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M.Tech. Control and Instrumentation 2014-2015

Department of Electrical and Electronics Engineering

VISION

Transforming the individuals into globally competent electrical engineers to fulfil the
technological needs of the society.

MISSION

1. Establishing world class infrastructure in Electrical Engineering.

2. Enhancing the knowledge of the faculty in cutting edge technologies through
continuous improvement programmes.

3. Providing well balanced curriculum in graduate, postgraduate and doctoral
programmes.

4. Adopting innovative content delivery, assessment and continuous improvement
methods to achieve desired outcomes.

5. Facilitating industry institution interaction in teaching & learning, consultancy and
research activities to accomplish the technological needs of the society.

6. Encouraging the faculty and students to carry out innovative research work

Practicing ethical standards by the faculty and students.

8. Motivating the students for active participation in co-curricular and extracurricular
activities.

N
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M.Tech. Control and Instrumentation 2014-2015

Programme Educational Objectives

Graduates of the programme will have successful career in
Instrumentation, automation and inter-disciplinary fields.

Graduates of the programme will have professional competency to
address the technological needs of society and industrial problems
ethically.

Graduates of the programme will excel in research and contribute to
technological development in control and instrumentation.

Graduates of the programme will demonstrate life-long independent and
reflective learning skills in their career.

Graduates of the programme will exhibit project management skills and
ability to work in collaborative, multidisciplinary tasks in their profession.

(PEOG.



M.Tech. Control and Instrumentation 2014-2015

Programme Qutcomes (POSs)
After the successful completion of the M.Tech. (Control & Instrumentation) programme,
students should be able to:

PO1. Scholarship of Knowledge

Acquire state-of-art knowledge in instrumentation, control and automation, with an ability
to discriminate, evaluate, analyze and synthesize existing and new knowledge, and
integration of the same for enhancement of knowledge.

PO2. Critical Thinking

Analyze complex problems in instrumentation, control and automation engineering
critically, apply independent judgement for synthesizing information to make intellectual
and/or creative advances for conducting research in a wider theoretical and practical and
policy context.

PO3. Problem Solving

Think laterally and originally, conceptualise and solve instrumentation, control and
automation problems, evaluate a wide range of potential solutions for those problems
and arrive at feasible, optimal solutions after considering public health and safety,
cultural, societal and environmental factors.

PO4. Research Skill

Extract information pertinent to unfamiliar problems through literature survey and
experiments, apply appropriate research methodologies, techniques and tools, design,
conduct experiments, analyse and interpret data, demonstrate higher order skill and
view things in a broader perspective, contribute individually/in group(s) to the
development of scientific/technological knowledge in instrumentation, control and
automation domains.

PO5. Usage of modern tools

Create, Select, learn and apply appropriate techniques, resources, and modern
engineering and IT tools, including prediction and modelling, to complex instrumentation
control and automation engineering activities with an understanding of the limitations.

PO6. Collaborative and Multidisciplinary work

Possess knowledge and understanding of group dynamics, recognise opportunities and
contribute positively to collaborative-multidisciplinary scientific research, demonstrate a
capacity for self-management and teamwork, decision-making based on open-
mindedness, objectivity and rational analysis in order to achieve common goals and
further the learning of themselves as well as others.

PO7. Project Management and Finance

Demonstrate knowledge and understanding of engineering and management principles
and apply the same to onebdés own wor k, as
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M.Tech. Control and Instrumentation 2014-2015

projects efficiently in respective disciplines and multidisciplinary environments after
consideration of economical and financial factors.

PO8. Communication

Communicate with the engineering community, and with society at large, regarding
complex engineering activities confidently and effectively, such as, being able to
comprehend and write effective reports and design documentation by adhering to
appropriate standards, make effective presentations, and give and receive clear
instructions.

PO9. Life-long Learning

Recognise the need for, and have the preparation and ability to engage in life-long
learning independently, with a high level of enthusiasm and commitment to improve
knowledge and competence continuously.

PO10. Ethical Practices and Social Responsibility

Acquire professional and intellectual integrity, professional code of conduct, ethics of
research and scholarship, consideration of the impact of research outcomes on
professional practices and an understanding of responsibility to contribute to the
community for sustainable development of society.

PO11. Independent and Reflective Learning

Observe and examine <critically the outcomes of
measures subsequently, and learn from mistakes without depending on external
feedback.
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Thiagarajar College of Engineering, Madurai-625015

Department of Electrical and Electronics Engineering

M.Tech. Control and Instrumentation 2014-2015

M.Tech. Control and Instrumentation

For the students admitted from 2014-15

Scheduling of Courses

Sem. Theory Courses Practical/Project Total credits
14CI110 14CI120 14CI130 14CI1140 14CI1150 14Cl1160 14CI170
Applied Systems Transducer Process Microcontroller | Advanced Control and
Mathematics for | Theory Engineering Control and based system Digital Signal Instrumentation 24
Electrical Instrumentation | Design Processing Laboratory
Engineers
31 31 31 3:0 31 0:1
31
14Ci210 14CI220 14CIPx0 14CIPx0 14CIPx0 14CIPx0 14CI270
Industrial Data Digital Control Elective | Elective Il Elective llI Elective IV Advanced Control
Il Communication | system and Instrumentation 24
Laboratory
3:0 31 31 31 31 31 0:1
14CI310 14CIPx0 14CIPx0 14CI340
System Elective V Elective VI Project - | 16
1] Identification
and adaptive
control 31 31 0:4
31
14Cl410
v Project - Il 12
0:12
Total Credits 76

Passed in BOS Meeting held on 11-04-2015

6 Approved in 50" AC Meeting held on 30.05.2015




THIAGARAJAR COLLEGE OF ENGINEERING: MADURAIT 625 015

M.Tech. DEGREE (Control and Instrumentation) PROGRAMME

COURSES OF STUDY
(For the students admitted from 2014-2015)

FIRST SEMESTER

Course | Name of the Course Category No. of Hours / | credits
code Week
L T P
THEORY
14CI110 | Applied Mathematics for Electrical BS 3 2 - 4
Engineers
14CI120 | Systems Theory PC 3 2 - 4
14CI130 | Transducer Engineering PC 3 2 - 4
4CI140 | Process Control and Instrumentation PC 3 2 - 4
14CI150 | Microcontroller based system Design PC 3 - - 3
14CI160 | Advanced Digital Signal Processing PC 3 2 - 4
PRACTICAL
Control and Instrumentation PC - - 2 1
14CI170 | Laboratory
Total | 18 10 2 24
SECOND SEMESTER
Course Name of the Course Category No. of Hours / | credits
code Week
L T P
THEORY
14CI210 | Industrial Data Communication PC 3 - - 3
14CI220 | Digital Control System PC 3 2 - 4
14CIPx0 | Elective-l PE 4/3 02 - 4
14CIPx0 | Elective-ll PE 4/3 02 - 4
14CIPx0 | Elective-lll PE 4/3 02 - 4
14CIPx0 | Elective-IV PE 4/3 02 - 4
PRACTICAL
14CI270 | Advanced Control and PC - - 2 1
Instrumentation Laboratory
Total | 22/18 2/10 2 24
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THIRD SEMESTER

Course Name of the Course Category No. of Hours / | credits
code Week
L T P
THEORY
14CI310 | System Identification and adaptive PC 3 2 - 4
control

14CIPx0 | Elective-V PE 4/3 0/2 - 4
14CIPx0 | Elective-VI PE 4/3 0/2 - 4
PRACTICAL
14CI340 | Project - | | PC - - 12 4

Total | 11/9 2/6 12 16

FOURTH SEMESTER

Course | Name of the Course Category No. of Hours / | credits
code Week
L T P
PRACTICAL
14C1410 | Project - Il | PC - - 36 12
Total | - - 36 12

Total credits: 76

BS : Basic Science
PC : Program Core
PE : Program Elective
L : Lecture

T : Tutorial

P : Practical

Note:

1 Hour Lecture is equivalent to 1 credit

2 Hours Tutorials/Practical is equivalent to 1 credit
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THIAGARAJAR COLLEGE OF ENGINEERING: MADURAIT 625 015

M.Tech. DEGREE (Control and Instrumentation) PROGRAMME

SCHEME OF EXAMINATIONS

(For the students admitted from 2014-2015)

FIRST SEMESTER

Course Name of the Course Duration Marks Minimum Marks for Pass
S.No code of Continuous Terminal | Max. Terminal Total
Terminal Assessment * Exam Marks Exam
Exam. in
Hrs.
THEORY
1 14CI110 | Applied  Mathematics 3 50 50 100 25 50
for Electrical Engineers
2 14CI120 | Systems Theory 3 50 50 100 25 50
3 4CI130 Transducer 3 50 50 100 25 50
Engineering
4 14Cl1140 Process Control and 3 50 50 100 25 50
Instrumentation
5 14Cl150 Microcontroller  based 3 50 50 100 25 50
system Design
6 14C1160 | Advanced Digital Signal 3 50 50 100 25 50
Processing
PRACTICAL
7 14CI170 Control and 3 50 50 100 25 50
Instrumentation
Laboratory
SECOND SEMESTER
S.No Course Name of the Course Duration Marks Minimum Marks for Pass
code of Continuous Terminal Max. Terminal Total
Terminal Assessment * Exam Marks Exam
Exam. in
Hrs.
THEORY
1 14CI210 Industrial Data 3 50 50 100 25 50
Communication
2 14CI1220 Digital Control System 3 50 50 100 25 50
3 14CIPx0 Elective-I 3 50 50 100 25 50
4 14CIPx0 Elective-I 3 50 50 100 25 50
5 14CIPx0 Elective-1lI 3 50 50 100 25 50
6 14CIPx0 Elective-1V 3 50 50 100 25 50
PRACTICAL
7 14CI270 | Advanced Control and 3 50 50 100 25 50
Instrumentation
Laboratory
THIRD SEMESTER
S.No Course Name of the Course Duration Marks Minimum Marks for Pass
code of Continuous Terminal Max. Terminal Total
Terminal Assessment * Exam Marks Exam
Exam. in
Hrs.
THEORY
1 14CI310 System  Identification 3 50 50 100 25 50
and adaptive control
2 14CIPx0 | Elective-V 3 50 50 100 25 50
3 14CIPx0 | Elective-VI 3 50 50 100 25 50
PRACTICAL
7 | 14C1340 | Project - | - 150 150 300 | 75 | 150
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FOURTH SEMESTER

S.No Course Name of the Course Duration Marks Minimum Marks for Pass
code of Continuous Terminal Max. Terminal Total
Terminal Assessment * Exam Marks Exam
Exam. in
Hrs.
PRACTICAL
1 [ 14C1410 | Project- II | - | 150 [ 150 | 300 ] 75 [ 150

* CA evaluation pattern will differ from subject to subject and for different tests. This will
have to be declared in advance to students. The department will put a process in place to
ensure that the actual test paper follow the declared pattern.

Passed in BOS Meeting held on 11-04-2015 10 Approved in 50" AC Meeting held on 30.05.2015




List of Elective Subjects i M.Tech. Control and Instrumentation

Programme Electives

Course Code Course Name Pre/Co requisites Credits

14CIPx0

14C|PAO/ Contl‘Ol Of EleCtl‘IC Dl‘iveS DC Macl‘unes and transformers 4

14PSPQO AC Machines

14CIPBO Bio-Medical Instrumentation Transducer Engineering 4

14CIPCO Digital System Design using | pigital Systems 4

FPGA

14CIPDO Industrial Controllers Digital Systems 4

14CIPEO Intelligent Controllers Control systems 4
Process control
Systems Theory

14CIPGO Robust Control Control Systems 4
Systems theory

14CIPHO/ Power Plant Instrumentation and | Measurements and 4

14PSPGO | Control Instrumentation

14CIPJO Analytical |nStrumentati0n Transducer Engineering

14CIPKO | MEMS Transducer Engineering

14CIPLO Multi sensor data fusion Systems Theory
Transducer Engineering

14CIPMO Robotics Systems theory 4
Transducer Engineering

14CIPNO Embedded System Design Microcontroller based system 4
Design
C Programming

14CIPP0O/ | SCADA Measurements and 4

14PSPJO Instrumentation

14CIPQO/ | Real Time Operating System Microprocessor/ 4

14PSPCO Microcontrollers

14CIPRO Non linear control Control systems 4
Systems Theory

14CIPSO Digital Image Processing Advanced Digital Signal 4
Processing

14CIPTO State Estimation Control Systems 4
Systems Theory
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APPLIED MATHEMATICS FOR Category L T P Credit

14CI110714PS110 ELECTRICAL ENGINEERS BS 31 0 4

Preamble

An engineering PG student needs to have some basic mathematical tools and techniques to
apply in diverse applications in Engineering. This emphasizes the development of rigorous
logical thinking and analytical skills of the student and appraises him the complete procedure
for solving different kinds of problems that occur in engineering. Based on this, the course
aims at giving adequate exposure in Linear Algebra to find the singular value decomposition
and Pseudo inverse of the matrix, Random Process to deal the Random Experiments with

the state space S and parameter set T, stationary Functions, Gaussi an Processé¢,

of Variations to find the maximum or minimum value of a definite integral involving certain
functions.

Prerequisite

1 Matrix,
1 Probability and Statistics,
9 Calculus.

Course Outcomes
On the successful completion of the course, students will be able to:

CO1.| Compute the pseudo- inverse of the rectangular matrix and Decompose ApDl
the non-square matrix by singular value decomposition bply
CO2.| Derive the probability density function of a function of random variables. Apply
c03.| Estimate the functions of time when the probability measure is ApDl
associated through random process PPl
CO4.| Optimize the functional involving several variables and higher ApDl
derivatives. PPl

Mapping with Programme Outcomes

COs | PO1 | PO2 | PO3 | PO4 | PO5 | PO6 | PO7 | PO8 | PO9 | PO10 | PO11
CO1. S S S S M S S S
Co2. S S S M M S L S S
COas. S S S S M S S S
CO4. S S S S M S M S S

S- Strong; M-Medium; L-Low

Assessment Pattern

Bl oombs Ca Colntmuous As;essment Te;ts Terminal Examination
Remember 10 10 10 10
Understand 10 20 20 20
Apply 80 70 70 70
Analyse 0 0 0 0
Evaluate 0 0 0 0
Create 0 0 0 0
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Course Level Assessment Questions
Course Outcome 1 (CO1):
1. Define Generalized eigen vectors.

1 2
2. Determine the singular value decomposition of (1 1)
1

—4 2 2
3. construct QR decomposition of the matrix( 3 -3 3)
6 6 0

g ) 7
4. Find the canonical basis for the matrix. [0 4 0.
3 -3 1

2 2 =2
5. Obtain the generalized inverse ofé 2 2 —2) .
-2 -2 &6
Course Outcome 2(C0O2)
1. What is meant by independent random variable?

2. If the joint pdf of X and Y is f(x,y)= x+y,0<x<2,0<y<1
=0 else where
Show that X and Y are statistically dependent.
3. The current | and resistance R in a circuit are independent continuous RVs with the

following density functions.

f(i) = 2i, 00i O1
=0 ?Ise where,

g ==, 00ri O3
=0 else where,

find the p.d.f of the voltage E in the circuit where E IR.
4. Train A arrives at a station at random in the time interval(0,T) and stops for a

minutes. Train A arrives at a station at random in the time interval(0,T) and stops for
a minutes independently.

a. Find the probability that X will arrive before Y
b. Find the probability that two trains meet.
c. Assuming that the two trains meet, find the probability that X will arrive before Y

5. The joint pmf of a bivariate random variable (X,Y) is given by

P(x:y) = {k{zxf T ) xi=1,2; y; =12
0 otherwise
Find the Value of k. Find the marginal probability mass function of x and y. Are they

independent?

Course Outcome 3(CO3)

1. What is wide sense stationary process. _
2. Check whether the random process X(t) =Ae"* is a WSS if E[A]=0
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3.

If the random process X(t)= sin(“t ¥¥) where y is a random variable uniformly
distributed in the interval (0,27),prove that for the process X(t), C(ty,t) =

coswit, —t,)
R(t1,t2)= 2
If the function of Gaussian process are uncorrelated, then P.T. they are
Independentant.
Calculate the power spectral density of a stationary random process for which the

auto correlationis R, (¢) = s 2 !

Course Outcome 4(CO4)
1. Write the Solution of the Eulers equation v(y(x))= [ F(v.)dx.

2.

Determine the extremals of J’,,:{y” +z*2 + 2y*)dx satisfying the conditions y(0)=0,y(>)=
1,z2(0)=1 and z(?] =0.

Apply Ritz method to find approximate solution of the problemy 6 6 +y +x =0,
y(0) =0=y(1).

4 2
Prove that the extremal of the isometric problem v(y(x))= Iy

dx, y(1)=3, y(4)=24

4
subject to Iy dx= 36 is a parabola
A curve C joining the points (x (X, ¥,),(X,,¥,)is revolved about the x-axis. Find the
shape of the curve so that the surface thus generated is a minimum.

Concept Map

CN11/K1l1 Applied Mathematics for
Electrical Engineers

Two
Advanced Matrix Dimensional Random Process Calculus of
Theory Random Variations
Variables
4 Y
f Y 2 N 7~ ~
1.Matrix Morms 1.Stationary random
Generalized eigen ) processes o .
wectors 1. Introeduction to > Auto Correlation 1.\ariations and its
;anMdom \.re;rla(ljles Cross Corralat on properties
2.5ingular Value qu?irggnaa?n 3.Power spectral )
Decomposition density Z.Functional dependent on
probability first and higher order
distributions 4.linear system  with derivativas g
3.Pseudoinverse 3..Functions of a randeminput
random variasle S— | d dent
Functional dependent on
4. L east Square 5.Gaussian Process, functicns =3 several
approxi mation independent varisbles
A y \ s 4.Direct methods: Ritz and
\ ) kantorovich methods,
\ V.
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Syllabus

Advanced Matrix Theory

Matrix Norms i Jordon canonical form i Generalized eigen vectors i Singular Value
Decomposition i Pseudo inverse T Least Square approximation i QR algorithm. (Treatment
as per text book 1).

Two Dimensional Random Variables

Introduction to random variables. Marginal and Conditional probability distributions,
Independent random Variables, Functions of a random variable, distribution of product and
guotient of independent random variables. (Treatment as per text book 2).

Random Process

Classification 7 Stationary random processes 1 Auto Correlation i Cross Correlation 1
Power spectral density i Linear system with random input i Gaussian Process. (Treatment
as per text book 3).

Calculus of Variations

Variations and its properties TEu | er 6 s TeFgnctional dependent on first and higher
order derivatives 7 Functional dependent on functions of several independent variables i
Some applications 7 Direct methods: Ritz and Kantorovich methods. (Treatment as per text
book 4).

1.

2.

3.

4.

5.

6.

Reference Books
Bronson, R, i Matrix Operations, Schaums Outl
1989.
Paul L. Meyer, Al ntroductoryplPcababinlsiot y aAd
Wesley,1981.
Peebles JR., PX%Z. Y ) iProbability Random Vari e
McGraw Hill inc.,(1993)
Gupta . A.S. , 0Calculus of variations and ap|
Delhi, 1999.
Irwin Miller, JohnE. Freund AProbability and Statistics
India Pvt. Ltd.; New Delhi, 1977.
T.Veerarajan AProbability, St ati st-Hilkcdewand Ra!
Delhi, 2003.

Course Contents and Lecture Schedule

Module Topic No. of

No. Lecture
Hours

1.0 Advanced Matrix Theory

1.1 Matrix Norms 1

1.2 Jordon canonical form i Generalized eigen vectors 2

1.3 Singular Value Decomposition 2

1.4 Pseudo inverse 2

1.5 Least Square approximation 2

1.6 QR algorithm 1

2.0 Two Dimensional Random Variables

2.1 Introduction to random variables 2

2.2 Marginal and Conditional probability distributions 1

2.3 Independent random Variables 1

2.4 Functions of a random variable 2

25 distribution of product and quotient of independent random 2

variables
3.0 Random Process
3.1 Classification 2
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3.2 Stationary random processes 2
3.3 Auto Correlation, Cross Correlation 2
3.4 Power spectral density 2
3.5 Linear system with random input 2
3.6 Gaussian Process 2
4.0 Calculus of Variations
4.1 Variations and its properties 2
4.2 Eul erds equation 2
4.3 Functional dependent on first and higher order derivatives 2
4.4 Functional dependent on functions of several independent 2
variables, Some applications
4.5 Direct methods: Ritz and Kantorovich methods 2
Total 40

Course Designers:

1. Dr.V.Mohan vmohan@tce.edu
2. Dr.S.Jeyabharathi sjbmat@tce.edu
3. Dr.C.S. Senthil Kumar kumarstays@tce.edu
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Category L T P Credit

14CI120/14PS120 SYSTEMS THEORY

PC 31 0

Preamble

4

Modern control theory is a powerful technique for the analysis and design of linear and
nonlinear, time-invariant or time varying MIMO systems. The classical design methods suffer
from certain limitations due to the fact that the transfer function model is applicable only to
linear time invariant systems, and that there too it is generally restricted to single-input,
single-output (SISO) systems. This course aims at giving an adequate exposure in state
space analysis, state space controller design, MIMO system, Non-linear system, stability
analysis.

Prerequisite
Control Systems, Matrix Algebra, Vector calculus,

Course Outcomes
On the successful completion of the course, students will be able to

co1 | Construct the state space model for the given electrical/electro- | Apply
mechanical systems
c02 | Design pole placement controller and/or observer for the given system | Apply
to achieve desired specifications
co3 | Explain optimal state regulator and stochastic optimal regulator Understand
co04 | Explain the frequency domain characteristics of MIMO system Understand
cos5 | Construct the phase plane trajectory of a given nonlinear system Apply
coe6 | Explain describing function for various nonlinearities Apply
CcO7 | ldentify the existence of limit cycle(s) for the given nonlinear system | Apply
using describing function method
cog | ldentify the stability of the given linear and nonlinear system using | Apply
Lyapunov stability theory
Mapping with Programme Outcomes
COs | PO1 | PO2 | PO3 | PO4 | PO5 | PO6 | PO7 | PO8 | PO9 | PO10 | PO11
CO1 | S M M M M
CO2 | S M M M M
CO3 | M S S
CO4 | M S S
CO5 | S M M M M
CO6 | S M M M M
CO7 | S M M M M
Cco8 | S M M M M

S- Strong; M-Medium; L-Low
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Assessment Pattern

" Continuous Assessment Tests . L
Bl ooméds Ca 1 5 3 Terminal Examination
Remember 20 20 20 20
Understand 20 20 20 20
Apply 60 60 60 60
Analyse 0 0 0 0
Evaluate 0 0 0 0
Create 0 0 0 0

Course Level Assessment Questions

Course Outcome 1 (CO1):
1. Consider the hydraulic system shown in fig.1. Derive state space equations for the

system with water levels h; and h, in the two tanks as the state variables x; and X,

respectively and discharges d;, 12 and Q as the outputs y,, y, and ys respectively.

g . {

2. Obtain the state model of the electrical network shown in fig.2 by choosing v1 (t) and

v2 (t) as state variables.

3. Afeedback system is characterized by the closed loop transfer function:

r(s) = 52+ 35+3
(53 +42524+35+1)
Draw a suitable signal flow graph and there from construct a state model of the
system.

Course Outcome 2 (CO2):

1. A computer system has the double(irjtegrator plant
¥is 1

R(s) 52
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() Taking x;=y and x, =y as state variables, obtain the state variable model of the
plant.

(i) Find kiand k; such that u=-kx - k,x, gives closed-loop characteristic roots with
w, =1 and x =0.707

(iii) Design a full-order observer that estimates x; and x, given measurements of x;. Pick

the characteristic roots of the state-error equations with w, =5 and x =0.5

A servo system has the plant described by the equation
el -2 -22 o
ofy — € u u
X°(t) =g 0 -1 1 gX(t)+gOgu(t)
el 0 -1y ey
Y®)=[1 1 0] X(t)

Find a suitable pole placement controller to place the closed pole locations at -2, -2,-3.

3. Obtain the error equation for full order and reduced order observer.

Course Outcome 3 (CO3):

1. Consider the system shown below. Determine the optimal feedback gain matrix K such
that the following performance index is minimized:

-« 4 2 0
J=1/2 [T (xT Qx +2u?) dt; Q:(EI 2).
2. Explain the working of stochastic optimal state estimators.

3. Write the expression for performance index (J) of an optimal regulator problem.

Course Outcome 4 (CO4):
1. Define singular values
2. Define transmission zero
3. Explain the frequency domain analysis of MIMO systems

Course Outcome 5 (CO5):

1. A linear second order servo is described by the equation, ¥ + 2{w, ¥ + w3y = w3, where
w,=1, y(0)=2, ¥( 0) =0, e=1.5. Determine the singular
trajectory.

2. Determine the kind of singularity for each of the following differential equations. Also
locate the singular points on the phase plane:
J+3y+2y=0
y+5)+6y=6
P-8y+17y=34

3. Define phase trajectory.
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Course Outcome 6 (CO6):

1. Obtain the describing function of dead zone and saturation non linearity.
2. Explain in detail about different non linearity.
3. Obtain the describing function of relay with hysteresis.

Course Outcome 7 (CO7):
1. Consider the system shown below. Using the describing function analysis, investigate

the possibility of a limit cycle. If a limit cycle is predicted, determine its amplitude and
frequency and investigate its stability.

e ul 1 Y
—- - - -
) H? 21 s(s+1)

Y

2. Explain the stability analysis of non linear system by describing function method.

3. Investigate the stability of a relay controlled system shown in figure.

e l} [ K Y
A [T (s+1)(0.1s+1)2 i

Course Outcome 8 (CO8):

1. Consider the linear autonomous system i = [_ﬂi _12];\:

Using direct method of Lyapunov, determine the stability of the equilibrium state.

2. Check the stability of the equilibrium state of the system described by

X = X2
.'i': = —X;— x%x:
3. Consider a nonlinear system described by the equations
.'i-'l = _3.'1-'1 + X2
.'3;:: = xl - x: - x;

Using the Krasovskii method for constructing the Lyapunov function with P as identity
matrix, investigate the stability of the equilibrium state.
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Concept Map

System Theory

Classified as

Linear Systems Non linear Systems

SISO Systems
\ 3.MIMO Systems

‘ 5.1 Introduction to stability

1. State space design

1.1 State Space Design
1.2 Stare models
1.3 State transition matrix
1.4 Observability and controllability

5.2 Lyapunov stability analysis
5.3 Direct method
5.4 Linear and non linear
continous time

[2. State space controller design]

|

2.1 Pole placement technique
2.2 Full order and reduced order observers
2.3 Seperation principle
2.4 Optimal linear state regulator

4.1 Types
4.2 Equivalent linearization

4.3 Phase plane analysis

autonomous systems
5.6 Krasovskii and variable

3.2 Impulse response matrix 4.5 Descrbing functions
gradient method

3.3 Poles and Zeros 4.6 Jump resonance
3.4 Frequency response analysis

3.1 Transfer function matrix J 4.4 Limit cycles

Syllabus

State Space Analysis

Introduction - Concept of state space model for dynamic systems i Time invariance and
Linearity- Non-uniqueness - Minimal realization i Canonical state models - Solution of state
equations 7 State transition matrix - Free and forced responses i Controllability and
observability- Stabilisability and detectability.

State Space Controller Design

Introduction i State Feedback control T Pole Placement by State Feedback i Full Order and
Reduced Order Observers 1 Separation principle 1Optimal linear state regulator
Stochastic optimal linear estimator.

MIMO Systems

Properties of transfer functions Matrix i Impulse response matrices i Poles and zeros of
transfer function matrices i Critical frequencies T Resonance 1 Steady state and dynamic
response i Bandwidth- Nyquist plots i Singular value analysis.

Non-Linear Systems

Types of non-linearity i Typical examples i Equivalent linearization i Phase plane analysis
T Limit cycles 7 Describing functions- Analysis using Describing functions 1 Jump
resonance.

Stability

Introduction 7 Equilibrium Points i Stability in the sense of Lyapunov i BIBO Stability i
Stability of LTI Systems-Equilibrium Stability of Nonlinear Continuous Time Autonomous
Systems 1 The Direct Method of Lyapunov and the Linear Continuous Time Autonomous
Systems i Finding Lyapunov Functions for Nonlinear Continuous Time Autonomous
Systems i Krasovskii and Variable-Gradient Method.
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Reference Books

1. M.

Gopal, AModern Control System Theoryo,

2" edition, 2005.

New

E

2. K. Ogatean g&Madr ol Engineeringo, PHI Publicati
3.1 .J. Nagarath : M. Gopal, AControl Syst ems
Publications, 4" edition, New Delhi, 2006.

4. M. Gopal, nDi gital Contr ol 7 emventiosalt eamd mtelligeatr i abl e
control systemso ”edfiantNew Dthig20e8w Hi | | 3

5. Stanley M. Shinners, fAModern c onlEEER! editiognst e m

1998.

Course Contents and Lecture Schedule

Module Topic No. of
No. Lecture
Hours
1.0 State Space Analysis
1.1 Introduction - Concept of state space model for dynamic systems 1
1.2 Time invariance and Linearity, Non-unigueness, Minimal realization, 2
Canonical state models
1.3 Solution of state equations i State transition matrix 2
1.4 Free and forced responses 1
15 Controllability and Observability 2
1.6 Stabilisability and Detectability 1
2.0 State Space Controller Design
2.1 Introduction i State Feedback control 1
2.2 Pole Placement by State Feedback 2
2.3 Full Order and Reduced Order Observers 2
2.4 Separation principle 2
2.5 Optimal linear state regulator 2
2.6 Stochastic optimal linear estimator 1
3.0 MIMO Systems
3.1 Properties of transfer functions Matrix 1
3.2 Impulse response matrices 2
3.3 Poles and zeros of transfer function matrices 1
3.4 Critical frequencies, Resonance, Steady state and dynamic response, 1
Bandwidth
3.5 Nyquist plots 2
3.6 Singular value analysis 1
4.0 Non-Linear Systems
4.1 Types of non-linearity i Typical examples 2
4.2 Equivalent linearization 1
4.3 Phase plane analysis 2
4.4 Limit cycles 1
4.5 Describing functions- Analysis using Describing functions 2
4.6 Jump resonance 1
5.0 Stability
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5.1 Introduction i Equilibrium Points 1
52 Stability in the sense of Lyapunov i BIBO Stability 7 Stability of LTI 2
Systems
5.3 Equilibrium  Stability of Nonlinear Continuous Time Autonomous 2
Systems
54 The Direct Method of Lyapunov and the Linear Continuous Time 1
Autonomous Systems
55 Finding Lyapunov Functions for Nonlinear Continuous Time 1
Autonomous Systems
5.6 Krasovskii and Variable-Gradient Method 2
Total 45

Course Designers:

1 Dr.S.Baskar sheee@tce.edu
2 Mr.V.Mahesh maheshv@tce.edu
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Category L T P Credit
PC 310 4

14CI130 TRANSDUCER ENGINEERING

Preamble

Sensor and Transducer are used in automation, in construction, domestic appliances,
industries, transport, health services, and other applications. Advances in processing and
computation have opened up opportunities for very accurate control of plants, processes,
and systems. Sensors/Transducers have helped achieve substantial accuracy and control as
automation of any kind begins with the measurement of certain system parameters of which
sensors and transducers form and essential and indispensable part. Industrial process
monitoring has become possible by appropriate and accurate sensing of the relevant
variables. This course deals with different sensors and transducers their characteristics,
operation and applications.

Course Outcomes
On the successful completion of the course, students will be able to

(CO) Course Outcome Bl oombs

(CO1) | Explain the static and dynamic characteristics of transducers Understand
and final control elements

(CO2) | lllustrate the mathematical model for resistive, inductive, Understand
capacitive, Piezo-electric, thermo-emf, magneto-resistive, hall
effect

(CO3) | Choose suitable sensors/transducers for pressure, flow, Apply

temperature, magnetic field, displacement, torque, shock,
vibration, liquid level, Ph, viscosity, conductivity, humidity and
illumination measurement applications

(CO4) | Choose suitable signal conditioning methods for a specific Apply
application

Mapping with Programme Outcomes

COs | PO1 | PO2 | PO3 | PO4 | PO5 | PO6 | PO7 | PO8 | PO9 | PO10 | PO11
CO1. | S

CO2. | S

CO3 | S M

CO4 | S M

S- Strong; M-Medium; L-Low

Assessment Pattern

Bl oomés Ca Ccintmuous As;essment Tezts Terminal Examination
Remember 20 20 20 20
Understand 40 40 40 40
Apply 40 40 40 40
Analyse 0 0 0 0
Evaluate 0 0 0 0
Create 0 0 0 0
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Course Level Assessment Questions

Course Outcome 1 (CO1):

1. Define the term Resolution

2. Distinguish between Accuracy and Precision.
3. List the causes for hysteresis in transducers.

Course Outcome 2 (CO2):

1. Write the relationship between temperature and resistance of conductors in RTD.

2. A piezo electric transducer has a capacitance of 1000 pF and a charge sensitivity of
4 X 10° Coulomb/cm. The connecting cable has a capacitance of 400 pF. The
display device has an input impedance of 1 M ohm resistance and 50 pF capacitance
connected in parallel. What is the lowest frequency that can be measured with 2
percent error?

3. A Hall element made out of Sn-Ge with co-efficient of 8 X 10°V-m® (Wb-Amp) is
subjected to a magnetic flux density of 0.75 Wb/sq.m. The thickness of this element
is 2 mm. When a current of 1.5 A is flowing through the element, what is the voltage
output.

Course Outcome 3 (CO3):
1. Classify the different methods of measuring temperature
2. Write some Natural and artificial piezoelectric crystals
3. State the limitations of contact type shaft encoders.

Course Outcome (CO4):

1. To avoid self-lead error while using an wheatstone bridge for measurement of
temperature using RTD, what should be the type of RTD to be used?

2. Of the two instruments, viz. Voltmeter and Oscilloscope, which of the meters will you
use to find out the displacement from a LVDT, whose manufacturer data you have.
Why?

3. Substantiate the necessity for going in for ac supply when using a Differential
pressure transmitter.

Concept Map

Sensors & Transducers
deatswin € N
e are classified based on
i

<
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‘// & includes vai
(”D" ““““ 1.3 Errors [l‘a i A//

gnal
- for reducing noise
characteristics " ] [2—0 Rﬂs‘stam) ( 3.0 ]nductan(s)[ 4.0 Capacitance | 5.0 seekbeck
characteristics includes discusses v effect

4 -,
Zaro, First, Second Sources & reduction ‘W is varied
Accuracy,procision | | “orr sveteme by
Threshold..,ete
2.1 Potentiometer | [ 2.3 Thermistor 2.2 Strain
v Guage
T

because of

ect
ation in

11 fiber
X jital

6.0 piezo
electric

7.0 Hall
effect G
v
deals with

deals with

6.1 Modes of | [ 7.1 working oV y— 9.1 dassification | [ Temperature flow
operation & application s & operation and level

5.1
will need to have

aperates under
v
ex; Linear,Angular Temperature 2.2 Change in
Potentiometers Coefficient of Geomentry
resistance

applied in

2.4 Hot wire 4.1 Change in area,
Anemometer distance, Dielectric

v

based on

fi
application in
A4

6.2 Loading
efffects
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Syllabus

Introduction to measurement systems: Elements of a measurement system i Definition
of Sensor/ Transducer

Performance Characteristics of Transducers

Static characteristics: Meaning of static calibration, Accuracy, Precision, bias, Linearity,
Threshold, Resolution, Hysteresis and Dead space, Scale readability and span

Dynamic characteristics: Sinusoidal transfer function, zero order transducer, First order
transducer, Step, Ramp, Frequency and Impulse response, Second order transducer, Step,
Ramp Frequency and Impulse response - Errors in measurement process: Sources and
reduction of systematic error, Random error

Variable Resistance Transducers

Potentiometers: Loading effect, Power rating of potentiometers, Linearity and Sensitivity,
Construction of potentiometers, Non-linear potentiometers - Strain gauges

Theory of Strain gauges, Types of strain gauges, Characteristics of strain gauges -
Resistance thermometers:  Characteristics, Linear approximation,  Quadratic
approximation, 2 wire RTD, 3 wire RTD 1 Thermistors: Resistance vs. Temperature
characteristics - Hot wire anemometers: Constant current mode and Constant temperature
mode

Variable Inductance transducers

Variable Inductance sensor - Linear Variable Differential Transformer Construction, Working
principle, Auxiliary circuits

Variable capacitance transducers

Change in area of plates, Change in distance between the plates, Differential arrangement,
Variation of dielectric constant, Frequency response.

Thermocouples - Construction, Measurement of thermocouple output, Law of
Thermocouples, Compensating circuits, Reference junction compensation, Lead
Compensation

Piezoelectric transducers -Modes of operation of piezoelectric crystals, Properties,
Equivalent circuit of piezoelectric transducers, Loading effects and frequency response

Hall effect transducers- working principle, application, Magnetostrictive transducers-
principle of operation

Digital encoding transducers i Classification of encoders, Construction of encoders i
Signal generation - Brush type, Optical type, Magnetic type, Eddy current type

Fibre optic sensors i Liquid level sensing, Pressure sensing.

Smart sensors: Introduction, primary sensors, Excitation, Amplification, Filters, Convertors,
Compensation, Information coding process, Data communication

Transmitters - Standards and Calibration: Instrumentation current Standards,
Instrumentation Pressure Standards, Calibrators
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Reference Books

1.
2.

3.
4.
5.

E.O.Doubelin, Measurement Systems, McGraw Hill Book Company, 2008

Tony R. Kuphaldt , Lessons In Industrial Instrumentation ,Version 1.0 i Released
September 28, 2009

D. Patranabis, Sensors and Transducers, Wheeler Publishing, 2006

Hermann, K.P. Neubert, Instrument Transducers, Oxford University Press, 1988
D.V.S. Murthy, Transducers and Instrumentation, Prentice Hall of India Pvt. Ltd.,
2008

Course Contents and Lecture Schedule

Module . No. of
No. Topic Lecture
Hours
Introduction to measurement systems: Elements of a measurement 1
1.1 . —
system i Definition of Sensor/ Transducer
Performance Characteristics of Transducers 2
Static characteristics: Meaning of static calibration, Accuracy,
Precision, bias, Linearity, Threshold, Resolution, Hysteresis and Dead
19 space, Scale readability and span
' Dynamic characteristics: Sinusoidal transfer function, zero order
transducer, First order transducer, Step, Ramp, Frequency and Impulse
response, Second order transducer, Step, Ramp Frequency and
Impulse response
13 Errors in measurement process: Sources and reduction of 2
' systematic error, Random error
2.0 Variable Resistance transducers
2.1 Potentiometers: Loading effect, Power rating of potentiometers, 2
Linearity and Sensitivity, Construction of potentiometers, Non-linear
potentiometers
2.2 Strain gauges 2
Theory of Strain gauges, Types of strain gauges, Characteristics of
strain gauges
2.3 Resistance thermometers: Characteristics, Linear approximation, 2
Quadratic approximation, 2 wire RTD, 3 wire RTD Thermistors:
Resistance vs. Temperature characteristics
24 Hot wire anemometers: Constant current mode and Constant 2
temperature mode
3.0 Variable Inductance transducers
3.1 Variable Inductance sensor - 1
3.2 Linear Variable Differential Transformer Construction, Working 2
principle, Auxiliary circuits
4.0 Variable capacitance transducers
4.1 Change in area of plates, Change in distance between the plates, 2
Differential arrangement, Variation of dielectric constant, Frequency
response.
5.0 Thermocouples Compensating circuits, Reference junction compensation, Lead
Compensation
5.1 Construction, Measurement of thermocouple output 2
5.2 Law of Thermocouples, Compensating circuits, Reference junction 2
compensation, Lead compensation
6.0 Piezoelectric transducers
6.1 Modes of operation of piezoelectric crystals, Properties, Equivalent | 2
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circuit of piezoelectric transducers

6.2 Loading effects and frequency response 2
7.0. Hall effect transducers

7.1 working principle, application | 2
8.0 Magnetostrictive transducers

8.1 Principle of operation 1
9.0 Digital encoding transducers

9.1 Classification of encoders, Construction of encoders i Signal 3

generation - Brush type, Optical type, Magnetic type, Eddy current type

10. Smart sensors

10.1 Introduction, primary sensors, Excitation, Amplification, Filters, 3
Convertors, Compensation, Information coding process, Data
communication

11. Fibre optic sensors
Liquid level sensing, Pressure sensing 3
12. Transmitters 1
13. Standards and Calibration: Instrumentation current Standards, 1
Instrumentation Pressure Standards, Calibrators
Total 40

Course Designers:

1. Dr.V.Prakash vpeee@tce.edu
2. Mr.B.Ashok kumar ashokudt@tce.edu
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Category L T P Credit
PC 310 4

PROCESS CONTROL AND

14CI140 INSTRUMENTATION

Preamble

Process control is an important area of control theory. It enables mass production with
desired quality, safe operation of many industries. Objective of the course is to introduce the
concepts of modelling, analysis & control of SISO/MIMO processes and recent trends in
process instrumentation.

Prerequisite
Ordinary differential equations
Laplace Transforms
Control System
Course Outcomes
On the successful completion of the course, students will be able to

CO1 | Construct the state space and transfer function model of chemical

processes Apply

CO2 | Analyze the time domain and frequency domain characteristics and

stability of a given chemical process Analyze

CO3 | use PID tuning methods to achieve the desired specifications for a

given process Apply

Explain the working principle of dead time compensation, inverse
response compensation, Cascade, Ratio, Feed forward, adaptive and
selective control scheme

CO4
Understand

Design decentralized PID controller and Dynamic matrix controller for a
given multivariable process

CO5 Analyze

Explain the characteristics of HART & field bus protocols

CO6 Understand

Mapping with Programme Outcomes

COs
Cco1
CO2
CO3
CO4
CO5

CO6 | L
S- Strong; M-Medium; L-Low
Assessment Pattern

PO1 | PO2 | PO3 | PO4 | PO5 | PO6 | PO7 | PO8 | PO9 | PO10 | PO11

ninnn|
niZ|n|lun

Bl o o méategorg Ccintmuous As;essment Tezts Terminal Examination
Remember 10 10 10 10
Understand 25 30 20 20
Apply 15 30 20 40
Analyse 0 30 50 40
Passed in BOS Meeting held on 11-04-2015 29 Approved in 50" AC Meeting held on 30.05.2015




Evaluate 0 0 0 0

Create

0 0 0 0

(CO4 for CAT Ill shall be evaluated from case studies/simulations)

Course Level Assessment Questions

Course Outcome 1 (CO1):

1.
2.
3.

Construct the mathematical model of Continuously stirred tank reactor
Construct the mathematical model of Continuously stirred tank heater
Develop the mathematical model of Quadruple tank process

Course Outcome 2(C0O2)

1.

Sketch the unit step response of the process with transfer function

1
G ="F———€*
) s*+8s+25
Using Nyquist stability criterion comment on the closed stability of the process
1
G(s)=5¢€°
S
. - : . 01
Consider a liquid level control process with transfer functlonG(s)=Ols+1e .

Water flows in to the tank at the rate of 100Iph. Linear velocity of water is 2m/s.
Because of some constraint, the control valve has to be moved far away from the
tank. Find the maximum distance at which the control valve can be placed without
affecting the closed loop stability of the process

Course Outcome 3 (CO3)

1.

2.
3.

01 .

Calculate the PID controller parameters for the process G(S) = Ols+le_

using

Ziegler Nichols method
lllustrate the effects of integral windup and the methods to overcome it.
Explain the relay feedback method of PID tuning

Course Outcome 4 (CO4)

1.
2.
3.

With suitable diagram explain the working principle of Smidth Predictor
Explain the principle of operation of various adaptive control schemes.
Describe cascade control with an example

Course Outcome 5 (CO5)

1.

Consider the MIMO Process given below. Design decentralized P controller to
increase the speed of the process by 10 times

& 2.6 1.5 2
G = N
o(o) 62s+1 (62s+ 1)(23s+ 1)

é 0

& 14 2.8 U
&30s+1)(90s+1) 90s+1 7

Design simplified and static decoupler for the process shown above. Compare their
performance at the frequencies 0.01rad/s, 1 rad/s and 100 rad/s
Compare the features of various MPC packages.
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Course Outcome 6 (CO6)
1. llustrate the role of HART as a bridge in analog and digital instrumentation
2. With suitable diagram explain HART 1/O Interfaces
3. Compare the features of various Industrial field buses

Concept Map

(Process Control and Instrumenlalioﬂ]

needs nessessitates involve

1 Review of systems 2 Stability Analysis - \ \
3 Special control 4 Linear Multivariable 5 Recent trends in
/ ] techniques

requires knowledge entails

basics of control Instrumentation system

~
i needs to know
requires demands

includes
1.1 Review of first and higher order systems
1.2 Closed and open loop response

1.3 Response to step,impulse and sinusoidal 2.1 Frequency response heianalE=oluitzanatle 5.1 HART- Protocal- HART foundation
disturbances 2.2 Design of control system systems 5.2 FSK system

1.4 Control valve types 2.3 Controller tuning and process 4.2 [qteractinns » coupling and 5.3 HART transmitter - HART I/O

1.5 linear, equal percentage and guick opening identification decoupling interfaces

valve 2.4 Ziegler Nichols and Cohen coon 4.3 Niederlinski index 5.4  Field bus system - Topology of
1.6 Design of valves tuning methods 4.4  tuning of multivariable field bus

1.7 Transient response, block diagrams 2.5 process modelling based on Bode, controllers 5.5 Industrial field buses- FIP

1.8 Basic control action-On/Off, floating control Nyquist plots 4.5 MPC - dynamic matrix control 5.6 PROFI bus- foundation field bus
1.9 Design of P,PL,PID controllers 4.6 K properties of commercial MPC 5.7 Controller- Field bus 1/0 interfaces
1.10  Pneumatic and electronic controllers packages

1.11 Mathematical modeling of fluid systems,

Thermal system 3.1 Advanced control techniques, cascade,

ratio, feedforward, adaptive controls
3.2 Smith predictor algorithm

3.3 internal model control

3.4 theoretical analysis of complex
processes

Syllabus
Review of systems

Review of first and higher order systems i Closed and open loop response-Response to
step, impulse and sinusoidal disturbances- Control valve types- linear, equal percentage and
quick opening valve- Design of valves- Transient response- block diagrams-Basic control
action-On/Off, floating control- Design of P,PI,PID controllers, Pneumatic and electronic
controllers, Mathematical modelling of Thermal system

Stability Analysis
Frequency response- Design of control system-Controller tuning and process identification-
Ziegler Nichols and Cohen coon tuning methods- Bode, Nyquist plots-process modelling

Special control techniques

Advanced control techniques- cascade, ratio, feed forward, adaptive controls- selective
control- Smith predictor algorithm- internal model control- theoretical analysis of complex
processes

Linear Multivariable control

Analysis of multivariable systems- interactions- coupling and decoupling 7 Niederlinski
index- tuning of multivariable controllers- MPC - dynamic matrix control- properties of
commercial MPC packages

Recent trends in Instrumentation system

HART- Protocol- HART foundation- FSK system- HART transmitter i HART I/O interfaces-
Field bus system i Topology of field bus- Industrial field buses- FIP- PROFI bus- foundation
field bus 1 Controller- Field bus I/O interfaces
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Reference Books

1.

2.

3.
4.

5.

6.

B. Wayne Bequette, APr qcebsessi @mnt raonld: SMonduel laitnig
Hall of India, 2004

Dale E. Seborg , Duncan A. Mellichamp , Thomas F. Edgar, and Francis J. Doyle, Ill
AProcess Dynamics and Control o, John Wiley ar
George Stephanopolus, "Chemical Process Control", Prentice Hall India,2000

Instrumentation symbols and identification ANSI/ISA-S5.1-1984 (R 1992), Instrument

Society of America, 1992

Wade, H. L., iRegul atory and advanced regul a
Research Triangle Park, NC, Instrument Society of America, 1994.

Qin, S. Joe, and Thomas A. Badgwell. "A survey of industrial model predictive control

technology." Control engineering practice 11, no. 7 (2003): 733-764.

Course Contents and Lecture Schedule

Module Topic No. of
No. Lecture
hours
1 Review of systems
1.1 Review of first and higher order systems 1
1.2 Closed and open loop response 1
1.3 Response to step, impulse and sinusoidal disturbances 1
1.4 Control valve types 1
1.5 linear, equal percentage and quick opening valve 1
1.6 Design of valves 1
1.7 Transient response, block diagrams 1
1.8 Basic control action-On/Off, floating control 1
1.9 Design of P,PI,PID controllers 1
1.10 Pneumatic and electronic controllers 4
1.11 Mathematical modelling of Thermal system 2
2 Stability Analysis
2.1 Frequency response 1
2.2 Design of control system 1
2.3 Controller tuning and process identification 2
2.4 Ziegler Nichols and Cohen coon tuning methods 1
2.5 Process modelling based on Bode, Nyquist plots 2
3 Special control techniques
3.1 Advanced control techniques, cascade, ratio, feed forward, adaptive 3
controls
3.2 Smith predictor algorithm 1
3.3 Internal model control 2
3.4 Theoretical analysis of complex processes 1
4 Linear Multivariable control
4.1 Analysis of multivariable systems 1
4.2 Interactions , coupling and decoupling 2
4.3 Niederlinski index 1
4.4 tuning of multivariable controllers 1
4.5 MPC - dynamic matrix control 1
4.6 Properties of commercial MPC packages 1
5 Recent trends in Instrumentation system
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51 HART- Protocol- HART foundation 1
5.2 FSK system 1
53 HART transmitter i HART I/O interfaces 1
5.4 Field bus system 1 Topology of field bus 1
5.5 Industrial field buses- FIP 1
5.6 PROFI bus- foundation field bus 1
5.7 Controller- Field bus I/O interfaces 1

Total 45

Course Designers:

1. Mr.M.Varatharajan varatharajan@tce.edu
2. Dr.D.Kavitha dkeee@tce.edu

Passed in BOS Meeting held on 11-04-2015 33

Approved in 50" AC Meeting held on 30.05.2015



mailto:varatharajan@tce.edu
mailto:dkeee@tce.edu

MICROCONTROLLER BASED Category L T P Credit

14CI150 SYSTEM DESIGN PC 300 3

Preamble

This course provides a broad and systematic introduction to microcontroller based system
design. It explores the hardware architecture, programming and applications of C8051F040.
Both assembly and C languages are used in programming. The details about hardware and
software development tools (SiLab IDE) are discussed.

Prerequisite
Digital systems
Micro Processors and Microcontrollers.

Course Outcomes
On the successful completion of the course, students will be able to

CO1 | Explain about the architecture and peripherals of C8051F040 Understand
CO2 | DescribeAssembly and C programming of C8051F040 Understand
CO3 | WriteC8051F040 programs for various applications. Apply
CO4 | Design a suitable interface to control a given system using uC. Apply

Mapping with Programme Outcomes

COs | PO1 | PO2 | PO3 | PO4 | PO5 | PO6 | PO7 | PO8 | PO9 | PO10 | PO11
COl | s L

CO2 | s M L

CO3 |s S S S S M

CO4 | s S S S S M

S- Strong; M-Medium; L-Low

Assessment Pattern

Bl o o i@ategory C(intmuous As;essment Tezts Terminal Examination
Remember 40 20 0 20
Understand 40 40 0 20
Apply 20 40 100* 60
Analyse 0 0 0 0
Evaluate 0 0 0 0
Create 0 0 0 0

CAT3 MAY BE CONDUCTED IN MICROCONTROLLER LABORATORY TO TEST CO3 AND CO4
Course Level Assessment Questions

Course Outcome 1 (CO1):
1. What are the registers associated with the operation of the AD module? What is the
function of ADON bit? What is right and left justification of AD results?
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Compare SPI, I°C, and USART stating the possible application areas.

What is an interrupt?

What is a function prototype?

Why it is more efficient to use interrupts to handle inputs and outputs.

What is pre scaling and post scaling in timer 2? What is the advantage in using post
scaling?

Course Outcome 2 (CO2):

1.
2.
3.
4.

5.

Write assembler directives to reserve 20 bytes starting from the program-memory
Location 0x1200 and initialize them to 0x20.

State the advantages of C programming over assembly language programming.
What is the instruction sequence to output the value of input port P4? And write the
value to P5 of the C8051F040.

Write assembler directives to construct a table of the ASCII code of uppercase letters
starting from the program-memory location at 0x40.

Write an instruction sequence to output the value of input Port P5 of the C8051F040.

Course Outcome 3 (CO3):

1.

2.

3.

Write a program to generate a square waveform with a 50 percent duty cycle and a
frequency that alternates between 1 kHz and 2 kHz every four seconds.

Write a program to add the 16-bit numbers stored at internal data-memory locations
0x34 ~ 0x35 and 0x36 ~ 0x37, respectively, and save the sum at 0x40~0x41.

Write a C program to swap the first column of a matrix to last column.

Course Outcome 4 (CO4):

1.

2.

Write a program to use Timer 2 of the C8051F040 to create a time delay of 20 ms,
assuming that the C8051F040 is running with a 24-MHz external oscillator.

Write a program to generate a 500-kHz digital wave form with a 50 percentage duty
cycle from the T2 pin of a C8051F040 running with a 24-MHz crystal oscillator.
Interface C8051F040 with DC motor and write a program to control the speed of the
motor.

With suitable interfacing diagram, develop a C- program to interface matrix keyboard
with C8051F040.
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Concept Map

Syllabus
Introduction: CISC and RISC microcontroller.

C8051F040 Architecture: 1/O ports- Special function registers paging- Flash program
memory- External data memory interface and on chip XRAM- Clock generation and control-
C8051 Interrupts- C8051Reset- Power saving modes of operation.

Assembly and C programming of C8051F040: 8051 memory classes- 8051 assembly
directives- Hardware and software development tools- Using the SiLabs IDE- Stack data
structure- XRAM- Subroutine- Using the C Compiler- C language extensions- C library
functions -Using SiLabs IDE to develop C programs.

Peripherals of C8051F040: C8051F040 Timer 0, 1, 2, 3 and 4- Programmable Counter
Array-UART-A/D converter(ADCO and ADC2)- DAC- 12C bus- I°C protocol- SPI function i
SPI signal pins T Registers- SPI operation i Interrupt sources-Introduction to CAN-
C8051F040 CAN module.

Applications of C8051F040: Dc motor control using PWM Technique- Interfacing with 1°C

Serial real time clock DS1337- Interfacing EEPROM using SPI-LCD, Keyboard and stepper
motor interfacing
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