S.08th Jule, 2014 AC after Circulara from Circular No 84 & onwards =15 -
DR. BABASAHEE AMBEDKAR MARATHWADA UNIVERSITY

CIRCULAER NO. ACAD/SU/B.E./Syllabi/95/2014
It is hereby informed to all concerned that, the syllabus
prepared by the Boards of Studies, Ad-hoc Board, Commitiees

and recommended by the Faculty of Enginecring and

Technology, the Academic Council at its meeting held on
08-07-2014 has accepted the following “Revised Syllabi for all

Branches of [B.E.)” as appended herewith :-

| Sr.No. | Revised Syllabi

= [I] | B.E. Civil Engineering,
{2} | B.E. Mechanical Engineering, |

' [3] | B.E. Electrical Engg. / EEP / EE/EEE., N

21 | B.E. Computer Sclence & Engineering,

[5] | B.E. Information Technology, |

{6 | B.E. ECT/EC/E&C/LE, —

_A7 | B.E. Instrumentation & Control / Instrumentation, ';
[8] | B.E. Biotechnology,

" [5i | B.E. Cremical Engineering.

| E— e

This is effective from the Academic Year 2014-2015 and

onwards,

All concerned are requested to note the contents of this

cireular and bring the notice to the students, teachers and staff
for their information and necessary action.

University Campus,
Aurangabad-431 004,
REF.MNG. AcaDp/ SU/ B.E/
SYLLABL f 2014/

* % 4 % b %

Etﬂfj.
ACS.A. I;I‘Tﬂ.44'?[ﬂ3|. R ft?f(:ﬂﬂ%gﬂ !-
Diate- 13.08-2014, ﬂWW
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3-0&th July, 2014 AC after Circulars from Circular No.84 & onwards 19 -

1]
2]
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7]

o T
Copy forwarded with compliments to :-

The Principals, affiliated concerned Colleges,
Dr. Babasaheb Ambedkar Marathwada Universicy,

The Director, University Network & Information Centre, UNIC, with
a request to upload the above zll syllabi on University Website.

Copy to :-
The Controller of Examinations,
The Superintendent, | Engineering Unit |,
The Programmer [Computer Unit- 1] Examinations,
The Programmer ,'Cum]::-uter.L}njt-E] Examinations,
The Superintendent, [ Eligibility Unit |,

The Director, [E-Suvidha Kendra), in-front of Repistrar's Quarter,
Dr. Babasaheb Ambedkar Marathwada Universicy,

The Record Keeper,
Dr. Babasaheb funbedkar Marathwada Universicy:

e

E®S 130814/ -



Revised Syllabus of

B.E.
INSTRUMENTATION & CONTROL /

INSTRUMENTATION

UNDER THE FACULTY OF ENGINEERING & TECHNOLOGY.
|
[ Effective from 2014-15 & ﬂvads 7 i
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PART I

ICE £701: MODERN CONTRL THEQRY

Teacting Sclicme Examination Scheme
Lectures: 4 Hra'week Paper: B0 barks
Practical: 2 Hrafweek Term work: 25 Marks
Clasgs est: 20 Marks Practical: 25 Marks
Unit 1:

Mathematical Preliminarics: Linear vector spaecs and lincar operators: Fields, vectors and
vector spaces, Lineor dependence, Dimension of linear space, The notion of bases, Lincar
transformation and matrices. Scalar product and norms, Cuadratic funetion and definite
mateices, vector and matnix nonns, Gram detenminant, Solution of linzar algebraic equation:
Fange space, Rank, Mull space and nullity of a matrix, Homowencus and non homogencous
equations, Eigen values and Eigen vectors and a canonizal form represemtation of Bnear
operaters, Functions of square malrix; Calev-Hamilton theorem {03)

Linit 2:

State variable method and desiogn of linear systems: Cancept ol state, state variable, and staie
model, stale space representation using physical, phase and canonical variables and their block
diggram representation, state maodel and transfer function, digitalization, salution of state
cquation, state transition mateix it properties and computation, {0G)

Unit 3:
Controllahility and Observability: and their test eriterion, pole placement desion using sate
feedback, state obsecver, reduced order and full-order observer design, Desizn of control

systems with observers, Desizn of servo system, (046}
Unit 4:

Introduction to Optimal Contral systems, Linear Quadratic regulator (LQR): Theary and
Dresipn. Lyapunov stability test. (06}
Unit 3:

Non-linear system analysis: Behavior of non linear svstems, comman physical nonlincaritics,
deseribing function methed, concept derivation of deseribing function method, phase planc
method, singular points, stability of non linear system, construction of phase trajectorics by
1socline’s method, nonlinear svstem analysis by phase plane method, (0%

Unit &

System uncertaintics and disturbanees: Effect of uncertainties and disturbances on system
performance, uncertainty and disturbance estimation, Effect of uncertainties and disturbaices
on controller and ebserver design, effect of measurement noise and un- modeled dvnamics, (06)



Text Books

L. "Medern Centrel Enginesring”, K. Ogata, Pearson education India,

2. "Diserete Time Cantrel systems”, K. Ogata Prentice Hall of India,

3. "Digital Control and State Variable Methad” M. Gopal, Tata MeGraw FGIL
4. “Contrel Svstem Engineering”, Norman Mise, Wiley Indix, Fiflth ed., 2009,

Reference Books
“Automatic conteol systems”, B. C. Kue, Prentice Hall of India.
2, "Control systems engineering”, Norman 3. Mise, John Wiley and sons, Ing, Singapore.
3. "Digital control of Dynamic Systems”, ). David Powell, Mickhael Warkman, G, F.Franklin,
Addison Wesley,
4."Control System Design™,G. C, Goodwin, S, F. Grache, M. E. Salgade; PHI, First ed.
2002,
3.%Control System Design”, Friedland, Dover Publication, First ed., 2005,

List of Experiments: The following experiments may be performed wvsing software/
hardware E

1. To obtain state model of a given transfer function and vice-versa,

2. To obtain state transition mateix of 3 given continuaws time syslem,

3. To investigate centeollability and observability of 2 oiven svalen.

4. To investipate the stability of contineous and diserete lime systems using Lyapunov
stability tes:.

3. To obtain stae feedback gain matrix for pole placement,

&, To cbiain the range of gain for the stability of discrete time sysiem.

7. To obizin impulse and step response of diserate time contral Syslems

& To obtain the range of sampling time for the stability of discrele time syslem



ICE 4702: PROCESS MODELING AND OPTIMIZATION

Teaching Scheme Examination Scheme
Lectures: 4 Hesfweek Paper: 80 Marks
Practical: 2 Hrsfwack Term wark; 25 Marks
Class test: 20 Maorks Practical: 23 Marks
Umit 1

Mathematical medels of Chemicnl sysiems

A. Applications of mmhematical medels and principles of Tormulation, Fundamental laws:
Cantinuity equations, Energy equaticn, Equations of mation, Examples of madels: Modeling of
CSTR's (isothermal, non-iscthenmal, constant haldup, variable holdup),Batch reactor, Ideal hinary
distillation eolumn, Heat exchangee, Boiler, Field controlled and Armature cantrolled DLC. Motors.
B, Types of medels, Equations of state, Equilibrium, Chemical Kinetics, {08}

Uit 2

Numerical methods for solving algehraic and diffecential cquations and curve hitting

A. Selution of algebraic equations: [nterval halving method, Newlon Raphson methed Solution of
differential equations: Euler methad, Modified Euler method, Runge Kutta metheds (2nd and 4th
order), Adom Bashforth method Curve fitting: Lagrange interpolation method, Least squares method.
B. Yapor-liquid equilibrium bubble point caleulation prablem, (00

Unit 3

Computer simulation of chemical and physical svstems

A, Gravity flow tank, three iscthermal C3TR s in series, non-isothermal CSTR, Batch reactor, |deal
binary distillation column, Fiest and sceond order elestrical systems,

B. Explicit convergenve methads. ()

Unit 4

Basic concepts of optimization and unconstrained optimization

A. Continuity of functions, Concave and convex functions, Unimodal ard Multimaodal functions,
Meeessary and sufficiency condilion for an extrernum of 2a unconsteained functicn., Unconstrained
single-variable optimization: scanning and bracketing procedures.Numerical methods: Newton,
Quasi Mewton and Secant methods. Unconstrained  Multivariable optimization;Dircst methads:

Conjugate szarch directions, Powell's method. Indireet methods: Gradient methouds, Conjugate
gradient methad, Newton's method,

B. Fibanacei method, Golden section methad. ((H)

Unit 5
A Linear and nonlinear programming
A, Linear programming: Degencracies, Graphical methad, Simplex method, Sensitivity analysis,

Karmarkar algorithm,  Wonlinear programming:  Lagrange  multiplier method,  Quadratic
ProOgramming,

B. Generalized reduced gradient methad. {1}

Unit &

M. Process Identification: Purpose, time domain fitting of stepr lest data, sine wave testing, pulse
testing, step testing and on-line identification.

B. Optimization Techniques and applications: single and multivariable optimisation, line
programming, sequential, quadratic programming and reduced gradient optimization techniques and
applications. Intreduction to gecmetric programmin g and dynamnic programming. (DG}



Text Books

1. *“Process, Modeling, Simulation and Control for Chemical Engineers”, W, L. Luyben,McGraw
Hill.

2, *“Optimization of Chemical Processes™, T.F.Edzar, DM Himmelblau, MeGeaw Hill,
3. "Advaneed Practical Process Control™, B Roffel, B.H.L Betlem, Springer,

Referenee Boolos

L. “Higher Engincering Mathematics”, B. §, Grewal, Khanna Publications.
2. "Practical Process Instrumentation and Contral™, J. Malley, MeGraw Hill,
3. "System Simulation with digital Computer”, Deo Narsingh, Prentice Hall India

List of Experiments: The following experiments may be performed using software! hardware

1. Mathematical modeling and simulation of single tank process.
- Mathematical modeling 2nd simulation of interacting tank process
- Mathematical modeling and simulation of non-self regulating system
. Mathematical medeling of stirred tank heated system
. Model identification of level loop
. Modal identification of flow loop.
Moddel identification of heat exchanger,
Study of advance control technigues,

== Rt (= D P O POR



ICE 4703 OPERATING SYSTEM AND NETWORKING

Teaching Scheme Examindtion Scheme
Lectures: & Hes/week Paper: 80 Marks
Pragtical: 2 Hrsfweek Term work: 25 Marks
Class test: 20 Marks Practical; 25 Marks
Unit 1

Introduction to the peinciples of operating systems and concurrent programming, Operating sysiem
services, file systems and orgonization, resource management, synchronization. Memory
management, [0 subsysten. The concept of @ process; process cooperation and interference.
Inteeduelion to networks, and protection and security. {0y

Unit 2

Linex: An Overview of Red HavFedera Core Linux, Installing Red Hat/Fedora Core Linux, Cretting
o Know Red [lat Linux, Working with the Deskiop, Accessing and Running Applications,
Publishing with Red Hat Linux, Multimedia in Red Hat Linux, Tools for Using the Internet and the
Web, Understanding System Administration Setting Up and supporting Users Automating Svstem
Tasks Backing Up and Restoring Files Computer Sceurity lssues. S0

Unit 3

Intreduction to Real-Time /Embedded Onerating Systems. Real Time Scheduling, Performance
betrics of RTOS, Linux &RT Linux Internals, Programming in Linux &RT Linux, Configuringé:
Campiling RT Linux, Overview of other RTOSTOS, (0}

Unit 4

Introduction to computer networks and transmission media: - Types of networks, topelogics,
centralized and distributed networks, Overview of wircless networks, Internet, Dresign Issucs,
Layered archileciure, Protocols. Overview of netwark models -1SO 0S1 and TCE/P. Physical
Layer:-Max data eate of Channel, Transmission media guided and ungeided and their tvpes with
specifications; Modems and Protocals used: Multiplexing techaigques; Circuit switching, Message
switching, Packet switching networks: Cable TV and Intemet over Cable, (08)

Unit 5

Data [k layer (LLC and MAC sub laver):- Framing, Errar contral, Flow centrel, Simplex Stop and
Wait Protocol, Sliding Window Protocols, Data Link layer in Internet, HDLC, PPR, SLIF, Satic and
Dynamic Channel Allocation in LAN, CSMA/CD Protocols, Collision free protocols, WHMA

protocol, IEEE §02 standards for Ethernet, token bus and taken ring, DQDB, Bridzes, High speed
LANs {Fast Ethernet, gigabyie Ethernet and FDDI) {06

Unit &

Metwark Layer and Transpon Layer- Virual Circuits and Diata aram networks, Circuil switching
and Packet Switching ,Routing Alparithms, Routers and Routing Protocals, Cangestion Contral and
Algonthin (Issues like delay, load, throughput, jitter ete), [P laver of TCPIP, ICMP, ARP, RARP,
Transport layer services and principles, Connectionless ws connection oriented scrvices, UDP and
TCP, Quality of Service, Intreduction to sockets and socket programming. Application Layer:-
Introduction to Cryptography, Secret key and public key algorithm, Security issues foe Intranst and
Internet, DNS (Domain name Swstem), Electronic mail, World wide Web, FTP, Telnet, SNMP,

{06}



Text Bools

LT Vishwanathan] Telecommunication switching systems and Networks: PHI
2. [Andrew Tanenbaum] Computer networks, Preatice Hall

Reference Books
i [William Stallings] Dasa and com puter communications, 7th edition, Prentice Hall
2 [Kurose/Ross] Computer Networkin g A Top-Down Approach Featy ring the Internet, Addison-
Weslay
3. [William Stallings] Computer Metworks, Prentice Hall
4. [Behrouz A, Forouzan] Datz Commurications and Metworking, 4th edition, MeGraw Hill
3. [D. Comer] Computer Netwarks and Internet! TCP-1P.
G |A Nagoor Kani ] Signals & Syilems
7. [T L Singal] Analog & Digital Communications

TERM WORK:
The emn work  shall  comsist  of  record af  conduct  of  minimum eipght

experimentsfassipnment/utarials based on the ahave syllabus. Some of the ex perimentsfassignments
may be from the following list,

List of Experiments: The following experiments may be performed using software/ hardware

+ Study of Institute wide computer netwarking: A cosc study
. Toconneet a printer in 2 network
- Study of hardware components used in compuler nedworking,
- Study of 051 and TCPAP protocals.
Study of simulator for experimentation with data Enk layer.
Design and development of a web page.
Study of Internet contral protacols,
- Write a pragram to implement bit-stuffing algarithm
Write a progeam Lo implement Bellman Ford alparithm
Write a program to implement characlee-siuf) fing algorithm
Write a program for encryption and decryption
Write 2 program for implementing Hamming code
Study of file transfer protocol and sliding window protocol.
study and cemparisen of different routing alporithms,

MBS ) O LA b e
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1CE 4704: BIOMEDCAL INSTRUMENTATION

Teachinz Scheme Examination Scheme
Lecturss: 4 Hres/week Faper; 80 hMarks
Practical; 2 Hes'week Term work: 25 Marks
Class test: 20 Marks Practical: 23 Marks
Unit 1

Bio-potential measurement Cell Structure, Basie Cell functions, Origins of bio-potentials, elzctrical
activity of cells, biological Control Concept, Electrode-electrolyte interface, Half cell Potential,
Polaris-able and nonpolarisable electrode, Electrode circuit model, Body surface recording
cleateodes for ECG, EMG and EEG, internal electrodes-needle and wirg electrodes, electrodes for
electeic stimulation of tissue, Various bicmedical transducers, {06}

Unit 2

Central Neevous systems - Receptors, sensory pathways and motor systems, processing sensory
information. neural, neuramuscular, sensory muscular and sensory mensurements, biofoedback,
cvoked respanse, electroencephalagraphy (EEG), EEG amplifier. Classification of museles — Muscle
santraction mechanism, Myoelectric voltapes, Electromyography {(EMG). {05}

Unit 3

Cardio-vascular system - structure of hearl, rhythmicity, pacemaker cell, ECG theery, ECG
electrodes, Electrocardiograph, vector cardiograph. Bio-signal amplifiers and signal precessing,
basic requirement, Op-amp circuit, transient protection, interference reduction circuits, active filters,
rate measurement, averaging and integrator circuits, Examples of physiclogical signals and systems
ingluding feedback systems. (08

Unit 4

Cardiovascular Measurements and therapestic deviees Fleart sound, Phonocardicgraphy, Blood
pressure measurement (invasive and nominvasive), Blood flow meter-Magnetic and ultrasound,
Cardizc Quiput measurement, Plethysmography, Life saving devices pacemakers and defibrillatos,
heact Tung machine. (Ne)

Unit 5

Special Senses- Ear: Mechanism of hearing, Sound conduction system, Basic Audiometer, Pure tone
audiometer, Audiemeter system Bekesey, Evoked response Audiomcter system, Heanng aids,
Vision- Anatomy of Eye, Visual acuity, 3lit Lamp, Tenometer, Ophthalmescope, Perimeter, LASER

Applications in Ophthalmelogy — Diabetic Retinopathy, Gleucoma and retinal hole and detachment
trealment. (06)

Unit &
Bio-materials- Structure and property relationships in materials, ceramics and polymers, Interactions

of materials with the human body, composite materials concepts and applications, Implementation
prablems — inNammation, cejection, carrosion, structural failure. (06}



Text Huuhs

Biemedical [nstrumentation by Dr, M. Arumupam, Andradba Publishers, 1992,

[ntroduction 10 Biomedical Equipment Tr:chncul-:ugy by Carr and Brown, Pearson LPE,

Medical Instrumentation Application and Design by John G, Webster, John Wiley &

SOnG Pwl. Lid,

4. Biomedical Instrumentation and Measurements by Leslic Cromwell, Fred J. Weibell,
Erich A. Pleitfer, Pearson Education.

Principles of Diomedical Iastrementation and Measurement by Richard Aston, Maxwell
Macmillan International Edition.

6. Handbook of Biomedical Instrumentation by K. 5. Khandpur, TMH,

7. Medicine and Clinical Enginsering by Jacobsons and Webster, PHL

o P

(=]
'

Reference Books
1. MHuman Physialepy — The Mechanism of Body Functions by Vander, Shermen, TMH,
2. Biomedical Digital Signal Processing by Tompking, PHI,
3. Ercyclopedia of Medical Devices and Instruments by Webster Vol, [ - I".-'

List of Experiments: The following experiments may be performed using software/ hardware

L. Study of ECG and EEG Simulator.

2, Stidv of ECG amplifier.

3 study of EEG amplifier.

4. Design and implementation o Instrumentation amplitier

5 study of Heart Rate Meter.

4. Study of Dipital BF meter.

7. To study various blood Pressure Measurement techniques,

8, To calibrate the Blood Pressure apparatus.

%, To study the ultrasonic Blood Flow meter,

11, To study the ECG Recorder and determine 115 time constants. Alsoe study the design aspacts of
ECG Reeorder,

11, To design and implement the pocemoker simulator. Also study the desion aspects of Pocemaker.

12, to design and implement the Defibeillator Simulator. Alse stedy the design aspects of
Drefibrillator.

13. To study EMG machine
14, To study the PC Based ECG and EEG analysis System



ICE 4705 EL: 1 ADVANCED CONTROL 5YSTEMS
Teaching Schenme Examination dcheme
Lectures: 4 Hrafweek Paper: 80 Marks
Class tesi: 20 Marks

Unit 1

Basic concepts of Non-lincar systems:

A. Twpes of non-linearity, tvpical examples like Saturation, dead zone ete, typical examples
backlash, hysteresis ete. Describing functions for different types of nenlinearity, singular peints,
Saddle points, Limit cycles, Vortex points, practical examples of limit eyeles, Liberalization of
typical system, Meed For model reduction, Dominant pole coneept, Model reduction via partizl
realization.

B. Time moment matching and pade approximation, Hankel norm medel reduction {1

Unit 2

Stability of Mon-linear systems

A. Stobility concepis - Equilibrium points « BIBO and asymptotic stability, Lyapunov Theary,
Definitions (Stability and Functions), Direct method of Lyapunov, Application 1o non-lincar
problems Stability, analyzis by describing function method -jump resenance Frequensy domain
stability criteria

B. Popov's methad and its extensions (07

Unit 3

Model reference adaptive systems

A, Different confgurations and classifications of MRAC, Mathematical description - Direet and
indirect madel reference adaptive control, MIT rule for continues time MREAC systems Lyapunay
approach and hyper stability approach for centinuous time MRAC systems, Lyapunov appreach and
hyper stability approach for discrete time MBAC systems, Multivariable systems

B. Stability and convergence studies of MEAC, (08)

Unit 4
Self tuning regulator

A, Different appreaches o selfiuning, Recursive parameter estimation, [mplicit and explicit STR,
LG self-tuning. Convergenee analvsis, Minimum wvariance and pole assignment
B. Approaches to multivariohle self-tuning repulators (06)

Unit 5

Advances in self tuning resulators and its analysis

A. Recent trends in self-tuning, Robustness studies, Mulivariable systems, Medel updating,
General-purpose adaptive regulater, Application to Process contral compenents and systems  {(06)

Unit &
M. Case study of Tndustrial Apphcations _ I3



Text-Rools:

L. “Contral Systems Engincering™, 1. I, MNagrath and M. Gapal, 41k Ed, Mew Age
[ntemational, 2005

2. *Adaptive Contral™, k., I. Astrom and Wiltcrnmark, Prentjes Hall, 204z,

Reference Books:

“Adaptive Conteol™, 5, A stray &, Badson, Prentice Hall of India,

- “Automatic control svstems™, B, ¢ Kue, Prentice Hall af India,

- "Stable Adaptive Contenal™, Narendra & Anasamy, Prentice [all of India,

Caontral systems engineering”, Norman §, Nise, John Wiley and sons, Ine, Singapare.
- “Menlinear systems Analysis”, M, Vidyasagar, Premtice Hall of India.

- “Manlinear systems®, assan K. Khalil, Prentice Hall of India.

bed s

L s Led



ICE 4705: El: 1 ROBOTICS

Teaching Schere Examination Scheme
Lectures: 4 Hrsfweek Paper: 30 Marks

Class test; 20 Marks

Unit 1

TFundacientals of Robotics

A, Robot definition and classification, briel history of robaties, types of robots, advantages and
disadvantages of rebots, robot components, Robot terminologics like position, grientation, degree of
Ireedam, confipuration, workspace (reach), kinematicsdynamics, accuracy, repeatability, path,
trajectory, robot joints, robot coordinales robot reference frames, robot applications and social
issues,

I:. Fohot sensors; sensor charoctesistics, position sensors. velocily sensors, scceleralion sensors,

force and pressure sensars. ()

LUnit 2

liobot Kinematics: Position Analysis

ARobots as mechaniams, matrix  representation, homogeneous  transformation

matrices, representation of transforimations, inverse of transformation matrices, forward and Inverse
kiematics of robots, Denavit-Hartenberg representation of forwoard kinematic equations of robois,
inverse kinematic soluticn of robots,

B.Inverse kinematic programming of robots. (0&)

Unit 3
Differential Motlons and Veloeities
A.Differential relationships, Iocobian, differential motions of a frame, interpretation of  the
differential change, differential changes between frames, differential motions of a rebot and its hand
frame, calculation af the Jacobian, how to relate the Jacobian and the differential aperator, inverse
Jacobian. Robot sensors: range-nders, sniff scnsors, vision systems, voice recognition devices.voice
synthesizers, remote center compliznee (RCC) device, touch and tactile sensors.
B.Robot sensors @ proximity sensors, light and infrared sensors, terque sensors, micraswitches.

(08)
Unit 4
Dvnamic Analvsis and Forees.
A. Lageangian mechanics: a short overview, effective moments of inertia, dynamic equations for
multiple-degree-of-freedom robots, static foree analysis of robotstransformation of forces and
moments  between coordinate frames.Robot actustors: characteristics of actuating  systems.
comparison of actuating systems.electric motors, microprocessor contral of eleetric motaors,

magnato-strictive actumors,shape-memary type metals, speed reduction techniques.
E. Hydraulic and pneumatic actuastors, (08}

Unit 5
Trajectory Planning.
A. Path vs, trajectory, joint-space vs, Canesian-space descriptions, basics of teajectory planning,

Joint-space trajectory planning. Cantesian-space trajectories, continuous trajectory recording.
B. Higher order trajectarics, {LIISJ

Unil &
Robot Vision:
Machine Vision system, description, sensing, Digitizing, Image Pracessing and Analvsis and

Application of Machine Vision Sysitem, Rnbntm assembly sensors & Intelligent Sensors. Object
recognition. (06)



Text Books

. “Introduclion to Rabaics: Analysis, Systems, Applications”, Saced B, Miku, Prentice Hall of
[ndaa,

2. *Robot Technology Fundamentals™, James G Keramas, Cengape Learning Publications.

3. “Rebot Engineering An [ntegrated approach®, I8, D, Elafier, T. A. Chmiclewski

artd M. Megin, Prentice Hall of India.

Reference Bonks
|. “Introduction to Robotics Mechanics and Contrel™, I 1. Craig, Adilison-Weslcy.

2. “Industrial robotics Technology, programming and a pplications™, M. P, Groover,
MeGraw-HillBook Co,



ICE 4705: EL-1 NEURAL AND FUZZY BASED CONTROL SYSTEM

Teaching Scheme Examination Scheme
Lectures: 4 Hrafweek Paper: 80 Marks

Class fest; 20 Maorks

i,

Artificial Neural Systems: Fundamentals concepts and models of artificial neural
svstem, noural network learning males, Hebhian, Perceptron, delta Windrow-HaofF learning
rules. (03}

Single layer Perceptron Classilication: Classification model, feateres and decision
regions, training and classifization vsing discrete perception, alporithm and example,
single layer continugus Perceptron networks for linese separable classification, multilayer
feed forward networks, ceneralized delta learning rule; Teed forward recall and ermor back
prapagation training, learning factors B3]

Single layer feedback networks: Dasic concepts of dynamical systems mathematical
foundation of diserete time and gradiest type Hoplhield netwaorks, transient response of
continupus time networks soletion optimization problems . (03]

Meural network in control system: Mewre control approaches, teaining algerithins,
evaluation of training algorithms, through simulation, self running nevso-conteal scheme,

self tuning PITY neura controller. neure control scheme Teed water bath temperature
control system 0Ty

Introduction of fuzey control: Introduction fuzzy contral from an industrial perspective,

mathematics of fuzzy contral fuzzy sets, fuzzy relstion, appeoximate reasoning
representing a sct of rules {08)

Furzy knowledge based controllers FKBS desipn parameters: Structure of FEBC
furzification and defuzzification module, rule base choice of varigble and contents of
rules, derivation of rules, data base choice of membership function and scaling factors,
choiee of fuzzification, defuzzification procedurs (07

REFEREMCE BOOKS:

M. T. Hagan, 11. B. Demuth and M. Beale, “Meural Metwork Desipn™ Thomson Leaming,
WVikas Poblishing House, New Delhi, 2002,

o LML Zurada, “lntroduction to Artificial Newral Svsterns”, Jaico Publication House 1997.

5. Haykin, "Mewral Metworks: A Comprehensive Foundation®, Pearson Fducation, New
Dlhi, 2002,

John Yen and Resa Langari, “Fuzzy Logic: Intelligence, Control and Infarmation”,
Pearson Education Mew Delhi, 2003,

5. Rajsckaran, G. A, Vijavalaxmi Pai, “Neural Metworks, Fugzzy Legic, ond Genetic
Algorithms, Synthsts znd Applications”, Prentice Hall of [ndia, 2003,

3. Omaty, M. Khalid and R Yusof, “Newro Control and its Applications”, Springer —
Verlayr, Londen Limited 1996,

D. Drankov H. Hellendoorn and M. Reinfrank, “An Introduction to Fuzzy Control”,
Margza Publication House, Second Reprint, Mew Delki, 1997,



ICE 4705: EL-1 Open Elective

Teaching Scheme Examination Scheme
Lectures: 4 Hrsfweek Paper: 80 Marks

Class test: 20 Marks

ICE 4706: PROJECT DESIGN -1 :
Teaching Scheme Examination Scheme
Practical; 2 HraMweek Term work: 37 Marks

Prercquisite:

Students have to finalize their project title based on Industrial Assignments. The projects selected
should be such 5o as to ensure the satisfaction of the urgent need to establish a direct link between
education, national development and productivity and thus reduce the gap betwesn the world of
waork and the world of study, The term work will consist of o report prepared by the student on the
progect allotled 1o them. I may be based (i} Entirely on study and analysis of 2 typical
[nstrumentation and Contral System, (1) Expenmentai verification, or {iii) Design, fabrication,
lesting amil ealibration of an Instromentation system, The students are required to submit the report
based on praject work done. The oraup of three or maore student allowsd 1o do the project iF it s
interdisciplinary otherwise maximum three students only.



PART 11

ICE 4707: DIGITAL CONTROL 5YSTEN]

Teaching Scheme Examination Schewme
Lectures: 4 Hrsfweek PPaper: 80 Marks
Practical: 2 Hrsfweek Term work: 23 harks
Class test: 20 Marks Practical; 25 Marks
Unit 1

Configuration af basic digital contral system, discrete transfer function, discrete model sampled data
systems using z- transform, transfer function model, signal analysis and dynamic response, 2er-
order hold cquivalent, introduction to first-order-hold equivalent, transformation between *s', "2,

“w' plane, Stability zralysis and Jury's stability eritesion. {10}

Unit 2

Desipn using transform techniques: Root lacus and frequency domain analysis compensator design.
(06)

Unit 3

Contral system analysis using state variable methed, vestor and ratrices,. slate  variable
representation, conversion of state variahle 1o transfer function and vice versa, conversion of transter
fanction 1o canonical state variable medels, realization using companion-i and [F, Jordan ceanonical
form, solution of state cquations, (08

Unit 4
Design using state-space methods: controllability and observability, control law design, pole
placement, pole placement design using computer aided contral system design (CACSD), observer

design, (00)
Unit 5

Stability improvement by state [vedback, digital contraller for deadbeal performance. (04)
Unit &

Introduction to advenced control stratepies: Effects of dead time on system Pertormance and Smith’s
predictor slporithm, non linear and adaptive control, self tuning control, madel based contral,
Dypamic matrix cottral algerithms, deadbeat, Dahalin controller ete (06)



80 b g e R e

Text Books
| K. Ogaia; Discrete Contral Systems, PH, 2nd ed.
2. M. Gapal; Digital Contral Engincering, TMH, 2003,

Reference Books

Digital Centrel Systems vol, 1.8& 1 - lseemann, Narosa publications

Digital Control System- B. . kuo, Sounders Collepe Publishing, 19932,
Designing Linear and Nen linear Contral Svatems with MATLAB-K. Ogata, PHL,
MATLAB curricelum scries

Ll bl
- - '

List of Experiments: The following experiments may be performed using software/ hacdware
All experiments are to he desion with MATLAL

Analysis of continueus and diserste contral system.

Study of Jury®s stability eriterion and analysis,

Digital contreller design with reot locus lechnigues,

Ligital lead controller desizn with frequency domain technigues.

Digital lag controller desipn with frequency domain technigues.

Digitai conteoller design with pole placement method.

CObserver design.

Simulation of any digital cantral system based on unit 6,



ICE 4708: PROJECT ENGINEERING AND MANAGEMENT

Teaching Schemne Examination Seheme
Lecturas: 4 Hrafweek Paper: 80 Marks
I'ractical: Z Hesfweek Term work: 25 Marks
Class test: 20 Marks Practical: 25 harks
Unit 1

Definition of project purpase, scope. time, quality and organization structure. Besic and detailed
engincering: Degree of automation, Project S curves, manpower considerations, inter-depariment
and inter orgamization interactions, Multi agency interaction. Types of projects and rypes of
contracts e.g. EPC, BOOT ete, (i)

Unit 2

Role of Auwtamation, Customer expectations and performance eriterion, User Requirement
Specifications  (URSE).  Functional  [Design  Specifications  (FDS),  Sofiware Requirement
specifications and Hardware Requirement Specitications (SRS and HES).International Standards
and Practices, Consultam Requirements, Project execution steps Instrumentation Audit, Plant lavoul,

general arrangement drawing (plans and elevations).Selection criterion for equipment at different
levels of automation. (08}

Uit 3

LDesign Engineering, decumentation, Process function diagrams and interlock, interface dingrams,
Process flow dingrams, P&ID, specification sheets, loop wiring diagrams ladder diagrams,
isametrics, installation detail drawing, bill of material, Control console,centers and panels: Tyvpes,
dasign, inspection and specification. Control panel drawings, Document control, Checklists, legend
sheets, instrument catalogues, test and progress reports, minutes of the meeting. Documentalion
saftware to create, medify, add, revise and vpdate 18:C documentation, Documents and version
contrel. Cable engincering, different classes of conductors and their routines, types aod
specifications of cobles, cable schedule, routing of cables, tvpes of glands, ferruling and
lerminations, junction boxes and Junction box schedules, Field bus wiring: Terminator, pawer
condiioners, Spurs, scaments and repeater, Netwarking: Hubs, routes, LAN cards, and CAT cahle.

(08)

Unit 4

Procurement activities: Vendor regisiration, tendering and hidding process, bid evaluation, purchase
arders, vendor documents, drawings and reports 25 necessaiy al ahove astivities. Construction
activities: Site conditions and planning, [ront availability, installation and commissioning astivities
and documents require/zenerated at this slage. Factory Acceptance Test (FATY | Om-site inspection
and testing (SAT) installation sketches, bill of material, Quanlity surveying, contracling, cold

commissionirg and hot commissioning, CAT {Customer Acceptance Test), perfermance trials and
final handover. (0a)

Unit §

banagement functions: Controlling. directing, project authority, respensibility, accountability,
interpersonal influences and standard communication formats, praject reviews, Project planning and
scheduling, life eycle phases, the statement of work (SOW)), projects specifications, bar charts,
milestones, schedules, work breakdown structures, cost breakdown structures and planning cyvele.

(04)



Unit 6

Cost and estimation: Types ang estimates, pricing process, salary and other overheads,man-lowrs,
materizls and support cests. Program evaluation and review techniques (PERT) and critical path
method (CPM], estimating activity time and total progeam time, lotal PERT/CPM planning crash
times, sofiware’s used in project management, {0a)

Text Books

l. Applied instrumentation in process industries by Andrew and Williams, Gulf
publishing.

2. Process control Instrument engineers Handbook by Liptak

3. Project management: A systems approach to planning Scheduling snd Controlling by
HarlodKerzner, Van MNostrand, Reinhold publishing.

Reference Books
1. Management systems John Bazon, 1SA,
2. Batch control systems , T.G_Fisher, [SA.
3. [nstrument installation project management, 1S4,

List of Experiments: The following experiments may be performed using software/ hardware
Preparation of project document of typical process:
Stedy of standards & Svmbols
Study of Specification sheels
P&l diagram of typica] process,
Wiring diagrom.
Cable scheduling,
GA & Mimic diagram of contral panel.
. Control diagrams of typical prosess unit, {e.g. bailer, heat exchanger, distillation
column e1c)
3. Experiments on engineering seftware packzges & manugement solbware's.
4. Preparation of Inquiry, Quotation, Comparative statement, Purchase oeders, SAT, FAT
& CAT. [nspection reports for control panel or transmitter comral valve! recorder,

1S e b b



[CE 470%: INSTRUMENTION SYSTEM DESIGN

Teaching Scheme Examination Scheme
Lecturas: 4 Flrestweek Paper: 80 Marks
Practical: 2 Hrafwoek Tenm waork: 25 Marks
Class test: 20 Marks Practical: 23 Marks
Unic 1

Basic Concept of Instrementation Design, Needs Analysis swith respeet 1@ systems deployed in;
Medical, Industrial, Test and Measurement, Home Appliznces, Military  Functional requirements &
Specifications, Impact on the design due o adverse Electrieal, Thermal and Mechanical Operational
Environments (08}

Unit 2

Maoise Sources, Elecirizal, Maenctic, RBF. Static, Ground Loops, Shielding, neze and far field,
shielding effectiveness, absorption end reflection loss, shielding with magnetic material, contact
protection, glow and are discharges, loads with high inrush current, Inductive and resistive load

contagt  protection  networks  for inductive  loads, intrinsic ~ noise  SoURces
(%)

Unit 3 :

ESD. inductive charging human bady madel, ESD protection in equipment, sofiware in ESD

protection ,Sensitive devices, input fillers, clamping suppressors {04}

Unit 4

Electranic design guideline MNoise in electronic circuits, Capacitive and inductive coupling and effect
of shield, shielding 1o prevent magnctic radiation, co-axial and twisted pair cable, grounding, safety
gravnd, sipnal ground, single and muolti point greund, Flybrid ground, grounding of cables shiclds,

Ground loops and low frequency and high frequency analysis of common moede signals, guard
shiclds {05}

Unit 5

Enclosure Design Guidelines, WEMA, DN, BEL, ANSI standards Index protection (1P), cable design
guidelines; Printed circuit board design puideline, layout scheme, grid systems, PCE size, Design
rules for digital circuits, and Desipn rules for analog circuits, single and multilaver PCB, CLE S

Undererites Labomatories (LIL) Complianee iy

Unit &

Relinbility, bath tub curve, Reliabiliy for senes paratlel system, MTTE, MTTR, MTBF, availabihity,
Redundancy and stand by systems. {06)

Text Books:

[. Henrw OTT, *Moise reduction Techoigues in Electronmics Circuit”, Wiley International,
Second ad., 2009,

Heference Book:
1. Balguruswamy, "Relimhility Engineering”, TATA McGraw-iall Publication, Third ed. , 2003
2. Walter C. Bosshart, “Printed Circuit Board"”, Tata MeGraw-Hill publication, Third ed. 2009,
3. Considine Do M., “Process Instrumentation, and Control Handbook™ MoGraw Hill
International
4. Liptak B. G.. “Instrument Engineers Handbook, Process bdeasurement Volume | and
Process Control Yolume (1™ Chilton Baok Company, 2001



3. Johnsen C. D., “Process Control I[nstrumentation Technology” 7" Edition, Pearson
Education, Mew Delhi, 2003, )

MNakra Chowdhari, “Instrumentation™, Prentice Hall of India, Wew Tdalhi

Deeblin E. O, “Measurement Systems™ Fourth Edition, Application and Design,

MeGraw Hill International Edition, 1990,

& Andrew Williams, “Applied Insteumentation in the Process Industries™ Vol. 1 and Vol. 11
« GWF Publishing Company

9. Sawhney A. K. and Punect Sawhney * A Course in Mechanical Measurements and
[nstrumentation” Dhanpat Rai and Co. (P) Ltd., New Delhi, 1998,

b

Torm Wapk:

The term work shall consist of a record of at least six experiments/designs and deawings basad
on the syllabus given above. Some of the experiments may be from the following list.

Lizl of Experiments;

I Case study: Onc lab instrumentfield instrument and i1s defailed cngineering
drawings, circuit diagrams on a drawing shect.

L Design  of any  mini  project  like design - of  instrument'electronic
devicedransducerfinstrumentation companent/system, its procedure slarting  from
preparation of specifications, designing, lesting, and erection. [Drawings dimensional
sketches, cireuit dingram, details of different component on drawing sheet, {esting its
specilications, determining practical static and dynamie characteristics)

3. Designing of a control panel along with detailed engineering drawings,

4, Designing 2 control valve for piven specifications and detailing it with engincering
drawings.

3. Designing any transmitter and drawing its details,

.

Design ef any sensor/teansducer for pasticular process variables like flow and drawing
s dimensional details on a sheet,

f. Design of any sensorftransducer [or particular process variables like temp and
drawing its dimensional details on a shect, '

f. Design of any sensorftransducer for panicular process variables like Pressure and
drawing its dimensional details an a sheet,



ICE 4710: EL: 2 AUTOMOTIVE INSTRUMENTATION
Teachine Scheme Examination Schemne
Lectures: 4 Hrsfweek Paper: 80 Marks
Class test; 20 Marks

Unit 1

Current trends in outomobiles with emphasis on increasing role of elecironics and software.
Cwverview of generic autpmotive contret ECU functioning, Overview of tvpical  automotive
subsystems and components, (D&}

Unit 2
Engine Management Systems: Basic sensor arrangement, types of sensors such as oxygen sensors,
crank angle position sensors, Fuel meteringd vehicle speed sensors,Flow sensor, temperature, air
tnass low sensors, Throttle position sensor, soleneids cte. Algorithms for engine contral ineluding
open loop and closed loop control system electronic ignition, EGR for exhaust emission central,

(03

Unit 3

Vehicle Power Truin and Meotion Central: Electronic Transmission Conteol, -Adaptive Power
Steeving, Adaplive cmise control Safety and comfort svstems Anti-lock braking, Traction Control
and Electeonic Stalility, Active suspension central. {06}

Llnit 4
Bedy electronics including lighting contral, remele keyless entry, immaohilizers ete. Electronic
mstrument clusters and dashboard clectronics, Aspeets of hardware design for autemetive including

eleclro-magnetic interference suppression, Electromsgnetic compatibility ete, (i}

Unit 3

Automotive Standards and Protocols: Automotive standards like CAN protocal, Lin Protocal, Flex
Bay, DBD-I ete Automotive standards like MISRA . {06}

Unit & -

Hardware in loop testing of automotive ECU using available software/hardware platforin Simulation
of engine coctrol, adaplive cruise contol ete. {08)

Text Books

L. Willam B. Ribbens, *Understanding Automotive Electronics”, 6th Edition, 2003,
Mewnes ([mprint of Elsevier Scicnce).

Reference Books
[. Young AP & Griffiths, * Automotive Electrical Equipment” , ELTS & Mew Press-
1904,
2. Tom Weather Jr. &Cland ¢. Hunter, “Automotive computers and conteol system”
Prentice Hall Ine., New Jersey
3. Crouse W.H., “Automahile Electrical Equipment™ MeGraw Fill Co. Ing., New York, 1995,
4. Bechhold, * Linderstanding Automotive Electronic™, SAE, 1998,
3. Robert Boshe ** Automotive Hand Rook™ {5th cdition).2000.



ICE «710: EL: 2 BUILDING AUTOMATION AND SECURITY SYSTEM
Teaching Scheme Examination Scheme
Lectures; 4 Hrsfweek Paper; 80 Marks
Class test: 20 Marks

Limit 1

Introduciion of building automation

A, Intreduction of Companents used in building sutomation systern; HVAC, electrical, lighting,
seeurity, fire-fighting, communication eie. concept and application of Building Managerment System

and Automatien. Requirements and design consideeations and its effect on funetional effictency of
building automaticn.

B.Current trend and innovations in building autamation sysleln. (05}

Linit 2

HVAC system

A. Principles of HYAC svstem desion und analysis. Different companents of HVAC system like
neating, cooling system, chillers, AFUs, compressoes and filter units compotent and system
selection eriteria including room air distribution, fans and air circulation, humidifying and
dehumidifying processes, Control systems and techaiques,

B. Piping and ducting desipn, Air quality standards. {07}

Unit 3

Aceess Contrel & Security System

A. Concept of automation in aceess contral system for safety. Manual security system, FID cnabled
access control with components like active, passive cards, controllers, and arennas, Biometric
[ntrusion alarm system, Compaonents of public access (PA) System like spenkers, Indicators, eantrol
pancls, switches. Desizn aspects of PA system.

B.OCCTY, LI cameras, broadband/LAN network, digial videa recorder {08)

Unit 4

Fire &Alarm System

A. Different fire scnsors, smoke detectors and eir types, C0 and CO2 sensors. Fite control panels.
Design considerations for the FA system. Concept of IP enabled Fire &Alarm system. Design
consideration of EPBX system and its components.

L. Integration of all the 2bove sysiems 1o design a total building management

System, (06)

Unit 3

Energy Management System

A. Trends in eneroy consumption, Energy audit; evaluation of energy performance of existing
buildings, weather nermalization  methods, measurements, desegrepation of total energy
Consumplion, use of computer medels, and impact of people behavior, Energy cfficiency measures
in buildings: approaches, materials and equipments, eperaling strategies, evaluation methods of
SNEEQY 33V INES.

B.Eenewable energy sources; passive or active solar systems, neothermal systems. {06}

Unit £
Applications:
Design and develep cose studies on building sutomation, {0}



Text Books

1. “Smarl Buildings™. 1. Sinopoli, Fairment Press. .

2. "“Web Based Enterprize Encrgy and Building Autemation Systems”, B, Capehart
(.E.M, Editor.

3, “Building Automation Beyond the Simple Web Server”, A. Budiardje, Clasma
Ewvents, Inc.

4, “What isan Intellizent Building?”, P, Ehrlich, Building Intelligence Group.



ICE 4710: EL-2 VLSI Desipn

Teaching Scheme Examination Scheme
Lectures: 4 Hrsfweck Paper; 80 Marks
Class test: 20 Marks

Unit 1

Drigital Design Fundamentals: Review of techniques of using a truth table, canonical Forms to
develop the ANDVOR or QRAAND combinationa] circuil madels, minimization technigues,
Hazards and Hazard free circuits, Difference between combinational and sequential circuits.
General madel of sequential machine, timing and triggering considerations. (08)

Unit 2
Basic HDL Censtructs: VLET Design flow, Overview of ditferent modeling styles in VHDL,

Data types and data objects in VHDL, Dataflow Modeling, Behavioral Modeling, using VHDL
for combinational Circuits and sequential Circuits, (08)

Unit 3
Hardware Desceiption Language: Structural Modeling, Subprograms, Packages and Libraries,
Generics, Confipurations, attributes. Comparison of various Hardware Diescription Languages.

({3}
Unit 4

Programmable Logic Devices: Intreduction 1o CPLDs: Function blosk ar¢hitecture,
nputioutput block, switch matrix, Stedy of architecture of CPLDs of Alter MXiling
Intreduction to FPGAs: Configurable logic black, inputiautput bleck and interconneet, Study of

archilecture of FRGAs of Xilink /Acte] fAltera, {05)
Unit 3

CMOS Circuits: Different logic families, MOS Transistor, CMOS as an inverter, propagation

delay, power consumption/dissipation issuss, simple circiits using CMOS, {IE Y
LUnit &

CMOS Processing & Digital Circuit Verification: CMOS Fabrication: Different steps of fabrication,
CMOS pewell, n-Well and twin b processes, CMOS Layout and Design. rules. Simple
TestBench, Simulation and Syathesis issues, case study of ALLY Sequence Detector. {04)

TERM WORK:
Term work shall consisi of at least eight-experiment! programs/ assignmens based on ahave syllabus.

TEXT BOOKS:
- Mveil FLWeste and Kamran Eshraghin, “Principles of CMOS VLSI desipn™,
. Bhasker, Addison Wesley,” VHDL Primer” .
- Douglas Perry, TaTa MeGRAW HILL,® VHDL™.
V¥illiam [ Fleteher “An Engineering spproach to Digital Design™, Preatice Hall India.

Jo Lk Pod e
:

REFERENCE BOOKS
. Stephen Brown and Zvonko Yeanesic, TaTa MeGRAW HILL, * Fundamentals af Digital Logic with
VHDL Design”.
John Yarbrough BROOKSCOLE, “Digital Logic Applications ond Design™.
- Xilimx cata Manual, ” The Progeammable Logic data Book™,
. Bhasker, Addison Wesley, A VHDL Synthesis Primer™,
. Charles Roth, McGRANM HILL, “Digital System Design using VHDL.
- E-Sicard and Sania Beadhia, TaTa McGRAW HILL,” Bastcs of CMOS Cell Desion =
- Peter Ashenden, Harcourt Asia FTE LTD," The Designer’s Guide to VHDL™,

b ln £ L



ICR 4711 PROJECT WORK-II
Teaching Schemc Examittion Scheme
Practical: 2 Hrs./"Weck Practical: 100 marks
Term work: 50 marks

Project to be completed with detailed design, implementation, test case preparations, testing and
demanstration, The student should prepare a cansalidated report in LaTeX and submit it before torm
end. Project stage 11l consist of presentation and cral examination based wpon the project work
repart submitted by the candigates and or wpon the demonstration of the fabricatedidesipned
equipment or software developed for simulation. The said examination will be conducted by a pane
af two examiners, consisting of preferably guide working as internal examiners and anather external
exarminer preferably from an industey or appointed by universicy

PRACTICAL EXAMINATION:

[t shall consist of presentztion and ¢ral examination based upan the project work report submitted by
the candidates and or upen the demoenstration of the fabricated/desipned equipment or saftware
developed for simulution, The said examination will be conducted by a panel of minimum
examiners, consisting of preferably guide working as internal examiners and another external
examiner preferably from an industey or university .



ICE 4712: CONTROL SYSTEM LAE.

Teaching Sclieme Examination Scheme
Practical: 2 Hrafweck Term work: 25 Marks

Practical: 25 dMarks

The Studemts are expected 1o device the systems using softwarehardware from the following
contents and develop svstem hardware bazed on the fallowing (AL least cne):

- Observing effect of wning parometers on system performance.,

- Design of PID controller for 2 SOPDT system by Ziegler Nichols method.

. Design of foedback controller by direat controller synthesis,

. Design a feedback conteoller for system with delay ¢/ REHP zero by IMC strateay,
. Desipn of feed-forward controller,

. Determine relative pain amay of MIMO system.

- Determing Marari resiliency index and Miederlinsky index of MIMO syslem,
. Desipn of decouple.

- Study and development of conirel algarithm (Fuzey or PIDY for fuel injeclion
sslem or electeonic steering,

| 0. 5wdy and designing of fuel indication svstem

11, Study & analysis of flow, pressure, and level control loap (Analysis includes process
Parameters such as type of process, dead time, capacity etc.)

12, Implementation of cascide contralles.

13, Design & implementation of feed-forward controller

14, Computer simulation using Euler method.

15, Computer simulation using Runge-Kutta method.

16. Medeiing and simulation of blending process,

17, Meodeling and simulation of series of 3-CSTR's process.

18. Computer simulation using one dimensional optimization methuos,

i9. Solving problem based on linear programeming (Graphical methad).

24, Solving prablem based an Lingar programming (Simplex method ),

21, Computer simulation of least squars method.

s I = SR S PR TN B N Y
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