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Course Code 18EEE301T | Course Name | OPTIMIZATION TECHNIQUES IN POWER ELECTRONICS | Course Category E Professional Elective 370 03
Pre-requisite Courses Nil | Co-requisite Courses |Nil Progressive Courses |Nil
Course Offering Department | Electrical and Electronics Engineering | Data Book / Codes/Standards Nil
Course Learning Rationale (CLR): [ The purpose of learning this course s to: Learning Program Learning Outcomes (PLO)
CLR-1: | Introduce and classify different conventional optimization techniques. 11213 11213 4 |56 7 |8[9]10(11]12]13[14 |15
CLR-2: |Understand the fundamentals of genetic algorithm and to apply appropriate algorithm for Power Electronic Applications. Elels s o
CLR-3: |Outline the concept of particle swarm optimization and apply it in Power Electronic applications. 8 °;j S =) s 5] 8
CLR-4: |Introduce other modern optimization algorithms for engineering applications. =r § é % 2 EN M % ° i § =
CLR-5: |Extend multi objective optimization techniques to Power Electronics glg|c g2 g |3 5|s 8| s|L|E
CLR-6: |Introduce the concept of optimization design for Power Electronic Applications £ Dﬁf =z | & g § 3 3 2 ; B = ES
Elolo £ < S| 55 Ao e g 2 @ 2 A=
5| &8 |8158|g28s|lz5S5 232|885
—_ = [ = | > = O =
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: 218 g S 8|g|ls8 o § s £|3 ES 28333
S0 | ula | ol<d|S | wlud|l|[E]o|la|ISlala|la
CLO-1: |Categorize optimization problems and its techniques based on constraints and variables 117575 H{-|- - - - - R R
CLO-2: |Correlate Genetic algorithm with various power electronic application. 2|75|75 HIHIM| M |-|- - - - -|-|H|H| -
CLO-3: |Interpret Particle swarm optimization and develop hybrid algorithm for power electronic applications 3|75|75 H{H|H| H | -]|- - -l -1-1l-1-|H|H]|-
CLO-4: |Gain knowledge about other modern optimization algorithms and integrate them for power electronic applications 317575 HI{H|H| H |-]|- - - -l -|l-|H|H]|-
CLO-5: |Formulate multi objective optimization algorithm for power electronic applications. 317575 HIH|H| H |-]|- - -l -] H|H
CLO-6: |Apply optimization techniques in modelling Power Electronic applications 3175|75 HIHIH| H|-]-| -1-|-]-]-|-|H]|H]|-
Duration (hour) 9 9 9 9 9
SLO-1 | Introduction to optimization Introduction — Genetic Algorithm Particle Swarm Optimization Bacterial foraging-Chemotaxis, Swarming | Multiobjective optimization
S SLO-2 ?f,fgg,ﬁ?ﬁ,rf;cgeygn consigichy Encoding — Methods for GA Fundamental principle Operation of Bacterial foraging Concept of pareto optimality
. | Objective function — objective function , " ) M ) . Bees colony algorithm-Behavior of Honey | Classical Methods — Weighted sum
52 SLO-1 surfaces Fitness function Velocity updating in PSO -Algorithm ey . method,
SLO-2 | Classification of optimization problem Maximization & Minimization Algorithm for PSO Algorithm for Bee colony optimization &-constraint method
SLO-1 S/ngl © var /able. op Gimizaliorly Genetic operators PSO - Parameter Selection lefergntla/ rolubon-Iniialzeiie: Weighted metric methods,
$3 opt/malltygond/t/ons ' Mutation
SLO-2 Slnglg va(/ab/e (un cons{ramed Crossover Pseudocode Recombination, Selection Benson method.
optimization) — Exhaustive search method
S4 SLO-1 | Successive quadratic estimation method | Mutation g%p éementat/on & Queyemenceissyes'in Ant colony optimization-Introduction Multi objectiveGA
SLO-2 | Newton Raphson method Parent Selection Roulette wheel selection | Advanced operators of PSO Algorithm for Ant colony optimization Fitnessassignment
SLO-1 Mutt 'v‘anab le op t:mlze‘mon - optimality Stochastic universal selection, Meta-Optimization- Behavioral Cuckoo Search Optimization Sharing function
S5 conditions (unconstrained) parameters
SLO-2 | Simplex search method Tournament selection Algorithm for Meta-Optimization Algorithm for Cuckoo search Optimization| Convergence criterion
$6 SLO-1 | Cauchy’s method Rank selection Applications of PSO Firefly optimization-Working Principle NSGA-II
SLO-2 | Steepest descent method Issues in GA implementation Harmonics Elimination in Inverters Algorithm for Firefly optimization Convergence criterion
L L . o V. Applications:Design of AC — DC Grid
S-7 | SLO1 Multivariable op t/m/zgt_/on (Constrainea) Applications of GA Applications of PSO Giowen Pgll/nat/on optimization connected converter using Multi objective
Kuhn - Tucker Conditions Introduction optimization
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i . - . . : Algorithm for Flower pollination Algorithm for Design of AC - DC Grid
SLO-2 | Penalty Function Method Passive Filter design using GA PSO for single phase PWM Inverters optimization connected converter
SLO-1 | Method of Multipliers Par ameter tynmg Of DEGCCiGenvere] Control of Dc-DC converters using PSO | Grey Wolfe optimization-Introduction Muiti objective opfiimization of power
58 using genetic algorithm converters (NSGA-1l)
Linearized search Technique — Frank Tuning of PI Controllers for Power Feedback controller design for boost ) — Algorithm for Multi objective optimization
SLO-2 . Algorithm for Grey Wolfe Optimization
Wolfe method electronic converters converters of power converters
Non-Linearized Search Technique — . ! . . . Multi objective optimization for design and
SLO-1 Reduced gradient method MPPT in Renewable Energy systems HybridofGAandPSO Comparison of various algorithms tuning of PID controllers
S-9 Algorithm for hybrid GA and PSO for , L N
SLO-2 | Quadraticprogramming Genetic Algorithm for MPPT selective harmonic elimination in VS fed | Benchmark functions Alg onthm for Mult/.obj ective optimization
drives for design and tuning of PID controllers
e S o . . 5. Xin - She Yang, Nature Inspired Optimization algorithms, Elsevier, 2014.
1. fg;ggesgggg S. Engineering Optimization-TheoryandPractice, John Wiley & Sons, Inc., New 6.  Chee Peng Lim, Lakhmi C. Jain, Satchidananda Dehuri, Innovations in Swarm Intelligence, Springer,
Learning 2 Kalya}r/;moy Deb Muti-objective Optimization using Evolutionary Algorithms, Wileylndia Private Berl{n, Heidelberg, 2009, . T L )
Resources ' Limited. 2010 ’ ] 7. Design of AC — DC Grid connected converter using Multi objective optimization, Electrical Control &
’ . . Ty, . ] r. Communication Engineering, 2014
R Dot Ot f st s e ol f e secrd En, 02| s ngnerng o s 0t
' ’ v 2 ’ . 9. https:/llink.springer.com/content/pdf/10.1007%2F97 8-3-540-74205-0_68.pdf

Learning Assessment

Continuous Learning Assessment (50% weightage) Final Examination (50% weightage)
Bloom'’s Level of Thinking CLA-1(10%) CLA -2 (15%) CLA -3 (15%) CLA -4 (10%)# o weightag
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 40% i 30% . 30% ] 30% . 30% .
Understand
Level 2 Aobly 40% ! 40% : 40% . 40% . 40% i
nalyze
Level 3 Evaluate 20 % . 30 % - 30% - 30% ! 30% -
Create
Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

Dr.S.Paramasivam, Danfoss, Industries Pvt Ltd, paramsathya@yahoo.com

Dr. R.Subha. Sir MVIT, subha.mvit@gmail.com

Mrs.Uthra.R, SRMIST

Mr.Muralikrishna, National Instruments, emkkrishnan@gmail.com

Dr.C.Nayanatara, Sri Sairam Engineering College, nayanathara.eee@sairam.edu.in

Dr.D.Suchitra, SRMIST
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FINITE ELEMENT ANALYSIS FOR ELECTRICAL . . L/ T|P]|C
Course Code 18EEE302T | Course Name MACHINES Course Category E Professional Elective 37001 3
Pre-requisite Courses Nil | Co-requisite Courses [Nil Progressive Courses INil
Course Offering Department  |Electrical and Electronics Engineering  |Data Book / Codes/Standards Nil
Course Learning Rationale (CLR): | The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: | lllustrate the basic concepts of CAD and its design consideration 11213 11213 4 |56 7 [8]9/[10[11]12|13]/14[15
CLR-2: | Derive the output equation of DC and AC machines A - o o
CLR-3: | Compute the torque and force for rotating and linear actuators 8 E = §’ S g §
CLR-4: | Analyze the finite element method in solving electromagnetic field problem % 512 2| o % & % ® c R
CLR-5: | Enumerate the design concept of CAD in mathematical modelling = % £ ;«3 2 © % L3 § 5|5 g
CLR-6: |Build the models of electrical machines x| E o 2 & ) 3 3| E ;3’ | 8|29
Elglz (522|952 2|23 |52z
S22 2 Elc|d8ls|=se 32|85 |7
) ) " 5| 3|3 c 223 8|82 8|8 E|B| 3|44
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: 2| 2 & > 818/ 58/ 8|38|22|=|5/§ 22|22 3
— | wl o | o< |=Z | njun|lw| S O0o|a|T|a|a|a
CLO-1: | Understand the basic design of electrical machines and the need for CAD 117575 HIM M| - - - - -l -l -l-l-|HIM]|-
CLO-2: | Make use of output equation for calculate main dimension of DC and AC machines 2|75|75 HIHIM| M |-]|- - -l- -l - MM -
CLO-3: | Deduce the electromagnetic field equations for actuators 317575 HIHIHIl M - - -l -l -] -1HIM|-
CLO-4: | Examine the mathematical and physical basis of finite element method 317575 HIM{H| M |-]|- - -l -l -1-]-|H|H]|-
CLO-5: | Apply the design concept of CAD in mathematical modelling 3175|75 HIHIM| M M| - - - -l -l -|H|M
CLO-6: | Develop the models of switched reluctance motor and rotating actuators 3|75|75 HIHIM| M M| - - -l -l -l -]-|H|M]|-
Duration (hour) 9 9 9 9 9
SLO-1 | CAD and its objectives Maxwell’'s Equations Finite element method Organization of CAD package Model building
$ SLO-2 ,igréﬁ:;’;ma/ design procedits of Integral form and differential form Assumptions in FEM Pre-processor Modeling flowchart
SLO-1 | Output equation of DC machines. Significance of field equations, gllggqt;c;rtnagnet/c T i i e Solver Geometric modeling, drawing edges
S-2 - o - -
i o . L Electromagnetic equation-integral and S y ! Creating surface and creating
SLO-2 | Specific loading values for DC machines different®l form Finite difference method Post-processor in CAD package components
SLO-1 | Output equation of AC machines Magnetic vector potential e d’.ﬁ g /ouge mefhod iy cglculat/on G Applications of finite element analysis Selecting edges surfaces and
53 magnetic field in a linear medium compongnts . .
SLO-2 | Specific loading values for AC machines | Scalar potential form Assumptions in linear medium Considerations in problem modeling ;(;glr?e’x;lsng the construction slice
SLO-1 FactO(s affecting the size of rotating Energy stored in electromagnetic field iy d',ff St methoc{ fow calculgt/on of Stator and rotor model Boundary condition
S4 mach!qes . . magnetic field in a non-linear medium r .
SLO-2 Specific loadings and its dependent Energy stored in current carrying coil Assumptions in non-linear medium MOdel o I!catlon and air gap Model solving
factors discretisation
SLO-1 Vgrlatlop of output and losses with Energy functional Stiffness matrix Eost—processmg of results-flux and flux Meshing: 2-D and 3-D
S5 dimension linkage
SLO-2 | Separation of main dimensions Assumptions in energy functional FEM and FDM functions ;I;Ir%?:srlsc:r/sand graphical results using Finite element mesh
S6 | SLO-1 ggz;;e;)tlons of conventional methods of Electromechanical energy conversion FEM-mathematical basis Analytical calculation g;sulgg;)f C-cored coil with rotating
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SLO-2 | Need for field analysis based design glizsr;/yﬂzzt’/;‘)/r;g;;éectromechanlca/ FEM- physical basis Terminal inductance calculation. Geometric modeling of C-core
SLO-1 | Outline of finite element analysis Force and torque calculation from energy | Energy functional Co-energy calculation. Design of doubly excited rotating actuator
S SLO-2 | Necessity of FEA g,?gcrzyand 1 CE T g Non-linear energy functional Force and torque calculation Design procedure and its assumptions
s8 SLO-1 | Computers in finite element analysis Singly excited linear and rotating actuator | Discretization Virtual work method Design procedure of SRM
SLO-2 | Graphical users of FEA Doubly excited rotating actuator Shape function Maxwell’s stress tensor method Geometric modeling
SLO-1 | Engineering Optimisation Zgggigg’ rculat/on 01 a GERHCAMTNG Shape triangle calculation Bil method Material assigning
S-9 : 3 - T — - -
i L Torque calculation on a current carrying | Comparison of Finite difference and finite X Design of Switched reluctance motor by
SLO-2 | Optimisation Methodology N tor element method Boundary conditions CAD package
Learnin 1. Silvester and Ferrari, Finite Elements for Electrical Engineers, Cambridge University press, 2012. |3. S. Salon, Finite Element Analysis of Electrical Machines, springer, 1995.
Resourges 2. S.R.H. Hoole, Computer - Aided, Analysis and Design of Electromagnetic Devices, Elsevier, New |4. Nicola Bianchi, Electrical Machine Analysis Using Finite Elements, 1st Edition, CRC Press,2005.

York, Amsterdam, London, 1989.

5. https://www.classcentral.com/course/edx--finite-element-method-fem-analysis-and-applications-4064

Learning Assessment

Continuous Learning Assessment (50% weightage) . — o
Bloom’s Level of Thinking CLA -1 (10%) CLA -2 (15%) CLA - 3 (15%) CLA -4 (10%)# Final Examination (0% weightage)
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 0% 3 30% : 30% : 30% 2 30% :
Understand
Level 2 Apply 0% ! 0% : 0% ! 0% ] 40% .
Analyze
Level 3 Evaluate 20% L 30% ] 30% 3 30% - 30% -
Create
Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1. Dr. Bhaskarsahu, Schneider Electric Ltd, Bhaskar.sahu@schneider-electric.com

1. Dr. K. S. Swarup, lITM, ksswarup@iitm.ac.isn

1.Dr. M. Arun Noyal Doss, SRMIST

2. Mr. A.Kannan, Seshasayee paper and board limited akannan@sbppapers.com

2. Dr. R.Ramesh, CEG, rramesh@annauniv.edu

2. Dr. C. Subramani, SRMIST
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Course Code | 18EEE303T | CourseName | POWER CONVERTER ANALYSIS AND DESIGN Course Category E Professional Elective RN
Pre-requisite Courses 18EEC302) [ Co-requisite Courses [Nil Progressive Courses  |Nil
Course Offering Department Electrical and Electronics Engineering |Data Book / Codes/Standards Nil
Course Learning Rationale (CLR): [The purpose of leaming this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Enrich the knowledge on design aspects of phase controlled converters 11213 1123 4 |56 7 [8]9[10[11]12]13]14/15
CLR-2: |Acquire knowledge in DC-DC converters and its performance ElE|E - b -
CLR-3: |Enrich the knowledge of flyback back converter and its design 8| = 3 %’ S g §
CLR-4: |Acquire knowledge on the design techniques of the inverters % = 2 =| o % X % ® 8l Sz
CLR-5: |Understand the concept of resonant converters and role of reactive elements in UPS = % = xg 2 ] é B3l | F |5_¢‘§ 5|5 g
CLR-6: |Gain knowledge on power converter analysis and design - o 2188 33 s =] o8 | o5 Slgll
Elglg SlT|s o5 |9 ERE T|E S|
5|33 8/ 8 clagelzsss 82|57 |V
—_ [ 4 3 D | > [} [} = © =
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: 218 g 5 8|2 =2 8|85 3§ = |55 2 21313
— || wlo | o< =Z|nun wn|lE|lola|T|la|a | a
CLO-1: |Design single phase and three phase rectifiers 3|75|75 HIH M| M |H]|- - -l -l -l -] -IM|H]|-
CLO-2: |Understand the analysis and design aspects of DC-DC converters 3|75|75 HIHIM| M |H]|- - -l - IM|H]| -
CLO-3: |Design flyback back converter and its various topologies 3175|75 HI{H M| M |H - -l -]l -|-|IM|H]|-
CLO-4: |Design the inverter for various applications 31|75|75 HIHIM| M |H]| - - -l -l -l-]1-IM|H]|-
CLO-5: |Apply the knowledge on design concepts of resonant converters and UPS 3|75|75 HIHM| M |H|- - -l -|l-]l-]1-|M|H
CLO-6: |Analyze and Design power converters 3|75\ 75 HIHIM| M |H| - - -l -l -]l-]-|M|H]|-
Duration (hour) 9 9 9 9 9
Introduction to single phase controlled Introduction to isolated and non isolated | Introduction - Linear versus switch mode | Introduction to inverters for single phase .
SLO-1 s . c Introduction to resonant converters
S-1 converter (rectifier) DC-DC converters. power supplies. application
SLO-2 Working principle of single phase full Principles of step down converters and | Functional circuit blocks of an offline Introduction to inverters for three phase Classification of resonant converters
converter step up converters switches application
SLO-1 Ana[ysrs of single phase controlled ntrBttlagion to MG Classification qf Basics switch mode DC- Selection of switching devices Qqagl resonant converters: Operating
rectifier for R load DC converters: principle
>2 SLO-2 Analysis of single phase controlled Buck boost converters F ) one DOGEEEE Introduction to IPM modules Load resonant converters
rectifier for RLload and RLE load Operating principles
SLO-1 Iégﬁgﬁ'fgn fo three phase controlieg Analysis of Buck converter Flyback converters: operating principle PWM techniques for inverter Series Resonant switch converters
S-3 . - ; .
SLO-2 Operation & p rincip le of three phase Buck converter Design Forward Converter: operating principle ieclchmyM tegiligueston inverter Parallel Resonant switch converters
controlled rectifier performance
SLO-1 IfAnaIy sis of three phase controlled rectifier Analysis of boost converter Half-Br{dge cpnyerters and, SMPS : Protection circuits for switches Concept of Zero Voltage Switching
S4 or R Lgad _ Operat!ng principle .
SLO-2 Analysis of three phase controlled rectifier Boost converter design Fu]l Brldge Converters : operating Snubber circuit design Concept of Zero Current Switching
for RL Load principle
SLO-1 f:éi%gg Ic;t;gonvener components for Analysis of buck-boost converter Push-Pull Converter and its working Thermal design considerations Multi resonant converters
S-5 . o -
SLO-2 ?:rftlrgo 7,:5 7g§trigérrcu1t for single phase Buck-Boost converter design SMPS with multiple outputs Heat sink design Zero Voltage Transition converters
S-6 | SLO-1 | Design of filter circuit-three phase Introduction to SEPIC converter Magnetic design: Properties of magnetic | Multilevel Inverter(MLI) concept UPS: offline UPS, Online UPS
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converter cores
SLO-2 | Importance of driver circuits Introduction to CUK converter géii?g;requency AUt giarsomer Classification of MLI Filters: Voltage filters
SLO-1 | Pulse generation circuits Analysis of SEPIC converter Selection of output filter capacitor Design of MLI S‘?’ 1es-p arqllel resongant flters, flter
S-7 without series capacitors,
SLO-2 | Design of driver circuits Analysis of CUK converter Selection of switches Pulse Width Modulation for MLI Current filter, DC filters
Power factor study — Improvement N . g Influence of PWM on inverter Design of inductor and transformé of
SLO-1 . Thermal design: temperature control Snubber circuit design ) o
S-8 techniques performance power electronic applications
SLO-2 | Harmonic analysis study Heat sink design Design of driver circuits. PWM for low inverter loss Selection of capacitors.
. . ; ) - . . . Simulation of a typical three phase Simulation of resonant and quasi
oo SLO-1 | Simulation of fully controlled converters | Simulation of basic DC- DC converters Simulation of isolated dc dc converter inlhtor resonant converter
SLO-2 Demonstration of a fully controlled Demonstration of DC DC converters il e T Demonstration on a three phase inverter | Demonstration of resonant converters
converter for R, RL loads SMPS
1. Robert W. Erickson and Dragan Maksimovic, Fundamentals of Power Electronics, 3 Ed., 5. Umanand L and Bhatt S R, Design of Magnetic Components for Switched Mode Power Converters, Wiley
Springer (India) Pvt. Ltd., 2011. Eastern Publication, 2009.
Learnin 2. Abraham I. Pressman, Keith Billings, and Taylor Morey, Switching Power Supply Design, 3rd 6. Ned Mohan, Tore M. Undeland, William P. Robbins, Power Electronics Converters, Applications, and
Resourcges Ed.,McGraw-Hill Professional, 1 May 2009 Design”, 3rd Edition, Wiley India Pvt Ltd, 2010.
3. Rashid M.H., Power Electronics Circuits, Devices and Applications, Prentice Hall India, Third 7. Simon Ang, Alejandro Oliva, Power-Switching Converters, Second Edition, CRC Press, Taylor & Francis
Edition, New Delhi, 2004. Group, 2010
4. V. Ramanarayanan, Switched Mode Power Conversion, 2007 8. https://nptel.ac.in/courses/108108036/

Learning Assessment

Continuous Learning Assessment (50% weightage) Final Examination (50% weightage)
Bloom’s Level of Thinking CLA =1 (10%) CLA - 2 (15%) CLA -3 (15%) CLA -4 (10%)# o weightag
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 40% L 30% . 30% . 30% ' 30% .
Understand
Level 2 Apply 40% : 40% - 40% - 40% . 40% .
Analyze
Level 3 E‘r’:;‘::‘e 20 % ! 30% ; 30% - 30% ; 30% -
Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry Experts from Higher Technical Institutions Internal Experts
1. Mr.Muralikrishna, National Instruments, emkkrishnan@gmail.com 1. Dr. Chandrasekaran Subramanian , NIT Hamirpur, chandru@nith.ac.in 1.Dr. R. Sridhar, SRMIST
2. Mr.J.Sassikumar, Philips India Pvt Ltd, sassikumar.ji@gmail.com 2.Dr.R.Ramesh, CEG, rramesh@annauniv.edu 2. Dr. K. Mohanraj, SRMIST
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Course Code

18EEE304T | Course Name

SWITCHED MODE POWER CONVERSION

Course Category E

Professional Elective

Pre-requisite Courses

18EEC302 |

Co-requisite Courses

Nil

Progressive Courses NIl

Course Offering Department

Electrical and Electronics Engineering

Data Book / Codes/Standards

Nil

Course Learning Rationale (CLR): | The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Review the basics of the power semiconductor devices and their requirements for the design of SMPC. 11213 112]3]4]5]|6 819 10/11]12]13[14[15
CLR2 : Explain the advantage of Switched mode Power supply over linear power Supply and the design of basic switched mode DC-DC
" |converters. = =
CLR-3: |Mllustrate the need of derived / isolated converters and the working of various types of derived converters. S| o ) § g =
CLR4 - Introduce the control and compensating schemes for the design of SMPS and the procedure to be followed in the design of magnetic % }; = §’ é é ° E § §
" |components. = 5| 2 2,58 % 203 = gle
CLR-5: |Demonstrate the use of resonant converters to implement the Zero voltage and Zero current switching concepts. é’ % £ é 2 % 05-; L2135 £ § 5 ; £
. |Learn the basics and steady state operation of efficient switched mode power conversion and control techniques, including 8| % =g 2l8 2 5|3 s > | 8lelS
CLRS: I Ciglg S| Tles|g|-|0]|E T|E|I=S| =
component design. S| 2|8 o | £ 7N I I I = S5 2|~ |
=183 212|652 5|8/ 8|8/ T E|IG|S| | ]|
_ - u 1318 5 8|g|T| 55| E|E|2ElS 222 92
Course Learning Outcomes (CLO): [At the end of this course, learners will be able to: 3 [ e S8l 5= 185 |52 838lals5 222
CLO-1: |Determine the selection criteria of power semiconductor devices, evaluation of losses and their basic heat sink design. 1175|75 Hi-|-1-]1-1-]-1-/-1-/-1-IM/H|-
CLO-2: |Design the basic switched-mode converters for the given design specifications. 2|75|75 HIMIM|L|-]|- -l-]l-]l-]-IM|H]|-
CLO-3: |Understand the steady state analysis and working of the Derived DC-DC isolated Converters. 2 (75|75 HI{M|{M|L - M -|M|H| -
CLO-4: |Analyze of Control and Compensating network for SMPS, design high frequency inductor and transformers to be used with SMPS. 31|75|75 HIMM|L|-|-|-]-|-|M|[-|-|MH|-
CLO-5: |Analyze the working principle of resonant converters and understand the importance of Zero voltage and Zero current switching. 2|75|75 HIMM|L|-]-]-]- M| - M| H
cLO-g: | Become proficient with the analysis and design of Switched-Mode Converters, inclucing selection of components based on the 2| 75175 Himimlo oot oMl Tmlml -
specification.
9 9 9 9 9

Duration (hour)

SLO-1 | Introduction to switched mode power Basic concepts of Switched Mode power | p~ i oo oo it isoration. Reactive elements in Power Electronic | o oot circuit concepts
conversion converters. Systems
S-1 . . Generalized comparison between : C . ; ; ] )
SLO-2 Industrial relevgnce of switched mode switched mode and linear voltage Requirement for isolation in the switch- Design constramts of reactive elements in SMPS using resonant circuit
power conversion requlator, mode converters Power Electronic Systems
Requirements of power conversion DC-DC converters circuit elements, Py Desigr? of inductor, transformgr nd . .
SLO-1 ; = H Power circuit of flyback converters capacitors for power electronic Resonant switch converters — Introduction
system operating principles =
S-2 applications
SLO2 Requirements of high p'erformance DC-DC convertirs €hbradtehidtics Steady-state analysis of flyback Filter inductor de;:gn constrg/nts, Resongnt switch converters — principle of
modern power conversion system converters Transformer design constraints operation
. . ) Operation and steady state performance .
SLO-1 Review of power diodes, Schottky didoes, of Buck Converter in continuous- Power circuit of push-pull converters Modeling of power converters Bugk gonverter with zero current
power MOSFETs &IGBTs ) switching
s3 conduction mode ('CCM)‘
Introduction to power semiconductor . copverter oS Steady-state analysis of push-pull Generalized State Space Model of the Steady state conversion ratio — Buck
SLO-2 ! conduction mode (DCM) and boundary e
devices for SMPS h converters switching power converter converters
between CCM and DCM operation
S4 | SLO-1 | Recent developments in power devices Operation and steady stat(_e performance ol e B Transfer Function of switching power Bogst f:onverter with zero voltage
of Boost Converter in continuous- converters switching
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conduction mode (CCM)
o . . Boost converter - Discontinuous- : ; .
SL0-2 New dewces_. GaN & SiC for switch mode conduction mode (DCM) and boundary Steady-state analysis of forward EMI and filter design problem Steady state conversion ratio — Boost
power supplies ) converters converters
between CCM and DCM operation
Operation and steady state performance b . L )
SLO-1 | Gate drive basics of Buck - Boost Converter in continuous- | CWer circuit and steady-state analysis of | Closed loop control of switching power | Series resonant DC-DC converters —
) half-bridge DC-DC converters converters principle
S5 goncli(ucgon r;v%de (CSM)D _—
uck - Boost Converter Discontinuous- L TE . ) ,
. . Power circuit and steady-state analysis of | Selection of controller parameters for Series resonant DC-DC converters —
SLO-2 | Gate drive requirements g ) and bouqdary full bridge DC-DC converters converters Analysis and operation
CCM and DCM operation
SLO-1 dSw:{chmg performance and snubber Operation and performance of Cuk Magnetic circuits in isolated topologies Feedback compensators for converters qual]el resonant DC-DC converters —
$6 lesign Conver'Ters nii SE. principle
SL0-2 | Tum-on and Tum-off snubber Operation and performance of SEPIC Ut/l/zat/qn of Magnetic circuits in isolated Design of feedback compensators Para//e( resonant DQ—DC converters —
Converters topologies Analysis and operation
SLO-1 | Selection of devices Induqtors qurrent ripple design Compa(lson of different isolated Effect of paras_/tlcs on the switching Resonant DC link converters — principle
S.7 considerations _ ' topologies ; ] converterdesign . : '
SLO-2 | Basic heat sink design for the devices Outpyt vol(age ripple design Select/qn criteria of different isolated Stray inductance and inductive coupling | Resonant DC link converters — Analysis
considerations topologies effects and operation
SLO-1 | Sources of losses in SMPS Effect of parasitic elements Fowgadigagaments of DC LG, Digital Control of power converter Comp arson of resonant convertor
converters (current mode, voltage mode) configurations
S8 fedbribadvaheclyants ff DO DG Quantization issues in digitally controlled | Selection criteria of resonant converter
SLO-2 | Conduction/Switching losses Choice of switching frequency converters (multiple output, high ghtaly h ;
power converters configurations
frequency output)
SLO-1 | Losses and efficiency in converters CC;T),IS Z:St?grfsomc S copvte Applications of DC-DC converters Practical issues in controller design Applications of Resonant converters
9 - Selection criteria of DC -DC converter Seminar on Recent advancements and Seminar on practical issues in controller | Seminar on recent advancements and
SLO-2 | Realistic converter models : ) — ; e
configurations applications of DC -DC converters design for power converters applications of Resonant converters
1. Ned Mohan, Tore M. Undeland, William P. Robbins, Power Electronics Converters, Applications, and|3.  Umanand L and Bhatt S R, Design of Magnetic Components for Switched Mode Power Converters, Wiley
Learning Design, 3rd Edition, Wiley India Pvt Ltd, 2010. Eastern Publication, 2009.
Resources 2. Abraham |. Pressman, Keith Billings, and Taylor Morey, Switching Power Supply Design, 3rd|4.  S.N.Singh, Electric power generation, transmission and distribution, 2nd ed., PHI, 2011

Ed.,McGraw-Hill Professional, 1 May 2009.

5. https://nptel.ac.in/courses/108108036/
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Learning Assessment

Continuous Learning Assessment (50% weightage) Final Examination (50% weightage)
Bloom’s Level of Thinking CLA -1(10%) CLA -2 (15%) CLA -3 (15%) CLA -4 (10%)# o weightag
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 40% 1 30% 1 30% i 30% . 30% .
Understand
Level 2 Apply 40% : 0% : 40% 1 40% : 40% .
Analyze
Level 3 Evaluate 20% . 30% - 30% ’ 30% - 30% -
Create
Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1.Sairajagopal Chandramouli, Armstrong Fluid technology, Canada, bbalaji231@gmail.com

1. Dr B. Chitti Babu, IlITDM Kancheepuram, becbabu@yjiitdm.ac.in

1. Dr L.Padmavathi, SRMIST

2.Jidhun K Murali, Project Engineer, CDAC, Trivandrum, jidhunkm@gmail.com

2. Dr. A. Venkadesan, NIT Puducherry, venkadesan@nitpy.ac.in

2.Dr R Sridhar, SRMIST
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Course Code

18EEE305T Course Name

DESIGN OF ELECTRICAL MACHINES

Course Category E

Professional Elective

Pre-requisite Courses

18EEC204J, 18EEC205J [Co-requisite Courses

Nil

Progressive Courses |Nil

Course Offering Department

Electrical and Electronics Engineering

Data Book / Codes/Standards

Nil

Course Learning Rationale (CLR): [The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Enrich the students with basic principles and characteristics of various types of electrical machines. 11213 1123 4 |[5]6 7 [ 8]9]10/11[12[13][14]15
CLR-2: |Examine the design of armature and field systems for D.C. machines. Tl < x i <
CLR-3: |Outline the core, windings and cooling systems of transformers 8 g = §’ 3 2 §
CLR-4: |Analyze the design of stator and rotor of induction machines % 5|2 B g_ E f;-fv . = el
CLR-5: |Understand the design of stator and rotor of synchronous machines and study their thermal behavior. ElE2|E S| 2ig|o |3 3o 3|5 O"‘; E
" n i =| | & S| 5@ Z | S5 |e= > = | = O
CLR-6: |Understand the overall design of electrical machines =5 | E o 2|88 8|0 |5 = | 8|53
gl S E S| s S|E|J|ER S| E|=S| o
S| g5 S(5|lgles |5 43|87 |7
. } : ; . o322 S| 2583 88 el= 2l-ololo
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: |l g e 2 68|24 88|28 =/3|5|clel3 883
— | |l wl o A< =S | nunw|E|loja|5|a|a|a
CLO-1: |Understand the mmf calculation and thermal rating of various types of electrical machines. 218075 HIH|H| H |L]|- - Ll -l-]-]-IMM L
CLO-2: |Design DC machine parts such as armature, field, commutator and brushes. 3180|75 HI{H|H| H |L]|- - -l - - - - MM -
CLO-3: |Acquire knowledge on the design of transformers and its operating characteristics. 3180|75 HIHIH| H |[L]|-] - |-]-]- - IM|{M]| -
CLO-4: |Interpret the induction motor stator and rotor design equations and magnetic leakage calculations. 318075 HIHIH| M |L]|- - -l -l IMIM|-
CLO-5: |Design the components of synchronous motor 3180|75 HIHIH| H |L]|- - -l -l IMM]-
CLO-6: |Design the components of DC and AC machines 318075 HIHIH| H |L]|- - (Ll -l-]-]-IMML
9 9 9 9 9

Duration (hour)

SLO-1 ;\rlaror o onsrderatlorjs, Desrgn factors and Output Equation of DC machine KVA output for single transformers LSRR tion OFee phase nduction Output equation of synchronous machine
S-1 imitations in machine design motor o ' — —
o . . o : - o b ' ’ ain dimensions and pole constructions
SLO-2 | Limitations in machine design Classification of magnetic materials KVA output for three phase transformers | Main dimensions of induction motor in synchronous machine
SLO-1 l;'lectn Cal. Engineering Materials Choice of Specific Electric Loading Window space factor Choice of Specific Electric Loading Chorqe of Specific Electric and Magneic
52 /ntrodrrctlon . . Loading
SLO-2 f/fgst?)"gtgzg ineering Mateaalg Choice of Specific Magnetic Loading Core area factor Choice of Specific Magnetic Loading Influence of runaway speed
SLO-1 | Magnetic Circuits Calculations Problems with main dimensions Qesrgn Rmblem of core HEISEEEE Problems with main dimensions Problems in main dimensions including
53 srng(e phase transformer : ' runaway speed - . .
SLO-2 | Problems under MMF Calculation Problems with specific loading Desrgn pibbieins offwindgy dimpnsion fof Problems with specific loading Problems in main dimensions including
single phase transformer pole constructions
SLO-1 | Carter’s Coefficient and net length of iron | Selection of number of poles Design of core and winding Influence of Length of air gap Short Gircuit Ratlo (SCR) and Effect of
S-4 SCR on machine performance
SLO-2 | Problems under net length of Iron Design problems including pole design Design problems in core and winding Design problems including air gap length | Estimation of length of air gap
SLO-1 | Real and Apparent flux densities Armature Design procedure 5/;8(;% of three phase transformer ;e;lg;ggrotor slots of squirrel cage Problems in MMF
S-5 :
SLO2 Probrgms based on real and apparent flux Problems in designing of armature Pror)lems on three phase transformer Desrgn procedure of rotor bars, slots and Problems in SCR and air gap length
densities design end ring
S-6 | SLO-1 Z-grr:j;t)r irztrt;re gradients in cores and Design of Commutator Temperature rise in Transformers Design procedure of slots Armature design in synchronous machine
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SLO-2 | Thermal resistivity of winding Design of brushes Transformer Tank design Procedure Design procedure of end ring Problems in armature design
. ) . . Transformer Cooling tube design . . . . .
SLO-1 | Problems in temperature gradients Problems in designing of commutator placLmE Design problems in squirrel cage rotor Procedure for Estimation of air gap length
S-7 3 :
SLO-2 | Problems in thermal resistivity Problems in designing of brushes ;;ig;f;rgver Coolingltube CoSIgE Design procedure for wound rotor Problems in air gap length
. I . : ; | z Computer Aided Design of three phase
SLO-1 Indian Standard Specification for ComputgrA/deq Design of DC machines Compute( Aided Design of transformer- induction motor — Main dimension, stator | Overall design of stator
conductor, transformer — Main dimensions Core design desi 3 :
58 esign, sqw(rel cage 'rotor design
International Electro- Technical Computer Aided Design of DC machines | Computer Aided Design of transformer- Qgrputer AdggiPlonigg of three phass ,
SLO-2 - L o ) induction motor —squirrel cage rotor Overall design of rotor
commission Publications 34-1, 34-2 —number of poles winding design design
SLO-1 Computer Aided Design introduction and CAD — Armature design CAD — Tank design Design prgctlces with software tools for CAD - Stator design
uses stator design
9 SL0-2 Different approaches in Computer Aided CAD - Field desian CAD - Coolindiund deail Design practices with software tools for CAD — Rotor desian
Design g 9 9 rotor design 9
_ 1. Sawhney, AK, A Course in Electrical Machine Design, Dhanpat Rai & Sons, New Delhi, 1984, 3. Sen,‘S.K., Principles of Electrical Mach/ne Designs with Computer Programmes, Oxford and IBH
Learning : 4 L . . - Publishing Co. Pvt. Ltd., New Delhi, 1987.
R 2. Deshpande, M. V.,Design and Testing of Electrical Machine Design, Wheeler Publications, ¥ 4 3 . ; . .
esources 2010 4. https:/focw.mit.edu/courses/electrical-engineering-and-computer-science/6-685-electric-machines-
fall-2013/
Learning Assessment
Continuous Learning Assessment (50% weightage) ) L o
Bloom’s Level of Thinking CLA=1(10%) CLA- 2 (15%) CLA - 3 (15%) CLA= 4 (10%)# Final Examination (50% weightage)
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 40% - 30% . 30% - 30% - 30% -
Understand
Level 2 Apply 0% ] 0% - 40% - 40% ; 40% -
Analyze
Level 3 Evaluate 20% : 0% : 0% : 30% : 30% :
Create
Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper efc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1.Mr. A.Kannan, Seshasayee paper and board limited akannan@sbppapers.com

1. Dr.Chandramohan, CEG, Anna University. ¢_dramo@annauniv.edu

1. Dr. C. Subramani, SRMIST

2. Mr.Muralikrishna, National Instruments, emkkrishnan@gmail.com

2. Dr. A. Venkadesan, NIT Puducherry, venkadesan@nitpy.ac.in

2. Dr. Arun Noyal Doss, SRMIST
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Course Code | 18EEE306T | Course Name SPECIAL ELECTRICAL MACHINES Course Category | E Professional Elective S A
Pre-requisite Courses Nil | Co-requisite Courses [Nl Progressive Courses INil
Course Offering Department Electrical and Electronics Engineering Data Book / Codes/Standards | Nil
Course Learning Rationale (CLR): [ The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Acquire knowledge on Stepper motor and its characteristics | 2|3 112 4 |56 7 [ 8]9[10][11[12[13|14]15
CLR-2:  |Understand the concepts of switched reluctance motor and its control. el € = . o
CLR-3: |Gain knowledge on Permanent magnet DC and BLDC Motors 8| Tl 2 s g §
CLR-4: |Analyze the working principle , operation and control of permanent magnet synchronous motor a § 5 % Sl S S| o
; : : P, o 2| E 3|2l 8|c S| e £ £ <
CLR-5: |Gain knowledge on the basics of various application based motors £18|¢ GRS R L5 3s O'-'e-s c
CLR-6: |Understand the overall concepts of various special electrical machines £ 2 =z ol 212 é 5|3 |EZ S Rl = §
oo S| < o Lo |2 oS GE) % = g §’ [=2)
R Q| E L O o€ & S| 3| =S | S| | N |
1818 S22 6523 8|8 |E®|8|8|IE|BIS | ]
Course Learning Outcomes (CLO):  |At the end of this course, learners will be able to: 2l gl g 28/ 8|23/ 8|8/ 28 =552 33 83
|l |l wl o | 0|l<x| =S| n|(un|w|E | o|la|T|la|a|a
CLO-1:  |Analyze the working and control of Stepper moor 3175|75 HIM| - - -] - - -l -1-|l-]1-|H|H]|-
CLO-2: |lllustrate the operation and characteristics of SRM 2 |75|75 H| -] - - - - - - -] -] - L|L]| -
CLO-3: |Interpret knowledge on PMDC and BLDC motors for real time applications. 2 75|75 H|-|- - - - -l - -lL|L-
CLO-4: |Evaluate the performance of PMSM 3175|75 H - - M| - - -l -1-|l-]1-|H|H]|-
CLO-5: |Understand the characteristics of application based motors 2 75|75 H|-|- - -] - - -l - - - L|L]| -
CLO-6: |Summarize the characteristics of various special electrical machines. 2 75|75 HIM]| - - M| - - -l -l -l - IMIM]|-
Duration (hour) 9 9 9 9 9
SLO-1 | Introduction to Stepper motor Imngrt%iuctlon " /"c/jpd PollEzn o Construction of PMDC motor Construction, and types of PMSM Construction of repulsion motors
S-1 - : .
SLO-2 g’,&x;gg t;eclzctance motor-CorEtigion- Elementary operation of SRM Principle of Working PMDC motor Operation of PMSM Working and types of repulsion motors
S0 SLO-1 gg;%’ s Stack-Modes of Excitatelsiigie Machine topology Moving Coil motors EMF equation of PMSM Torque equation of repulsion motor
SLO-2 | Half Step On mode Operation of Linear SRM Printed coil motors Torque equation of PMSM Phasor diagram of repulsion motor
SLO-1 | Multi Stack Motor-Construction Non Linear Analysis of SRM Shell type motor Voltage equation of PMSM Characteristics of repulsion motor
S3 SLO-2 | Modes of Excitation Torque Production -SRM gsngLESS ~Ulasgiicaioni Phasor diagram Applications of repulsion motor
.| Hybrid stepper Motor-construction- i Construction and operation of BLDC Performance Characteristics Universal motor-construction and
SLO-1 working Voltage and torgle eqyafipnof SRAN MOTOR Characteristics of PMSM operation
S-4 Types of Stepper motors-single phase ;e a—
SLO-2 | stepper motor-Disc magnet type-Claw %’%’;ﬂer ELLut ForoRNEWith Biflar Equivalent Circuit And Torque Equation | Control of PMSM-Vector control Speed control of universal motor
tooth stepper motor 9
SLO-1 | Torque Equation Of stepper Motor Split Link Circuit -SRM Zirg)rrmance Characteristics of BLDC Self control of PMSM Linear induction motor — construction
S-5 T— . .
SLO-2 Wmdmgs n gtep per motor-Unipolar and C- Dump Circuit-SRM BRUSHLESS ~Classiicationiefett e Microprocessor based control of PMSM | Equivalent Circuit of LIM
Bipolar winding motor
S-6 | SLO-1 | Static Characteristics of stepper Motor Converter topology - N + 1, (N +1) diodes AC%)]s_gt/?ctlon A O e Sensorless control of PMSM Characteristics of LIM
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, L Control Of SRM -Rotor Position Sensor- A5 °’?"° germation 1 g0 with . .
SLO-2 | Dynamic Characteristics of stepper Motor Ontical Position magnetic arc and 120° with square wave | POWER controllers - PMSM Control of Linear Induction Motor
p phase currents -star connection
Electronic commutation -180° with square - ;
SLO-1 | Open loop Control of Stepper motors Hall Effect Sensing wave phase currents and 120° with Opetation Of. PMSA{ using DC-AC Linear Reluctance motor- Construction
; ; Converter with 120° Mode
S-7 magnetic arc -Delta connection
. Operation of PMSM using DC-AC Linear Reluctance motor — working
SLO-2 | Closed loop Control of Stepper motors Current Regulators-Hysteresis Control of BLDC motor Converter with 180° Mode Principle
58 SLO-1 %ﬁ;orp rocessor —based control of stepper Voltage -~PWM type regulators %:)cg)rp IEaastbased controf of BEDC Modelling of PMSM Using simulaton tool | Linear Reluctance motor Applications
SLO-2 | Problem Solving- torque- stepper motor | Microprocessor Based Control Of SRM Comparison-Conventional and BLDC Problem Solving - torque-PMSM Ac Servo motors
SLO-1 ,Ijvrgtl; I;am Solving- step angle-stepper Advantages of SRM over other machines | Sensor -less Control of BLDC Motors Problem Solving - speed- PMSM Construction and Working
S-9 —
SLO-2 | Applications of Stepper Motors Applications of SRM motors Applications of BLDC Motors Applications of PMSM Zgrrgg;j{:) ied characteristics of
1. T.J.E. Miller, Permanent Magnet and Reluctance Motor Drives, Clarendon Press, Oxford. 4. P.P. Acarnley, Stepping Motors — A Guide to Motor Theory and Practice’, Peter Perengrinus London, 4 edition
Learnin 2. T. Kenjo, Stepping Motors and Their Microprocessor Controls, Clarendon Press London, 2001.
Resourges 5. D.P.Kothari and I.J.Nagrath, Electric machines, Tata Mc Graw hill publishing company, New Delhi, Third Edition,
3. RKrishnan, Switched Reluctance Motor Drives — Modeling, Simulation, Analysis, Design and 2004.

Application, CRC Press, New York, 2005.

6.  https.//www.coursera.org/learn/motors-circuits-design

Learning Assessment

Continuous Learning Assessment (50% weightage) Final Examination (50% weightage)
Bloom’s Level of Thinking CLA -1 (10%) CLA -2 (15%) CLA -3 (15%) CLA -4 (10%)# o weightag
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 40% - 30% L 30% ' 30% . 30% :
Understand
Level 2 ApPly 40% . 40% ! 40% . 40% . 40% .
Analyze
Level 3 EX:;‘:?‘* 20 % : 30% i 30% p 30% - 30% -
Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1. Mr. M.Jayakumar,Danfoss, Industries Pvt Ltd.,Jaya.kumar@danfoss.com T

Dr Bindu G R, Government College of Engineering, Kerala, bgr100@gmail.com

1. Ms. S.Vijayalakshmi, SRMIST

2. Mr. A.Kannan, Seshasayee paper and board limited akannan@sbppapers.com | 2.

Dr.Booma.N,Jerusalem College of Engineering, Chennai, booma_nagarajan@yahoo.com

2. Dr.ArunNoyal Doss, SRMIST
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Course Code

18EEE401T | Course Name

SOLID STATE DRIVES

Course Category E

Professional Elective

Pre-requisite Courses

18EEC302J

| Co-requisite Courses |Nil

Progressive Courses [Nl

Course Offering Department

Electrical and Electronics Engineering

Data Book / Codes/Standards

Nil

Course Learning Rationale (CLR): [ The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1:  |Understand the basics of electric drives 1123 1123 4 |[5]6] 7 |8]9]10/11]12][13]14[15
CLR-2: |Explain the working of converter/ chopper fed DC drives A s X o
CLR-3: |Design controllers for closed loop operation of DC motor drive 8 °; < =) s 5 I
CLR-4: |Acquire knowledge on operation and performance of induction motor drives Qe é = | A= S . i s >
CLR-5: |Enumerate the different control strategies of synchronous motor drive g o £ xg 2|35 B3| 3|5 5 IS
CLR-6: |Expose the students to various power converters associated with DC and AC drives £ 6—C_’ Z | 8 g é S 8 = ; ‘§ - §
Hlo|lo £ < S| 55 = oS GE) % < | S §m [=2)
5183 815|888l e|lzl5E|l, 32|57 |
_— = _ D | > = @© =
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: 218 g S 8|g|E 3 3 § S5|l2/ 2 5|l 2 21218
— | wl o ol = | n|un|w| S ojla|T|a|a|a
CLO-1:  |Enrich the basics of electric drives, multi-quadrant operation 2|75|75 HIM| M| - - |- - -l -l -l MIM] -
CLO-2: |Study and analyze the operation of four quadrant chopper / rectifier and solve simple problems 3|75|75 HIM{M| M [M|- - -l - -] - MIM| -
CLO-3: |Model closed loop DC motor drive and design the current and speed controllers 317575 HIMIM| M |- - Sl -l -l - MM -
CLO-4: |Analyze the power electronic converter used for the speed control of induction motor drives 3|75|75 HIM{M| M |M|- - -l- -l - MM -
CLO-5: |Analyze the various control schemes for the speed control of synchronous motor drives 317575 HIM{M| M |M|- - - -l -l - IMIM] -
CLO-6: |Analyse the operation of DC and AC drives 3|75|75 HIMM| M |[M|- - -l- -l - MM -
Duration (hour) 9 9 9 9 9
ElectricDrives: Classification, Review of emf, torque and speed . Review of induction motor torque-speed |  Review of synchronous motor torque-
-1 SLO-1 advantages equations clossteap Confrol. ol characteristic speed characteristic
SLO-2 | Components of electric drive Rejiw,of tqrque—sp fiod cpractegsticy Sep 9 {7 oot Equivalent circuit of Induction motor Control of synchronous motor
of DC machine function
SLO-1 | Thermal loading Conventional speed control techniques ggdjl(lng CIQSed I SIEEE EeiiTal Convent'/onal ipgad control techniguies- Separate control of Synchronous motor
S0 . rive using armature voltage control | Stator side control
SLO-2 Ther'mal model of motor for heatiigiand Armature and field side control gt Of drpglenp Szt Rotor side control Self-control of synchronous motor
cooling control of DC drive
i Modelling closed loop speed control with | Inverter control techniques: three-phase
SLO-1 | Classesofdutycycle DC chopper control strategy inner current controller(P) PWM generation V/f control of synchronous motor
§3 Determinationofmotor rating — Constant and variable frequency control | Block diagram of closed loop speed
SLO-2 . . . . A Sinusoidal modulation VSl fed synchronous motor drive
Continuous and intermittent duty strategies control with inner current controller(P)
Simple problems on power rating 5 - ;
SLO-1 | estimation with Continuous and 822%/6(: fiig;nmfotoggggg e controf ;\:ﬁgregggei:?izg tlr%(/)f; r‘?gzed Confpbwith Introduction to vector control Definition of marginal angle
S-4 intermittent duty e P
SLO2 Determinationofmotor rating — short time |  Chopper fed dc motqr for speed control- | Block dlagram of closed loop speed Vector control of Induction motor drives Marginal angle control
duty four quadrant operation control with inner current controller(Pl)
SLO-1 peterm/nat/onofmofor rating - Harmonics and ripple in motor current Model(mg c/osed joopis eeq el Conventional space vector modulation. Power factor control
S5 intermittent periodic c_iuty ' DC dr/vg with load torque disturbance
SLO-2 Frequgany of operation subjected to Effect on motor performance S AT O.f cloged Qe SVPWM for three phase VSI Block diagram for power factor control
intermittent loads control of DC drive with load torque
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disturbance
SLO-1 quuathns governing motor load Single phase fqll converter fed Modelling DC series motor Introduction to FPGA Recap of single and three phase
56 lynamics _ ' ‘ separately excited QC motor ' cycloconverters
SLO-2 Stgady state stability at various operating Steady stato analy e Filiedics Block diagram of DC series motor PWM pulse generation using FPGA Cycloconverter fed synchronous motor
points on Speed —Torque curve continuous conduction
SLO-1 | Multi-quadrant Operation Singlo phiesg f".'” gaerier fod System response with filters g ‘/nduct'/on motor: constant Comparison of VSl and CSl fed drives
separately excited DC motor V/f control of induction motor
ST Real time example for four quadrant Steady state analysis of the drive- Steady-state performance analysis
SLO-2 . p q el YSIS 0 Phase locked loop control y P nce analy CSlfed synchronous motor
operation discontinuous conduction based on equivalent circui.
Three phase full converter fed separately Impact of rotor rgsifstance " 5P e.ed
SLO-1 | Components of Load Torques ; 5 Design of speed controller torque characteristics — rotor resistance | Permanent magnet synchronous motor
$8 excited DC motor drive ol
SLO-2 Nature and Classification 04030 Steady stateanaly /3 oSl Simple problems Derivation for equivalent resistance Closed loop control of PMSM
Torques continuous conduction.
SLO-1 | Need for closed loop control Z){roductlon 10 5o - Design of current controller Slip power S/mu/at/orj O.f induction motor
S9 i Si FeTEBR = | e osion (s SoarS SRl TFAC
i i ) . ] lip power recovery schemes - Kramer's | Introduction to software simulation o
SLO-2 | Closed loop speed control of drives Chopper based simulation Simple problems drive,Seherbius drive drives.
1. G.K. Dubey, Fundamentals of Electrical Drives, CRC Press, 2 edition, 2015 5. G.K. Dubey, Power Semiconductor Controlled Drives, Prentice Hall, 1989.
Learning 2. lon Boldea, S.ANasar, Electric Drives, Third edition, CRC Press 2016. 6. W. Leonhard, Control of Electric Drives, Springer Science & Business Media, 2001.
Resources 3. R. Krishnan, Electric Motor Drives: Modeling, Analysis and Control, Prentice Hall,2001 7. P.C.Sen, Thyristor DC Drives,A Wiley-Interscience Publication
4. S.K.Pillai, Analysis Of Thyristor Power-Conditioned Motors, Universities press,2005 8. https://nptel.ac.in/courses/108104011/
Learning Assessment
Continuous Learning Assessment (50% weightage) . - o
Bloom's Level of Thinking CLA -1 (10%) CLA -2 (15%) CLA- 3 (15%) CLA—4 (10%)# Final Examination (50% weightage)
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 emember 0% : 0% : 0% : 0% : 30% :
Understand
level2 PRV 0% - 0% : 40% : 0% : 40% .
Analyze
Level 3 Evaluate 20% . 30% - 30% . 30% - 30% -
Create
Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1. Dr.S.Paramasivam, Danfoss, Industries Pvt Ltd.,paramsathya@yahoo.com

1. Dr.R.Subha,, Sir MVIT, Bangalore, subha.mvit@gmail.com

1. Ms.D.Anitha, SRMIST

2. Mr. A.Kannan, Seshasayee paper and board limited akannan@sbppapers.com (machines)

2. Dr. A. Venkadesan, NIT Puducherry, venkadesan@nitpy.ac.in

2. Dr.K.Mohanraj, SRMIST
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Course Code

18EEE402T Course Name

MODELLING AND ANALYSIS OF ELECTRICAL

MACHINES

Course Category E

Professional Elective

Pre-requisite Courses

18EEC204J, 18EEC205J

Co-requisite Courses |Nil

Progressive Courses |Nil

Course Offering Department

Electrical & Electronics Engineering

Data Book / Codes/Standards

Nil

Course Learning Rationale (CLR): [The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |lllustrate the reference frame theory w23 1982 4 |5 7 819 ]10/11]12[1314[15
CLR-2: |Formulate the concept of modelling of DC machines 2= ;s o
CLR-3: |Understand the theoretical model of synchronous machine SWolE k=] s ';6 8
CLR-4: |Derive the mathematical model of poly phase induction machines a § é % " E| . % ® p Sl o
CLR-5: |Explain the generalized theory model of a single phase induction machine g S = XS g § 5 | S S les 3| s O“:-s S
CLR-6: |Derive the mathematical model of DC and AC machines £ £ =z o 2|3 3 |5/3e& = Bl = §
= 2zoS 8 3|es |2E 2
-S| o = oS B | E® ® S| =| o
5 2 @ Q| £ NI SR S|S|Z|E|~|N|»
= S 2 525 5 8|S 8 2EIB|3|L Al
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: 2lglg 2828|238/ 8|22 =3 5|23 33
i wlo AOl<d| =S |hlunlw|E/o|la |TFla|a|a
CLO-1: |Outline the basics of rotating reference frame- synchronously and arbitrarily rotating reference frame transformation il 5" | VS HIH]| - - - - - R
CLO-2: |Interpret the modelling of DC machines for dynamic and steady state operation 2|75|75 HIHIHI M |M|-| - |-|-]-]-|-|M|H]|-
CLO-3: |Construct the mathematical modelling of three phase synchronous machine 3175|75 HIHIH| M |H|-| - -l -] -|IM|H]| -
CLO-4: |Inspect the mathematical model of poly phase induction machine for electrical simulation studies 3175|75 HIH|IH| M |H| - - -l -l -]l-1-|M[H]|-
CLO-5: |Apply the generalized theory concept for the modelling of single phase induction machine 3175|75 HIH|H| M |H| - - -l - -] M| H| -
CLO-6: |Develop a mathematical model of different types of DC and AC machines 317575 HIH|H| M |H| - - -l -l -]1-1-|M|H]| -
Duration (hour) s 9 9 9 9
S SLO-1 | Theory of transformation Introduction to DC machine %zf,jﬁon to Three. gige SrichiB LS Three phase induction machine- Types Development of generalized theory
SLO-2 | Different reference frames Back EMF equation RMF, MMF waveform MMF waveform The general machine representation
32 SLO-1 | Various sign conventions Speed, torque equations Winding model Equivalent circuit Sign Conventions
SLO-2 | Reference frame transformations Terminal voltage equations Modelling assumptions Winding model Voltage equations of a general machine
SLO-1 Illustrafton of how a transformation can DC machine types Sign convention Modeling assumptions Flux //‘nkage equations of a general
$3 result in constant inductances machine
SLO-2 | Concept of stationary reference frame Bep Qrately ek c:tgd, Self-gxtied: Stator‘ voliage equaloN N Sign convention Torque equation of a general machine
Equivalent circuits coordinates
SLO-1 Il(ust(at/oq of transformation of stationary Speed - torque characteristics Rotor.voltage equations in abc Stator‘ voltage equations in abc lllustration of appl/cat/on of generalized
circuit variables coordinates coordinates theory-DC machine model
S-4 ) . , W Rotor voltage equations in abc .
| Concept of synchronously rotating - . Stator flux linkage equations in abc ' s . DC machine model-voltage and flux
SLO-2 reference frame Electromechanical model of DC machine coordinates ggzg;gigeﬁ; ;rz:iuctlon machine: torque linkage equations
SLO-1 Concept of arbitrarily rotating reference | State equations of armature current and Rotor.ﬂux linkage equations in abc Stator_ flux linkage equations in abc DC machine model-Torque equation
frame speed of DC motor coordinates coordinates
S5 Transformation: stationary circuit Rotor flux linkage equations in abc Existing theories for explanation of single
SLO-2 . - v State-space model of DC machines Stator self-inductance calculation . g¢ q phase Induction motor operation,
variables to arbitrary reference frame coordinates B
revolving field theory
S-6 | SLO-1 | lllustration of transformation of stationary | Transfer function model of DC machines | Stator to rotor Mutual-inductance Stator self-inductance calculation MMF and Flux waves, Torque
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Delhi, 2018.

3. P. S. Bimbhra, Generalized theory of Electrical Machines, Khanna Publishers, Sixth Edition, 1995.

Technology, 1974.
7. https://nptel.ac.in/courses/108106023/

circuit variables-Resistive elements calculation components
lllustration of transformation of stationary . Rotor to Stator Mutual-inductance Stator to rotor and Rotor to Stator, Application of generalized theory to
SLO-2 | T . Steady state response of DC machines . : . ; . )
circuit variables-Inductive elements calculation Mutual-inductance calculation single-phase induction motor
SLO-1 Il(ust(at/oq of transformgflon of stationary Dynamic characteristics of DC machines | Rotor self —inductance calculation Rotor self —inductance calculation }/o/tag.e equathns of single-phase
circuit variables-Capacitive elements induction machine
S Transformations between reference The affeciEiSeaciiiarSimultaneous Flux linkage equations single-phase
SLO-2 change in input voltage and load torque of| Park’s transformation Reference frame transformation . Tage eq gie-p
frames x and y DOlme induction motor
Transformation of a balanced set to an Calculation of efficiency and starting Voltage equations in dqo reference frame | Voltage equations in arbitrary reference | Torque equation of single-phase induction
SLO-1 o . ! ] 7 -
$8 arbitrarily rotating reference frame (ARF) | torque of DC separately excited machine. | (Park’s equations) frame motor
SLO2 Numerical example of transformation to | Calculation of speed of DC machine from | Flux linkage equations in (dqo ) rotor Flux linkage equations arbitrary reference | Equivalent circuit of single phase
arbitrary reference frame steady state equations reference frame frame, induction machine
Transformation to a synchronously Calculation oMmaturali i T Synchronous machine torque equations | Induction machine: torque equations in Numerical example to illustrate steady-
SLO-1 | rotating reference frame (SRF), Balanced forauerat DC separaifl ex%ite dmachihe in abc and dq variables , Steady state reference frame variable, Steady state state computation of single phase
S9 steady-state phasor relationships q P y equations in dq variables equations in dq variables induction machine
SLO-2 | Summary - various reference frames Compufer s:mulatlon of DC mgchme Steady Statfa anglys:s qf Synchronous Compqter §Imulgtlon of induction motor Valldqtlon of smglg phage lndyct/on
dynamics using transfer function machine using simulation software dynamics in arbitrary reference frame machine model using simulation software
, , - : . R. Krishnan, Electric Motor Drives: Modelling, Analysis and Control, Prentice Hall of India, 2002.
1. PaulC. Krause,. Oleg .V'Vasy zczuk, ScottD. Stuahofl, Analysis of Electric Machinery and Drive Systems, 5. Ned Mohan. Advanced electric drives: analysis, control, and modeling using MATLAB/Simulink, John
. IEEE Press, Third Edition, 2013. : y
Learning R. Ramanujam, Modeling & Analysis of electrical machines.’lk International Publishing House, New wio&ispns, 2014
Resources ’ ’ ; J 6. Bernard Adkins, The General Theory of Electrical Machines, Imperial College of Science and

Learning Assessment

Continuous Learning Assessment (50% weightage) Final Examination (50% weightage)
Bloom’s Level of Thinking CLA-1(10%) CLA-2(15%) CLA -3 (15%) CLA -4 (10%)# o weightag
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 40% - 30% - 30% - 30% - 30% -
Understand
Apply o P 9 9 9
Level 2 Analyze 40 % - 40 % - 40 % - 40 % - 40% -
Level 3 Evaluate 20% - 30% . 30% - 30% - 30% -
Create
Total 100 % 100 % 100 % 100 % 100 %
# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,
Course Designers
Experts from Industry Experts from Higher Technical Institutions Internal Experts
1. Dr. Sharon Ravichandran, ABB Ltd., Chennai, sharonravi87@gmail.com |1. Prof. K.Shanthi Swarup, IITM, Chennai, ksswarup@iitm.ac.in 1. Mr. D. Maharajan, SRMIST
2. Dr.V.P.Boopathi, Powersys., Chennai, Boopathivp@gmail.com 2. Prof. R.P.Kumudini Devi, Anna University, kumudini@annauniv.ac.in | 2. Dr. M. Arun Noyal Doss. SRMIST
| Course Code | 18EEE403T | Course Name | HYBRID ELECTRIC VEHICLES | CourseCategory | E | Professional Elective [L]T[P]C]
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l l

(3 f0lo[3]

Pre-requisite Courses Nil | Co-requisite Courses [Nl Progressive Courses |Nil
Course Offering Department Electrical & Electronics Engineering Data Book / Codes/Standards  |Nil
Course Learning Rationale (CLR): | The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Classify the various types of EVs and the power flow involved 11213 11213 4 |56 7 [8]9]10[11]12]13[1415
CLR-2: |Explain and analyze the storage and battery technologies in EVs Elels - o
CLR-3: |Discuss and design the various power electronic (PE) topologies involved in EVs 8 °; < = s S 8
CLR-4: |Analyze the machines and its drives for the propulsion of EVs @l 29 g i;’ 3 S = S| o
X ; : P o|.2| E 3le| &l o @ £ £ S
CLR-5: |Explain the emerging technologies in EVs S " Safc cleiso |32 |s 8 s5/% €
. ; ; S 7] — |5 = | = ©
CLR-6: |Create an EV with new and advanced PE topologies and storage systems E 09_ E = g 318 3|3 = = < 8lgl 2
oo = S| g5 F || ER T|E|=S| o
B8 85|88 sl=|s=< S 25| 5|5
: ; ; o 8|8 2228 s 3|28 B|EIB 3 AlSL
Course Learning Outcomes (CLO): |At the end of this course, learers will be able to: Slslge 2838 28 8|8z =352 33 3
S 1a g ula|lo|l<d|=S | p|udh|li|E|O0|a|S|a|a|a
CLO-1: |Infer knowledge about the basics of power flow in electric vehicles 2|75|75 Hig| L = 0= - - -l -l -]1-1-]1-|H]-
CLO-2: |Understand and model a battery energy storage system for EV 2|75|75 HILIM| M |M|- - -l -l -]l-]l-IMH|L
CLO-3: | Acquire knowledge and develop the various PE converters involved in EV BHNT5 M8 HIMIM| M M| - - L|-|-]-|M|H|-
CLO-4: |Analyze the various machines and drives involved in EVs 317575 HIM[L| L [M|- - -IM{-]-]-|M|H]| -
CLO-5: |Design and describe the future enhancement in EV's 3175|75 HIMM|{ M M|L| L |-|M -]|- HIH|L
CLO-6: |Develop an EV with batteries, new PE topologies and drives el 76 [il5 HIMIM{ M M L] L |-|M|-]-]-|HIH|L
9 9 9 9 9

Duration (hour)

SLO-1 Introduction to Electric Vehicles Introduction to Energy Storage system Introduct/ont & ?harglng _and " Introduction to starting system g\t/roductlon to the emerging trends in
S History of electric vehicl d hybrid Battery Requi ts for HEVs, PHEV. S SO S °
! istory of electric vehicles and hybri attery Requirements for HEVs, s, = r . ) . . .
SLO-2 electric vehicles andEVs, Principles of charging system Requirements of a starting system Electric Vehicle Supply Equipments
Social and environmental importance of . L L ] Lo .
o SLO-1 hybrid and electric vehicles Types of batteries Alternators and charging circuits Principles of starting system Smart vehicles in smart grid
SLO-2 Key . challenges of hybrid anglRleciE Battery characterization Diagnosing charging system faults Vanou; d(/ve o fof B Smart vehicles in smart grid
vehicles transmission of EV
. Working principle and construction of K DC/DC chopp er_b ased two, f aur . . .
SLO-1 Basics of EV 4 Rectifiers/Inverters for HEV quadrant operations of DC drives - Vehicle-to-grid technologies
lead-acid battery ) 4
53 Configuration
Working princidle ahd Sonskiictiahof Battery chargers: High frequency DC/DC chopper based two, four
SLO-2 Basics of HEV, PHEV {orting prncip transformer based bidirectional DC-DC | ' quadrant operations of DC drives - Vehicle-to-grid technologies
nickel cadmium battery
converter Control
A . Inverter based V/f Operation (motoring . . .
SLO-1 Concept of EV Wor Kingieanaid le' and construction of Isolated bidirectional DC-DC converter | and braking) of induction motor drive Veh/gle-tq-gr/d technologies:
nickel metal hydride battery ] ) Unidirectional
system - Configuration
S-4 : :
Working principle and construction of iigngitoased V¥ Operation (motoring Vehicle-to-grid technologies:
SLO-2 | Configurations of EV T Half bridge DC-DC converter and braking) of induction motor drive S '
lithium ion battery Bidirectional
system - Control
S5 | SLOA Concept of Series HEV Diagnosing battery faults. Full bridge DC-DC converter Permanent mqgnet motqr basgd vector Charging Station Selection (CSS) server
control operation — Configuration
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§ ) ) . Basic battery modeling: Static and Four quadrant operation of DC-DC Permanent magnet motor based vector | Need of Charging Station Selection
SL0-2 Configurations of Series HEV dynamic electric circuit model converter control operation —Control (CSS) server
SLO-1 Concept of Parallel HEV Battery charging control Flyback converter SRM drives — Configuration Smart grid technologies
S-6 Configurations of Parallel HEV . Cell balancing converters: Active and SRM drives —~Converter and modes of Smart grid technologies: Applications
SLO-2 . ) Battery charging control . ; . )
(Mechanical Coupling) Passive balancing methods operation and Benefits
Configurations of Parallel HEV (Torque UltracalgerogSiumatical and
SLO-1 . asymmetrical — Introduction and Wireless Charging —Inductive Charging | Types of starters for motors in EV Smart meter
Coupling) ;
S-7 Operation
SLO-2 ggzz%s; 7“0”3 of Parallel HEV (Speed Ultra-capacitor modeling g’)g;;z fliaing=Conductive Diagnosing starter faults Smart meter: Purpose and benefits
SLO-1 Power train components Operation of flywheel and fuel cell Advanced charging system technology | Advanced starting system technology Smart charger
S8 SLO-2 Vehicle mode/ ;)}f;ggon of Mygratlic ongiE New developments in charging systems | New developments in starting systems Smart charger: Purpose and benefits
. . g ; ’ . Simulation and implementation of PE Technical talk on any new emerging
. SLO-1 EV power train component sizing Simulation of battery model Simulation of any PE converter for EV B - ortor fasnives for EVS trend in EVs
SLO-2 EV power train component sizing Simulation of ultra-capacitor mode/ Simulation of any PE converter for EV R 2fiort and b lementaloniciieE Tec””.’ca’ talk on any new emerging
converter fed drives for EVs trend in EV's
1. M. Ehsani, Y. GAO, and A. Emadi, Modern Electric, Hybrid Electric, and Fuel Cell Vehicles: B o ) ; . . o L
Fundamentals, Theory, and Design, Second Edition, CRC Press, ISBN: 978-1-4200-5398-2, Aug. 4. Chns Mi, M AbulMasryr, DaV{d WenzhongGao, Hybrid Electric Vehicles Principles and Applications
) with Practical Perspectives, Wiley Publication, 2011.
Learning 2009. 5. Tom Denton, Automobile Electrical and Electronic Systems, Elsevier, Butterworth — Heinemann, Third
Resources 2. IgbalHussain, Electric & Hybrid Vehicles — Design Fundamentals, Second Edition, CRC Press, 2011. |~ i 1 ’ ’ ’
i 3 ( ; 3 : Edition, 2004
3. Sheldon S. Williamson, Energy Management Strategies for Electric and Plug-in Hybrid Electric 6. hitosy/notel.ac.in/courses/108103009/
Vehicles, Springer, 2013. i RS REES:

Learning Assessment
Continuous Learning Assessment (50% weightage) . — o
Bloom's Level of Thinking CLA -1 (10%) CLA -2 (15%) CLA- 3 (15%) CLA -4 (10%)# Final Examination (50% weightage)
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 40% - 30% . 30% 30% - 30% -
Understand
Level 2 ﬁpp'y 40% . 40% ) 40% 40% - 40% -
nalyze
Level 3 Evaluate 20% : 30% - 30% 30% - 30% -
Create
Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1. Dr. S.Archana, Valeo Pvt Ltd, archana.arc19@gmail.com

1. Dr.G.Uma, CEG, uma@annauniv.edu

1.Dr. U. Sowmmiya, SRMIST

2. Mr. Kopaka Chaitanya, Valeo Pvt Ltd, chaithu.239@gmail.com

2.Dr.S.Hosimin Thilagar, CEG, shthilagar@gmail.com

2.Dr. A.Rathinam, SRMIST
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Course Code 18EEE307T | Course Name SOLAR PHOTOVOLTAIC SYSTEM Course Category E Professional Elective 370013
Pre-requisite Courses Nil | Co-requisite Courses [Nil Progressive Courses Nil
Course Offering Department Electrical and Electronics Engineering | Data Book / Codes/Standards Nil
Course Learning Rationale (CLR): [ The purpose of learning this course s to: Learning Program Learning Outcomes (PLO)
CLR-1: |Learn the fundamental principle and fabrication of PV cell 11213 11213 4 |56 7 [8]9][10[11]12]13][14[15
CLR-2: |Study about PV characteristics and MPPT algorithms E|lE|E b o ~
CLR-3: |Utilize the various components and installation of standalone PV system Sif = §’ 5 ’55 §
CLR-4: |Study about the PV integration with utility grid Zi5|e AW S R = Sl
CLR-5: |Know net metering and applications of Photovoltaic systems = 2| £ é 2|35 |45 3| s|L|E
- i c| 2| = S| 3B i | S|9%| s
CLR-6: |Model a solar photovoltaic system =l x| & o |88 S|o|5E =8| g8
Elolo €% x| s5/F|=|ES 5|t =2 >
Sl L Q| E L O =] S| E & S| S| S| S|~ |m™
o8 8 £/252835 82882 EZBSglsld
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: glglg 2 8(g|2g 8|8/ 22|35 clel3 3 3
— 0| wlalaldd S|l E|ola|I|laa | a
CLO-1: |Understand the basics of PV energy conversion and cell fabrication 2180|75 HIM|M| - -l - M- -]-]-]-|HIM-
CLO-2: |Acquire knowledge about PV module and MPPT techniques 3180|75 HIM{M| - [M|-| M|-]- - M M| -
CLO-3: |Design stand-alone PV system 3180|75 HIM{M| M |-|-|H HIM|M
CLO-4: |Analyze grid connected PV system 318075 HIMM| M |-|-] - |- -l -] -|H|IH]| -
CLO-5: |Develop a PV system for various applications 3180|75 HIM{M| M |-]|- - -l -l -l -l -|HIM]-
CLO-6: |Design a photovoltaic on grid and off grid system 3180|75 HIMM M M|-|{M|HIMM|-]-|HIMIM
Duration (hour) 9 9 9 9 9
SLO-1 | Global energy scenario I-V,PV characteristics of a PV Classification of PV systems Grid Interactive PV System. Need for Metering, Types of metering
S-1 . , r Central Power Station System , o A P
SLO-2 | Indian energy scenario Modelling of PV Distributed PV System Principle components in Grid =PV system | Concepts in Grid Tie systems
SLO-1 | Historical development of PV ngng’;i:g’qgg ;” Gt Raal Stand alone PV System Classification of Grid Tie Inverters Net metering and its importance
$2 : ; Components of standalone PV connected | Working Central inverter, String Inverter,
SLO-2 | Photovoltaic cell technologies Datasheet study, Cell efficiency . . " | Net metering benefits, policies
system Micro Inverter.
SLO-1 ‘BaSI(‘:S GGGy B SUEIRSE EL 01 Effect of irradiation and temperature Charge controllers ElidreOnnled single phigso BUfinverter PV potential and facilities in rural areas
s3 lrrad/aqce, So_la( cons_tanf schemes s '
SLO-2 Insolgtlop varlgtlon with “"?e qf B 520 Shading impacts ,Fill factor Batteries Grid-connected PV control Electrifying rural and remote areas using
centric viewpoint and declination PV
SLO-1 | Solar geometry Solar PV Module and its parameters Inverter control topologies [y cijprocesgiigpeligies based on Introduction to hybrid PV system
S4 ' single string, multi-string
SLO-2 | Description of the solar spectrum Specifications of Solar PV Module nggé%ogs dcgl;lzlectlon LS AC module technologies Smart grid
SLO-1 Sun posttlop, sun path diagrams, solar Parallel aqd series connections. .ldent/cal Energy storage alternatives for PV Sizing the inverter Case studies on Solar PV Power Plant
and clock times cells Non-identical cells connection systems.
55 Solar radiation measurements, resource | Protecting cells in series and parallel, Storag " bat{eries, Iead-acid,' nickel- . - -
SLO-2 ’ . ’ cadmium, nickel-metal-hydride and PV system sizing, efficiency Survey on existing solar PV system
of solar data. Interconnecting modules =4 .
lithium type batteries.
S-6 | SLO-1 | Photovoltaic effect - Principle of direct Estimation and Measurement of PV Small storage systems employing ultra Transformer less inverter topologies for | Design and Development of PV vehicle
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solar energy conversion into electricity in | Module Power capacitors, charging and discharging grid connected PV applications charging system
a solar cell system. properties
SLO-2 Semiconductor properties semiconductor | Selection of PV Module, Interfacing PV | Modeling of batteries load estimation, Centralized grid-connected three-phase | PV powered lighting, Solar Lantern, LED
physics modules to loads battery sizing inverters for large PV installations for building etc
SLO-1 Solar cell - p-n Junction, Solar cell- basic PV cell simulation Design and Installation of a standalone Deglgn (e/ateq issues; grounding, dc P\( water pumping, DC and AC pump
s7 structure PV system arcing, islanding drive
SLO2 Solar cell materials ,its properties and Simulation of PV cells in series and Mechanical Considerations for PV Harmonic content, reactive power, wiring | PV applications in aircraft, power
construction parallel. installation issues, electro-magnetic interference satellites.
SLO-1 Types qf solz?r gells :‘c'rystalllne, multi- Maximum power point concept Trouble shooting of Standalone Solar PV Interf'acmgIWIth the power grid economic Soc:o-economlc and environmental
crystalline, thin film silicon solar cells, etc System considerations impacts of PV system
58 Commercial Si solar cels, recent Power conditioning and maximum power Energy yield of grid connected PV
SLO-2 g:;lxelopment in materials used for solar point tracking Maintenance of Solar PV System installdlibrk Cost and investment PV in portable devices
L : ’ . i ; Modeling of stand-alone and grid- Impact of high PV penetration in power
SLO-1 | Solar cells fabrication MPPT basic Algorithms overview Safety in installation of Solar PV System connected PV systems systom
S-9 . T . Codes and standards Related to PV ; p 3
SLO-2 Zgﬁﬁ;ﬁ ’7::/‘/6(1 solar cel Heeaen %Zi[;’g ng?g‘?obggi:: g Systems: National Electric Code(NEC) fggﬁﬂgﬂ gi;/séagi;z;gne g Markets for photovoltaic systems
g polog and IEEE Standard 1547 y
Leamin 1. Chetan Singh Solanki., Solar Photovoltaic: Fundamentals, Technologies and Application, PHI 3. R Messenger, J. Ventre, Photovoltaic Systems Engineering, CRC Press 3rd edition, 2010.
Resourges Learning Pvt,, Ltd., 2nd edition 2011. 4. Sukhatme S.P., Solar Energy, Tata McGraw Hills P Co., 3rd Edition, 2008.
2. Rai, G.D., Solar Energy Utilization, Khanna Publishers, N. Delhi, 2010. 5. https://nptel.ac.in/courses/117108141/
Learning Assessment
Continuous Learning Assessment (50% weightage) . — I
Bloom’s Level of Thinking CLA -1 (10%) CLA -2 (15%) CLA -3 (15%) CLA—4 (10%)# Final Examination (50% weightage)
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Remember 0 3 h ) 9
Level 1 Understand 40 % - 30 % - 30 % - 30 % - 30% -
Level 2 Apply 0% . 40% i 40% : 0% ! 40% :
Analyze
Level 3 Evaluate 20% - 30% * 30% : 30% - 30% -
Create
Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1. Dr.P.Kanagavel,NIWE,Chennai,pkanagavel.niwe@nic.in

1. P.Thamizhazhagan, University college of Engineering, Panruti,thamizhme@gmail.com 1.

Ms A.Lavanya, SRMIST

2. Mr.Jason Manoraj, L&T Technology Services Limited,Bengaluru, 2.

Karnataka,jasonmanoraj@gmail.com

Dr. Subhransu Sekhar Dash, Government College of Engineering, Keonjhar,
Subhransudash_fee@gcekjr.ac.in

2.

Dr.R.Sridhar, SRMIST

SRM Institute of Science and Technology — Academic Curricula (2018 Regulations) — Control copy

1146




Course Code 18EEE308T | Course Name ENERGY MANAGEMENT SYSTEM AND SCADA Course Category E Professional Elective 370 03
Pre-requisite Courses Nil | Co-requisite Courses [Nil Progressive Courses |Nil
Course Offering Department Electrical and Electronics Engineering | Data Book / Codes/Standards Nil
Course Learning Rationale (CLR): [ The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Impart knowledge on energy management and its planning 11213 11213 4 |56 7 [8[9[10]11]12[13[14/15
CLR-2: |Understand the efficient usage of electric energy for motor driven system Elsss x N
CLR-3: |ldentify the strategies and control of energy management systems 8 °;j o =) s 5] 8
CLR-4: |Expose to the concept of supervisory control and data acquisition ) § é % a ERN % ° i § =3
CLR-5: |Familiarize about Power System Automation and application of SCADA in power systems. = k= gl2/g8|ls |3|5|= 8 s|L|€E
CLR-6: |Understand the concept of Energy management and SCADA £ Dﬁf 2 | 8 g § 3| 3|le2 ; B = §
S 22 DasE L Ll e| =€ S| 2| | S|~ |N|™
. . =188 22| 65|83 5| B|es|8|S|E|GIS| | ]|
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: Slelg 528|823/ 8822|352l 33 3
el R ula|lal<r| =S| vl E/0o|lalS|[a|a | a
CLO-1: |Understand the values, importance, principles and effective utilization of energy 2 75|75 Hl-|- - - - - -l -l -l MM -
CLO-2: |Apply energy efficient schemes for motor under varying loads 21|75|75 HIM]| - - - |- - - - - MIM| -
CLO-3: |Implement the energy management control strategies 2175|75 H| M - - - - - MM -
CLO-4: |Analyze the Functions and features of SCADA 3175|75 Hi-|-] - [-1-1-1-1-[-/l-[-|IMM|-
CLO-5: |Infer the Applications and Standards of SCADA 2|75|75 H|-1|- - - - - L -l -l -IMML
CLO-6: |Apply the knowledge of Energy management and SCADA in Industries 2175|75 HIM| - - - - - Ly -l-]1-1-IMM|L
Duration (hour) 9 9 9 9 9
SLO-1 | Value of Energy Management Power supply of an electrical motor driven | Introduction to Energy management Introduction of SCADA Introduct!on to Power System
system systems(EMS) Automation
S-1 Effects of Unbalanced Voltages on The
SLO-2 | Total Quality Management Performance of Poly-phase Squirrel-Cage | Usage of EMS SCADA Systems Benefits of Power System Automation
Induction Motors
SLO-1 | Energy Management Profession Glosamry o froq Direct Digital Control Evolution of SCADA Funct/ongl structure of Power System
S0 terms Automatlon
SLO-2 | Energy Management skills Design , Load types and torque of motor | Objectives of an EMCS using DDC Objectives of SCADA 2232%326 For Power System
SLO-1 | Principles of Energy Management Power factor of motor i e Benefits of SCADA CIaSSIfIcgtlon of Powgr System )
53 - systems . Automqt/oq- Substation Automation
SLO-2 Some Suggested Principles of Energy Benefits and correction of power factor Advantages of Hardware used in Energy SCADA in Process Control CIaSSIf/cgt/on of Ppwgr System .
Management management systems Automation- Distribution Automation
Introduction to Energy Management Electric motor design to operate at varying| Software used in Energy management Implementation Of Power System
SLO-1 P - Usage of SCADA ; :
S4 Crogram ts of Ci hensive Ei /gatd cor}({ltlorg tric Motor Operati siems Real-Time Monitori d Control usi 7\utcl)matlotn tU smgfiCADAS f
i omponents of Comprehensive Energy | Determining Electric Motor Operating . . | Real-Time Monitoring and Control using | Implementation Of Power System
SL0-2 Management Program Loads Effectiveness of the Software Control Logig SCADA Protection Using SCADA
SLO-1 | Organizational Structure Power meter to measure unit operation Control Strategies Functions of SCADA SCADA Based Model for Automation
55 SLO-2 Energy manager , Team and Selection of Equipment for Poiwer Routines of Control Strategies SCADA Applications SCADA Based Model Digital Protection
Employees Measurement and Surveys
S-6 | SLO-1 | Energy Policy Objectives and Slip measurement of motor Justification of Energy Management SCADA Hardware Introduction to Applications of SCADA
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Accountability Control Systems(EMCSs)
SLO-2 | Energy Policy Reporting and Training | Amperage Readings EMCSs Functions SCADA Hardware Functions SCADA Applications in Power Systems:
s7 SLO-1 | Energy Planning Amperage Readings of Electric motor EMCS opportunity RTU Standards g;g Z(;;esd Benefits of SGADA for Power
SLO-2 | Audit Planning Electric Motor efficiency EMCS for an building Difference between PLC and RTU SCADA for Power Utility Network
SLO-1 | Educational Planning Comparing Motors based on efficiency EMCS Retrofit Features of SCADA Components of SCADA Applications
S8 SLO-2 | Strategic Planning Sensitivity of Load To Motor Rom New Construction EMCS Software of SCADA g’gf‘%lft’on fo IEC 61850 Standard for
g . Motor Performance Management : Protocols of SCADA, DNP (Distributed . . .
oo SLO-1 | Energy Reporting Process(MPMP) System Integration Network Protocol) Intelligent Electronic Devices (IEDs)
SL02 | Energy Ownership How To Start MPMP Specifics of Software Logic Protocols of SCADA, IEQ (Internatlona/ Su'bstatlor.w Automation System (SAS)
Electro Technical Commission) using IED:
Leamin 1. Wayne C. Turner, Steve Doty, Energy Management Hand book, The Fairmont Press, 6th Edition, 2007
Resourges 2. Green, J. N, Wilson, R, Control and Automation of Electric Power Distribution Systems, Taylor and Francis, 2007

3. NPTEL Online Courses, Energy Management Systems and SCADA, IIT Madras. Link : “https.//nptel.ac.in/courses/108106022/12"

Learning Assessm

ent

Continuous Learning Assessment (50% weightage) . — 0
Bloom’s Level of Thinking CLA-1(10%) CLA-2 (15%) CLA- 3 (15%) CLA—4 (10%)# Final Examination (50% weightage)
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 0% - 30% . 30% : 30% s 30% -
Understand
Apply g 0 g o 0
Level 2 Analyze 40 % - 40 % - 40 % - 40 % - 40% -
Level 3 Evaluate 20% L 30% i 30% . 30% i 30% :
Create
Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1. Dr.P.Kanakavel NIWET pkanagavel.niwet@nic.in

1. Dr. S. Arul Daniel, NIT Trichy, daniel@nitt.edu

1. Dr.S.Vidyasagar, SRMIST

2. Mr. Tripathi patro,visam pvt Itd, btp@visom.co.in

2. Dr. P. Somasundaram, CEG, Anna University, mpsomasundaram@annauniv.edu

2. Dr.V.Kalyanasundaram, SRMIST
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Course Code 18EEE309T Course Name DISTRIBUTED ENERGY RESOURCES Course Category E; Professional elective 370 03
Pre-requisite Courses Nil | Co-requisite Courses |Nil Progressive Courses |Nil
Course Offering Department Electrical and Electronics Engineering  |Data Book / Codes/Standards |Nil
Course Learning Rationale (CLR): |The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: | Understand the basic operation of non conventional energy sources 1 11213 4 |5 7 [ 819 [10[11]12]13[14[15
CLR-2: |Gain the knowledge about PV system Tlals
CLR-3: |Acquire the knowledge of wind power Generation 8 E § _OgJu s 5 3
CLR-4:  |Explain the energy production from Biomass and OTEC o 2|5 g = g, % § o
CLR-5: | Describe the working of Battery, Flywheel, Ultra Capacitors, micro-turbines B 2| E 813|lSls |8|5 S| c|i|E
. n n =E 5| ® = 2|5 D= |3 P I S|l | 5
CLR-6: |Acquire the Knowledge of Nonconventional energy sources = | EHEE S| | D sl 23 le2 P28
Sl 2| |2l28 58S\ |2|E|32
5| 2|8 |BI5|El48le|B|EE| 225 B v
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: AR 5 38|g =838 8£8 22 /22229
S0 | bl ad|lol<?|S|Bldap m| 2| S|a|5|d|a|a
CLO-1: |Describe the basic operation of PV,wind,Fuel cell, Micro turbine, Biomass, Tidal power generation 1.175|75 H |- i - - -l M- -] - MIML
CLO-2: |Develop the knowledge of PV collector types and know the technical parameters 205 75 Hi{M| - - -l M- - - MIML
CLO-3: |Distinguish different types of wind turbine and know the technical parameters 2|75|75 H|M - - M - - - M M|L
CLO-4:  |Summarize the functions of Biomass and OTEC 1175]75 Hi-|-| - |-|-|M]|-]1-]-]1-]-IMM|L
CLO-5: |Realize the functions of Battery, Flywheel, Ultra Capacitors, micro-turbines 2|75|75 H|-|- - -l M- - - MIM|L
CLO-6: |Develop the knowledge of the fundamental operation of unconventional energy sources 28,75 | 75 H|{M| - - -l -l M- -] -] - - MIML
Duration (hour) 9 9 9 9 9
SLO-1 g;zgg’/ogbigggep fs of NofiRoRtional Definition, Solar radiation data Energy available from wind Biomass Resources Energy storage, Battery — types
S-1 PNV :
SLO-2 \legzllﬁiggns of Non ConveritielaiiSergy Solar energy conversion in to heat General formula, Lift and drag etc Biofuels Equivalent circuit
SLO-1 Energy nqeds of Indla, and elERY Solar Radiation Measurement Basis of Wind energy conversion Biomass Conversion Routes Performance characteristics
52 consumption patterns \ :
SLO-2 | Worldwide Potentials of these sources. Types of Measurement f:;\’;;f;g;p Gl e Combustion, Gasification Battery design
s3 SLO-1 | Energy efficiency and energy security Flat plate and Concentrating collectors Effect of density, Frequency variances, | Anaerobic Digestion Charging and charge regulators
SLO-2 | Energy and its environmental impacts Principle of natural and forced convection| Angle of attack, Wind speed Pyrolysis Battery management
SLO-1 | Technical impact of Distributed generation | Energy Storage of PV system Choice of generators Cogeneration Flywheel-energy relations
S4 SLO-2 Econom/ cal impact of Distributed Cass s.tUd’e.S QfS0lay thgrmal SEeteg Turbine rating, electrical load matching | Biogas plants Components of Flywheel
generation for residential water heating
SLO-1 Concep t of distr ’b.”ted generations, Industrial heating Variable speed operation Energy recovery from Urban waste Benefits over battery
S5 topologies, selection of sources
SLO-2 | Regulatory standards/ framework Solar power generation Maximum power operation Energy recovery from liquid waste Introduction to Ultra Capacitors
$6 SLO-1 | Definition of Distributed Generation ?;’Li?ﬁ é ofMEyReRegRaint Control systems, system design features, | Types of Biomass plant Working Principle of Ultra Capacitors
SLO-2 | Classification of Distributed Generation Types of MPPT Windmill rotors, Horizontal axis Performance analysis of Biomass Testing of Ultra capacitor
S-7 | SLO-1 | DG installation classes DC Power Conditioning Converters Vertical axis rotors Testing Biomass systems Applications
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SLO-2 | Security issues in DG implementations. Types of converter Induction type generators, Thermal applications Fuel Cells - Principle of Operation
Distributed Generation Impact on - ; X h . L
. SLO-1 Coordlinated Relay Protection AC Power Conditioning —Inverters Working principle of wind power plant Power generation Performance characteristics
SLO-2 | Classification of NCES, Solar, Wind, Types of inverter Determination of torque coefficient ngrr;;g lt?:n(;f tidal and wave power Applications
SLO-1 sGoeereesrmal’ Biomass, Ocean energy Testing of PV systems Standalone connected operations Open cycle OTEC Micro-turbines- Principle -of Operation
S-9 . .
SLO-2 | Comparison of these energy sources Type of testing of PV system Grid connected operations Closed cycle OTEC ,;\\/’ciigraort;g:-;g;seand Disadvantages of
4. D.P.Kothari, Renewable Energy Sources and Emerging Technologies, PHI Learning Private Limited, 4th
Learnin 1. Rai, G.D.,Non Conventional sources of Energy, Khanna Publishers ,5th Edition, 2016. Edition 2011.
Resourges 2. Rao. S. & Pamlekar Dr.B.B. Energy Technology , Khanna Publishers, 3rd Edition, 2016 5. Bansal NK, Kleeman and Meliss M, Renewable energy sources and conversion Techniques, Tata Mc
3. Khan. B.H, Non-Conventional Energy Resources, The McGraw Hills, Second edition, 2016. Graw Hill, 1990.
6. https://www.toppr.com/quides/physics/sources-of-energy/non-conventional-sources-of-energy/

Learning Assessment

Continuous Learning Assessment (50% weightage) Final Examination (50% weightage)
Bloom'’s Level of Thinking CLA-1(10%) CLA -2 (15%) CLA -3 (15%) CLA -4 (10%)# o weightag
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 40% . 30% : 30% . 30% : 30% :
Understand
Level 2 Apply 40% > 40% - 40% s 40% s 40% -
Analyze
Level 3 Evaluate 20% . 30% . 30% : 30% - 30% -
Create
Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry Experts from Higher Technical Institutions Internal Experts
1. Dr. Bhaskarsahu, Schneider Electric Ltd, Bhaskar.sahu@schneider-electric.com 1.Dr. K. S. Swarup, lITM, ksswarup@iitm.ac.isn 1.Dr.D.Sattianadan, SRMIST
2. Dr.P.Kanakavel, NIWET,pkanagavel.niwet@nic.in 2. Dr. R.Ramesh, CEG, rramesh@annauniv.edu 2.Dr.K.Vijayakumar, SRMIST
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Course Code 18EEE404T Course Name DISTRIBUTED GENERATION AND MICRO GRID Course Category E Professional elective 370 03
Pre-requisite Courses Nil | Co-requisite Courses |Nil Progressive Courses |Nil
Course Offering Department Electrical and Electronics Engineering | Data Book / Codes/Standards Nil
Course Leamning Rationale (CLR): |The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Understand the basic operation of non-conventional energy sources 11213 11213 4 |56 7 [8[9[10]11]12[13[14]15
CLR-2: |Gain knowledge of IEEE rules applied for distributed generation ElEle - - ~
CLR-3: |Discuss the concept of microgrid 8l= 3 g S ’55 8
CLR-4: |Acquire the knowledge on the control algorithms of microgrid % % 2 = o = % © c gl
CLR-5: |Examine the behavior of microgrid under Faulty condition £ 82|< é 2|85 |55 3| s|L|E
. : - - =| S| & 3|8 = =]
CLR-6: |Acquire the Knowledge of Micro grid =& | 2|88 8|0 |5 E | 8|58
Elolg S|z s5 ks 8 5|t =2 >
2|2 Bl E c|dgls|=s<c S 25|55
) ) ; 5| 8|3 E2 o223 88|28 8 2 E|I8S|AlL]L
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: % IS =3 2 8/g|l2sg/8/glzels|3|5|cle 33 3
— |l w o | Al =S| n|jun|w| £E/Oo|la|I|la|a | a
CLO-1: |Summarize the basic operation of PV, Wind, Fuel cell, Micro turbine, Biomass, Tidal power generation 1175|75 HIM|{M| - -|l-|H|-]-]-]-]-IM|M|H
CLO-2: |Interpret the standards required for distributed Generation 1175|175 H|-]- - -|-| H|H|-]|- -IM|M|H
CLO-3: |Describe Islanding process and Distributed Generation impact on Coordinated Relay Protection 2 75|75 HIM|M| - - M| - - MIM| M
CLO-4: |Apply the knowledge on the control concept and interface devices 2175|75 H| -] - - - |- - -l -l -l - - MM -
CLO-5: |Analyze protection schemes adopted to the microgrid 317575 HIM{M| L |-]- - - -l- - IMIM] -
CLO-6: |Develop the knowledge of fundamental operation of Micro grid 3175|75 HIMM| L |-|-|]H M|-]-]-]-|M|M|H
Duration (hour) 9 9 9 9 9
SLO-1 Cccl)nventlonal power generaigly Concept of distributed generations Concept and definition of microgrid Typ iGal §tructure S figuraleiOl Modelling of Microgrid
S Z vantaggs ancli\l d/sadvant?gesI — —— microgrid
! nergy crises, Nonconventional energy opologies, selection of sources, . 3 | .
SLO-2 (NCE) resources requlatory standards/ framework Microgrid drivers and benefits AC and DC microgrids Concept of per unit
32 SLO-1 | Review of Solar PV Classification of Distributed Generation Review of sources of microgrids Control techniques applied to micrgrid DC Microgrid
SLO-2 | Solar Radiation Measurement DG installation classes P-f and Q-V control Concept of Space Vector Modulation AC Microgrid
IEEE 1547 — Standard for Interconnecting ISLANDING - Sianificance of Islandin
SLO-1 | Introduction to Wind Energy systems Distributed Resources with Electric Power S cion 9 9 Concept of synchronizing Technical issues of Micro grid
S-3 Systems
SLO-2 f::"/(;rcs(;(’;p onents of wind energy Purpose and Limitations Effects of Islanding Phenomena Synchronizing methods Power loss and Voltage raise
SLO-1 | Types of wind energy collectors IEEE 1547.1 standard Conformance Test gﬁggﬁ, Detection Techniques- ACtive | £panced interface Devices ;rgéicnon scheme for gric-connected
S-4 ; -
SLO-2 ?g;ijﬁ ; of Maximum Power Point Purpose and Limitations Passive Detection Dynamic Voltage Restorer Thermal issues
SLO-1 | Introduction to fuel cell /CI):_EE 1.547'4 ~ Guide fqr Design, Optimal Power Sharing Constant Voltage Transformers Power quality issues in microgrids
S5 peration and Integration . - . .
SLO-2 | Fuel Cells - Principle of Operation Purpose and Limitations Aé’ggggrg’m Muttplo Distrbuted Noise Filters Solution methods
S-6 | SLO-1 | Introduction to Micro turbines IEEE 1.54.7'8 Recommended pragliccye] Optimal sizing and Sitting of DG Isolation Transformers Stability issues in micro grid
Establishing methods and Procedures
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SLO-2 | Micro-turbines- Principle of Operation Purpose and Limitations Peak Shaving Potential of a Microgrid Static VAR Compensators Solution methods
37 SLO-1 | Biomass- Biomass Resources, Biofuels | Energy storage elements - Batteries Operating modes of DG- Grid connected | Harmonic Filters Economic impact of DG
SLO-2 | Biomass Conversion Technologies Principle of operation Operating modes of autonomous mode Microgrid Operation Strategies Barriers to DG Development
SLO-1 | Energy recovery from Urban waste Ultra-capacitors Concept of reverse power flow MicroGrids and Traditional Power Configuration of SCADA
S-8 - o . Distributed Generation Impact on .
SLO-2 | Energy recovery from liquid waste Principle of operation Coordinated Relay Protection System Economics Energy Management System
SLO-1 Pr:nc:plgs of tidal and wave power Flywheels Adaptive relaying Case Studlies : Microgrid Economics Active distribution networks Distributed
59 %enerat/o7s0TEC — - . - o control system (DCS)
i pen cycle and closed cycle + ' =— conomic Issues Between MicroGrids . )
SLO-2 OTEC Principle of operation Fault Limiters and the Bulk Power Systems Impact of EV on micro grid
1. Amlme')serYezdanl, and Rega I(avanl, Voltage SOL{rce Conyert?rs indPoWer Systars: 4. J.F. Manwell, Wind Energy Explained, theory design and applications, J.G. McGowan Wiley publication, 2002.
) Modeling, Control and Applications, IEEE John Wiley Publications,2009. : .
Learning DorinNeacsu, Power Switching Converters: Medium and High Power, CRC Press, Taylor & 5. D.D. Hall and R. P. Grover, Biomass Regenerable Energy, John Wiley, New York, 1987.
Resources ; j ’ : 6. S.Chowdhury, S.P. Chowdhury, Microgrids and Active Distribution Networks, IET renewable energy series 6
7.

Francis, 2006.

3. Chetan Singh Solanki, Solar Photo Voltaics, PHI learning Pvt. Ltd., New Delhi,2009.

https://www.powermag.com/the-smart-grid-and-distributed-generation-better-together/

Learning Assessment

Continuous Learning Assessment (50% weightage) Final Examination (50% weightage)
Bloom’s Level of Thinking CLA -1 (10%) CLA -2 (15%) CLA -3 (15%) CLA -4 (10%)# o weightag
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice

Level 1 Romorber 40% i 30% . 30% ; 30% : 30% .

Apply p I 9 o 9 E g ) 9 ;
Level 2 Analyze 40 % 40 % 40% 40 % 40%
Level 3 Evaluate 20% . 30% - 30% " 30% : 30% .

Create

Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1. Dr. Bhaskarsahu, Schneider Electric Ltd, Bhaskar.sahu@schneider-electric.com

1. Dr.S.Senthilkumar, NIT Trichy, skumar@pnitt.edu

1.Dr.D.Sattianadan, SRMIST

2. Dr.P.Kanakavel, NIWET,pkanagavel.niwet@nic.in

2. Dr. B. K. Panigrahi, IIT Delhi, bkpanigrahi@ee.iitd.ac.in

2.Dr.K.Vijayakumar, SRMIST
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Course Code

18EEE405T | Course Name

POWER ELECTRONICS IN RENEWABLE ENERGY

SYSTEM

Course Category E

Professional Elective

Pre-requisite Courses

Nil

| Co-requisite Courses

Nil

Progressive Courses |Nil

Course Offering Department

Electrical and Electronics Engineering

Data Book / Codes/Standards

Nil

Course Learning Rationale (CLR): | The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Educate the students on contemporary development in renewable energy studies 11213 11213 4 |56 7 | 8/9[10]11][12]13[14[15
CLR-2: |Design and analyze the power converters for PV applications g S S © - = ©
CLR-3: |Understand the significance of the power converters for wind energy conversion system 2 g = -% é N § o
CLR-4: |Create insights into the concept of fuel energy system and its power conditioning system ol &8 2ol 8| 2| o IS 2l 2
CLR-5: |Enrich the concept of hybrid renewable energy systems and multiport converters £ % £ I 5| 2| - § 5|5 s
CLR-6: |Create overall structure for integrating renewable electricity on the grid =|a|ZE =, § a8 3|3 5= |83
=N S| E|® | sS|C|T|ES T|E|I=| o
L2 e B cls =l €|l > €< S| 2|5 S| ||
. ; ; o 83 32288828 8|2 E33dd S
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: z| 2= 2 o 8|28 8|8|z2|E|5|5|cle|lanlola
— || wlo Nl | = | wlun|lw|E oo |TF|la|a|a
CLO-1: |Acquire knowledge on renewable energy sources and their characteristics 218075 HIM| M| - -l - M- HIM] -
CLO-2: |Select and design the components of a power converter for PV system 3180|75 HIMM| - [M|-|M|-|-]1-1-1-IMM|-
CLO-3: |Propose an appropriate power converter for wind energy conversion system 318075 HIM|{M| - | M M -l -l -|H|M|-
CLO-4: |Choose a suitable converter topology for fuel cell-based energy system 3180|75 HIM| M| - -l -l M |- -1-]-]-|H|H]|-
CLO-5: |Analyze various hybrid energy system for various applications 3180|75 H|{-]|- - -l - M- HIM]-
CLO-6: |Design the building blocks of the renewable energy conversion system 3180|75 HIM M| - [M|-|M|-|-]1-]1-]1-1HIM|-
Duration (hour) 9 9 9 9 9
Present scenario of renewable energy ! Components of a wind energy conversion | Basic overview of fuel cell currently under .
o SLO-1 sources in India Photovoltaic system components systom development Need for Hybrid Systems
SLO-2 Solar, wind, ocean, Biomass, Fuel cell Factor influencing output Site selection consideration App I iGatins aqd markets- Portalic and Types of Hybrid system
and geothermal resources. stationary application
Factors influencing the amount of GHG . ) Fuel cell design levels: The unit cell, the L .
SLO-1 emission Types of PV system Wind generators-Introduction stack, and the system wind-diesel hybrid system
S-2 Impacts of renewable energy generation | Stand-alone PV system and grid Types of fuel cell and its comparative
SLO-2 pacts v V g Classification of wind generators yp s PV-Diesel hybrid system
on environment connected PV system study
SLO-1 gz;"fe‘; g,'z,';'p le of photovoltaic Energy PV and IV characteristics Power output performance characteristics | Chemical reaction in various fuel cell PV-hydro hybrid system
S-3 . : ;
SLO-2 | PV materials Modeling of PV system g’/‘;‘tj:g)ng #f windengroy gonversion g;g;ﬁ g?ents UifuclSlE R iolytes and Biomass-PV-diesel hybrid system
Issues associated with the tapping of Factors to be considered for the selection Themednamoanieicirochomical Economic, technical and sustainability
SLO-1 solar enern pping of inverter and batteries for solar energy | Matrix converters inci Iesy of hvdroaen fuel cell issues involved in the integration of hybrid
S-4 % conversion princip yarog renewable energy systems
SLO-2 | Limitations of solar power Sizing the solar arrays Limitations in the operation of matrix High temperature fuel cell Current status of solar-wind hybrid
converter. renewable energy system
SLO-1 | Wind resource assessment Batteries for solar panel Synchronized operation with grid supply | Fuel cell power system Hybrid system characteristics
55 SLO-2 W/nd_ energy pattern for a particular Various aspects of battery sizing Harmonic distortion MPPT techniques for fuel cell Various power quality issues hybrid
location renewable power system
S-6 | SLO-1 | Basic principle of wind energy DC power conditioning converters Standards used for grid integration- Grid | Design consideration of power Merits of Hybrid RES over the isolated
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conversion connection requirement of renewable electronics converters for fuel cell system| RES
power system.
Disturbances from power conditioning . - .
SLO-2 | Power in wind —Betz limit AC Power conditioning converters devices on the power grid- Power quality | Power conversion and control strategies tcr::glf/:;us\gtse% wind-PV maximum power
issues
SLO-1 | Net metering concept Basic non-isolated converters Problems in grid integrated WECS Issyssl;:sqm ffeteal power conditioning Multi-port DC-DC converter
S-7 3 = o -
SLO-2 | Repowering concept Isolated dc-dc converters (g O).r Wind povor pelistgation iy FuslCeliy e fogdiioning for electric Flux additive dc-dc converter
power grid power applications
i 3 Design and optimization of renewable High gain dc-dc converters for fuel cell .
SLO-1 | Hydrogen energy system Converter dynamics and control onergy system sl electric vehicle Hybrid controller
S8 Hydrogen energy to generate electric L Simulation software for distributed Operating principles of high gain dc-dc ) .
SLO-2 Bidirectional inverter system . Major features of hybrid system.
power generation power system converter
. o g } L Simulation of Sizing, and analysis of . Merits and demerits of various renewable
. SLO-1 | Working principle of fuel cell Simulation of PV and IV characteristics WECS Reliability study on fuel cell energy technologies
SLO-2 | Fuel cell characteristics Slmulatlon‘of Sizing, and analysis of Simulation of power electronic converters Recent research in fuel cell technology Appllcatlop of various renewable energy
photovoltaic systems. for WECS technologies.
3. Fuchs, Ewald F., Masoum, Mohammad A.S, Power Conversion of Renewable Energy Systems, 978-1-4419-7978-0,
Learning 1. Rashid .M. H, Power Electronics Hand book, Academic press, Second edition, 2006. springer, 2011.S.N.Singh, Electric power generation, transmission and distribution, 2 ed., PHI, 2011
Resources 2. Gray, L. Johnson, Wind energy system, prentice hall linc, 1995 4. Erickson, Robert W., Maksimovic, Dragan Fundamental of Power electronics, springer, 2001.
5. https://Inptel.ac.in/courses/108108034/
Learning Assessment
Continuous Learning Assessment (50% weightage) . — I
Bloom’s Level of Thinking CLA =1 (10%) CLA -2 (15%) CLA -3 (15%) CLA—4 (10%)# Final Examination (50% weightage)
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Remember : ] 0 - o
Level 1 Understand 40 % - 30 % - 30 % - 30 % - 30% -
Level 2 Apply 0% . 40% - 40% : 0% 4 40% :
Analyze
Level 3 Evaluate 20% - 30% : 30% - 30% . 30% -
Create
Total 100 % 100 % 100 % 100 % 100 %
# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,
Course Designers
Experts from Industry Experts from Higher Technical Institutions Internal Experts
1 g;;g’:‘fjiﬁégﬁgﬁnal Director, R & D, NIWE, Govemment of fndia, 1.Dr. Subhransu Sekhar Dash, Government College of Engineering, Keonjhar, Subhransudash_fee@gcekjr.ac.in | 1. Dr.J.Divya Navamani, SRMIST.
2 Mr.Jason M"”’.’O Raj, ‘Consultant, L& T Technical services, Bangalore 2.Dr.P.Thamizhagan, EEE department,University college of Engineering, Panruti, thamizhme@gmail.com 2.Dr.R.Sridhar, SRMIST
Jjasonmanoraj@gmail.com

| Course Code

| 18EEE406T | Course Name |

WIND AND SOLAR ENERGY SYSTEM

| CourseCategory | E |

Professional Elective

[ L[T[P[C]
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\ {

(3 f0lo[3]

Pre-requisite Courses

Nil

| Co-requisite Courses

Nil

Progressive Courses |Nil

Course Offering Department

Electrical and Electronics Engineering

Data Book / Codes/Standards

Nil

Course Learning Rationale (CLR): [The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Learn about PV technology and it principles 11213 11213 4 |56 7 [8]9][10[11]12|13[14[15
CLR-2:  |Enrich the solar energy concepts B L by o
CLR-3: |Understand the various techniques involved in solar energy SN = = §’ S ;5 §
CLR-4: | Gain knowledge in Wind Energy technology Sigis ol | 2o c gl o
CLR-5: |Acquire knowledge in various design of wind energy S % £ ;«3 2 S % L3 § 5|5 g
CLR-6: |Apply the concepts of solar and wind power in industrial applications S x| E o 288 8|8 |E ) | 8|g|l 2
S8 |§|El=|s8|2|2|E8 |3|5|2|®?
S22 8 §5lc|B8 el=5< S 25|85
. i h 5| 3|3 E2 558 5|8 €88 2|EIB 3 LAlalL
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: 3| S £ 2 8|2/ 23/ 8/823=5 522333
| 0| wlo ol = njun|lw| /oo |TF(a[a|a
CLO-1:  |Explain the principle of solar energy 218075 HiIM|L| - -l -l L -1 -1-]-]-|HIM -
CLO-2: |Design the Solar PhotoVoltaic and shadow analysis 318075 HIM L] - -l -l L -1 -1-]-]-|HIM|-
CLO-3: |Analyze various solar application 3180|75 HIM|L - - L -l -l -l -|H|M|-
CLO-4: |Classify the various wind generators and their control techniques 318075 HiM|L| - -l -l L -] -]-]-]-|HIM|-
CLO-5: |Explain the various types of wind generators 318075 HiM|L| - -l -1 L |- - - HI M
CLO-6: |Apply knowledge of solar and wind energy systems for various applications 318075 HiM|L]| - -l -l L -] -]1-]-]-|HIM -
Duration (hour) 9 9 9 9 9
SLO-1 | Solar radiation Solar cell- module-array Battery storage autonomy Wind resources nature Characteristics of WECS
§ SLO-2 | Beam and diffuse radiation Electrical characteristics of the solar cell | State of Charge (SOC) Occurrence of wind Power in the wind ﬁ;ggls)/e of operation and analysis of
SLO-1 | Solar constant, earth Equivalent circuit Depth of Discharge(DOD) Wind characteristics Types of generators: IG, PMSG, SCIG
S-2 Modeling of solar cells including the o ; )
SLO-2 | Sunangles offects of temperature Types of battery Principles of wind energy conversions DFIG
Irradiation and series/shunt resistances Components of wind energy conversions
SLO-1 | Attenuation of solar radiation . N Types of mechanical tracking system (WECS) Aerodynamics of wind Grid Connected WECS
$3 on the open-circuit voltage B
- Irradliation and series/shunt resistances e ’ ,
SLO-2 | Measurement of solar radiation on the shortBiveliit cultent. Significance of MPPT Wind data Grid connectors concepts
SLO-1 | Local solar time, derived solar angles IV characteristics of solar cell Types of MPPT :fgc‘:/igcyAWI PatequaRoped, trust Wind farm and its accessories
S-4 -
SLO-2 ?:ﬂ;?r ssunset and day length. Flat plate Shadow effects Mitigation techniques of shadow analysis | Rotor selection Systems forfeeding into the grid
S5 SLO-1 | Declination angle Bypass diodes Street lighting Rotor design considerations :g{;ﬁf;’ogn Generators for direct grid
SLO-2 | Solar window, cosine law Hot spot problem in a PV module Solar distillation Tip speed ratio Challenges in Grid connected wind power
$6 SLO-1 | Calculation of angle of incidence Safe operating area Solar air heaters, types Number of blades, blade profile ?;g gggggnousgenerators in static
SLO-2 | Seasonal variations, daily variation Temperature effects of solar PV module | Active solar heaters Power regulation Power evacuation issues
S-7 | SLO-1 | Hour Angle Types of solar panels Passive solar heaters Yaw control, pitch angle control Synchronous generators
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SLO-2 | Latitude angle Issues in the stand alone solar system Solar pond Stall control Grid related problems
58 SLO-1 | Longitude angle Types of losses in solar panel. Water pumping Schemes for maximum power extraction. | Wind generatorcontrolling techniques
SLO-2 | Zenith angle Solar Photovoltaic power plant. Domestic lighting Site Selection Issues in hybrid of solar and wind power
SLO-1 | Concentrating collectors. Net metering concept Grid connected PV systems Environmental aspects Different schemes
$9 SLO-2 | Advantages and disadvantages of solar gae;;ggl:?;:é EdtpmeRsira Challenges in Grid connected solar PV Solidity AC voltage controllers
1. Rai,G.D.,Non-Conventional sources of Energy, 5th Edition, Khanna Publishers , 2016 g TMhZZJa,%/,\?CkS;?:;m‘%xZZ g‘;‘,’ﬁrp'z.,feorwsersfg;fmcsééogfezvsﬂ%ggson& L. 2000
Learning 2. Khan. B.H, Non-Conventional Energy Resources, 2nd Edition, The McGraw Hills, , 2016 ; ’ . ¥ N AN ",
Resources 3. Rai, G.D.,Non-Conventional sources of Energy, 5th Edition, Khanna Publishers , 2016. e, o, “offer l.:_l Fajonics Handeeouiézademic Pross, Segond . .
) P . ’ Y "y : 8. Bansal N K, Kleeman and Meliss, “enewable energy sources and conversion Techniques, Tata McGraw hill, 1990.
4. Khan. B.H, Non-Conventional Energy Resources, 2nd Edition, The McGraw Hills, 2016. o . .
9. https:/fonlinecourses-archive.nptel.ac.in/
Learning Assessment
Continuous Learning Assessment (50% weightage) . — o
Bloom's Level of Thinking CLA-1(10%) CLA-2 (15%) CLA-3 (15%) CLA-4 (10%)# Final Examination (0% weightage)
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 40% : 0% 4 30% : 0% : 30% :
Understand
Level 2 Apply 40% [ 0% ; 40% : 0% : 40% :
Analyze
Level 3 Evaluate 20% : 30% : 30% 3 30% - 30% -
Create
Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1. Mr.Manjunath rao, Alstrom,manjunath.rao1103@gmail.com

1. Dr.S.Senthilkumar, NIT Trichy, skumar@pnitt.edu

1. Dr. K.Saravanan, SRMIST

2. Mr.Srinath rao, Alstrom,sreenathr.rao@alstrom.com

2. Dr. S. Ramareddy, Jerusalem College of Engineering, srr.victory@gmail.com

2. Dr.R.Sridhar, SRMIST

SRM Institute of Science and Technology — Academic Curricula (2018 Regulations) — Control copy
1156




Course Code 18EEE310T | Course Name ENERGY CONSERVATION AND AUDITING Course Category E Professional Elective lé -(l)- g g
Pre-requisite Courses Nil | Co-requisite Courses [Nl Progressive Courses _|Nil
Course Offering Department Electrical and Electronics Engineering Data Book / Codes/Standards
Course Learning Rationale (CLR): | The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Understand the current energy scenario and energy conservation. 11213 11213 4 |56 7 [8]9[10[11]12]13/14[15
CLR-2: |Familiarize the basics of energy and its forms B - ok -
CLR-3: |Qutline the concepts of energy management and audit 8 E = §’ & g §
CLR-4: |Discuss the methods of improving energy efficiency in different electrical machines % 5|2 =| o % % % o = gl
CLR-5: |Describe the methods of improving energy efficiency in different industrial systems = ..g = xg 2ls % L15 |« > S| 5lw E
CLR-6: |Obtaining wide knowledge about energy management procedures in industrial system L% = ;é’ S8 3|3 s = | 8|el 3
SIBIB| |8le|®|gE|C|2|EE |B|5(2|2 <ol
s 8|8 |2/2/8/285 82882 EESglsld
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: slelg > 88/ 28 8|3|z22/=|5/ 85 22223
| wl o o</ S |nuwun|/w| /0o |Tla|a | a
CLO-1: |Relate the energy scenario and energy conservation 218075 H{M| - - - |- - |\H] -] -]l-]-/l-|-|H
CLO-2: |Explain about various energies and its conversions 3180|75 Hi{M| - - - |- - -l - -] - MIM| -
CLO-3: |Implement the procedure for energy audit 318075 HIH|-| - - |- Sl - MM -
CLO-4: |Assess the energy efficiency in electrical components 3180|75 H|H - -|-|H Hi-|-]-]-|HIMH
CLO-5: |Assess the energy efficiency in industrial system 3180|75 HIH| M| - - |- - - -|H|-|H|M]| -
CLO-6: |Apply energy saving concepts in electrical system 3180|75 HIH| M| - -|-|/M |H|-|-|H|-|HIMH
Duration (hour) 9 9 9 9 9
Introduction to energy policy, synopsis of
S-1 SLO-1 | Energy Classifications Forms of energy Energy management National energy policies in India, EC Act | Air condition and refrigeration
2001.
SLO-2 | Primary energy consumption Energy conversion, Grades Energy audit - types 1SO-50001, PDCA, PAT scheme Diesel Generator
52 SLO-1 | Indian energy scenario Electrical energy Conservation opportunities EggL&Psr(t)ztfaan%/ciop ment SEEBEESIG Energy Efficiency in Building
SLO-2 | World energy scenario Electrical energy conversion Conservation opportunities Ujala & SEEP Programs Energy Efficiency in Building
SLO-1 | Energy needs Electricity Tariff — M.D., Energy costs, bench marking Municipal & Agriculture DSM Initiatives Savings opportunities in HYAC
S-3 - . ’ Standards and Labelling Programme
SLO-2 | Energy pricing Electrical Tariff T.0.D., P.F Energy performance EEC initiatives in OthergSectgrs Fans and blowers
S4 SLO-1 | Energy sector reforms Electrical Tariff — two-part tariff and others| System efficiencies Energy tariffs Conservation opportunities
SLO-2 | Green house, climate change Numerical Examples on electrical basics | Energy substitution Energy Instrument Pumps - CASE STUDY
S5 SLO-1 | Future effects Numerical Examples on electrical tariff | Audit instruments Energy Instrument Control strategies
SLO-2 | Energy security Thermal energy- temperature, pressure | Facility as an energy system Measurement of harmonics Conservation opportunities
SLO-1 | Energy conservation Heat transfer Preparing process flow Harmonics Analyzer Cooling Tower -performance
6 SLO-2 | Material and energy balance Latent heat, super heat Energy efficiency in electrical system fowgr gual:ty analyzer, Therml Efficient system operation
magining camera, Thermocouple
SLO-1 | Energy balance calculations Humidity Electric motor, compressor, pump. Hot wire anemometer, Energy meter. Efficient system operation
S-7 sL02 | R . Conduction / convection / radiation / Power factor improvement, Load Combustion analyzer, Airflow meter, Validation of energy saving using
- estructuring energy sector ) ) L
evaporation management. Ultrasonic leak detector application software
S-8 | SLO-1 | Energy strategy Units and conversion — pressure, power, | Numerical Examples on power factor Occupancy sensors, Energy saving opportunities
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SLO-2 | Air pollution Units and conversion - energy units Numerical Examples on power factor Energy efficient lighting controls Energy saving opportunities
SLO-1 | Energy conservation act Numerical example on energies Numerical examples on harmonics Energy saving potential of technology Assessment of cooling towers
S-9 . : . ; Case study on energy saving .
SLO-2 | Extracted features of the act Numerical example on energies Numerical examples on harmonics technologies Assessment of cooling towers
1. Guide books for National Certification Examination for Energy Manager / Energy Auditors Book-1, General Aspects | 3. S. C. Tripathy, Utilization of Electrical Energy and Conservation, McGraw Hill, 1991.
Learning (www.aipnpc.org/GuideBooks.aspx) 4. Success stories of Energy Conservation by BEE, New Delhi (www.bee-india.org).
Resources 2. Guide books for National Certification Examination for Energy Manager / Energy Auditors Book-3, Electrical 5. Chopra S.K, Energy Policy for India, Oxford & IBH Publishing, ISBN 812041604X
Utilities (www.aipnpc.org/GuideBooks.aspx) 6. Alagiri, Dhandapani, Energy Security in India, icfai university press, ISBN8131404617
Learning Assessment
Continuous Learning Assessment (50% weightage) . — I
Bloom’s Level of Thinking CLA =1 (10%) CLA -2 (15%) CLA -3 (15%) CLA-4 (10%)# Final Examination (50% weightage)
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 0% ' 0% 2 0% : 0% - 30% :
Understand
Level 2 Apply 40% ] 40% , 40% . 40% . 40% .
Analyze
Level 3 Evaluate 20% : 30% - 30% : 30% - 30% -
Create
Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

Dr. P.Dharmalinga

m, Former Director, NPC

Dr.M.Premalatha , Professor, DEE,NIT-Trichy, latha@nitt.edu

Mr.D.Ravichandran,SRMIST

Mr.J.Sathiyanarayanan, Senior engineer, Southern Railway, Railwayengineer1990@gmail.com

Dr.Ruben sudhakar D, Assist. Prof.Grade-I,DEE, NIT-Trichy rubensudhakar@nitt.edu

Dr.C.Naveen,SRMIST
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Course Code 18EEE311T | Course Name INDUSTRIAL POWER SYSTEM Course Category E Professional Elective 37001 3
Pre-requisite Courses Nil | Co-requisite Courses |Nil Progressive Courses _ |Nil
Course Offering Department Electrical and Electronics Engineering  |Data Book / Codes/Standards
Course Learning Rationale (CLR): | The purpose of learning this course s to: Learning Program Learning Outcomes (PLO)
CLR-1: |Understand the wiring system for residential ,commercial and industrial consumers 11213 11213 4 |56 7 [8]9[10[11]12]13][14[15
CLR-2: |Acquire knowledge on standard methodologies for measuring energy in the workplace and energy audit instruments. B - o -
CLR-3:  |Acquire knowledge about Electrical distribution system design aspects of industrial and commercial buildings S = 2 S S 3
. ) 7 o o = K] 1S @ ; %
CLR-4: |Comprehend power quality issues and power factor correction > 82 | ol 8| 2| o = el 2
CLR-5: |Describe the various techniques in industrial automation = % = é 2ls % A=A § 5w E
CLR-6:  |Acquire knowledge on the methodologies and technologies of industrial automation Ela| = 2188 S| 3 s =y < 8|gl2
Hlolo ST a5 |=|E ® T | E|=| =
S|l 2L Q| e L O =] S| E & S| S| S| S|~ |m™
21585 2o 5235 B S5 8|S E|B|IS| ]|
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: Slgl g 288|823/ 8822|352 313 3
— |l w o | Al =S | plun|w| Eojla|I|la|a | a
CLO-1: |Design the different components of wiring system 2180|75 HIM M| M |-|- - Ly -l-l-l-IML|L
CLO-2: |Analyze the concept of energy audit and different loads 3180|75 HiM M| L |-]|- - - - - - M{M|L
CLO-3: |Evaluate and design of distribution system and address different Communication systems in industries 3180|75 Hi{M| L] L - M - MIM| -
CLO-4: |Address the different power quality problem and various methods of power factor correction 3180|75 H| -] - - - - - -l -l -l - - MM -
CLO-5: |ldentify, monitor and control using PLC and SCADA 2180|75 HIM M| L M- - - -l- - IMIM]-
CLO-6: |Analyze the problem pertaining to power management and automation in industries 3180|75 HIM M| L M|- - M- -] -IMM]L
Duration (hour) 9 9 9 9 9
» System approach and End use approach ; 3 . : Computer controlled systems Insulation
S SLO-1 | LT system wiring components to efficient use of Electricity Electrical System Design Overview of power quality coordination and Automation
SLO-2 | Selection of cables,wires,switches Energy auditing: Types and objectives Distribution System Design Various issues in power quality Modeling of system
32 SLO-1 | Selection of distribution box. Audit instruments- ECO assessment g{%ﬂ;{ Pesion A Various standards of voltages Simulation of switching surges
SLO-2 | Metering system Economic methods Commercials Buildings — Design aspects | Voltage sag-Definition and types Capabilities; voltage acceptance criteria
SLO-1 | Tariff structure Specific energy analysis Electrical Safety System Data for power quality Insulation coordination case study
S8 SLO-2 | Protection components Minimum energy paths i Practices WNGEEEEE Voltage Drop Calculations M eth‘,)ds of minimizing switching
levels transients
SLO-1 5;)’:;’0 Aé(r)ifﬂ?sverse current Electric motors IS Code for earthing Computer- Aided Analysis Study role of Basic PLC
S4 Energy efficient controls and startin Distribution Automation System :
SLO-2 | Isolator ,Relay,MPCB eroy 9 . ystony Power factor correction studies Role of an automation
efficiency Necessity, System Control Hierarchy
SLO-1 | Electric shock and safety practices Motor Efficiency IB;z;IC(;ic[))Asstrlbunon Management System Introduction to over voltages Advantages of process automation
S-5 -
SLO-2 | Types of Residential system Load Analysis Integration of Distributed Generation Description and Modeling Z@%ﬁ?ged control system design , Panel
SLO-1 | Types of commercial wiring System Variable speed drives Custom Power componentsigilSRualol Bacesp ’?” e Criteria-Froquency Scan Introduction to SCADA
S6 - systems- Analysis
SLO-2 | Genaral rules for wiring system Z‘;gzg ;i:gd Fans-Eficient Corig] Distribution system Performance Voltage Magnification Analysis Common System Components
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L . ) . . . . . . Various functions of SCADA System for
o SLO-1 Guide lines for installation Optimal selection and sizing Reliability calculations Sustained Over voltages distribution automation
SLO-2 | Load calculation Optimal operation and Storage gzgrrgggg;’anon Systems for Control and Switching Surge Analysis SCADA Architecture
SLO-1 | Sizing of wire Electric Energy Scenario Wireless Communications Back-to-Back Switching Various control of SCADA System
S8 SLO-2 Rating of main switch and distribution Demand SieeIMaEagment-Jndistrial Wired Communications KVAR calculation Supervision and Control in SCADA
board Load Management
SLO-1 | Earthing system calculation kjaz Cu7ve§-LoBa : Shap inggObjecoR: DA Communication Protocols Types of compensation HMI, RTU and Supervisory Stations
$9 Cle t O‘? : ?gles-f Ia;rlerts' | Loads- -Load
) o ) assification of Industrial Loads- -Loa . ; ) . ) )
SLO-2 | Requirements of commercial installation Modeliing; Electricity pricing Architectures and user interface Over view of compensation Trends in SCADA, Security Issues
1. H. Joshi, Residential Commercial and Industrial Systems, McGraw Hill Education, 2008. g gas tef"q‘éa’geRSC,\gzggoﬁe@GxS(n’ ZIZSt;enf WilSormgsntiol and Automation of Electrical Power Distrbufion
Learning 2. DONALD BEEMAN, Industrial Power Systems Handbook, McGRAW-HILL BOOK COMPANY, INC y s ’ A T .
Resources Rasamy Natarajan, Computer-Aided Power System Analysis, Marcel Dekker Inc., 2002 5 T\ Dighmlion Systetn Enginecring. MoGraw Hil Company. 1986
; ’ i 6. M.V 7. James Northcote — Green, Robert Wilson, Control and Automation of Electrical Power Distribution

3. S.L. Uppal and G.C. Garg, Electrical Wiring, Estimating & Costing, Khanna publishers, 2008

Systems, CRC Press, New York, 2007.

Learning Assessment
Continuous Learning Assessment (50% weightage) . - -
Bloom's Level of Thinking CLA=1 (10%) CLA-2 (15%) CLA-3 (15%) CLA—4 (10%)# Final Examination (0% weightage)
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 0% - 30% 4 30% 1 30% = 30% -
Understand
Level 2 ApDlY 40% ; 40% : 40% 2 40% 4 40% .
Analyze
Level 3 Evalute 20% a 30% ' 30% - 30% . 30% .
reate
Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper efc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1.Mr.Srinath rao, Alstrom,sreenathr.rao@alstrom.com

1.Dr. P. Somasundaram, CEG, Anna University, mpsomasundaram@annauniv.edu

1.Dr.V.Kalyanasundaram,SRMIST

2.Mr.Manjunath rao, Alstrom,manjunath.rao1103@gmail.com

2.Dr. B. K. Panigrahi, lIT Delhi, bkpanigrahi@ee.iitd.ac.in

2.Dr.S.Vidyasagar, SRMIST
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Course Code 18EEE312T | Course Name FLEXIBLE AC TRANSMISSION SYSTEMS Course Category E Professional Elective I?: g '; g
Pre-requisite Courses Nil | Co-requisite Courses [Nl Progressive Courses Nil
Course Offering Department Electrical and Electronics Engineering Data Book / Codes/Standards |Nil
Course Learning Rationale (CLR): | The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Outline the fundamentals of FACTS controllers 1 11213 4 |56 7 [8[910]11/12]13/14]15
CLR-2: |Discuss shunt and series compensation techniques and its objectives Tlals
CLR-3: |Understand the concept of TCSC controllers sl 5 = 5 g
CLR-4: |Learn basic idea of voltage and phase angle regulator in power system |25 g £ N i § >
CLR-5: |Familiarize the concept of versatile FACTS controllers 2 é E = é 2 §, § % - S| c|it E
CLR-6: |Create overall structure of facts controllers and application of FACTS controller = 8|S X5 3|2 s 2|2 = % 3z
Sl 125858 S|eE |2|E|32
5| 2|8 | BI5|E|48le|R|EE| (225 B v
Course Leaming Outcomes (CLO): |At the end of this course, learners will be able to: °| 2|8 §7 38288 gl 32|23/ S 2 21919
30| bl ad|lol<d|S|Bldap | £|S|a|5|a|a|a
CLO-1: |Summarize the concepts of FACTS controllers 118075 A~ i~ - - - - -l -l -l-l-|H|M]|-
CLO-2: |Categorize the shunt and series compensation techniques used in facts controllers and its objectives 2180|75 Hi- |- - - |- - -l - -] - MIM| -
CLO-3: |Examine the operation of TCSC and application of TCSC 2180|75 H|-|- - - -l -l -l -|H|M]|-
CLO-4: |Relate the various application of phase shift transformer and phase angle regulator 2180|75 H|- |- - - |- - - M -l -|H|H]| -
CLO-5: |Gain knowledge the basic concept of STATCOM, UPSC and its application 2180|75 H|-]|- - (M- - -l -l -1l-]-|HIM]|-
CLO-6: |Design a suitable FACTS controller to compensating of real and reactive power using FACTS devices 2180|75 H| -] - - (M| - - - IMIM|-]-]H|M]|-
Duration (hour) 9 9 9 9 9
SLO-1 Electrical Transmission Network Introduction to passive compensation Need for variable series compensation Phase shifting transformer Voltage source converters
S SLO-2 HVDC Vs HVAC ?(5{: ;élr\,/::ﬁ%ifhunt g sFhos TCSC: Basic and practical module Configurations of SPST Current source converter
i Conventional Control Mechanisms- Introduction to Single-phase and three Objectives of voltage and phase angle . . .
SLO-1 Automatic Generation Control (AGC) phase-Thyristor controlled Reactor (TCR) el regulators Static synchronous series compensator
S-2 Excitation Control-Transformer Tap- B .1 roactive power of voltage and
SLO-2 Changer Control-Phase-Shifting The 12-Pulse TCR Operation of TCSC: Basic principle h i IP ¢ 9 Principle of operation
Transformers phase angle regulators
SLO-1 System compensation Analysis of single phase TCR X-l and V-I characteristics of TCSC Applications of Phase Angle Regulator VI characteristics
S-3 SLO2 Analystg of Uncompensated SVC configurations- Fixed Capacitor Different modes of Operation Explain Approaches to Thyristor controlled Applications
Transmission system TCSC voltage regulators
i . Thyristor-Controlled Reactor and its Different modes of operation Explain Introduction to Static synchronous
SLO-1 Necessity of FACTS controller operating characteristics MSC Approaches to phase angle regulators compensator (STATCOM)
S4 Operating Characteristics without Voltage Continuously Controllable Thyristor Ta,
SLO-2 | Load and system Compensation Cg o 9 9 Analysis of TCSC changers y y P | sTatcom Principle of operation
Comparison between Series-Connected ) N5 ; L
SLO-1 and Shunt-Connected Compensating Operating gkt Vottage Analysis of TSSC T istcigiap Changor with Discrete VI characteristics
Control Level Control
S5 Voltages
. P 3 Capability Characteristics (single and . " _—
SLO-2 | Modeling long transmission line SVC voltage control operation mult-module TCSC) TCSC losses Improvement of Transient Stability Applications
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SLO-1 fye:t'é g:d reactive powsr flows in AC Q-V characteristics TCSC applications Power Oscillation Damping UPFC: basic module -capabilities
S-6 . . o . . ] i Basic Issues in the Damping of Low
SLO-2 Sy m’"e”’c‘?” lossless line Midpoint Thy ns{or SwitchedBeBaCiogies) Modelling of TCSC for Stability Studies | Frequency Oscillations in Large Power | UPFC Modes of operation
compensation operation-. Systems
’ . Practical switching strategy V-1 System Modelling for Small Signal -
o SLO-1 Surge Impedance Loading characteristics of TSC Power flow enhancement Stabillty Applications
SLO2 Classification of FACTS controllers (TSC)-aperation -VI characteristics Variable reactance model for transient Damping of Power Oscillations Using Introduction to Generalized unified power
controllable parameters p stability study Series FACTS Controllers flow controller (GUPFC)
L ; o . Damping of Power Oscillations Using .
se SLO-1 | Applications of FACTS (TCR)-operation -VI characteristics TCSC: Open loop current control Shunt FACTS Controllers Inter line power flow controller (IPFC)
SLO2 Relative Power Qa(:y/ng Capability of AC Advantaggs' of slope in SVC dynamic TCSC: closed loop current control Switching Converter-Based Voltage and Configuration of IPFC
and DC Transmission Lines characteristics Phase Angle Regulators
SLO-1 The Impact of Distributed Generation SVC Applications ?gms/%r flow Incorpora SRR Hybrid Phase Angle Regulators Application
S-9 S ; - - - -
SLO-2 | The Effect of Electricity Deregulation Enhaﬁcemen{ gf steady state and M{tlgatlon of Subsynchronous Resonance| A Case Study of Damping Controllers in | Simulation of SVC and TCSC with SMIB
transient stability with TCSC UPFC system
1. Mohan Mathur, R. & Rajiv K. Varma, Thyristor Based FACTS Controller for Electrical Transmission 3. Yong Hua Song and Allan T. Johns Flexible Ac Transmission Systems (FACTS), The Institution of
Learning Systems, Wiley Interscience Publications, 2011. Engineering and Technology 2008
Resources 2. Narain G. Hingorani& Laszlo Gyugyi, Understanding FACTS — Concepts & Technology of Flexible AC 4. https://Inptel.ac.in/courses/108107114/
Transmission Systems, Standard Publishers, New Delhi, 2011. 5. https://npti.gov.in/flexible-ac-transmission-system
Learning Assessment
Continuous Learning Assessment (50% weightage) . _— I
Bloom’s Level of Thinking CLA-1(10%) CLA-2(15%) CLA -3 (15%) CLA—4 (10%)# Final Examination (50% weightage)
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Remember 3 5 . s 9
Level 1 Understand 40% - 30 % - 30 % - 30 % - 30% -
Level 2 ApDlY 40% - 40% L 40% . 40% i 40% .
Analyze
Level 3 Evaluate 20% . 30% . 30% . 30% - 30% -
Create
Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1.Mr.Manjunath rao, Alstrom,manjunath.rao1103@gmail.com

1.Dr.D.Devaraj, Dean-Academic,Kalasalingam Academy of Research and Education, d.devaraj@klu.ac.in

1. Mr.D.Maharajan, SRMIST

2.Dr. T. Prakash, TNEB, Mt. Road, prakash.thyagarajan@tnebnet.org

2. Dr. S. Ramareddy, Jerusalem College of Engineering, srr.victory@gmail.com

2. Mr.V.Kubendran, SRMIST

SRM Institute of Science and Technology — Academic Curricula (2018 Regulations) — Control copy

1162




Course Code 18EEE313T | Course Name HIGH VOLTAGE ENGINEERING Course Category E Professional Elective 370013
Pre-requisite Courses Nil | Co-requisite Courses [Nl Progressive Courses _ |Nil
Course Offering Department Electrical and Electronics Engineering | Data Book / Codes/Standards Nil
Course Learning Rationale (CLR): | The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Outline the concepts of over voltages and Insulation Co-ordination on power system 1 3 11213 4 |56 7 [8]9][10[11]12]13][14[15
CLR-2: |Discuss the solid, liquid and gaseous dielectrics with its relevance to application of high voltages. Tlals o
CLR-3: |Understand the concept of generation of high voltages 8 °; % _Ong s S 3
CLR-4: |Familiarize the concept on the measurement of high voltages and currents B 2|5 = E 9 = S| o
. - - - - r 7 o ©| E K% - & | © 1S S| =
CLR-5: |Describe the testing of high voltage equipments and its application. gle|e 2la|g|& 2154 S|s|k|€
CLR-6: |Create overall understanding of various types of overvoltages, high voltage generation, measurement and testing =8| f,, R 5| 3|l El= 2 g
= |o | < AN =R=] SO 3|8 53
Elolg = S| sS5|IE || EQ S| E|I=| o
5188 85|88 s =5, 32|55 |
Course Learning Outcomes (CLO): |At the end of this course, learers will be able to: © g g §a 2 % E’ 2 g § S *g 2|2 E|S g'_, 21212
40 mla|lao|l<xd|=S|ojlup|lm|E|lo|lal5|a|a|a
CLO-1: |Gain knowledge on overvoltage protection and the importance on insulation co-ordination levels. 218075 HE - 2 - - -l - M- - - - IM -
CLO-2: |Understand the basics of dielectrics and its breakdown process on high voltage application 2180|75 HiM| L] L |-|-]|M]|-]- -l - IMIM] -
CLO-3: |Acquire knowledge on high voltage generation 2180|75 H{M|L| L |-]|- - - -l - IMIM] -
CLO-4: |Gain knowledge on measurement of high voltage generation 2180|75 Hi{M| L| L |L|- - |H|-|-|-|-IMIM|M
CLO-5: |Demonstrate the testing procedures of high voltage equipment and its application 3180|75 H|{M| - - - |- - |H]-]-]l-]-IM|M|H
CLO-6: |Summarize the scenarios of over voltages and applications of high voltage equipments for generation ,measurement and testing | 3 | 75| 75 HimM L] L |L|-I]M|IHMM|-]-IMIMIM
Duration (hour) 9 9 9 9 9
Gaseous breakdown in uniform and non- | Generation of high DC voltages — Half- ~ |HVDC measurement techniques Series . . .
SLO-1  |Causes of over voltages A | o . ; Testing of High voltage electrical apparatus
S-1 uniform ﬁelds : wave and full-wave rectifier circuits Resistance microammeter ' hal '
SLO-2  |Effects of overvoltages on power system Cor}dugt:on S gasogy Voltage doubler circuits Resistance potential divider Tecfm:cal terms definition for high voltage
lonization process testing
o Townsend's current growth equation in the i : Testing procedures on insulators-Power
s SLO-1  |Parameters of lightning strokes presence of secondary processes Voltage multiplier circuits Generating voltmeter frequency tests
SLO-2 thracter/st/cs of lightning strokes-Direet, Townsend's Criterion for breakdown Van de Graff generator QSR of high A.Cand imguise Impulse tests
indirect strokes and backflashover voltages-
i . L Experimental determination of Townsend’s . ; - . Testing procedures on bushings-Power
s3 SLO-1  |Origin of Switching overvoltages coefficients Generation of high alternating voltages | Series Impedance voltmeters frequency tests
SLO-2  |Characteristics of Switching overvoltages |Breakdown in electronegative gases Cascaded transformer Series capacitance voltmeter Thermal test
SLO-1 an_’f\?d of switching surges in EHV and Time lags for breakdown Resonant transformer-Series connection pap agltance pgieRtaliders and Testing procedures on isolators
S4 systems capacitance voltage transformers
Control of overvoltages due to switching | Streamer Breakdown mechanism in . |Potential Transformer, Electrostatic .
SLO-2 Resonant transformer-Parallel connection Short-circuit test
overvoltages gases voltmeter,
Causes of power frequency overvoltages . M. Generation of high frequency alternating  |Peak reading ac voltmeter-Series Testing procedures of cables-Preparation of
SLO-1 | Paschen’s law-Derivation ) ) ;
S5 :‘g EH\(/j g;;d UHV systczmst i £ o \Practcat Conseafors T - voltages- Advantages capacitor, peak voltmeter cables-Dielectric power test
! emedial measures adopted in an ractical Considerations in using gases for| I i - ) .
SLO-2 UHV systems insulation purposes Tesla coil equivalent circuit Digital peak voltmeter High voltage test and Partial discharge test
S-6 SLO-1  |Protection against Lightning overvoltages |Vacuum breakdown Generation of impulse voltages-Standard |Measurement of high dc, ac and impulse | Testing procedures of transformers-e
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and switching surges of short duration- impulse waveshapes voltages -Sphere gap measurement overvoltage test, Partial discharge test
Ground wires
Protection of transmission lines against . : .
SLO-2 |over voltages-Ground rods and counter-  |Liquid as insulators-Electrical properties — |Waveshape Control Parameters Fal(t:tors lr;ﬂuc;ncmg the spark over Ig": ulstg testlg_cj of ttr‘ansf?;melfs-Procedures-
poise wires voltage of sphere gaps etection and location of fau
SLO-1 Protective devices-Rod gap, Expulsion Conduct/qn apd_breakdown in pure and Multistage impulse generator-Marx circuit Resistance Potential divider for impulse Testing procedures of surge diverters
gap commercial liquids voltage measurements
S7 Bleaidoginechanis g SLlid Capacitance potential dividers for Radio Interference Measurements —
SLO-2  |Protector tubes, Surge arrester glrif;(tjréc;r;lntnnsw and Electromechanical \Marx circuit -simulation impulse voltage measurements Measurement of Radio Interference voltage
o . - Breakdown mechanisms in solid Generation of impulse current-Definition- Measurement of gD es .AC ghg
Principles of Insulation Coordination-Ideal | . ; h, . gy L impulse measurements-High DC o
SLO-1 . . ! dielectrics-Intrinsic and Electromechanical | Circuits for producing impulse current RIV measurement circuit
requirements of a protective device currents-DC current transformer-Hall
S-8 breakdown waves generators
Surge diverters,Equipment insulation level | Thermal breakdown, solid breakdown ; Measurement of high frequency and Non-destructive testing of materials and
SLO-2 p ) . ] ] : Generation of rectangular current pulses |, ") : A
and insulation co-ordination of substation |used in practice impulse currents- Resistive shunts measurement of direct current resistivity
SLO-1 Insulation level at substation with Breakdown in composite dielectrics- Circuits for producing switching surge Rogowski coils,Magnetic links,Faraday |Measurement of dielectric constant and loss
s-9 protective zones properties voltages Generator factor. Partial discharge measurements
SLO2 Insulation Coordination in EHV and UHV  |Mechanism of breakdown in composite | Tripping and control of impulse Cathode Ray Oscillographs for Impulse |Application of high voltage engineering in
systems dielectrics generators- Trigatron gap voltage and current measurements food processing and bio-medical industry
1. Naidu.M.S, and Kamaraju, High Voltage Engineering, Tata McGraw Hill, 2014. 4. G.V. Barbosa —Canovas, Pulsed electric fields in food processing: FundamentalAspects and applications,
Learning 2. Wadhwa.C.L, High Voltage Engineering New age international publishers Ltd.-New Delhi 2010. CRC Publisher Edition March 2001.
Resources 3. Ravindra Arora, Wolfgang Mosh, High Voltage and Electrical InsulationEngineering, Wiley-IEEE |5.  H. L. M. Lelieveld and Notermans.S,et.al., Food preservation by pulsed electricFields: From research to
Press 2011. application, Woodhead Publishing Ltd. October 2007.

Learning Assessment

Continuous Learning Assessment (50% weightage) . I o
Bloom's Level of Thinking CLA-1(10%) CLA-2 (15%) CLA-3 (15%) CLA-4 (10%)# Final Examination (0% weightage)
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 40% . 30% L 30% 4 30% i 30% .
Understand
Level 2 Apply 40% ; 40% g 40% ] 40% . 40% .
Analyze
Level 3 Evaluate 20 % : 30% L 30% : 30 % - 30% -
Create
Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry Experts from Higher Technical Institutions Internal Experts
1.Dr. S. Paramasivam, Danfoss Industries Pvt. Ltd., paramsathya@yahoo.com 1.Dr. R. Sarathi, ITM, Chennai, sarathi@ee.iitm.ac.in 1.Dr. S. Padmini, SRMIST
2.Mr.srinath rao, Alstrom,sreenathr.rao@alstrom.com 2.Dr. P. Valsalal, Anna University , valsalal@annauniv.edu 2.Dr. A.Rathinam, SRMIST
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Course Code 18EEE314T | Course Name POWER QUALITY Course Category E Professional Elective I?; g g g
Pre-requisite Courses Nil | Co-requisite Courses [Nil Progressive Courses Nil
Course Offering Department Electrical and Electronics Engineering | Data Book / Codes/Standards Nil
Course Learning Rationale (CLR): | The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Understand the characterization of electric power quality 1 11213 4 |5 7 [ 819 [10[11/12]13[14[15
CLR-2: | Study the sources of power quality events such as voltage sag, short and long duration variations =l
CLR-3:  |Explain the reduction of PQ problems using custom power devices and harmonic filters S &8 S = B ]
CLR-4: |Impart knowledge on various methods of power quality monitoring o § s 3 g o = S| o
CLR-5: |lllustrate the power quality issues in distributed generation 22 E HEAEICRELE Sl c|E|E
CLR-6: |Understand Power Quality events, Measuring equipments and their impact on Distributed Generation = 8|8 xo’ =33 % £|2 = AR S
5| 8|8 gle|Blgs|'c|2|ES S S 22 «|a|o
i ; ; sl 8|8 E 2 5 L8| BlST| g2 E|IQIS Al
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: 2/ 3|3 S5 8|g|T&8l2|c|EB 22 E|S 22/2/92
, 4 . ] . o glad |6 & 82823535 23885822
CLOA - f;stgqu: the causes and effects of power quality problems and categorize the various electrical power quality issues in power 1 75075 H L _ i i YR O R A N I R Y
CLO-2: |Identify the power quality major events like voltage sag, interruptions and harmonics 2 |75|75 H | -Lg"L | - - - -l- -l - MM -
CLO-3: |Design and simulate the custom power devices and harmonic filters 3 | 75|75 HIiM|{ M| L ([M|-| L |M MMM
CLO-4: |Interpret in usage of various PQ measuring instruments 2 |75]75 H|-]|- L|-| M | M -l -|-lL|{M|M
CLO-5: |Identify the various power quality issues in solar system and wind energy conversion system 2 7,75 | 75 HiL|L| - -l M- - - MM -
CLO-6: |Analyze PQ issues in wind and solar energy system and utilize the monitoring equipments for PQ events 3 |75|75 HiL|L]| L | M|-|M[M|-|-]-]-IMIMM
Duration (hour) 9 9 9 9 9
S SLO-1 | Introduction to power distribution system | Sources of Sag and Interruptions Fundamentals of harmonics Introduction to Power Quality monitoring I;.zg%‘;ggfeéo Distributed Generation
SLO-2 | Power quality: concepts and definition Classification of Voltage sag Sources of harmonics Power Quality Monitoring considerations | Resurgence of DG
Estimating Voltage Sag performance — Definitions: Average value - RMS value - Perspective of Power Quality Measuring
SLO-1 | Characterization of Transients Area of Vulnerability, Equipment True power factor - phase sequence - equipments Perspectives on DG benefits
32 sensitivity to voltage sags Fourier series
TransmiSsion systet Seq SCHERRERED Overview of Power Quality measurement
SLO-2 | Causes and effects of Transients evaluation, Utility distribution system sag | Numerical example for harmonic analysis DR ionts Perspectives on Interconnection
performance evaluation )
Characterization, causes and effects of £, ; Voltage and current distortions, Power Quality Measurement Equipment: I
SLO-1 Short duration variations — interruptions Gugamontal,gAncialps Y teeton Harmonics indices - (THD and TDD) Power line disturbance analyzer Interface to the Utilty System
53 Characterization, causes and effects of Solutions of voltage sag at the end user Spectrum analyzer and Harmonic Various types of electrical system
SLO-2 | Short duration variations — Sags and ) v g¢ sag . Harmonics standards (IEEE, IEC) PeCi y yarious typ 4
Swells evel analyzer, interfaces
SLO-1 S:g;ginzat/on of Long duration Voltage sag and interruption indices Harmonics sources from commercial load | Flicker meters Power Quality issues of DG
S4 Causes and effects of Long duration Harmonics sources from industrial Various types of Power Quality issues
SLO-2 o Basic Reliability evaluation techniques . Disturbance analyzer
variations nonlinear load affected by DG
S-5 | SLO-1 | Characterization of Voltage imbalance Motor-Starting sags Effect of harmonics distortion Transducer requirements Operating conflicts
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and Waveform distortion
. Impact on capacitors, transformers, - . .
Causes and effects of Voltage imbalance . | . . Description of Operating conflicts results
SLO-2 and Waveform distortion Motor-starting methods ge%(;r;,d tiizg%nunlcatlons, energy and | Demonstration of harmonic analyzer in Power Quality problems
SLO-1 Characterization of Voltagfe f{uctuat/on Utilty System Fault-Clearing Issues Devices for controlling Harmonics - Inline | Assessment of Power Quality DG on Low-Voltage Distribution nefworks
S6 and Power Frequency variations . choke Mea_surement Dqta ' _ '
Causes and effects of Voltage fluctuation , : ; Off-line and On-line Power quality data | Integration techniques for DG on
SLO-2 Y Overview of Transient Faults Zig Zag transformer
and Power Frequency variations assessment networks
SLO-1 | CBEMA Overview of PermariorMeatkts Harrrgomc filters: Passive, Active and Application ‘of Intel{/ggnt Systems to Siting DG
57 Hybrid filters power quality monitoring .
SLO-2 | ITlcurves Voltage sag Mitigation methods Design of filters - simulation 5:1;5;’%'; tgneSXp ert St monitoring Discussion on optimal DG siting problem
SLO-1 | Introduction to Power Quality standards %lt/gatlon ORsag - DynallEE Harmonic analysis Reqq/r oz g a lqdustly Faiter Qualty DG Interconnection standards
$8 estorer (DVR) . ) - monitoring applications . o
SLO-2 | International Standards of Power Quality | Principle and configuration of DVR Hlustratia.of prarmonigeTiaSEEISUIINIRD basodgiewor Qualty monitoring Interconnection requirements
Industry case study system
i . . Mitigation of sag - Distribution static ; . ; i L - Power Quality issues in grid integrated
SLO-1 | Introduction to Power Quality events synchronous compensator (DSTATCOM) Seminar on Harmonic analysis Power Quality monitoring standards Solar system
$9 Computer simulation of Power Qualit Principle and configuration of Recent advancement in Harmonic Power Quality issues in grid connected
SLO-2 P y P 9 % 5 : IEEE 1159 and IEC 61000-4-30 ; Y 1S5U6S In g
events DSTATCOM distortion analysis wind energy conversion system
1. Roger C. Dugan, Mark Mc Granaghan, Surya Santoso, H.Wayne, H. Wayne Beaty, Electrical Power 3. Arindam Ghosh, Power Quality Enhancement Using Custom Power Devices, Kluwer Academic
Learning Systems Quality, Tata McGraw Hill, Third edition, 2012. Publishers, 2002.
Resources 2. Math H J Bollen, Understanding Power Quality Problems: Voltage Sags and Interruptions, IEEE Press, New [4.  G.T.Heyd!, Electric Power Quality, Stars in a Circle Publications, second edition, 1994.

York, 2000.

5. https://nptel.ac.in/courses/108106025/Power%20quality_in_power_distribution_systems.pdf.

Learning Assessment

Continuous Learning Assessment (50% weightage) Final Examination (50%
Bloom’sLevel of Thinking CLA-1(10%) CLA -2 (15%) CLA -3 (15%) CLA -4 (10%)# weightage)
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice

Level 1 5‘;2“;’;2% 40% - 30% 1 30% . 30% - 30% -
Level 2 Apply 40% ; 40% . 40% ; 40% . 40% .

Analyze
Level 3 Evaluate 20% ] 30% : 30% - 30% - 30% -

Create

Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1. Dr.K.Karthikeyan, ABB India Ltd., k.karthikeyan@in.abb.com

1. Dr.B.Chitti Babu, IlITDM Kanchipuram, bchabu@iiitdm.ac.in

1. Dr.R.Ramya, SRMIST

2. Mr.Manjunath rao, Alstrom,manjunath.rao1103@gmail.com

2. Dr.K.Selvi, Thiagarajar College of Engineering, Madurai, kseee@tce.edu

2. Mr.D.Ravichandran, SRMIST
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Course Code 18EEE315T | Course Name SMART GRID Course Category E Professional Elective I:,; g g g
Pre-requisite Courses Nil | Co-requisite Courses |Nil Progressive Courses _ |Nil
Course Offering Department Electrical and Electronics Engineering | Data Book / Codes/Standards Nil
Course Learning Rationale (CLR): | The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Describe the architecture of smart grid, standards and policies 11213 11213 4 (5|6 7 [8]9[10[11]12]13/14[15
CLR-2: |Examine the issues with renewable energy integration and energy management system s ks IS o
CLR-3: |Enrich the students with knowledge on measurement techniques in smart grid 8 °; T 2 s ‘§5 §
CLR-4:  |Understand power system studies in smart grid Q § é % 3 £ % ° = gl o
CLR-5: |Acquire knowledge on Communication networks and security challenges g8 = Sl2algls |3|5|s 8 s|L|€E
CLR-6:  |Understand the management and control of smart grid £ 2| Z o 8 g é S 3eZ - | = 3
Slzizl [£15s58 2288 (3 E 2
= s B3 815 88 g|z55|« 2 28l 87|
— = —= (=] S '®© =
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: 2l glg 2|83 _E 2 ki § BRI RS 22199
— 0|0 wlo |l ol<x|S ||l |lojla|Ila|la | a
CLO-1: |Understand the smart grid architecture and standards 118075 H{- |- - - |- - |H|-|-|-|-IM|H|M
CLO-2: |Analyze the issues with renewable energy integration 2180|75 H|iL]| - - - - H|-]|- -IM|H|M
CLO-3: |Apply measurement techniques in smart grid 2180|75 H|L - - - - - M|H| -
CLO-4: |Explain the power system studies in smart grid 218075 HIM -| - IM| -] - |-]-]-]1-]-[M|H|-
CLO-5: |Summarize Communication networks and security issues 1.80|75 H|-1|- - - |- - - -l -l -IM|H|M
CLO:6:  |Apply management and control strategies in smart grid 118075 H|iL]|- - M-I M|H|-]-]|-]-|IMIH|M
Duration (hour) 9 9 9 9 9
SLO-1 | Evolution of Electric Grid Necessity of renewable power generation | Importance of measurement in smart grid | Basics of load flow studies ercr’zlae ’to;g);mmumcatlon Infrastructures in
S-1 3 s
SLO-2 | Definitions and Need for Smart Grid f;’:;ﬂ;igf Rl Jegerdtion, in Measurement parameters in smart grid | Extended load flow studies in smart grid | Types of Communication infrastructures
SLO-1 | Basics of smart grid Importance of PV system Introduction to Smart Meters Necessity of voltage stability analysis iixjr';(f of data Communication
S-2 Comparison of Power grid with Smart grid Standards of data Communication
SLO-2 p g 9%\ Grig integration issues of PV system Block diagram of smart meters Voltage stability analysis in smart grid
power system networks
SLO-1 | Smart grid components Importance of wind system gzrt);rr?:;lcatlon s Importance of state estimation Wired networks in smart grid
S-3 e
SLO-2 | Smart grid driversfunctions Grid integration issues of wind system gzgﬁ;:glcat/on preiogols for sgrar Approach of smart grid to state estimation| Wireless networks in smart grid
SLO-1 | Opportunities, challenges and benefits Basics of energy storage system Basics of AMI drivers Necessity of optimization techniques ?gﬁg}%gggﬁ; s of smart grid
S-4 : ; — : . -
SLO-2 | Functions of Smart Grid Components Opergel Qiligpondont Large-Scale Benefits of AMI drivers Opligesiogy@einiques in smart grid- Types of Communications in smart grid
Battery Storage system case study
SLO-1 | Wholesale energy market in smart grid Necessity of Battery management system | Necessity of WAMS network Different intelligent techniques Characterization of smart grid data
S-5 SLO2 A_dvqntages of building integrated and Types of Battery management system in Mde area measurement system in smart Appllcatlon_s of computational intelligence Secure data management in smart grid
distributed power systems smart grid grid in smart grid
S6 | SLO-1 ?tpa 77 :;):rf;; to smart grid interoperabilty Necessity of energy management system | Introduction to Phasor measurement units| Transmission system automation Applications of smart grid data
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SLO-2 | IEEE standards for Smart Grid Energy management system in smart grid ﬁ;ﬁg’tecwre Eligliasaqueasuroment 2&?& grtwigzts of ransmission system Impact of bad data in smart grid data
SLO-1 | International policies in Smart Grid Basics of demand side management Communications in PMUs Distribution system automation Data cleaning in smart grid data
S-7 National and International Initiatives in . . .| Implementation of dynamic visualization | Components of Distribution system . . I
SLO-2 ; Demand side management in smart grid : : Smart grid network interoperability
Smart Grid system for real time power system data | automation
s8 SLO-1 | Operation of smart grid Basics of demand response Smart buildings in smart grid PHEV in distribution network Basics of cyber security
SLO-2 | Control strategies of smart grid Demand response issues in smart grid Components in smart buildings Charging strategies in PHEV Cyber security issues in smart grid
SLO-1 | Basics of microgrid Study of power quality parameters ASHRAE standard for smart buildings Discharging strategies in PHEV Types of cyber attacks
$9 | 8102 | Micro grid importance in smart grid Power quallly issues associated with | 1 i acient systems in smart grid Impact of PHEV on the grid Mitigation approach to cyber security
renewable energy in smart grid attacks
E ‘5‘3’1”26 s Momoh, Smart Grid. Fundamentals of deglon kgl analysigleuRERERENT /R A Tfoee 4. Clark W.Gellings, The smart grid: Enabling energy efficiency and demand response, Fairmont Press
. : ) : . , . n Inc, 2009.
Learning 2. Janaka Ekanayake, N’ CK Jankins, K/{hsm Liy dnage, e W 0koyama, -Sme Grid. 5. Kenneth C.Budka, Jayant G.Deshpande, Marina Thottan, and Communication networks for smart
Resources Technology and Applications, John Wiley & sons inc, 2012. rids. Sprinaer. 2014
3. Fereidoon P. Sioshansi, Smart Grid: Integrating Renewable, Distributed & Efficient Energy, Academic GneS,opngst, '

Press, 2012.

=)

https://onlinecourses.nptel.ac.in/noc18_ee42/course

Learning Assessment

Continuous Learning Assessment (50% weightage) Final Examination (50% weightage)
Bloom’s Level of Thinking CLA =1 (10%) CLA -2 (15%) CLA - 3 (15%) CLA—4 (10%)# o weightag
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 0% - 30% i 30% . 30% 30% -
Understand
Level 2 Apply 40% i 40% . 40% - 40% 40% .
Analyze
Level 3 Eva'“ate 20% : 30 % 3 30% - 30% 30% -
reate
Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper efc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1. Mr.Sudharsan, L&T, sudharsand@Intecc.com

1. Dr Subhransu Sekhar Dash, Government College of Engineering, Keonjhar, Subhransudash_fee@gcekjr.ac.in

1. Dr.J.Preetha Roselyn, SRMIST

2. Dr.K.Karthikeyan, ABB India Ltd., k.karthikeyan@in.abb.com

2. Dr. R.Ramesh, CEG, rramesh@annauniv.edu

2. Dr.K.Vijayakumar, SRMIST
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Course Code 18EEE316T | Course Name VEHICULAR POWER SYSTEM Course Category E Professional Elective 370013
Pre-requisite Courses Nil | Co-requisite Courses |Nil Progressive Courses |Nil
Course Offering Department Electrical and Electronics Engineering  |Data Book / Codes/Standards | Nil

Course Leamning Rationale (CLR): | The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Understand the importance of electric transportation system and the basics of electric vehicle components and design 11213 11213 4 |5]6] 7 [ 8[9|10]11[12]13[14/15
CLR-2: |Acquire knowledge on battery technologies in transportation ElSls - o ~
CLR-3: |Gain knowledge on charging and starting systems in vehicular application S+ f‘g 2 S g §
CLR-4: |Explain the importance of fuel cell and application Li2ls = El | = S| o
- ; : 5 o2 | E 3|2 o< S| L £
CLR-5: |Examine the working and control of electric propulsion systems £2|< IR B 5 § s ; =
CLR-6: | Create overall structure of vehicular power system = E Z = 2188 35| a z =y o ‘§ < 9
C13l3 5 ?; S| 55| E|I|EB T E|=| o
S| 5|g 2|5 sl £S5 n3|E|B|S|T|TT
. : . | 0| @ S| s 220 9|2 =8 o= o |-
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: zl el e 288|283/ 8|g|z28 /3|52 3138
— |l wl o Al = nolun|lw|[ £ Oo|la |5|la|a|a
CLO-1: |Examine on different transportation development strategies and architecture of hybrid drive train 2 180|75 H{L|L]| - - - - -l -l -l -] -y -
CLO-2: |Understand the construction, working and maintenance of battery 2 180|75 HIM|H| - - - - - L -|H| M| -
CLO-3: |Summarize the charging and starting systems principle, diagnosing and advancements in automotive 2 80|75 H|l-|M]| - - - L] - -|H|M]| -
CLO-4: |Interpret the fuel cell structure, operation, types and characteristics of fuel cell technology 218075 HiL|M| - | -]|-| - -|lLl-]-]-|H|M| -
CLO-5: |Outline different electric drives and its control techniques 2 180|75 Hl-|M]| - - - - -l -l-]-]-|HIM
CLO-6: |Understand a vehicle’s power system using components like energy storage system and power converters 2 180|75 HIL|M]| - - - - -l Lj-1-1-IMM]|-
Duration (hour) 9 9 9 9 9
SLO-1 | History of modern transportation Introduction to energy storage systems | Requirements of charging system Structure and operation of fuel cell DC motor drives principle of operation
S-1 Importance of diferent lransggaten Battery requirements for HEV's, PHEVs
SLO-2 | development strategies to future oil and EVs . Charging system principles Types of fuel cell (PAFC and PEM) Analysis of DC motor drives performance
supply
SLO-1 | History of hybrid electric vehicles }/Vogklng Binch Ei gonstructlon o Alternators basics and working Types of fuel cell (MCFC and SOFC) Cf?op per control techniques for DG motor
52 ea -a::c:d, r{/ck'el cadmium ' drlve:s' ‘
SLO-2 | History of electric vehicles M(orkmg prlr{CIple and construction of Charging circuits basics and working Types of fuel cell (DMFC, AFC and Rgctlﬂer control techniques for DC motor
nickel cadmium ZAFC) drives
Social and environmental importance of | Working principle and construction of . - " Fuel cell based power processing Induction motor drives principle of
SLO-1 ; . ) : : Charging system testing instruments : . ;
53 hybrid and electric vehicles nickel metal hydride systems introduction operation
Key challenges of hybrid and electric Working principle and construction of ! ; J ! . Analysis of Induction motor drives
SLO-2 . ey = ] Diagnosing charging system faults Benefits of power processing systems
vehicles lithium ion batteries performance
SLO-1 Specifications of PHEVs, BEVs, EVs and Properties of battery New developments in charging systems Imppn‘ant properties of fuel cells for Inverter gontrol techniques for induction
S4 HEVs vehicles motor drives
SLO-2 | The future of electric vehicles Characteristics of battery Advanced charging systems Alternate fuels for fuel cell vehicles .Cy c/ogonven‘er con trof techniques for
induction motor drives
. . . . . . . . Permanent magnetic brush-less DC
os SLO-1 | Requirement of drive train Maintenance of battery Requirements of starting systems Fuel cost and fuel economies comparison moor drive operation
SLO-2 | Sizing of components in drive train Visual inspection of battery Starter motors and its circuits Comparison of characteristics of fuel cells ﬁgsz\;/?sa%te)rush-less DC motor drives
S-6 | SLO-1 | Series configuration of HEVs Battery testing instruments Inertia starter and pre-engaged starter Fuel cell based drive trains Control techniques of BLDC motor drive
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: ) . . . Permanent magnet starter, integrated Comparison of BEV, DHFC/EV and Implementing control techniques for
SLO-2 | Parallel configuration of HEVs Diagnosing battery faults starter generator and electronic starter DMFC/EV BLDC motor drive
SLO-1 | Power split configuration of HEV's Introduction to supercapacitor Starting system testing instrument Transition from diesel to fuel cell engines ﬁ;?g)fj(ijr(ljif)sn control for BLDC drive
S-7 p p . : .
SLO-2 Me”.ts and. Demerits of different HEV Introduction to flywheel Diagnosing in starting system faults Fuel cell/battery hybrid power system D /ffer gnt conin ‘.)I techniques for BLDC
configurations drive introduction
SLO-1 | Vehicle dynamics Advanced battery technology Advanced starting system technology Fuel cell in domestic application Svyltqhed reluctange motor drives
58 prlnCIp/fe of opgrat/on
SLO-2 | Problems using vehicle dynamics Developments in electrical storage New developments in starting systems Fuel cell in industrial application '3;;52; s;se%;;qvg%f;zd reluctance motor
SLO-1 | Modelling electric vehicle range Case studies on battery technologies SC;StZI;tSL’d’eS e csERtadng Case studies on fuel cell technologies gzlzérro(ljrti?/(;hmques of switched reluctance
9 . Software implementation of battery and | Software implementation of charging and | Software implementation of fuel cell and | Implementing control techniques for
SLO-2 | Problems under vehicle travel range ; e 4 . . : :
its applications starting systems its applications switched reluctance motor drive
Learni 1. A. Emadi, M. Ehsani and John M. Miller, Vehicular Power Systems, Marcel Dekker, New York, 2004. o Ch"s. M’i M. Al.’”’ Masrgr, David Welnzhong' Gao, Hybrid Electric Vehicles: Principles and
earning 2 Jon Boldea and S.A Nasar Electric drives. CRC Press. 2005 Applications with Practical Perspectives, Wiley, 2011.
Resources ’ ; ! r ’ : 5. Igbal Husain, Electric and Hybrid Vehicles: Design Fundamentals, CRC Press, 2nd Edition, 2010.

3. Sandeep Dhameja, Electric Vehicle Battery Systems, Newnes, 2002.

6. https://www.diyguru.org/course/electric-vehicle/

Learning Assessment

Continuous Learning Assessment (50% weightage) Final Examination (50% weightage)
Bloom’s Level of Thinking CLA-1(10%) CLA-2(15%) CLA -3 (15%) CLA -4 (10%)# o Weightag
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 40% . 30% ¥ 30% 2 30% : 30% .
Understand
Level 2 Aol 40% ! 40% : 40% . 40% . 40% .
nalyze
Level 3 Evaluate 20% . 30% - 30 % - 30 % . 30% -
Create
Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1.Dr.S.Sambath, TANGEDCO, Tamilnadu, eses.eng@gmail.com

1. Dr.Chandramohan, CEG, Anna University, c_dramo@annauniv.edu

1. Mrs. A. Geetha, SRMIST

2. Mr.Sudharsan, L&T, sudharsand@Intecc.com

2. Dr. P. Somasundaram, CEG, Anna University, mpsomasundaram@annauniv.edu

2. Dr. C. Subramani, SRMIST
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Course Code 18EEE407T Course Name POWER SYSTEM HARMONICS Course Category E Professional Elective 370013
Pre-requisite Courses Nil | Co-requisite Courses |Nil Progressive Courses _ |Nil
Course Offering Department Electrical and Electronics Engineering Data Book / Codes/Standards |Nil
Course Learning Rationale (CLR): [ The purpose of learning this course s to: Learning Program Learning Outcomes (PLO)
CLR-1: |Understand the fundamentals and standards of harmonics 112 1123 4 |5]6| 7 |89 ]10]11/12]13|14]15
CLR-2: |Study the various sources of harmonics Tlals
CLR-3: |Enumerate the effects of harmonics in various equipments S 3\; < §v Z 5 g
CLR-4: |Classify the methods of power system harmonics mitigation D25 i;’ = 3 i § =
CLR-5: |Explore the approach of harmonics system study 2 2| £ s glelg |8 2 S| e|ic|E
- = 2|5 | ® <= 25 A=Ak LS| | 5
CLR-6: |Develop an overall knowledge about harmonics in power system = | HE:L > S| 2|8 5 2Bl =228
S, < g2 _|2Qe3 28 B2
5| 8|3 Blc|2|gs|c|2|EE EI5/2|2« | oo
. : , = 1 22528 s 885/ 8/8E B3| 4l
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: o318 5 8|g|8g 8|52 <=2 E|S 2 222
| X | X c | 2 0| O oO|lES =8|l o |2 = vl wvw
— | wlao o<l =S| hjunjw|[E /oo |Tla|a|a
CLO-1: |Identify the harmonic indices and study the characteristics of harmonics 218075 H{-|- - - |- - |H| -] -|-|-|-]1-|H
CLO-2: |Understand the level of harmonics in equipments and devices 318075 H|-| - - - - -l -] -] - - -
CLO-3: |Familiarize the harmonics effects in critical loads and equipments 3180|75 H|-|- - - - - -l -l -l - I MM -
CLO-4: |Study and compare the various filters used for harmonics mitigation 3180|75 HIH|M| - - - -l -l MM -
CLO-5: |Simulate the harmonics analysis in a low/medium voltage system 3180|75 HIHM| M |-]|- - -l -l MIM| -
CLO-6: |Design a harmonic mitigation for the industrial and commercial applications 3180|75 HIHIM M |-]|- - M- --1-IMMIM
Duration (hour) 9 9 9 9 9
SLO-1 | Introduction Traditional sources Harmonics effects — Thermal losses Harmonics Filters Harmonics modeling of system
S-1 components - Generator,
SLO-2 | Basics of harmonic theory Transformers Copper, core and dielectric losses Passive filters Harmonics modeling of Shunt capacitors
32 SLO-1 | Representation of Harmonics Rotating machines Z;&g%ﬁ? effecieliiiie e Single tuned filters Harmonics modeling of Loads
SLO-2 | Fourier series — coefficients Arc furnaces Capacitor bank Double tuned filters Harmonics modeling of Induction motor
SLO-1 | Fourier transform Modern sources Transformers Damped filters 7:&% (;Z/cs modeling of Transformer with
S-3 . . -
SLO-2 | Discrete Fourier transform (DFT) Power electronics devices Neutral grounding overloading Detuned filters Harm onics mpdelmg of Transformer with
different configuration
SLO-1 | Fast Fourier transform (FFT) Rectifiers Rotating machines Series tuned filter design ZZZZ?"’CS modeling of Transmission line
S-4 P TR . ; 2 . - ——
SLO-2 Examples of harmonic estimation using A.C. Regulators Pulsating torque Impgdance plot of series tuned filter ngmon/cs modeling of Transmission line
FFT design with network
SLO-1 gla;;anftfr\lss;l;smoeftgarmonlcs in power Power converters — Six pulse converters | Power electronics devices Second order damped filters Examples — transmission line
S-5
SLO-2 | Phase sequence Six pulse converters - Analysis Power converters Z}Zg fg:gg; plot of second order damped Examples — Problems on load
Voltage and current distortion factors - . . . . N
S-6 | SLO-1 Total harmonic distortion (THD) Twelve pulse converters Harmonics on power system protection Active filters Harmonics analysis using spread sheet
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SLO-2 | Real, Reactive and Apparent power Twelve pulse converters - Analysis Unexpected relay operation Characteristics of active filters ?gfelg Zliﬁggf rmonics analysis using
SLO-1 | Distortion power; Power factor Inverters Zal:?qronnéf; effects o consumer Other methods of mitigation Simulation of harmonics analysis
7 Total influence factor (TIF) and I*T -
SLO-2 Product Cycloconverters UPS Transformer connection Harmonics resonance
SLO-1 | Voltage THD limits — IEEE standards Thyristor controlled reactors Lighting loads Network topology reconfiguration Simulation of harmonics filters
S8 SLO-2 | Voltage THD limits - IEC standards Static VAR compensator Electronics devices Increase of supply mode stiffness ﬁgfn/v}f rlicc;fletgvrglatlon output of
- Effect of transformer connection on Harmonic interference with Harmonic cancellation through use of
oo SLO-1 | Current THD limits - IEEE standards 5 Communication muli pulse converters Case study
SLO-2 | Current THD limits — IEC standards Star-Delta and Delta-Star Microwave links, telephone interference gizfgnrgactor as halgpcgignuator Analysis of Case study
) 1. Power system harmonics ,Fundamentals, Analysis and filter design — George J. Wakileh — Reprinted 2010 P Elecr/ca{ power sy ;tem Gug R C Dugan, Mark F.Mcgranaghan, Surya Santoso, H.Wayne Bealy
Learning p " - 5. Harmonics analysis software user manual
2. Power system harmonics, J. Arrillaga and N.R.Watson 1998 — Reprinted 2000 . ) .
Resources ! " 6.  https://web.ecs.baylor.edu/faculty/grady/Understanding_Power_System_Harmonics_Grady_
3. Power system harmonics, Francisco_De_La_Rosa — 2006 April 2012
Learning Assessment
Continuous Learning Assessment (50% weightage) . — o o
Bloom’s Level of Thinking CLA=1(10%) CLA -2 (15%) CLA -3 (15%) CLA-4 (10%)# Final Examination (50% weightage)
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 40% . 30% 4 30% : 30% . 30% .
Understand
Level 2 Apply 0% ] 40% : 40% " 40% - 40% -
Analyze
Level 3 (E;‘r’:;‘::te 20% : 30 % : 30 % - 30% . 30% -
Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry Experts from Higher Technical Institutions Internal Experts
Dr. K. Karthikeyan, ABB Ltd., k.karthikeyan@in.abb.com Dr.B.Chitti Babu, IIIT, bchabu@jiitdm.ac.in Mr. D.Ravichandran, SRMIST, ravichandran.d@ktr.srmuniv.ac.in
Dr. Swaroop Gajare, Power Systems Technologies, Eaton Research Labs | Dr. M.M. Rajan Sing ravel, NIT, rajan.singaravel@nitpy.ac.in Dr. M. Senthilkumar, SRMIST, senthilkumar.mu@ktr.srmuniv.ac.in
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Course Code 18EEE408T | Course Name HVDC AND EHVAC SYSTEMS Course Category E Professional Elective 370013
Pre-requisite Courses Nil | Co-requisite Courses i Progressive Courses |Nil
Course Offering Department Electrical and Electronics Engineering | Data Book / Codes/Standards Nil
Course Learning Rationale (CLR): | The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Outline the concepts of Extra High Voltage transmission systems 11213 112 4 |56 7 [8]9[10]11/12/13/14 |15
CLR-2: |Explain the general background and operational concepts in EHVAC Transmission Systems ElEls s yoi -
CLR-3: |Give idea about the factors affecting EHV transmission and the protection of EHV lines S % = S ’§5 §
CLR-4: |Impart knowledge about HVDC Transmission systems S 5le 2L I502 |8, = glo
CLR-5: |Expose fo the concept of harmonics and basis of protection for HYDC Systems. £ 2| é 2 § % L 3| § s ; g
CLR-6: |Know the detailed background of extra high voltage AC transmission and high voltage DC transmission £ D_cz Z o 2188 353 IS = o5 ‘§ 2| 3
Elo|o =¥ s|lsslk =g s €= o
AR B E |8l s|>5=< S 2l 55|
) ) : 5| 3|3 £E|2| 228 o828 8|2 E|I8I3AlL]L
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: zl el e 2 8|g|=g|8|g|z2 |35 o2 333
— |l | w| o |l A<= | plunjlw| £ o|la|5|a|a|a
CLO-1: |Understand the basic concepts of Extra High Voltage Transmission. 2180|75 H|-|- - - |- Li-|-|-]-IMM|L
CLO-2: |Analyze the general background of EHVAC Transmission Systems 3180|75 HiM| M| - - - - - - - MM -
CLO-3: |Acquire knowledge in operational concepts and protection in EHVAC Transmission Systems 3180|75 HIM| M| - - |- L - - IMIM|L
CLO-4: |Infer the significance of HYDC Transmission and its modern trends and applications. 3180|75 H|-]|- - - |- - - -l - I MM -
CLO-5: |Gain idea in the general principle of HYDC control and harmonic elimination in HYDC Systems 3180|75 HIMM| - [M|- - -l -l -]l-]-IM|H]|-
CLO-6: |Interprete the operational concepts of high voltage AC and DC transmission 318075 HIMM| - M| -|M|LIMIM|-]-1H|M|L
Duration (hour) 9 9 9 9 9
SLO-1 | Brief Description of Energy Sources fower harydlmg Caphaly oLAC Effects of corona Choice of HYDC Transmission Pulse number
S ransmission line . .
SLO-2 | Development of Energy sources Line losses of AC transmission line ?gr%%af(’)zg of trafQUiCIEEEeSdiete Basic outline of HYDC Transmission Choice of Converter Configuration
SLO-1 | Introduction to EHV transmission {ntroductlgn t 9 mechanlcal ERSREETTS Generation of audible noise s son afLcgomics, Technlc.:al' Introduction to Graetz circuit
S0 n in transmission line performance L1 M Performgnce of DQ power Transmission
SLO-2 Standard Voltage levels of Transmission Types of vibrations and oscillations Chafacterl§t/cs and its limitations of Compar!sqn of Reliability of DC power Simplified analysis of Graetz circuit
systems audible noise Transmission
SLO-1 g;:;:rr;:glcal fevels for Transmissicg Concept of bundled conductors Generation of corona pulses Description of HVDC transmission system| Concept of HVDC link Control
S-3 P
SLO-2 ggzl{;nc;);;transmlssmn Lings And Properties of Bundled conductors Properties of corona pulses Types of HVDC links Principles of HVDC link control
SLO-1 | Necessity for EHV transmission urtataofiak® gradiphomeinglo Limits for radlio interference fields Components of a Converter station D.C B'rgaker— B@stc concepts of DC
S4 conquc{or bundles ' ‘ - ‘ circuit interruption .
SLO-2 | Challenges involved in EHV transmission Qerlvatlon of Surface voltage gradient on E\(aluat/on of radio interference using Description of a Converter station DC Breqker —Characteristics and
single conductor bundles Cigre Formula Applicatiobns
Operational Aspects of EHV AC Surface voltage gradient on double Concept of RL filter to block corona Basic concepts of multi-terminal HYDC o .
S5 SLO-1 fransmission conductor bundles enery system. AC Filter —Criteria of design
SLO-2 | Electrical characteristics of EHV cables Derivation of Surface voltage gradient on Design of RL filter Typgs and potential applications of multi- | AC Filter —Ratmgs' of filter components
double conductor bundles terminal HYDC system. and protection of filters
S-6 | SLO-1 | Gas insulated EHV transmission lines Basic concepts of reactive power Intereference to TV reception from EHV | Effects of proximity of ac and dc DC Filter —Criteria of design
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compensation lines transmission lines
SLO-2 | Properties of SFsgas Principles of shunt compensation Dlscl7a_rge§ from an EHV line causing HVDC transmission based on Voltage DC Ellter —Hybrid active filter for DC
television interference Source Converters filtering
SLO-1 Eﬁ‘igt of Power-Frequency Magnetic Principles of series compensation Concept of lightning strokes Merits of HVDC System Protection Against Over Currents, Over
s7 ields on Human Health - . - e Voltages
SLO2 Effect of H/gf_1 Electro Static Field on Sub-synchronqus resonance in Generql principles of the lighting Limitations of HVDC System Protection Systems in HVDC Substation
Humans, Animals, and Plants compensated lines protection problem
SLO-1 | Introduction to line parameters Cotlieqigzssuros for SUlgeyhc/IN Arresters used for EHV systems Applications of HVDC transmission Necessity of simulation of a dynamic
S8 7esonance p;ot;lemt rf due | Protective characteristics of lightni st
i - . ) mprovement of system performance due | Protective characteristics of lightning ) - ) ) )
SLO-2 | Determination of resistance of EHV lines to reactive power compensation. arresters Modern Trends in HVDC transmission Tools for simulation of a dynamic system
SLO-1 | Determination of inductance of EHV lines Comparison of Overhead and Operating characteristics of lightning Semmar on case Studies of HVDC links Digital Dynamic Simulation of Converters
S:9 Underground lines arresters in the world- |
SLO-2 Determination of capacitance of EHV Examples of Giant power pools in the Insulation Coordination based on Seminar on case Studies of HVDC links | Digital Dynamic Simulation of DC
lines world lightning in the world- Il Systems
1. Rakosh Das Begamudre, Extra High Voltage AC Transmission Engineering, Fourth Edition , New Age |3. Chakrabarti. A, M.L.Soni,P.V.Gupta,U.S.Bhatnagar, PowerSystem Engineering, DhanpatRai& Co.,
Learning International(P) Limited,Publishers.,2011 2010.
Resources 2. Padiyar K.R., HYDC Power Transmission Systems, Third Edlition,New Age International (P) Limited 4. Sunil S.Rao, Switchgear Protection and Power Systems, 13the dition, Khanna Publishers,2008.
Publishers.,2015. http://www.nptelvideos.com/course.php ?id=480

Learning Assessment

Continuous Learning Assessment (50% weightage) . _— 0
Bloom’s Level of Thinking CLA-1 (10%) CLA -2 (15%) CLA -3 (15%) CLA-4 (10%)# Final Examination (50% weightage)
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice

Level 1 Remember 40% ] 30% i 30% ] 30% ! 30% :

Understand
Level 2 Apply 0% L 0% ! 0% : 0% : 40% :

Analyze
Level 3 Cvaluate 20% 3 30% : 30% : 30% : 30% :

reate
Total 100 % 100 % 100 % 100% 100%

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1.Dr.K.Karthikeyan, ABB India Ltd., k.karthikeyan@in.abb.com

1. Dr Subhransu Sekhar Dash, Government College of Engineering, Keonjhar, Subhransudash_fee@gcekjr.ac.in

1. Ms. E. Annie Grace, SRMIST

2. Mr.Senthilkumar,ATl,rskrd1962@gmail.com

2.Dr. A. Venkadesan, NIT Puducherry, venkadesan@nitpy.ac.in

2.Dr. S. Padmini, SRMIST
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Course Code

18EEE409T Course Name

POWER SYSTEM DYNAMICS

Course Category E

Professional Elective

Pre-requisite Courses

Nil

| Co-requisite Courses

Nil

Progressive Courses |Nil

Course Offering Department Electrical & Electronics Engineering Data Book / Codes/Standards NIL
Course Learning Rationale (CLR): | The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Enumerate the significance of stability study and its classification 11213 11213 4 |56 7 |8/9[10]11[12]13[14[15
CLR-2: |Explain the concept of detailed modelling of synchronous machine for stability studies E|lE|E - - =
CLR-3: |Understand and model the various excitation system 8 ‘5.’ = §’ S § §
CLR-4: |Examine the small-signal stability study of single-machine infinite bus (SMIB) system % 5|2 H %. 3 f;-fv . = gl
CLR-5: |Discuss the Sub-synchronous oscillations and countermeasures for small-signal stability = £ S 2| 5 |3 2l S|s|%|E
- . 5 e =S | & S| |9 Z |52 = |l 2% ®
CLR-6: |Develop the mathematical model of synchronous machine and assessment of small-signal stability = B o2 |88 8|0 |5 E | 8l
Hlo o ST lsslE|e|E ® T | S|=| =2
522 DREE = g 2 c| > € S| 2|5 S| T ||
. : : T | 3|8 2228 3|22/ 8 2|E3 3|5d <
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: zl el g 2 8|g =3 8|g|z22|2 35|23 3 3
— 0| wio o< S |n|uh|lu|E/o|la|Tla|a o
CLO-1: |Explain the basics of stability analysis and its types 1175|75 HIH| - - - - - -l -l MM -
CLO2 : Apply the idea of Pgrkg transformation and express the voltage and flux linkage equation, torque and power equation of 3175175 Hlule! H | A ) ) ) mliml
synchronous machine in rotor reference frame.
CLO-3: |Describe the excitation system, types and its modelling for stability studies 317575 HIH|L| H |H|- - -l-l-l-l - I MM -
CLO-4: |Analyze the small-signal stability for the SMIB system with classical model of synchronous machine 3175|75 HIHIH| H |H|- - | -]-|lH]- M| M
CLO-5: |Infer Sub-synchronous oscillations and the enhancement methods of small-signal stability 3|75|75 HIHIH| H|-]|- - -l-l-l- - I MM -
CLO-6: |Design the mathematical model of synchronous machine and evaluate the small-signal stability 31|75|75 HIH| H| H |H| - - -|-|H|-|-IMM|-
Duration (hour) 9 9 9 9 9
SLO-1 Introduction —Basic elements of power Introdyct/on to Three phase synchronous Excitation system requirements Small-signal stabillty of dynamic Systems Intrqdugt/on to Sub-synchronous
S-1 system machine oscillations
SLO-2 f;gg#rgo%ftﬁ) (7wer Systent-Peagr RMF, MMF waveform Basic functions of Excitation system Local, finite and global stability Turbine-generator torsional characteristics
SLO-1 Operating statgs of power system and Winding model Elements of an excitation system Linearization Structure of typical lumped mass shaft
S-2 control strategies system model
SLO-2 | Normal design contingencies Modelling assumptions, Control functions of an excitation system | State-space representation Shaft model representation
SLO-1 | System design for stability Sign convention Protectiyg funciis of A Mathematical analysis of stability Equat/ons of /n«_ema constfant-Tor sional
s3 11 system st:ffqess-Dampmg coefficient '
SLO-2 | Classifications of stability StatO( voltage equfetiohsw alk Types of Excitation System (ES) Eigen properties of the state matrix Derive the Shaft system equations
coordinates between turbine and generators
The stability phenomena: small-signal | Rotor voltage equations in abc - : . Computation of damping and stiffness
S4 SLO-1 and transient stability coordinates DC excitatiomsystomaDC14) Sigeavalucslafineliic matix coefficient for a five mass model system
SLO-2 Bas:g assumptions made in stability StatO( flux linkage equations in abc DC excitation system with amplidyne Elgepvectors, participation factor, modal Compytat/on of each shaft section torque
studies coordinates matrices for a five mass model system
SLO-1 | Rotor dynamics and the swing equation Rotor.ﬂux Iniggaesuataiaig,abe AC Excitation system E/gem{alues and stability-trajectory Torsional natural frequencies
coordinates behaviour
S-5 Transient stability- llustrate with Single Example of torsional characteristics of
SLO-2 | machine connected to infinite bus Stator self-inductance calculation Field-Controlled Alternator Rectifier ES Mode shape and participation factor. . fp o unit with stati i
(SMIB) system coal-fired unit with static exciter
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i Numerical problem on transient stability | Stator to rotor Mutual-inductance . i " Controllability and observability-concept of| Small-signal stability enhancement-
SLO- analysis of SMIB system calculation b et ey complex frequency methods
S-6 Power versus rotor angle curve,Power-
SLO2 rotor angle equations-(during a fault, Rotor to Stator Mutual-inductance, Rotor Alternator-sunplied controlled-rectifier ES State-space form of Synchronous Different types of Power system
after fault clearing and removal of the | self —inductance calculation PP machine’s swing equation stabilizers (PSS)- Need of PSS
faulted circuit)- Numerical problem
) I : ol Case study on small signal stability
SLO-1 Transient stabillty assessmept of SMiB Park’s transformation fialg ype- ik lgsgxcitatiog analysis of Single-Machine Infinite Bus Stabilizers based on shaft speed signal
system by Equal-Area Criterion system g ; .
S-7 (SMIB) with classical machine model
SLO2 Cqmputat/oq of Qr/t/cal cleaf/ng angle- | Voltage and flux I/nkaqe equat,ons in dgo Static Excitation system Block diagram representation of SMIB Delta-P-Omega stabilizer
critical clearing time-Numerical problem | reference frame (Park’s equations) system
i s . | Calculation of synchronizing torque 0 .
SLO-1 | Introduction to Voltage stability o cady s{ate T e VO”age’ Current Potentla{ oo COT e coefficient, system matrix, eigenvalues Frequncy based stabilizer, Digital
and flux linkage relationships. type excitation system dihion £ stabilizer
e
§ . AN . 9 . e effect of damping torque in the iy o
SLO-2 Vo/tage collapse- lllustrate with two bus Pha§or reprgser?tatlon Steady state Moqell{ng and computer simulation of stabillty of SMIB system with classical Enhancemgnt of stability by Excitation
radial system equivalent circuit. excitation system 3 control design
machine mode/
. , ] Speed and rotor angle time response of | Exciter gain, Phase-lead compensation,
SLO-1 L{arg 6 dishurbance and smal Sp l’.ﬂed mOd?/ ) Detailed excitation system model- DCIA | SMIB system with classical machine stabilizing signal washout, Stabilizer gain-
disturbance Classical machine model. e 9D
S-9 model Stabilizer limits
SLO-2 Voltage stability- Mid-term and Long- Steady State analysis of Synchronous AC1A and AC4A model of excitation Synchronous machine model using General observation on excitation control
term stability machine using simulation software system suitable simulation software design
1. P.Kundur, Power System Stability and Control, McGraw Hill Inc, New York, 1995. 4. K.R.Padiyar, Power System Dynamics, Stability & Control, 2nd Edition, B.S. Publications, Hyderabad, 2002.
Learning 2. R.Ramanujam, Power System Dynamics: Analysis and Simulation, PHI Publishers, Delhi, 2nd edition | 5. P.M Anderson and A.A Fouad, Power System Control and Stability, lowa State University Press, Ames, lowa,
Resources 2013. 1978.
3. M.A.Pai and W.Sauer, Power System Dynamics and Stability, Pearson Education Asia, India, 2002. | 6. https:/nptel.ac.in/courses/108102080/
Learning Assessment
Continuous Learning Assessment (50% weightage) ) o 0
Bloom’s Level of Thinking CLA=1 (10%) CLA -2 (15%) CLA -3 (15%) CLA-4 (10%)# Final Examination (50% weightage)
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 0% ; 0% - 0% : 0% : 30% :
Understand
Apply g 0 g 9 0
Level 2 40 % - 40 % - 40 % - 40 % - 40% -
Analyze
Level 3 Evaluate 20% ; 30% : 30% ] 30% - 30% -
Create
Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1.Dr. Sharon Ravichandran, ABB Ltd., Chennai,sharonravi87@gmail.com

1. Prof. K.Shanthi Swarup, IITM, Chennai, ksswarup@iitm.ac.in

1.Mr. D. Maharajan, SRMIST

2.Dr.V.P.Boopathi, Powersys., Chennai,Boopathivp@gmail.com

2.Prof. R.P.Kumudini Devi, Anna University, kumudini@annauniv.ac.in

2.Dr. D. Sattianandan, SRMIST
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Course Code 18EEE410T Course Name MODERN POWER SYSTEM ANALYSIS Course Category E Professional Elective 3700 3
Pre-requisite Courses 18EEC303T | Co-requisite Courses  |NIL Progressive Courses Nil
Course Offering Department Electrical and Electronics Engineering Data Book / Codes/Standards  |Nil
Course Learning Rationale (CLR): [The purpose of learning this course s to: Learning Program Learning Outcomes (PLO)
CLR-1:  |Explain the numerical method involved in for optimal power flow analysis 1wl 2 11213 4 |56 7 |8[9]10(11]12]13[14 |15
CLR-2: |Analyse the significance of contingency analysis and power system security states Tlals o
CLR-3: |Outline the concepts of distribution system 8 c\’; ? _qu’ s S 8
CLR-4: |Understand and analyze the different concepts of stability L % & g 3 1 s ° i § =
CLR-5: |Demonstrate the concepts of state estimation of power systems £lg E 2|25 |5 g 5l S| g|E|<
CLR-6: |Evaluate the overall analysis of power system problems starting from transmission to distribution =8| & lf-,, EEE s|l3les = ff 3
| < gl|ele 2|l g3 2 8 5 -2
1383 S| el |a5|C|®|ES T|E|=| 2
c| L2 @ c|ls 5| E| 2|5 < S| 2w | 5|5 ||
) . p = | B[ 258 | B|lSE Q8 BIE|ISI S~
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: 21g g 2 8|8 2838|822 /35|22 333
AN wla ol | olup|d|Slolal|5|ala|a
CLO-1: | Acquire the knowledge on the numerical methods of optimal power flow analysis 3175|75 HIMM| M M| - - -l -l -l MIM|-
CLO-2: |Analyse the concepts of power system security 3175|75 HIMIM| M M| - - -l -l MM -
CLO-3: |Familiarize the knowledge on distribution system and its application 3(75|75 HIMIM| M M- - |-|-]1-]-|-|[MM|-
CLO-4: |Categorize the study of stability analysis 37575 HIMIM| M |-|- - - -l - MM -
CLO-5: | Gain knowledge on the concept of state estimation in power systems 317575 HiL|L]| - - - - -l -] MM
CLO-6: |Create ,design and analyze the power system issues starting from transmission to distribution 3175|75 HIMIM| M M| - - -l -l MM -
Duration (hour) 9 9 9 9 9
SLO-1 | Formulation of power flow problem Overview of security analysis Basic concepts of stability g;/t?g’nﬁﬂon - Prittchpwistibulic Need for state estimation
S-1 -
SLO-2 Z(Z;ﬁ;? through Newton-fcehses Need for Power system Security Classifications of stability Types of primary distribution systems Basic methods of state estimation
SLO-1 Problems solving- Newton-Raphson Factors affecting power system security Sma]l signal stability of a single machine Secondary distribution systems Compa(lson of power flow and state
S-2 method infinite bus system estimation problems
SLO-2 | Fast decoupled power flow solutions Introduction to Contingency analysis Small signal stability-solving numerical Types of Secondary distribution systems | Least Square State Estimation
SLO-1 Problems solving-Fast Decoupleg Continglficy anq/y SETICHSEE Transient stability-Runge kutta method Ring main distribution systems Weighted Least Square State Estimation
s3 method removal of one line ‘ ' : Fr_ ' - '
SLO-2 | Comparison of Load flow methods Computation qf bus /mpec{ance matrix Runge kutta method - Solving numericals Ring main distribution systems-solving State estimation from Non-linear
from bus admittance matrix numerical measurements
SLO-1 | Power flow studies-simulation Problem solving-contingency analysis Runge kutta method - Solving numericals égﬁ?ngomggsgﬁ/ cistitition networks- Static state estimation for power systems
S4 e — g —
SLO-2 | Power flow studies-simulation Problem solving-contingency analysis Runge kutta method - Solving numericals Loac] o] ragd/al gistribution networks - We/glj ted Least‘ Square State Estimation
solving numerical —solving numericals
Calculation of new bus voltage due to General desian characteristics of
SLO-1 | DC power flow solutions addition and removal of one line- Transient stability- Simulation SOIEN9S Detection of bad measurements
S-5 simulation distribution system
SLO-2 | AC-DC power flow model Solving numericals Voltage stability Primary distribution system - design Identification of bad measurements
S-6 | SLO-1 | Optimal Power Flow-Introduction Linear sensitivity factors Transmission characteristics Primary distribution system - design Zztsscgroer;nirgsldennﬂcatlon of bad
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SLO-2 | Gradient method Problem solving-Linear sensitivity factors | Transmission characteristics Voltage,scheme and feeder size selection| Solving numerical
s7 SLO-1 | Problem solving-Gradient method Problem solving-Linear sensitivity factors | Generator characteristics Secondary distribution system - design | Network observability
SLO-2 | Newton’s method AC power flow method Generator characteristics Lamp flicker-Origin Problem solving Network observability
SLO-1 | Security constrained optimal power flow | Problem solving-AC power flow method | Load characteristics Types of flicker and remedial measures | Pseudo measurements
S8 SLO-2 | Optimal generation scheduling Contingency selection Load characteristics fesiogaicapacitors to distribufion State estimation '.nC/”dmg Phasor
systems measurement units
Problem solving-optimal generation ] d Characteristics of reactive compensating | Design of capacitors to distribution State estimation including Phasor
SLO-1 . Contingency ranking 3 : ) .
s:9 scheduling ' ' ! devices. systgms-so/wng 'numer/cgl . mea§urgment units .
SLO-2 | Optimal unit committment Securlty analysis and contingency Typical scenario of voltage collapse Design of capac:tors fo ‘dIStI’Ibutlon Appllcat{on of state est/matlon in power
evaluation systems-solving numerical system in load forecasting
1. PaiMA. and Dheeman Chatterjes, Computer Techniques in Power System Analysis, Mc Graw Hil 3! Al{en Wood J.and Bruce.F. Wollenberg, Power Generation Operation and Control, 2nd Edition, John
) ; i o ; Wiley & Sons, New York, 1996.
Learning Education (india) Private Lizieg iew Deihi, 806, 4. Prabha Kundur, Power system stability and control, Electrical power research institute-power system
Resources 2. John.J.Grainger, William D. Stevenson, Jr, Power System Analysis, Mc Graw Hill Education (India) ; ’ 4 y A P P Y

Private Limited, New Delhi, 2015.

engineering series.
5. Mukhtar Ahmad, Power System State Estimation, Lap Lambert Acad Publishers, 2013.

Learning Assessment

Continuous Learning Assessment (50% weightage) Final Examination (50% weightage)
Bloom’s Level of Thinking CLA - 1(10%) CLA -2 (15%) CLA -3 (15%) CLA -4 (10%)# o Wweightag
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice

Level 1 Romerber 0% . 30% i 30% ) 30% 1 30% :

Apply g 0 g 0 0
Level 2 Antivzs 40% L 40% = 40% . 40% - 40% -
Level 3 Evaluate 20% : 30% : 30% ] 30% : 30% :

Create

Total 100 % 100 % 100 % 100% 100%

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1.Dr.V.P.Boopathi, Powersys., Chennai,Boopathivo@gmail.com

1.Dr. K. S. Swarup, IITM, Chennai, ksswarup@jiitm.ac.in

1.Dr. S.

Padmini, SRMIST

2.Dr. T. Prakash, TNEB, Mt. Road, prakash.thyagarajan@tnebnet.org

2.Dr. P. Somasundaram, Anna University, mpsomasundram@annauniv.edu

2.Dr. K.

Vijayakumar, SRMIST
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Course Code

18EEE411T Course Name

POWER SYSTEM DEREGULATION

Course Category E

Professional Elective

3,003
Pre-requisite Courses NIL | Co-requisite Courses |NIL Progressive Courses |NIL
Course Offering Department Electrical & Electronics Engineering Data Book / Codes/Standards  |[NIL
Course Learning Rationale (CLR):  [The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR1: Understand the basics of deregulation and economics of power system 1 3 1 3] 4 |5 7 181910111213 ]14 15
CLR-2: Learn Unit commitment, optimal power flow and its constraints slsl=
CLR-3: Understand the activity of GENCO and independent system operator 8 ‘\’\; § §w z 5 8
CLR-4: Get familiarized with the various transmission services @25 = g 3 = 8| o
. P : : : o| O | E @2 g = o | o £ =
CLR-5: Gain knowledge on the role of security and congestion management in deregulated power system. £le|< 22|36 |S| 5| S| g|L|<
CLR-6: Create overall restructuring of power system starting from generation to power transmission and distribution = g g ﬁ, © g g 5| 3|les ; B f §
Flo|lo e e ey | e | o g g = |2 2>
G| 2|2 B E|lcldE s|=>s< S| 25| S| |V
. : . =B85 cl2 o238 8|38 8|2lE|B|3|Llsls
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: Slele 2 8|g|s8/ 88|22 |3 5|c|le313|33
S d | mla | ol |= | lua|lim|E]o|alS|ala|a
CLO-1: lllustrate the basics of deregulation in conventional power system 2 75|75 HIH| - - - |- - -l -]l-|l-|H|H|-
CLO-2: Use the concept of Unit commitment, optimal power flow in electric power system 2075 75 H|H]| - - - - M- - - HIH|M
CLO-3: Apply the knowledge on the various role of ISO in deregulated environment 2 |75|75 H{M - -l -0 - | -l-l-]l-]-|H|H]|-
CLO-4: Analyze various transmission system problems 2175|175 HI{M|-]| - - - - -l -|l-|-|-|H|H]|-
CLO-5: Utilize the basic role of security and congestion management and its solutions 3175|175 HIM{M| M |-]- - M -|-]|-]-|H|H|M
CLO-6: Analyze the power system generation and transmission losses with various components in deregulated system 3175|175 HIM{M| M |-]- - M| -|-]-]-1H|H|M
Duration (hour) 9 9 9 9 9

Embedded cost based transmission

SLO-1 | Introduction- Deregulation Optimal Power Flow problem model Operational planning activities of ISO pricing Introduction to Congestion,
S-1 oo

SLO-2 ;S;g;g#re of a derogulatedigReliELy Limits on Real and Reactive power flow | Single Auction Market Postage stamp method Reasons for transfer capability limitation

SLO-1 Z’gz:g t enilies in dereguisigigRiicty OPF Examples (quantitative analysis) Double Auction Market MW mile method(quantitative analysis) | Importance of congestion management
S-2 Power system Deregulation in different | Characteristic features of OPF & its ; Incremental cost based transmission )

SLO-2 , ks I1SO in Pool markets 2 Features of congestion management

countries applications pricing

SLO-1 | Competitive electricity markets U/mt cpmmltment Iconvenieiia ISO in Bilateral markets Short run marginal cost based method Classiication of congestion management
s3 . _ 4 electricity market methods

SLO-2 5727/6(}2;8 from a competiive electricity UC Constraints Operational planning activities of GENCO| Long run marginal cost based method Calculation of ATC

SLO-1 | Classification of electricity markets e a0 Unit c_or_nm/tment Design in GENCO in pool and bilateral markets Revenue Reconciliation Econom]c instruments for Handling
S4 deregulqted 'elec.tnc:ty market' - _ congestion

SLO-2 | Pool co and Bilateral Markets Constr'a/nts lpRegjased Unit Market participation issues Transm/'ssmn'op R aceess anq pricing Congestion pricing methods

commitment mechanisms in various countries
. Lo . s, Cost components of Transmission ”

os SLO-1 | Effects of deregulation Competitive bidding., strategic bidding Power exchange System Operator (TSO) Market splitting

SLO-2 | Pre dispatch and instantaneous dispatch | Parameters affecting bidding strategies | Market operations Transfor capability on open acoess Counter trade

transmission system
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Review of Economic Load Dispatch ) Developments in international o
. SLO-1 problem (ELD) Formation of power pools Market power- standard cost transmission pricing Transmission rights
SLO-2 | Constraints in ELD problem Economic Exchange of Energy Price forecasting jeiemission Sepunty management in Inter zonal congestion management
deregulated environment
SLO-1 gconomlc‘Load Dispatch problem In Multi area Joint Dispatch (quantitative Power wheeling Scheduling of spinning reserves in Intra zonal congestion management
s7 eregula_)t/on _ analysis) deregulated electric market
SLO-2 Economlc_ Load Dlsp atch problem Energy Brokerage system Types of wheeling transactions Introduction of ancillary services Price area congestion management
(quantitative analysis)
s8 SLO-1 | Conditions for optimum Z’glg)d IndependegtSygtcRg operator Transmission open access and types Types of Ancillary services Capacity alleviation method
SLO-2 | Significance of Lagrange Multipliers Types of electricity market Cost components in transmission Classification of ancillary services Contingency reserve services
SLO-1 | Security constrained Economic dispatch ﬁ)t;t;:g;re r Uplectriclugi e Pricing of power transactions ?gﬁgizl(g/ssemlces Mg iRyt in various Indian electricity act
S9 E = - : -
SLO-2 | Preventive and corrective rescheduling Strughure of Nord GRS ire Ideal Wheeling Rate iR 8lead optionSprBagunty Indian power exchange
market management
1. KankarBhattacharya, Operation of Restructured Power Systems, Kluwer academic publishers, 2001. 4. Xiao ping Zhang, Restructured Electric Power Systems: Analysis of Electricity Markets with
Learning 2. Mohammad Shahidehpoura and Muwaffaq A lomoush, Restructured Electric Power System operation Equilibrium Models, IEEE press, 2010
Resources trading and volatility, Macsel Dekker Inc,2001 5. THE ELECTRICITY ACT, 2003, http://www.cercind.gov.in/Act-with-amendment.pdf
3. Zaccour.G. Deregulation of Electric Utilities, Kluwer academic publishers, 1998 . 6.  https.//Inptel.ac.in/courses/108101005/.

Learning Assessment
Continuous Learning Assessment (50% weightage) . — o
Bloom's Level of Thinking CLA—1 (10%) CLA -2 (15%) CLA-3 (15%) CLA -4 (10%)# Final Examination (50% weightage)
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 40% ! 30% 3 30% - 30% ) 30% .
Understand
Level 2 Aol 40% . 40% ! 40% - 40% i 40% .
nalyze
Level 3 valuale 20% . 30% ! 30% - 30% . 30% .
reate
Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry Experts from Higher Technical Institutions

Internal Experts

1. Dr.S.Sambath, TANGEDCO, Tamilnadu, eses.eng@gmail.com | 1.Dr. M.P.Selvan, NIT Trichy, selvanmp@nitt.edu

Mr. K.Selvakumar, SRMIST

2. Mr.Sudharsan, L&T, sudharsand@Intecc.com

2.Dr Subhransu Sekhar Dash, Government College of Engineering, Keonjhar, Subhransudash_fee@gcekjr.ac.in

Dr.K.Vijayakumar, SRMIST
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Course Code

18EEE317T

Course Name

SYSTEM THEORY

Course Category E

Professional Elective

Pre-requisite Courses

18EEC301J

| Co-requisite Courses

Nil

Progressive Courses [Nil

Course Offering Department

Electrical & Electronics Engineering

Data Book / Codes/Standards

Nil

Course Leaming Rationale (CLR): | The purpose of learning this course s to: Learning Program Learning Outcomes (PLO)
CLR-1:  |Model and represent the systems in state variable form 1123 11213 4 [5]6] 7 |89 [10]11]12[13]14]15
CLR-2:  |Understand the need of controllability and observability ElIE|e ® I <
CLR-3: |Provide adequate knowledge in the phase plane analysis % g = %’ & N § §
CLR-4: |Give a basic knowledge in describing function analysis ol 6| 8 = §. x 2 o S 2 2
CLR-5:  |Educate on stability analysis of systems using Lyapunov’s theory S|S |5 S _% 2|2 |3 2| § S | E
CLR-6: |Create a mindset to model and analyze the system stability using system theory concepts E Q| 2l £ alAa .3 § g 5 = 3| 8|53
s BB |§l5|2|48 |58, 823 8 v
. . . ! i | O © S| 2=338 2 8ozl ololo
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: | Bl & 2|lo|8|l2g8|8|8|z28 | 5|5 bk
— | |l wl|o N | =S |plun|w | oo |5T|a|a|a
CLO-1:  |Apply the state space method to model Linear and Nonlinear system 3 | 75|75 H |H M M -] - - -l -1l -M M-
CLO-2:  |Test the controllability and observability of the system Slal 70 6 H |H M M -] - - - - - M M-
CLO-3:  |Apply the concepts of phase plane analysis to linear and Nonlinear system 3 | 75|75 H |H M M - - - - - M M| -
CLO-4:  |Formulate the Describing function for Nonlinear system 3 | 75|75 H|H M M - |- - -l-l-l-l - MM -
CLO-5:  |Determine the stability of Nonlinear system using Lyapunov and Variable- Gradiant Method 3 | 75|75 H |H |H |H -] - - -l-l-l-1- MM
CLO-6: |Apply system theory concepts to model and analyze real time system 3 | 75|75 H |H |H |H -] - - -l-l-l-1-M M |-
Duration (hour) 9 9 9 9 9
Concept of State- Concept of Controllability & Features of linear and non-linear , . . Introduction to Stability Analysis of
SLO-1 ; ; . Basic concepts of describing functions ;
tate equation for Dynamic Systems Observability systems Nonlinear System
S Time invariance and linearity- Non ontroliSiEaiRe! fogglie Yaryig Describing Function and Harmonic
SLO-2 . and Time In varying Case: Minimum Common physical non-linearity’s Equilibrium Points
uniqueness of state model Balance
Energy Control
SLO-1 State Diagram ?pservab///ty'test for Time Varying and | Methods of linearizing non-linear Desgr/blng function analysis of Stability in the sense of Lyapunov
52 : : : ime In- varying system systems nonlinear systems
SLO-2 ";%:’;aéjésmm' Linear CoRgaiS Principle of Duality Introduction to phase portraits Importance of Describing Function BIBO Stability
Physical System: Nonlinear system Controllability of State model in Jordan . Derivation of describing functions for | Stability of Linear Time Invariant
SLO-1 Mod : Concept of phase portraits 2 -
53 odel Canomca/' Eorm : Hys'tere'SIs non-llne.a(/ty ' Systems ' ' _
SLO-2 | Local Linearization of Nonlinear Model Obser\{abll/ty of State model in Jordan Singular points Derivation of deS'CI’Ibe?g functions for P.roblem‘So/vmg tp find stability of
Canonical Form Dead zone non-linearity Linear Time Invariant System
SLO-1 Solution of Nonlinear Continuous Time | Controllability and Observability Existence of Limit cvcles Basics of Backlash non-linearit Introduction to Nonlinear
S4 State Equation Canonical Forms of State mode Y y Continuous Time Autonomous Systems
SLO-2 | Runge Kutta Method Controllable Subspace, Unobservable Use of Limit cycle in control system Derivation of dgscr/t?/ng functions for Equt/(br/um S(ablllty of Nonlinear
Subspace Backlash non-linearity Continuous Time Autonomous Systems
Solution of Linear Time Varying . 7 . 3 Derivation of describing functions for | Basics of the Direct Method of
SLO-1 Conti ) ; Canonical Decomposition Theorem Construction of phase portraits S
S5 ontinuous Time State Equation Ideal Relay non-linearity Lyapunov
SLO-2 The Homoaeneous Solution Input- Output Maps from State Model BrotlomsolyinBnase b arraits Derivation of describing functions for | Direct Method of Lyapunov for
9 for Linear and Nonlinear System gimnp p Hysteretic Relay non-linearity Linear Continuous-Time Autonomous
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Systems
Finding Lyapunov Functions for
SLO-1 Evaluation of State Transition Matrix Output Controllability Phase plane analysis of linear System | Basics of Saturation non-linearity Nonlinear Continuous Time
S-6 Autonomous Systems
SLO-2 | Non Homogeneous Solution Dead-beat Controller Eroblem Solvingin Phase’planeiies Bl vatl.on of de?”’b ing functions for Krasovskii Method of Stability Analysis
linear system Saturation non-linearity
. . . o : . 5. 0 Finding Lyapunov Functions for
SLO-1 So/u{/on of Lmear Time In varying Reducibility of Linear System Phase plane analysis of Nonlinear Gene_ral Conditions for stability of Nonlinear Continuous Time
Continuous Time State Equation System Nonlinear system
S-7 Autonomous Systems
i . e e ; Problem solving in Phase plane for Describing function Conditions for . ;
SLO-2 | Evaluation using Similarity Transform | Reducibility of Nonlinear System Non-linear system stability of Nonlinear system Variable- Gradient Method
SLO-1 Solu{:on of quear Time In-va:ymg ngar System Real:zauons: Phase 8 Eoswb:h(:es of Oscillations occurrence Transients in Non Linear System
58 Continuous Time State Equation Variable Canonical Form in Non Linear System
SLO-2 Evaluation using Cayley Hamilton Nonlinear System Realizations: Phase | Importance of Isocline Method in Non | Stability analyses of oscillations in Use of Lyapunov to Estimate
Technique Variable Canonical Form Linear control system Nonlinear system Transients
SLO-1 (S:olu{lon of Lmear Time In-varymg Linear System Realizations: Jordan Basich of Invarg Bondultim Introduction to DC Motor Model S{ablllty Analys:§ Ca\?e Stud}{ relgted
59 ontinuous Time State Equation Canonical Form with Power Engineering Application
SLO-2 Evaluation using Inverse Laplace Nonlinear System Realizations: Jordan | Example of Nonlinear System: Inverted | Describing function analysis of DC Stability Analysis Case Study related
Transform Canonical Form Pendulum on a Cart Motor with Permanent Magnet with Power Engineering Application

. 2
Learning Resources

1. Katsuhiko Ogata, Modern Control Engineering,5t ed., Prentice Hall, 2017.

ed., Wiely Publications, 2012.

. M. Gopal, Modern Control System Theory, 34 ed., New Age International, 2014.
3. Marquez Horacio J Marquez, Nonlinear Control Systems: Analysis and Design, 2nd 6

4. Zoran Vukic, Ljubomir Kuljaca, Dali Donlagic and Sejid Tesnjak, Nonlinear Control Systems, Marcel Dekker Inc, 2007.
5. Richard C.Dorf, Robert H.Bishop, Modern control system theory, 13t ed., Pearson Education Ltd, 2016.
https://www.edx.org/course/introduction-state-space-control-mitx-6-302-1x

Learning Assessment

Continuous Learning Assessment (50% weightage) Final Examination (50% weightage)
Bloom'’s Level of Thinking CLA -1 (10%) CLA -2 (15%) CLA -3 (15%) CLA -4 (10%)# o weightag
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 40% : 30% f 30% : 30% . 30% -
Understand
Level 2 Apply 0% : 0% : 0% : 0% - 0% -
Analyze
Level 3 Evaluate 20 % - 30% z 30% d 30% - 30 % -
Create
Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1. Ms.R.Vijayalakshmi, C2C Engineering, vijayalakshmi@c2cengineering.co.in

Dr.S.K.Patnaik, CEG, Anna University, skpatnaik@annauniv.edu

Dr.R. Narayanamoorthi, SRMIST

2. Dr. S. Paramasivam, Danfoss, Industries Pvt Ltd, paramsathya@yahoo.com

Dr. A. Venkadesan, NIT, Pondicherry, venkadesan@nitpy.ac.in

Dr.N. Chellammal, SRMIST
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Course Code 18EEE318T | Course Name ROBUST CONTROL SYSTEM Course Category E Professional Elective 370 03
Pre-requisite Courses 18EEC301J  [Co-requisite Courses [Nl Progressive Courses NIl
Course Offering Department Electrical and Electronics Engineering |Data Book / Codes/Standards | Nil
Course Learning Rationale (CLR): | The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Introduce the basics of Robust control principles 11213 11213 4 (5|6 7 [8]9[10[11]12]13]/14[15
CLR-2: |Solve the various problems in linear systems different stabilization methods EIElE - H -
CLR-3: |Compute the performance of linear systems by the measured parameters Sl = -% S g §
CLR-4: |Understand the performance and limitations of Feedback control % 2 2 = | % i % ° c glo
CLR-5: |Identify the solutions for He control and uSynthesis £ 5| £ |28 |3 5|s 8 s|L|E
. c| S| £ S| 5B — |5 |<= > |2 |9 | ®
CLR-6: |Create a overall structure for Robust control system S £ E 2 2|88 S8|O |5 E | 8|e|l 3
5183 |glEl2lg8c|2lEE| (315122 ae
1813 23| 5|25 58|85/ g|2|E|BIS| ]
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: slelg 2 8|8|=22/8/8/28 2|3 5|2 2333
| wl o o</ =S |nuwun|/w| /0o |Tla|a | a
CLO-1:  |Understand the basics of Robust control principles 218075 HIM| M| - - |- - -l -l -l -|HIM]-
CLO-2: |Calculate the parameters of Linear systems by using different stabilization methods 3180|75 HIHIM| M M| - - -l -l -l MM -
CLO-3: |Analyze the performance of linear systems by the measured parameters 3180|75 HIHIH| M | -]|- - M|-|-1-|H|M]|-
CLO-4: |Acquire knowledge on Observer, Feedback control systems 3180|75 HIM|H| M |-]|- - - IMIM|-|-|H|H]|-
CLO-5: |Analyze the basics of H= control and uSynthesis and its solution 318075 HIHM M |-|-] -|-IMM| -]-1H|M
CLO-6: |Design a Robust control system for Real time Control Applications 318075 HIHIM| M M|- - - MM -]-]H|M]|-
Duration (hour) 9 9 9 9 9
SLO-1 Introduction Engineering Background of | Introduction Fundamentals Introduction to Stabilization Introduction to Performance Limitation Introduction to H « Control &uSvnthesis
S-1 RobustControl ofLinearSystem ofLinearSystems ofFeedbackControl Koy
SLO-2 | A Brief History of RobustControl Structural Properties ofDynamicSystem | StateFeedback PoissonintegralFormula ControlProblemand H = Control Norm
SLO-1 | Methodologies of RobustControl gtablllty- Bounded-InputBounded- Observer - Full-OrderObserver All-Pass and Minimum- Input-OutputRelationofTransferMatrix’s H
S0 utputStability Pha_se?'ransferFuqct/ons w'Norm
SLO-2 Small-GainApproach InternalStability MinimalOrderObserver JFtion on Achlgvable Closed- Dlsturbganc}e Contr O./
loopTransferFunction andWeightingFunction
$3 SLO-1 Positive Real Method Pole-Zero Cancellation Parametrization ofStabilizingControllers | InterpolationCondition LMI Solution 1:VariableElimination
SLO-2 | LyapunovMethod StabilizabilityandDetectability Generalized FeedbackControl System Analysis ofSensitivityFunction LMI Solution 2: VariableChange
SLO-1 Robust Regional PolePlacement Problem solving session Problem solving session IntegralRelation Problem solving session
S4 SLO-2 GainScheduling LinearFractionalTransformation ParametrizationofControllers Problem solving session Design .Of Generahzgd Plant
andWeighting Function
SLO-1 Problem solving session SystemPerformance YoulaParametrization Bode Integral RelationonSensitivity uSynthesis
$5 SLO-2 ﬁ::/l}c:igfLmearAlgebra and Function TestSignals Structure ofClosed-LoopSystem BodePhase Formula Definition of u andltsimplication
SLO-1 gace, De{ermmant, Matrix Inverse, and Steady—StateResponse & Structure of2-Degree-of-Freedom Limitation ofReference Tracking Propertiesofy
s6 ockMatrix TransteqtResponse Systems
SLO-2 | Problem solving session f(())(r)?;/éaor;;st(r);sofOp R ot andiased Implementation of 2-Degree-of-Freedom | 1-Degree-& 2 Degree of-FreedomSystem | DK lterationDesign
S-7 SLO-1 Linear VectorSpace Problem solving session SystemPerformance Relation betweer? Time quam and RegionalPolePlacement
FrequencyDomainProperties
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SLO-2 | Norm and Inner Product of Vector Basics of Convex Analysis and LM/ Problem solving session Parseval'sTheorem Convex Region and ItsCharacterization
SLO-1 LinearSubspace Convex Set and Convex Function TestSignals Fourier Tran§form and Condition for RegionalPolePlacement
S-8 InverseFourierTransform
SLO-2 Matrix and Linear Mapping Control Problem andLM/ Steady-StateResponse KYPLemma CompositeLMIRegion
SLO-1 Eigenvalue and Eigenvector Interior Point Method TransientResponse Problem solving session Problem solving session
S9 . . ] " ! , Case Study: Stabilization of Case Study: Transient Stabilization of
SLO-2 | Problem solving session Problem solving session Problem solving session ;
aUnicycleRobot aPowerSystem
4. B. Burl, Linear Optimal Control H2 and He Methods, Addison Wesley, California, US.1999.
Leamin 1. Kang zhi liu, Yu Yao, Robust Control — Theory and Applications, Wiley Publications, 2016. 5. K. Zhou, J. C. Doyle and K. Glover, Robust and Optimal Control, Prentice-Hall, 1999
Resourges 2. T. Glad and L. Ljung, Control Theory: Multivariable and Non-linear methods, Taylor and Francis, London, 2009. |6. Online Course: https://swayam.gov.in/
7.

3. S. Skogstad and |. Postlethwaite, Multivariable Feedback Control, John Wiley and Sons, 2005.

NPTEL: Control Engineering, Robust Control Systems.

https://nptel.ac.in/courses/108103007/8

Learning Assessment

Continuous Learning Assessment (50% weightage) Final Examination (50% weightage)
Bloom’s Level of Thinking CLA-1(10%) CLA-2(15%) CLA -3 (15%) CLA -4 (10%)# o weightag
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Remember - . A o o
Level 1 Understand 40 % - 30 % - 30% - 30 % - 30% -
Level 2 Apply 40% : 40% - 40% ; 40% . 40% .
Analyze
Level 3 Evaluate 20% ] 30% : 30% ’ 30% i 30% .
Create
Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1. Dr. Venkatarao Ryali, Electromechanical Control Systems Lab at GE Global Research, Bengaluru.

1. Dr.S.K.Patnaik, CEG, Anna University, skpatnaik@annauniv.edu

1. Mr.S.Senthilmurugan, SRMIST

2. Mr. Pugazhendhi K, Control & Instrumentation at ENMAS GB POWER SYSTEMS PROJECTS LTD.Chennai,

2. Dr. B. K. Panigrahi, IIT Delhi, bkpanigrahi@ee.iitd.ac.in

2. Ms R.Rajarajeswari, SRMIST

SRM Institute of Science and Technology — Academic Curricula (2018 Regulations) — Control copy

1184




Course Code

18EEE319T | Course Name

FUNDAMENTALS OF ROBOTICS

Course Category E

Professional Elective

Pre-requisite Courses

NIL | Co-requisite Courses [Nil

Progressive Courses |Nil

Course Offering Department Electrical & Electronics Engineering Data Book / Codes/Standards |Nil
Course Learning Rationale (CLR): [ The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1 Understand the concepts and basic structure of Robots | |23 11213 4 |5|6 7 | 81910111213 [14 |15
CLR-2 Recognize the basics of end effectors and drive systems ’g SlE o N, =
CLR-3 Enrich the students on the basics of Robotic manipulator and understand the kinematics of serial manipulators S| X|= = ] ;0 §
. o . o — - m| © = @ IS ® S
CLR-4 Analyze the basics of Sensors and its various applications in Robots. o 5| & E|lo| S| o Do £ |2
CLR-5 Design the Algorithms for mobile Robot navigation. Sile | S & (_‘% T |2 § R § Slw E
CLR-6 Utilize the concepts in robotics for the understanding of automation technology ElalZE 2 g al& S|O|5E 3| 853
Elo|g = S| 55| |3 ER B|IE|=| o
L2 SIE |28 | x|<cc S 3|22~ |n|m
ey s |2 5 LS8 5| B STl Bl E|IQ Q] ! !
i : i i : 8|8 5 8|lac8 B|le|Sw| 22| E|S o lo|0o
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: 3| 8| & 2|10 8|8P 818|228 =562 Ll o
— | 0| b wlalao|l<x| S| njun|lw| E|Oo|la|Tla|a|a
CLO1 Interpret the basic structure of Robots and apply it to design the Robots. 2|75(75 HIH|M| L -] - - Sl -l -l MM -
CLO-2 Acquire knowledge about end effectors and actuators systems Cial 79 | ] HIHIH| M | -] - - - -] - -|H|M]| -
CLO-3 Select robotic manipulator and understand the kinematics of serial manipulators 2|75|75 HIHIH| M | - - - -|H|H]| -
CLO4 Select and implement the sensors for various applications in Robots. 3|75|75 HIH{H| M | -] - - -l -l -l - - MM -
CLO-5 Develop the algorithms for mobile Robot navigation. 3175]75 HI{H|H| H |-]|- - -l -l -l-1-]1HIM
CLO-6 Apply the concepts of robotics in real time applications 3|75|75 H|H|H| H -] - - -l -l-]l-]1-1H| M| -
Duration (hour) 9 9 9 9 9
SLO-1 RObOt.’CS: Definition Aggariage Robot Drives- Actuators Matrix representation Robot Sensors Localization
S-1 and disadvantage of robots
SLO-2 | History of robotics Actuators selection. Fixed — reference frame Selection of sensor Path Planning
5 SLO-1 | Classification of robots Characteristics of actuating system Z?g rrgscegtgggneof fame oLl Contact and touch sensor Examples oflocalization system
SLO-2 | Robot components, Comparisons of actuating system | Representation of frame in a fixed reference frame | Tactile sensor Brief representations
SLO-1 | Robot characteristics Electric Actuators: DC motor Representation of rigid body Gripping force sensing Brief considerations
S8 SLO-2 | Co-ordinate systems Brushless DC motor Robot Kinematics - Position analysis Slip sensing ?i/l’t(;t; ’sle robot localization using practical
S4 SLO-1 | Robot reference frame Hydraulic actuators Representation of a pure transformation Proximity sensor Map representations
SLO-2 | Degrees of freedom Pneumatic actuators Representation of combined transformation Range sensor Map considerations
SLO-1 | Configuration space Robot end effectors Calculation of transformations Light sensors Slmul{aneous planning localization and
S5 mapping (SLAM)
SLO-2 | Operational space Classification of end-effectors Transformations relative to the rotating frame Pressure sensors Path planning
SLO-1 | Robots as mechanisms Drive system for grippers Inverse transformation matrix féfs’zrzaug 6 based foroe-forgue Path planning challenges
S-6 - . -
, . . ) . Inverse transformation matrix of the universe, robot, " . .
SLO-2 | Robot configurations-cartesian | Mechanical grippers hand and end effectors frame Position sensor Types of Path planning algorithms
S-7 SLO-1 | Robot configurations- cylinder Magnetic grippers Forward kinematics-2 DOF of kinematics analysis | Displacement sensor Robotics applications with examples
SLO-2 | Robot\ configurations- polar Vacuum grippers Forward kinematics-3 DOF of kinematics analysis | Sensors-Vision systems Material handling:Pick and place operation
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s8 SLO-1 | Robot configurations- articulate | Adhesive grippers Inverse kinematics- 2 DOF of kinematics analysis | Low level vision sensing and digitizing | Palletizing and depalletizing
SLO-2 | Robot wrist mechanism Selection criteria for grippers Inverse kinematics- 3 DOF of kinematics analysis | Vision cameras Machine loading and unloading
SLO-1 | Precision and accuracy of robot | Gripper force analysis and design | Euler angles Charge coupled device line scan sensor Welding, A sensor based/oy stick
59 . . - controlled teleopgratgd manipulator
SLO-2 Simple problems in precision Simple problems in Gripper Issues in inverse kinematics Applications of robotics vision system A sonsor basod j A stick controlled
and accuracy of robot teleoperated manipulator
Learnin 1. S. R. Deb & Sankha Deb, Robotics Technology and Flexible Automation, 2 ed., Tata Mcgraw Hill, 2010. | 4. Mikell. P. Groover, Industrial Robotics Technology, Programming and Applications”, 3.,
Resourges 2. Niku, Saeed, Introduction to robotics”, 2nd ed., John Wiley & Sons, 2010. McGraw Hill Co, 2008.
3. John J. Craig, Introduction to Robotics: Mechanics and Control, 4., Addison Wesley, 2018. 5. https://www.edx.org/learn/robotics
Learning Assessment
Continuous Learning Assessment (50% weightage) . I o
Bloom's Level of Thinking CLA—1 (10%) CLA- 2 (15%) CLA -3 (15%) CLA—4 (10%)# Final Examination (50% weightage)
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 0% : 0% ! 0% : 0% : 30% :
Understand
Level 2 Apply 40% . 40% . 40% ] 40% i 40% i
Analyze
Level 3 Evaluate 20% - 30% i 30% L 30 % - 30% -
Create
Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1.Mr. K. Ashwin,Embedded engineer,Bosch India,ashwinstringed@gmail.com

1.Dr. S. Ramareddy, Jerusalem College of Engineering, srr.victory@gmail.com

1.Mr.A.Dominic Savio, SRMIST

2.Mr.Uday kumar,KPIT,udaykumar2495@gmail.com

2.Dr.S.K.Patnaik, CEG, Anna University, skpatnaik@annauniv.edu

2.Dr.K.Mohanraj, SRMIST
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Course Code 18EEE320T | Course Name SIGNALS AND SYSTEMS Course Category E Professional Elective 370013
Pre-requisite Courses Nil | Co-requisite Courses [Nl Progressive Courses _ |Nil
Course Offering Department Electrical & Electronics Engineering Data Book / Codes/Standards |Nil
Course Learning Rationale (CLR): | The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Categorize the different types of continuous and discrete time signals 11213 11213 4 |56 7 [8]9][10[11]12]13][14[15
CLR-2: |Classify the various types of continuous and discrete systems ElE|E - - ~
CLR-3: |Perform the discrete Fourier transform on signals S S 2 5 ’§5 §
CLR4: |Perceive the digital IIR filters €g o = SR (S, = Sl
CLR-5: |Realize the digital FIR filters = % = é g § % =R S 6w &
CLR-6: |Acquire knowledge on identification and creation of signals and systems AR B = g A8 3|3 s =) s | 838
= R = El=las/E|2|E8 |3E(2 2 Clalo
ERR AR 25| 5|0 E|2SE|qB|E|B|IS| ||
. . . D| ©| D E 5|20 2| =8| &= o |4
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: zl el e 2 8 glegl3/ 828|353 33
— |l w o | Al =S | plun|w| Eo|la|I|la|a | a
CLO-1: |Identify the continuous and discrete time signals 2180|75 HIH|L| L |L|- - -l -l -l -l -|H|M]-
CLO-2: |Distinguish the various types of continuous and discrete systems 2180|75 H{H| L] L |L]|- - - - - -|H|{M]| -
CLO-3: |Assess the Discrete Fourier transform on signals 2180|75 HIHIM| M| - - - - HIM]| -
CLO-4: |Develop the digital IIR filters 3180|75 HIHIH| H|L|-] - |-|-]-]-]-|H|M|-
CLO-5: |Design the digital FIR filters 318075 HIHIH| H|L|-] - |- -l - -|H|[M]-
CLO-6: |Evaluate the various types of signals and systems 3180|75 HIHIH| H | L|- - -l -l -l-]-lHIM]|-
Duration (hour) 9 9 9 9 9

SLO-1 Analog §1gnqls, discrete time signals Continuous time systems System representation through differential Dgs:gn procedure of Analog Butterworth Des:gp procedure of FIR filter by window
S and digital signals equations . . Filter technique
SLO-2 | Deterministic and random signals Discrete time systems 237/ le;(-,;;gnr:p rosonigiudtib bEEELE Design of Analog Butterworth Filter Rectangular and Hamming windows
SLO-1 | Periodic and aperiodic signals Memory less and memory systems g;:g?o"% O); 5171 5 S ,E_.);;Z’rgn Procagegr Analog Chebyshev Hanning and Blackmann Windows
S-2 = 7 : -
SLO-2 | Energy and power signals Causal and non-causal systems gﬁ:g%’% f)tl‘ld/screte L5 ST Design of Analog Chebyshev Filter Kaiser window
SLO-1 | Even-odd signals Linear and non-linear systems gea/lzatlon OF diSgyote i Bilinear transform technique Dest_gn of low p ass FIR filter: Calculation
s3 ascade form of window coefficients
. ) . L Realization of discrete time systems: Quantitative treatment of Bilinear Design of low pass FIR filter: Calculation
SLO-2 | Causal and non-causal signals Time variant and time invariant systems : . o
Parallel form transform technique of filter coefficients
Standard continuous time signals: Unit . 2 L . Design of high pass FIR filter:
s SLO-1 step and Impulse signals Stable and unstable systems Discrete Fourier Transform (DFT) Impulse invariance technique Determination of window coefficients
SLO-2 S{andard continuous tlmg s:gpals: FIR and IIR systems Calculation of DFT Quaqtltat:ve trea?ment of Impulse Design pf h!gh pass FIR ﬂltt'ar':
Sinusoidal and Exponential signals invariance technique Determination of filter coefficients
Standard discrete time signals: Unit step . - DFT properties: Linearity, Periodicity, Design of IIR Butterworth digital filters Design of band pass FIR filter: Calculation
SLO-1 ) Recursive and non-recursive systems . ) r ) : -
S5 and Impulse signals Circular convolution using bilinear transform technique of window coefficients -
SLO2 Standard discrete time ignals:Sinusoidal | System properties via the impulse DFT properties: Time reversal, Circular Design of IIR Chebyshev digital filters Design of band pass FIR filter: Calculation
and Exponential signals response: Causality time shift, Parseval’s theorem using bilinear transform technique of filter coefficients
S-6 | SLO-1 | Transformations of the independent System properties via the impulse DFT using DIT-FFT algorithm Design of IIR Butterworth digital filters Design of band stop FIR filter:
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variable: Addition, Multiplication and response: Memory using impulse invariance technique — Self | Determination of window coefficients —
Shifting study Seminar
) . . ’ ; Design of IIR Chebyshev digital filters Design of band stop FIR filter:
SLO-2 Traﬁsfor‘mat/op s of the independent Relatlon betwoen cogtiSele U EErS Calculation of DFT using DIT-FFT using impulse invariance technique — Self | Determination of filter coefficients —
variable: Scaling and Reversal time systems .
study Seminar
SLO-1 | Sampling and Sampling Theorem Continuous time convolution DFT using DIF-FFT algorithm Realization of lIR Butterworth digital filters ZZ?I.Z?IZ%HS?LC’@Z”(ErS: Transversal
S-7 e - : . ] P o
SLO-2 | Quantization and Coding Quantlta'tlve treatment of Continuous time Ca/cqlat/on of DFT using DIF-FFT Realization of IIR Butterworth digital fiters Rea'//za't/on of FIR filters: Linear phase
convolution algorithm -Assignment realization structure
. ] ) ! ] Realization of FIR filters: Polyphase
. SLO-1 | Aliasing Discrete time convolution Inverse DFT Need of Pre-warping realization structure
SLO-2 | Effects of Aliasing Quantlta{lve treatment of Discrete time Calculation.of IDFT Ere warping - Erequency transformation | Realization of FIR filters: Cascade
convolution in digital domain structure
SLO-1 | Simulation on continuous time signals | Simulation on Continuous time systems | Circular convolution Simulation on digital IR Butterworth filters ggg%g on digital FIR low and high
S-9 T 3 . - —
SLO-2 | Simulation on discrete time signals Simulation on discrete time systems Quantlta?lve trea{ment pF il Simulation on digital IIR Chebyshev filters Simulation on digital FIR band pass and
convolution -Assignment band stop filters
1. H. P. Hsu, Signals and systems, Schaum'’s series, McGraw Hill Education, 2010. 5. B. P. Lathi, Linear Systems and Signals, Oxford University Press, 2009.
Learning 2. S. Haykin and B. V. Veen, Signals and Systems, John Wiley and Sons, 2007. 6. A. V. Oppenheim, A. S. Willsky and S. H. Nawab, Signals and systems, Prentice Halllndia, 1997.
Resources 3. A. V. Oppenheim and R. W. Schafer, Discrete-Time Signal Processing, Prentice Hall, 2009.  |7. J. G. Proakis and D. G. Manolakis, Digital Signal Processing: Principles, Algorithms,and Applications, Pearson, 2006.
4. M. J. Robert, Fundamentals of Signals and Systems, McGraw Hill Education, 2007. 8. https:/fextension.ucsd.edu/courses-and-programs/signals-and-systems
Learning Assessment
Continuous Learning Assessment (50% weightage) . — 0
Bloom’s Level of Thinking CLA=1(10%) CLA -2 (15%) CLA -3 (15%) CLA—4 (10%)# Final Examination (50% weightage)
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Remember " 3 » L o
Level 1 Understand 40 % - 30 % - 30 % - 30 % - 30% -
Level 2 Apply 0% ' 40% f 0% : 0% : 40% :
Analyze
Level 3 Evaluate 20% - 30% : 30% 3 30% - 30% -
Create
Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1. Dr. Sharon Ravichandran, ABB Ltd., Chennai, sharonravi87@gmail.com

1. Dr. M.Jaya Bharata Reddy, NIT, Trichy, jbreddy@nitt.edu

1. Dr.K.Mohanraj, SRMIST

2. Mr.Sabari Ramanan, Manager, Siemens, Chennai, sabari.pm@siemens.com

2. Dr. B. K. Panigrabhi, IIT Delhi, bkpanigrahi@ee.iitd.ac.in

2. Dr.A.Rathinam, SRMIST
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Course Code

18EEE412T Course Name

ADVANCED CONTROL THEORY

Course Category E

Professional Elective

Pre-requisite Courses

18EEC301J | Co-requisite Courses

Nil

Progressive Courses |Nil

Course Offering Department

Electrical & Electronics Engineering

Data Book / Codes/Standards

Nil

Course Leaming Rationale (CLR): | The purpose of learning this course s to: Learning Program Learning Outcomes (PLO)
CLR-1: Educate on the basic concepts of multivariable control system 11213 11213 4 |56 7 [8]9|10[11[12]13]14]15
CLR-2: Understand the design concepts in model predictive control techniques ElS|® b - =
CLR-3: Provide adequate knowledge on preliminary concepts in Adaptive control schemes % %’ = %’ & N ;0 §
CLR-4: Provide knowledge on Variable Structure control techniques ol 6| & = §. = 2| o £ 22
CLR-5: Educate on different optimal control practices S|2|5 (S _% |2 |3 2| § Slw|E
CLR-6: Create a mindset to use the advanced control techniques in complex system x| Z 2 g 28 8|O|5E | 8|l 8
S8|3 s 2| 4552 2 |EE |Z|5/=| 2
5|22 81§58 | =s< 328|568« |a|w
; ] h | 3|3 E|la|2=>a/8|eE8 8 Slglel2d ool d
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: AR RS 2l 8|28l 88|28 =|5|s5 2 L|d oo
— | 0| i wlaolaoal<x| =S|l Eloja|o|la|a|a
CLO-1: Formulate the Multivariable control techniques to Multiple parameter system 3 (75|75 HIHIM| M |-]- - -l -l -l -l -IMIM]|-
CLO-2: Apply the model predictive control strategy to linear and Nonlinear systems 3 (75|75 HIH|H| H |-]- - -l -l -l - - I MM -
CLO-3: Articulate the basic adaptive control technique to a system Sl 75,0 ;75 HIHIM| M |-]- - - - M|IM]| -
CLO-4: Design the sliding mode control to a dynamic system 375|175 HIHIM| M| -]- - -l -l -l - - I MM -
CLO-5: Analyze and design the optimal control techniques for linear and Nonlinear systems 3 [75|75 HIH|H| H | -]- - -l -l -l - I MM -
CLO-6: Apply the advanced control techniques in real time problems 3|75|75 HI{H|H| H | -] - - -l -l - - MI M-
Duration (hour) 9 9 9 9 9
SLO-1 Basics of Classical Feedback Control Introduction to Model Predictive control | Introduction to adaptive control Introduction to Sliding Mode Control Introduction to Optimal Control
S SLO-2 Isr;/t;(t):rl:ét/on to multvandgicagiror MPC Strategy, Historical perspectives. Effects of process variations Properties of Sliding Motion Importance of Optimal Control
SLO-1 Transfer functions for MIMO systems MPC Elements: Prediction Model Introduction to Adaptive control schemes| Pseudo Sliding With a Smooth Control | Basics of Parameter Optimization
52 SLO-2 ﬁcle,\%%n;i;(j;dback ContrglBEsiEgn MPC Elements: Objective Function Types of Adaptive Control Schemes State Space Approach in Sliding Mode Iéz;atzleter Optimization in Optimal
SLO-1 Multlvgr/able frequency response Model forms for model predictive control Adaptive control problem Sliding Mode Control: Problem Performance Index in Optimal Control
53 analysis Forms Stafement ‘ J
SLO-2 | Directions in Multivariable Systems Dynamic Matrix Control Non-parametric identification g)éﬁttreé;ce Solution ZgiEallent Constraints in Optimal Control
SLO-1 Introdyct/on fo muliivariable systerty Model predictive control Forms Deterministic Self Tuning Regulators Properties of Sliding Motion Calculus of variance in Optimal Control
S4 mapping-poles & zeros ' o '
SLO-2 | Singular value decomposition Model Algorithmic Control Pole Placement in Adaptive Control Properties of Sliding Motion gzz/tcrocll‘oncep ts, Functions in optimal
SLO-1 leltatlor7§ On Ren‘ormance In MIMO Model predictive control Forms Indirect Self Tuning Regulators ThieRacagulity Probiem in Stkding Mode Optimum of a Function
S5 Systems:: Functional controllability Control
SLO-2 | Limitations imposed by time delays Predictive Functional Control Continuous Time Self tuners Single input Control Structure Optimum of a Functional
i Limitations On Performance In MIMO . . Introduction to Stochastic Tuning Unit Vector Approach: Existence in Ideal S
$6 SLO-1 Systems Generalized Predictive Control Regulators Sliding Mode The basic variational Problem
SLO-2 Limitations imposed by RHP zeros Introduction and Formulation of Predictive Self Tuning Regulators Description of the sliding Motion by Unit | Second Variation Problem
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Predictive Control Vector Approach
SLO-1 Trade-offs in MIMO feedback design gtroqugtlon to Multivariable Model Stochastic Adaptive Problem Intrqduct/on to types of Sllqlng Mode Introduction to linear quadratic optimal
S Gredlctl;{ X ?101\'/71”3// f Multivariabl Dual Control in stochastic Predicti ID?SIgn /t\ppr?a;:h (Qui@%"@) Mod antrol sysctjen";. timal control syst
i . eneralized Model of Multivariable ual Control in stochastic Predictive ntroduction to types of Sliding Mode inear quadratic optimal control system
SLO-2 Traditional LQG and LQR problems Predictive Control Control Design Approach (Quantitative) Model
SLO-1 Introduction to finear quadratic regulation Constrained Model Predictive Control Introduction to Auto Tuning of Controller pciEey Stryctgre Assignment Finite Time Linear Quadratic Regulator
S8 (LQR) control gpprc;agh (Qtés;rhtailve)A ‘ t -
i ) ! ) irect Eigen Structure Assignmen roblem Formulation in Finite Time
SLO-2 Robustness properties of LQR control Constraint General Form, Example PID Controller Auto Tuning Approach (Quantitative) Linear Quadratic Regulator
SLO-1 Introduction to Ha control Introduction to Robust Model Predictive | Introduction to Gain Scheduling - Introduction to higher order sliding mode | Introduction to LQR system for general
S:9 2 Control - Application Application control performance Index
SL0-2 Introduction to Heo control Introduction to Robust Model Predictive | Introduction to Gain Scheduling - Problems in Higher order sliding mode Introduction to LQR system for general
Control - Application Application control performance Index
Leamin ! gé%ugsvlilggjﬁggs;ggcgn ZFZ;) fjlethwalte, M ariablep RN, 4 1alysis and.Dagign, 4. C Edwards, S Spurgeon Sliding Mode Control: Theory And Applications, CRC Press, 1998.
g ! ) - 3 5. Donald E. Kirk, Optimal Control Theory: An Introduction, Prentice — Hall networks series, New Jersey, 2012.
Resources 2. Eduardo F. Camacho, Carlos Bordons Alba, Model Predictive Control, Springer, 2013. 6. hifosiliwi e Tl so/ A8 neray-and-power/advanced-control-systems
3. Karl J.Astrom and Bjorn Wittenmark, Adaptive Conrol, Pearson Education, 2nd Editon, 2013. B i bk gy-and-p y
Learning Assessment
Continuous Learning Assessment (50% weightage) . _— I
Bloom’s Level of Thinking CLA—1(10%) CLA -2 (15%) CLA -3 (15%) CLA-4 (10%)# Final Examination (50% weightage)
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Eﬁg‘e‘iggﬁg 40% : 30 % 4 30% P 30 % ; 30% -
Level 2 ﬁﬁg:ize 0% : 40% : 40% - 40% . 40% :
Level 3 E:g;fzte 20 % E 30 % : 30% - 30 % 4 30% -
Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1.Ms.R.Vijayalakshmi, C2C Engineering, vijayalakshmi@c2cengineering.co.in

1.Dr.S.K.Patnaik, CEG, Anna University, skpatnaik@annauniv.edu

1.Dr.R. Narayanamoorthi, SRMIST

2.Dr. S. Paramasivam, Danfoss Industries Pvt.Ltd, paramsathya@yahoo.com

2. Dr. B. K. Panigrahi, IIT Delhi, bkpanigrahi@ee.iitd.ac.in

2.Dr.N. Chellammal, SRMIST
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Course Code 18EEE413T Course Name DISTRIBUTED CONTROL SYSTEMS Course Category E Professional Elective Ié g E g
Pre-requisite Courses Nil | Co-requisite Courses | Nil Progressive Courses | Nil
Course Offering Department Electrical and Electronics Engineering | Data Book / Codes/Standards  |Nil
Course Learning Rationale (CLR): [The purpose of learning this course s to: Learning Program Learning Outcomes (PLO)
CLR-1: |Learn the architecture, Organization and operation of PLC, SCADA and Distributed Control System (DCS) 11213 11213 4 [5]6] 7 [8[9]10[11]12]13|14][15
CLR-2: |Impart knowledge about basic controllers and DCS controller Configuration s o o
CLR-3: |Know the importance of Alarm features in DCSs iR RE:=: = g 8
CLR-4 :  |Impart adequate knowledge onMaintenance and Troubleshooting procedures of DCS a % é % & E| _ % N = gl o
CLR-5: |Learn the basics of Advanced Process Controllers in DCSs and Latest trends related to DCS _é’ ke = E i2; 215 2|3l 3| s g =
CLR-6: |Gain Knowledge about basic DCS controllers Alarm system management and advanced process controllers £ g Z|| o 8 g é 3|3 e ; Rl = §
SRR ) g|le|®|ldgo|c|T|ES S5/ 2|~ |n]|m
2lg|lg| |2 25|28 5|5|ew gl E[G|S| | |
Course Learning Outcomes (CLO): At the end of this course, learners will be able to: glelg |28 8|22 88|22 £ 3|5/ 2 B33
Slhld | |bla|lal<|S|owlup|ld|E|lo|lalS|ala|a
CLO-1: |Familiarize the concepts and abstractions of distributed systems and their limitations 218075 | H|L|L| L - - - Sl -l IMIM|-
CLO-2: |Obtain the knowledge of basic controllers and DCS controller Configuration 218075 |H|L|L| - - - - - - - MM -
CLO-3: |Enrich the knowledge of Alarm features of DCS 2 80|75 |H|L M| L - - - M|L]|-
CLO-4: |Analyse the system for the awareness of the issues and procedures to perform DCS Maintenance and Troubleshooting 318 |75| | H|H|M| M | -]- - Sl IMIM]-
CLO-5: |Acquire the basics of Advanced Process Controllers in DCSs and Latest trends related to DCS 3180|75||H|H|H| H | -]- - - - |- M|M]| -
CLO-6: |Evaluate and specify DCSs to ensure efficient and optimum operation of Plant 318075 |HIHIM| M | -] - - -l -l IMIM -
Duration (hour) 9 9 9 9 9
Programmable Logic Controller (PLC) - Introduction to basic controller, Algg system management: niam i trodqctlon o B lgtnb pled corgel o Advanced Process Controllers:Feed
SLO-1 ; ; . system, Functions of the plant or process| reporting, Operation of advanced DCS
brief overview Identification of the controller boards . ] 1 forward Control
S-1 operator using multi-screen display
SLO-2 | Block Diagram of PLC Disciote JSSEE I G Funct{ons of an JEESEIEEa R Cross screen invocation and linking Cascade Control
and batch control effective alarm system
. An overview of SCADA systems: Basic DCS controller configuration: J ] Alarm reporting, generation and o
S0 SLO-1 Introduction and Basics of SCADA system | Introduction and Control modes ol acceptance Statistical Process Control
: Tracking and initialization in control slots . Different types of logs and reports Basics of advanced process control and
SLO-2 | SCADA key features used for cascade control eman and egorOTIEEE configurable on a DCS optimization
SLO-1 | Remote terminal units (RTUs) Control functions Structure of a good alarm system Introductlon' o Dl§tr/buted pnirol system | Latest DCS n en ds:Monitoring and
53 (DCS) conf/guratlon control in the Field
SLO-2 | Typical requirements for an RTU system Control algorithms Safety integrity level (SIL) f;;tfzg?é%;tsgee Saeture, DCS Industrial Internet
SLO-1 PLCs 'used as RTUs and Consideration and Sequentgal Controllers for Batch Definition of strategy, Strategy for alarm Configuration of control functions Internet of Things
benefits of SCADA system Processing system design
Strategy for alarm system maintenance
S4 and management at the site/plant, Configuration of operator/monitorin;
SLO-2 | DCS versus SCADA terminology Defining equipment procedures 'ag . prant, 9 p 9 Mobile and remote devices
Generation of minimum design functions
documentation for each alarm
S5 | SLO-1 | SCADA software package Phase logic programming Measurement of the a/_a_rms, Field Configuration of system hardware Cloud ProcessingMonitoring and control
measurements for deriving alarms structure in the Cloud
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: . . . Hardware for alarm processing, Alarm ) . Typical DCS and SCADA systems:
SLO-2 | Hardware, software, system interfacing Phase logic interface displays Configuration of system software Honeywell Plant Scape system
Overview of Distributed Control Systems: , i . ’ .
SLO-1 | Introduction and Basic concepts of Logic block funclietSliteianesd ToShig Of alarns e e hRELarPes Documentation and Commissioning Foxboro I/A series DCS
o ; controller types of alarms
S-6 Distributed Computing
SLO-2 | Evolution of Distributed Computing System | DCS controller configuration Selection of alarm settings ?ftgzi;écstfgoi%ya/ntenance & Delta system
Introduction to Communications for DCS Maintenance requitements of svstem and
SLO-1 | Present market trends in DCS & SCADA systems: Purpose and Basic | Setting alarm priority q ¥ Citect
s . system elements
S-7 Communications principles
sL0-2 | Basic DCS specification Balanced and unbalanced transmission | Design of field sensors for generating Requlrements for.m-bwlt diagnostic and Wonderware
lines alarms maintenance routines
o s . - Distributed control system applications:
SLO-1 | General description of a commercial DCS . EIA. 232 ierfacolliaE Logical processing of alarms Requigginfor installetonipglieS Use of DCS in oil and gas processing
V.24 interface standard) system .
S-8 environment
SLO-2 | Advantage of DCS systems The EIA-485 interface standard Design of alarm list displays o'V Ff @ DES following paer Use. of DCS in pulp and paper
outage environment
Proper troubleshooting methods, identify
SLO-1 | DCS selection criteria Interoperability, ModBus protocol Measurement of performance :;V e CO’”!" 4ot cat{on malfuncti oS and Use_ of DCS in petroleum-refining
-9 aults, Identifying failures, malfunctions, | environment
and faults
SLO-2 | DCS architecture ART SR 1 proiise et FieldBus Usefulness of alarms Diagnostics of Communication faults Distributed confrol systems project
and DeviceNet and Benefits implementation
Aé’éCh?Sgg' Lukas, Distributed Control Systems: Their Evaluation and Design, Van Nostrand Reinhold 5. Bela G. Liptak, Process Measurement and Analysis, Instrument Engineers' Handbook Fourth Edition, CRC
v . . - - . - . Press.
) Boyer, S:A' SCA.DA‘ Supsnvisory Corirgl Data eitog. 4ih Edjien- Jnlormatgamiiiaciety for 6. Richard L. Shell, Ernest L. Hall, Handbook of Industrial Automation, University of Cincinnati Cincinnati,
Learning Automation, Raleigh, USA, 2010. Ohio. 2000
Resources Gene F. Franklin, J.David Powell, Abbas Emami, Feedback Control of Dynamic Systems, Naeini, y ;

Pearson

Srinivas Medida, Pocket Guide on Industrial Automation, For Engineers and Technicians, IDC

Technologies.

Technologies.
8. www.isa.org

7. Practical Distributed Control Systems (DCS) for Engineers and Technicians, Revision 6.1, IDC

Learning Assessment

Continuous Learning Assessment (50% weightage) . — o
Bloom's Level of Thinking CLA-1(10%) CLA-2 (15%) CLA- 3 (15%) CLA— 4 (10%)# Final Examination (0% weightage)
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 40% : 30% : 30% : 30% - 30% -
Understand
Level 2 Apply 40% - 40% - 40% g 40% - 40% -
Analyze
Level 3 Eralile 20% ! 30% : 30% . 30% : 30% :
reate
Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,
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Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

Kranti kumar Chittiprolu, krantikumar.ch@cleanmaxsolar.com, Reginal Design Head, Solar Sector, CleanMax Solar.

Dr. P. Lakshmi, Anna University, Madras,p_lakshmi@annauniv.edu

Ms. T.M. Thamizh Thentral, SRMIST

Ms. Vijayalakshmi Ramani, Head-Engineering at C2C Engineering, Chennai, vijayalakshmi@c2cengineering.co.in

Dr.S.K.Patnaik, CEG, Anna University, skpatnaik@annauniv.edu

Ms. R. Rajarajeswari, SRMIST
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Course Code 18EEE414T | Course Name CONTROL SYSTEM DESIGN Course Category E Professional Elective 310 03
Pre-requisite Courses 18EEC301J | Co-requisite Courses [Nil Progressive Courses _ |Nil
Course Offering Department Electrical and Electronics Engineering | Data Book / Codes/Standards | Nil
Course Learning Rationale (CLR): | The purpose of learning this course s to: Learning Program Learning Outcomes (PLO)
CLR-1: [Gain knowledge on stability using frequency domain methods 1123 1123 4 |56 7 | 8[9]10(11]12]13[14 |15
CLR-2: |Analyze state space analysis of mechanical systems ElE|se . N <
CLR-3: |Impart knowledge on controllability/observability of control systems 8 E = §’ S § §
CLR-4: |Outline the concept and design of robust control systems % 5|2 = %. i % © = gl
CLR-5: |Examine stability of nonlinear autonomous systems by state space methods £ % = e L2 § 5 ; g
CLR6: |Gain knowledge on the design, control and analysis of Linear and non-linear system. E& | = E A& g 3 g =) | 8538
S B = Zlw|as T = IEE |BEID 2 Clalo
55|35 28 525 5 555 a2 E|B|S |
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: Slglg 2 8|8|s2 8/ 8lz2 /8 5|23 33
— |l w| o Al =S|l jun|lwu| £ |oja|5|la|a | a
CLO-1: |Apply frequency domain methods for stability analysis 2 180|75 ARSH-L L L] - - -l - -l - MM -
CLO-2: |Evaluate linear dynamical systems by state space methods 3180|75 HIHIM| M |-]|- - - -] - H{M]| -
CLO-3: |Determine controllability/observability by rank test 3180|75 HIH|L| L - - - - LL] -
CLO-4: |Design robust control system for real time system 3180|75 HIH|L| L |- - -l MM
CLO-5: |Analyse stability of nonlinear autonomous systems by state space methods 2 180|75 HIM L] L |-]- - - - |- L]L
CLOG6: |Design of compensators to analyse the system stability and performance of Control system. 318075 HI{H|L] L |-]|- - -l -l -l - MM -
Duration (hour) 9 9 9 9 9
Introduction to Design of Feedback Introduction to Design of State Variable | Introduction to Controllability and 3 ) y
SLO-1 Control Systems Feedback Systems Observabillty Introduction to Robust control system Lyapunov's stability
S Advantages of State Space Conditions for Controllability and
SLO-2 Approaches to System Design ) - Review of norms for signals and systems| Stability of Autonomous Systems
Representation Observability
SLO-1 Cascade Compensation Networks State-space Equations Algebraic def:rypons for Controllability Rev:eyv of Nyq_q:st Cr/te(lon and Stability of linear and non-linear
and Observability Classical Stability Margin autonomous systems
S-2 . . h . The small Gain Theorem and
SLO-2 System Design Using Integration State ffiodel of FgEERSCEREEEEY Full-state feedback control design Applications of Small Gain Theorem to | Lyapunov's indirect method
Networks systems
the Robust Control
SLO-1 Design proqedure for Pha§e~Lead Statg space ‘representatlon using Néod far OBSSIVAr Robqsf pontrol systems and system Lyapunov's direct method
53 netM(ork Using the Bode Diagram ' physical variables | ' sensitivity -
SLO-2 Dgs:gn example: Phase-Lead design for Sta.te space representation using phase Structure and properties of observer System sgnsttlwtles to parameter Optiml control positive definite function
different types system variables perturbations
SLO-1 Design p roqedure for Phase-Lead State space models of DC motor Integrated ful-state feedback and Analysis of robustness Optimal control negative definite function
S4 network Using the root locus observer
Design example: Phase-Lead design for | State space models of inverted Pole placement for single-output System with uncertain parameters of ” e .
SLO-2 . Positive semi-definite functions
different types system pendulum systems robust control system
Design procedure for Phase-Lag network| Decomposition of Transfer Functions- Compensator design by separation Considerations in design of robust . e ;
SLO-1 : . : " M ) Negative semi-definite functions
S5 Using the Bode Diagram Direct Decomposition principle control system Design
SLO-2 D.e sign example: Phase-Lag design for Cascade and parallel Decomposition Reference inputs Design of robust PID controlled systems | Lyapunov stability criteria
different types of system
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SLO-1 Zg;;g’;,f;orgg?%gu)?r Phase-Lag network Similarity Transformation Types of observer Robust internal mode control systems Introduction to optimal control
S-6 ; - p : :
SLO-2 D.e sign example: Phase-Lag design for Solution of state equations Compensator aesign using Rl order Design of internal mode control systems | Riccatti Equation
different types system observer
. Design on the Bode Diagram Using Computation of the State Transition . Loop shaping necessary and sufficient . )
s.7 SLO-1 Analytical Methods Matrix by infinite series method Ol goriro! systoms conditions. Linear Quadratic Regulator
SLO-2 Sy Ste.’” design using analytical Comp FLalelortne Staie Traqs:tlon Determination of optimal control systems | Robust stability test. Lasalle’s invariance principle
technique Matrix by Laplace transformation
SLO-1 Systems with a Pre-filter Comp raion ol Stqte Lansiton Op “’T’a’ A .Stem with controf engrgy Robust performance test. Instability Theorem
Matrix by Cayley-Hamilton Theorem consideration
S8 SLO-2 Desian for Deadbeat Response Computation of the State Transition S e . Design Examples: the pseudo Design Examples-Linear Harmonic
9 P Matrix by Canonical Transformation 9 9% quantitative feedback system Oscillator
. System design using control design Computation of the State Transition : 1 . Robust Control Systems using Control | Design Examples-Non-Linear Spring
$:9 SLO-1 software Matrix by Sylvester's method Design Examples-IN iSRS design software mass system with Damper
SLO2 Sequential design of disk drive read TranalerFuncib eI DG el Diesel Electric Locomotive control Sequential design of disk drive read Dgstgn E)_(ample-Pendu/um with and
system system system without friction
1. Richard C. Dorf and Robert H. Bishop, Modern Control Systems, Prentice Hall, Upper Saddle 4. Bernard Friedland, Control System Design: An Introduction to State-Space Methods (Dover Books on
Learnin River, NJ, 2001 Electrical Engineering), Dover Publications Inc., 2005.
Resour(?es 2. Katsuhiko Ogata, Discrete Time Control Systems, Pearson 5. Steen Toffner-Clausen, System Identification and Robust Control, Springer Verlag London Limited 1996.
3. Gene F.Franklin, J.David Powell, Abbas Emami, Feedback Control of Dynamic Systems, 6. R.M.Murray, Z.Li, S.S.Sastry, A Mathematical Introduction to Robotic Manipulations, CRC Press, 1993.
Naeini, Pearson 7. http://nptel.ac.in/courses/108103007/16
Learning Assessment
Continuous Learning Assessment (50% weightage) . - 0
Bloom’s Level of Thinking CLA=1(10%) CLA-2(15%) CLA -3 (15%) CLA—4 (10%)# Final Examination (50% weightage)
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Remember . 5 p b o
Level 1 Understand 40 % - 30 % - 30 % - 30 % - 30% -
Level 2 Apply 40% : 0% ] 40% : 40% : 40% :
Analyze
Level 3 Evaluate 20% - 30% : 30% : 30% - 30% -
Create
Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1. Dr. Sharon Ravichandran, ABB Ltd., Chennai,sharonravi87@gmail.com

1.Dr. P. Lakshmi, Anna University, Madras,p_lakshmi@annauniv.edu

1.Ms. T.M. Thamizh Thentral, SRMIST

2.Ms. Vijayalakshmi Ramani, Head-Engineering at C2C Engineering, Chennai, vijayalakshmi@c2cengineering.co.in

2.Dr.S.K.Patnaik, CEG, Anna University, skpatnaik@annauniv.edu

2. Ms. R. Rajarajeswari, SRMIST
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Course Code

18EEE415T | Course Name

DIGITAL CONTROL SYSTEM

Course Category E

Professional Elective

301073
Pre-requisite Courses 18EEC301J | Co-requisite Courses |Nil Progressive Courses |Nil
Course Offering Department Electrical and Electronics Engineering | Data Book / Codes/Standards Nil
Course Learning Rationale (CLR): [The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1:  |Enrich the students on the basics of time domain analysis 1123 112 4 |56 7 [8]9[10]11]12]13/14]15
CLR-2: |Explain the procedure for stability analysis EIE|E b, . -
CLR-3: |Outline the concepts of state space model, controllability and observability 38 ‘5’ = §’ S ‘go‘ g
CLR-4: |Gain knowledge on the design of classical compensators S| St = . §. - TN = Sl
CLR-5: |Understand the concepts of formulation and evaluation of regulators and filters S % £ é 2 © ;-’v B 3l § 5 ; g
CLR-6: |Create overall control system structure for industrial applications s a = = 2188 33 IS = | 8|gl2
Elolo €%z s5/F|=|ES 5|t 2| >
52 Qo | e L Ol S| & S| S| S|l €|~ |N|m™m
2 2lsls23 5| B|es|8/ 2 EEIS e
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: glglg 2 8|28/23 8|5 22 3|52 3383
0| wl o aldd S |loupl|E|ola|T|la|a | a
CLO-1: |Gain knowledge on Z transform techniques 2 180|75 HIM|M| - - - - -l -l -l -] -|H|M]|-
CLO-2: |Interpret the knowledge of sampling and design of controllers 318075 HIM{M| M M| - - - - - MIM| -
CLO-3: |lllustrate modelling and state variable analysis 318075 HIM{M| M |-]|- - - - -|H|M| -
CLO-4: |Analyze the effects of compensators 318075 HIMM| M M - -l -l-|l-|-|H|H]|-
CLO-5: |Design of regulators and filters for practical system 318075 HIMM| M |-]|- - - -l -|-|H|M
CLO-6: |Design a control system and analyze the stability of the real time system 318075 HIM{M| M M| - - -l -l -l -] -lHIM]|-
Duration (hour) 9 9 9 9 9
SLO-1 | Basic components of a control system Introduction to sampling Introduction to state variable model Compensator design Introduction- Pole placement
S SLO-2 | Classification of control systems Sampled data control systems State variable concep ts, First, B g Ohsians types. Cascade State observers
second companion forms and feedback
SLO-1 | Elements of an automatic control system | Sampled signal flow graph Various canonical forms gg(sjzagthead Nompensator desigiliising Controller Design by State Feedback
S-2 Sampling time and frequency
SLO-2 | Applications of control system domain description aliasing, hold Jordan canonical models Problems related to lead compensators | Stability improvement by state feedback
operation,
SLO-1 | Introduction to Z-transform Mathematical mode_llng of sampling Analysis-state space models Cascade Lag compensator design using Neqessaly and sufficient condition for
s3 process and analysis _ia ’ Bode plot arbitrary pole placement
SLO-2 | Z-transform Concept First or dgr hold, factors l/mltmg the choice Problems related to state space model Problems related to lag compensators State regulator design
of sampling rate, reconstruction.
SLO-1 | Properties of Z-transform Samp ling and recgnstruct/on o Discrete state variable models STobigs [Eiad iheat- lag Design of state observers
S4 i continuous time signals cqmpepsators ]
SLO-2 Ztransform relation with Laplace Stability analysis of discrete system Elementary principles. Digitglinigigentaton of lead and lag Full Order Observer Design
transform controllers
0 Characteristic equation, state transition Design of digital control systems with )
os SLO-1 | Inverse z-Transforms and Problems Jury stability test matrix deadbeat response Reduced Order Observer Design
SLO-2 | Mapping of s-plane to z-plane Bi-linear transformation Solution to discrete state equation Zgiglrfal issues with deadbeat response Evaluation of State Feedback Gain Matrix
S-6 | SLO-1 | Pulse transfer function Problems related to stability analysis Stability of discrete state space models | Sampled data control systems with State feedback with integral control
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deadbeat response
SLO-p | Pulse transfer function of closed loop Digital PID controlers. Cayley -Hamiton theorem Introduction to software tools used in Digital control system with state
system control system for compensator design feedback.
SLO-1 Z};r:riltlect;%’etz}igfeﬁg resentation of PID tuning and its importance Controllability and observability Coding in simulation software Linear Quadratic Regulator (LQR) design
S-7 - o : :
SLO-2 | Time response of discrete time systems | Techniques of controller tuning frafysis (.)f ontrglabilitznd ST ey ving p roblems related to Formulation of LQR problem-
observability compensators design
Manual tuning Zeigler-Nichols method Saftware implementation using
se SLO-1 | Time response specifications f:sspe(;in gzsopen loop and closed loop Stability- Lyapunov stability theorem microprocessors and microcontrollers Optimal estimation- Kalman filter
Application of the z transform for discrete | Application of controllers used for control ! o Microcontroller based temperature control| Solution to continuous and discrete
SLO-2 e Analysis of Lyapunov stability )
time signals and systems. system systems systems - Design examples.
SLO-1 Z?ﬂi%i;i’f;?;nggme response for Controller design using root locus Systems with dead time Speed control of motor load system Introduction to optimal control
9 Problems related to time domain Root locus based controller design using | Problems related to controllability and Microcontroller based motor L
SLO-2 o b Parameter optimization
specifications software tools observability speed control systems.
Learning 1. B. C. Kuo, Digital Control Systems, Oxford University Press, 2/e, Indian Edition, 2012. j xbr(r;nozﬁw a{é%g ;alc(; c;)rgg;lsa Z‘Zeiizt‘aEXiZZglrane;?ﬁ gzitz)a;avl\vxz;gra%l;lgl, Y6, 2017.
Resources 2. Richard C Dorf and Robert H Bishop, Modern Control Systems, 13th edlition, Pearson Education, 2016. 5' ; Y 9 9, ’ Y '

https.//nptel.ac.in/courses/108103008/

Learning Assessment

Continuous Learning Assessment (50% weightage) ) s 0
Bloom’s Level of Thinking CLA=1(10%) CLA -2 (15%) CLA - 3 (15%) CLA—4 (10%)# Final Examination (50% weightage)
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice

Level 1 Remember 40% ] 30% - 30% ! 30% - 30% -

Understand
Level 2 ﬁgg:ize 40% : 40% L 40% - 40% ¢ 40% -
Level 3 Eva'“ate 20% ! 30% f 30% : 30% i 30% :

reate
Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1. Dr. Sharon Ravichandran, ABB Ltd., Chennai,sharonravi87@gmail.com |1.

Mr.P.Thamizhazhagan, Associate Professor, University college of Engineering, Panruti,thamizhme@gmail.com |1.

Ms.A.Lavanya SRMIST

2. Mr.Jason Manoraj, L&T Technology Services Limited, Bengaluru, 2

Karnataka, jasonmanoraj@gmail.com

Dr. B. K. Panigrahi, lIT Delhi, bkpanigrahi@ee.iitd.ac.in

2. Dr. Raja Vikram SRMIST
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Course Code 18EEE321T | Course Name PHOTONICS Course Category E Professional Elective 3 0 0 3
Pre-requisite Courses Nil | Co-requisite Courses [Nl Progressive Courses |Nil
Course Offering Department Electrical and Electronics Engineering Data Book / Codes/Standards  |Nil
Course Learning Rationale (CLR): |The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Introduce the basics principles of photonics 11213 11213 4 |56 7 |[8]9]10(11]12]13]14]15
CLR-2: |Solve the various problems in Light beams and Variable polarization B b N ~
CLR-3: |Analyze the performance of surface and cavity nanophononics 8 ‘5’ = §’ 5 g §
CLR-4: |Understand the process and performance of Multiphoton Slg|e = [N %. - = Sl
CLR-5: |Analyze the basics of Electromagnetic duality, Slow and fast light principles = ..g £ é 2ls % L1 3 |es § Sle £
CLR-6: |Create a over all structure for Photonics system - = 2188 5|3 z £ | 8|58
Elglgl |§lE|=|ss|C|2|ER |=|5|2|p
S| 2|L BlE| |28 e|=|Ec S|3|5|S|< v
) . : 5| 8|8 E2228 3| 8/ES/8TIE|BI3 AL
Course Learning Outcomes (CLO): | At the end of this course, learners will be able to: zl el g 2 8|g|=2g3 8|S|z22|5 5|2l 333
— ||l wlo N = | plun|w|E|Oo|la|5|la|a|a
CLO-1: |Understand the basics of photonics principles 2180|75 H|-|- - - - - -l -l -l - IMIM]-
CLO-2: |Calculate the parameters of Light beams and Variable polarization 2 80|75 H| -] - - -] - - -l -] - - MM -
CLO-3: |Compute the performance of surface and cavity nanophononics 2180|75 H| - |- - - - - - MM -
CLO-4: |Acquire knowledge on Multiphoton process 2180|75 H| -] - - - - - -l -|-|-|-|H|H]|-
CLO-5: |Identify the solutions for slow and fast light 218075 Hi== - =11 - 1]-1-1-1]1- MIM| -
CLO-6: |Design a Photonics system for Real Time Applications 2180|75 H|-|- - - - - -l -l -l - IMIM] -
Duration (hour) 9 9 9 9 9
SLO-1 | Photon in Perspective gggtrsgsgs R STRCRLT Y arigbio Surface and Cavity Nanophononics Multiphoton Processes Lighting Principles
S-1 —r
SLO-2 | Photon Localization Poincare Modes of Beams Basic Formalism %%ecfglfsr Twesliggion Absorpiion: Basic Introduction to Slow and Fast Light
S0 SLO-1 Wavefunction Polarization Singularities Dipole Emitter Near Edge Molecular Two-Photon Fluorescence Mechanisms of Slow Light
SLO-2 | The Quantum Vacuum Quantum Optics Quantum Correlations Applications and Future Prospects Physics with Slow and Fast Light
$3 SLO-1 Virtual Photons Open Systems: Inputs and Outputs Entanglement Orbital Angular Momentum E;%e Applications of Slow and Fast
SLO-2 | Structured Light Photon Counting Wedge Cavities Historical Introduction Fundamental Limits on Slow Light
SLO-1 | Photon Number Fluctuations Cavity Quantum Electrodynamics Creating Beams with OAM Attosecond Physics
S-4 sL0-2 | Photon Number Phase Circuit QED Molecular QEQ: Prmc:p]e of Minimal Micro-Manipulation through the Use of | Attosecond Strgakmg Spectroscopy of
Electromagnetic Coupling OAM Atoms and Solids
S5 SLO-1 | The Reality of Photonics Squeezed Light Multipolar Hamiltonian Beam Transformations thr:;:sResolved Photoemission from
SLO-2 | Coherence and Statistical Optics Salient Features of Squeezed States One-Photon Absorption Measuring Beams with OAM Streaked Photoemission from Solids
Classical Theory of Optical Coherence in . Emission of Light: Spontaneous and h ) ; Attosecond Streaking from
SLO-1 the S ; . Detection . OAM in Classical Imaging
$6 e pace-T/me Doma/r? . Stimulated Processes Nanostructures
SLO-2 Classical Theory of Optical Qoherence n Preparation Linear Light-Scattering: OAM in Nonlinear and Quantum Optics | Attosecond Physics
the Space-Frequency Domain
S.7 SLO-1 Cross-Spectrally Pure Optical Fields Applications in Quantum Information The Kramers—Heisenberg Dispersion {:'lectrqmagneﬂc Duality Transformations | Attosecond Strgak/ng Spectroscopy of
Formula in Optics Atoms and Solids
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SLO-2 ggljgzat/on Properties of Stochastic Electromagnetic Theory of Materials Chiroptical Effects Symmetries and Operators ég;g«sacond Streaking Speciroscopy of
SLO-1 Remarks on Partially Coherent Macroscopic Viewpoint Two-Photon Absorption Electromagnetic Duality Introduction to Photoemission
S-8 SLO2 Partially Polarized Constitutive Dyadic Nonlinear L/ght—Scatter/qg: Sum- . Optical Helicity Time-Resolved Photoemission from
Frequency and Harmonic Generation Atoms
SLO-1 gz%’:; gzzlgfezl;guantum Theory of Linear Materials Resonance Energy Transfer Electromagnetic Duality Symmetry Streaked Photoemission from Solids
S9 . —— . -
SLO-2 Polarization of singularities Nonlinear Materials Van der Waals Dispersion Energy Duality Symmetry in PIGCGWISG . Attosecond Streaking from
Homogeneous and Isotropic Media Nanostructures
1. David L. Andrews, Photonics, Volume 1: Fundamentals of Photonics and Physics, Wiley, 2015. 5. Light Emitting Diodes-E Fred Scheubert ,Cambridge University Press,(2003)
Learning 2. Lasers-Theory and Applications- Ghatak and Thyagarajan, McMillan (2010) 6.  Photonic switching technology - H T Mouftah, J M H Elmirghani - IEE Press (1999).
Resources 3. Optoelectronic devices and systems- S C Gupta ,Prentice Hall India (2008) 7. Online Course: IITM-NPTEL - Introduction to Photonics.
4. Understanding Fiber optics- J Hecht, Pearson Edu. Inc (2006) httos://nptel.ac.in/courses/108106135/
Learning Assessment
Continuous Learning Assessment (50% weightage) ) o 0
Bloom’s Level of Thinking CLA—1 (10%) CLA - 2 (15%) CLA - 3 (15%) CLA -4 (10%)# Final Examination (50% weightage)
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 0% : 0% , 0% j 0% : 30% :
Understand
Level 2 Apply 0% . 40% ’ 0% ) 40% L 40% -
Analyze
Level 3 E::"a‘::te 20% : 30% L 30 % - 30 % - 30% -
Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper efc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1.Mr.Danrajpurkar, Founder, Danano Photonics, Bengaluru, dananophotonics.com

1.Dr.S.Selladurai, Physics, CEG, Anna University, ssdurai@annauniv.edu

1.Dr.Junaid masud lascar, SRMIST

2.Mr.Satish Bhaker, Director, Sun Photonics, Newdelhi, info@sun-photonics.com

2.Dr.A.Mujeeb, International School of Photonics, CUSAT, mujeeb@cusat.ac.in

2.S.Senthilmurugan, SRMIST
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Course Code 18EEE322T Course Name | PRINCIPLES OF BIOMEDICAL INSTRUMENTATION Course Category E Professional Elective 3700 3
Pre-requisite Courses Nil | Co-requisite Courses |Nil Progressive Courses INil
Course Offering Department Electrical and Electronics Engineering | Data Book / Codes/Standards |Nil
Course Learning Rationale (CLR): | The purpose of learning this course s to: Learning Program Learning Outcomes (PLO)
CLR-1: |Understand the physiological system of the body 1 82 B8 11213 ] 4 |56 ] 7 | 8] 9 [10[11]12 |13 [14[15
CLR-2: |Have an in depth knowledge on the devices for physiological process measurements in the human body ElSle o o =
CLR-3: |Acquire knowledge on the measurement of non-electrical parameters in the human body é g = %’ & » § §
CLR-4: |Enrich the students on the basic concepts of medical imaging, telemetry techniques and their applications ol & & = §. ” 2| o = e 2
CLR-5: |Expose the students to medical assisting and therapy equipments £ % £ Szl |3 2= o § & L"{, =
. |Create overall structure of biomedical instrumentation starting from physiological system to measurements and assisting £ x| Z =22/ 8|8 g|3|EE s | 8|5 S
CLR-6: . Flo|o £ < = 2| e (o1 — || 2=
equipments S ole|®|gs|'C Ew S| S|Z2| 2| - |«
o556 C(F| 5|ec|lE|&|5E 7 =} €| 0O o ' ' '
. . : T 28 |52 g ces 8 =gz ES e 299
Course Learning Outcomes (CLO): [At the end of this course, learners will be able to: RN Sy 8lsf =23 bialm|l 2 (S8I&5 |8 2|2
CLO-1: |Explain the various systems of the human body 118075 H|-|- - - - - - - -] - - M-
CLO-2: |Use electrodes and transducers for physiological process measurements in the human body 218075 H|-]| - - - - - L - - M ML
CLO-3: |Measure the non-electrical quantities of the human body 218075 H|l-| - - |- - - - |- MM -
CLO-4: |Recognize the applications of medical imaging and telemetry techniques 218075 Hl-]|- - - - - - - - -] - M M| -
CLO-5: |Relate the medical assisting and therapy equipments 218075 Hl-| - - - - - L - |- HIiM| L
CLO-6: |ldentify the physiological systems of the body along with various measurements and assisting equipments 218075 Hl-| - - -] - - Ly -l - MIM[|L
Duration (hour) 9 9 9 9 9
SLO-1 Physiological systems of the body Electrode theory %Z?;géement 8 blood prossilfe- tiret X-ray machine Need for Cardiac pacemakers
S-1 O mont o o External pacemakers: Types: Vetricular
SLO-2 Cells and their structure Needle and wire electrode method p Physical parameters for X- ray detectors | asynchronous , synchronous and
inhibited pacemaker
SLO-1 Characteristics of living organisms Surface and micro electrode i Pion (Rl R Digital radiography Atnal' SV nchropqus and sequential
S-2 flow ventricular inhibited pacemaker
SLO-2 General characteristics of a human cell | Metal micropipette electrode Electromagnetic blood flow meter Diagnostic ultrasound Implantable pacemaker
53 SLO-1 Nernst equation gR;;gzve trapsdiicorsgsmmanT Sl ain Ultra sound blood flow meter Echocardiography Need for defibrillator
SLO-2 | Bioelectric potential Inductive and capacitive transducer Laser Doppler blood flow meter Computer tomography DC defibrillator
SLO-1 Electrical characteristics of the human | Basic recordlr]g system, direct writing Dye dllqtlon meti?od of cardiac output CT system components Implantable defibrilator
cell recorder, Ink jet recorder measuring techniques
S4 Potentiometric recorder , Digital recorder | Thermal dilution method of cardiac output
SLO-2 | Bioelectric potential propagation " N P9 . . PUL Patient dose in CT Scanners Mechanics of respiration
and instrumentation type recorder measuring techniques
SLO-1 Cardiovascular system Lead system of electrocardiogram Heart rate measurement f’rmc:p ek Magnetic resonance Artificial ventilation
S5 maging systems . -
SLO-2 | Blood circulation Standard bipolar leads and unipolar leads| Measurement of heart sounds Basic MRI components ‘Z ,l: ;;t%frventllators. Pressure limited
S-6 SLO-1 Heart and its mechanical activities Recording methods of electrocardiogram | Gas analysers Image reconstruction techniques VV:tlil;:;;:m’ted and servo controlled
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SLO-2 E(Iaeaiir/cal potentials generated within the Typical waveforms of electrocardiogram | Blood gas analyser Position Emission Tomography Pressure volume flow diagram
s7 SLO-1 Physiology of the respiratory system Electromyography Oximetry ?.énrgfg’;’z),;;n Emission Computed Kidney machine, Artificial kidney
SLO-2 | Respiratory volumes and capacities Measurement of conduction velocity Ear oximeter Thermography Dialyzers, Types: Parallel flow dialyzer
] ] ; Coil hemodialyzer, Hollw fiber
$8 SLO-1 Anatomy of the nervous system Electroretinography Pluse oximeter Biotelemetry hemodialyzer
SLO-2 | Excitation and inhibition potentials Electrogastrography Skin reflection oximeter Wireless telemetry Diathermy
S:9 SLO-1 Muscle action Electroculography Spirometry Single channel telemetry system Endoscopes
SLO-2 | Sensory system Pneumotachography Measurement of lung volume Multichannel wireless telemetry system | Lasers in biomedical field
Learnin 1. Leslie Cromwell, Fred. J,Weibell and Ench APleiffer, Biomedical Instrumentation and 3. C.Raja Roa & .K Guha, Principles of medical electronics and biomedical instrumentation, Universities press,2001
Resourges measurements Prentice Hall of Indlia, 2@ ed., 2004 4. G.Webster, Medical Instrumentation Application and Design, 3 ed., Wiley India edition, 2009.
2. Kandpur R.S, Handbook of Biomedical Instrumentation, Tata McGraw Hill, 29 ed., 2011 5. https.//swayam.gov.in/nd1_noc19_bt28/preview ,NPTEL Online Course-Bioelectricity
Learning Assessment
Continuous Learning Assessment (50% weightage) ) s 0
Bloom’s Level of Thinking CLA -1 (10%) CLA - 2 (15%) CLA - 3 (15%) CLA -4 (10%)# Final Examination (50% weightage)
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 40% . 30% : 30% i 30% . 30% .
Understand
Level 2 Apply 40% ’ 40% : 40% 3 0% L 40% -
Analyze
Level 3 E‘::;‘::‘e 20 % : 30% : 30 % r 30 % - 30% -
Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1. Mr.Manjunath rao, Alstrom,manjunath.rao1103@gmail.com 1.

Dr Subhransu Sekhar Dash, Government College of Engineering, Keonjhar, Subhransudash_fee@gcekjr.ac.in

1. Dr.Y.Jeyashree, SRMIST

2. Mr.Srinath rao, Alstrom,sreenathr.rao@alstrom.com

2. Dr. S. Ramareddy, Jerusalem College of Engineering,srr.victory@gmail.com

2. Mrs. R.Uthra, SRMIST
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Course Code 18EEE323T | Course Name AUTOMOTIVE ELECTRONICS Course Category E Professional Elective Ié g g
Pre-requisite Courses | Co-requisite Courses Progressive Courses |
Course Offering Department Electrical and Electronics Engineering Data Book / Codes/Standards
Course Learning Rationale (CLR): | The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1:  |Enrich the students on the basics of batteries 1123 1123 4 |56 7 [8[9/10]11/12]13]14/|15
CLR-2: |Understand the concepts of battery starting system ElS|se o o x
CLR-3: |Introduce the different methods of charging systems for batteries 8 g = §’ ] § §
CLR-4: |Learn the fundamentals of Automotive Electronic devices % 5| & i g. o % o = 2lo
CLR-5: |Understand different sensors and actuators used in automotive systems S <S5 SRR EIEE - ES Slw E
CLR-6: |Get idea about real time automotive electronic systems S E|Z = e 318 8 3 ‘qc: = 5| 8|3
Elsl3 (535 a5 c =25 |32 2
S22 gle| T2 c| |8 S|3| 2| S|~|n|™
. ) ; - 3|8 E|2 553 3|88 8|2 E|B 3 Alal
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: 2l 288|238/ 8|g|z28 /3|5 2 3138
— |l wlo Al = nolun|lw|[ £ O0o|la|5|la|a|a
CLO-1: |Analyze the concept of batteries & it's working 3180|75 HIMM| M |-]|- - -l -l -l -l - IMIL]-
CLO-2: |Gain knowledge on the concepts of battery starting system 2180|75 HIM M| L | -]- - - - -IMIM| -
CLO-3: |Familiarize the principles of charging system for batteries 2180|75 HiM| L] L - - - -IMIM| -
CLO-4: |Acquire knowledge on automotive Electronics 2180|75 H|-]- - - - - -l -l -l - MM -
CLO-5: |Enhance the use of sensors and actuators in the field of automotive systems 218075 HIMM| L |-]-| - -l -l -IMM
CLO-6: |Apply the idea in real time automotive electronics 3180|75 HIM M| L |-]- - -l -l -l -l IMIM-
Duration (hour) 9 9 9 9 9
SLO-1 gzzegg‘; Zgg:r}c/cessorles giiapio of Starting System- introduction Charging System - introduction Introduction to Automotive Electronics Sensors
S-1 p = - : 3 -
SLO-2 Batteries qnd AccessoriaSERelRrctof Starting System - Condition at starting B0 Systeie R Fundamentals of Automotive Electronics | Activators
of lead acid battery current
SLO-1 Characteristics of battery Behaviour of starter during starting Evaluating state of battery health Cur(ent tronggjngitomotive slectronic Sensors- introduction
S-2 engine management system
SLO-2 | Rating capacity and efficiency of batteries| Advantages and disadvantages Fundamental in battery testing Electric power Braking systems Types of sensors: sensor for speed
SLO-1 | Various tests on batteries ;Z:’;;gn;;g;;nd Ll Battery testing - Capacity Electromagnetic interference suppression| Throttle position
S-3 ; —
SLO-2 Visual inspection and voltage testing ;’;‘rlg's;n;;gez?d jregpharaclegstics i Battery testing — internal resistance Electromagnetic compatibility Exhaust oxygen level
SLO-1 Lighting system insulated and earth Poinciple anagorsmcigniostrter Battery testing — self discharging quantity | Electronic dashboard instruments Manifold pressure
S4 return system motor . .
SLO-2 Vehicle circuits and systems Cranking motor construction gfocéggss for degradation and ageing Onboard diagnostic system Crankshatft position
S5 SLO-1 Earthing system: Types Working of different starter drive units Measurement methods of battery Security and warning system Coolant temperature
SLO-2 | Head light and side light Care and maintenances of starter motor | Direct measurement method Nano-electromechanical devices Exhaust temperature
$6 SLO-1 LED lighting system Starter switches Indirect measurement method Engine Ignition Air mass flow for engine application
SLO-2 | Control of LED lighting system Optoelectronic devices- solar cells Battery Maintenance Fuel Injection Solenoids
S-7 SLO-1 Horn system Photodiodes Is\{‘zvtvetnifvebp meglSpaatienarsrging Collision Avoidance Systems Various types of electric motors
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SLO-2 Wiper system and trafficator Laser Diodes Rate of charging Safety Controls Piezoelectric force generators
58 SLO-1 Maintenance on batteries Light Absorption and Emission Depth of charging Security Alarms Automatic transmission control systems
SLO-2 Charging on batteries Optical Fiber Depth of discharging Transmission Controls Stepper motors
59 SLO-1 Health monitoring of batteries Surface-Emitting Lasers SoC and SoH Navigation System Relays- Types
SLO-2 | Battery monitoring methods Array Lasers Downfall modes Applications of Automotive Electronics Thermal Relay
Learnin E wgg;%%gbens’ Understanding AutontilielSERIVIICS, 5ih Ediiog BUlpOS el 4. Judge. A.W., Modern Electrical Equipment of Automobiles, Chapman & Hall, 2" Edition London, 1992.
g ’ . . . 3 r / ol 5. Vinal. G.W., Storage Batteries, John Wiley & Sons Inc., 4t Edition New York, 1985.
Resources 2. Tom Denton, Automobile Electrical and Electronics System, Elsevier, Third Edition, 2008. & nttos Mniinekdtrs-archive.notelac i/
3. Judge. A.W., Modern Electrical Equipment of Automobiles, Chapman & Hall, London, 2010. ' Ds: i g
Learning Assessment
Continuous Learning Assessment (50% weightage) ) s 0
Bloom's Level of Thinking CLA—1 (10%) CLA - 2 (15%) CLA- 3 (15%) CLA—4 (10%)# Final Examination (50% weightage)
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 0% - 0% : 0% : 30% : 30% :
Understand
Level 2 Apply 0% : 0% - 0% ] 0% : 40% :
Analyze
Level 3 Evaluate 20% - 30% : 30% 2 30 % - 30% -
Create
Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1. Mr.Muralikrishna, National Instruments, emkkrishnan@gmail.com

1. Dr. M.P.Selvan, NIT Trichy, selvanmp@nitt.edu

1. Mr.R.Palanisamy, SRMIST

2. Mr.Senthilkumar,ATl,rskrd 1962@gmail.com

2. A. Venkadesan, NIT Puducherry, venkadesan@nitpy.ac.in

2. Dr.C.Subramani, SRMIST
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Course Code 18EEE324T | Course Name ANALOG AND DIGITAL COMMUNICATION Course Category E Professional Elective 3700 3
Pre-requisite Courses Nil | Co-requisite Courses |Nil Progressive Courses INil
Course Offering Department Electrical and Electronics Engineering | Data Book / Codes/Standards |i
Course Learning Rationale (CLR): |The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: Understand various analog Communication techniques. 1 11213 4 |56 7 [8]9]10/11]12]13[14]15
CLR-2: Impart knowledge on data and pulse Communication techniques. Tlael=
CLR-3: Explain various digital Communication techniques ] E § -qé’ z 5 3
CLR-4 : lllustrate source and Error control coding | 25 <2 £ e i S| o
CLR-5: Gain knowledge on multi-user radio Communication 2 § E 2 é 2 g, g g s S| s [ E
CLR-6: Apply the analog and digital Communication concepts in Communication industries =/ 8|8 f,, S 3|3 s 2Rlez -
x| < 2 Z|alo S| Qg E e |-
5 318 |8/g|[2|gEle 2EE |5 522 e
. ) : = N ] 22523 5 B|Ss| Q8 S|E|G|S| | ]|
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: o 38 5 8|g|s8 8|8 2|2 E|lc 2 2/9/9
[7) > > f=y 1= | O olc 3| =8 o P I 75 B I 5 BN I 7]
= || wlo o< =S| nuwun|/w[E/0o|a|T|a|ad | a
CLO-1: Gain knowledge on basics of analog Communication techniques 2180|75 HIM M| - - |- - -l - IM - - L] -] -
CLO-2: Analyze data and pulse Communication techniques 2 180|75 HIM|{M| L - - - L|-|M]|- - L] L
CLO-3: Summarize digital Communication techniques 2180|75 H|L|- - - - - -l - M - - - -]
CLO-4: Interpret Source and Error control coding. 218075 HIMI M| L - - L M| -[-]L|L|L
CLO-5: Understand multi-user radio Communication 3180|75 H|L|- - - - - - - L] - -l - -
CLO-6: Acquire the overall knowledge on analog and digital Communication 318075 HIHIM| L - - - L|-|M]-]-|L|L|L
Duration (hour) 9 9 9 9 9
CoL ! Pulse and data - T~ - ] .| Multi-user radio Communication: Global
SLO-1 Analqg Commun/cat/on.lntroductlon fo GommurE: ntroduction taPulse D!g!tal Commun'/cat'/on.Introduct/on fo Source cgd/ng and' Error Control Coding: System for Mobile Communications
Fourier Series o digital Communication Introduction to coding
S1 Communication (GSM)
SLO-2 Four'ler fSenes Properties and Introduction to Data Communication AT C?m’.” LGS VB EEIE) Entropy and Properties of coding Overview of GSM
applications Communications
52 SLO-1 Introduction to Fourier Transform Pulse Amplitude Modulation (PAM) %;:qvers:on ofgiesREl e Binary Symmetric Channel Code division multiple access (CDMA)
SLO-2 | Fourier Transform properties Pulse Time Modulation (PTM) Baseband signal, band pass signal Binary Erase Channel Overview of CDMA
SLO-1 Modulation — Types Pulse code Modulation (PCM) Dlg/ta( Communl'cat'lon e Source Coding Theorem Cellular Concept
S-3 Functional description
SLO-2 | Need for Modulation Differential pulse code modulation Block diagram of digital Communications | Lossless data Compression Algorithms | Frequency Reuse
SLO-1 Noise: Source of Noise Pulse position modulation(PPM) Signal p TOCESSg N braticns {1 dgta! Shannon fano coding Channel Assignment
Communications
S4 CgilE=0agol valious Fulse Quantitative analysis of modulation
SLO-2 | External Noise, Internal Noise Communication System (PAM - PTM- ¥ Huffman Coding Handover Techniques
PCM) schemes
SLO-1 | Amplitude Modulation Theory gata Commun{cat{on.' Introduction to Amplitude Shlft Keymg (ASK), Algquthm and Problem in Shannon fano Overview of Multiple Access Schemes
S5 ata Communication Frequency Shift Keying (FSK) cod/ng .
SLO-2 | Frequency spectrum of AM wave History of Data Communication Phase Shift Keying (PSK) 'élg(;’izg]m and Problem in Hufiman Types of Multiple access
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New York, 2009

i Double Sideband (DSB) Suppressed Standards Organizations for Data . IEEE802.11: Wireless LANs Using
S-6 SLO-1 Carrier (SC) Communication BREK Error Conirol Coding CSMA/CA
SLO-2 Conventional AM Data Communication Circuits QPSK Error detection WLAN Fundamentals
SLO-1 Single Sideband Modulation (SSB) Data Communication codes Principles of MSK Parity Cellular Digital Packet Network
St SLO-2 | Vestigial Sideband (VSB) Modulation Error Control, Hardware Principles of QAM Redundancy r?evtivnc;lriw of cellular digital packet
SLO-1 Quadrature Amplitude Modulation Serial Interfaces 9%38'?&] ro gt fadulation (QAM) Error correction Satellite Communication
S-8 : ;
SLO-2 | Concept synthesis for AM Parallel interfaces _C;Léagfﬁ Eleltude Modulatik Q) Forward Error Correction Satellite Networking
SLO-1 Lf;%cilrl};gg:requency L Data Modems — Asynchronous Modem | Bandwidth Efficiency Application, Convolution Codes Bluetooth
9 Comparison of Analog Communication Compartsoi oF varg Sy
SLO-2 Synchronous Modem Communication System (ASK— FSK—- | Block Codes Bluetooth Applications
Systems (AM - FM - PM)
PSK - QAM)
. . o 2 h 3. Blake, Electronic Communication Systems, Thomson Delmar Publications, 2002.
Learning 1. Way ne Tomgs:, Advqnced Elecironic Commgmgatlon Systems, 6th Eq:tlon, Pearspn Education, 2009 4. Martin S. Roden, Analog and Digital Communication System, 3rd Edition, PHI, 2002
2. Simon Haykin and Michael Moher, Communication Systems, 5th Edition, John Wiley and Sons, Inc., J i
Resources 5. https://nptel.ac.in/courses/117105143/
6.

https://nptel.ac.in/courses/117105144/

Learning Assessment

Continuous Learning Assessment (50% weightage) Final Examination (50% weightage)
Bloom’s Level of Thinking CLA-1(10%) CLA -2 (15%) CLA-3(15%) CLA -4 (10%)# o Weigntag
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 40% d 30% - 30% - 30% [ 30% -
Understand
Level 2 ﬁgg:ize 0% - 40% ! 40% - 40% ; 40% -
Level 3 Eva'“ate 20% : 30% i 30% : 30% : 30% :
reate
Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1.Mr.Senthilkumar, ATl rskrd1962@gmail.com

1.Dr. B. K. Panigrahi, IT Delhi, bkpanigrahi@ee.iitd.ac.in

1.Mr. D. Selvabharathi, SRMIST

2.Mr.Muralikrishna, National Instruments, emkkrishnan@gmail.com

2.Dr. S. Ramareddy, Jerusalem College of Engineering,sr.victory@gmail.com

2.Dr. M. Jagabar Sathik, SRMIST
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Course Code 18EEE325T Course Name WAVELET TRANSFORM Course Category E Professional Elective 310 0 3
Pre-requisite Courses Nil | Co-requisite Courses |Nil Progressive Courses _ |Nil
Course Offering Department Electrical and Electronics Engineering Data Book / Codes/Standards |Nil
Course Leamning Rationale (CLR): | The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Introduce the learners to wavelets- its relevant fundamentals and significance 11213 11213 4 |56 7 [ 8][9[10]11]12[13[14/15
CLR-2: |Establish the theory behind construction of wavelets using software tools Tlels b o
CLR-3: |Gain knowledge on the details of discrete wavelet transform 8 °; < > s S 3
CLR-4: |Expose the students to the conceptual aspect of multi resolution analysis o § é § - S % ° i § =
CLR-5: |lllustrate data compression /extraction and signal processing applications using wavelet transform g 2 £ xg 2 3|5 S| 3| 3|5 5 E
CLR-6: |Introduce wavelet functions, the advancements in technology and applications £ 6—C_’ £ o| 8 E ® 5| 3les ; AR
= £ | < D_ - ,2 Q'S Xle|l=> -
o | o = o5 B | E® ©T| €| = 2
558 (8552853554 323 55|07
_— = _ D | > = @© =
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: 2l gl g S 8|g|E 3 3 § S5|2/ 2 5|l é 21218
— | ui |l wlo <= | wnjun w| Elola|lT|a|a|a
CLO-1: |Understand the theory and mathematics behind wavelet transform 1175|75 H - - - - - Sl -l -l M-
CLO-2: |Apply the coding for construction of Daubechies and other wavelet functions 2175|75 HIM|L| - - |- - -l - -] - MIM| -
CLO-3: |Analyze use of wavelets and discrete wavelet transform for filter bank design. 2 |75|75 HIM|L| - | M - -l - IMIM|-
CLO-4: |Analyze use of wavelets for filter design and multi resolution analysis 2|75|75 HIM|L| - [M]|- - -l- -l - MM -
CLO-5: |Use software for various wavelet transform based applications 3175|75 HIM{L| - [M]|- - - -l -|-|H|H]|-
CLO-6: |Evaluate existing and new wavelet transform based applications 3|75|75 HIM|L| - [M]|- - -l -l -1-]1-|H|H]|-
Duration (hour) 9 9 9 9 9
SLO-1 Wavelets- General introduction Construction of wavelets z;;irgéiig;velet g g I\d/‘latgzig(z;olutlon Eipws (MRARIECE! Audio compression — Audio masking
5 SLO-2 Fields of applications, Heisenberg’s un Relationship between two scale R Lo R Need for multi resolution based image Standards specifying sub band
certainty sequences 9 P Y analysis implementation
Classical wavelets, Wavelet packets, A )
SLO-1 Local trigonometric bases, Multiwavelets, dReIatlonsh{p N N BT Filtering /Frequency response Multi resolution spaces Image compression
lecomposition sequences
2G Wavelets
S-2 : 3 :
Gaussian, Morlet, Daubechies, Mexican Construction of semi orthogonal spline
SLO-2 | Hat, Symlets, Coiflets, Complex, wavelets 9 - Decimation ( Down sampling) Orthogonal decomposition The JPEG standard (ITU - T.81)
Biorthogonal spline wavelets.
SLO-1 Wavelet transform — Translation Construction of ortho- normal wavelets | Signal reconstruction- Synthesis 5’ odhogoqal andisetuifelisiogonal Spatial qr/ented trge ( SQT) code and
$3 . i lecompostion Generalized self-similarity tree (GST)
SLO-2 (%lf;/realzct)rt,ransform -Scaling and Shifting Shannon scaling function Filtering and Stretching ( Up sampling) Two scale relations Embedded zero tree wavelet (EZW) code
SLO-1 Continuous wavelet transform Meyer scaling function Computing input co- efficient A wavelet basis for MRA Huffman code
S4 SLO-2 Discrete wavelet transform Battle- Lemarie scaling function Lattices and Lifting Fungtlonal pHdspace rela{lon between Run length encoding
scaling and wavelet functions
SLO-1 Mathematical prelude — Fourier transform | Daubechies scaling function Vanishing moments s;;lsgnasnd translated version of wavelet (S;;m::gﬂonmg in hierarchical tree
5 SLO2 Parseval Plancherel theorem, Graohical disolav — lteration method Perfect reconstruction filter banks- Wavelet series Embedded block coding with optimized
Convolution, Dilation and its inverse... p piay Introduction truncation (EBCOT)
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g Continuous time frequency Spectral domain analysis of a 2 channel A L o .
$6 SLO-1 representation of signals Spectrum method PR filter bank PR banks- Coding tutorial - | Meédical Imaging
SLO-2 The windowed Fourier transform Eigen value method Analysis and Synthesis PR banks- Coding practice exercises-I Other applications
SLO-1 Signal spaces Daul?ech/es U Cl e Quadrature mirror filter (QMF) approach | PR banks- Coding tutorial - Il Audio compression 'S.’ mulation using
s7 tutorial - | software tools — Tutorial
SLO-2 O(tho-gonallty and Ortho-normality in Coding practice exercises Half band filter (HBF) approach PR banks- Coding practice exercises Audio compression -S_lmulat/on using
brief software tools — Practice
SLO-1 Haar wavelet and scaling function Daul?ech/es Wavelot congiTL i NG Time domain analysis PR banks- Coding tutorial - Il Image compression -S/mulatlon using
S8 tutorial- Il lsoftware tools - Tutoréql — .
i ) ) ) ) ) ; ) . o ] . mage compression -Simulation using
SLO-2 Triangle scaling function Coding practice exercises PR filter requirements PR banks- Coding practice exercises software tools — Practice
sLo.1 | Shorttime Fourier transform -Coding Daubechies wavelet construction-Coding | p. rihogonal fiter bank PR banks- Coding practice tutorial- IV Image compression -Simulation using
s:9 tutorial tutorial- Il Isoftware tools — Tutorégl — .
i . . . " ! . : 2. . g T ) : mage compression -Simulation using
SLO-2 Coding practice exercises Coding practice exercises Simple problems(Qualitative) for practice | PR banks- Coding practice exercises software tools — Practice
1. K. P. Soman, K. I. Ramachandran ,N. G. Resmi, Insights Into Wavelets: From Theory to Practice, Third| 3. Raguveer M Rao and Ajit S Bopardikar, Wavelet Transforms - Introduction and Applications, Pearson
Learning edition, PHI Learning Pvt. Ltd. 2010. Education, 2008 S. Burns, A Ramesh, A Gopinath and Haitao Guo, Introduction to Wavelets and
Resources 2. J. C. Goswami and A. K. Chan, Fundamentals of Wavelets: Theory, Algorithms and Applications, John Wavelet Transform, Prentice Hall Inc.1998.
Wiley and Sons, 2011. 4.  https://nptel.ac.in/courses/103106114/48

Learning Assessment

Continuous Learning Assessment (50% weightage) ) o 0
Bloom’s Level of Thinking CLA-1(10%) CLA -2 (15%) CLA -3 (15%) CLA—4 (10%)# Final Examination (50% weightage)
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice

Level 1 Remember 40% : 30% - 30% - 30% 2 30% -

Understand
Level 2 ﬁgggze 0% - 40% 1 40% - 40% - 40% -
Level 3 Evaluate 20% . 30% N 30% : 30% ' 30% :

Create

Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry Experts from Higher Technical Institutions Internal Experts

1.Dr. S. Paramasivam, Danfoss Industries Pvt. Ltd, paramsathya@yahoo.com | 1.Dr R. Selvarasu, Adama Science and Technology University, Ethiopia, selvarasunaveen@gmail.com |1.Ms K Subha Sharmini, SRMIST

2.Mr.Ravikumar A R, PayPal,ravikumar.venkataramani@gmail.com 2.Dr K Mohanraj, SRMIST

1.Dr A. Venkadesan, NIT,Pudhucherry, Karaikkal, venkadesan@nitpy.ac.in, avenkyeee@gmail.com
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Course Code 18EEE326T Course Name |  ADVANCED CMOS DEVICES AND TECHNOLOGY Course Category E Professional Elective Ié -(l; g g
Pre-requisite Courses Nil | Co-requisite Courses [Nl Progressive Courses INil
Course Offering Department Electrical and Electronics Engineering Data Book / Codes/Standards |Nil
Course Learning Rationale (CLR): | The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1:  |Enrich the students to have basic knowledge in CMOS technology and scaling 11213 11213 4 (5|6 7 [8]9[10[11]12]13]/14[15
CLR-2: |Upgrade the students with the knowledge on design of CMOS devices Elels x o
CLR-3:  |Buildup knowledge on fabrication and isolation of advanced CMOS sitd’ > s S 3
CLR-4: |Outline the concept of layout dependent effect, bench marking and interconnects ) § é % 3 ERN % ° i § =3
CLR-5: [Understand the basic of lithography and manufacturability £ e k= Sl2lgls |3|5|= 8 s|L|€E
CLR-6: |Upgrade the knowledge in Nano CMOS devices £ 2| g > 2 2|8 5|32 o B =2
Elgis |E1229s 22|25 5|28
°18l5| |2le|s|2eg 55|68 g2 E|B|S|o|nlD
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: 2l gl g 5 8|g|g2 385|233 5 =233 83
S0 | ula|lal<| S|l vl E(/o|lalS|[a|a | a
CLO-1: |Describe the operation of CMOS devices and scaling technology 2180|75 H{- |- - - - - -l -l -1-]-|L|H]|-
CLO-2: |Interpret how modern CMOS devices are designed for better power performance 3180|75 H|-| - - - - - - - - -lH|{ M| -
CLO-3: |Perceive knowledge on basic fabrication process flow steps of advanced CMOS devices and isolation 3180|75 H| - - - - -|H|H| -
CLO-4: |Advance knowledge on layout dependent effect, bench marking and interconnects 3180|75 Hl-]- - - |- - -l -l -l -l -|HIM]-
CLO-5: |Infer knowledge about advanced lithography and manufacturability 3180|75 H|-1- - - |- - - -l -|-|H|H
CLO-6: |Gain knowledge to develop new improved CMOS devices 3180|75 H|-]- - - - - -l -]l -1-]-]lH|H]|-
Duration (hour) 9 9 9 9 9
S SLO-1 History of silicon technology Mobility enhancement techniques Fabrication issues Compact modeling of analog process Basics of sub wavelength lithography
SLO-2 Review of CMOS scaling, moore’s law Gate dielectric material Process integration Digital benchmarking of models Advanced lithography
SLO-1 Junction diode High K material and Material selection Atomic layer integration Layout dependent effects Design for manufacturability (DFM)
S-2 . Electronic structure of transition metal j . ” ¥ ) .
SLO-2 MOS capacitor andfare oA Metal organic chemical vapor deposition | Metallization Economic motives for DFM
i L . ) . ; ” Lithographic techniques and tools for
$3 SLO-1 Circuit considerations Band gap energies Physical vapor deposition Gate electrodes advanced technology nodes
SLO-2 CMOS latch-up Band off-set energies Etching Reduction in device parasitics Optical proximity correction
SLO-1 MQS transistor classical models Bond iconicity and dielectric constant Fabrication of drain and source Test structures for characterization Lithography limited yield
S4 SLO-2 Threshold voltage and V-I characteristcs | Carrier effective masses Ultra shallow junctions sC:;;ﬂargctenzaﬂon gidogieects on Catastrophic failures
S5 SLO-1 Short channel effects Thermal stability Isolation techniques Dopant activation methods Lithography driven DEM solutions
SLO-2 Drain induced barrier lowering Disorders and defects Device, well and dielectric isolation Device isolation pitch Classical approach
$6 SLO-1 Gate leakage current Extrinsic defects Integration challenges Interconnects Printability checkers
SLO-2 Tunneling High -K / Si Interface traps Dopant activation methods Limits of interconnects ASIC cell optimization
SLO-1 Sub-threshold conduction Fermi level pinning Reduction of parasitics Current interconnect technologies Case study on emerging technology
S SLO-2 Short channel modifications Pfogregs MSgRlCTOiligpK gato Types of stress elements Optical interconnects Applications of advanced CMOS devices
dielectrics and metal gates
s8 SLO-1 g:zggfjr:nd uniqueness of MOS Effect of stress Strained isolation oxide Scaling of device isolation Challenges of advanced CMOS devices
SLO-2 MOS in Deca-Nano meters Strain on the band structure of silicon Ultra shallow junction resistance Layout dependent effect CMOS technology design for mobile

SRM Institute of Science and Technology — Academic Curricula (2018 Regulations) — Control copy

1208




applications
Device structure and channel Solution to shallow junction resistance L CMOS technology designed for wireless
oo SLO-1 engineering Effect of gate length on stress effect problem Characterization applications
y Source , drain and gate stack Mobility enhancements in strained Fermi level pinning effect of strain to . . .
SLO-2 engineering silicon MOSFETS improve the CMOS performance Test structures used for characterization | Special MOS devices
Leamin 1. J. M. Pimbley, M. Ghezzo, H. Parks, Advanced CMOS Process Technology, Academia | 3. S. Deleonibus, Electronic Devices Architectures for the Nano-CMOS Era, Jenny Stanford, 2009.
Resourges Press, 2012. 4. B. Wong, F. Zach, V. Moraz, A. Mittal, G. Starr, A. Kahng, Nano-CMOS Design for Manufacturability, Wiley, 2009.
2. HeiWong, Nano-CMOS Gate Dielectric Engineering, CRC, 2012. 5. _http://www.ee.iitb.ac.in/~slodha/advanced-cmos-devices/
Learning Assessment
Continuous Learning Assessment (50% weightage) . I I
Bloom’s Level of Thinking CLA—1(10%) CLA -2 (15%) CLA -3 (15%) CLA-4 (10%)# Final Examination (50% weightage)
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 0% : 0% : 0% : 0% : 30% :
Understand
Level 2 Aopy 40% ! 40% : 40% t 40% . 40% .
nalyze
Level 3 Evaluate 20% - 30% ] 30% : 30% - 30% -
Create
Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1. Mr. Akash Neel Dey, Grey Orange Pvt. Ltd, akash.d@greyorange.sg

1. Dr. E. S. Sreeraj, NIT-Goa, sreeraj@nitgoa.ac.in

1. Dr. R. Femi, SRMIST

2. Mr. Prakhar Kumar Verma, Xilinx India, prakhar10692@gmail.com

2. Dr. Pravin Mane, BITS-Pilani, pravinmane@goa.bits-pilani.ac.in

2. Dr. M. Jagabar Sathik, SRMIST
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Duration (hour)

Course Code |18EEE327T Course Name SENSORS AND TRANSDUCERS Course Category | E Professional Elective A
Pre-requisite Courses Nil | Co-requisite Courses [Nil Progressive Courses _ |Nil
Course Offering Department Electrical and Electronics Engineering | Data Book / Codes/Standards | Nil
Course Learning Rationale (CLR): | The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1:  |Expose the students to various sensors and transducers for measuring quantities. 11213 1123 4 |56 7 [ 8/9|10[11|12[13]14]15
CLR-2: |Emphasize the general background and operational concepts in sensors and transducers El=lE - . =
CLR-3: |Elicit the characteristics of inductive and capacitive transducers. SN = = & = 8
: : - m| & E i) e @ = =
CLR-4:  |Examine the advances in sensor technology. o 5| & 2 0|8 2 o = 2l
CLR-5: |Facilitate the application of microsensors and actuautors B S| S cl2isl2 32 | 8|5 % &
CLR-6:  |Analyse the performance of various sensors and transducer 5| E = ;é’ S8 S|3 S = | 8|38
gl SlE|B|sE|C |2 ES® T|E|=|o
S| 5|8 o 5| sl E|S|S5E|,aE|lB|S|T VT
. . ‘ " i D | D | D E 5|20/ 3| 2=8 5= Sl lololo
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: S| 2 2 812|228 822 =355 ¢clelBI388
— | 0|0 ulaolal<d|SZ ||| E|lo|la|Id|la|a|la
CLO-1:  |Enumerate the basics of sensors and transducers 2|75|75 H|- |- - - - - -l -l -]
CLO-2: |Summarize the underlying principles and performance of different sensors 2 |75|75 H|IH]| - - - |- - I M| - -l -l-]1-|M
CLO-3: |Acquire knowledge on the basic conditioning circuits for inductive and capacitive transducers 2|75|75 H i Hglf - - - - M- -] --1-1-M
CLO-4: |Upgrade the knowledge in sensor technology 2L [l 75 H|-|- - - - - M -l-l-]1-1- M
CLO-5: |Attain a broad area of knowledge in Micro sensors and Actuators 2175|75 H|-1]- - - - - -l -] H -
CLO-6: |Predict correctly the expected performance of various sensors and transducers 28,75 [ 15 H|H| - - - - - I Ml -]-]-|-1HIMIM
9 9 9 9 9

SLO-1 General concepts of megaiEgERnt Resistive Transducers Gen(_aral factors goverming the design of Piezoelectric transducer Introduction to Micro sensor
CVVVS- systems self-inductance transducer
! SLO-2 | Terminologies of measurement systems Zgg/g le of operation, construction Variable inductance transducer Hall Effect transducers Transducers and its interface standard
SLO-1 Transducer c/ass#:ca't ion based on Potentiometer ,Characteristics Linear Variable Differential Transformer | Magnetostrictive transducers Evolution of micro-fabrication
) principle of transduction : . ' '
SLO-2 | Flow rate sensing elements Applications of potentiometer Exprgs St o Fiber optic Sensors E\(olut/on of M.WO system and
variation Microelectronics
SLO-1 | Classification of errors Loading effect Rotary variable differential transformer | Geiger counters L?ﬁ,g;ﬁ[,gcg;gf"nary nature of MEMS,
S-3 T . -
i . . ] gl o Applications of micro systems in
SLO-2 | Error Analysis Strain Gauge, Types of Strain gauges Applications of LVDTs Scintillation detectors. automotive, and health care
. . : ; b : Applications of micro systems in
S4 SLO-1 | Units and standards of measurements Applications of Strain gauges Output input relationship Film sensor aerospace, and teleCommunication fields
SLO-2 | General input and output configuration Gauge Factor Microsyn Transducer Magneto elastic sensor Biomedical sensors
SLO-1 | Analog & digital modes of operation Load cells Control type Synchro system Digital displacement sensors Biosensors
&5 SLO-2 | Null & deflection methods ;-gtr/(;ies e RBHC S Rg srain Resolvers classification and application | Proximity sensors Chemical sensors
SLO-1 Meth_oo_fs of correction for interfering & Pressure measurement using strain Capacitive Transducer Preumatic sensors Optical sensors
S-6 modifying inputs gauges
SLO-2 | Static characteristics of a measurement | Measurement of Linear Velocity Variable Area Type Capacitive Semiconductor sensor Pressure sensors
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system Transducers
SLO-1 Dynamic charactenstics of a Resistance Thermometers Variable Air Gap type Capacitive Smart sensors Acoustic wave sensors
S-7 measurement system Transducers
SLO-2 | Statistical analysis of measurement data | Thermocouples Variable dielectric constant type Radiation sensors Microactuators
SLO-1 | Electric Transducer Thermistors Sensitivity factors Pyroelectric type Actuators using thermal forces
S8 SLO-2 | Advantages of Electric Transducer Thermistoy ma?grla/', shape, ranges and Nonlinearity factors Digital encoding Transducer Actuators using shape memory alloy
accuracy specification
SLO-1 | Transducer actuating mechanism Hotwire anemometers Advantages of capacitive transducer Photo optic Transducer Actuators using piezoelectric crystals
S-9 Factors influencing the choice of ; = - Environmental Monitoring sensors . .
SLO-2 transducer Temperature compensation Applications of capacitive transducer (Water Quality & Air pollution) Actuators using electrostatic forces
Learnin 1. Sawhney. A.K, A Course in Electrical and Electronics Measurements and Instrumentation, 19th Edition, 3. PatranabisD, Sensors and Transducers, Prentice Hall of India, 2010.
Resourges DhanpatRai& Company Private Limited,2014. 4. Joh. 4.P, Bentley, Principles of Measurement Systems, Il Edition, Pearson Education, 2000
2. Doebelin. E.A, Measurement Systems — Applications and Design, Tata McGraw Hill, New York, 2007.. 5. https://nptel.ac.in/courses/112103174/3
Learning Assessment
Continuous Learning Assessment (50% weightage) ) s 0
Bloom’s Level of Thinking CLA—1 (10%) CLA -2 (15%) CLA - 3 (15%) CLA -4 (10%)# Final Examination (50% weightage)
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 0% : 30% 4 0% : 0% : 30% :
Understand
Level 2 Apply 40% : 40% . 40% - 40% : 40% .
Analyze
Level 3 (E;‘r’:;‘::‘e 20 % ¢ 30% 2 30 % - 30 % - 30% -
Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1. Mr.Muralikrishna, National Instruments, emkkrishnan@gmail.com

1. Dr. A. Venkadesan, NIT Puducherry, venkadesan@nitpy.ac.in

Ms. S.Lourdu Jame, SRMIST

2. Mr.Senthilkumar,ATl,rskrd1962@gmail.com

2.Dr. S. Arul Daniel, NIT Trichy, daniel@nitt.edu

Dr.S.Padmini, SRMIST
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Course Code 18EEE416T | Course Name MEDICAL ELECTRONICS Course Category E Professional Elective 3700 3
Pre-requisite Courses Nil | Co-requisite Courses [Nil Progressive Courses INil
Course Offering Department Electrical and Electronics Engineering Data Book / Codes/Standards Nil
Course Learning Rationale (CLR): |The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Create knowledge on physiological system of the human body 1 1 31 4 |56 7 [8]9]10/11]12]13[14]15
CLR-2: |Learn the various biomedical sensor and amplifiers Tlel=
CLR-3: |Identify the bio potential electrodes used for ECG, EEG, EOG and ENG measurements S ? § §v ‘a:: 5 g
CLR-4:  |Understand the various analysis techniques of bio signals and data acquisition systems |l 8§ 2 £ N = S| o
- S " n A = = 7 o D = = K% Q = S| © = < =
CLR-5:  |Expose the students to various medical application using optical electronics iE | S | S 22|86 |35 4 S| s|k|E
CLR-6:  |Demonstrate the physiological system, its measurements and application of electronics in the medical field = 8|S iﬁ, ERERES s 2 e2 LI
e 25 38_8°25% |28 5
Ciglg 5 &S| sG5| E |V ER T|E|=| o
5|28 Bl 5|88l sl2s< 3|25 /5 T @
i i - z|3|8 £l2|5 23 s B|Ex|8|2 EISII[LLlL
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: e 38 5832383222355 2383
AR R bl olgd =S| @ lde| m|E|S|a|5|a|a|a
CLO-1: |Describe the physiological system of the body 2180|75 H|-|- - -] - - Sl - IM -
CLO-2: |Use the biomedical sensor and amplifiers 3180|75 H| -] - - |H| - - | L]L]-]- LIM|L
CLO-3:  |Recognize the biopotential electrodes used for ECG,EEG,EMG,ERG and EOG measurements 218075 Hi-|-] - |-|-]1-1]1-]- - - L{M]| -
CLO-4:  |Apply and analyze bio signals and data acquisition system for biomedical application 318075 Hi-|-| - |H - -l Ll-]-]-|LIM]|-
CLO-5: |Interpret the various medical application using optical electronics 218075 H{-|- - -] - - (Ll --]- HIM|L
CLO-6: |Identify the human body physiological system along with various measurements and application of electronics in the medical field | 3 | 80 | 75 H|-|- - |H| - - |L|L|-]-]-|HIM|L
Duration (hour) 9 9 9 9 9
SLO-1 lnftroductlon to the physiciegicalBystom Sensor parameters Electrode-electrolyte interface Introduction to bio signal analysis Intrgduct/on fo med/cal application using
S-1 of the body optical electronics
SLO-2 Cardiovascular system Physical principle of sensing Ellsgttrrggg hpesiE Analog and digital method Charge coupled devices
s SLO-1 Respiratory system Strain gauge, Piezo electric transducer | Needle and wire electrode Types of analog to digital converters Interline transfer
SLO-2 Parts of respiratory system Load cell, pitot tube Micro electrode Flash type ADC Fiber optics introduction
SLO-1 Nervous system High impedance charge output gggﬁggrgggrap fiycReadisysiomiion Types of digital to analog converters Fiber optics classification
S-3
SLO-2 {Structure of neuron and phenoregEaly Linear variable differential transformer ECG measurement Successive approximation DAC Features of optical fibers
impulse transmission
S4 SLO-1 Sources of biomedical signals Hall effect magnetic sensor Electro cardio graph Signal to noise improvement Analysis of optical fiber
SLO-2 Basic medical instrumentation system Optical encoder Electroencephalography: Signal sources | Amplitude measurements The step-index fiber
sLo-1 | Performance requirements of medical | ;oerometer Placement of electrodes Signal recovery Graded index fiber
S5 lnstrqmentatloq sys_tem '
SLO-2 Isr;/tsezg?n ent medical instrumentation RTD EEG recording modes Data acquisition CT Scanners
SLO-1 Use of microprocessors in medical Thermistor Electroencephalograph Sample and hold conversion Sectional imaging
S-6 instruments
SLO-2 The microprocessor Thermocouple Electromyography: EMG electrodes ECG acquisition Digital imaging
S-7 | SLOA The microcontroller Sensor interfacing Electromyograph EMG acquisition Endoscope
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Interfacing of analog signals to - . Determination of conduction velocities in - L
SLO-2 microprocessors Driving bridges B orTares EOG acquisition Digital X rays
SLO-1 PC based medical instruments Signal conditioning amplifiers Quaritity of elect(ICIty Gsacdicvt EEG acquisition Medical sensors from fiber optics
S8 muscle contraction
SLO-2 General congtra/ns in design of medical Instrumentation amplifiers Electrical activity of EOG signal ERG acquisition Fiber optics for circulatory system
instrumentation systems
-9 SLO-1 Regulations of medical devices Isolation amplifiers Electroretinograph Pattern recognition Fiber optics for respiratory system
SLO-2 Types of standards Simulation of pressure sensor Electroocculograph Simulation of flash type ADC Lasers in biomedical field
Learning 1. Leslie Cromwell, Fred. ., Weibell and Ench APleiffer, Biomedical Instrumentation and measurements | > gr'fsasfazggf S i Principiesieligeaiegtatectronics and biomedical instrumentation, Universities
. o )
Resources Prontice Hal of India, 2+ ed., 2088 4. Rrinaldo J. Perez, Design of medical electronic devices, Academic press 2002

2. Kandpur R.S, Handbook of Biomedical Instrumentation, Tata McGraw Hill, 2rd ed., 2011

5. https://swayam.gov.in/nd1_noc19_bt28/preview ,NPTEL Online Course-Biomedical nanotechnology

Learning Assessment
Continuous Learning Assessment (50% weightage) ) - -
Bloom's Level of Thinking CLA—1 (10%) CLA -2 (15%) CLA - 3 (15%) CLA—4 (10%)# Final Examination (50% weightage)
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Remember 9
Level 1 Understand 40% - 30% - 30% - 30% - 30% -
Level 2 Apply 40% . 40% 1 40% ; 40% . 40% .
Analyze
Level 3 Evaluate 20% L 30% . 30% ’ 30% : 30% .
Create
Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1.Mr.Muralikrishna, National Instruments, emkkrishnan@gmail.com

1.Dr. S. Ramareddy, Jerusalem College of Engineering, srr.victory@gmail.com

1. Dr.Y.Jeyashree, SRMIST

2. Mr.senthilkumar,ATl,rskrd1962@gmail.com

2.Dr Subhransu Sekhar Dash, Government College of Engineering, Keonjhar, Subhransudash_fee@gcekjr.ac.in

2. Mrs. R.Uthra, SRMIST
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Course Code | 18EEE417T | Course Name ADVANCED SEMICONDUCTOR DEVICES Course Category | E Professional Elective I
Pre-requisite Courses Nil | Co-requisite Courses [Nil Progressive Courses INil
Course Offering Department Electrical and Electronics Engineering | Data Book / Codes/Standards | Nil
Course Learning Rationale (CLR): | The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Outline the aspects of electrical properties of semiconductors 1 11213 4 |56 7 [8]9][10[11]12]13][14[15
CLR-2: |Learn about diode fabrication, properties, and characterization Tlals
CLR-3: |Provide the fundamentals of MOSFET fabrication and scaling laws ] ? < -OSJ’ z 5 8
CLR-4:  |Enrich the knowledge on structure quantum effects and development of advanced transistor devices |25 g E &) N i § >
CLR-5: |Upgrade knowledge on basic principle of operation of LED and solar cell 28|k 18| el |2 5|, Sl g|i £
CLR-6: |Understand the characteristics, operation and limitations of semiconductor devices = 8|S X5 3|2 s 2le2 AR
= | < 2 g/olo_|8/9 &% % 8 B2
5| BB gle|2|g8 C|2IEE 55|22 < a|o
. ’ § =158 22| 5 L3 s BlST|l a2 E|IQIS
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: o 3|8 2 8|3|TE 88|28 2|2 Elo2 328
83|08 bmlalalecd =3 ia|m|E|S|&|5|a|lala
CLO-1:  |Enrich the knowledge on semiconductor material, properties and classical semiconductor devices 218075 Hl-Lagwl | L | -] - - -l -|l-1-1-|H|H]|-
CLO-2: |Interpret the fabrication and characterization of PN diode 3180|75 HIL|L| L -] - - -l - -] - M| H]| -
CLO-3: |Perceive knowledge on advanced MOSFET devices, characteristics, application and fabrication 3180|75 H|.Lg*¥L | L - -l -1l -|1-|H|H]|-
CLO-4: |Gain knowledge of hetero structure, quantum effect and transport in the development of advanced transistor devices 3180|75 HiL|L| L |-]- - -l -l -l -]-]LIM]|-
CLO-5: |Infer knowledge on optoelectronics, solar cell and photovoltaic 3180|75 H| -] - - - - - - -l -l -|H|M]| -
CLO-6: |Gain knowledge to develop new semiconductor devices 3180|75 H{L|L| L |-]|- - -l -]l -1-]-IM|H]|-
Duration (hour) 9 9 9 9 9
-1 SLO-1 | Semiconductor materials Structure of PN junction diode Zfeﬂuor)gde Semitonduclagtramisiog Bipolar transistor structure Optoelectronic semiconductor devices
SLO-2 | Electrons and holes Zero applied bias Working of two terminal MOS structure Principle and modes of operation Optical absorption
SLO-1 | Crystal structures Reverse applied bias Inversion channel MOSFET Minority carrier distribution Light emitting diode (LED)
$2 SLO-2 | Atomic bonding and bond models Fabrication process MOSFET Scaling effect Low frequency common base current gain }/\/egg;glL)cZ\l(étéfesurface emiting laser
SLO-1 | Equilibrium and non-equilibrium Non uniform doped junction il & n.d X Nonlinear effects Laser diode arrays
53 ™ ' ' characteristics
SLO-2 | Imperfections and Impurities in Solids jl'::]cr;]l.é/tl;ggum §{g el geopeTios Cla EIY Capacitance - voltage characteristics Equivalent circuit models Hetero junction LED types
s4 SLO-1 | Statistical distribution PN junction current Current-voltage characteristics Frequency limitations Photoluminescence
SLO-2 | Drift and diffusion DC electrical characteristics Fabrication of MOSFET Hetero structure and Quantum well Electroluminescence
SLO-1 | Generation and recombination Small signal model of PN junction Small signal analysis Super lattice and modulation Advanced semlconq uctorg fo‘r solar
S5 cell and photovoltaic applications
SLO-2 | Principles of Quantum mechanics Small signal characteristics Frequency limitations Two dimensional electron gas (2DEG) Hetero junction solar Cell
sto1 |'s L ) . iy . Switching properties and circuit : 0
S - chrodinger's Wave Equation Diode switching transients applications Coulomb blockade effect, quantized transport | Amorphous Silicon solar Cells
SLO-2 | Extensions of the wave theory to atoms | Generation and recombination current CMOS technology Large signal switching Photo detectors
S-7 | SLO-1 | Quantum theory of solids Charge storage (?S?g;l?aggzcgeeﬁzg) grieilconCaiide Ballistic transport and Quantum capacitance | PIN photo diode and photo transistor
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SLO-2 | Allowed and forbidden energy bands Junction breakdown Tunneling field effect transistor (TFET) High electron mobility transistor (HEMT) Optical switches and amplifiers
58 SLO-1 | Electrical conduction in solids Tunnel diode Thin film transistor (TFT) Modulation doped FET (MODFET) Active nano crystalline devices
SLO-2 | Semiconductor in equilibrium Schottky diode Junction gate field effect transistor (JFET) | Single electron and hetero junction transistor | Nano electronics
SLO-1 | Carrier transport phenomena Metal-semiconductor junctions Nonlinear effects Ballistic transistor Applications of nano electronics
S9 SLO-2 Non'.equ’”b"um excess carriers in Hetero junctions Threshold voltage modifications ) .s’l’con emitter and silicor-germanium Organic semiconductors
semiconductors transistor
. . ! L, v o ) 3. S.M. Sze, Kwok K. Ng, Physics of Semiconductor Devices, Third Edition, Wiley, 2007
Loaming |1~ Donald A. Neanmen, Semicondclor Physios and Devices: Basio Pinciples, Fourth Editon, MeGrewtil 2012. 13" G Tang Sah, Fundamentals o Soic-State Eeconics, World Sietic, 1996
) T gee, - : ¥ 5. http:/fwww.ioffe.ru/SVA/NSM/Semicond/index.html
Learning Assessment
Continuous Learning Assessment (50% weightage) ) s 0
Bloom's Level of Thinking CLA—1 (10%) CLA - 2 (15%) CLA -3 (15%) CLA—4 (10%)# Final Examination (50% weightage)
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 0% . 0% : 0% . 30% - 30% :
Understand
Level 2 ApPly 40% - 40% : 40% - 40% ! 40% .
Analyze
Level 3 Evaluate 20% . 30% ! 30 % : 30 % - 30% -
Create
Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1. Mr. Prakhar Kumar Verma, Xilinx India,, prakhar10692@gmail.com

1. Dr. E. S. Sreeraj, NIT-Goa, sreeraj@nitgoa.ac.in

1. Dr. R. Femi, SRMIST

2. Mr. Akash Neel Dey, Grey Orange Pvt. Ltd, akash.d@greyorange.sg

2. Dr. Dipankar Pal, BITS-Pilani, dipankarp@goa.bits-pilani.ac.in

2. Dr. M. Jagabar Sathik, SRMIST
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Course Code 18EEE418T Course Name MOBILE COMMUNICATION Course Category E Professional Elective 3700 3
Pre-requisite Courses Nil | Co-requisite Courses |Nil Progressive Courses _ Nil
Course Offering Department Electrical and Electronics Engineering | Data Book / Codes/Standards |Nil
Course Learning Rationale (CLR): | The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: | Educate on Cellular Concepts and Wireless Standards 11213 11213 4 |[5]6] 7 [8]9/10]11[12]13]14]15
CLR-2: |Understand the Statistical Multipath Channel Models. EIE|s - » o
CLR-3: |Provide adequate knowledge on Digital Modulation & Multiple Access Schemes 8 ‘5’ = §’ 5 ’55 §
CLR4: |Give a basic knowledge in Capacity of Wireless Channels S 5|e = . §_ .| 2 e = Sl
CLR-5: |Educate on Multiple Antennas & Space Time Communications £182|< é 23|58 |85 dls|Lt|E
. ; : - Pyr =[S |S |38 = =]
CLR-6: |Create overall understanding of cellular concepts, multiple antennas and space time Communication. = [ o (88 8|0 |5 E =8| g8
Elo|lo =l Il el e R P R ® T | E|=| =
S| 2|8 B Elc|B85 s|=5< S 25|55
) ) X 5| 8|8 E228 |88 82 E|Z|3|,Aa
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: zl el e 2 8|g/=%/8|S|z8 = 3|52 333
— ||l wlo | Al = | hlun|lw | £ oo |5 |a|a|a
CLO-1: |Gain Knowledge in the concepts of cellular Communication. 1180(75 H|{M]| - - - - - M- -|-]l-|HIMM
CLO-2: |Comprehend the statistical multipath channel models 218075 HI{M]| - - - |- - - - - -|H| M| -
CLO-3: |Infer the various schemes in the digital modulation and multiple access 2180(75 H|M - - - - - M|L| -
CLO-4: |ldentify the capacity of wireless channels 2180|75 HIM| -] - |-]-| - |-]-|-]-|-|H|L]|-
CLO-5: |Recognize the concepts on multiple antennas & space time Communications 318075 HIM| - - - |- - M -l -l -1H|M|M
CLO-6: |Gain Knowledge on the overall Communication process involved in cellular Communication. 3180(75 HI{M]| - - - - - M| -|-|-|-lH|M|M
Duration (hour) 9 9 9 9 9
SLO-1 Evolution of Mobile Radio Communication | Signal propagation IL\)Ay{tlple access schemes-FDMA (Frequency | Capacity in Additive White Gaussian Noise MIMO
S ivision Multiple Access) Channgl ‘
SLO-2 Cellular Telephone SysfegEaCRl Propagation mechanism- reflection, Non-linear effects in FDMA Qi aciysigat iading chiannieis-Channel Space time signal processing
structures and System Model
SLO-1 Frequency Reuse Refraction TDMA (Time Division Multi Access) %z;’;el Gl Distribgibiggibrmation Spatial multiplexing
S-2 3
SLO-2 | Example Problems in Frequency Reuse Diffraction rcRacy ‘Of UL G 1207 @ Channel side information at receiver Diversity/Multiplexingtradeoff
channels in TDMA system
’ Improving Coverage and Capacity in Cellular : Spread spectrum multiple access: COMA . . .
53 SLO-1 Systems-Cell Splitting Scattering (Code-Division Multiple Access) Shannon (Ergodic ) Capacity Performance measures- Outage
SLO-2 Sectoring Large scale signal propagation Hybrid FDMA/CDMA(FCDMA) Capacity with outage Average SNR
SLO-1 Repeaters for Range Extension Lognormal Shadowing SDMA(Space Division Multiple Access) g:;?gii‘?/’gf iermation af ransmitter Average symbol
S-4 : - - :
SLO-2 | A Microcell Zone Concept Small-Sca[e Fading and Mult/path -Small- quulatlpn schemes- BPSK (Binary Phase- Shannon Capacity Bit error rate
Scale Multipath Propagation shift keying)
SLO-1 Channel assignment Strategies o P e i g mators of Mabile Spectrum and Bandwidth of BPSK Zer o-Qutage capacity and channel Receiver structure
Multipath Channels inversion
S QPSK (Quadrature Phase Shift Keying )
SLO-2 | Handoff Strategies - Prioritizing Handoffs Types of Small-Scale Fading Spectrum and Bandwiath of QPSK Signals Outage capacity Diversity receivers- selection
$6 SLO-1 Practical Handoff Considerations Statistical multipath channel models QPSK Transmission and Detection Truncated Channel Inversion MRC receivers
SLO-2 | Interference and System Capacity Narrowband Wideband Fading Models Offset QPSK Capacity with receiver Diversity DFE
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SLO-1 Channel Planning for Wireless Systems Power delay profile /4 QPSK Capacity comparisons System examples- GSM
S SLO-2 | Adjacent Channel Interference Average and RMS delay spread tr;/:h(r?lgszl‘(stransmlswon aldetection Channel and System Model EDGE
SLO-1 Power Control for Reducmg lr]terference- Qoherence bandwidth and Coherence QAM (quadrature amplitude modulation) Capacity of frequency selective fading GPRS
Power control of Cellular Circuits time channels
&4 MSK (minimum-shift keying) and GMSK
SLO-2 Wireless Standards: Overview of 2G Flat and Frequency selective fading ; - Ving) & Time Invariant Channels 1S-95
(Gaussian minimum shift keying)
SLO-1 3G cellular standards Slow and fast fading Multicarrier Modulation Time Varying Channels CDMA 2000
S-9 SLO-2 Channel Planning for Wireless Systems Average fade duration and Level OFDM (Qrthogonal Frequency-Division Optimal Power allqcat/on qf Block WCDMA.
crossing rate Multiplexing) Frequency -Selective Fading
. 1. Andrea Goldsmith, Wireless Communications, Cambridge University Press, 2005. 3. David Tse and Pramod Viswanath, Fundamentals of Wireless Communication, Cambridge University Press,
Learning 2. Theodore Rappaport, Wireless Communications: Principles and Practice, 2nd edition, Prentice £
Resources ’ ’ ' ’ ’ 4. Rishi Kappal and Milind Pande, Nex Gen Mobile Communication, Mc Graw, 2015.

Hall, 2001.

5. https://www.youtube.com/playlist?list=PL1A4AFAC7AC1909C9

Learning Assessment

Continuous Learning Assessment (50% weightage) Final Examination (50% weightage)
Bloom'’s Level of Thinking CLA-1(10%) CLA -2 (15%) CLA -3 (15%) CLA -4 (10%)# o weightag
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 40% . 30% 5 30% ; 30% . 30% .
Understand
Level 2 Apply 0% 3 0% . 40% - 0% . 40% -
Analyze
Level 3 Evaluate 20% : 30% . 30% : 30% | 30% -
Create
Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

1. Mr. C. Madesh, Bharti Airtel, madesh.c@airtel.com

2. Mr. K .Muniyandi, Omantel TeleCommunication, muniyandi.kannadasan@omantel.com

Experts from Higher Technical Institutions
1. Dr. G. Lakshmi Narayanan, NIT, Trichy, laksh@nitt.edu
2. Dr. G. Thavasi Raja, NIT Trichy, thavasi@nitt.edu

Internal Experts
1. Mr. T. Vigneswaran, SRMIST
2. Dr. M. Jagabar sathik, SRMIST
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Course Code 18EEE419T Course Name SATELLITE COMMUNICATION Course Category E Professional Elective 310 03
Pre-requisite Courses Nil | Co-requisite Courses [Nil Progressive Courses |Nil
Course Offering Department Electrical and Electronics Engineering Data Book / Codes/Standards  |Nil
Course Learning Rationale (CLR): | The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Educate on Elements of Satellite Communications and Orbital Aspects 11213 11213 4 |56 7 [8]9][10[11]12]13][14[15
CLR-2: |Understand the role of Satellite Link ElElse - - =
CLR-3: |Provide adequate knowledge on Modulation for Satellite Links 8 g = §’ & § §
CLR-4: |Extend knowledge on Multiple Access for Satellite Links % 5| & EH g_ = % o = gl
CLR-5: |Enlighten the Error Control For Digital Satellite Links Bl 5 Slelis|l |3|2|= § 5§ w|E
CLR-6: |Educate various concepts in Satellite Communication £ £ Z = e 818 8 3 ‘qc: E 5| 8 <38
Elol|lo ST a5 |=|E ® T | E|=| @2
|22 Bl E c|B gl s|l>s<c S 25|55
) i , 5| 3|3 2223 88|28 B8 2 E|I8S|AlL]L
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: S 2l e 2 8|gleg/8|glzelc|3|5| el 33 3
— i |0 wlo |l oS ||l |lojla|Ila|la | a
CLO-1: | Gain knowledge on elements of satellite Communications and the concepts of Satellite Orbits 118075 HiM| - - - |- - -l -l -l - MM -
CLO-2: |Relate the role of Satellite Link 2180|75 Hi{M| - - - |- - - - - - MM -
CLO-3: |Infer the necessity of Modulation for Satellite Links 2180|75 H|M - - - -IMIM| -
CLO-4: |Interpret the Multiple Access For Satellite Links 2180|75 H|H| - - - |- - -l -l -1-1-|H|H]|-
CLO-5: |Inspect Error Control For Digital Satellite Links 3180|75 H|H| - - - |- - - -l -|-|H|H
CLO-6: |Gain Knowledge on various concepts related to Satellite Communication 3180|75 H|H| - - - - - -l -]l -1-]-]lH|H]|-
Duration (hour) 9 9 9 9 9
’ Satellite systems-Attitude and Orbit s N Frequency modulation, Waveform Frequency Division Multiple Access . .
o SLO-1 Control System(AOCS) Basic Transmission Theory Equation for FM (FDMA) Error detection and correction
SLO2 Telemetry, Tracking, Command and Example Problems in Transmission Bandwidth of FM Signals: Carson’s Inter Modulation, Inter Modulation Channel Capacit
Monitoring (TTC&M) Theory Rule Example pactty
SLO-1 gzzlse;sfév;tsems, Communicaia System noise temperature Baseband S/N Ration for FM Signals Calculation of C/N with Intermodulation | Error Control Coding
S-2
SLO-2 | Satellite Antennas Calculation of System noise temperature | Pre-emphasis and de-emphasis Time Division Multiple Access (TDMA) Linear and Cyclic Block Codes
SLO-1 | Transmission and Multiplexing Noise figure and Noise Temperature Analog FM Transmission by satellite Bits, Sample and Channels Golay Codes
S-3 - - -
SLO-2 M_odulat/on Mult/p le acce_ss-_advent o G/T ratio for Earth Stations Television Signals TDMA Frame Structure Performance of Block Error Correction
Digital satellite Communications Codes
SLO-1 | The Equations of the Orbit Design of Downlink S/N Rations for FM Video Transmission | Synchronization in TDMA Networks Convolution Codes
S-4 - -
SLO-2 | Locating the Satslite in the Orbit Link Budgets FM Threshold, SCPC FM Links Transmitter Power in TOMA Networks ’S”;’;ﬁ,f:eefltsf(’;’” of Eror Defection on
SLO-1 | Orbital elements Design of Uplink Concept of F.M Squgred of transmitting Satellite Switched TDMA Concatenate Coding
S5 - analog satellite audio
SLO-2 Look _angle_ Determination- The Sub- Limits on link performance Digital Transmission On-board Processing Interleaving
satellite point
S-6 | SLO-1 | Elevation angle Calculation Design of Satellite links for specified Baseband Digital Signals, Baseband Processing Transponders Turbo Codes
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(C/N)
SLO-2 | Azimuth angle Calculation Overall (.C/N) o with Upi SR R Base Band Transmission of Digital Data patciis _Sw:tched TDMA with Onboard Repetition Codes
Attenuation Processing
SLO-1 | Geostationary orbit gg f’:k and CRIGRERgH=YoN in Band-pass Transmission of Digital Data | Concept of Pre-assignment Cyclic Codes
S Uplink attenuation and (C/N)up, Downlink
SLO-2 | Visibility p 3 i Analysis of Digital Transmission Demand Access Multiple Access (DAMA) | Basic of Convolution codes
attenuation and (C/N)an
Orbital perturbations Longitudinal Satellite Desian for Specific
SLO-1 | Changes: Effects of the Earth’s 9 P Digital Modulation Random Access Catastrophic Convolutional Code
Performance
S-8 Oblateness
SLO2 Inclination Changes: Effects of the Sun | Satellite Communication Link Design Digital Demodulation Packet Radio Systems and Protocols Performance of block error correction
and the Moon Procedure codes
Propagation effects and their Impact on
i . o Satellite-Earth Links Quantifying Digital transmission of Analog signals b . Implementation of Error Detection on
59 SLO-1 | Orbit Determination Attenuation and Depolarization: Rain and | PCM Qi DViSgtlltiple AcGess (COMA) Satellite Links.
Ice efffects
SLO2 Orbital effects in Communication system Prediction of Rain Attenuation DPCM and DM CDMA Capacity Example E’roblem on Error Detection on
performance Satellite Links
. ' Nr . 3 . 3. Tri T Ha, Digital Satellite Communications, Tata McGraw Hill, New Delhi, 2010.
. 1. Dennis Roddy, Satellite Communications, 4t Edlition, Mc Graw-Hill, 2017. il . 1w 2 ] Vo ’ :
Iﬁzzgr:ges 2. Timothy Pratt, Charles W Bostian, and Jeremy Allnutt, Satellite Communications, John Wiley and Sons, 3 %%Za"a Y, SatolltggmmuMicalion Systoms Design Principles, McGraw Hill, Inc., New York,
New Delni, 2008 5. https://www.isro.gov.in/applications/satellite-Communication
Learning Assessment
Continuous Learning Assessment (50% weightage) . I o
Bloom's Level of Thinking CLA-1(10%) CLA-2 (15%) CLA-3 (15%) CLA— 4 (10%)# Final Examination (50% weightage)
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 0% . 0% - 0% . 0% : 30% :
Understand
Level 2 ApDly 0% - 40% - 0% r 40% - 40% -
Analyze
Level 3 E"a'“ate 20% . 30% : 30% . 30% - 30% -
reate
Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1. Mr. C. Madesh, Bharti Airtel, madesh.c@airtel.com

1. Dr. G. Lakshmi Narayanan, NIT, Trichy,laksh@pnitt.edu

1. Mr. T. Vigneswaran,SRMIST

2. Mr. K .Muniyandi, Omantel TeleCommunication, muniyandi.kannadasan@omantel.com

2. Dr. G. Thavasi Raja, NIT Trichy, thavasi@nitt.edu

2. Dr. A.Rathinam, SRMIST
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Course Code

18EEE420T Course Name

EMBEDDED SYSTEM

Course Category E

Professional Elective

Pre-requisite Courses

Nil

| Co-requisite Courses

Nil

Progressive Courses NIl

Course Offering Department

Electrical and Electronics Engineering

Data Book / Codes/Standards

Nil

Course Leamning Rationale (CLR): | The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |lllustrate the concept of embedded system. 1 1 3] 4 |5 7 18[9 /10[11[12]13[14 15
CLR-2: |Discuss the various Embedded Controllers with its Interfacing Components = ==
CLR-3: |Explain the different Embedded System protocol layers and bit configurations. % =R S € £ Q
CLR-4: |Understand the basics of the RTOS, its challenges and issues. @| T E g °§’_ o = S| o
CLR-5: |Impart knowledge on the programming skills and execute the different programs using Embedded C 2 g E |3 2 =3 &g § - i =
CLR-6: |Understand the concept of embedded system and develop code for real time applications = ;9'_ g = = é>, @ 20 § 2 = e'_a % 3| &
= S| g a o) S= s 3
5188 |8ls|2|g8t 2EE |38 2 |nw
Course Learning Out CLO): |At the end of thi I il be able to: 5/ 8 8 £/2/ 5228 35 3|28 38 TlEB 3L Sl
ourse Learning Outcomes (CLO): e end of this course, learners will be able to: 218 g 5 8|3 288 8/23 =3 552338
= |l wlo Al = | nolun|lw|[ £ Oo|la|5|la|a|a
CLO-1: |Understand the fundamentals of Embedded System RIS ™5, H | el - - - - - -l -l M -
CLO-2: |Comprehend the various bus and interfacing components in digital controller. 2|75|75 H| -] - - - - - - -l - - M-
CLO-3: |Implement the embedded networking concept and various bus protocols 317575 HIM M| M |- - | M -l -|-lH|MIM
CLO-4: |Analysis the concept of RTOS, the challenges and issues in RTOS. 3|75|75 HIM|H| M |H| - - -l -l -l - MM -
CLO-5: |Develop the embedded system programs for different Real Time applications 3175|75 HIHIH| H |H]|- - M -|-1-|-lHIMIM
CLO-6: |Design and development of Embedded coding for electrical engineering applications 3175|75 HIMH| H |H]|- - M -|-1-|-|HIMIM
Duration (hour) 9 9 9 9 9
SLO-1 gtrzductlon To EmbeddediSsicy Morory S MAENanisms o Valighs Serial Bus Communication protocols Message Queues Programming for LED Display
S m edded sy§t§m, memory systems
sto2 | ;’gtg’,’;’”a’ buiding block of embedded | cpy s - Memory devices - /0 devices | RS232 standard - RS422,RS 485 Mailboxes and Pipes Embedded C Seven Segment Display
Characteristics of embedded system Component interfacing Interrupt — Characteristics of RS232, RS422, RS423 | . . Communication Protocols:-12C
SLO-1 . Time functions - Events S :
52 applications Haqdler ' and RS485 initialization and formation
SLO-2 | Reliability, life time, power consumption ngmg gpoRostoNEEEeEE CAN Bus with control word registers Memory Management Programming using embedded C
Disabling Interrupts.
SLO-1 | Challenges in embedded system design Zgg Sharodigia.Praent — Sliared.data Serial Peripheral Interface (SPI) Interrupt Routine in RTOS Environment. | Programming Using SPI Protocols.
SLO2 Opt/njl;lng the Powgr Dissipation, Atomic and Critical sections — Interrupt Inter Integrated Circuits (12C) Design Using RTOS : Design Principles — Programming for CAN Bus Protocols
reliability, upgradability Latency Short Interrupt Routines
SLO-1 | Embedded system design processes. Embeqded o wareAmticuture - Round ZigBee RTOS Tasks — Tasks for Priority Comn_verc:al Applications: Washing
— Robin and other cycles Machine,
S4 Characteristics of embedded system Round-Robin with interrupts— A
SLO-2 A Y it ] A Bluetooth with various protocol Tasks for Encapsulation Vending machine with flow diagram
applications Communication Bridge as an Example
Types of embedded system with Characteristics — Functions — Queue - . . . . .
S5 SLO-1 examples Schedluling Interfacing Protocols- GPIB Creating and Destroying tasks Laser Printer, underground tank monitor,
SLO-2 | Performance & Design issues Various Queue and scheduling methods | FIREWIRE(IEEE 1394 standard) Avoidance - Tank Monitoring System Cordless Bar, Code Scanner
S-6 | SLO-1 | Performance & Design issues — Software development process Universal Serial Bus (USB) Design as example — Time Scheduling Power Electronics Applications:
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Throughput — Response — Testability— | Architecture — Assembly and compiling Operation of DC/DC Converter
SLO2 Debuggability - Rellablllty_— Memory Linking and loading, programme flow B o foe oo 7o o Embedded Rrogrammmg gnd _ Embedded C programming for DC-DC
space — Program Installation Communication Protocols: Introduction Converter pulse generation.
Power Consumption — Processor Hogs — . o ] Real Time Operating Systems : Tasks Importance of Communication protocol Introduction to 180Degree mode Three
SLO-1 Basic compilation techniques .
Cost and Task states and types of protocols phase inverter
S-7 Small size and weight, Real time/reactive Various mode of operation and switchin
SLO-2 | operation, End-product utility, System- Program optimization Tasks and Data share Embedded C Programming for 8051 sequence p 9
level requirements q
SLO-1 Embedded System Architecture : Difference between task and process Shared data problems — Re-entrancy- Various programming language and Programming for Three phase 180> Mode
$8 Computer architecture taxonomy Multiple tasks Reentrancy Rules advantage of embedded C Inverter PWM pulse generation
SLO-2 Har\(ard, von Neumann, and hybrid Multiple processes with simple example | Semaphores and Shared data Sy n't i yanavle mniglizage and Applications of Three phase inverter
architectures assigning a port address
SLO-1 CPUs, various processing unit and Embedded Networking: Introduction, I/O RTOS Semaphores Header file inclusions, condition foop, Basic concept of induction motor drive
control units ports and speed control of V/F method
S-9 Programming input and output, g ; . .
i . ) . Initializing semaphores Reentrancy and : . Controller Implementation for induction
SLO-2 guperwsor mode, Exceptions & Traps, Different type of buses Semaphores — Multiple semaphores Simple programme using embedded C motor drive applications
0 - processors
3. Sriram V lyer, Pankaj Gupta, Embedded Real-time Systems Programming, Tata McGraw-Hill Publishing
1. Wayne Wolf, Computers as Components: Principles of Embedded Computer Systems Design, The Company Ltd, New Delhi, 1st Edition 2017
Learning Morgan Kaufmann Series in Computer Architecture and Design, Elsevier Publications, 2008. 4. David E.Simon, An Embedded Software Primer, Pearson Education, 1999.
Resources 2. Rajkamal, Embedded Systems — Architecture, Programming and Design, Tata McGraw-Hill 5. Muhammad Ali Mazid, The 8051 Microcontrollers & Embedded Systems, Pearson, 2008
Publishing Company Ltd.,New Delhi, 3¢ Edition 2010. 6. Kenneth Ayala, The 8051 Microcontroller & Embedded Systems using Assembly and C with CD
7. https://nptel.ac.in/courses/108102045/

Learning Assessment

Continuous Learning Assessment (50% weightage) Final Examination (50%
Bloom'’s Level of Thinking CLA -1 (10%) CLA -2 (15%) CLA -3 (15%) CLA -4 (10%)# weightage)
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 S‘;Q“;ggﬁ; 40% : 30% - 30% y 30% - 30% -
Level 2 ﬁgggze 40% : 40% ! 40% - 40% - 40% -
Level 3 E‘r’:'a‘::‘e 20% - 30% 3 30% ] 30% - 30% -
Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1.

Mr. P.Pangayaselvan, Embedded Engineer, Verizon Technologies, vpangayaselvan@yahoo.co.in

1. Dr. S.Moorthi, NIT, Trichy, srimoorthi@nitt.edu

1. Dr. M.Jagabar Sathik, SRMIST

2.

Mr. V.Suresh, Vi-Microsystem, Chennai

2. Dr.M.Manimara Boopathi, Vel Tech University

2. Dr.A.Rathinam,SRMIST
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Course Code

18EEE421T Course Name

VLSI DESIGN

Course Category E

Professional Elective

Pre-requisite Courses

Nil

| Co-requisite Courses

Nil

Progressive Courses  |Nil

Course Offering Department Electrical and Electronics Engineering  |Data Book / Codes/Standards  |Nil
Course Learning Rationale (CLR): | The purpose of learning this course s to: Learning Program Learning Outcomes (PLO)
CLR-1: |lllustrate the MOS fabrication technologies and understand the electrical properties of MOS, CMOS and Bi CMOS circuits 1123 11213 4 [5]6] 7 [8]9(10/11]12/13[14]15
. |Describe CMOS technology-specific layout rules in the placement and routing of transistors and interconnect and to verify the s -
CLR-2: NP A RS o s < °
functionality, timing, power, and parasitic effects o ||z g S go S
CLR-3: |Describe the various parameters and its characteristics of CMOS technology % = 2 = % NENE- 1 = ERE=d
CLR-4: |Identify the real-time VLSI tools and its applications £18 ¢ ;«3 2 ® % L3 |es § S |5 g
CLR-5: |Interpret the various testing methods, design tools and chip-level design techniques £ 09_ Z = g 318 5|3 s = s | 8 <8
CLR-6: |Construct the digital logic gate using VLSI design tools =N Ble|®|sE|'Z R |E e SI5I2|2 | o
o155 2ls/5 2358 655/s|8 EGIS| | ]|
_ _ _ 2183 S|8|g|lc&3g|s|s2E2| 2| E S 292/2|9
Course Leamning Outcomes (CLO): [At the end of this course, learners will be able to: & |&F & Sleldleg 2 8lEaEl2BlSIE5 122 |2
CLO-1: [Understand the steps for MOS fabrication technologies and analyze electrical behavior of MOS, CMOS and Bi CMOS circuits. 2175|75 H|-|- - - - - -l -l -l - IM]-
CLO-2: |Draw the layout of integrated circuits following design rules 281775 (P18 H|-|- - - - - -l - -] - M-
CLO-3: |Analyze the different CMOS technology and its characteristics 3175|75 HIH|H| H M - -l -]l -|IM|H]| -
CLO-4: |Develop the coding for FPGA 3175|75 HIH|H| H M| - - -l -|-]1-1l-|H|H]| -
CLO-5: |Design a VLSI project having a set of objective criteria and design constraints 3175|75 HIH|H| H |H| - - -l - -] HIH| -
CLO-6: |Design a digital components and basic logic gates circuits using VLSI tools 217575 HIH|H| H |H| - - -l -l-]1-1-]1HIM]| -
Duration (hour) 9 9 9 9 9
VLSI circuit design processes: MOS Introduction to design tools FPGASs (Xilinx
SLO-1 Introduction to IC Technology-MOS Layers- Mask Layout, Layer contact Gate level design: Transmission Gates | 4000series)-Features and basic details | Design Approach
S-1 mask layout representation of FPGA
SLO-2 | Introduction to IC Technology -PMOS CO/OL.” e.d ‘st’Ck Dlagram§:- fioables Gate level design: Alternate gate circuits Varlgus functlona{ ock diagigitgiity VLSI Design Flows & Design Verification
and limitations of stick diagram merits and demerits
SLO-1 Introduction to IC Technology NMOS, Typ_es of Design Rules VLSI circuit Basic circuit concepts: Sheet Resistance D/ﬁgrent syntax of fpga coding and Design methods, Design capture tools
CMOS design RS variables
S-2 Introduction to IC Technology Bi-CMOS Desian Flow. Desian Lanauaaes. Hiah-
SLO-2 | Historical Perspective& Bi-CMOS Layout of circuit diagram Concept of RS in MOS Simple basic programme I lgS ih > HfS guages, Fig
technologies. evel Synthesis (HLS)
Basic electrical properties: Basic ! Area Capacitance Units, Calculations, CPLDs (Xilinx 9500series)- Features and . P
SLO-1 Electrical Properties of MOS Circuits: Sayer Reprosghialipny Delays basic details Design Verification Tools
S-3 . . o Estimation of Delay and INVERTER : . : . , I .
SLO-2 ggsé?riilz;elclir; galelr’ggg %’;’;ﬁcﬁgg Circuits: Example of layer presentation DELAYS Estimation of CMOS inverter I\)/qir;lg;:sa;téngg?nneaétts)lock diagram with \e{;g:qulStep s of verifications with one
P i delay Rise & Fall time estimation p
SLO-1 Ids-Vds relationships CMOS Design rules for wires CapaC(tgnce Modeling Driving large Dlﬁferent syntax of CPLDs coding and CMOS Testlng:j Fault models, Test
S4 Cgpaatlve Loads ‘ variables pattern generation
SLO-2 | Ids-Vds its characteristics Layout Design rules & Lambda (A) S’z"?g .Fa.ctor (5)., InvertargaiggeEty Simple basic programme Need for testing:- Physical defects
Optimization Problem
:S-5 | SLOA1 MOS characteristics - transistor threshold Design rules of Contacts Wiring Capacitances, Fan-in and fan-out Program(nat?le Array Logie: introduction Test Principles, Design Strategies for test
Voltage, Wo and applications
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MOS characteristics -gm, gds . . Effect of Capacitive Loading,Propagation ) T . . 0
SLO-2 characteristics Design rules of Transistors Delay in Timing Diagrams Operation and logic with simple problem | Fault Modeling, Design-for-Testability
SLO-1 Bas:p design pargmeters:- Figure of Layout Diagrams for NMOS Inverters and Chplce of layers. SUBSYSTEM DESIGN: Design Approach with various steps Chip-level Test Techniques
$6 merit, Pass transistor Gates Shifters,
SLO-2 AC/II\(;(S)ST Zﬁ;ﬁ?r circuit model, Latch-up in Example layout of basic logic gates Choice of layers. Adders, ALUs Fuse mapping examples Moving test up the flowFlop Factor
SLO-1 6hqracter:7lt fics of NMOS Inverter, éay ot Diagrams :-CMOS Invegiers 4d Choice of layers. Multipliers Multiplier logic System-level Test Techniques
S Ram')l:?pLLl UZSI rter with N t = Alternat tation of high Fan-i Characterization Test, Functional Board
! esistive Load, Inverter with N type 5 . : ernate representation of high Fan-in aracterization Test, Functional Boart
SLO-2 MOSFET Load Example layout of CMOS inverters Choice of layers. Parity generators Cinictures Testing, In-circuit testing
SLO-1 CMOS Inverter circuit operation Scaling of MOS circuits Comparators, Zero/One Detectors Parameters influencing low power design | Layout Design for Improved Testability
y ; X . ; ! Bridge Fault Model, Bridge Fault
S8 SLO-2 CMOS and complex CMOS logic circuit Fig U(e(s) gLMoN (FOM) for scaling, Example of problems Y g Ppwe_r CorizRinpiegleakage Simulation, Test Generation for Bridge
Scaling factors for device parameters power dissipation Fault
SLO-1 Performance of the BICMOS Inverter {sn;g I/I;Ztlons of SR Gy High-Density Memory Elements g;s”;iggﬂvg Jtcoios: \SaliEesdPower Observability and controllability
S-9 - ——
y Power Consumption, Designing BICMOS | . .. .. . W, o Degrees of Freedom, Supply Voltage
SLO-2 Digital Gates Limitations of Scaling Bitline 10 Circuit, SRAM Scaling, Ultra Low Power System Design False Path problem
Learnin 1. K. Eshraghian Eshraghian. D, A.Pucknell, Essentials of VLSI Circuits and Systems,, Edition Il PHI, 2009. | 3. N.H.E Weste, K.Eshraghian, Principals of CMOS VLSI Design, 2nd ed., Adisson Wesley, 1993.
Resourges 2. Modern VLSI Design: Ip - Based Design 4th Edition, 2015, PHI. 4. Neil Weste,David Harris, CMOS VLSI Design: A Circuits and Systems Perspective ,4th Edition, 2011
3. Basic VLSI Design, 2009, reprint 2017, PHI 5. http://nptel.ac.in/courses/117106092/#
Learning Assessment
Continuous Learning Assessment (50% weightage) Final Examination (50%
Bloom’s Level of Thinking CLA-1(10%) CLA-2(15%) CLA-3 (15%) CLA-4 (10%)# weightage)
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Remember h 5 o 0 o
Level 1 Understand 40% - 30% - 30% - 30% - 30% -
Level 2 Aokl 40% - 40% ¢ 40% : 40% i 40% .
nalyze
Level 3 Evaluate 20% - 30% - 30% : 30% - 30% -
Create
Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1 Mr.V.Pangayselvan. Aricent Technologies, Senior analysist, Chennai,

pangaya.v@aricent.com

1. Dr .Shady Abdel Aleem. Higher Institute of Engineering, Mathematical, Physical and
Engineering Sciences Department, Cairo, Egypt. engyshady@ieee.org

1. Dr. M.Jagabar Sathik, SRMIST

2.Mr. M.Sathisk Kumar, Senior Manager and Programme Specialist, ORCALE DB ,Bangalore

2. Dr. B.Moorthy, Associate professor, NIT Trichy

2. Dr.A.Rathinam, SRMIST
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Course Code 18EEE328T | Course Name DATA STRUCTURES Course Category E Professional Elective I:,; g g g
Pre-requisite Courses Nil | Co-requisite Courses |Nil Progressive Courses _ |Nil
Course Offering Department Electrical and Electronics Engineering | Data Book / Codes/Standards Nil
Course Learning Rationale (CLR): | The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |lllustrate the basic concepts of data structures, Search techniques and their algorithms 11213 11213 4 |56 7 [8]9[10[11]12]13/14[15
CLR-2: |Educate with the basic knowledge of stacks and queues ElEls - o o
CLR-3: |Discuss the concepts of linked lists Sira'= 2 & ";5 §
CLR-4: |Impart knowledge on trees and its algorithm % % é 2 S % o c 22
CLR-5: | Outline the basics of sorting and graph = % = ;«3 2 § % L3 S| 5lw E
CLR-6: |Create an overall knowledge of different data structure algorithms S x| E o 288 3|3 s £ | 8|el 3
= 8|8 S E B3| sG|Z|B|E g TI5|2/2c|lalm
2188 2852355 %5582 E g S|l
. . . [} {] [} =g == 2 E s O = K<l
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: 3| &g © 35|93/ 8 g/gg |3 5|c|le 21218
— || wlo ol = njun|li|E|o|a|TF(a[a|a
CLO-1: |Implement and analyze the different searching algorithms 218075 HIH M| - - - - -l -l -l -l -|HIM]-
CLO-2:  |Employ different stacks and queues algorithms 218075 HIH|{M]| - - - - -l -l -l MM -
CLO-3: |Analyze the different linked list algorithms 218075 HIH|M]| - - - -l -l -l -|H|M]|-
CLO-4: |Determine the time and computation complexity in Binary tree and AVL tree 218075 HIM|{M| - - - - -l -l -1l-1-|H|H]|-
CLO-5: |Develop an algorithm for graph and compare the performance of sorting methods 218075 HIH|{M]| - - - - - -l -l -|H|M
CLO-6: |Develop application using data structure algorithms 218075 HIH|{M]| - - - - -l -l -l -] -1HIM]|-
9 9 9 9 9

Duration (hour)

SLO-1 Basic Terminologies Array implementation of Stack ADT Singly linked lists Basic Tree Terminologies Basic Terminologies of Graph
S SLO-2 Elementary Data Organizations Stack ADT operations with example ,S,,'Z,%I }(; ’Ijl/nked lists - Regsenigtiond] Basic Tree Operations Representations of Graph
SLO-1 Abstract data type ép p Ilcatlpn of Staok: Infik to PBstfix Algorithm of Traversing operation Binary Tree operations Graph tr ayersal algorithms - breadth first
s onversion search with example . _
SLO-2 Abstract data type Example Infix to Postfix Conversion Algorithm Algorithm of Searching operation Algorithm of Binary Tree operations sGer:fc TC;‘tf;sf;niggmhms - depth frst
SLO-1 Data Structure Operations App Ilcat{on of Stack SEI-LERENREE Insertion into linked list Blnary Segich Tree - OpaEloLE Prims Minimum spanning tree algorithm
s3 expression /nsen‘{on ' : - : '
SLO-2 Types of Data Structure Operations | Evaluation of postfix expression Algorithm| Algorithm of Insertion into linked list Z‘vlé:]:rsflitgf BialTary SeelGtiiieo - gr(/?n:pl\lxiem/mum Spanning tree algorithm -
SLO-1 Analysis of an Algorithm Application of Stack: Balancing symbols | Deletion from linked list Binary Search Tree - operations - deletion ng;l;rl/(g)/n: Minimum spanning tree
S4 : - p YT -
SLO-2 Applications: Analysis of an Algorithm e 2 Algorithm of Deletion from linked list Algorithm of Binary Search Tree - deletion Kruska/ s Minimum spanning tree
example algorithm — Example
SLO-1 Asymptotic Notations Queue ADT- Operationsintroduction Linked representation of Stack Binary tree traversal Bubble sort
5 SLO-2 Properties of Asymptotic Notations Queue ADT- Operations Examples Linked representation of Stack - Example ﬁgﬁgﬁge traversal - inorder, preorder, Bubble sort — Example
SLO-1 Time-Space trade off Simple Queue- Operations Linked representation of Queue Example of Binary tree traversal Insertion Sort algorithm
6 SLO-2 Time-Space trade off Example Al'gonthm of Simple Queue — Operations | Linked reprossntation of Queus - Applications of Binary Trees Insertion Sort algorithm — Example
with examples Example
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SLO-1 Linear Search Technique Circular Queue - Operations Doubly linked list AVL Tree- operations: Rotations Selection Sort algorithm
7 SLO-2 Linear Search Technique Example Algorithm of Circular Queue - Operations | Operations on Doubly linked list é)gm];lize- operations: Rotations - Selection Sort algorithm — Example
SLO-1 ?gg)ﬁ I/g)gfay analysis of Linear Search Example of Circular Queue - Operations | Example of Doubly linked list AVL Tree- operations: Insertion Merge sort algorithm
S-8 P— -
SLO-2 Example of Linear Search Technique | Priority Queue - Operations Circular Linked List é)\(/émz;?ee' gRetations: Insaftion - Merge sort algorithm — Example
SLO-1 Binary Search Technique Algorithm of Priority Queue - Operations | Circular Linked List algorithms AVL Tree- operations: Deletion Quick sort algorithm
$9 1 sl02 Complexity analysis of Binary Search Example of Priority Queue - Operations | Circular Linked List example AYL Tree-Opcigiog=gRoletion - Quick sort algorithm — Example
Technique Example
. 1. Aaron M. Tenenbaum, Yedidyah Langsam and Moshe J. Augenstein, Data Structures Using C, | 5 /i youtube. comwatch 2v=coxWicz._slk8list=PLijkTqi3inm8ikiQlelHrMYCaBfkBKYRSindex=1
Learning Seventh Edition, 2009, Pearson Education in South Asia. o : L y I
. g ; " 4. Mark Allen Weiss, ‘Data Structures and Algorithm Analysis in C++”, Third Edition, 2009, Pearson
Resources 2. G A Vijayalakshmi Pai, Data Structures and Algorithms - Concepts, Techniques and Edlucation in South Asia
Applications, Tata McGraw-Hill Publishing Company Limited, 2008. [

Learning Assessment

Continuous Learning Assessment (50% weightage) Final Examination (50% weightage)
Bloom’s Level of Thinking CLA-1(10%) CLA-2 (15%) CLA -3 (15%) CLA -4 (10%)# o weightag
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 40% ! 30% - 30% . 30% . 30% .
Understand
Level 2 ApplY 40% f 40% : 40% - 40% 40% -
Analyze
Level 3 Evaluate 20% 3 30 % ] 30% - 30% - 30% -
Create
Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1.Mr.Balachandrasekar.K,CTS,dyaksha@gmail.com

1.Dr. B. K. Panigrahi, IIT Delhi, bkpanigrahi@ee.iitd.ac.in

1. Dr.R.Annie Uthra, SRMIST

2.Mr. Tripathi patro,visam pvt ltd, btp@visom.co.in

2.Dr. M.P.Selvan, NIT Trichy, selvanmp@pnitt.edu

2. Mr.P.Kanakaraj, SRMIST
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Course Code | 18EEE329T | Course Name COMPUTER SYSTEM ARCHITECTURE Course Category | E Professional Elective L
Pre-requisite Courses NIL | Co-requisite Courses [NIL Progressive Courses  NIL
Course Offering Department Electrical and Electronics Engineering Data Book / Codes/Standards  |Nil
Course Learning Rationale (CLR): | The purpose of learning this course s to: Learning Program Learning Outcomes (PLO)
CLR-1: |Acquire knowledge about the modern computer organization technologies 1123 11213 4 [5]6] 7 [8]9(10/11]12/13[14]15
CLR-2: |Educate the students’ on machine instructions ElSE . N ~
CLR-3: |Explain the modern Acorn RISC Machine (ARM) Instruction set 8 g = §’ ] g §
CLR-4: |Impart knowledge about the interfacing devices S ST 3lol8l. |Bo = Sl o
CLR-5: |ldentify potential of memory unit 5| S| S SR EIEIR § Slw E
CLR-6: |Educate the students’ onadvances in computer technology S5 E =2 283 5|3 = £ | 8|5l
HElo o = I el G [ e ® T|E|=| @
S5 &8 |85 sl88 52552 ElB|5|T|YT
. i . | 0| @ El 3|2 =20 Q2|2| =8 6| o |-
Course Learning Outcomes (CLO): | At the end of this course, learners will be able to: 2l © 3|8 248|828l 5|5 ole 21213
— ||l wlo Al = |njun|wu| £ |oja|T|la | |a
CLO-1:  |Understand the concepts of modern computer organization 2|75|75 HIH{M| L |-]- - -l -l -l - MM -
CLO-2: |Analyze the machine instruction concept and operation 281875 M8 HIH|M| L |-]- - Sl -l -l - - MM -
CLO-3: |Examine and solve issues related to Acorn RISC Machine (ARM) Instruction set 2175|75 HIH[{M| L - - -l -l - IMIM]|-
CLO-4: |Describe the operation of input and output units 217575 HIH|{M| L |-]|- - -l -l -l - MM -
CLO-5: |Examine and solve issues related to memory mapping techniques 2175|75 MIH{M] L |-]- - Sl -l -] M M| -
CLO-6: |Acquire knowledge on the recent trends in computer technologies 217575 HIH{M| L |-]|- - -l -l -l -l - MM -
Duration (hour) 9 9 9 9 9
S SLO-1 Computer types Numbers ,arithmetic operations and characters | Memory access and data transfer Accessing I/O devices Semiconductor RAM memories
SLO-2 Functional units of computer architecture | Memory locations Acorn RISC Machine(ARM)- Registers Interrupts Read only memories
52 SLO-1 Operational concepts Memory addresses Arithmetic and logic instructions ARM Interrupt structure Speed size and cost
SLO-2 Bus structures Addressing mode Branch Instructions Direct memory access Mapping techniques
$3 SLO-1 Software Performance Instructions and sequencing Setting condition codes Buses-Synchronous bus Hit rate and miss penalty
SLO-2 Performance and metrics Assembly language Loop program Asynchronous bus Caches on the processor chip
SLO-1 Compiler Basic input/output operations Pseudo instructions Interface circuits-Serial port Virtual memories
S4 SLO-2 Uniprocessors to multiprocessors Subroutines Byte sorting Parallel port Memp:y management
requirements
S5 SLO-1 Operations and operands Logic instructions Linked list insertion subroutines Standard I/O interfaces Second storage system
SLO-2 Representing instructions Branch Instructions Linked list deletion subroutines PCl buses Memory hierarchy
$6 SLO-1 Logical operations Execution of a complete instruction Data hazards Universal serial bus Memory technologies
SLO-2 Control operations Addition algorithm Instruction hazards Overview of parallelism Cache basics
57 SLO-1 Multiple bus organization Subtractionalgorithm Influence on instruction sets Instruction-level-parallelism Measuring cache performance
SLO-2 Hardwired control Multiplicationalgorithm Data path and control considerations Parallel processing challenges Improving cache performance
$8 SLO-1 Micro programmed control Divisionalgorithm Performance considerations of pipelining | Flynn’s classification Virtual memory
SLO-2 Multi computers Floating Point operations Overview of data path control Hardware multithreading Translation Lookaside Buffer
SLO-1 Multiprocessors Sub-word parallelism Pipelined datapath and control Analysis of parallelism methods Direct Memory Access
$9 SLO-2 Nano programming rl;Vgttg(-)?roug h ROl Exception handling Multi-core computing in parallelism | Interrupts
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Learning
Resources

1.
2.

M. Morris R. Mano Computer System Architecture, Pearson publishers,3rd Edition, 2007.
Carl hamachar Computer Architecture and Organization, Tata McGraw hill, 5t edition, 2015.

David A. PattersonComputer Organization and Design MIPS Edition: The Hardware/Software

Interface (The Morgan Kaufmann Series in Computer Architecture and Design)Morgan Kaufmann;
5 edition 2013.
https://ocw.mit.edu/courses/electrical-engineering-and-computer-science

Learning Assessment

Continuous Learning Assessment (50% weightage) Final Examination (50% weightage)
Bloom’s Level of Thinking CLA-1(10%) CLA -2 (15%) CLA-3(15%) CLA-4 (10%)# o weightag
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Remember
Level 1 Understand 40 % - 30% - 30% - 30 % - 30% -
Level 2 Apply 40% L 40% - 40% : 40% - 40% .
Analyze
Level 3 Sualiate 20% 3 30% 2 30% ! 30% . 30% .
reate
Total 100 % 100 % 100 % 100 % 100 %

# CLA — 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1.Mr.Balachandrasekar.K,CTS,dyaksha@gmail.com

1.Dr.S.K.Patnaik, CEG, Anna University, skpatnaik@annauniv.edu

1.Mr.S.George Fernandez, SRMIST

2.Mr.Ravikumar A R, PayPal,ravikumar.venkataramani@gmail.com

2.Dr. S. Ramareddy, Jerusalem College of Engineering,str.victory@gmail.com

2.Ms.R.Rajarajeswari, SRMIST
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Course Code 18EEE330T | Course Name COMPUTER NETWORKING Course Category E Professional Elective 370 0 3
Pre-requisite Courses Nil | Co-requisite Courses |Nil Progressive Courses |Nil
Course Offering Department Electrical and Electronics Engineering | Data Book / Codes/Standards Nil
Course Learning Rationale (CLR): [ The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Understand the protocols of modern networking technologies 11213 11213 4 (5|6 7 [8]9[10[11]12]13/14[15
CLR-2: |Educate the students’ on data format& data transfer at high speed Communication Elsic x N
CLR-3: |Explain the modern transport layer technologies 8 °; o =) s 5] 8
CLR-4: |Identify advances in technology that may solve the actual limitations with existing networks Q § 5 % g S = S| o
: : : — o| 8| E 3|l2| &l |82 £ £
CLR-5: |Impart knowledge about modern technologies used in application layer €2 £ Sl Lic|2 |5 2| 3| s ; =
CLR-6: |Educate the students on network security £ 2| g > 228 |3 32 Bl 3
£ < = S SIS el -
588 |gle|2lgE|'|2ES |352 8|~
S8l g 3 525 5§ 8585 8 2 E|BS 1|l
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: 2l gl g 2 8|g|g2 385|233 5 =233 83
S ad | ula|la|l<d|=S|p|ud|lm|E|o|al|S|a|a | a
CLO-1: |Acquire knowledge about the protocols of modern networking technologies 2 75|75 HIH M| L |-]|- - M- -|-|-|HIMM
CLO-2: |Analyze the physical properties and performance characteristics of Communication media 2|75|75 HI{H M| L |-]|- - M- - -|H|{M|M
CLO-3: |Examine and solve issues related to congestion management 2|75|75 HIH| M| L - M -l -|-|lH|H|M
CLO-4: |Describe the importance of reliability and quality of service, for error recovery, traffic differentiation and prioritization. 2|75|75 HIHM| L |-|-] - |M[-]-]1-]-|HIH|M
CLO-5: |Develop an appreciation of the theory of common application layer. 2|75|75 HIHIM| L |-]|- - M -l -l -1H|M|M
CLO-6: |Acquire knowledge about the network security system. 2 75|75 HIH| M| L |-]|- - M| -|-|-|-lH|M|M
Duration (hour) 9 9 9 9 9
SLO-1 H;,sé?vrv’gf;i,-ﬁ erp ective of coreticy Theoretical basis for data Communication | Overview of Transport layer Causes of errors on data transmission Traditional applications
S-1 .
SLO-2 Tgfgiﬁggtaérrgodels of netiorg Guided transmission media Elements of transport protocol Impact of errors on data transmission Electronic Mail
32 SLO-1 | Practical models of network architecture | Bounded type transmission mode Functions of transport layer Single bit errors Simple Mail Transfer Protocol
SLO-2 | Introduction to ISO Unbounded type transmission mode Addressing modes Burst errors POP3
53 SLO-1 | ISO OSI Seven-layer model Magnetic Media Service point addressing Need for error detection Web Services
SLO-2 | TCP protocol Issues with magnetic media Segmentation process Error detection strategies Http
SLO-1 | IP protocol Need for cable transmission modeS Reassembling process Overview of error correction Multimedia
S4 SLO-2 C,(’J?rggzgson of 031 and TCP/P referelgeg Twisted Pair cable User datagram protocol Error correction strategies Domain Name System
S5 SLO-1 | Synchronous transfer mode protocol Baseband Coaxial Cable Reliable byte stream Parity Checks Simple Network Management Protocol
SLO-2 | Asynchronous transfer mode protocol Broadband Coaxial Cable Connection management Block sum Check File Access and Management
SLO-1 | Frame relay protocol Narrowband ISDN Causes of Congestion Sliding window protocol Overview of Network security
S6 SLO-2 FzgjelRelay and the OSI Reference Broadband ISDN Retransmission Elementary data link protocol Cryptography
s7 SLO-1 | Digital subscriber line technology Microwave transmission Congestion Control Protocol identification Symmetric key algorithm
SLO-2 | Variation in DSL technology Electromagnetic Spectrum Flow control Protocol verification Public key algorithm
58 SLO-1 | 2G technology Radio transmission Performance issues Forward error control Digital signature
SLO-2 | 3G,4G technology Fiber optics Quality of service Backward error control Management of public keys
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- ) - " ; Statistical analysis of the effectiveness of _— .
. SLO-1 | Wi-Fi technology Microwave Transmission Application requirements error detection code Communication security
SLO-2 | Wi-MAX technology Comparison of transmission medium Design issues with transport layer Statistical ana[y sis of the effectiveness of Social issues
error correction code
Learning 1. Andrew S. Tanenbaum, Computer Networks, 4t edition, Prentice Hall, 2003. 3. James F. Kurose, Computer networking : a top-down approach, 6th ed.Pearson publishers.
Resources 2. William Stallings, Data and Computer Communications, 5t edition, PHI, 2005. 4. https.//ocw.mit.edu/courses/electrical-engineering-and-computer-science

Learning Assessment

Continuous Learning Assessment (50% weightage) Final Examination (50%
Bloom'’s Level of Thinking CLA-1(10%) CLA -2 (15%) CLA -3 (15%) CLA -4 (10%)# weightage)
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice

Level 1 Remember 40% ] 30% : 30% ! 30% - 30% -

Understand

Apply 9 i 9 . 9 i 9 . 9 ]
Level 2 Analyze 40 % 40 % 40 % 40 % 40%
Level 3 Evaluate 20% - 30% - 30% . 30% . 30% .

Create

Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1. Mr.Ravikumar A R, PayPal,ravikumar.venkataramani@gmail.com

1. Dr. A. Venkadesan, NIT Puducherry, venkadesan@nitpy.ac.in

1. Mr.George Fernandez.S, SRMIST

2. Mr.Balachandrasekar.K,CTS,dyaksha@gmail.com

2.Dr Subhransu Sekhar Dash, Government College of Engineering, Keonjhar, Subhransudash_fee@gcekjr.ac.in

2. Dr.J.Divyanavamani, SRMIST

SRM Institute of Science and Technology — Academic Curricula (2018 Regulations) — Control copy

1229




Course Code 18EEE331T | Course Name INTERNET OF THINGS Course Category E Professional Elective 310 03
Pre-requisite Courses Nil | Co-requisite Courses |Nil Progressive Courses  INil
Course Offering Department Electrical and Electronics Engineering  |Data Book / Codes/Standards  |Nil
Course Learning Rationale (CLR): | The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Outline the basic architectural overview of loT . 1123 11213 4 |56 7 [8[910]11/12]13/14]15
CLR-2: |Enable the students to differentiate between loT and M2M. E|Else ® - <
CLR-3:  |Enrich the knowledge about loT platforms and design methodology é E = g & N § §
CLR-4: |Examine the various hardware platforms of loT Sl &) & EH %. = 2| 4 1= 22
CLR-5: |Acquire the concept of loT in application sectors. S|2| 5 s 2le|2 (3|2|s S| 5lw | E
CLR-6: |Enable the students to acquire the basic knowledge of loT architecture, various platforms and applications. AR = g A8 8|3 s = o3 S <38
5 BB |8 e|° g8 2EE |35|2 2 |ale
) i . 5| 2|3 E|2 5253 s B 2 8I2|EI8IS|AlA]L
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: zlgle 2 8|gleg/8|glzel=|3|5| e 33 3
— |l w o | Al =S | p|lun|w| E/o|la|I|la|a | a
CLO-1: |Understand the issues and design challenges in loT architecture 1175|75 H®==" - - -|H| - -l -|l-1l-]-|H|M|H
CLO-2: |Gain knowledge on M2M and loT 1175|75 Hi-|- - [M|H| - -l -] - -IM MM
CLO-3: |Interpret about various network topologies and design methodologies 1.175|75 H| - - [M|H| - - HIM|M
CLO-4: |Analyze on hardware platforms relevant to loT. 21|75|75 H| -] - - |[M|H| - -l -|l-1l-]-|H|H[M
CLO-5: |Apply knowledge of IoT in various applications. 2175|75 H|-1]- - [M|H| - -|H|-|-|H|H|M|M
CLO-6: |Understand loT platforms, interfacing and applications. 2175|75 H|-|- - |[M|/H| - IMIH|-|-|H|H|M|M
Duration (hour) 9 9 9 9 9
-1 SLO-1 Definitions of loT M2M towards IoT - the global context, loT platforms loT Physical Devices & Endpoints iizzfpi%f: loT Design and Cloud
SLO-2 Functional requirements of loT. Game changers loT platforms design methodology Basic building blocks of an loT Device Introduction to loT Design
. . . loT design methodology - Purpose & . _
SLO-1 Bu:lqmg an loT architectiiegS Gatbasea M2M to IoT - building an architecture Requirements Specification, Process Exemplary Device: Raspberry Pi Home Automation — smart ighting, smart
architecture T appliances
S-2 Specification
SLO2 AP oriented architecture Main qgglgn principles and needed Domain Moqgl Specn‘lcat/on, Information Linux on Raspberry Pi Intrusion detection, Smoke /Gas
capabilities Model Specification detectors
S8fvics Speciication Nl Cities —Smart Parking, Smart Lightin
SLO-1 Physical things of IoT- Things in loT, loT architecture outline Specification, Functional View Raspberry Pi Interfaces - serial 9. gnting,
L Smart Roads
S-3 Specification
SLO-2 loT Protocols Standard considerations Operational View S P gcn‘lcatlon, fevicei Raspberry Pi Interfaces - SPI, 12C Structyral health Monitoring,
Component, Application development. Surveillance, Emergency Response
SLO-1 Logical Design of loT - loT functional Introduction to M2M loT Design methodology-case study on | Programming Raspberry Pi with Python —| Environment - Weather Monitoring, Air
Blocks, loT system for Weather Monitoring controlling LED with Raspberry pi Pollution Monitoring
S-4 L L Programming Raspberry Pi with Python - . . o .
SLO2 Communication model, Communication Difference between 0T and M2M Casg stgdy on IOT system for Weather interfacing an LED and switch with Noise I"ollut:gn Monitoring, Forgst Fire
APIs Monitoring . Detection, River Floods Detections
Raspberry pi
. - Programming Raspberry Pi with Python- ) .
S5 SLO-1 loT enabling technologies- wireless Software defined networking (SDN) Python data types interfacing a light sensor with Raspberry Energy - Smart grids, Ren_ewab/e
sensor networks pi Energy Systems, Prognostics
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. Network function visualization (NFV) for Other loT Devices- pcDuino, BeagleBone| Retail - Inventory Management, Smart
SLO-2 Cloud Computing 10T, Python data structures. Black Payment, Smart Vending Machines
SLO-1 ISoyTSteer;zghng technologies - Embedded Needs for IoT system management Logical Design using Python- control flow| Other loT Devices - Cubieboard Smart Vending Machines
S-6 : . — -
i ) . Simple Network Management Protocols . ) . i ; ; . . Logistics - Route Generation and
SLO-2 Big data analytics (SNMP) Logical Design using Python - functions | Controlling LED with Raspberry Pi scheduling, Fleet Tracking
SLO-1 loT enabI{ng t echnologies - Limitations of SNMP Logical Design using Python - modules | Controlling LED with Myrio S’."p me()t Monitoring, Remote Vehicle
Communication protocols for loT, Diagnotics
7 Interfacing an LED and Switch with Agriculture - Smart irrigation, Green
SLO-2 Embedded systems Network operator requirements Logical Design using Python - packages Raspberry Pi House Control
. loT levels and deployment templates- Network configuration protocol Logical Design using Python - file 3 3 g .| Industry — Machine Diagnosis and
SLOT | evel 1, fevel 2/evel 3 (NETCONF) layer handiing, Worteglg an LED and Switch with Myio| o onosis
S-8 ] . ] g Interfacing a Light Sensor (LDR) with
SLO-2 EJellez‘l/e/I:vZ?% d,ze Zy én ont teriEleleay YANG data modelling language. éog’r(;?ilofn):sggsi‘zgg Yyionsoatetive Raspberry Pi Other loT Devices - Indoor Air Quality Monitoring
’ ’ P ! BeagleBone Black,
SLO-1 loT data management and Analytics- loT | IOT system management with Python Packages of Interest for loT - Is’:rfgggnvﬁtz tsg‘lsp Zf:rfoi}iag(t’th;lgglfy Health and lifestyle - Health and fitness
and the cloud NETCONF - YANG JSON, XML ok gl Monitoring
S:9 evices -BeagleBone Black
loT data management and Analytics- Pt Phfagss of Interest b lo Interfacing a temperature and humidity
SLO-2 Real time analytics in loT and Fog NETOPEER X'I‘\/AL g sensors with Raspberry Pi Other loT Wearable Electronics
computing Devices -BeagleBone Black
1. Arshdeep Bahga, Vijay Madisetti, Internet of Things — A hands-on approach, Universities Press, 2015 | 4. Honbo Zhou, The Internet of Things in the Cloud: A Middleware Perspective ,CRC Press 2013.
Learnin Jan Holler, Vlasios Tsiatsis, Catherine Mulligan, Stamatis Karnouskos, David Boyle, From Machine-to- | 5. Soyata, Tolga, Enabling Real-Time Mobile Cloud Computing through Emerging Technologies, IGI
Resourges Machine to the Internet of Things: Introduction to a New Age of Intelligence, Elsevier, 1st Edition ,2014 Global, 2015
3. Rajkumar Buyya , James Broberg, Andrzej Goscinski, Cloud Computing Principles and Paradigms, 6. https://www.cse.wustl.edu/~jain/cse570-15/ftp/iot_prot/index.html
Willey, 1st Edition 2014.
Learning Assessment
Continuous Learning Assessment (50% weightage) ) - 0
Bloom’s Level of Thinking CLA=1 (10%) CLA -2 (15%) CLA -3 (15%) CLA-4 (10%)# Final Examination (50% weightage)
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 0% : 0% - 0% : 0% : 30% :
Understand
Level 2 Apply 40% - 40% : 40 % - 40 % - 40% -
Analyze
Level 3 Evaluate 20% : 30% . 30% : 30% - 30% -
Create
Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1.Mr.Muralikrishna, National Instruments, emkkrishnan@gmail.com

1. Dr.D.Devaraj, Dean (Academics),Kalasalingam Academy of Research and Education,deva230@yahoo.com

1. Mrs.C.Nithya, SRMIST

2. Mr.Ravikumar A R, PayPal,ravikumar.venkataramani@gmail.com

2. Dr.B.ChittiBabu, IlITD, Kanchipuram,chittibabu@gmail.com

2. Dr.J.Preetha Roselyn, SRMIST
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Course Code 18EEE332T Course Name | PRINCIPLES OF OBJECT ORIENTED PROGRAMMING Course Category E Professional Elective I:,; -(l; g
Pre-requisite Courses Nil | Co-requisite Courses |Nil Progressive Courses _ |Nil
Course Offering Department Electrical and Electronics Engineering Data Book / Codes/Standards  |Nil
Course Learning Rationale (CLR): [ The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Explain the basics of OOPS 11213 11213 4 |56 7 |89 |10[11]12]13]14[15
CLR-2: |Demonstrate and develop the concepts of C++ g < ® e < °
CLR-3: |Mlustrate the importance of the advancements in C++ 2 > = g é N 2 e
CLR-4:  |Explain the basics of JAVA =& 8 2le|8 o Q| o £ 2l
CLR-5: |Elaborate the advanced features of JAVA S | 2 s S|2ig|2 |52 |= o § 5|5 =
CLR-6: | Discover the basics of C++ and JAVA = |a | = 2 2|8|8 |[8|3|8% 2|8 5 3
Flgig |5 St =|lss~|9|ES |3 /=P
5| 2|2 g8 s|>s<e S| 2|5/ 5|T || @
= | B X 22 5 L3 5|8 S®| a8l EIQ|I S| ! !
i . i i . 238 S8 w sa 2| c|SB 2|2 E|S olol|o
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: ARSINS: 2 o |l8|l2P 5|8 |z28 =s|5|5||L bl hlo
— | ui | wlao Ol =S| n|lun|lw|[EOo|a|TF|a|a|a
CLO-1: |Identify the basic concepts of OOPS 2 |75|75 Hi-1-] - |-1]- - -l -l MM -
CLO-2: |[Classify and utilize the concepts of C++ 3175|75 HIM{M| L M|- - |- -l - MM -
CLO-3: |Develop potential applications from the advancements in C++ 317575 HIHIHl M M| - - - - M M| -
CLO-4: |Discover the basics of JAVA 3175|75 HiL|L| L I M|-| - |-[-|-]-]-|MM|-
CLO-5: |Apply and analyze the advanced features of JAVA 317575 HIH|H| H M| - - -l - - MM
CLO-6: |Design and develop applications based on C++ and JAVA 317575 HIHIM M | M|- - -l -l -l -l - I MM -
Duration (hour) 9 9 9 9 9
SLO-1 Need of Object-Oriented Programming | Introduction to Classes Pointers A latform foslges Data lypes;Key Finalize() method
words, Scoping rules
S Characteristics of Object-Oriented Automatic Type Conversion, Type
SLO-2 Languages Introduction to Objects Pointers with arrays and functions Casting and Arrays Finalize() method: Implementation
SLO-1 Iniroduction to the principles of object: | ;a6 fniamentals Virtual Functions Java platform features Overloading methods
S-2 oriented programming
SLO-2 Data Types, Variables Structure of class Friend Functions Data types, Key words, Scoping rules Constructors
53 SLO-1 Constants - Type Conversion Declaring objects Programs using pointers and arrays Operators Precedence Nested classes
SLO-2 Basic Program Construction Simple object creation Programs using functions Associativity, Expression Inner classes
SLO-1 Operators Objects and messages Introc{uct/on to STL: Containefs, Enhanced for loop, switch statements Potential problems with methods and
Algorithms classes
S4 Constants , Strings, Expressions and Potential problems with constructors and
SLO-2 Data types Constructors and its types Introduction to STL.: Iterators Handling Strings classes
, . Potential problems with STL: Containers, d )
S5 SLO-1 Library Functions Destructors Algorithms Declaring objects Packages
SLO-2 Loops and Decisions Passing arguments to Functions Potential problems with STL: Iterators Assigning object reference variable Interfaces
SLO-1 Structures Passing Objects as Function arguments | Encapsulation Methods & Method Signatures Potential programs with packages
S SLO-2 Functions : Simple Functions Returning values from Functions Implementation of Encapsulation /ﬁ/;i?n(;(ejt;itsunmg Values, Method with Potential programs with interfaces
s7 SLO-1 Passing arguments, Returning values Returning Objects from Functions Polymorphism Variable arguments in Java Event handling
SLO-2 Reference Arguments Operator Overloading Operator and method overloading I/O Basics: Byte streamé& Character Errors and Exception handling
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Stream
SLO-1 Recursion, Inline Functions Inheritance: Basics Event handling gta/tﬂng user input: Reading console input Introduction to Threads
S8 ' i riting console output,
SLO-2 Default Arguments Inhentance .et.h e evemdingam Errors and Exception handling Reading and Writing files-new file system| Multithreaded programming
operator overriding
SLO-1 Storage Classes Potontial prograinming using funciions.y RPNy [0Irans usigg encap Stigtiet Constructors: Default Constructor, Potential programs using threads
59 constrqctors and de§tructqrs : polqurphlsm ; '
SLO-2 Arrays — Strings Potept/a/ programming using OVNg Mg Potenf fal programning exca{gon Parameterized constructor Potential programs using multithreads
and inheritance handling
1. D Deitel, C++ How to Program, 6th edition, PHI publication, 2008. 4. Herbert Schildt, The Complete Reference (Fully updated for jdk7), Oracle press Ninth Edition, 2014.
Learning 2. R. Subburaj, Object Oriented Programming With C++ , Vikas Publishing House, New Delhi, Revised | 5. Deitel & Deitel, Java How to Program, Prentice Hall, 10th Edition, 2016.
Resources Edition, 2013 6. Herbert Schildt, Java: A Beginner's Guide, Sixth Edition, Oracle Press, 2014.
3. Bjarne Stroustrup ,The C++ Programming Language, 4th Edition, Addison Wesley, 2015 7.  https://docs.oracle.com/javase/tutorial
Learning Assessment
Continuous Learning Assessment (50% weightage) . I 0
Bloom’s Level of Thinking CLA- 1(10%) CLA-2 (15%) CLA-3 (15%) CLA-4 (10%)# Final Examination (50% weightage)
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 40% . 30% : 30% i 30% L 30% .
Understand
Level 2 Apply 40% : 40% } 40% . 40% L 40% .
Analyze
Level 3 E::;‘:Zte 20% : 30 % L 30 % : 30 % - 30% -
Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry Experts from Higher Technical Institutions Internal Experts
1.Mr.Balachandrasekar.K,CTS, dyaksha@gmail.com 1.Dr.P.Ganesh Kumar, Anna University, ganesh23508@gmail.com 1.Dr. U. Sowmmiya, SRMIST
2.Mr.Ravikumar A R, PayPal,ravikumar.venkataramani@gmail.com 2.Dr.N.Sripriya, SSN College of Engineering, sripriyan@ssn.edu.in 2.Dr. G. Niranjana, SRMIST
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Course Code 18EEE422T Course Name MODERN OPTIMIZATION TECHNIQUE Course Category E Professional Elective Ié g z g
Pre-requisite Courses Nil | Co-requisite Courses [Nil Progressive Courses [Nl
Course Offering Department Electrical & Electronics Engineering Data Book / Codes/Standards  |Nil
Course Learning Rationale (CLR): | The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Introduce and classify different conventional optimization techniques. 11213 11213 4 |56 7 | 8/9[10]11[12]13[14[15
CLR-2: |Understand the fundamentals of genetic algorithm and to apply appropriate algorithm for Engineering optimization problems E|lE|E - - =
CLR-3: |Outline the concept of particle swarm optimization and its hybrid approach to Engineering applications 3 g = §’ ] § §
CLR-4: |Interpret other modern optimization algorithms for engineering applications % 5| & 2| o g_ = f;-fv © IS gl o
CLR-5: |Extend optimization techniques to multi objective optimization £ % £ AEIEIE: S| 3| § & ; %
CLR-6: |Introduce the concept of optimization design for Engineering problems S| Z = 2188 35| a = = | 8l
Hlo o ST gl sslE|s|E ® T | S|=| =2
Sl L Q| E Lol = S| & S| S| S| S|~ |~N|m
o 8 8 |£]2(5/28 g/ 8es g2 EB 3 S|S|L
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: glele 2 8|2 =g 8|g|z22|2 35|23 3 3
— 0| wlaolal<xe|S|n/up|ld|[Eojla|Idla|a | a
CLO-1: |Categorize optimization problems and its techniques based on constraints and variables 1175|75 H|-| - - - |- - R
CLO-2: |Apply Genetic algorithm for various Engineering application 2|75|75 HIHM M]|-]|- - -l - -|H|H]| -
CLO-3: |Utilize Particle swarm optimization to Engineering applications 317575 HIM M| M| - - - -|H|H]| -
CLO-4: |Gain knowledge about other modern optimization algorithms 3175|75 HIHIH| H |-]|- - -l -|l-1l-|-|H|H|-
CLO-5: |Formulate multi objective optimization algorithm for various applications 317575 HIHIH| H |-]|- - -l - - HIH
CLO-6: |Apply optimization techniques in modelling Engineering problems 317575 HIHIH| H|-]|- - -l-]1-]1-]-1H|H]|-
Duration (hour) 9 9 9 9 9
-1 SLO-1 | Introduction to optimization Introduction — Genetic Algorithm Particle Swarm Optimization g:grenrql?rgoragmg-Chemotax:s, Multiobjective optimization
SLO-2 | Classification of optimization problem Encoding — Methods for GA Fundamental principle Operation of Bacterial foraging General form of MOOP
SLO-1 Smgle \{arlable' op bimizatiehs Fitness function Velocity updating in PSO R C/onyeigorthm-Behavir of Pareto optimality
52 optlmalltyc_ond/t/ons . Ll Honey bee swarm
SLO-2 Single van'able (unconstrajgdiopy2ation) Maximization & Minimization Algorithm for PSO Algorithm for Bee colony optimization | Dominance test
— Exhaustive search method
SLO-1 | Successive quadratic estimation method Genetic operators — Crossover PSO - Parameter Selection 5’”6“?”"3/ evolutiondieligiion, Classical Methods - Weighted sum
53 . : . utation met_hod, e—con;tramt method
SLO-2 | Newton method Single point crossover, Two-point Psoidooeds Recombigation, Selection Weighted metric methods, Benson
crossover method.
SLO-1 Multi ‘\{arlab/e optimization — optimality Uniform Crossover, Arithmetic (mplementat/on & Convergence issues Ant colony optimization-Introduction Multi objectiveGA
S4 condtt/oqs N : Crossover in PSO
SLO-2 Mult/ variable optimization (unconstrained) - Mutation Advanced operators of PSO Algorithm for Ant colony optimization Fitnessassignment
Simplex search method
SLO-1 | Cauchy’s method Parent SelectionMethods Meta-Optimization-Behavioral Simulated Annealing optimization- Sharing function
parameters Components and control parameters
S-5 Rank selection, Roulette wheel
SLO-2 | Steepest Descent Method selection, Stochastic universal selection, | Algorithm for Meta Optimization Algorithm for Simulated Annealing Convergence criterion
Tournament selection
S-6 SLO-1 | Multivariable optimization (Constrained Issues in GA implementation Application of PSO Firefly optimization-Working Principle NSGA-II-Fitness assignment
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Kuhn - Tucker Conditions
SLO-2 Esﬁi;);ggat/on Method ~Method of Applications of GA —Filter design Harmonics Elimination Algorithm for Firefly optimization Sharing Function
SLO-1 | Linearized search Technique Automatic Load Frequency Control Applications of PSO Flower Pglllnat/on optimization- Dynamic ‘ne/ghborhood PSO-
s7 (ALFC) Introduction Introduction
SLO-2 | Frank Wolfe method Automatic Voltage Regulation (AVR) Maximum Power Point Tracking Algorithm for Flower pollination /;ggrlthm for Dynamic neighborhood
58 SLO-1 | Non-Linearized Search Technique Evolutionary Algorithm Application of PSO Grey Wolfe optimization-Introduction Vector evaluated PSO
SLO-2 | Reduced gradient method Evolutionary Programming Reactive power control using PSO Algorithm for Grey Wolfe optimization | Applications — Economic load Dispatch
i . AR . Evolutionary Strategy-Non- . . . a ) . .
59 SLO-1 | Quadraticprogramming-Objective Function Recombinative strategy HybridAlgorithm of GA and PSO Comparison of various algorithms Unit Commitment,
SLO-2 | Algorithm Recombinative strategy GAandPSO operators Benchmark functions Robot Path Planning
1. SingiresuRaoS, EngineeringOptimization-TheoryandPracticebyJohn Wiley & Sons, Inc., New |4.  Jizhong Zhou, Optimization of Power System Operation, IEEE Press, Second Edition, 2015.
Learnin Jersey, 2009. 5. Xin - She Yang, Nature Inspired Optimization algorithms, Elsevier, 2014.
R g 2. Kalyanmoy Deb, Muti-objective Optimization using Evolutionary Algorithms, Wileyindia Private | 6.  Chee Peng Lim, Lakhmi C. Jain, Satchidananda Dehuri, Innovations in Swarm Intelligence,
esources i ; ) ¢
Limited, 2010 Springer, Berlin, Heidelberg, 2009.
3. Kalyanmoy Deb, Optimization of Engineering Design, Prentice Hall of India, second Edition, 2012. 7. https:/fengineering.purdue.edu/~sudhofflee630/Lecture09.pdf
Learning Assessment
Continuous Learning Assessment (50% weightage) Final Examination (50%
Bloom'’s Level of Thinking CLA-1(10%) CLA-2 (15%) CLA -3 (15%) CLA-4(10%) weightage)
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 40% : 30% - 30% . 30% : 30% :
Understand
Level 2 ﬁpp'y 40% - 40% - 40% - 40% - 40% -
nalyze
Level 3 Evaluate 20% - 30% : 30% - 30% - 30% -
Create
Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1.Dr.S.Paramasivam, Danfoss, Industries Pvt Ltd, paramsathya@yahoo.com

1.Dr. R.Subha, Associate Prof. Sir MVIT, subha.mvit@gmail.com

1.Mrs.Uthra.R, SRMIST

2.Mr.Sudharsan, L&T, sudharsand@Intecc.com

2.Dr. B. K. Panigrahi, IIT Delhi, bkpanigrahi@ee.iitd.ac.in

2.Dr.D.Suchitra, SRMIST
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Course Code 18EEE423T Course Name NEURO FUZZY AND GENETICS PROGRAMMING Course Category E Professional Elective 370013
Pre-requisite Courses Nil | Co-requisite Courses [Nil Progressive Courses _ |Nil
Course Offering Department Electrical and Electronics Engineering | Data Book / Codes/Standards | Nil
Course Learning Rationale (CLR): |The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: | Acquire knowledge on neural network. 11213 11213 4 |56 7 [8]9][10[11]12]13][14[15
CLR-2: | Understand the neural network algorithms for pattern classification and regression problems ElE|E ! - =
CLR-3: | Introduce the basics of fuzzy logic and its reasoning. 3 g = §’ ] § §
CLR-4: | Study the architecture of Fuzzy logic controller and neuro-fuzzy based systems. % 5| & = g_ = % © = gl
CLR-5: | Develop the knowledge on genetic algorithm for optimization problems £ % £ AR S| 2| § & ; g
CLR-6: | Demonstrate the application of neural network, fuzzy logic and Genetic algorithm in real world S| Z = 2188 3|3 s = | 8|58
Hlo o ST s F || ® T | E|=| @
SRR QUCE L Ol c| =S| E S S| 2| | S|~ |N|™
o8 8 £/2528 35 52882 EZB3glsld
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: 2| e 2 8(g|2g 8|8/ 22|35 clel 33 3
— |l wlo A<= |lvnjun|/w| £ Oo|la|5|a|a|a
CLO-1: |llustrate the working of various learning algorithms of Neural network. 3|75|75 HIH M| - - - - -l- -l - MM -
CLO-2: |Develop and analyze neural networks for pattern classification and pattern association. 3|75|75 HIH{M| L |H| - - - - - - MM -
CLO-3: |Apply fuzzy logic and reasoning to handle uncertainty and solve engineering problems 317575 HIH|{M| - - - - - -IMI M| -
CLO-4: |Develop the process of approximate reasoning using Fuzzy logic controller and Neuro-Fuzzy Modeling. 3|75|75 HIH|{M| L |[H|- - -l- -l - MM -
CLO-5: |Formulate a mathematical background to carry out optimization using genetic algorithm. 3175|765 HIHIM| L |[H|- - -|LjLj-1-MM
CLO-6: |Design and perform experiments on real life problems using Neural network, Fuzzy logic and Genetic algorithm 31|75\ 75 HIH{M| L |H|- - - LjLl -1 -IMIM]|-
Duration (hour) 9 9 9 9 9
. . . ; ] Difference between Traditional
SLO-1 AB;’/ologlcal Neurons and TRek=gificial Pattern Association-Hebb rule {CEROT o I_:uzzy Legic, Greariginty Introduction to Fuzzy Reasoning optimization Algorithms and genetic
-1 odels based Information algorithm
SLO-2 MOd?IS of Artificial Neural{Eei¥aks. Delta Rule for pattern association Chances / randomness versus Fuzziness AT ryle gengration. Aggregation The basic operation of genetic algorithm
Architectures Operations
SLO-1 Settmg Weights, Activation functions, Hete(o assoc:atlvg memories - Classical/crisp set Fuzzy Logic controller- Basic block Pseudo code of GA
Learning Processes Architecture-Algorithm
S-2 Learning Paradigms-Supervised, . ]
SLO-2 | Unsupervised and reinforcement Example Problem-Application Properties and operations of classical set Knowlec;ge Base-Rulelse figionce Schema theorem
Learning system-Importance
SLO-1 | McCulloch-Pitt Neuron ﬁ;ggrz;;s:matwe ofgmes Rchige e Fuzzy set- Representation of fuzzy sets | Fuzzification Encoding operation
S-3 = . . -
. . Example Problem-Application-Storage . : - . . Binary, Octal, Hexadecimal , Permutation
SLO-2 | Linear Separability Capacity Properties and Operations of Fuzzy Sets | Assignment of membership functions and Tree encoding
i - o lterative Associative Net- Discrete Measure of Fuzziness and Inaccuracy of | Defuzzification Methods-Weighted Importance of Selection and
SLO-1 | ANN training Algorithms- Training rules Hopfield Network -Energy Function fuzzy set Average method Reproduction operators of GA
S-4 . 2 . . L Selection operators of GA-Roulette
SLO-2 | Hebb rule-Algorithm -Application Contlr?uous Hopfield Network-Energy Cartes:a(JIProduct- Fuzzy Relatlons- Centroid method, Center of sums, Mean Whesl, Tournament selection, Bolfzmann
Function Composition of fuzzy Relations max method ; .
selection and Rank Selection
. Bidirectional associative memories- : 5 Introduction to Architecture of Mamdani : .
S-5 | SLO-1 | Perceptrons-Algorithm Architecture (BAM) Fuzzy Max-Min Composition Type Fuzzy Control Systems Crossover operators of GA-Single point
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SLO-2 | Application of Perceptron algorithm BAM Algorithm-Analysis Fuzzy Max-Product Composition Fuzzy Reasoning approach ;M(;g le) ovlggmult/p le point-Uniform
SLO-1 | Delta Rule Competitive Learning Networks-Basics Types of fuzzy sets-Terms of fuzzy sets | Takagi and Sugeno's approach Mutation operators of GA
56 SLO-2 | Derivations--Adaline Algorithm Kohonen Self organizing Maps-Algorithm Ty pes O).r MembershipiRtIcHEy Introduction to Fuzzy Clustering Samp le Problem to demonsirate the
distributions working of GA
SLO-1 | Back Propagation Algorithm-Derivation | Learning Vector Quantization (LVQ) Classical Logic, Multivalued Logics vFvlngjy a’;g%’;%g%i Based Systems for real GA convergence analysis
S-7 : - T .
SLO-2 | Sample problem for BPN LVQ-Architecture-Algorithm Fuzzy Propositions gsfstzzgrzf EepiEBsing Simulation Application of Genetic Algorithm.
SLO-1 | Radial Basis Function Networks-Basics ?gs’c ari:qh,/?t?cture ORGARIVE Resongigs Fuzzy Qualifiers Zy id Model iglRiiatigg Fuzy and Hybrid Algorithms using GA
58 eory (ART) leuro _ ‘
SLO-2 | Algorithm of RBF Basic Operation of ART Linguistic Variables, Linguistic Hedges Adaptive Neuro-Fuzzy Inference Systems Zfojrzf GA-Fuzzy Logic, GA-Neural
SLO-1 | Multilayer Perceptron Model Applications of Artificial Neural Networks. | Introduction to basic Fuzzy Arithmetic flr%h/ge iture (.)f a%'p t/\{;,neuro fuzzy GA-Fuzzy-Neural Network
59 Design of controll ing Simulati Ly £ e;{ntlggd ?I;mtcm fertili C tud / ti licati i
! , esign of controllers using Simulation 5 . earning Methods that Cross-fertilize ase study on real time application using
SLO-2 | Maaaline Software Fliagion Frincipn ANFIS and RBFN Neuro/Fuzzy/Genetics
1. Laurene Fausett., Fundamentals of Neural Networks-Architecture, Algorithms and Application, 5. Anderson, James A., an Introduction to Neural Networks, Prentice Hall of India, ISBN: 978-81-203-
Prentice Hall International, First edition, 1994. 13514, 2008.
2. Timothy J.Ross, Fuzzy Logic with Engineering Applications, John Wiley and sons Ltd. publication, 6. Zimmerman H.J, Fuzzy set Theory-and its applications, Kluwer Academic Publishers, second edition,
Learning Fourth edition,2016. 1991.
Resources 3. Kalyanmoy Deb, Optimization for Engineering Design: Algorithms and Examples, Prentice Hall of India, | 7.  Hertz J. Krogh, R.G. Palmer, Introduction to the Theory of Neural Computation, Addison- Wesley, ISBN
second edition, 2012. 9780201515602, 1991.
4. David E. Goldberg, Genetic Algorithms in search, optimization and machine learning, Pearson G.J. Klir& B. Yuan,Fuzzy Sets & Fuzzy Logic, Prentice Hall of India, 2006,ISBN: 978-81-203-1136-7

Education Inc, First edition, 1989.

© %o

http://www.myreaders.info/html/soft_computing.html

Learning Assessment

Continuous Learning Assessment (50% weightage) Final Examination (50% weightage)
Bloom’s Level of Thinking CLA-1(10%) CLA -2 (15%) CLA -3 (15%) CLA-4 (10%)# o weightag
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice

Remember

Level 1 Understand 40 % - 30 % - 30 % - 30% - 30% -

Level 2 Apply 40% ] 40% . 40% ] 40% . 40% .
Analyze

Level 3 Evaluate 20% I 30% ! 30% . 30% . 30% .
Create
Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1. Mr.Roosefart Mohan, Nelcast Limited, Chennai,roosefart@gmail.com

1. Dr. R.Subha, Associate Prof. ,Sir MVIT, subha.mvit@gmail.com

1. Dr. D.Suchitra,, SRMIST

2.Mr.Muralikrishna, National Instruments, emkkrishnan@gmail.com

2. Dr. C.Nayanatara, Shri Sairam Engineering College, nayanatara.eee@sairam.edu.in

2. Dr.J.Preetha Roselyn, SRMIST
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Course Code 18EEE424T | Course Name ARTIFICIAL INTELLIGENCE Course Category E Professional Elective 37003
Pre-requisite Courses Nil | Co-requisite Courses |Nil Progressive Courses _Nil
Course Offering Department Electrical and Electronics Engineering | Data Book / Codes/Standards |Nil
Course Learning Rationale (CLR): [ The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Impact the knowledge on Al and its different Heuristic solution strategies 11213 11213 4 (5|6 7 [8]9[10[11]12]13/14[15
CLR-2: |Provide adequate knowledge on the technology of knowledge-based agents and Game Playing Elsls - o
CLR-3: |Describe the different planning approaches sl ‘fg = s ’§6 §
CLR-4: |Discuss the different learning algorithms % 4 o 2l wl&l: |® o e gl o
CLR-5: |Understand the basics of machine learning algorithm £/2|¢ é 2 § % 2|5 8§ g5 k€
CLR-6: |Create an overall knowledge of different artificial intelligence approaches = E Z = 288 3|3 z =y ; *§ . §
Ci3l3 5 i; S| 55 E|B|ER TS| =| o
S 3| B o s|lsles |55 w3l B S| |
. . ; D| ©| @ E |52 =2098 92|86 o |4
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: zl el g 2 8|gleg/8|glzel=|3|5| e 33 3
— |l w o | Al =S | p|lun|w| E/o|la|I|la|a | a
CLO-1: |Mlustrate the concept of Al and different Heuristic methodologies 2180|75 HlH| - - - - - -l -l -l -l -|H|M]-
CLO-2: |Recall different technologies in knowledge-based agents and Game Playing 2180|75 H|H| - - - |- - - - - - M| M| -
CLO-3: |Analyze the different planning approaches 2180|75 H|H - - - - HIM]| -
CLO-4: |Apply the different learning algorithms for real time systems 2180|75 HiM| - - - |- - -l -l -1-1-|H|H]|-
CLO-5: |Implement the machine learning algorithm for clustering and regression 2180|755 H|H| - - - |- - - -l -l -H[M]|-
CLO-6: |Utilize a perfect artificial intelligence approach for different applications 2180|75 H|H| - - - - - -l -l -l -] -lHIM]|-
Duration (hour) 9 9 9 9 9
SLO-1 | Introduction to Artificial Intelligence (Al) Games as Search Problems The Planning Problem e re§entlng Kng¥eligio in an Cocertain | Typ es of Maghme Leaming: Supervised
S-1 Domain Learning Reinforcement
SLO-2 | The Foundations of Al Optimal Decisions in Games Planning with State-Space Search The Semantics of Bayesian Networks Unsupervised Learning Reinforcement
SLO-1 | The History of Al Alpha-Beta Pruning Partial-Order Planning, Planning Graphs gztcrllzzttgsg rogpntation of Copalgiel Over fitting and linear regression
S-2 =3
SLO-2 | The State of the Art Impgist Decisiii Planning with Propositional Logic Exact Inference in Bayesian Networks Learning Curve
Game Programs
SLO-1 | Structure of Intelligent Agents Knowledge-Based Agents Analysis of Planning Approaches ﬁe) %c;);;?svate Infersnce iSaYEREN Parametric vs. non-parametric models
S-3 > . -
SLO-2 | Problem-Solving Agents The Wumpus World Hierarchical Task Network Planning Ze(e)lsgl(;nal R FirstCagsHBRabllty Linear models
S4 SLO-1 | Formulating Problems Logic, Propositional Logic g’;’;’;’% antifictingyriNondetgmiistic Forms of Learning Bayesian hierarchical clustering
SLO-2 | Searching for Solutions Reasoning Patterns in Propositional Logic| Conditional Planning Supervised Learning Clustering datapoints and features
S5 SLO-1 | Uninformed Search Strategies Effective propositional inference Execution Monitoring and Re-planning Learning Decision Trees K-Means clustering
SLO-2 | Informed (Heuristic) Search Strategies Agents Based on Propositional Logic Continuous Planning Ensemble Learning K-Medoids clustering
S6 SLO-1 | Heuristic Functions f(})/ g;cax and SeRallic teiREkOrder Multi-Agent Planning A Logical Formulation of Learning Neural network Representation
SLO-2 | Local Search Algorithms Unification and Lifting Acting under Uncertainty Knowledge in Learning Perceptrons, Feed forward networks
S.7 SLO-1 | Optimization Problems Forward Chaining Basic Probability Notation Explanation-Based Learning Back Propagation Algorithms
SLO-2 | Local Search in Continuous Spaces Backward Chaining The Axioms of Probability Learning Using Relevance Information Recurrent networks
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$8 SLO-1 | Online Search Agents Resolution, Ontological Engineering Inference Using Full Joint Distributions Inductive Logic Programming Linear Regression
SLO-2 | Constraint Satisfaction Problems Categories and Objects Independence Statistical Learning Logistic Regression
SLO-1 | Backtracking Search for CSPs Mental Events and Mental Objects Bayes' Rule and Its Use Learning with Complete Data z’z;’;z;n Likelihood estimation least
S-9 —— . - : - -
SLO-2 | Local Search for Constraint The Internet Shopping World The Wumpus World Revisited Learmng it Hidden Variables: The EM OnI{ng /egrmng and stochastic
Algorithm optimization
Learnin 1. Stuart Russell and Peter Norvig, Artificial Intelligence — A Modern Approach, Pearson Education Press, 2010. 4. Kevin P. Murphy, Machine Learning: A Probabilistic Perspective, MIT Press, 2012.
Resourges 2. Kevin Knight, Elaine Rich, B. Nair, Artificial Intelligence, McGraw Hill, 2008. 5. Stephen Marsland, Machine Learning —An Algorithmic Perspective, CRC Press, 2009.
3. George F. Luger, Artificial Intelligence, Pearson Education, 2001. 6. https://www.youtube.com/playlist?list=PL6EEOCD02910E57B8.
Learning Assessment
Continuous Learning Assessment (50% weightage) Final Examination (50%
Bloom’s Level of Thinking CLA-1(10%) CLA-2 (15%) CLA -3 (15%) CLA -4 (10%)# weightage)
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 0% : 0% : 0% : 0% : 30% :
Understand
Level 2 Aol 40% ! 40% : 40% : 40% . 40% .
nalyze
Level 3 E"a'”ate 20% - 30% . 30% : 30% - 30% -
reate
Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1.Mr. Tripathi patro,visam pvt Itd, btp@visom.co.in

1.Dr.P.Ganesh Kumar, Anna University, ganesh23508@gmail.com

1.Dr.J.Preetha Roselin, SRMIST

2.Mr.Balachandrasekar.K,CTS, dyaksha@gmail.com

2.Dr. C.Nayanatara, Shri Sairam Engineering College, nayanatara.eee@sairam.edu.in

2.Mr.P.Kanakaraj, SRMIST
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Course Code 18EEE425T | Course Name FUNDAMENTALS OF BIG DATA ANALYTICS Course Category E Professional Elective Ié I(:)’ g
Pre-requisite Courses Nil | Co-requisite Courses [Nl Progressive Courses | Nil
Course Offering Department Electrical and Electronics Engineering Data Book / Codes/Standards |Nil
Course Learning Rationale (CLR): [The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Introduce big data and its role in various domains 10 2 1 30 4 |56 7 [ 8]9[10[11]12]13][14[15
CLR-2: |Learn and analyze the big data analytical tools Tlel=
CLR-3: _|Introduce Hadoop and its components 3T 5 i 5 g
CLR-4: |Implement Map Reduce technique o 25 g;a £ o = § -
CLR-5: |Study the security concerns of big-data =2 S E S| g ST= &2 % c|ic | €
CLR-6: |Create an overall knowledge in big data with different environment = 9|8 =, =zlg8 (2|5 2 = IR
ElSI=|El<|9|2=82|285 |2|L|2|2
I I S| g% oo S E® §§§8’va
. . . 2213 |2|2525 §5|8|8s|82E|ES|alale
Course Learning Outcomes (CLO): |At the end of this course, learers will be able to: e/ 3 & S 8|3 T8 8|86 2|2|E|S 22/92/92
3 & |0 S a8l 2|8 ba m 2|8la5 88 8
CLO-1: |Familiarize with applications of Big Data Analytics in various domains 18075 H™ |- gl - - - - - [ M- -|-|-|HIMM
CLO-2: |Practice open source big data analytical tools 218075 HIH|H| H |H]| - - M- - - MIM|M
CLO-3: |Install and operate the open source Distributed File System Hadoop 218075 HIHIM| M |H| - - - -l -l -lH|M]|-
CLO-4: |Solve simple problems using Map Reduce Technique 218075 HIHIM| M |H| - - -l -l -1-]-|H|H]|-
CLO-5: |Analyze the log file in security aspects 218075 HIHIM| M |-]|- - | H - - HIM|H
CLO-6: |Design a big data platform for different applications 218075 HIHIM| M M| - - M- -|-|-lHIMM
Duration (hour) 9 9 9 9 9
S-1 SLO-1 Introduction to Big Data Platform Data Analytics Lifecycle History of Hadoop g;;lelgillgg o Reauce Introduction to Security Analytics
SLO-2 Challenges of Conventional Systems Overview of Data Analytics Lifecycle | Hadoop Distributed File System How MapReduce Works Challenges in Security Analytics
SLO-1 Intelligent data analysis Successful Analytics Project Components of Hadoop Unit Tests Concepts in Data Analytics
S-2 SLO-2 Nature of Data greg}eli?les 8 Bl Al Analyzing the Data with Hadoop Unit Tests with MapReduce Unit Techniques in Data Analytics
s SLO-1 Analytic Processes and Tools LB;:(I){};/];;;und R el Scaling Out, Hadoop Streaming Test Data Data for Security Analysis
-3 :
SLO-2 Industry Examples of Big Data ﬂzlﬁilsnnovatmn neo el Design of HDFS Local Tests Analysis in Everyday Life
S4 SLO-1 Web Analytics ﬁase Study, 1Gl45z) {nnovatlon Java Interfaces to HDFS Basics Anatomy of a Map Reduce Job Run| Scenarios in Intrusion
- etwork and Analysis
SLO-2 Big Data and Marketing Introduction to R Data Flow, Hadoop I/0 Classic MapReduce Challenges in Intrusion
S5 SLO-1 Fraud and Big Data Introduction to SQL Data Integrity YARN Incident Identification
SLO-2 Risk and Big Data Charts Compression, Serialization Failures in Classic MapReduce Analysis of Log File
$6 SLO-1 Credit Risk Management Graphs Avro, File Based Data Structures | Failures in YARN Loading the Data
SLO-2 Big Data and Algorithmic Trading Data tools Pig, Hive Job Scheduling Simulation
57 SLO-1 Big Data and Healthcare Statistical Methods Hbase Shuffle and Sort Security Process
SLO-2 Big Data in Medicine Clustering Data Model and Implementations | Task Execution Access Analytics
S-8 SLO-1 Advertising and Big Data Association Rules Regression Hbase Clients, Hbase Examples | MapReduce Types Security Analysis
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SLO-2 Different advertising in Big Data Classification Praxis, Cassandra MapReduce Formats ﬁsg;;iggln'ggaly sis with Text Mining Security
SLO-1 Big Data Technologies Time Series Analysis Cassandra Data Model MapReduce Features Security Breaches
S-9 SLO2 C{asstﬂcat/on of different technologies in Text Analysis Cassandra Clients, Cassandra Hadoop environment Security Breaches Examples
Big Data Examples
Learnin 1. David Dietrich, Barry Heller and Beibei Yang, Data Science and Big Data Analytics: Discovering, Analyzing,| 3.  https://www.tutorialspoint.com/big_data_analytics/index.htm
Resourges Visualizing and Presenting Data, Reprint 2015, EMC Education Services, Wiley, ISBN:9788126556533. 4. https://'www.youtube.com/playlist?list=PLFW6IRTa1g813ly YHLRP_bWJEKQDeEcSP
2. Tom White, Hadoop: The Definitive Guide, Third Edition, O'reilly Media, 2012. 5. Mark Allen Weiss, Data Structures and Algorithm Analysis in C++, Third Edition, 2009
Learning Assessment
Continuous Learning Assessment (50% weightage) . — 0
Bloom’s Level of Thinking CLA-1 (10%) CLA -2 (15%) CLA -3 (15%) CLA—4 (10%)# Final Examination (50% weightage)
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 0% : 0% j 0% ! 0% : 30% :
Understand
Level 2 Apply 40% ) 40% : 0% : 40% ' 40% .
Analyze
Level 3 Evaluate 20% - 30% : 30 % - 30 % - 30% -
Create
Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry

Experts from Higher Technical Institutions

Internal Experts

1.Mr. Tripathi patro,visam pvt Itd,btp@visom.co.in

1.Dr.P.Ganesh Kumar, Anna University, ganesh23508@gmail.com

1. Dr.E.Poovammal, SRMIST

2.Mr.Balachandrasekar.K,CTS, dyaksha@gmail.com

2.Dr. C.Nayanatara, Shri Sairam Engineering College, nayanatara.eee@sairam.edu.in

2. Mr.P.Kanakaraj, SRMIST
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Course Code

18EEE426T Course Name

FUNDAMENTALS OF CLOUD COMPUTING

Course Category E

Professional Elective

Pre-requisite Courses

Nil \

Co-requisite Courses

Nil

Progressive Courses | Nil

Course Offering Department

Electrical and Electronics Engineering

Data Book / Codes/Standards

Nil

Course Leamning Rationale (CLR): | The purpose of learning this course is to: Learning Program Learning Outcomes (PLO)
CLR-1: |Outline cloud computing and its model 11213 11213 4 |5]6] 7 [ 8[9|10]11[12]13[14/15
CLR-2: |Explain the cloud-enabling technology and its applications ElS|se ® " ~
CLR-3: |Educate on different cloud computing architectures 8 g = §’ ] “;3 §
CLR-4: |Understand the cost metrics and cloud management % 5| & i g. o % o = gl
CLR-5: |Provide adequate knowledge in cloud security S|E|5 SRR EIEE S 5 =&
CLR-6: |Create application by utilizing cloud platforms S| % = 2188 S| 3 s £ | 8|58
Elglgl £ Zl=s829E8 |32 2 lale
S 5|5 25| s|oc E|265E|q|B|E|B|S| ||
. i ; D O @ El 322022 =8 6| o |-
Course Learning Outcomes (CLO): |At the end of this course, learners will be able to: 2l © 3| 2|€g/8|8 28 =|5|5|cle 21212
— |l wlo Al = nolun|lw|[ £ O0o|la|5|la|a|a
CLO-1:  |Recall the basic concepts of cloud computing and its model 18075 Hl-|- - - - - -l -l -l - -H[M| -
CLO-2: |Acquire knowledge on the cloud enabling technologies and its applications 2 180|75 HIHIM| M M| - - | L] - - MM L
CLO-3: |lllustrate the basic concepts of cloud computing architecture 118075 H =4 - - - - - - -|H| M| -
CLO-4: |Analyze the cost metrics and recall the concepts of cloud management 2 180|75 HIHIM| M |-]|- - M| -|-|-|-|H|H|M
CLO-5: |Realize the security threats in cloud 2 180|75 HIHIH| M| -]- - M -|-1-]-lHIMIM
CLO-6: |Design a perfect cloud platform for different applications 2 180|75 HIHIM M M|- - M -|-1-|-lHIMIM
Duration (hour) 9 9 9 9 9
SLO-1 | Cloud Key Drivers to Adopting the Cloud Zi%’gigfgts ofiCloud Computig Cost Metrics Infrastructure Security
S-1 ; 3 . :
SLO-2 | Overview of Cloud gf:ﬂp les ofgSierS ig Adopiin ifig gzz:ggg;g to ClogilcRRgithg Pricing Models The Network Level Infrastructure Security
SLO-1 | Basic Concepts of Cloud The Impact of Cloud Computing Workload Distribution Architecture Business Cost Metrics The Host Level Infrastructure Security
S-2 SLO-2 | Basic Terminology of Cloud The Impact of Cloud Computing on Users | Example Cloud Usage Cost Metrics ggilﬁf;}e lication Level Infrastructure
s3 SLO-1 | Goals Broadband Networks Resource Pooling Architecture Cost Management Data Security and Storage
SLO-2 | Benefits Internet Architecture Example Considerations of Cost Management Aspects of Data Security
54 SLO-1 | Risks Data Center Technology Dynamic Scalability Architecture Service Quality Metrics Data Security Mitigation
SLO-2 | Challenges Virtualization Technology Example Different types of Service Quality Metrics | Provider Data
S5 SLO-1 | Cloud service provider Web Technology Elastic Resource Capacity Architecture SLA Provider Data Security
SLO-2 | Cloud service consumer Multitenant Technology Example SLA Guidelines Encryption
$6 SLO-1 | Cloud Characteristics Service Technology Service Load Balancing Architecture Identity and Access Management Hashing
SLO-2 | Issues in Cloud Computing Different Applications of Cloud Computing | Example Trust Boundaries Digital Signature
5.7 SLO-1 | Cloud Computing Healthcare Cloud Bursting Architecture IAM Public Key Infrastructure (PKI)
SLO-2 | Grid Computing Energy systems Example IAM Challenges Example
SLO-1 Comp ar ative study of Cloud Computing Transportation systems Elastic Disk Provisioning Architecture Re/eyant LN L Single Sign On (SSO)
s8 and Grid Computing Services __ _
sL0-2 | Cloud Service Models Manufacturing industry Example geleyant IAM Protocols for Cloud Kerberos authentication - One-time
ervices password
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59 SLO-1 | laaS, PaaS and SaaS Education Redundant Storage Architecture IAM Practices in the Cloud Example
SLO-2 | Cloud Deployment Models Mobile Communication Example Cloud Authorization Management Cloud Based Security Groups
1. Thomas Erl, Zaigham Mahmood, Richardo Puttini, Cloud Computing: Concepts, Technology & : Arshqeep Bahga, Vijay Madisetti, Cloud Computing: A Hands-On Approach, University Press, 2016,
. Vo . 3 ISBN: 9780996025508.
. Architecture, Fourth Printing, Prentice Hall/PearsonPTR, 2014, ISBN: 9780133387520. . .
Learning > Tim Mather Subra K Shahed Latif Cloud Security and Pri BN entorthi 5. K.Chandrasekaran, Essentials of Cloud Computing, Chapman and Hall/lCRC Press, 2014, ISBN
ReSOUIces . im Mather, Subra Kumaraswamy, Shahed Latif, Cloud Security and Privacy: An Enterprise 0781482205435,
Perspective on Risks and Compliance, O'Reilly Media, Inc.", Computers - 338 pages. o i Th Erl. Robert C Amin N Cloud C. ting Desian Path Prentice Hall/Servi
3. https://'www.youtube.com/channel/UCK73enkjfQNDwdBqMyaMtRg/videos - omag=r overn Lope, Amin aserpolr, Liolia Lompliling Liesigh Fatlems, rrentice Hal'oervice
Tech Press, Pearson, 2015, ISBN: 978-0133858563.
Learning Assessment
Continuous Learning Assessment (50% weightage) . - 0
Bloom’s Level of Thinking CLA—1(10%) CLA -2 (15%) CLA -3 (15%) CLA—4 (10%)# Final Examination (50% weightage)
Theory Practice Theory Practice Theory Practice Theory Practice Theory Practice
Level 1 Remember 0% : 0% : 0% : 0% : 30% :
Understand
Level 2 Apply 0% - 0% d 40% - 0% 4 0% -
Analyze
Level 3 Evaluate 20% - 30% - 30% - 30% - 30% -
Create
Total 100 % 100 % 100 % 100 % 100 %

# CLA - 4 can be from any combination of these: Assignments, Seminars, Tech Talks, Mini-Projects, Case-Studies, Self-Study, MOOCs, Certifications, Conf. Paper etc.,

Course Designers

Experts from Industry Experts from Higher Technical Institutions Internal Experts
1.Mr. Tripathi patro,visam pvt Itd,btp@visom.co.in 1.Dr.P.Ganesh Kumar, Anna University, ganesh23508@gmail.com 1. Mrs.P.Akilandeswari, SRMIST
2.Mr.Balachandrasekar.K,CTS, dyaksha@gmail.com 2.Dr. C.Nayanatara, Shri Sairam Engineering College, nayanatara.eee@sairam.edu.in | 2. Mr.P.Kanakaraj, SRMIST
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