camera review, sampling and quantization, image quality, storage, and file formats. Image enhancement in spatial domain: gray level transformations, histogram processing, smoothing and sharpening filters. Frequency domain enhancement: smoothing and sharpening filters, homomorphic filtering. Image restoration: noise models, spatial filtering, degradation functions, inverse filtering. Image compression: lossless and lossy models, morphological processing (dilation, erosion, opening, closing), segmentation techniques. Color image processing: devices, storage, processing, color models, quantization, recent developments.

[bookmark: _Hlk182647475]
References :
1. FUNDAMENTALS OF DIGITAL IMAGE PROCESSING from A K. Jain, 
2. Digital Image Processing by Gonzalez by Pearson publication.



INDUSTRIAL ELECTRONICS AND POWER CONVERTORS
XXX- XXXX 								                           [ 3  0  0  3]

Total Number of contact hours: 36
Course Learning Outcomes:
At the end of the course, the student will be able to:
	CLO1
	Review power semiconductor devices like BJT, MOSFET, IGBT, and SCR, and their characteristics in power electronics.

	CLO2
	Analyze the operation, performance, and modes of single-phase and three-phase AC-DC converters.

	CLO3
	Understand different switching voltage regulator topologies like Buck, Boost, and C'uk converters and their operational modes

	CLO4
	Examine classifications, PWM techniques, and operation modes of DC-AC inverters, including current-source inverters.

	CLO5
	Study AC voltage controllers and various cycloconverter types, with emphasis on their operation and harmonic effects



Course description

Review of power semiconductor devices (BJT, SCR, MOSFET, IGBT, GTO, MCT), static and dynamic characteristics, single quadrant, two quadrant, and bidirectional switches. AC-DC converters: single-phase and three-phase half-wave and full-wave, half-controlled and fully controlled converters, R and RL load analysis, continuous and discontinuous modes, reactive power, source inductance effects. Switching voltage regulators: linear and switching regulators, DC-DC configurations (Buck, Boost, Buck-Boost, C'uk, Sepic), applications. DC-AC inverters: classification, line commutated, unipolar and bipolar PWM, 120° and 180° conduction modes, space vector PWM, current and impedance source inverters. AC voltage controllers: on-off and phase control, single-phase and three-phase controllers, cycloconverters (single-phase to single-phase, 3-phase to 1-phase, 3-phase to 3-phase), circulating and non-circulating current operations. Focus on devices, converters, regulators, inverters, and cycloconverters.

Self-directed learning: Power factor improvement techniques, Dual Converters, Applications	
[bookmark: _Hlk182647445]
References:
1. Power Electronics by P.S Bhimbhara, Khanna Publication
2. Textbook of Power Electronics and Industrial Applications Kindle Edition by Harish C. Rai


[bookmark: _Hlk182559502]DATA SCIENCE
XXX- XXXX 								                             [ 3 0  0  3]

Total Number of contact hours: 36
Course Learning Outcomes:
At the end of the course, the student will be able to:
	CLO1
	Understand the evolution and fundamentals of data science

	CLO2
	Perform data pre-processing, including data cleaning, integration, transformation, and management for analytics.

	CLO3
	Apply exploratory data analysis techniques such as descriptive statistics, box plots, correlation, and ANOVA for data insights.

	CLO4
	Analyze and interpret data through regression and model development, including linear and polynomial regression.

	CLO5
	Evaluate data science project stages, from structured problem-solving to model evaluation, for informed decision-making.



Course description

Introduction to data science: evolution, types of data, data science vs big data, data warehousing, data mining, data scientist role, life cycle, project stages, applications, data security. Data pre-processing and collection: data cleaning, integration, transformation, reduction, discretization, storage, management, sandbox preparation. Exploratory data analytics: descriptive statistics, box plots, pivot tables, heat maps, correlation, ANOVA, confidence intervals, self-organizing feature maps. Regression and model development: simple and linear regression, visual model evaluation, residual and distribution plots, polynomial regression, in-sample evaluation, prediction, decision making. Focus on data handling, analytics, modeling, evaluation.

*Self-directed Learning:  Learning Vector Quantization (LVQ),Max Net, Maxican Hat, Hamming Net.   

[bookmark: _Hlk182647269]Reference Books:
1. Data Science  (English, Paperback, Vance William)
2. Data Science from Scratch by Joel Grus Released April 2015 Publisher(s): O'Reilly Media, Inc. ISBN: 9781491901427

KNOWLEDGE ENGINEERING AND EXPERT SYSTEM
XXX- XXXX 								                               [ 3   0 0 3]

Total Number of contact hours: 36
Course Learning Outcomes:
At the end of the course, the student will be able to:
	CLO1
	Explore the types, benefits, and relationship of expert systems with AI and knowledge-based systems.

	CLO2
	Study basic inference methods such as abduction, deduction, and induction used in expert systems.

	CLO3
	Understand rule-based, logic-based, and frame-based representations for knowledge manipulation in expert systems.

	CLO4
	Examine the key components, uncertainty handling, and classic architectures like the blackboard model.

	CLO5
	Study the processes of knowledge acquisition, formalization, representation, and evaluation in expert system development.



Course description

Nature and applications of expert systems: types, relationship with AI and knowledge-based systems, expertise, distinguishing features, benefits, application selection. Theoretical foundations: expert systems, inference forms (abduction, deduction, induction). Knowledge representation: rule-based, logic-based representations, taxonomies, meronomies, frames, semantic and partitioned nets, query handling. Components of expert systems: explanation generation, uncertainty handling, Truth Maintenance Systems, expert system architectures, co-operating systems, blackboard model. Building expert systems: methodologies, knowledge acquisition, formalization, representation, evaluation, knowledge engineering tools, case study.
Self-directed learning: Deep expert systems
[bookmark: _Hlk182647319]References:
1) Elaine Rich, Kevin Knight, Artificial Intelligence, McGraw-Hill, Inc, 1991 (2nd Edition) 
2)  Jackson.Jean-Louis Lauriere, Problem Solving and Artificial Intelligence, Prentice Hall, 1990.
3) P Jackson, Introduction to Expert Systems, Addison Wesley, 1990 (2nd Edition)

SMART MANUFACTURING
XXXX-XXXX								            [3 0 0 3]
Total number of contact hours: 36
Course Learning Outcomes: 
At the end of the course, the student will be able to:
	[bookmark: _Hlk182557168]CLO1
	Understand the advancements in the manufacturing, smart manufacturing in particular

	CLO2
	Comprehend different applications in smart manufacturing

	CLO3
	Apprehend basic concepts of computer integrated manufacturing

	CLO4
	Understand basic Components of Knowledge Based Systems.

	CLO5
	Understand about grouping the parts.



Course description
Introduction to smart manufacturing: definition, comparison with conventional manufacturing, CIM structure, functional areas (CAD, CAPP, CAM, CAQC, ASRS). Smart design/fabrication: digital tools, agile manufacturing, mass customization, smart machine tools, robotics and automation (perception, manipulation, mobility, autonomy). Intelligent techniques: neural networks, fuzzy sets in machining, metal forming, artificial neural network modeling for surface quality. Knowledge-based group technology: structure of KBSGT, database, knowledge base, clustering algorithms. Smart applications: predictive modeling, monitoring, intelligent control in machining, manufacturing, logistics, supply chain, smart energy management
Self-directed learning: Advantages & Disadvantages of CIM.					
References: 
1. Andrew Kussiak, “Intelligent Manufacturing Systems”, Prentice Hall , 1990 
2. Badiru A.B., “Expert Systems Applications in Engineering and Manufacturing”, Prentice-Hall, New Jersey, 1992.

DATA MODELLING AND VISUALIZATION
XXX- XXXX 								                           [ 3  0  0  3]

Total Number of contact hours: 36
Course Learning Outcomes:
At the end of the course, the student will be able to:
	CLO1
	Illustrate the design principles for data modeling, ER model and normalization and
differentiate data types, visualization types to bring out the insight.

	CLO2
	Relate the visualization towards the problem based on the dataset

	CLO3
	Identify and create various visualizations for geospatial and table data.

	CLO4
	Ability to visualize categorical, quantitative and text data. Illustrate the integration of
visualization tools with hadoop.

	CLO5
	Ability to create and interpret plots using R/Python.



Course description
Introduction to data modeling: entity-relationship model, attributes, relationships, structural constraints, relational model, mapping ER model to relational schema, integrity constraints. Data visualization overview: data abstraction, task abstraction, validation levels. Visualization techniques: scalar, point techniques, color maps, contouring, height plots, vector properties, glyphs, stream objects. Visual analytics: visual variables, networks, trees, map color channels, geo-spatial data, table arrangement. Types of visual analysis: time-series, text, multivariate data visualization, case studies. Visualization tools: Tableau, R, dashboard creation for finance, marketing, insurance, healthcare.

Self-directed learning:

References:
1)  Dr. Rajiv Chopra, Data Science with AI, ML, DL, Khanna Book Publishing, 2023.
2)  Dr. Jeeva Jose, Beginner’s Guide for Data Analysis using R Programming, Khanna Book
Publishing, 2023.
3)  Tamara Munzer, Visualization Analysis and Design, CRC Press 2014 Alexandru Telea,
Data Visualization Principles and Practice CRC Press 2014.
4)  Paul J. Deitel, Harvey Deitel, Java SE8 for Programmers (Deitel Developer Series) 3 rd
Edition, 2014.
      5)     M.C. Trivedi, Data Science and Data Analytics Using Python, Khanna Publishing House,
2023.

[bookmark: _Hlk182690642]MOBILE AND MICRO-ROBOTICS
XXX- XXXX 								                           [ 3  0  0  3]

Total Number of contact hours: 36
Course Learning Outcomes:
At the end of the course, the student will be able to:
	CLO1
	Explore tasks, types, challenges, and environment representation for mobile robots.

	CLO2
	Analyze the kinematics, dynamics, and sensors used for localization and navigation in mobile robots.

	CLO3
	Learn about localization, mapping, and motion control techniques in mobile robotics.

	CLO4
	Gain insights into the design, fabrication, and applications of micro-robots and MEMS-based systems

	CLO5
	Study the design, powering, and micro-assembly of locomotive micro-robot devices.



Course description
Introduction to mobile robots: tasks, manufacturers, obstacles, challenges, tele-robotics, service robotics, environment representation, types of robots (ground, aerial, underwater, surface). Kinematics and dynamics of wheeled robots: two, three, four-wheeled robots, omni-directional, mecanum robots, sensors for localization and navigation (magnetic, optic, gyroscope, accelerometer, GNSS, tactile, ultrasound, laser). Localization and mapping: motion control, Lyapunov-based designs, applications, mobile manipulators, cooperative robots. Micro-robotics: task-specific definitions, fabrication, mobility, MEMS-based micro-robots, applications. Micro-robot actuators, micro-grippers, conveyors, walking MEMS robots, multi-robot systems. Micro-fabrication principles, design criteria, micromachining, packaging, integration, micro-assembly platforms.

Self -directed learning: Micro-robot communication

References:
1) Sabrie Soloman, Advanced Robotics (Design & Applications), Khanna Book Publishing, 2023.
2) Roland Siegwart, Illah Reza Nourbakhsh, Davide Sacramuzza, Introduction to Autonomous Mobile Robots, MIT press, 2nd edition, 2011.
3) Howie Choset, Kevin Lynch Seth Hutchinson, George Kantor, Wolfram Burgard, Lydia Kavraki, and Sebastian Thrun, ―Principles of Robot Motion-Theory, Algorithms, and Implementation, MIT Press, Cambridge, 2005.


[bookmark: _Hlk182771186]OBJECT ORIENTED PROGRAMMING USING C++
XXX- XXXX 								[ 3  0  0  3]

Total Number of contact hours: 36
Course Learning Outcomes:
At the end of the course, the student will be able to:
	CLO1
	Comprehend principles of object-oriented programming; different programming methods; Non-modular, Modular and object-oriented programming.

	CLO2
	Comprehend classes and objects including abstraction, encapsulation, overloading, friend function, constructor, destructors, dynamic memory allocation.

	CLO3
	Comprehend inheritance and polymorphism conceptually and be able to create C++ classes using them.

	CLO4
	Understand the concepts of IO systems, file handling and streams.

	CLO5
	Understand the concepts of exception handling in C++



Course description
Introduction to C++: Overview, sample program, data types, operators, expressions, statements, arrays, strings, pointers, user-defined types, functions, argument passing, inline functions, function overloading, recursion. Classes & Objects: Class specification, objects, scope resolution, member functions, data hiding, constructors, destructors, parameterized constructors, static members, friend functions, passing/returning objects, arrays of objects, dynamic objects, copy constructors, operator overloading. Inheritance: Base class, protected members, multiple inheritance, constructors, destructors, virtual base classes. Virtual functions & Polymorphism: Virtual functions, base class reference, inheritance of virtual functions, pure virtual functions, abstract classes, early/late binding. I/O basics: Stream classes, file operations, overloading I/O operators, formatted I/O. Exception Handling: Benefits, throwing/catching exceptions, try block, stack unwinding, re-throwing, handling all exceptions.

Self-Directed Learning: - Analytic representation of complex systems and their attributes : NPTEL course : Object-Oriented Analysis and Design, IIT Kharagpur 

References: 
1. Schildt H., The Complete Reference C++, Tata McGraw Hill, 2003. 
2. Lafore R., Object-Oriented Programming in C++, Pearson Education, Reprint 2011.
 3. Lippmann S.B., Lajore J., C++ Primer, Pearson Education, 2005.
 4. Deitel P.J., Deitel H.M., C++ for Programmers, Pearson Education, 2009. 
5. Sourav Sahay, "Object oriented programming with C++", Oxford University press, 2006.
 * https://nptel.ac.in/courses/106105153

REINFORCEMENT LEARNING FOR ROBOTICS
XXX- XXXX 								[ 3  0  0  3]

Total Number of contact hours: 36
Course Learning Outcomes:
At the end of the course, the student will be able to:
	CLO1
	Construct a Reinforcement Learning system that knows how to make automated decisions.

	CLO2
	Relate Reinforcement Learning to fit under the span of machine learning, deep learning, supervised and unsupervised learning.

	CLO3
	Illustrate the space of RL algorithms such as Temporal- Difference learning, Monte Carlo, Sarsa, Q-learning, Policy Gradient, Dyna, etc.,.

	CLO4
	Formalize tasks as a Reinforcement Learning problem in implementing a solution.

	CLO5
	Modelling optimal policies for different tasks



Course description
Probability concepts, random variables (discrete and continuous), conditional probability, probability distributions, Bayes' theorem, Maximum Likelihood. Sequential decision-making, action value learning, optimistic initial values, Upper Confidence Bound (UCB), contextual bandits. Markov Decision Processes (MDPs), episodic and continuing tasks, reward hypothesis, reinforcement learning goals. Value functions, Bellman equations, optimal policies, optimal value functions, policy determination. Dynamic programming, policy evaluation, policy improvement, policy iteration, efficiency. Monte Carlo methods, prediction, control, action values, importance sampling, off-policy learning. Temporal difference learning, TD vs. Monte Carlo, prediction methods. Temporal difference control, Sarsa, Q-learning, Expected Sarsa, off-policy learning, model-based planning in robotics.

Self-directed learning study: Case studies on applications and implementation of different reinforcement learning algorithms 

References: 

1. Richard S. Sutton and Andrew G. Barto. Introduction to Reinforcement Learning, (2e), MIT Press. 2017. [Draft copies available now] 
2. Dimitri Bertsikas and John G. Tsitsiklis. Neuro Dynamic Programming. Athena Scientific. 1996. 
3. Enes Bilgin, Mastering Reinforcement Learning with Python: Build next-generation, selflearning models using reinforcement learning techniques and best practices. Packt, (2e). 2020.

SOFT ROBOTICS
XXX- XXXX 								                            [ 3  0  0  3]

Total Number of contact hours: 36
Course Learning Outcomes:
At the end of the course, the student will be able to:
	CLO1
	To apply the principles of Bio robotics and biomimetics, and nature-inspired designs, and how they can be applied to the design of robotic systems.

	CLO2
	To evaluate the knowledge of 3D printing techniques on how they can be used to produce soft materials for hyper-elasticity, and finite element analysis.

	CLO3
	To analyse the concepts of soft actuators, soft sensors, and stretchable electronics, and how they can be used in soft robotic systems.

	CLO4
	To develop an understanding of the applications of bio-mimetics, including modelling of snake/earthworm, caterpillar, and other animals, and continuum mechanics

	CLO5
	To apply the knowledge gained about case studies on wearable robotics, space robotics, deep-sea robotics, healthcare systems, and under-actuated robots.



Course description
Introduction to Soft Robotics: Bio-robotics, biomimetics, nature-inspired designs, materials for soft robots, biological analogy. Sensors and Actuators: Soft actuators, soft sensors, electroactive polymers, ionic polymer metal composites, shape memory alloys, artificial muscles, electric/pneumatic actuation, thermal/chemical actuation. 3D Printing of Soft Materials: Hyper-elasticity, finite element analysis, stretchable electronics, soft mechanical composites, pneumatic artificial muscles. Modelling Soft Mechanics: Flexible manipulator modelling, Euler-Cauchy elasticity, hyper-redundant kinematics, inverse kinematics, continuum mechanics, bio-mimetic models, PCA, SVD. Applications: Wearable robotics, space robotics, deep-sea robotics, healthcare systems, under-actuated robots.

Self-directed learning: Continuum mechanics, SOFA software: https://www.sofa-framework.org/

References: 
1. Matthew Borgatti, Kari Love, Christopher G. Atkeson, MAKE: Soft Robotics – A DIY Introduction to Squishy, Stretchy, and Flexible Robots, 2018. 
2. Jog, C.S., Foundations and applications of mechanics: Volume I: Continuum mechanics, Narosa Publishing House, 2007. 
3. Alexander Verl, Alin Albu-Schaffer, Oliver Brock, Annika Raatz, Soft Robotics Transferring Theory to Application, Springer, 2015. 
4. Jaeyoun (Jay) Kim, Microscale Soft Robotics: Motivations, Progress, and Outlook, Springer International Publishing, 2017. 
5. Cecilia Laschi, Jonathan Rossiter, Fumiya Iida, Matteo Cianchetti, Laura Margheri, Soft Robotics: Trends, Applications and Challenges, Springer International Publishing, 2016.

OPEN ELECTIVES

NANOTECHNOLOGY
XXX- XXXX 								                        [ 3  0  0  3]

Total Number of contact hours: 36
Course Learning Outcomes:
At the end of the course, the student will be able to:
	CLO1
	Explore the historical development, key discoveries, and dimensional concepts in nanoscience, along with basics of molecular spectroscopy and quantum mechanics.

	CLO2
	Learn about different types of nanomaterials (metallic, polymeric, carbon-based, etc.), their synthesis methods, and their mechanical, electrical, and optical properties

	CLO3
	Gain expertise in various spectral and structural characterization tools, including IR, Raman spectroscopy, XRD, TEM, SEM, STM, and AFM for analyzing nanomaterials.

	CLO4
	Investigate nanotechnology's role in energy storage, nanoelectronics, solar cells, environmental remediation, water purification, and biomedical applications

	CLO5
	Study the use of nanotechnology in precision farming, nanofertilizers, nanopesticides, and food packaging for enhanced crop management and longer shelf life.



Course description
Basics of Nanoscience and Nanotechnology: Chronological development, important discoveries, dimensions from light year to atomic scale, basics of molecular spectroscopy, introduction to quantum mechanics. Nanomaterials: Types of nanomaterials—metallic, polymeric, carbon, metal oxide, core-shell, synthesis methods (physical, chemical, biological), properties—mechanical, electrical, optical. Tools and techniques: Spectral characterization—absorption, emission, IR, Raman spectroscopy, X-ray diffraction, structural characterization—TEM, SEM, surface characterization—STM, AFM. Applications: Energy conservation, nanoelectronic devices, solar cells, environmental remediation, biomedical nanotechnology, agriculture, food industry, water purification.
Self -directed learning: Atomic structure, band structure.
References:
1. Textbook of Nanoscience and Nanotechnology, T. Pradeep, McGraw Hill Education (India) Private Limited
2. Introduction To Nanoscience And Nanotechnology, Chattopadhyay, K. K. & Banerjee, A. N., PHI India, 2009.

CONTROL SYSTEMS
[bookmark: _Hlk182767396]XXX – XXXX								                       [ 3  0  0  3]

Total Number of contact hours: 36
Course Learning Outcomes:
At the end of the course, the student will be able to:
	CLO1
	Analyze control systems using block diagrams, mathematical models, and transfer functions for different physical systems

	CLO2
	Evaluate time-domain response of first and second-order systems, including steady-state errors and performance specifications.

	CLO3
	Assess system stability using Routh-Hurwitz criterion, root locus, and pole-zero analysis to determine system performance

	CLO4
	Apply frequency-domain analysis techniques such as Bode plots, Nyquist analysis, and frequency-domain performance specifications to control systems.

	CLO5
	Understand state-space representation of systems, including concepts of controllability, observability, and state feedback control.



Course Description

Introduction to Control System: Overview of control systems, block diagram, importance, components, liquid level control, actuators, sensors, open and closed-loop control. Control system representation: Mathematical models for mechanical, electrical, thermal, hydraulic systems, block diagram reduction, transfer functions, pole-zero concepts. Time domain analysis: Response of first and second-order systems, steady-state error, time response specifications, parameter variation effects. Stability: Stability concept, pole-zero effect, Routh-Hurwitz criterion, root locus method, gain and phase margin. Frequency domain: Bode plot, frequency domain specifications, Nyquist analysis. State space approach: State space representation, transfer function to state space, eigenvalues, state feedback, controllability, observability.

Self-directed learning: Effect of feedback on system response, stability and disturbance.       	

References:
3. Nagrath & M. Gopal “Control System Engineering”, Anshan, 2008. 
4.  Norman S. Nice, “Control System Engineering”, Wiley, 2008. 
5. Smarajit Ghosh, “Control Systems Theory & Applications”, Pearson Education, 2007.
6. Katsuhiko Ogata,” Modern Control Engineering”, Prentice Hall, 2010.

INTELLIGENT INSTRUMENTATION SYSTEM   
XXX-XXXX                                                                                                                                 [ 3 0 0 3]

Total Number of contact hours: 36
Course Learning Outcomes:
At the end of the course, the student will be able to:
	CLO1
	Discuss signal conditioning and automation

	CLO2
	Describe PLC and develop PLC programming for different processes

	CLO3
	Develop codes for virtual instrumentation and measurement

	CLO4
	Design and develop intelligent controllers

	CLO5
	Apply instrumentation system to solve simple problems.




Course Description
Introduction to instrumentation systems, data acquisition systems (DAS), transducers, signal conditioners, ADC, and sample and hold circuits for pressure and temperature measurement systems, including data loggers. Overview of automation systems, control schemes, controllers, actuators (pneumatic cylinders, solenoids), supervisory control systems, SCADA, DCS, remote terminal units, and communication protocols. Study of PLC architecture, operation, addressing modes, ladder programming, and process programming examples. Exploration of virtual instrumentation using LabVIEW, graphical programming, VI and sub-VI creation, loops, arrays, clusters, file I/O, web publishing, and executable creation. Development of intelligent controllers for real-time systems, including temperature measurement with ON/OFF and P-I-D controllers, second-order system simulation, embedded system integration, and AI-based vision systems with LabVIEW.

Self-directed Learning :Controller design using LabVIEW

References:
1.	Computer Based Industrial Control – By Krishna Kant, PHI , 2011
2.	Process Control Instrumentation – By Curtis D. Johnson, Pearson Education ,2014
3.	“Principle of Industrial Instrumentation” By D. Patranabis, TMH publications , 2017
4.	High performance Instrumentation and Automation, CRC Press, Taylor & Francis Group, 2005
5.	Sensors and Transducers -By D. Patranabis , PHI Learning Private Limited.
*https://www.ni.com/en-in/support/downloads/software-products/download.labview.html#460283

COMMUNICATION SYSTEMS 
XXX – XXXX								                       [ 3  0  0  3]

Total Number of contact hours: 36
Course Learning Outcomes:
At the end of the course, the student will be able to:

	CLO1
	Apply time domain and frequency domain analysis to explain the principles, bandwidth, transmission power, trans receiver under analog modulation scheme.

	CLO2
	Analyze the transceivers and evaluate the parameters in pulse modulation techniques.

	CLO3
	Analyze the generation and detection process in digital communication

	CLO4
	Recognize the importance of error control coding and describe the channel coding techniques in communication system.

	CLO5
	Identify the challenges and opportunities brought by the networking scheme and wireless medium in designing current and future wireless communication systems and networks and apply appropriate technique by comparing the performance of the systems



Course Description

Analog communication techniques, including elements of communication systems, modulation principles (AM, FM), power distribution, and modulator circuits; phase and frequency modulation, spectrum analysis, and FM receivers. Pulse modulation techniques: sampling, PAM, PPM, PCM, DM, DPCM, and line codes. Digital communication techniques: data transmission with analog carriers using binary and M-ary modulation schemes (ASK, PSK, FSK). Noise analysis in communication systems, including SNR, noise in linear receivers, bit error rate, and optimal detection methods for BPSK. Applications in spread spectrum and mobile communications, including SS techniques, direct sequence and frequency-hop spread spectrum, and multiple access techniques like FDMA, TDMA, and CDMA. Optical fiber communication, high-speed data transmission, advanced devices, fibers, and network applications.

					  
Self-directed learning: Detection of QPSK in Noise, Optimum Detection of Binary FSK, Error Detection and Correction.  

References:
1. Simon Haykin, Communication Systems, John Wiley & Sons, 4e, 2009.
2. Tomasi W, Electronic communication systems, Pearson, 2012.
3. Simon Haykin and Michael Moher, Introduction to analog and digital communications, John Wiley & Sons, 2e, 2013.

MICROWAVE & RADAR
XXXX-XXXX										[3 0 0 3]

Total Number of contact hours: 36
Course Learning Outcomes: 
At the end of the course the students will be able to;
	CLO1
	Learn the fundamentals of microwave frequencies, cavity resonators, and derive the resonance frequency of rectangular cavity resonators.

	CLO2
	Study the operation of Klystron amplifiers, Reflex Klystrons, and Magnetrons, focusing on their efficiency, power output, and bunching processes

	CLO3
	Understand the principles of slow-wave structures and the amplification process in Helix TWTs, including gain calculation and wave modes

	CLO4
	Learn about scattering parameters, waveguide tees, directional couplers, and formulate S-matrices for microwave components.

	CLO5
	Explore radar technology, including pulse, CW, and MTI radar systems, and the principles of microwave solid-state devices like Gunn diodes and tunnel diodes.



Course Description

 Microwaves: Introduction, advantages, cavity resonators, rectangular and circular waveguide resonators, resonance frequency derivation. Microwave vacuum amplifiers: Klystron amplifiers, velocity modulation, bunching, power output. Reflex Klystron and magnetron oscillators: Power output, efficiency, cyclotron angular frequency. Traveling Wave Tubes: Slow wave structures, helix TWT, amplification process, axial electric field, gain. Microwave measurements: Impedance, frequency, power measurement. Microwave hybrid circuits: Scattering parameters, waveguide tees, magic tees, hybrid rings, S-matrix. Directional couplers: Two-hole directional couplers, S-matrix formulation. Solid-state devices: Microwave bipolar transistors, tunnel diodes, Gunn diodes, operating modes. Radar: Simple radar equation, pulse radar, CW radar, MTI radar, radar modulator, receivers.
Self-directed learning: Circulators and isolators.
References:
1. Radar systems and radio aids to navigation, AK Sen and AB Bhattacharya, Mercury learning & Information, New Delhi, 2017
2. Microwave engineering, Annapurna Das & SK Das, Mc Graw hill, New Delhi 3rd ed. 2017

ANTENNA DESIGN
 XXXX-XXXX								                              [3 0 0 3]

Total Number of contact hours: 36
Course Learning Outcomes: 
At the end of the course the students will be able to;
	CLO1
	Learn the key parameters of antennas such as gain, radiation patterns, and impedance, and their role in wireless communication.

	CLO2
	Gain knowledge of various antenna types like dipole, loop, horn, helical, and reflector antennas, and their applications

	CLO3
	Analyze linear, circular, and planar arrays, including techniques for beam steering, sidelobe cancellation, and fixed beam arrays.

	CLO4
	Learn advanced adaptive beamforming algorithms like LMS, SMI, and RLS for smart antenna systems.

	CLO5
	Explore the concepts and technologies behind Space Division Multiple Access (SDMA) and the design of SDMA receivers for advanced communication systems.



Course Description

Introduction to radiation concepts: Antenna parameters, directivity, gain, radiation pattern, impedance, polarization, beamwidth, antenna temperature, measurement requirements. Types of antennas: Point source, dipole, slots, loop, horn, helical, patch, reflector, parabolic reflector antennas. Antenna array fundamentals: Linear arrays (two-element, N-element), array weighting (beam steering, weighted arrays), circular arrays, rectangular planar arrays, fixed beam arrays, Butler matrices, sidelobe cancelling, retrodirective arrays (passive and active). Smart antennas: Adaptive beamforming techniques including least mean squares, sample matrix inversion, recursive least squares, constant modulus, least squares constant modulus, conjugate gradient method, spreading sequence array weights.
Self -directed learning: Description of the new SDMA receiver
References:
1. Vincent F. Fusco, “Foundations of Antenna Theory and Techniques”, Pearson Education, First Impression, 2007
2. C. A. Balanis, “ Antenna Theory – Analysis and Design”, Wiley India, 2000.
3. Frank Gross, Smart antennas for wireless communications, McGra-Hill, 2006.
4. S. Chandran, Adaptive antenna arrays, trends and applications, Springer, 2009.


VLSI DESIGN
XXX – XXXX									                   [3 0 0 3]

Total Number of contact hours: 36
Course Learning Outcomes:
At the end of the course, the student will be able to:
	CLO1
	Describe the basic operation of MOS transistors

	CLO2
	Design combinational and sequential logic circuits using MOS devices

	CLO3
	Design the layout and discuss the MOS fabrication process.

	CLO4
	Describe various issues involved in subsystem design

	CLO5
	Analyse the delay models and the circuit performance



Course Description

MOS devices and circuits: Depletion and enhancement mode operations, drain current analysis, threshold voltage, second-order effects in MOSFETs, NMOS and CMOS inverters, MOS capacitance, SPICE models. IC fabrication: Lithographic processes, N-well, P-well, twin-tub processes, latch-up in CMOS SOI. MOS circuit design: Pass transistors, transmission gates, Boolean functions, combinational circuits, Bi-CMOS inverters, pseudo-NMOS, dynamic CMOS inverters, clocking strategies, sequential circuits, memory (RAM, ROM, EEPROM, flash), stick diagrams, scaling. Circuit performance: Sheet resistance, capacitance estimation, delay in inverters, large capacitive loads, power dissipation. Subsystem design: Design strategies for adders, ALUs, shifters, PLAs. Beyond CMOS: FinFET, nanowire FET, graphene, CNT, spin FET, flexible devices.

Self-directed Learning:
Sequential circuits- static and dynamic latches and Registers. RAM, ROM, EPROM, EEPROM and flash memory.

References:
1. Jan M Rabaey, “Digital Integrated Circuits”, Prentice Hall India, 2003.
1. Weste. N and Eshraghian K, “Principles of CMOS VLSI Design”, 2nd Edition, Addison Wesley Publication.
1. Sung Mo Kang and Yusuf leblebici, “CMOS digital Integrated circuits design and  analysis”, 3rd edition, Tata Mcgraw Hill.


DIGITAL SIGNAL PROOCESSING
XXX-XXXX      	     							     [ 3   0   0   3]

Total Number of contact hours: 36
Course Learning Outcomes:
At the end of the course, the student will be able to:
	CLO1
	Discuss discrete Fourier transform (DFT) and Z-transform.

	CLO2
	Describe FFT algorithms. 

	CLO3
	Analyze various block diagram representations of IIR and FIR filter realizations. 

	CLO4
	Design IIR  and FIR filters

	CLO5
	Analyze the basics of power spectrum estimation.



Course Description

Z-Transform, definition, region of convergence, inverse transform, and LTI system analysis. Sampling process, sampling theorem, aliasing, and reconstruction filter, especially for band-pass signals. Discrete Fourier Transform (DFT), properties, efficient computation through FFT, and use in linear filtering. Discrete-time filter implementation: structures for IIR and FIR filters in direct, cascade, and lattice forms. IIR filter design: impulse invariance, bilinear transformation, and filter types like Butterworth, Chebyshev, and elliptic. FIR filter design: linear phase filters, window method, frequency sampling. Power spectrum estimation: non-parametric methods (periodogram, Bartlett, Welch) and parametric methods (AR, ARMA). Filter design and applications, classical methods, spectral transformation techniques. 
         
Self-directed learning: Parametric methods of PSD estimation: AR, ARMA and MA modeling  
                 
References:
1. Proakis J. G, Manolakis D. G. Mimitris D., “Introduction to Digital Signal Processing” Prentice Hall, India, 2007.
2. Oppenheim A.V, Schafer R. W, “Discrete Time Signal Processing”, Pearson Education, 2004.
3. Ifeachar, Jervis, “Digital Signal Processing - A Practical approach”, Pearson Education, Asia, 2003.
4. Rabiner L. R, Gold D. J, “Theory and applications of digital signal processing”, Prentice Hall,   India, 1998.
5. Sanjit Mitra K, “Digital Signal Processing - A computer based approach”, TMH, 2007
6. https://www.youtube.com/watch?v=xZ4zfE11X7U


EMBEDDED SYSTEM DESIGN 
XXX-XXXX      	     							     [ 3   0   0   3]
Total Number of contact hours: 36
Course Learning Outcomes:
At the end of the course, the student will be able to:
	CLO1
	Understand the fundamentals of embedded hardware and steps in designing embedded systems.

	CLO2
	Explain the architectural features and instructions of ARM Cortex-M Processor.

	CLO3
	Develop Programs by using different instructions of ARM Cortex-M Processor. 

	CLO4
	Explain the need of RTOS while designing embedded systems.

	CLO5
	Implement control systems using embedded computer.



[bookmark: _Hlk182824027]Course Description


Embedded systems,definition, comparison with general computing systems, core components (processor, memory, I/O), and embedded firmware. ARM Cortex-M Processor architecture, software development, assembly language programming, and machine language execution. Input/output concepts, including I/O ports, phase-locked loops (PLLs), timers, and performance debugging. RTOS-based design, types of operating systems, task management, scheduling, synchronization, and RTOS selection (e.g., MicroC/OS II). Introduction to robotic systems, digital control, actuators, sensors, odometry, and PID/fuzzy logic control. Task scheduling, process management, and synchronization in real-time embedded systems. Real-time constraints and communication in embedded systems. Implementation of control algorithms in robotics.

Self-directed learning: CISC versus RISC. 

References:
1. Joseph Yiu, The Definitive Guide to the ARM Cortex-M3, 2nd Edition, Newnes, (Elsevier), 2010.
2. Shibu K V, Introduction to Embedded Systems, Tata McGraw Hill Education Private Limited, 2nd Edition.
3. J. W. Valvano, Embedded Systems: Real-Time Operating. Systems for ARM ® Cortex -M Microcontrollers, Volume 3, ISBN: 978-1466468863.


INTRODUCTION TO PHOTONICS
XXX-XXXX      	     							     [ 3   0   0   3]
Total Number of contact hours: 36
Course Learning Outcomes:
At the end of the course, the student will be able to:
	CLO1
	Understand the fundamentals of optics, including ray optics, electromagnetic optics, and guided wave optics.

	CLO2
	Analyze light-matter interactions and their applications in optical materials, waveguides, and wavelength-selective filters

	CLO3
	Explore the principles of light-emitting diodes (LEDs), optical amplifiers, lasers, and non-linear optics.

	CLO4
	Investigate fabrication technologies for photonics, including III-V semiconductor devices and silicon photonics.

	CLO5
	Examine the applications of photonic integrated circuits in telecommunications and sensor technologies.



Course Description

Optics fundamentals; ray optics, electromagnetic optics and guided wave optics, Light-matter interaction, optical materials; phases, bands and bonds, waveguides, wavelength selective filters, electrons and photons in semiconductors, photons in dielectric, Light-emitting diodes, optical amplifiers and Lasers, non-linear optics, Modulators, Film growth and deposition, defects and strain, Fabrication technology for photonics, III-V semiconductor device technology and processing, silicon photonics technology, photonic integrated circuit in telecommunication and sensors.                      
References:
1. Introducing Photonics, Cambridge University press, B. Culshaw, 3rd edition 2020
2. Fundamentals of Photonics, Wiley online library, BEA Saleh, 10th edition 2019



