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THIAGARAJAR COLLEGE OF ENGINEERING, MADURAI - 625 015 

DEPARTMENT OF MECHANICAL ENGINEERING 

 

M.E MECHATRONICS PROGRAMME 

 

Vision: 

“Be a globally renowned school of engineering in Mechatronics” 

 

Mission: 

As a department, we are committed to 

• Develop ethical and competent engineers by synergizing world class teaching, 

learning and research 

• Establish state-of-art laboratories and to provide consultancy services to fulfill the 

expectations of industry and needs of the society 

• Inculcate entrepreneurial qualities for creating, developing and managing global 

engineering ventures 

• Motivate the students to pursue higher studies and research 

 

Programme Educational Objectives (PEOs) of M.E. (Mechatronics) 

PEO 1 

Graduates will effectively design and develop products in the areas such as modeling and design, 

manufacturing, motion Control, Actuators and Sensors, Micro Devices, Intelligent Control, 

Automotive Systems and Robotics 
 

PEO 2  

The graduates will have aspiration for research in Mechatronics. 

 

PEO 3  

Graduates will possess analytical skills to access and troubleshoot technical problems. 
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 Programme Outcomes (POs) of M.E. (Mechatronics) 

Graduating Students of M.E. Mechatronics programme will have 

Programme Outcomes (POs) Graduate Attributes (GAs) 

PO1.  An ability to apply knowledge of mathematics and science in 
solving problems that arise in Mechatronics 

Scholarship of 
Knowledge 

PO2.  An ability to design and conduct experiments, as well as to 
analyze and interpret data  

Critical Thinking  
 

PO3.  An ability to design a system, component, or process to meet 
desired needs within realistic constraints such as economic, 
environmental, social, political, ethical, health and safety, 
manufacturability, and sustainability  

Problem Solving 

PO4.  An ability to have the broad education necessary to 
understand the impact of engineering solutions in a global 
and societal context 

Research Skill 

PO5.  An ability to use the techniques, skills, and modern 
engineering tools necessary for carrying out Mechatronics 
Project. 

Usage of modern tools 

PO6.  An ability to function effectively as an individual and as a 
member or a leader in diverse teams, and in multidisciplinary 
activities that arise in carrying out Mechatronics Project. 

Collaborative and 
Multidisciplinary work 

PO7.  An ability to apply project, financial management principles 
and techniques individually/collaboratively in Mechatronics 
project planning, implementation and control  

Project Management and 
Finance 
 

PO8.  An ability to comprehend and write effective reports and 
design documentation, make effective presentations, and 
give and receive clear instructions 

Communication 
 

PO9.  An ability to engage in independent and life-long learning for 
personal and societal development  

Life-long Learning 
 

PO10.  An ability to understand the professional and ethical 
responsibility 

Ethical Practices and 
Social Responsibility 

PO11.  An Ability to make corrective measures and learn from the 
mistakes without depending on external feed back 

Independent and 
Reflective Learning 

 
 
PEO – PO Matrix 

 

POs 

PEOs 

PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 

PEO1 S S S S S M M L M L L 

PEO2 S S S S S S M S S L L 

PEO3 L L M L S S S M S S S 

 Correlation: S – Strong; M-Medium; L-Low 
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Thiagarajar College of Engineering: Madurai-625015. 

 

Department of Mechanical Engineering 

 

M.E. DEGREE (Mechatronics) PROGRAMME 

 

Scheduling of Courses 

 

Sem. Theory Courses 
Practical/ 
Project 

1st 
(24) 

14MC110 
Linear Algebra 

and Graph theory 
 
 
 
 
 
 

(4 credits) 

14MC120A 
Principles of 
Mechanical 
Systems 

/14MC120B 
Principles of 
Electronics 
Systems 

 
(3 credits) 

14MC 130 
Sensors in 
Automation 

 
 
 
 
 
 

(4 credits) 

14MC140 
Fluid Power 
Automation 

 
 
 
 
 
 

(4 credits) 

14MC150 
Mechatronics 

System Design 
 
 
 
 
 
 

(4 credits) 

14MC160 
Automotive 
Electronics 

 
 
 
 
 
 
 

(4 credits) 

14MC170 
Automation 

Lab 
 
 
 
 
 
 

(1 credit) 

2nd 
(24) 

14MC210 
Real Time 
Embedded 

System 
 
 

(3 credits) 

14MC220 
MEMS 

 
 
 
 

(4 credits) 

14MCPX0 
Elective -I 

 
 
 
 

(4 credits) 

14MCPX0 
Elective -II 

 
 
 
 

(4 credits) 

14MCPX0 
Elective – III 

 
 
 
 

(4 credits) 

14MCPX0 
Elective - IV 

 
 
 

(4 credits) 

14MC270 
Micro controller 

Lab 
 
 
 

(1 credit) 

3rd 
(16) 

14MCPX0 
Elective -V 

 
(4 credits) 

14MCPX0 
Elective -VI 

 
(4 credits) 

14MCPX0 
Elective -VII 

 
(4 credits) 

--- --- --- 

14MC 340 
Project I 

 
(4 credits) 

4th 
(12) 

--- --- --- --- --- --- 

 
14MC410 
Project II 

 
(12 credits) 

 

Total Credits to be earned for the award of degree:  76 
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THIAGARAJAR COLLEGE OF ENGINEERING:  MADURAI – 625 015. 

 

M.E. DEGREE (Mechatronics) PROGRAMME 

 

COURSES OF STUDY  

(For the candidates admitted from 2014-2015 onwards) 

 

FIRST SEMESTER 

Course 

Code 
Name of the Course Category 

No. of Hours / 

Week credits 

L      T        P 

THEORY 

14MC110 Linear Algebra and Graph theory BS 3      1        - 4 

14MC120A Principles of Mechanical 

Systems/ 

Principles of Electronic Systems 

PC 3      0        - 3 
14MC120B 

14MC130 Sensors in Automation PC 4      0        - 4 

14MC140 Fluid Power Automation PC 4      0       - 4 

14MC150 Mechatronics System Design PC 4      0        - 4 

14MC160 Automotive Electronics PC 4      0        - 4 

PRACTICAL 

14MC170 Automation Lab PC -      -        2 1 

Total    22    1       2 24 

 

BS- Basic Sciences; HSS-Humanities and Social Sciences; ES-Engineering Sciences; PC- 
Programme Core; PE-Programme Elective; GE-General Elective; OC-One Credit Course; TC- 
Two Credit Course; SS-Self-Study Course (in the list of Programme Electives) 
 

Note: 

1 Hour Lecture/Tutorial is equivalent to 1 credit 

2 Hours Practical is equivalent to 1 credit 
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THIAGARAJAR COLLEGE OF ENGINEERING:  MADURAI – 625 015. 
 

M.E. DEGREE (Mechatronics) PROGRAMME 
 

SCHEME OF EXAMINATIONS 
 

(For the candidates admitted from 2014-2015 onwards) 
 

FIRST SEMESTER 

Sl. 
No 

Course 
code 

Name of the 
Course 

Duration 
of 

Terminal 
Exam. in 

Hrs. 

Marks 
Minimum Marks 

for Pass 

Continuous 
Assessment 

Terminal 
Exam * 

Max. 
Marks 

Termina
l Exam 

Total 

THEORY 

1 14MC110 
Linear 
Algebra and 
Graph theory 

3 50 50 100 25 50 

2 14MC120A 
Principles of 
Mechanical 
Systems  

3 50 50 100 25 50 

 14MC120B 
Principles of 
Electronics 
Systems. 

3 50 50 100 25 50 

3 14MC130 
Sensors in 
Automation. 

3  50  50  100  25  50  

4 14MC140 
Fluid Power 
Automation 

3 50 50 100 25 50 

5 14MC150 
Mechatronics 
System 
Design 

3 50 50 100 25 50 

6 14MC160 
Automotive 
Electronics 

3 50 50 100 25 50 

PRACTICAL 

7 14MC170 
Automation 
Lab 

3 50 50 100 25 50 

 

* Terminal Examination will be conducted for maximum marks of 100 and subsequently be 

reduced to 50 marks for the award of terminal examination marks. 

 
 
 
 
 
 
 
 
 
 



M.E. Degree (Mechatronics)- 2014-15 
 
 

 
Approved in board of Studies on 08.04.2015                                          Approved in 50th Academic Council meeting on 30.05.2015 

  

THIAGARAJAR COLLEGE OF ENGINEERING:  MADURAI – 625 015. 

 

M.E. DEGREE (Mechatronics) PROGRAMME 

 

COURSES OF STUDY  

(For the candidates admitted from 2014-2015 onwards) 

 

SECOND SEMESTER 

Course 

code 
Name of the Course Category 

No. of 

Hours/ Week credits 

L      T      P 

THEORY 

14MC210 Real Time Embedded System PC 3      0        - 3 

14MC220 MEMS PC 4      0        - 4 

14MCPX0 Elective - I PE 4     0        - 4 

14MCPX0   Elective - II PE 4      0        - 4 

14MCPX0   Elective - III PE 4      0        - 4 

14MCPX0   Elective - IV PE 4      0        - 4 

PRACTICAL 

14MC270 Micro Controller Laboratory PC -       -        2    1 

Total 23    -        2 24 

 

BS- Basic Sciences; HSS-Humanities and Social Sciences; ES-Engineering Sciences; PC- 

Programme Core; PE-Programme Elective; GE-General Elective; OC-One Credit Course; TC- 

Two Credit Course; SS-Self-Study Course (in the list of Programme Electives) 

 

Note: 

1 Hour Lecture/Tutorial is equivalent to 1 credit 

2 Hours Practical is equivalent to 1 credit 
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THIAGARAJAR COLLEGE OF ENGINEERING:  MADURAI – 625 015. 
 

M.E. DEGREE (Mechatronics) PROGRAMME 
 

SCHEME OF EXAMINATIONS 
 

(For the candidates admitted from 2014-2015 onwards) 
 

 

SECOND SEMESTER 

Sl. 
No 

Course 
code 

Name of the 
Course 

Duration 
of 

Terminal 
Exam. in 

Hrs. 

Marks 
Minimum Marks 

for Pass 

Continuous 
Assessment 

Terminal 
Exam * 

Max. 
Marks 

Terminal 
Exam 

Total 

THEORY 

1 14MC210 
Real Time 
Embedded 
System 

3 50 50 100 25 50 

2 14MC220 MEMS 3 50 50 100 25 50 

3 14MCPX0 Elective - I 3  50  50  100  25  50  

4 14MCPX0   Elective - II 3 50 50 100 25 50 

5 14MCPX0   Elective - III 3 50 50 100 25 50 

6 14MCPX0   Elective - IV 3 50 50 100 25 50 

PRACTICAL 

7 14MC270 
Microcontroller 
Lab 

3 50 50 100 25 50 

 

* Terminal Examination will be conducted for maximum marks of 100 and subsequently be 

reduced to 50 marks for the award of terminal examination marks. 
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THIAGARAJAR COLLEGE OF ENGINEERING:  MADURAI – 625 015. 

 

M.E. DEGREE (Mechatronics) PROGRAMME 

 

COURSES OF STUDY  

(For the candidates admitted from 2014-2015 onwards) 

 

THIRD SEMESTER 

Course 

code 
Name of the Course 

Category 
No. of 

Hours/ Week 
credits 

 L      T      P  

 THEORY 

14MC310 Digital Control using Micro 
controllers 

PC 4     0        - 4 

14MCPX0 Elective - V  PE 2      0       2 4 

14MCPX0 Elective - VI PE 4      0        - 4 

 PRACTICAL 

14MC340 Project I  PC -       -        8   4 

 Total 10    -        10 16 

 

BS- Basic Sciences; HSS-Humanities and Social Sciences; ES-Engineering Sciences; PC- 

Programme Core; PE-Programme Elective; GE-General Elective; OC-One Credit Course; TC- 

Two Credit Course; SS-Self-Study Course (in the list of Programme Electives) 

 

Note: 

1 Hour Lecture/Tutorial is equivalent to 1 credit 

2 Hours Practical is equivalent to 1 credit 
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THIAGARAJAR COLLEGE OF ENGINEERING:  MADURAI – 625 015. 
 

M.E. DEGREE (Mechatronics) PROGRAMME 
 

SCHEME OF EXAMINATIONS 
 

(For the candidates admitted from 2014-2015 onwards) 
 

 

THIRD SEMESTER 

Sl. 
No 

Course 
code 

Name of the 
Course 

Duration 
of 

Terminal 
Exam. in 

Hrs. 

Marks 
Minimum Marks 

for Pass 

Continuous 
Assessment 

Terminal 
Exam * 

Max. 
Marks 

Terminal 
Exam 

Total 

THEORY 

1 14MC310 
Digital Control 
using micro 
controllers 

3  50  50  100  25  50  

2 14MCPX0 Elective - V 3 50 50 100 25 50 

3 14MCPX0 Elective - VI 3 50 50 100 25 50 

PRACTICAL 

4 14MC340 Project I - 50 50 100 25 50 

 

FOURTH SEMESTER 

Sl. 
No 

Course 
code 

Name of the 
Course 

Duration 
of 

Terminal 
Exam. in 

Hrs. 

Marks 
Minimum Marks 

for Pass 

Continuous 
Assessment 

Terminal 
Exam * 

Max. 
Marks 

Terminal 
Exam 

Total 

1 14MC410 Project II - 50 50 100 25 50 

 

 

* Terminal Examination will be conducted for maximum marks of 100 and subsequently be 

reduced to 50 marks for the award of terminal examination marks. 
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LIST OF ELECTIVE COURSES 

 

Sl. 

No. 

Course 

Code 
Name of the Course Credit 

1  14MCPA0 
Microcontroller & Programmable 

Logic Controller. 
4 

2  14MCPB0 Data Communication Networks 4 

3  14MCPC0 Machine Vision and Applications 4 

4  14MCPD0 Virtual Instrumentation 4 

5  14MCPE0 Modeling and Simulation of Mechatronic systems 4 

6  14MCPF0 Autonomous Vehicles 4 

7  14MCPG0 Industrial Robotics 4 

8  14MCPH0 Elements and Programming of CNC Machines 4 

9  14MCPJ0 Computer Integrated Manufacturing 4 

10  14MCPK0 Medical Electronics and Instrumentation 4 

11  14MCPL0 
Material Handling, Storage and Assembly 

Automation 
4 

12  14MCPM0 Soft Computing Techniques 4 

13  14MCPN0 Robust Control 4 

14  14MCPQ0 Control of Electric drives 4 
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Sub Code Lectures Tutorial Practical Credit 

14MC110 3 1 - 4 

 

14MC110    Linear Algebra and Graph theory                  3:1 
 
Preamble: A general theory of Mathematical systems involving addition and scalar multiplication of 

vectors has applications in all Engineering field. Mathematical systems of this form are called Vector 

spaces or linear spaces.   

Linear systems of equations are associated with many problems in Engineering and Sciences, as well 

as with applications of mathematics to the social sciences and quantitative study of business and 

economic problems. Numerical methods are becoming more and more important in engineering 

applications, because of the difficulties encountered in finding exact analytical solutions. 

Natural form of graphs is a set with logical or hierarchical sequencing, such as computer flow charts. It 

serves as a mathematical model for any system involving a binary relation.  

This course aims at introducing linear Algebra, Numerical methods and Graph Theory to students of 

M.E (Mechatronics). 

 

Course Outcomes:  At the end of the course the student will be able to 

1. Verify whether the given set is a vector space or not. 

2. Determine whether the given vectors are linearly independent or not. 

3. Determine the dimension of a vector space 

4. Solve the given system of linear equations by Gauss elimination method and Gauss Jordan 

method. 

5. Find the intermediate value from the given set of values. 

6. Calculate the derivative and integration value of any function within the interval 

7. Solve the first order linear differential equation by Euler Method. 

8. List the different types of graphs  

9. Predict whether the given graphs are isomorphic or not. 

10. Compute the shortest path for given graph using Dijkstra’s shortest path Algorithm 

 

Assessment Pattern 

Bloom’s 

Category 

Continuous 

Assessment Tests 
Terminal 

Examination 
1 2 3 

Remember 10 10 10 10 

Understand 30 30 30 20 

Apply 40 40 40 50 

 Analyse 20 20 20 20 
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Course level learning objectives: 

Remember 

  1.  Let x, y, z be vectors in a vector space V.  If zxyx +=+ , then 

     Show that y = z  

2.  Show that ( ) T
eee 3,2,1,, ,321  is a spanning set for

3

R  

3.  List the Milne’s predictor, corrector formula 

4. Why is Trapezoidal rule so called? 

5. Write the Trapezoidal rule to evaluate 
b

a

dxxf )(  

       6. Define complete bipartite graph. 

Understand 

1. Estimate the row space and column space of the matrix 







=

0     1     0

0     0     1
A  

2.  Estimate the dimension of the row space of the matrix 

















=

7-     4-     1

1        5-     2

3       2-      1

A  

3. Write the two algorithms for building a minimal spanning tree.  

4. Explain Dijkstra’s algorithms with an example 

5. Are the two graphs in the following figure isomorphic? Justify. 

 

  

 

 

 

 

6. State two-point Gaussian quadrature formulas. 

 

Apply   

          1.   Compute the dimension of the subspace of  
4R  spanned by                

                     




















−
=





















−
=





















−
=





















−
=

4  

5

8   

3   

,

0   

2

4   

2   

,

2   

3

5   

2   

,

0   

1

2   

1   

4321 XXXX

 

 

       2. Show that an undirected graph has a Euler cycle if and only if it is connected and has all the 

vertices of even degree.  
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3.  Construct the graph whose adjacency matrix is given below to see if is    

     connected. 

 X1 X2 X3 X4 X5 X6 X7 X8 

X1 0 1 1 1 0 1 0 0 

X2 1 0 1 0 1 0 1 0 

X3 1 1 0 0 0 0 0 0 

X4 1 0 0 0 0 0 1 0 

X5 0 1 0 0 0 0 1 0 

X6 1 0 0 0 0 0 0 0 

X7 0 1 0 1 1 0 0 1 

X8 0 0 0 0 0 0 1 0 

 

    4. Calculate the value of y (0.8) correct to 4 decimal places using RK method of fourth   

  order given that 1.7579y(0.6)  ,2 =−= xy
dx

dy
 

    5.  Given y
dx

dy
−=1    with y (0) =0. Calculate the following values: 

(i)  y (0.1) by Euler method 

(ii) y (0.2) by modified Euler method 

(iii) y (0.3) by improved Euler method 

(iv) y (0.4) by Milne’s method. 

    6.  Compute the values of y (0.1) and y (0.2) given 1)1(,0)0(;2'' ===+ yyyy ; using       

         Taylor series method with h = 0.25. 

 

Analyze: 

1. A moving body is opposed by a force per unit mass of value cx and resistance per unit of 

mass of value bv2, where x and v are the displacement and velocity of the particle at that 

instant. Find the velocity of the particle at x=0.1, 0.2,0.3 if originally at x=0 is 20 units. 

2. A body of mass ‘m’ falling from rest is subject to the force of gravity and an air resistance 

proportional to the square of the velocity. If it falls through a distance ‘x’ and possess a 

velocity ‘v’ at that instant. Prove that  















−
=

22

2

log
2

va

a

m

kx
, where mg=ka2. 
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Concept Map:  

 

 

 

Syllabus 

VECTOR SPACE AND LINEAR TRANSFORMATION: Vector spaces – Subspaces – Linear spans – Linear 

independence and Linear dependence – Basis and Dimension – Linear transformation, Null space and range. 

LINEAR ALGEBRA, INTERPOLATION, NUMERICAL DIFFERENTIATION AND INTEGRATION: Gauss 

elimination method-Gauss Jordan method – Jacobi, Gauss- Seidel iterative Method –Lagrange’s and 

Newton’s divided difference interpolation - Newton’s forward and backward difference interpolation – 

Numerical differentiation by finite differences – Trapezoidal, Simpson’s 1/3 and Gaussian Quadrature formula. 

NUMERICAL SOLUTION OF ORDINANRY DIFFERENTIAL EQUATIONS: Numerical solution of first order 

ordinary differential equations by tailor series method – Euler Method- Fourth order Runge -Kutta Method – 

Multi step methods: Adam’s Bash forth, Milne’s Predictor Corrector methods. FUNDAMENTALS OF 

GRAPHS: Graphs-sub graphs-Graph Isomorphism- vertex degree: Eulerian Graphs- Planar Graphs- 

Hamiltonian paths. 

 

ALGORITHMS- GRAPHS: Kruskal’s algorithm- Dijkstra’s shortest path Algorithm, Prim’s Algorithm. 

 

REFERENCE BOOKS: 

1. Steven J. Leon ,  “ Linear Algebra with applications”, Macmillan publishing  

    company, New York, 1990. 

2. Jain, M.K, Iyengar, S.R.K, and Jain, R.K., “Numerical methods for Scientific and  

   Engineering Computation”, New Age International Publishers, New Delhi, 2003. 

3. Bondy J.A. and Murthy, USR,” Graph Theory and Applications”. Mc Millan Press  

   Ltd, 1982. 

4. Kumaresan, S, “Linear Algebra – A geometric approach”, Prentice –Hall of        

    India, New Delhi, 2000. 

5. Friedberg, A.H., Insel, A.J. and Spence, L., “Linear Algebra”, Prentice Hall of  

    India, New Delhi, 2004. 

6. Strang, G., “Linear Algebra and its applications”, Thomson (Brooks/Cole),  
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    New Delhi, 2005. 

7. Faires, J.D. and Burder, R., “Numerical Methods”, Brooks/Cole (Thomson  

    Publications), New Delhi, 2002. 

8. Gerald, C.F, and Wheatly, P.O., “Applied Numerical Analysis”, Pearson Education,    

     New Delhi, 2002. 

9. Narasingh Deo, “Graph Theory with Applications to Engineering and Computer     

    Science” PHI Learning Pvt. Ltd., 2004. 

 

Course Contents and Lecture Schedule 

Sl. 

No. 

Topics No. of 

Lectures 

1 VECTOR SPACE AND LINEAR TRANSFORMATION  

1.1 Vector spaces  2 

1.2 Subspaces 2 

1.3 Linear spans 1 

1.4  Linear independence and Linear dependence 1 

1.5 Basis and Dimension 1 

1.6 Linear transformation, Null space and range 2 

2 LINEAR ALGEBRA, INTERPOLATION, NUMERICAL DIFFERENTIATION 

AND INTEGRATION: 

 

2.1 Gauss elimination method 1 

2.2 Gauss Jordan method 1 

 

2.3 Jacobi, Gauss- Seidel iterative Method 2 

2.4 Lagrange’s and Newton’s divided difference interpolation 2 

2.5 Newton’s forward and backward difference interpolation 2 

2.6 Numerical differentiation by finite differences 2 

2.7 Trapezoidal, Simpson’s 1/3 and Gaussian Quadrature formula 2 

3 NUMERICAL SOLUTION OF ORDINANRY DIFFERENTIAL EQUATIONS  

3.1 Numerical solution of first order ordinary differential equations by tailor series method – 

Euler Method 

2 

3.2 Fourth order Runge -Kutta Method 1 

3.3 Multi step methods: Adam’s Bash forth, Milne’s Predictor Corrector methods. 2 

4 FUNDAMENTALS OF GRAPHS  

4.1 Graphs-subgraphs 2 

 Graph Isomorphism, vertex degree,   2 

4.2 Eulerian Graphs 2 

4.3 Planar Graphs 1 

4.4 Hamiltonian Paths 1 
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5 ALGORITHMS - GRAPHS  

5.1 Kruskal’s algorithm 2 

5.2 Dijkstra’s shortest path Algorithm,  2 

5.3 Prim’s Algorithm 2 

  Total 40  

Course Designer: 

1.  A.P.Pushpalatha                         appmat@tce.edu 

  

mailto:appmat@tce.edu
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 Sub Code Lectures Tutorial Practical Credit 

14MC120 3 - - 3 

 

14MC120 Principles of Mechanical Systems                           3:0 

Preamble: Mechanical Engineering is one of the major branches of the engineering practices and its 

principles are involved in the design, development and construction of physical devices and systems.  It 

involves the production and usage of heat and mechanical power for the design, production, and 

operation of machines and tools. This course covers the mechanisms, transmission systems and 

machine tools to develop mechatronic systems. 

Competencies: At the end of the course the student should be able to 

1. Select suitable mechanism for a given environment.  

2. Explain the different types of transmission system.   

3. Determine the frequency of free, forced and damped vibrations of machine parts.  

4. Design the shafts, screws and gears for mechanical systems   

5. Explain the working principle of machine tools  

 

Assessment Pattern 

 Bloom’s Category Test 1 Test 2 Test 3 End-semester 
examination 

1 Remember 20 20 20 20 

2 Understand 30 30 30 30 

3 Apply 50 50 50 50 

4 Analyze - - - - 

5 Evaluate - - - - 

6 Create - - - - 

 

Course Level Learning Objectives: 

Remember:  

1. What do you mean by Vibration Isolation and Transmissibility?  

2. What is torsionally equivalent shaft? 

3. Differentiate between machine and structure with examples. 

4. Define coefficient of friction and angle of repose. 

5. What are the advantages of using clutches in automobiles? 

6. Identify the suitable kinematic chains to which the following mechanism belongs to: Elliptical 

trammel and pantograph 

Understand: 
1. Derive the frictional torque developed by single plate clutch using uniform wear theory. 

2. Propose a mechanism to load part gradually and unload quickly. Sketch and explain its 

suitability  

http://en.wikipedia.org/wiki/Heat
http://en.wikipedia.org/wiki/Machine
http://en.wikipedia.org/wiki/Machine_tool
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3. Suggest a suitable mechanism to convert rotary motion to reciprocating motion, comprising of 

minimum two sliding pairs. Sketch and explain its suitability. 

4. Derive the natural frequency of free longitudinal vibrations using energy method and 

equilibrium method. 

5.  Derive the expression for the length of the open belt drives. 

6. How bolts are manufactured in lathe? Explain the all the operations involved.  

Apply 
1. An engine mechanism is shown in Fig. 1. The crank CB = 100 mm and the connecting rod BA 

= 300 mm with center of gravity G, 100 mm from B. In the position shown, the crankshaft has 

a speed of 75 rad/s and an angular acceleration of 1200 rad/s2. Find: 1. velocity of G and 

angular velocity of AB, and 2. acceleration of G and angular acceleration of AB 3. Velocity and 

acceleration of the slider A.    

 

 

Figure 1 

2. A conical pivot bearing supports a vertical shaft of 200 mm diameter. It is subjected to a load 

of 30 kN. The angle of the cone is 120º and the coefficient of friction is 0.025. Find the power 

lost in friction when the speed is 140 r.p.m., assuming 1. Uniform pressure; and 2. Uniform 

wear. 

A steel shaft ABCD 1.5 m long has flywheel at its ends A and D. The mass of the flywheel A is 600 kg 

and has a radius of gyration of 0.6 m. The mass of the flywheel D is 800 kg and has a radius of 

gyration of 0.9 m. The connecting shaft has a diameter of 50 mm for the portion AB which is 0.4 m 

long; and has a diameter of 60 mm for the portion of BC which is 0.5 m long: and has a diameter of 40 

mm for the portion CD which is 0.6 m long. Determine the natural frequency of the torsional vibrations. 

Also draw the node positions. The modulus of rigidity for the shaft material is 80 GN/ m2. 

 

1. A shaft has a number of collars integral with it. The external diameter of the collars is 400 mm 

and the shaft diameter are 250 mm. If the uniform intensity of pressure is 0.35 N/mm2 and its 

coefficient of friction is 0.05, estimate: 1. power absorbed in overcoming friction when the 

shaft runs at 105 r.p.m. and carries a load of 150 kN, and 2. number of collars required  

 

2. A multi-disc clutch has three discs on the driving shaft and two on the drive shaft. The outside 

diameter of the contact surfaces is 240 mm and inside diameter 120 mm. Assuming uniform 

wear and coefficient of friction as 0.3, find the maximum axial intensity of pressure between the 

discs for transmitting 25 kW at 1575 r.p.m. 
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3. The engine of a ship develops 440 kW and transmits the power by a horizontal propeller shaft 

which runs at 120 r.p.m. It is proposed to design a hollow propeller shaft with inner diameter as 

0.6 of the outer diameters. Considering torsion alone, calculate the diameter of the propeller 

shaft if stress in the material is not to exceed 63 MPa and also the angular twist over a length 

of 2.5 m is not to be more than 1°. The modulus of rigidity of the shaft material is 80 GPa.  

 

Concept Map 

 

 

 
 
 
Course Contents and Lecture Schedule 

No. Topic 
No. of 

Lectures 

1 Mechanisms  

1.1 
Definition – Machine and Structure – Kinematic link, Kinematic pair and 
Kinematic chain 

1 

1.2 
Classification of Kinematic pairs according to motion, Constraint & contact - 
Degrees o f  freedom 

1 

1.3 
Crank rocker mechanisms - Single Slider crank chain mechanisms – Double 
Slider crank chain mechanisms – – applications 

1 

1.3.1 
Inversion of Crank rocker mechanisms – applications  

1 

1.3.2 
Inversion of Single Slider crank chain mechanisms – applications  

1 

1.3.2 
Inversion of– Double Slider crank chain mechanisms –    applications 

1 

1.4 
Kinematic analysis and synthesis of simple mechanisms 

1 

1.4.1 
Determination of velocity and acceleration of Single Slider crank chain 
mechanisms   

2 
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No. Topic 
No. of 

Lectures 

1.4.2 
Determination of velocity and acceleration of Crank rocker mechanisms 

2 

2 Transmission Systems                            

2.1 
Types of friction  

1 

2.1.1 
 Friction in screw and nuts 

1 

2.1.2 
Friction in pivot and collar – Friction in thrust and collar bearing 

2 

2.1.3 
Friction in plate and disc clutches 

2 

2.1.4 
Friction in Flat belt, V-belt and rope drives – creep in belts – Jockey pulley  

1 

2.2 
Open and crossed belt drives – Ratio of tensions 

1 

2.2.1 
Effect of centrifugal and initial tension in belts – Condition for maximum power 
transmission  

2 

2.3 
Basics of brakes 

1 

2.4 
Bearings and its classifications  

1 

2.4.1 
Basics of Journal and rolling element bearings 

 

2.4.2 
Basics of Hydrostatic and aerostatic bearings    

1 

2.5 
Recirculating ball screw and nut assembly.                            

1 

3 Vibration  

3.1 
Free, forced and damped vibrations of single degree of freedom systems  

3 

3.2 
Force transmitted to supports – vibration Isolation – vibration absorption  

2 

3.3 
Torsional vibration of shafts – single and multi-rotor systems – geared shafts  

2 

3.4 
critical speed of shafts 

1 

4 Design of Machine Elements 

4.1 
Design of shafts for various types of loading  

1 

4.2 
Design of helical compression springs 

2 

4.3 
Design of screw and fasteners 

1 

4.4 
Gear profile and geometry 

1 

4.4.1 
Nomenclature of spur & helical gears  

1 

4.4.2 
Nomenclature of worm and worm wheel 

1 

5 
Machine Tools 
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No. Topic 
No. of 

Lectures 

5.1 
Machine tool construction-features   

1 

5.2 
Operations of lathe, milling machine drilling machine 

1 

5.3 
Drive system for machine tools – mechanical, hydraulic and electric  

2 

5.3.1 
Stepped   and v a r i a b l e    speeds- spindle s p e e d s    and   feed 
d r i v e s - 

2 

5.3.2 

Drives for linear and reciprocation motion generation  

 

1 

Total Hours 45 

 

Syllabus  

Mechanisms: Definition – Machine and Structure – Kinematic link, pair and chain – classification of 

Kinematic pairs – Constraint & motion -  Degrees o f  freedom – Slider crank – Single and double – 

Crank rocker mechanisms – Inversions – applications. Kinematic analysis and synthesis of simple 

mechanisms – Determination of velocity and acceleration of simple mechanisms .Transmission 

Systems: Types of friction – friction in screw and nuts – pivot and collar – thrust bearings – 

collar bearing – plate and disc clutches – belt (flat & vee) and rope drives – creep in belts – Jockey 

pulley – open and crossed belt drives – Ratio of tensions – Effect of centrifugal and initial tension – 

condition for maximum power transmission – basics of brakes, journal and rolling element bearings 

hydrostatic and aerostatic bearings –recirculating ball screw and nut assembly.  Vibration: Free, 

forced and damped vibrations of single degree of freedom systems – force transmitted to supports 

– vibration Isolation – vibration absorption – torsional vibration of shafts – single and multi-rotor 

systems – geared shafts – critical speed of shafts. Design of Machine Elements: Design of shafts 

– Springs – screw and fasteners – Gear profile and geometry – nomenclature of spur & helical 

gears – worm and worm wheel Machine Tools: Machine tool construction-features – operations of 

lathe, milling machine, drilling machine – Drive system for machine tools – mechanical, hydraulic 

and electric stepped   and v a r i a b l e    speeds   – s p i n d l e  s p e e d s    and   feed d r i v e s -

linear   and reciprocation motion generation  

 
Reference Books 

 
1. R.K. Bansal, and J.S. Brar.” Theory of Machines” Fourth Edition, Laxmi Publications (P) ltd., 

New Delhi,2012 

2. G.C.Sen. and A. Bhattacharya, “Principles of machine tools”, New Central book Agency, 2009 

3. Joseph Edward Shigley,   Richard G Budynas, Keith J Nisbett, “Mechanical Engineering 

Design”- Nineth Edition Tata McGraw Hill International Edition, 2011. 

4. Malhotra .D.R.  and Gupta. H.C.” Theory of Machines”, Satya Prakasam, Tech. India 

Publications, 1989 
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5. Acherkan.N, “Machine tool Design”, vol 3, MIR Publishers, 1978. 

6. Gupta.BVR, “Theory of Machines: Kinematics and Dynamics” I. K. International Pvt Ltd,  2011. 

7. N. K. Mehta, “Machine Tool Design”, Tata McGraw hill Publications H, 2012. 

 

Course Designer: 

1. V.Balasubramani  vbmech@tce.edu 

  

http://books.google.com.pe/url?client=ca-print-pub-2792127120201681&format=googleprint&num=0&id=E-rmzLZ0gfIC&q=http://www.ikbooks.com/Book_Details2_ik.asp%3FId%3D933%26subId%3D1%26catid%3D1&usg=AFQjCNGSbpFXyujlrR_pTc06kw8pjZ286A&source=gbs_buy_r
mailto:vbmech@tce.edu
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Sub code Lectures Tutorial Practical Credit 

14MC120      3 0 - 3 

 

14MC 120     Principles of Electronic Systems                          3:0 

Preamble: The course focus to impart the concept of Analog and Digital Electronic devices and 

Systems used in Industries for the students migrated to study Mechatronics form other branches of 

engineering.  Also covers the basics of communication principles which are essential in today ICT era 

in all industries.  

 

Competencies 

At the end of the course the student will be able to: 

1. Explain the working and applications of all Analog and Digital electronic devices. 

2. Design the analog and Digital electronic circuits. 

3. Design the logic circuits. 

4. Explain the concept of modulation and demodulation techniques. 

 

Assessment Pattern 

 Bloom’s 
Category 

Test 1 Test 2 Test 3/End-
semester 
examination  

1 Remember 20 20 20 

2 Understand 50 30 30 

3 Apply 30 50 50 

4 Analyze - - - 

5 Evaluate - - - 

6 Create - - - 

 

Course level learning objectives: 

Remember  

1. Define the static and dynamic resistance of a diode. 

2. Give the applications of Zener diode.  

3. Define the reverse recovery time of a diode. 

4. Define off-set current and virtual ground in an op-amp. 

Understand 

1. What are the advantages of IC over discrete component circuits? 

2. What is a scale changer? 

3. Mention the different types of DAC.                                              

4. Explain the working of an instrumentation amplifier with neat sketch. 
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Apply   

1. With neat sketch explain the 3-input inverting summing amplifier. 

2. Design a synchronous decade counter 

3. Design a 3 input Multiplexer 

4. Discuss the operation of a transmitter and receiver circuit. 

5. Determine the output voltage of the circuit shown below. 

 

 

 

Concept Map 
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Syllabus 

Electronic Components and Devices: Resistors, Capacitors, Inductors, Transformers – Properties, 

types and applications; Junction   diodes, Zener   diodes, Bipolar   transistors, Field   Effect   

transistors, Unijunction Transistors, MOS Devices, LEDs – Characteristics and applications; 

Feedback amplifiers, Oscillators, Power amplifiers. Power Circuits: Rectifiers and Filters; Regulated 

Power Supply – Switching Power Supplies, Thermal Considerations, Thyristor Devices – SCR, 

DIAC, TRIAC, QUADRAC – operating mechanism, characteristics and applications. Operational 

Amplifiers: Principles, Specifications, Ideal characteristics, Arithmetic Operations using Op- 

Amps, Integrator, Differentiator, Comparator, Schmitt   Trigger, Instrumentation Amplifier, Active 

filters, Linear Rectifiers, waveform Generators, D/A converters. Digital Electronics:  Number 

systems – Logic gates – Boolean algebra – Simplification of Boolean functions using Map method.  

Tabulation method – Combinational logic circuits:  Full adder, Code Converters, Multiplexers, 

Decoders – Sequential logic circuits:  Flip-flops, Counters, Shift registers–A/D converters. 

Communication Principles: Modulation:  Need, Principles, Types – Analog Modulation, AM, FM 

– Digital Modulation:  PWM, PCM, FSK – Demodulation techniques – Transmitters and 

receivers. 

 

 

Reference Books: 
         

1. Jocob Mi l l  Man, “Microelectronics Digital  and Analog circuits & Systems” – McGraw-

Hill 2004. 

2. Fanco, “ D esign with Operational amplifiers and Analog Integrated Circuits”, 

TMH,2014(new edition) 

3.  Taub and Schilling,” Principles of Communicating systems”, 4th
 edition

 TMH, 2013(new 

edition) 

4.  Ray & Chaudary, “Linear Integrated Circuits”, New Delhi 1991. 

5.  Malvino & Leach, “Digital Principals & application”, TMH, 2002. 

 

Course Contents  

No Topics 
No. of 

Periods 

1 ELECTRONIC COMPONENTS AND DEVICES                                    

1.1 Resistors, Capacitors, Inductors, Transformers – Properties, types and applications 1 

1.2 Junction   diodes, Zener   diodes, Bipolar   transistors, Field   Effect   transistors 1 

1.3 Unijunction Transistors, MOS Devices 1 

1.4 LEDs – Characteristics and applications 1 

1.5 Feedback amplifiers 2 

1.6 Oscillators, Power amplifiers 2 

2 POWER CIRCUITS                                                                                
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2.1 Rectifiers and Filters; Regulated Power Supply. 2 

2.2 Switching Power Supplies,  2 

2.3 Thermal Considerations, Thyristor Devices – SCR 2 

2.4 DIAC,   1 

2.5 TRIAC 1 

2.6 QUADRAC operating mechanism, characteristics and applications. 2 

3 OPERATIONAL AMPLIFIERS                                                            

3.1 Principles, Specifications, Ideal characteristics.      1 

3.2 Arithmetic Operations using Op- Amps. 1 

3.3  Integrator, Differentiator, Comparators. 1 

3.4 Schmitt   Trigger. 1 

3.5 Instrumentation Amplifier. 2 

3.6 Active filters, Linear Rectifiers. 2 

3.7 Waveform Generators, D/A converters. 2 

4 DIGITAL ELECTRONICS                                                                     

4.1 Number systems – Logic gates – Boolean algebra –  

Shift registers  

2 

4.2 Simplification of Boolean functions using Map method.  Tabulation method 1 

4.3 Combinational logic circuits:  Full adder, Code Converters, Multiplexers, Decoders   2 

4.4 Sequential logic circuits:  Flip-flops, Counters, 3 

4.5 A/D Converters. 2 

5 COMMUNICATION PRINCIPLES                                                          

5.1 Modulation:  Need, Principles, Types – Analog Modulation, AM, FM.  3 

5.2 Digital Modulation:  PWM, PCM, FSK – Demodulation techniques. 2 

5.3 Transmitters and receivers. 2 

 Total 45 

 

 
Course Designer: 
1. S. Arockiaedwinxavier- saexeee@tce.edu  
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Sub Code Lectures Tutorial Practical Credit 

14MC130 4 - - 4 

 

14MC130 Sensors in Automation              4:0 

Preamble: Sensor is a device which produces electrical output in response to a specified measurand. 

Sensors play a vital role in manufacturing, machinery, aerospace, medicine and robotics. Most of the 

advancements of present day would be not possible without sensors. The main purpose of offering this 

course is to elaborate the theoretical and practical aspects of sensors, their classifications, static and 

dynamic characteristics, recent trends and their applications in automation. 

 

Competencies  

At the end of the course the students should be able to 

1. Explain static and dynamic characteristics and operating principle of Inductive, capacitive, 

magnetic, piezo electric, radiation, electro chemical sensors.  

2. Illustrate the importance of standard of calibration 

3. Select suitable sensor for a given automobile, aeronautics, machine tools and manufacturing 

application 

Assessment Pattern 

 

 

 

 

 

 

 

 

 

 

 

Course level learning objectives: 

Remember 

1. List any four dynamic characteristics of transducers. 

2. Define Gauge factor 

3. Define sensitivity of a transducer 

4. State Hall effect 

5. List the applications of fiber optic sensors 

6. List few nuclear radiation sensors 

  

 Bloom’s Category Test 1 Test 2 Test3/End-

semester 

examination 

1 Remember 20 20 20 

2 Understand 60 40 40 

3 Apply 20 40 40 

4 Analyze - - - 

5 Evaluate - - - 

6 Create - - - 
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Understand 

1. Explain various static and dynamic characteristics of transducers. 

2. Summarize the role of error analysis in analyzing the performance of sensors 

3. With suitable diagram explain the principle of operation and characteristics of LVDT. 

4. Explain the principle of Hall Effect and its role in measurement of flux density. 

5. Explain the principle of operation of any one nuclear sensor. 

6. Illustrate the applications of micro scale sensors in automobile industry. 

 

Apply 

1. The transfer characteristic of a platinum resistance is given as: ( )21 BTaTRR oT ++= , with R0 

=100 ohm, a = 3.9·10-3 K-1 and B=-5.8·10-7 K-2 Calculate the maximum non-linearity error relative 

to the line R(T) = R 0 (1 + a T),in a temperature range going from -50 °C to +100 °C. Express the 

error in % and in °C 

2. A resistance strain gauge with gauge factor 2 is cemented to a steel member which is subjected to 

a strain of 1x10-6. If the original resistance value of the gauge is 130 ohms, calculate the change in 

resistance. 

3. Certain crystal has coupling coefficient of 0.32. Calculate the amount of electrical energy to be 

applied to produce and output of 7x10-6J. 

4. A thermistor has a resistance of 3980 ohm at ice point (0°C) and 794 ohms at 50°C. The resistance 

temperature relationship is given by RT=a R0 exp(b/T). Calculate the constants ‘a’ and ‘b’. Also 

calculate the range of resistance to be measured in case the temperature varies from 40°C to 

100°C. 

5. A thickness measuring transducer system has a parallel plate capacitive sensor having pair of 

plates of area of 200 cm2, which are separated by a distance of 0.02cm. A mica sheet of thickness 

0.01±0.001 cm is begin passed between the plates. Calculate the variation of capacitance if the 

electric constant of mica is 8 and permittivity of air is 8.854x10-12 F/m. 

6. A barium titanite crystal has dimensions of 5mmx5mmx1.5mm. The young’s modulus of barium 

titanite is 12x106N/m. Its charge sensitivity is 150 PC/N and permittivity is 12.5x10-9F/m. A 

capacitance of 10pF in parallel with 100MΩ resistance connected across the crystal. Calculate the 

RMS value of voltage under open circuit and load conditions when a force of 0. 0142.Sin100t N is 

applied to the crystal. Calculate the RMS value of deflection. The resistance of the crystal may be 

neglected. 
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Concept Map 

 

 

 

Syllabus  

Introduction Definition,  Measurement Techniques,  Classification of errors,  Error analysis,  Static 

and dynamic characteristics of transducers, Performance measures of sensors, Classification of 

sensors, calibration techniques. Resistance, Inductance and Capacitance Transducers: 

Potentiometer,  strain gauges, optical encoders, LVDT, RVDT, Synchro, Microsyn, Applications: 

Pressure, position, angle and acceleration.  Capacitance c i rcu i t r y , Feedback  t ype  condenser 

m i c r o p h o n e , frequency modulating oscillator circuit, Dynamic capacitance variation, A.C. Bridge for 

Amplitude Modulation, Applications: Proximity, microphone, pressure, displacement. Piezoelectric & 

Magnetic Sensors: Piezoelectric Materials and properties, Modes of deformation, Multimorphs, 

Environmental effects, Applications: Accelerometer, ultrasonic. Magnetic Sensors, types, principle, 

requirement and advantages: Magneto resistive,  Hall Effect – Eddy current. Radiation and Electro 

Chemical Sensors:  Photo conductive cell, photo voltaic, Photo resistive,  Fiber optic sensors,  Ray 

and Nuclear radiation sensors, Electro chemical sensors: Electrochemical cell, Polarization, sensor 

Electrodes and electro-ceramics in Gas Media. Modern Sensors Film sensors, micro-scale sensors, 

Particle measuring systems, Vibration Sensors, SMART sensors, Machine Vision, Multi-sensor systems 

Applications of Sensors: Applications and case studies of Sensors in Automobile Engineering, 

Aeronautics, Machine tools and Manufacturing processes. 
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Reference Books 
1. Patranabis D.,” Sensor and Actuators”, Prentice Hall of India (Pvt) Ltd., 2005. 

2. Renganathan S.,” Transducer Engineering”, Allied Publishers (P) Ltd., 2003. 

3. Ernest O. Doebelin, “Measurement systems Application and Design”, International Student 

Edition, VI Edition, Tata McGraw-Hill Book Company, 2011. 

4. Bradley D.A., and Dawson, Burd and Loader, “Mechatronics, Thomson Press India Ltd”, 

2004. 

5. Bolton W, “Mechatronics”, Thomson Press, 2003. 

 

Course Contents and Lecture Schedule 

1 INTRODUCTION  

1.1 Definition,  Measurement Techniques 1 

1.2 Classification of errors,  Error analysis 1 

1.3 Static and dynamic characteristics of transducers 2 

1.4 Performance measures of sensors 2 

1.5 Calibration techniques 1 

2 RESISTANCE, INDUCTANCE AND CAPACITANCE 

TRANSDUCERS 

 

2.1 Potentiometer,  strain gauges, optical encoders 2 

2.2 LVDT, RVDT, Synchro 2 

2.3 Applications: Pressure, position, angle and acceleration. 2 

2.4 Capacitance c i rcu i t r y , Feedback  type  condenser 

m i c r o p h o n e  

2 

2.5 frequency modulating oscillator circuit 2 

2.6 A.C. Bridge for Amplitude Modulation 2 

2.7 Applications: Proximity, microphone, pressure, displacement. 2 

3 PIEZOELECTRIC & MAGNETIC SENSORS  

3.1 Piezoelectric Materials and properties 1 

3.2 Modes of deformation   1 

3.3 Multimorphs 1 

3.4 Environmental effects 1 

3.5 Applications: Accelerometer, ultrasonic 1 

3.6 Magnetic Sensors, types, principle, requirement and advantages 1 

3.7 Magneto resistive,  Hall effect & Eddy current 2 

4 RADIATION AND ELECTRO CHEMICAL SENSORS   

4.1 Photo conductive cell, photo voltaic, Photo resistive 2 

4.2 Ray and Nuclear radiation sensors 1 

4.3 Electrochemical sensors: Electrochemical cell, Polarization, sensor 

Electrodes and electro-ceramics in Gas Media 

2 
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5 MODERN SENSORS  

5.1 Film sensors  1 

5.2 Micro-scale sensors 1 

5.3 Particle measuring systems 1 

5.4 Vibration Sensors 1 

5.5 SMART Sensors 1 

5.6 Machine Vision 1 

5.7 Multi-sensor Systems 1 

6 APPLICATIONS OF SENSORS  

6.1 In Automobile Engineering 1 

6.2 In Aeronautics 1 

6.3 In Machine Tools 1 

6.4 In Manufacturing processes 1 

 Total 45 

 

Course Designer:  

1. Mr.M. Varatharajan - varatharajan@tce.edu 

  

mailto:varatharajan@tce.edu
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14MC140 Fluid Power Automation            4:0 
 
Preamble: The course aims at giving adequate exposure to hydraulic and pneumatic systems and 

design of hydraulic and pneumatic circuits.  The course explains about the technology that deals with 

generation, control and transmission of power using pressurized fluid and design and setup various 

circuit need for industrial low-cost automation. The course also demonstrates Relay control systems 

and PLC systems and their programming. 

Competencies 

     At the end of the course the student should be able to  

1. Express the theory related to Fluid power and arising in the study of engineering problems 

and their applications. 

2. Classify the pumps and motors and selected them for the required applications.   

3. Design the hydraulic and pneumatic circuits based on the required movement and 

sequence. 

4. Provide speed, pressure, direction control for the hydraulic and pneumatic circuits. 

Assessment pattern 

Sl. No Bloom’s category Test 1 Test 2 Test 3 / 

End Semester 

Examinations 

1 Remember  20 20 20 

2 Understand 20 20 20 

3 Apply 60 60 60 

4 Analyze - - - 

5 Evaluate  - - - 

6 Create - - - 

Course level learning objectives: 

Remember 

1. Define positive displacement pump 

2. Name some positive displacement pump  

3. List the parameters for selection a pump  

4. What is the various type of hydraulic motors? 

5. What is the control required for hydraulic circuits? 

6. Name some pressure control valves 

7. Why flow control is essential 

8. What is FRL unit 

Understand 

1. Compare the hydraulic and pneumatic  

2. Distinguish between external and internal gear pump. 

3. Describe the working principle cushioned cylinder 

Sub Code  Lectures Tutorial Practical Credit 

14MC140 4 - - 4 
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4. Distinguish between mechanical and Electro Hydraulic Servo Systems 

5. Classify the pumps 

6. Compare the meter-in and meter-out circuits 

Apply 

1. With neat sketch explain the working of the gear pump  

2. Discuss in detail the 4/3 direction control valve with example. 

3. Explain the cascade method of circuit design with example 

4. Design a circuit for the A+B+A-B- using Karnaugh map method  

5. Draw the ladder diagram for A+B+C-A-B-C+ and explain its operation 

6. Explain the application of pressure Compensated flow control valve 

 

Concept Map 

 

 

 

 

Syllabus 
Introduction: Need for Automation, Hydraulic & Pneumatic Comparison – ISO symbols for fluid 

power elements, Hydraulic, pneumatics – Selection criteria. Fluid Power Generating/Utilizing 

Elements: Hydraulic pumps and motor gears, vane, piston pumps-motors-selection and 

specification-Drive characteristics – Linear actuator – Types, mounting details, cushioning – power 

packs – construction.   Reservoir capacity, heat dissipation, accumulators – standard circuit symbols, 

circuit (flow) analysis. Control and Regulation Elements: Direction flow and pressure control 

valves-Methods of actuation, types, sizing of ports-pressure and temperature compensation, 

overlapped and underlapped spool valves-operating characteristics-electro hydraulic servo valves-

Different types- characteristics and performance. Circuit Design: Typical industrial hydraulic 

circuits-Design methodology – Ladder diagram-cascade, method-truth table-Karnaugh map method-
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sequencing circuits-combinational and logic circuit. Electro Pneumatics & Electronic Control of 

Hydraulic and Pneumatic Circuits: Electrical control of pneumatic and hydraulic circuits-use of 

relays, timers, counters, Ladder diagram.  Programmable logic control of Hydraulics Pneumatics 

circuits, PLC ladder diagram for various circuits. 

Reference Books 

1. W. Bolton, “Mechatronics, Electronic control systems in Mechanical and  

    Electrical   Engineering” Pearson Education, 2011. 

2.  Peter Rohner, “Fluid Power Logic Circuit Design”, McMillan Prem, 1994. 

3. Anthony Esposito,” Fluid Power with Applications”, Prentice-Hall, 2009 

4. Eaton ”Hydraulics Training Services (Vickers)”, Industrial Hydraulics Manual 5th Ed. 2nd  Printing 

2008  

5.  Frank Yeaple, “Fluid Power Design Handbook”, Third Edition, CRC Press 

6. James L. Johnson “Introduction to Fluid Power” Delmar Thomson Learning Publishers, 2003. 

7. CMTI Handbook, Tata McGraw-Hill Education, 2004. 

Course content and lecture schedule 

No Topic No. of 

Lectures 

 Introduction  

 Need for Automation, Hydraulic & Pneumatic Comparison 2 

1 FLUID POWER GENERATING/UTILIZING ELEMENTS   

1.1 Hydraulic pumps and Motor 2 

1.2 Gear, Vane and Piston motors 1 

1.3 Gear, Vane and Piston pumps 2 

1.3.1 Selection and specification-Drive characteristics 1 

1.4 Linear actuator – Types 2 

1.5  Cylinder mounting details 1 

1.5.1  Cushioning cylinder  1 

1.5.2 power packs – construction 1 

1.5.3  Reservoir capacity – heat dissipation  1 

1.6 Accumulators  1 

1.6.1  standard circuit symbols, circuit (flow) analysis   1 

2  CONTROL AND REGULATION ELEMENTS   

2.1 Direction control Valves types 1 

2.2 Flow control valves - types   1 

2.3 pressure control - types 1 

2.3.1 Methods of actuation – types  1 

2.3.2 sizing of ports 1 

2.3.3 pressure and temperature compensation,  1 

2.3.4 overlapped and under lapped spool valves, operating characteristics 1 

http://www.amazon.com/s/ref=ntt_athr_dp_sr_1?_encoding=UTF8&field-author=Eaton%20Hydraulics%20Training%20Services%20(Vickers)&ie=UTF8&search-alias=books&sort=relevancerank
http://books.google.com.pe/url?client=ca-google-print&format=googleprint&num=0&id=K2CkjoYZDDUC&q=http://www.crcpress.com/product/isbn/9780824795627&usg=AFQjCNES48mFaJUJVaNwn7G38L1hWbhLeQ&source=gbs_buy_r
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2.4 electro hydraulic servo valves- Different types- characteristics and 

performance 

2 

3 Circuit Design   

3 Typical industrial hydraulic circuits design methodology 1 

3.1 Ladder diagram 1 

3.2 Cascade method Truth table 1 

3.3 Karnaugh map method 1 

3.4 Sequencing circuits 1 

3.5 combinational and logic circuit 2 

4 ELECTRO PNEUMATICS & ELECTRONIC CONTROL OF 

HYDRAULIC AND PNEUMATIC CIRCUITS  

 

4.1 Electrical control of pneumatic and hydraulic circuits 1 

4.1.1 Use of relays, timers, counters 2 

4.2 Ladder diagram 1 

4.2.1 Programmable logic control of Hydraulics Pneumatics circuits 2 

4.2.2 PLC ladder diagram for various circuits  1 

                Total 40 

Course Designer 

1. M.Elango memech@tce.edu 

  

mailto:memech@tce.edu
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Sub Code Lectures Tutorial Practical Credit 

14MC150 4 - - 4 

 

14MC150 Mechatronics System Design                 4:0          

    

Preamble: Mechatronics is the synergistic combination of precision mechanical engineering, electronic 

control and systems thinking in the design of products and manufacturing processes. It relates to the 

design of systems, devices and products aimed at achieving an optimal balance between basic 

mechanical structure and its overall control. It will cover a wide range of application areas including 

consumer product design, instrumentation, manufacturing methods, computer integration and process 

and device control. An engineering PG Mechatronics student needs to understand the basic concepts, 

properties and interfacing off controls and drives in Mechatronics System Design. 

 

Competencies  

At the end of the course the students should be able to 

1.  Explain difference between traditional and Mechatronic design approach. 

2. Explain types of hydraulic /pneumatic drives and controls. 

3. Explain the installation procedure of a real time data acquisition system. 

4. Develop a data acquisition for a Mechatronic system. 

5. Develop a data acquisition and control system. 

 

Assessment Pattern     

 

 

 

 

 

 

 

 

 

 

 

Course level learning objectives: 

Remember 

1. Define Mechatronics. 

2. List the functions of structures in a Mechatronic system. 

3. Define directional control valve. 

4. List the types of Hydraulic motors. 

5. Define Nyquist sampling Theorem. 

6. Define over framing. 

 Bloom’s Category Test 1 Test 2 Test3 End-semester 

examination 

1 Remember 20 20 20 20 

2 Understand 60 40 20 30 

3 Apply 20 40 60 50 

4 Analyze - - - - 

5 Evaluate - - - - 

6 Create - - - - 
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Understand 

1. Differentiate Traditional and Mechatronic Approach. 

2. Discuss about various types of design process of a product. 

3. Explain about functioning of vane type hydraulic motor. 

4. Discuss about the elements involved in a data Acquisition system. 

5. Explain about the process of installing a data acquisition system. 

 

Apply 

1. Develop a Mechatronic system for weighing using strain gauge. 

2. Develop a condition monitoring system using sensors for an automated manufacturing system. 

3.  Develop a Mechatronic system for PH control. 

4. Develop a mechatronic system for Auto focusing in a camera. 

5. Design and develop a car park barrier system. 

 

Concept Map 
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Syllabus  

SYSTEMS AND DESIGN: Mechatronics systems – Integrated design issue in Mechatronics – 

Mechatronic key elements, Mechatronics approach – Adaptive control and distributed control system – 

Design process – Type of design – Integrated product design – Mechanism, load condition, design 

and flexibility – structures – man machine interface, industr ial  design and ergonomics, information 

transfer, safety. CONTROL AND DRIVES: Control devices – Electro hydraulic control devices, electro 

pneumatic proportional controls – Rotational drives – pneumatic motors: continuous and limited rotation 

– Hydraulic motor:  continuous and limited rotation – motion converters, fixed ratio, invariant motion 

profile, variators. REAL TIME INTERFACING: Real time interface – Introduction, Elements of a data 

acquisition and control system, over view of I/O process, installation of I/O card and software – 

Installation of the application software – over framing. CASE STUDIES – I: Case studies on data 

acquisition – testing of transportation surface materials transducer calibration system for automotive 

application – Strain gauge weighing system – solenoid force – Displacement calibration system – 

Rotary optical encoder– controlling temperature of a hot/cold reservoir – sensors for condition 

monitoring –mechatronic control in automated manufacturing. CASE STUDIES II: Case studies on 

data acquisition and control – thermal cycle fatigue at a ceramic plate – PH control system.  De-

icing temperature control system – skip control of a CD player – Auto focus camera.  Case studies 

on design of mechatronics product –pick and place robot – car park barriers – car engine management 

– bar code reader. 

 

Reference Books: 

1.  Brian morriss, “Automated manufacturing Systems – Actuators Controls,  

Sensors and Robotics”, McGraw Hill International Edition, 1995. 

2. Bolton, “Mechatronics – Electronic control systems in mechanical and electrical 

engineering, 5
th edition

, Pearson, 2013. 

3.  Devadas   Shetty, Richard   A. Kolkm,   “Mechatronics   system   design”,       

    PWS publishing company, 1997. 

4.  Bradley, D. Dawson, N.C. Burd and A.J. Loader, “Mechatronics:  Electronics in product 

and process”, Chapman and Hall, London, 1991 

5.  Gopal, “Sensors: A comprehensive survey Vol I & Vol VIII”, BCH publisher,  

    New York. 

 

Course Contents and Lecture Schedule 

No Topic No. of 

Lectures 

1 INTRODUCTION: SYSTEMS AND DESIGN  

1.1 Mechatronics systems – Integrated design–  2 

1.2 Mechatronic key elements 2 

1.3 Adaptive control and distributed control system  1 
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1.4 Type of design – Integrated product design 1 

1.5 Mechanism 1 

1.6 Structures   1 

1.7 Man, machine interface, industr ial  design and ergonomics, information 

transfer, safety. 

1 

2 CONTROL AND DRIVES:  

2.1 Control devices – Electro hydraulic control devices.  2 

2.2 Electro pneumatic proportional controls. 1 

2.5 Pneumatic motors: continuous and limited rotation 2 

2.6 Hydraulic motor:  continuous and limited rotation   2 

2.7 Motion converters- fixed ratio, invariant motion profile, variators. 2 

3 REAL TIME INTERFACING:  

3.1 Real time interface – Introduction. 2 

3.2 Elements of a data acquisition and control system. 2 

3.3 Over view of I/O process. 1 

3.4 Installation of I/O card and software. 1 

3.5 Installation of the application software. 1 

3.6 Over framing. 2 

4 CASE STUDIES – I:  

4.1 Testing of transportation surface materials 1 

4.2 calibration system for automotive application 1 

4.3 Strain gauge weighing system 1 

4.4 Displacement calibration system 1 

4.5 Controlling temperature of a hot/cold reservoir 2 

4.6 Sensors for condition monitoring 2 

4.7 Mechatronic control in automated manufacturing. 1 

5 CASE STUDIES II:  

5.1 Thermal cycle fatigue at a ceramic plate 1 

5.2 PH control system 1 

5.3 De-icing temperature control system 1 

5.4 skip control of a CD player 1 

5.5 Auto focus camera 1 

5.6 Pick and place robot 1 

5.7 Car park barriers 1 

5.8 Car engine management 1 

5.9 Bar code reader. 1 

 Total 45 

Course Designer: 
  1. Mr.T.Vivek-tvivek@tce.edu 
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Sub Code Lectures Tutorial Practical Credit 

14MC160 4 - - 4 

 

14MC160 Automotive Electronics    4:0   
Preamble: This course is intended for learning the Fundamentals of Automobile Engineering, and 

application of electronics to automotive. This course covers the basics of automotive engines, different 

types of sensors and actuators, Engine control functions, Fuel delivery systems, different types of 

transmission control systems, Electromagnetic Interference and Electronic Dashboard Instruments. 

  

Competencies  

 

At the end of the course the students should be able to 

1. Identify the major components of an automotive 

2. Explain the components of Electronic Engine Management 

3. Explain the working principles of various sensors and actuators. 

4. Explain various electronic controls applied to engine related systems. 

5. Explain the Automotive Transmission Control Systems.  

6. Recognize automotive monitoring and diagnostic systems 

 

Assessment Pattern 

 

 

 

 

 

 

 

 

 

 

 

Course level learning objectives: 

Remember 

1. Name the major components of the engine  

2. Write brief notes on automotive electrical and electronic subsystems  

3. Describe how the effect of fuel slosh is overcome in fuel quantity measurement 

4. Write the effect of imperfect combustion in an engine and how the effect can be  

reduced. 

5. State the advantage of electronic steering control. 

6.   Discuss in detail the ignition system set up in automobiles. 

            

Understand 

 Bloom’s Category Test 1 Test 2 Test3/End-

semester 

examination 

1 Remember 20 20 20 

2 Understand 50 50 50 

3 Apply 30 30 30 

4 Analyze - - - 

5 Evaluate - - - 

6 Create - - - 
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1. Explain the working principle of acceleration sensor. 

2. Explain the working principle of temperature sensor. 

3. Explain various stepper motor-based cruise control. 

4. Describe the working principle of fuel injector with necessary diagrams. Also     

     Validate the fuel injector signal. 

5.  Discuss in detail the ignition system set up in automobiles. 

6.  Illustrate the working principle of Exhaust Gas Recirculation actuator.  

 

Apply 

1.  Apply the Wheatstone bridge to sense the mass air flow rate in an engine. 

2.  Illustrate the application of magnetic reluctance concept in crankshaft angular  
     Position sensor.  

3. Justify the need for power steering in automotive. 

4. The input parameters set by the driver in the instrumentation panel are following. 

        Starting Time – 5 pm, Total distance of journey – 800 Km, Vehicle speed – 70 Kmph, Fuel flow 

– 4 liter per hour, Fuel cost per liter – Rs.75. Calculate the following trip information if fuel quantity 

available is 60 liters after traveling 450 Km from the starting point. i)fuel economy ii) Distance to 

empty fuel tank iii) Estimated time of arrival iv) average fuel cost spent so far. 

6. Determine the change in thermistor resistance if the sensor output voltage is increased from 4V to 

8V in a coolant temperature sensor with 12 V supply and 2 ohms fixed resistance. 

Concept Map:
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Syllabus  

Fundamentals of Automotive Electronics: Introduction to Automobile Engineering, Automotive 

Engines, Automotive Control Systems – Components of Electronic Engine Management – Current 

trends in Automobiles. Automotive sensors and actuators: Introduction – Basic Arrangement –  

Automotive applications o f  Pressure, Flow, Temperature sensors – Position, Speed and 

Acceleration Sensors – Exhaust gas sensors – Engine knock, Engine torque sensors – Automotive 

actuators. Automotive engine control systems: Objectives – Spark Ignition Engines: Engine control 

functions, Engine control modes, Fuel delivery systems, MPFI, Ignition Systems, Diagnostics – 

Compression Ignition Engines – Emission control. Automotive Transmission Control Systems: 

Transmission control - Cruise control – Braking control – Traction control –Suspension control – 

Steering control – Stability control – Integrated engine control. Automotive monitoring and 

diagnostics: Electromagnetic Interference (EMI) Suppression – Electromagnetic Compatibility –

Electronic Dashboard Instruments – On board and off board Diagnostics – Security and warning 

Systems. 

 

Reference Books 

1. William   B. Ribbens, “Understanding   Automotive   Electronics” –   7
th     

Edition, 

Butterworth, Heinemann W obum, 2012(New edition). 

2. Tom W eather Jr and Cland C.  Hunter, “Automotive Computers and Control System” 

Prentice Hall Inc., New Jersey. 

3. Young A.P. and Griffths, L., “Automobile Electrical Equipment” ,  English Language Book 

Society and New Press. 

4. Crouse, W .H, “ Automobile Electrical Equipment” McGraw Hill Book Co Inc., New York, 

1955. 

5. Robert N Brady, “Automotive Computers and Digital Instrumentation”, Areston Book 

Prentice Hall, Eagle W ood Cliffs, New Jersey, 1988. 

6. R.K. Jurgen, “Automotive Electronics Handbook”, McGraw Hill 2
nd 

Edition. 

 

Course Contents and Lecture Schedule 

No Topics  No. of Lectures 

1 Fundamentals of Automotive Electronics  

1.1 Introduction to Automobile Engineering,   1 

1.2 Components of Automotive Engines 3 

1.3 Automotive Control Systems 1 

1.4 Components of Electronic Engine Management – Current trends in 

Automobiles.          

3 

2 Automotive sensors and actuators  

2.1 Pressure sensor, 1 
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2.2 Air Flow sensor  1 

2.3 Temperature sensors  1 

2.4 Position, Speed and Acceleration Sensors  3 

2.5 Exhaust gas sensors, Automotive actuators 3 

3  Automotive engine control systems I: Engine control  

3.1 Spark Ignition, Engine control functions, Engine control modes 2 

3.2 Fuel delivery systems, MPFI 2 

3.3 Ignition Systems  2 

3.4 Diagnostics – Compression Ignition Engines – Emission control. 2 

4 Automotive Transmission Control Systems II                                

4.1 Transmission c o n t r o l     1 

4.2 Cruise con t ro l   2 

4.3 Braking c o n t r o l    2 

4.4 Traction c o n t r o l  –  Suspension control – Steering control  2 

4.5 Stability control – Integrated engine control. 2 

5 Automotive monitoring and diagnostics  

5.1 Electromagnetic Interference (EMI) Suppression – Electromagnetic 

Compatibility.  

2 

5.2 Electronic Dashboard Instruments – On board and off board 

Diagnostics.  

2 

5.3 Security and warning Systems. 2 

 Total 40 

Course Designers: 

1. Mr.R.Medeswaran-medes@tce.edu 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mailto:Mr.R.Medeswaran-medes@tce.edu
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Sub Code Lectures Tutorial Practical Credit 

14MC170 - - 3 1 

 

14MC170 Automation Lab       0:1 

 
Objective: 

 
     To make the students learn the basic concepts of hydraulics and pneumatics and its 

applications in the area of manufacturing process. 

 
List of Experiments: 

 

1. Simulation of Hydraulic / Pneumatic circuits using Automation Studio. 

2. Simulation of Hydraulic / Pneumatic circuits using Fluid sim/Hydro sim. 

3. Design and implementation of Cascading circuit A+B+B-A- using Pneumatic    

      Components. 

4.   Design and implementation of Sequential circuit A+B+A-B- using Pneumatic  

      Components. 

5.  Design and implementation of Sequential circuit A+B+A-B- using electro    

Pneumatic Components and PLC.  

6.   PLC-based Experiment-Car Park Barrier. 

7.    Level control system using PLC.   

8.   Edge detection using Machine vision. 

9.  DC servo motor Control System. 

10. Strain gauge data acquisition system using Lab VIEW. 

11. Pick and place / path tracking using Robot. 

12. PC based Temperature Measurement and Data logging. 

13. LVDT based displacement measurement using LabVIEW. 

 



M.E. Degree (Mechatronics)- 2014-15 
 
 

 
Approved in board of Studies on 08.11.2014                                          Approved in 49th Academic Council meeting on 04.12.2014 

  

 
Category L T P Credit 

PC 3 0 0 3 

 
 

Preamble 

  
Necessity is the mother of invention and embedded systems are inventions that were fuelled 
by the idea of making pre-programs to perform a dedicated narrow range of functions as part 
of large systems. Embedded systems and real time operating systems are fast achieving 
ubiquity, blurring the lines between science fiction and hard reality. Real-time operating 
systems are created for a special application. Very often industrial or automotive applications, 
implemented as embedded systems, must provide timely responses in order to perform the 
required operation. Further, in general, real time requirements typically refer to applications 
that are expected to react to the events of some kind of controlled process.  This course deals 
real time embedded system concepts, terminologies. Last but not least this course also deals 
some important case studies regarding real time embedded system. 

 

Prerequisite 

Digital Systems 

 

Course Outcomes 

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

CO1 Define various types of systems, definitions and operating 
hardware’s 

Remember 

CO2 Explain the concept of design and development of embedded 
system     

Understand 

CO3 Explain about real time systems Understand 

CO4 Explain the realization of real time systems in hardware Understand 

CO5 Select suitable real time software’s and design procedure to solve 
engineering issues in industries.  

 Apply 

 
 

Mapping with Programme Outcomes 

COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PO12 

CO1.  L M L M L L  M  L  M 

CO2.  L L L L S L  L  L  L 

CO3 L L L L S L  L  L  L 

CO4 S M S L M M  M  M  M 

CO5 L L L S L M  S  S  S 

S- Strong; M-Medium; L-Low 
 
 
 
 
 
 

14MC210 REAL TIME EMBEDDED SYSTEM  



M.E. Degree (Mechatronics)- 2014-15 
 
 

 
Approved in board of Studies on 08.11.2014                                          Approved in 49th Academic Council meeting on 04.12.2014 

  

 
 

Assessment Pattern 

Bloom’s 
Category 

Continuous 
Assessment Tests 

Terminal 
Examination 

1 2 3 

Remember 30 20 20 20 

Understand 70 50 40 50 

Apply - 30 40 30 

Analyse - - - - 

Evaluate - - - - 

Create - - - - 

 

Course Level Assessment Questions 

 
Course Outcome 1 (CO1): 

1. Define “Embedded system”. 

2. Differentiate embedded hardware units and devices in a system. 

3. Define real time systems. 

Course Outcome 2 (CO2) 

1. Explain the design process in embedded system. 

2. With neat sketch explain the concept of state machine 

3. Explain about system design languages. 

Course Outcome 3 (CO3) 

1. Discuss any one timing techniques on PC compatibles. 

2. Briefly explain the concept of Multi threading. 

3. Explain about different levels of data integrity. 

Course Outcome 4 (CO4) 

4. Explain how loop optimization can be done. 

5. Explain Hardware timing in real time systems. 

6. Explain about watch dogs. 

Course Outcome 5 (CO5) 

1. Select suitable real time system to solve problems in aero space industries. 

2. Select suitable real time technique to identify damaged bolts in industries. 

3. With neat sketch discuss the RIO architecture-based applications in industries. 
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Concept Map 

 

 
 
 

Syllabus 

Introduction to Embedded systems: Definition- Processor embedded into a system-
Embedded hardware units and devices-Embedded software in a system- Examples of 
embedded systems- Embedded System-ON-Chip (Soc) and use of VLSI circuit design 
technology- Design process in embedded system- Formalization of embedded system- 
Design Process and Design Examples-Classification of embedded systems. 

Embedded System Design and Development: Design Methods and techniques – Models 
and languages – State Machine and state tables in embedded design – High level language 
descriptions of S/W for embedded system, Java based embedded system design. 
 
Real Time Systems: Real time concepts-Real time definition-Hardware Targets-
Communication- Multi threading- Priorities-Tasks- Timing techniques on PC compatibles 
 
Realization of Real Time Systems: Shared resources- Hardware timing- Loop optimization- 
watch dogs- Application fields  

 

Case Studies in Real Time Embedded Systems: Introduction to RIO architecture – 
Elements of Graphical system design - Specific examples of time-critical and safety-critical 
embedded systems applications in automotives, aerospace and manufacturing like 
Development of Machine Vision based conveyor system – Development of Autonomous 
Embedded Intelligent Robotics systems – Development of HIL system.  
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Reference Books 

1. D.M.Auslander, J.R.Ridgely, J.D.Ringgenberg, “Control Software for Mechanical 

Systems Object-Oriented Design in a Real-Time world”, Pearson Education, 2002. 

2. Gajski, D.D. Vahid, F., Narayan S., “Specification and Design of Embedded 

Systems”, PTR Prentice Hall, 1994. 

3. Raj Kamal,” Embedded Systems Architecture, Programming and Design”, 2nd 

Edition, Tata McGraw-Hill. 

4. Herma K., Real Time Systems – Design for distributed Embedded Applications, 

Kluwer Academic, 1997. 

5. Philip A. Laplante, “Real time systems Analysis and Design – An   Engineer’s 

Handbook”, IEEE computer society press PHI, 2nd Ed. 1997. (2,3,4) 

6. Allan. V. Shaw, “Real Time systems and software”, John Wiley & Sons (4,5) 

 

Course contents and Lecture Schedule 

 
 

S. No Topic 
No. of 

lectures 

1. Introduction to Embedded systems:  

1.1 Definition- Processor embedded into a system 1 

1.2 Embedded hardware units and devices 1 

1.3 
Embedded software in a system, Examples of embedded 

systems 
1 

1.4 
Embedded System-ON-Chip (Soc) and use of VLSI circuit 

design technology 
1 

1.5 
Design process in embedded system Formalization of 

embedded system 
1 

1.6 
Design Process and Design examples, Classification of 

embedded systems. 
2 

2 Embedded System Design and Development  

2.1 Design Methods and techniques 2 

2.2 Models and languages 2 

2.3 State Machine and state tables in embedded design 2 

2.4 
High level language descriptions of S/W for embedded 

system, Java based embedded system design 
2 

3 Real time systems  
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3.1 Real time concepts-Real time definition 2 

3.2 Hardware targets-Communication 2 

3.3 Multi threading- Priorities 2 

3.4 Tasks- Timing techniques on PC compatibles 2 

4 Realization of real time systems  

4.1 Shared resources- Hardware timing 2 

4.2 Loop optimization 2 

4.3 watch dogs- Application fields 1 

5 Case studies in real time embedded systems  

5.1 Introduction to RIO architecture 2 

5.2 Elements of Graphical system design 2 

5.3 
Specific examples of time-critical and safety-critical 

embedded systems applications 
2 

5.4 
Development of Autonomous Embedded Intelligent 

Robotics systems 
2 

5.5 Development of HIL system. 2 

 Total 38 

 

Course Designers: 

   
1. Dr. M. Saravanan mseee@tce.edu 

      2. Mr. P. Vairaprakash Vairaprakash@tce.edu 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

mailto:mseee@tce.edu
mailto:Vairaprakash@tce.edu
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Category L T P Credit 

PC 4  0 0 4 

  
 

Preamble 

 
Micro Electro Mechanical System (MEMS) contains components of sizes less than one 
millimeter. MEMS achieve some engineering functions by electro mechanical or electro 
chemical means. In general, a sensor, an actuator and a signal transduction unit form the 
MEMS device. Automobile, Aerospace, Health care are some of the areas where MEMS found 
applications. Natural science, Mechanical, Electrical, Chemical, Materials and Industrial 
Engineering are the disciplines involved in design, Manufacture and Packaging of MEMS 
devices. This course provides a comprehensive treatment with synergetic integration of wide 
spectrum of discipline in science and engineering to cater the multidisciplinary nature of 

Mechatronics. 
 

Prerequisite 

Engineering Mathematics, Engineering Physics, Engineering Chemistry Materials Science, 
Thermodynamics, Heat Transfer, Fluid mechanics Engineering Mechanics 

 

Course Outcome  

After successful completion of the course the student will be able to 

CO 1. Explain the working principles MEMS and Microsystems   Understand 

CO 2. Solve problems in scaling laws applicable to miniaturization.  Apply 

CO 3. Explain Materials for MEMS and Microsystems  Understand 

CO 4. Describe micro-system fabrication and Micro-manufacturing  Understand 

CO 5. Solve problems related to design of MEMS devices Apply 

CO 6 Explain the packaging aspects of Micro System  Understand 

 
 

Mapping with Programme Outcomes 

COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PO12 

CO3.  S L M S L        

CO4.  S L M S L        

CO3 S S M S L        

CO4 S S M S L        

CO5. S L M S L        

C06 S L M S L        

C07 S L M S L        

CO8 S L M S L        

S- Strong; M-Medium; L-Low 
 
  

14MC220 
MICRO ELECTRO MECHANICAL 

SYSTEMS  
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Assessment Pattern 

Bloom’s 
Category 

Continuous 
Assessment Tests 

Terminal 
Examination 

1 2 3 

Remember 20 20 20 20 

Understand 50 50 50 50 

Apply 30 30 30 30 

Analyse - - - - 

Evaluate - - - - 

Create - - - - 

 
 

Course Level Assessment Questions 

 
Course Outcome 1 (CO1): 

1. Distinguish microelectronics from MEMS.  

2. Define the term MEMS. 

3. Define shape memory alloys. 

4. Write note on the advantages of miniaturization. 

5. Explain in detail the application of MEMS in automobile industry. 

6. With neat diagram explain the functioning of micro pressure sensor. 

Course Outcome 2 (CO2): 

1. Record two types of scaling laws used in micro-systems.  

2. Write the scaling formula for a simple rectangular block. 

3. Explain in detail, the Trimmer matrix to represent force scaling with related acceleration, 

time and power density required for scaling of systems in motion. 

4.  Give a report on scaling in heat conduction and heat convection. 

5. Estimate the associated changes in the acceleration, time and power supply to actuate 

a MEMS component if its weight is reduced by a factor 20. 

6. Estimate the variation of the total heat flow and the time required to transmit heat in a 

solid with a reduction of size by factor of 10. What will happen if the solid is of sub 

micrometer level.  

Course Outcome 3 (CO3): 

1. State the reason for which materials like silicon, Gallium Arsenide, germanium, quartz 

is preferred for sensors and actuators.  

2. Draw the diagrams of three designated planes of silicon, showing number of atoms 

present. 

3. Define smart materials.  

4. With neat diagram explain the Czkchralski method for growing single crystal silicon. 

5. Explain in detail the role silicon and its compounds in MEMS.   

6. Write detail notes on polymer materials used MEMS and microsystems. 
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Course Outcome 4 (CO4) 

1. Distinguish between wet and dry etching. 

2. Outline the general principle of diffusion process. 

3. Name three mask materials used in etching. 

4. Explain the general procedure of photolithography. Use neat diagrams. 

5. Explain surface lithography with neat diagram.  

6. Using neat diagrams explain LIGA process. 

Course Outcome 5 (CO5) 

1. Outline the major difference between mechanical engineering design and MEMS 

design. 

2. Tell the importance of signal mapping in MEMS transduction system. 

3. List the important three databases need to present in CAD package for MEMS. 

4. With the help of a flow chart, provide overview of the necessary ingredients involved in 

microsystem design.  

5. Demonstrate the mechanical design of a silicon die for a micro-pressure sensor. 

Course Outcome 6 (CO6) 

1. Mention the objectives of packaging of MEMS device 

2. State the advantages of anodic bonding. 

3. With suitable sketches, bring out the differences between microelectronics and MEMS 

packaging. 

4. Explain various aspects of Signal mapping and transduction.  

5. Illustrate the steps involved in packaging of pressure sensor. 

 

Concept Map 
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Syllabus 

 
Overview of MEMS and Micro Systems: MEMS and Microsystems, products, Evolution of 
micro-fabrication, Micro system and Microelectronics, The multidisciplinary nature of MEMS, 
Miniaturization, applications of micro systems in automotive, health care, aerospace, and 
telecommunication fields.  
Working Principles of Microsystems: Introduction, micro sensors: Acoustic waves, optical, 
chemical, pressure, thermal, biomedical and bio sensors. Microactuation: using thermal 
forces, shape memory alloys, piezoelectric crystals and electrostatics forces. MEMS with 
micro actuators: microgrippers, micromotors, microvalves, micropumps, micro accelerometer. 
Materials for MEMS and Microsystems: Introduction, substrate and wafers, active substrate 
materials, silicon, silicon compounds, silicon piezo resistors, polymers and packaging 
materials.  
Microsystem fabrication process: Introduction, Photolithography, ion implantation, 
diffusion, oxidation, chemical vapour deposition, physical vapour deposition(sputtering), 
Deposition by epitaxy, wet and plasma etching.  
Overview of Micromanufacturing: introduction, bulk micromachining, surface 
micromachining, the LIGA process.  
Scaling law in miniaturization: Introduction to scaling, scaling in rigid body dynamics, 
electrostatic forces, electromagnetic forces, electricity, fluid mechanics and heat transfer. 
Microsystems design: Introduction, Design considerations, Process design, Mechanical 
design, Design of silicon die for micro pressure sensor, introduction to CAD for MEMS. 
Microsystem packaging: Need of packaging, Comparison of Micro electronics and MEMS 
packaging, Design case: pressure sensor packaging  
 
 

Text Book 

1. Tai –Ran Hsu, “MEMS and Microsystem: Design and Manufacture”, Tata 

McGraw Hill, First Edition, 2002. 

Reference Books 

1. G.K. Ananthasuresh, K.J.Vinoy, S.Gopalakrishnan, K.N. Bhat and V.K. Athrae 

“Micro and Smart System”, Wiley India Pvt Ltd, First edition, 2010 

2. Chang Liu , “Foundation of MEMS” 2nd Edition, Pearson education, 2012. 

3. Marc J Madou: “Fundamentals of microfabrication and nanotechnology”, 

Three volume set 3rd revised Edition, Taylor and Francis, 2011 

4. Gad El Hak(Editor), “The MEMS Hand Book”, Three volume set, 2nd revised 

Edition. CRC press, 2005. 
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Course Contents and Lecture Schedule 

Module 

No. 
Topic 

No. of 

Lectures 

1. Overview of MEMS and Micro Systems:  

1.1 MEMS and Microsystems, products, Evolution of micro-

fabrication, Micro system and Microelectronics 

2 

1.2 The multidisciplinary nature of MEMS, Miniaturization, 2 

1.3 applications of micro systems in automotive, health care, 

aerospace, and telecommunication fields 

2 

1.4 Working Principles of Microsystems:  

1.5 Introduction, micro sensors: Acoustic waves, optical, 

chemical, pressure, thermal, biomedical and bio sensors. 

3 

1.6 Micro actuation: using thermal forces, shape memory alloys, 

piezoelectric crystals and electrostatics forces. 

2 

1.7 MEMS with micro actuators: microgrippers, micromotors, 

microvalves, micropumps, micro accelerometer, microfluidics 

2 

2 Scaling law in miniaturization:  

2.1 Introduction to scaling, scaling in rigid body dynamics, 

electrostatic forces, 

1 

2.2 electromagnetic forces, electricity, fluid mechanics and heat 

transfer 

2 

3 Materials for MEMS and Microsystems: 

3.1 Introduction, substrate and wafers, active substrate materials 1 

3.2 silicon as substrate material, silicon compounds, silicon piezo 

resistors 

1 

3.3 Gallium Arsenide, Quartz, polymers and packaging materials. 1 

4 Microsystem fabrication process: 

4.1 Introduction, Photolithography 1 

4.2 ion implantation, diffusion 1 

4.3 oxidation 1 

4.4 chemical vapour deposition 2 

4.5 physical vapour deposition(sputtering), Deposition by epitaxy, 1 

4.6 wet and plasma etching 2 

 Overview of Micromanufacturing:  

4.7 introduction, bulk micromachining,  1 

4.8 surface micromachining, The LIGA process 2 
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Module 

No. 
Topic 

No. of 

Lectures 

5 Microsystems design: 

5.1 Introduction, Design considerations 2 

5.2 Process design,  2 

5.3 Mechanical design  2 

5.4 Design of silicon die for micro pressure sensor 2 

5.5 Introduction to CAD for MEMS 3 

6 Microsystem packaging: 

 

6.1 Introduction, mechanical packaging of microelectronics, 

microsystem packaging, interfaces, packaging technologies 

2 

6.2 3D packaging, assembly of microsystems, selection of 

packaging materials, 

2 

6.3 signal mapping and transduction 1 

6.4 Design case: pressure sensor packaging 2 

Total  48 

Course Designers: 

1. Dr. G.Kumaraguruparan  gkgmech@tce.edu  
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Category L T P Credit 

PC 0 0 1 1 

 
 

Preamble 

 

To introduce about basics of microcontroller programming and their applications. Students will 

be equipped with the basic knowledge of microprocessor, microcontroller interfacing and their 

applications 

 

Prerequisite 

Nil 
 

Syllabus 

 

1. Single precision and double precision operations 

2. Sorting of array of numbers with 1, 2 precisions 

3. LED display/ LCD display/7 segment display interface 

4. Realization of Timer and counter 

5. Interrupt handling- Single and multiple interrupts  

6. ADC and DAC characteristics measurement 

7. Establishing serial communication. 

8. Stepper motor control (Single motor and two motor). 

9. Measurement with load cell. 

10. Temperature measurement with thermocouple and thermistor. 

11. Temperature control. 

12. Light control. 

 

Course Designers: 

1. Dr. K. Hariharan dept of ECE khh@tce.edu 

 
 
 
 
 
 

14MC270 MICROCONTROLLER LAB 
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Category L T P Credit 

PE 4 0 0 4 

 

Preamble 

This course attempts to make the students familiar with the architecture and instruction 

set of 8-bit micro controllers. Intel 8051 microcontroller is considered for more detailed 

treatment of 8-bit architecture and assembly language programming as they serve as any 

application development in microcontrollers used in tiny embedded system. PLC is a different 

variant systems design hardware which is currently popular in the electronic automation area. 

PLC Programming with Ladder language is covered in detailed manner. The outcome of this 

course is to help students acquire knowledge in the industrial automation system design using 

microcontroller and PLC  

 

Prerequisite 

Course Name: Digital Electronics, Microprocessor. 

 

Course Outcomes 

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

 
 

Mapping with Programme Outcomes 

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

CO5.  L L L S S      L 

CO6.  L L L S S      L 

CO7.  M M L S S  M M M  M 

CO8.  M M M S S S S S S  S 

CO9.  S S S S S S S S S  S 

CO10.  S S S S S S S S S  S 

S- Strong; M-Medium; L-Low 
  

14MCPA0 MICROCONTROLLER AND PLC 

CO1- Define microcontroller and its components Remember 

CO2- Exemplify the instruction sets and addressing modes in microcontroller  Understand 

CO3- Develop assembly program for peripherals (Time, Counter, serial) Apply 

CO4- List components along with its functions in PLC Remember 

CO5- Exemplify the functionality of PLC   Understand 

CO6- Develop PLC program for an automobile application  Apply 

CO7- Identify the sensors for a given problem with microcontroller and PLC Apply 

CO8- Develop a system with pseudocode and flowchart for PLC /Microcontroller  Apply 
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Assessment Pattern 

Bloom’s 
Category 

Continuous 
Assessment Tests 

Terminal 
Examination 

1 2 3 

Remember 30 20 0 20 

Understand 30 40 50 30 

Apply 40 40 50 50 

Analyse - - - - 
Evaluate - - - - 

Create - - - - 

 

Course Level Assessment Questions 

 

Course Outcome 1 (CO1): 

1. Define microcontroller. 

2. State the clock frequency for 8051. 

3. Define 8951 controller. 

Course Outcome 2 (CO2): 

1. Give the difference between MOVC and MOVS instructions  

2. List the instructions related to external data memory 

3. Exemplify the instruction used in code memory  

Course Outcome 3 (CO3): 

1. Develop ASM program for 8051 to access timer peripheral 

2. Explain about establishing serial communication in microcontroller. 

3. Develop ASM program to invoke interrupt routing  

Course Outcome 4 (CO4): 

1. Define PLC. 

2. Explain about bouncing of a switch. 

3. Explain about de bouncing of a switch. 

Course Outcome 5 

1. List the sensors and its physical parameters it senses. 

2. Explain about interfacing thermocouple with PLC. 

3. Explain about interfacing Light sensor with PLC. 

Course Outcome 6 (CO6): 

1. Develop ladder program for a PLC to access timer. 

2. State the way of Setting up timer ON and OFF in PLC.  

3. Develop ladder program for PLC to interface analog sensor. 
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Course Outcome 7 

1. State the advantages of using PLC over PC. 

2. State various applications of PLC. 

3. Develop a PLC ladder coder for counting external event using timer in PLC. 

Course Outcome 8 

1. Develop a ladder program for PLC for automation of parking garage. 

2. Develop a ladder program for PLC for automation of product packaging,  

 

Concept Map 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Syllabus 

Intel 8-bit Microcontroller: Programming model, Instruction sets 8051, Introduction and its 

architecture, Addressing modes,8051 Hardware design and Testing. 8051 Peripherals: 

Timer/Counters-Intro, modes of operation and uses, Serial interface, Interrupts types and its 

handling, Handling Multiple interrupts, 8051 Interfacing: ADC and DAC, Key Board interface- 

Lead per key and Matrix KB, Display interface- LED and LCD. Introduction to single board 

computer-Rasperypi. Programmable Logic controller: PLC and its components, connecting 

sensors and executing devices. PLC Programming:  Ladder diagram, PLC programs for Self-

maintenance, making large time intervals, Delays of ON and OFF status, Counter over 9999, 

Alternate ON-OFF output, Automation of parking garage, Operating a charge and discharge 

process, Automation of product packaging, Automation of storage door 
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Reference Books/Learning Resources 

1. kennath ayala, “8051 Microcontroller”, Cengage Learning, 2010 

2. Nebojsa Matic, “Introduction to PLC controllers”, Mikro-e Edition, Online Free  

 

Course Contents and Lecture Schedule 

Module 

No. 
Topic 

No. of 

Lectures 

1. Intel 8-bit Microcontroller 

1.1 Programming model of 8051/8951 2 

1.2 Instruction sets in 8051 2 

1.3 Architecture  2 

1.4 Addressing modes 2 

1.5 8051 Hardware design and Testing 2 

2 8051 Peripherals: 

2.1 Timer/Counters 2 

2.2 modes of operation 2 

2.3 Serial interface 2 

2.4 Interrupts types and its handling 2 

 Handling Multiple interrupts 2 

3 8051 Interfacing:  

3.1 ADC and DAC 2 

3.2 Key Board interface- Lead per key and Matrix KB 2 

3.3 Display interface- LED and LCD 2 

3.4 Single board computer-Rasperypi 1 

4 Programmable Logic controller:  

4.1 PLC and its components 3 

4.2 connecting sensors and executing  3 

5 PLC Programming  

5.1 Ladder diagram 3 

5.2 PLC programs -  2 

5.2.1 Self-maintenance 1 

5.2.2 Making large time intervals 1 

5.2.3 Delays of ON and OFF status 1 

5.2.4 Counter over 9999 1 

5.2.5 Alternate ON-OFF output 1 

5.2.6 Automation of parking garage 1 
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Module 

No. 
Topic 

No. of 

Lectures 

5.2.7 Operating a charge and discharge process 1 

5.2.8 Automation of product packaging 2 

5.2.9 Automation of storage door 1 

 Total 48 

 

Course Designers: 

1. Dr. K. Hariharan  khh@tce.edu 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

   
 

mailto:khh@tce.edu
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Category L T P Credit 

PE 4 0 0 4 

 
 

Preamble 

 

The proliferation of wireless devices in Mechatronic systems such as sensor networks, mobile 
robots and Unmanned Aerial vehicles signify the need for a clear understanding on working 
of wireless networks and architectures.  Data transfer in a wireless network involves study on 
the data format and the network structure.  This course aims at providing an insight into these 
aforesaid elements. Furthermore, this course covers the basics of Computer Networks and 
wireless network standards like GSM and IEEE 802.11 architecture in detail. The working of 
wireless sensor and ad hoc networks is required to choose the right architecture for a specific 
Mechatronic system. This course covers the architecture, topologies, and applications of Ad 
hoc and Sensor networks. 

 

Prerequisite 

Nil 

 

Course Outcomes 

 
On the successful completion of the course, students will be able to 
CO1 Define the terminologies, protocols and concepts in networks   Remember 

CO2 Explain the network types and architectures Understand 

CO3 Describe the cellular network operations  Understand 

CO4 Illustrate the operation of Ad hoc and Sensor Networks Understand 

CO5 Select a suitable solution for interconnecting systems  Apply 

 

Mapping with Programme Outcomes 

COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PO12 

CO1 S L L L S      L S 

CO2 S S S S S      M S 

CO3 S L L L M      L S 

CO4 S M S M S      L S 

CO5 S S S S S      M S 

S- Strong; M-Medium; L-Low 
 
 
 
 
 
 
 
 
 

14MCPB0 
DATA COMMUNICATION 

NETWORKS 
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Assessment Pattern 

Bloom’s 
Category 

Continuous 
Assessment Tests 

Terminal 
Examination 

1 2 3 

Remember 40 40 40 40 

Understand 60 40 40 40 

Apply - 20 20 20 

Analyse - - - - 
Evaluate - - - - 
Create - - - - 

 

Course Level Assessment Questions 

 

Course Outcome 1 (CO1): 

1. List the five important components of Data communication. 

2. Define Network architecture. 

3. Mention the role of GSN in the GPRS architecture. 

4. Underline the impact of hidden and exposed terminals on throughput of Ad hoc 

networks. 

5. Distinguish between Ad hoc Networks and Sensor Networks. 

 

Course Outcome 2 (CO2): 

1. Describe the modulation and spread spectrum techniques for wireless 

transmission. 

2. Explain the Protocol Architecture of IEEE 802.11. 

3. Outline the services and features of TCP. 

4. Describe the process of file transfer in FTP. 

 

Course Outcome 3 (CO3) 

1. Categorize GSM components explaining their functionality. 

2. Infer on how and when handover is performed in GSM. 

3. Explain the sub systems and control channels in GSM. 

4. Summarize the problems in traditional transport layer solutions when used in a 

Mobile environment. 
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Course Outcome 4 (CO4) 

1. Describe the ways by which data is disseminated in Sensor Networks. 

2. Outline the challenges and design issues in Routing for Wireless Sensor Networks. 

3. Comprehend the major issues that affect the design, development and 

performance of an Ad hoc Network. 

4. Explain the working, significant features and limitations of Ad hoc On-demand 

Distance Vector routing protocol. 

5. Review the Sender-Initiated Contention based MAC protocols in Ad hoc networks. 

 

Course Outcome 5 (CO5) 

1. An organization is granted the address 211.17.180.01 /24, The administrator wants to 

create 32 subnets.  

a. Calculate the subnet mask. 

b. Calculate the number of addresses in each subnet. 

c. Calculate the first and last address in subnet 1. 

d. Calculate the first and last address in subnet 32. 

2. In an IPV4 packet, if the value of HLEN is 1000 in binary, how many bytes of options 

are being carried away by this packet? An IPV4 packet has arrived with a few 

hexadecimal digits as follows 0x 45000028000100000102. Compute the number of 

hops the packet can travel before being dropped. 

 

Concept Map 
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Syllabus 

Networks: Networks types - Network Models – Layers: Physical, Datalink, Network, 

Transport, Session, Presentation, Application - Wired Network: Ethernet, Token Bus, Token 

Ring, Fiber Distributed Data Interface (FDDI) - CAN - Wireless Network - Global System for 

Mobile Communications (GSM): GSM Entities, Call Routing in GSM, General Packet Radio 

Service (GPRS) – Third Generation Networks - Radio Frequency Identification – Zigbee - 

Wireless LANs: IEEE 802.11 WLAN,  Architecture and Services, Physical Layer, Medium 

Access Control (MAC) - Ad hoc Networks: Mobile Ad hoc Network (MANET) - Table-driven 

routing protocols, On Demand routing protocols - Wireless Sensor Networks: Classification, 

MAC and Routing protocols, Energy Efficient Routing, Geographic Routing – Applications: 

Machine Health Monitoring, Industrial Wireless Sensor and Actuator Networks, Structural 

Health Monitoring, Energy monitoring, Distributed Temperature Monitoring , Autonomous 

Vehicles, Mobile Robots 

 

Reference Books 

1. “Data Communications and Networking”, 5th Edition, Behrouz Forouzan, Mc 

Graw Hill, 2013 

2. William Stallings, "Wireless Communications and Networks" Pearson / Prentice 

Hall of India, 2nd Ed., 2009 

3. C.Siva Ram Murthy and B.S.Manoj, “Ad hoc Wireless Networks Architectures 

and protocols”, 2nd edition, Pearson Education, 2007 

4. “Mobile Computing - Technology, Applications and Service Creation”, Asoke 

K. Talukdar,  Tata McGraw-Hill Education, 2ed, 2010  

5. “Wireless Networking”, Anurag Kumar, D. Manjunath, Joy Kuri, Morgan 

Kaufmann Publishers (Elsevier), 2008 

 

Course Contents and Lecture Schedule 

Module 

No. 
Topic No. of Lectures 

1. Networks 

1.0 Networks types 1 

1.1 Layers 1 

1.1.1 Physical Layer 1 

1.1.2 Datalink Layer 1 

1.1.3 Network Layer 1 

1.1.4 Transport Layer 1 

1.1.5 Session Layer 1 
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Module 

No. 
Topic No. of Lectures 

1.1.6 Presentation Layer 1 

1.1.7 Application Layer 1 

2 Wired Network 

2.1 Ethernet  1 

2.2 Token Bus 1 

2.3 Token Ring 1 

2.4 Fiber Distributed Data Interface (FDDI), CAN 3 

3 Wireless Network 

3.1 Global System for Mobile Communications (GSM) 1 

3.1.1 GSM Entities 1 

3.1.2 Call Routing in GSM 1 

3.1.3 General Packet Radio Service (GPRS) 1 

3.1.4 Third Generation Networks  1 

3.1.5 Introduction to Radio Frequency Identification, Zigbee 3 

3.2 Wireless LANs 2 

3.2.1 IEEE 802.11 WLAN 1 

3.2.2 Architecture and Services 1 

3.2.3 Physical Layer  1 

3.2.4 Medium Access Control (MAC) 1 

3.3 Ad hoc Network 1 

3.3.1 Mobile Ad hoc Network (MANET) 1 

3.3.1.1 Table-driven routing protocols 1 

3.3.1.2 On Demand routing protocols 1 

3.3.2 Wireless Sensor networks 2 

3.3.2.1 Classification 1 

3.3.2.2 MAC and Routing protocols 1 

3.3.2.3 Energy Efficient Routing 1 

3.3.2.4 Geographic Routing 1 

4.0 Applications  

4.1 Machine Health Monitoring  1 

4.2 Industrial Wireless Sensor and Actuator Networks 1 

4.3 Structural Health Monitoring 1 

4.4 Energy monitoring  1 
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Module 

No. 
Topic No. of Lectures 

4.5 Distributed Temperature Monitoring  1 

4.6 Autonomous Vehicles  2 

4.7 Mobile Robots 2 

 Total  48 

 

Course Designer: 

 Dr. G. S. R. Emil Selvan emil@tce.edu  
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Category L T P Credit 

PE 4 0 0 4 

 

Preamble 

 
Machine Vision (MV) is industry application-oriented subset of computer vision. It is the study 
of methods and techniques whereby artificial vision systems can be constructed and usefully 
employed in manufacturing applications. Machine vision integrates image capture systems 
with digital input/output devices and computer networks to provide real time quality control and 
for general control of manufacturing equipment such as automated assembly systems and 
robotic manipulator. Manufacturers accept machine vision systems due to its high-speed, 
high-magnification, 24-hour operation, and/or repeatability of measurements for visual 
inspection applications. 
Machine Vision (MV) systems can be applied in almost any industry. Historically the first 
systems were deployed in the semi-conductor and automotive industries due to their highly 
intensive use of industrial automation within these industries. Modern vision systems can be 
applied across a hugely diverse range of industry sectors, these industries 
include: Automotive, Semi-conductor, Electronics, Medical Devices and Pharmaceutical, 
Printing and Packaging, Food Processing, Solar Production and Process Engineering 
 

Prerequisite 

 

Course Outcomes 

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

 

Mapping with Programme Outcomes 

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

CO1 L - L - - - - L L - - 

CO2 S L M L L M - M M - L 

CO3 S L M L L M - M M - L 

CO4 S L M L L M - M M - L 

S- Strong; M-Medium; L-Low 

  

14MCPC0 
MACHINE VISION AND 

APPLICATIONS 

CO1:  Explain the components of a machine vision system and their 
functions 

Understand 

CO2: Select the appropriate sensor and illumination techniques of 
machine vision system for the given manufacturing application 

Apply 

CO3: Select suitable image processing technique for the specified 
manufacturing requirement 

Apply 

CO4: Select suitable components of machine vision system for the given 
manufacturing applications such as part identification, counting, 
measurement and gauging 

Apply 
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Assessment Pattern 

Bloom’s 
Category 

Continuous 
Assessment Tests 

Terminal 
Examination 

1 2 3 

Remember 20 10 - 10 

Understand 40 30 40 30 

Apply 40 60 60 60 

Analyse - - - - 

Evaluate - - - - 

Create - - - - 

 

Course Level Assessment Questions 

 
Course Outcome 1 (CO1): 

1. With suitable block diagram, explain the components of a machine vision system. 

2. Explain about working of CCD camera with neat diagram. 

3. Explain the operation of image acquisition system and its functions. 

4. Explain the flow of information between the components of a machine vision system. 

 

Course Outcome 2 (CO2): 

1. Suggest suitable sensor and illumination techniques required for a palletizing operation 

in a manufacturing cell where the robot must pick up the parts from an incoming chute 

and deposit them onto pallet. The pallet has four rows that are 50 mm apart and six 

columns that are 40 mm apart. The plane of the pallet is assumed to be parallel to XY 

plane. The rows of the pallet are parallel to the X-axis and the columns of the pallet 

are parallel to the Y-axis. The objects are to be picked up are about 25 mm tall. Suggest 

suitable actions to be taken and show the step by step procedure for the 

implementation of robotized palletizing operation. Make judicious assumptions if 

required and justify them. 

2. In the production of floating bearings, the bearing and the shafts are riveted. Due to 

material and processing influences, the diameter of the rivet needs to be inspected. 

Every rivet has to be checked as shown in figure. 

 

Rivet 
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The diameters of two similar rivets have to be inspected; the task can be categorized 

into a measurement application. The nominal size of the rivets lies in a range of 3 mm 

to 4 mm; it is placed in front of a disk. The surface color of the disk might change due 

to material changes. The rivet material does not change. The bearings can be covered 

with an oil film. The 100% inspection of every part has to be performed inline. The 

nominal size of the rivet is 3.5 mm, and the required accuracy is 0.1 mm. The 

inspection used to be performed manually. The diameter of the rivet needs to be 

measured with an accuracy of 0.1 mm. The processing result has to be presented 

immediately. The maximum processing time is 2 s; the cycle time is 2.5s. A direct 

insight into the rivet is possible. The maximum space for installing equipment is 500 

mm. The distance between the cameras and the computer is 5 m. A certain protection 

class is not necessary. Propose suitable image acquisition technique for this 

application. 

 

Course Outcome 3 (CO3): 

1. Discuss the effect of sampling rate and the quantization on the images of size: 

432x576, 108x144, 54x72 and 27x36.  

2. With suitable example, explain the use of binary morphology operations in a vision-

based sorting application. 

3. Describe the steps involved in recognising the objects (spanners with different 

orientations) from a captured image by an acquisition system as shown in figure.1. 

Also, suggest the method of measuring dimensions of the object. 

 

Figure. 1 

 

 

 

 

 

 



M.E. Degree (Mechatronics)- 2014-15 
 
 

 
Approved in board of Studies on 08.11.2014                                          Approved in 49th Academic Council meeting on 04.12.2014 

  

Course Outcome 4 (CO4): 

1. Design a machine vision system to measure the dimensions of the threaded part 

moving in a slow speed conveyor as shown in figure 2. 

 

Figure 2 

2. Suggest a suitable machine vision system to segregate the components shown in 

figure 3. Make judicious assumptions if required and justify them. 

 
Figure 3 

 

Concept Map 
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Syllabus 

 
Image Acquisition: Solid State Sensors – Operation of Charge Coupled Device (CCD) and 

Complementary Metal Oxide Semiconductor (CMOS) Sensors – Colour Sensors – Properties 

of Sensors. Digital cameras – control of image capture – Characteristic values – industrial 

operating conditions. Control of Line Scan and Area scan cameras. Image Data Transfer – 

Digital Camera Interfaces – Camera Link, Fire Wire, USB and Gigabit Ethernet.  

 

Optics and Illumination: Optical foundations: Depth of field, Field of view and focal point - F 

number, Thin Lens, Imaging Equation, Depth of Field, Typical Imaging Situations, Aberrations, 

Lens Selection – Mounts, Telecentric lens, Fisheye lenses and endoscopes. Light Sources, 

Types of Light Filters, Types of Lighting: Front lighting – Diffuse, Directed, Polarized, Ring and 

Structured; Back lighting – Diffuse, Directional, polarized Telecentric, Structured, Bright field, 

Dark Field, Incident and Transmitted Lighting. 

 

Image Pre-processing: Gray Scale Transformations: Point operation – brightness 

modification, Contrast enhancement, negation and thresholding Image Arithmetic: Image 

Addition, Subtraction and Averaging, Minimum and Maximum of two images. Global operation 

– Histogram equalization. Neighborhood operation – Image smoothing and image sharpening 

- Types of Filters: Linear Filters, Median Filter, Morphological and Non-Linear Filters. 

Geometric operation – Display adjustment, image wrapping, magnification and rotation.  

 

Image Processing: Segmentation: Regions of Interests (ROIs) - Threshold Determination 

from Histogram, Contour Tracing: Pixel correctness, Generating Object Contours, Contour 

representation, Edge based Methods: Edge probing and Edge Detection, Template matching: 

Operation. Feature Extraction: Geometric features – Enclosing rectangle, area, perimeter 

and centroid.  Classification: Nearest Neighbor classifier. 

 

Applications: Dimensional Checking: Simple gauging, Shape Checking, Angle Gauging, 

High accuracy Gauging, Calibration. Presence Verification: Simple Presence verification, 

Simple Gauging for assembly verification such as Pin type Verification. Decision making and 

actuation on visual signals - Case Studies – Currency verification – Pharmaceutical industry. 
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Reference Books/Learning Resources 

1. Christian Demant, Bernd Streicher-Abel, Carsten Garnica “Industrial Image 

Processing - Visual Quality Control in Manufacturing”, Second Edition, Springer, 

2013.  

2. R.C.Gonzalez, Richard E.Woods, “Digital Image Processing” Second Edition, 

Prentice Hall India, 2005. 

3. K.S.Fu,R.C.Gonzalez,C.S.G.Lee “Robotics Control, Sensing, Vision and 

Intelligence” Tata McgrawHill, 2008 

4. Alexander Hornberg, “Handbook of Machine Vision”, Wiley VCH, 2006 

5. Gerald C. Holst, “CCD Arrays Cameras and Displays” Second Edition, SPIE Optical 

Engineering Press, 1998. 

6. Elias N. Malamas, Euripides G.M. Petrakis, Michalis Zervakis, Laurent Petit, Jean-

Didier Legat, “A survey on industrial vision systems, applications and tools”, 

Image and Vision Computing 21 (2003) 171–188. 

7. H. Golnabi, A. Asadpour, “Design and application of industrial machine vision 

systems”, Robotics and Computer-Integrated Manufacturing 23 (2007) 630–637. 

 
 

Course Contents and Lecture Schedule 

Module 

No. 
Topic 

No. of 

Lectures 

1. Image Acquisition 

1.1 Solid State Sensors – Introduction 1 

1.1.1 Operation of Charge Coupled Device (CCD) sensor 1 

1.1.2 Operation of Complementary Metal Oxide Semiconductor 

(CMOS) Sensors  

1 

1.1.3 Operation of Colour Sensors - Properties of Sensors 1 

1.1.4 Digital cameras – control of image capture – Characteristic 

values – industrial operating conditions. 

2 

1.1.5 Smart cameras – control of image capture  1 

1.1.6 Control of Line Scan and Area scan cameras 2 

1.2 Image Data Transfer – Digital Camera Interfaces - Camera Link, 

Fire Wire, USB and Gigabit Ethernet.  

2 

2. Optics and Illumination  

2.1 Optical foundations: Depth of field, Field of view and focal point  1 

2.1.1 F number, Thin Lens, Imaging Equation 2 

2.1.2 Typical Imaging Situations, Aberrations 1 

2.1.3 Lens Selection – Mounts, Telecentric lens, Fisheye lenses and 

endoscopes 

2 

2.2 Light Sources, Types of Light Filters 1 

2.2.1 Types of Lighting: Front lighting – Diffuse, Directed, Polarized, 

Ring and Structured 

2 
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Module 

No. 
Topic 

No. of 

Lectures 

2.2.2 Back lighting – Diffuse, Directional, polarized Telecentric, 

Structured, Bright field, Dark Field, Incident and Transmitted 

Lighting. 

2 

3. Image Pre-processing  

3.1 Gray Scale Transformations - Point operation – brightness 

modification, Contrast enhancement, negation and thresholding  

2 

3.1.1 Image Arithmetic: Image Addition, Subtraction and Averaging, 

Minimum and Maximum of two images.  

1 

3.2 Global operation – Histogram equalization 1 

3.3 Neighbourhood operation – Image smoothing and image 

sharpening   

2 

3.3.1 Types of Filters: Linear Filters, Median Filter, Morphological and 

Non-Linear Filters.  

1 

3.4 Geometric operation – Display adjustment, image wrapping, 

magnification and rotation.  

1 

4. Image Processing  

4.1 Segmentation: Regions of Interests (ROIs) - Threshold 

Determination from Histogram 

1 

4.1.1 Contour Tracing: Pixel Correctness, Generating Object Contours, 

Contour representation  

1 

4.1.2 Edge based Methods: Edge probing and Edge Detection 2 

4.1.3 Template matching: Operation 1 

4.2 Feature Extraction: Geometric features – Enclosing rectangle, 

area, perimeter and centroid.   

2 

4.3 Classification: Nearest Neighbour classifier 2 

5. Applications   

5.1 Dimensional Checking: Simple gauging, Shape Checking, Angle 

Gauging 

2 

5.1.1 High accuracy Gauging, Calibration 1 

5.2 Presence Verification: Simple Presence verification, Simple 

Gauging for assembly verification such as Pin type Verification 

2 

5.2.1 Decision making and actuation on visual signals 1 

5.3 Case Studies – Seminars - Currency verification – 

Pharmaceutical industry 

4 

Total 48 

 

Course Designers: 

1. Dr. S. Saravana Perumaal sspmech@tce.edu 
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Category L T P Credit 

PC 4 0 0 4 

 
 

Preamble 

 
A virtual instrumentation system consists of an industry-standard computer or 

workstation equipped with powerful application software, cost-effective hardware such as 
plug-in boards, and driver software, which together perform the functions of traditional 
instruments. Virtual instruments represent a fundamental shift from traditional hardware-
centered instrumentation systems to software-centered systems that exploit the computing 
power, productivity, display, and connectivity capabilities of popular desktop computers and 
workstations. 
  Advanced Modular Instrument hardware use the latest I/O and data processing 
technologies, including Analog to Digital Converters (ADC), Digital to Analog Converters, Filed 
Programmable Gate Arrays (FPGAs), and PC busses to provide high resolution and 
throughput for measurements from 7 1/2-digit DC to 2.7 GHz. In combination with powerful 
software, engineers can create custom-defined measurements and sophisticated analysis 
routines. 

Virtual instrumentation has been widely adopted in test and measurement areas and 
is rapidly making headway in control and design areas. 

 

Prerequisite 

Course Code: Nil 

 

Course Outcomes 

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

CO1 Define the terminologies and concepts used in virtual 
instrumentation 

Remember 

CO2 Will write graphical programs effectively. Apply 

CO3 Discuss in detail about ADC, DAC and Plug in boards used in Virtual 
Instrument 

Understand 

CO4 Choose appropriate Architecture/Template for realizing a given 
application 

Apply 

CO5 Develop virtual instrument programs for realizing Mechatronic 
Application 

 Apply 

 

Mapping with Programme Outcomes 

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

 CO1 S L L L S      L 

CO2 S S S S S      M 

CO3 S L L L M      L 

CO4. S M S M S      L 

CO5. S S S S S      M 

S- Strong; M-Medium; L-Low 
 
 
 

14MCPD0 VIRTUAL INSTRUMENTATION 



M.E. Degree (Mechatronics)- 2014-15 
 
 

 
Approved in board of Studies on 08.11.2014                                          Approved in 49th Academic Council meeting on 04.12.2014 

  

 

Assessment Pattern 

Bloom’s 
Category 

Continuous 
Assessment Tests 

Terminal 
Examination 

1 2 3 

Remember 20 20 20 20 

Understand 20 60 20 20 

Apply 60 20 60 60 

Analyse - - - - 

Evaluate - - - - 

Create - - - - 

 

Course Level Assessment Questions 

 

Course Outcome 1 (CO1):  

1. Define Virtual Instrument. 

2. Define Data Flow Programming. 

3. List the advantages of Virtual Instrument over Traditional Instrument. 

4. Define Cluster. 

5. Write the functions of a Formula node. 

6. Write the function of a shift register in a loop. 

 

Course Outcome 2 (CO2): 

1. Differentiate Virtual Instrument and Traditional Instrument. 

2. Find the output of the given question. 

 

 

 

3. Describe the programming Architectures in a Virtual Instrument. 

4. Build a VI that displays two random plots on a single chart. These should be 

Random numbers (0<x<10) and their five-point moving average. The points should 

appear on your plots as points, while trend line should be a solid line. 

5. Build a VI program to calculate the sum of ‘n’ Numbers. 

6. Build a VI program to find the factorial of ‘n’ number. 

7. Build a four-function calculator using Case Structure. Use a Menu ring to select the 

function required. 
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Course Outcome 3 (CO3):  

1. Explain about functioning of Flash type Analog to Digital Converter. 

2. Discuss about weighted resistor Digital to Analog Converter. 

3. Explain about successive approximation type Analog to Digital Converter. 

4. A weighted Resistor digital to analog converter has n=8 bits, the reference voltage 

VR=10V, the most significant bit resistance R=12 Kilo ohm, and the feedback 

resistance of the operational amplifier Rf=6 kilo ohm. 

Calculate 

(a) The output voltage Vo corresponding to the least significant bit. 

(b) The output voltage Vo corresponding to the least significant bit. 

(c) The resolution. 

(d) The output voltage Vo corresponding to the binary input 10101100. 

(e) The maximum value of the output voltage. 

(f) The nominal full-scale output voltage. 

 

Course Outcome 4 (CO4):  

1. State the reason for using state machine architecture for a given application. 

 

Course Outcome 5 (CO5):  

1. Develop a Virtual Instrument to realise a function generator to generate Saw tooth 

waveform with frequency 50Hz.Choose appropriate update rate for realising the 

above. 

2. Develop a Virtual Instrument to acquire Temperature using J type Thermocouple 

for every one minute and store the data using Excel. 

3. Develop a Virtual Instrument to acquire data about level of a tank using internet 

from a remote place and continuously display it for monitoring purpose.  

4. Explain about building a machine vision-based inspection system for inspection 

of fasteners. 
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Concept Map 

 

 
 

Syllabus 

 

Introduction: Tradition Instrument, Virtual Instrument, Components of a VI, Difference 

between TI and VI, Advantages of VI.VI Programming Environment: Front panel, Block 

diagram, VI and sub-VI, loops and charts, arrays, clusters and graphs, case and sequence 

Structures, formula nodes, local and global variables, string and file I/O. Data Acquisition: 

Principles of Data Acquisition: Sampling Concepts, Digital to Analog Converters, Analog to 

Digital Converters. Interfacing To PC: Expansion Buses-ISA Bus, EISA Bus, PCI Bus. Plug in 

Data Acquisition and Control Boards: Functions of Plug in DAQ boards, Design of General 

purpose DAQ boards, Design of DAQ boards for PCI Bus. Data Acquisition using Serial 

Interface: Serial Interface Standards Rs 232, USB-Features of USB, USB system, USB 

Transfer, USB Descriptors. Planning VI Applications: Implementation, Error handling, 

architectures, Virtual Instrumentation templates. Applications: Temperature Measurement 

using Thermistor, Thermocouple, Strain Measurement System, Interfacing Piezo electric 

Actuator and sensor, Interfacing Light Emitting Diode and Photo sensor, Acceleration 

Measurement, Function Generator, Digital Filters, DC position servomotor control, Remote 

data Acquisition using Internet, Machine vision-based inspection system. IC engine data 

acquisition system. 
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Reference Books 

1. N.Mathivanan, “PC based Instrumentation: Concepts and Practice” PHI Learning 

Pvt Ltd, 2007. 

2. Jovitha Jerome, “Virtual Instrumentation Using LabVIEW”, PHI Learning Pvt. Ltd-

New Delhi, 2010. 

3. Sanjay Gupta, Joseph John “Virtual Instrumentation Using LabVIEW”, Tata McGraw 

Hill Education Private Limited, 2010.  

4. Dan Necsulescu “Mechatronics” Pearson Education, 2002. 

5. “LabVIEW User Manual”-National Instruments, 2003. 

 

Course Contents and Lecture Schedule 

Module 

No. 
Topic 

No. of 

Lectures 

1.0 Introduction:   

1.1 Tradition Instrument, Virtual Instrument, Components of 

a VI. 

1 

1.2 Difference between TI and VI, Advantages of VI. 1 

2.0 The VI Programming Environment 

2.1 Front panel, Block diagram, VI and sub-VI 2 

2.2 Loops 2 

2.3 Arrays and Clusters  2 

2.4 Graphs and charts 2 

2.5 Case and sequence Structures, Formula nodes 3 

2.6 Local and global variables 1 

2.7 String and file, I/O 2 

3.0 Data Acquisition 

3.1 Principles of Data Acquisition: Sampling Concepts, 

Digital to Analog Converters, Analog to Digital 

Converters. 

3 

3.2 Interfacing To PC: Expansion Buses- PCI Bus.  3 

3.3 Plug in Data Acquisition and Control Boards: Functions 

of Plug in DAQ boards. 

2 

3.4 Design of General purpose DAQ boards. 2 

3.5 Design of DAQ boards for PCI Bus. 2 
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Module 

No. 
Topic 

No. of 

Lectures 

3.6 Data Acquisition using Serial Interface: Serial Interface 

Standards Rs 232,  

2 

3.7 USB-Features of USB, USB system, USB Transfer, USB 

Descriptors. 

2 

4.0 Planning VI applications 

4.1 Implementation, Error handling, 2 

4.2 Architectures, Virtual Instrumentation templates. 3 

5.0 Applications 

5.1 Temperature Measurement using Thermistor 1 

5.2 Temperature Measurement using Thermocouple 1 

5.3 Strain Measurement System  1 

5.4 Interfacing Piezo electric Actuator and sensor 1 

5.5 Interfacing Light Emitting Diode and Photo sensor 1 

5.6 Acceleration Measurement 1 

5.7 Function Generator 1 

5.8 Digital Filters 1 

5.9 DC position servomotor control 1 

5.10 Remote Data Acquisition using Internet 1 

5.11 Machine vision-based inspection system. 1 

 Total 48 

 

Course Designers: 

1. Mr. Vivek T tvivek@tce.edu 
   

mailto:tvivek@tce.edu
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Category L T P Credit 

PC 4 0 0 4 

     

Preamble 

 

A Control system consists of interconnected components to achieve desired objective. Digital 
control is a branch of control theory that uses digital computers to act as system 
controllers. This course provides the students with the needed background for analyzing, 
designing, and implementing digital controllers Modern embedded solutions allow for better 
performance and lower cost control of dynamic systems such as servomechanisms, chemical 
processes, and vehicles that move over water, land, air, or space.  
 
Digital control theory is here an enabling factor as it can exploit steadily increasing 
computational capabilities to shift emphasis from hardware to software and thus to take full 
advantage of modern embedded solutions. The aim is to provide basic notions required for 
the design and implementation of a digital control system. This knowledge is necessary for 
the selection of an appropriate microprocessor for the correct design of a control system  
 

Prerequisite 

NIL 

 

Course Outcomes 

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

CO 1. 
Develop Transfer function and State space model of Physical 

system        
Apply 

CO 2. 
System analysis based on root locus, frequency domain and 

state space methods 
Apply 

CO 3. 
Design controller based on root locus, frequency domain and 

state space methods 
Apply 

CO 4. Implement Digital controller in a Micro controller Apply 

 

Mapping with Programme Outcomes 

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

CO11.  M S S M L    S   

CO12.  M S S S L  L  M  M 

CO13.  L M S M M    M   

CO14.  M S  S S M M  S  S 

S- Strong; M-Medium; L-Low 

 

14MC310 
DIGITAL CONTROL USING MICRO 

CONTROLLERS 
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Assessment Pattern 

Bloom’s 

Category 

Continuous 

Assessment Tests 
Terminal 

Examination 
1 2 3 

Remember 20 20 20 20 

Understand 20 40 20 40 

Apply 60 40 60 40 

Analyse  - - - - 

Evaluate  - - - - 

Create - - - - 

 

Course Level Assessment Questions 

 

Course Outcome 1 (CO1): 

1. State sampling theorem 

2. Define Transfer function. 

3. Define Aliasing. 

4. State the advantages of state space model over transfer function approach. 

5. Explain the effect of zero order hold in the pulse transfer function 

6. With a neat block diagram explain about various elements of digital control system 

7. Derive the transfer function of first order hold.  

8. Prove that various state space representations are not unique under similarity 

transformation. 

9. Find the solution of state space equation. 

10. A recursive filter is given by its pulse transfer function 

D(z)=u(z)/e(z)=1+(0.9Z^-1/1+0.6Z^-1)+(1+0.8Z^-1/1+0.95^Z-1). Describe two 

methods of realization using direct form 1 and parallel form. Include charts using delay 

elements and computer programs using an assembly language. 

11. For the pulse transfer function D(z) = (3+(5/4)z^-1+(5/8)z^-2 ) / (1+(1/4)z^-1-(1/4)z^-2-

(1/16)z^-3). Determine a parallel programming state space representation and draw 

the diagram and do the same for cascade programming. 

12. Determine the overall transfer function for the system shown below. 
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13. Write the differential equations governing the Mechanical system shown in the fig. and 

determine the transfer function. 

 

 

14. Determine the overall transfer function for the system shown below. 

 

 

 

15. Write the differential equations governing the Mechanical system shown in the fig. and 

determine the transfer function. 

 

 

 

Course Outcome 2(CO2) 

1. Obtain the z transform of t2 e^-at. 
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2. Determine the controllability characteristics of the following system 

G(z)=z+2/(z+1)(z+3). 

3. Determine the controllability characteristics of the following system G(z)=z/(z+1)2 . 

4. A unit step sequence )(ku  is applied to a system and the output is obtained as below.  

a. Find the z transform of signal y(kT) 

b. Find the discrete transfer function of the system 𝐺(𝑧) = 𝑌(𝑧)/𝑈(𝑧)  

c. Rewrite the system in difference equation form and find the first five output 

sequence (i.e. k= {0,1,2,3,4}) for unit ramp sequence 

 

5. Derive the discrete transfer function from the discrete state model of the system  

6. Using Jury’s stability criterion determine the stability of the system with characteristic 

equation  Δ(𝑧) = 𝑧4 + 1.7𝑧3 + 0.92𝑧2 + 0.172𝑧 + 0.0096 = 0 

7. Evaluate Z transform of the function 

8. Consider a digital control system described by input output relation in form of following 

difference equation c(k+2) +2c(k+1) +c(k)=u(k+1) +u(k). Check the above system is 

controllable or not. 

9. Find the Inverse z-transform by partial fractions expansion for y(z)=z / z2 - 4z+3. 

10. Solve the following difference equation by use of the z transform method x(k+2) 

+3x(k+1) +2x(k)=0, x (0) =0, x (1) =1. 

 

Course Outcome 3 (CO3) 

1. Consider the system G(s) =1/s+1. It is to be sampled at the rate of 0.2s through a zero-

order hold. Design suitable compensator using discrete root locus to achieve dead 

beat response. 

2. Consider a continuous system G(s) =1/s(s+2). It is to be sampled through a ZOH. Find 

which of the following sampling period is preferred. T=1s, 0.1s and 1ms 

3. Find the Inverse z- transform of a more complex expression for y(z)=4+2.67z^-

1+1.56z^-2-1.42z^-3 / 1-0.36z^-1+0.19z^-2-1.03z^-3+0.2z^-4. 

4. Find the Inverse z-transform by long division for y(z)=z^-1 / 1-4z^-1+3z^-2. 

5. Obtain the solution of the following difference equation in terms of x (0) and x (1): 

x(k+2) +(abs) x(k+1) +abs(k)=0. 
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Course Outcome 4 (CO4) 

1. Consider the position control of separately exited DC servomotor fed by a buck 

converter. Assume the armature inductance of DC motor and viscous friction 

coefficient is negligible. Manipulated variable is duty cycle. Let the sampling time 

T=1/26 s.  

a. Obtain the discrete state model of the system 

b. Design a state feedback controller such that motor position attains desired 

reference at 2 sampling instants. 

c. If a constant load torque is to applied check whether the disturbance is 

eliminated as →k  

d. Assuming position alone is measured, design an output feedback regulator 

to achieve 5.0= and 4=n  

2. A continuous plant is described by the equation  𝑦̇ = −𝑦 + 𝑢 + 𝑤 is to be controlled 

by a digital computer. 𝑦 is the output, 𝑢 is the input and 𝑤 is the disturbance signal. 

Let sampling interval T=1s.  

a. Obtain discrete time state variable model of the plant. Compute K and N 

such that control law 𝑢(𝑘) = −𝐾𝑦(𝑡) + 𝑁𝑟, result in a response y(t) with 

time constant 0.5s and 𝑦(∞) = 𝑟 (r is the constant reference) 

b. Show that steady state error to constant disturbance input 𝑤, is not zero 

c. Add to the plant equation an integrator equation, 𝑣(𝑘) = 𝑣(𝑘 − 1) +

𝑦(𝑘) − 𝑟  and select gains K1 and K2 such that the control law 𝑢 =

−𝐾1𝑦(𝑘) − 𝐾2𝑣(𝑘) results in a response  𝜁 = 0.5 𝑎𝑛𝑑 𝜔𝑛 = 4 

d. Show that steady state error to constant disturbance w is zero for the above 

control law 

3. For the system 𝑋𝑘+1 = [
0 1

−1 1
] 𝑋𝑘 + [

0
1

] 𝑢𝑘 and  𝑌𝑘 = 𝑥1. 

a. Design full order observer for the system with dead beat response 

b. Design reduced order observer to with eigen value at z=0.1 

4. Determine the state space representation of the discrete filter D(z)=1/(z+1)2 (z+0.1). 

Use parallel programming and draw the block diagram. 
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Concept Map 

 

Syllabus 

 

Introduction to digital control systems and Z- Transform Techniques 

Basic elements, data conversion and quantization, sample and Hold devices, mathematical 

modeling of the sampling process, data reconstruction and filtering of sampled signals, zero-

order hold, the first-order hold, aliasing and folding, Z-transform, Inverse Z-transform, Pulse 

Transfer Function, Mathematical modeling of physical system using transfer function and state 

space, Block diagram reduction technique. 

 

Analysis: Various canonical forms, similarity transformation, Solution of state equation, 

transfer function to state space conversion, Mapping between s-plane and z-plane, Jury’s 

Stability test, stability analysis by use of bilinear transformation and Routh stability criterion.  

 

Design: Transient response specifications, design based on root locus method, design based 

on frequency response method, State controllability, output controllability, observability, Effect 

of discretization on controllability and observability, controller design via pole placement, Full 

order and reduced order observer design, Effect of addition of observer on closed loop system.  
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Implementation: Realization of digital controllers and digital filters: direct programming, 

standard programming, series programming, parallel programming, ladder Programming, 

Stabilization of an antenna dish. Basics of Optimal control: Performance Indices, Linear 

Quadratic Regulator Design. 

 

Reference Books 

1. Katsuhiko Ogata,” Discrete time control systems” second edition, Pearson Education 

Asia Pte Ltd, 2002. 

2. George Stephanopoulos, “Chemical process control: An introduction to theory 

and practice”, Prentice hall of India private limited,1999. 

3. M.Gopal, “Digital Control and State Variable Methods”, Tata McGraw Hill Publishing 

Company Limited, Second edition, 2003. 

4. Elbert Hendricks, Ole Janner up, Paul Hasse Sorenson, “Linear systems control” 

Springer.2008. 

5. Dogan Ibrahim, “Micro controller based Applied Digital Control “. First Edition, 

wiley. 2006. 

6. Paul kautz, “Digital Control using Microprocessors” First Edition, Prentice Hall 

International, 1981. 

 

Course Contents and Lecture Schedule 

 

Module 

No. 
Topic 

No. of 

Lectures 

1. Introduction to digital control systems and Z- Transform 

Techniques 

Basic elements, data conversion and quantization 

1 

1.1 Sample and Hold devices 1 

1.2 Mathematical modeling of the sampling process 1 

1.3 Data reconstruction and filtering of sampled signals 1 

1.4 Zero-order hold, the first-order hold, Aliasing and folding 1 

1.5 Z-transform, Inverse Z-transform 3 

1.6 Pulse transfer function  1 

1.7 Mathematical modelling of physical system using transfer 

function 

1 

1.8 Mathematical modelling of physical system using state space 1 
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Module 

No. 
Topic 

No. of 

Lectures 

1.8 Block diagram reduction technique. 1 

2. Analysis: Various canonical forms, similarity transformation. 3 

2.1 Solution of state equation, transfer function to state space 

conversion  

1 

2.2 Mapping between s-plane and z-plane 2 

2.3 Jury’s Stability analysis 2 

2.4 Stability analysis by use of bilinear transformation 1 

2.5 Routh stability criterion 1 

3. Design:  

Transient response specifications, design based on root 

locus method 

4 

3.1 Design based on frequency response method 3 

3.2 State controllability, output controllability, observability 2 

3.3 Effect of discretization on controllability and observability 1 

3.4 controller design via pole placement 1 

3.5 Full order observer design 1 

3.6 Reduced order observer design 1 

3.7 Effect of addition of observer on closed loop system 1 

4. Implementation:  

Realization of digital controllers and digital filters: 

1 

4.1 Direct programming, Standard programming, 2 

4.2 Series programming, Parallel programming, 2 

4.3 Ladder Programming. 1 

4.4 Stabilization of an antenna dish.  3 

4.5 Basics of Optimal control: Performance Indices, Linear 

Quadratic Regulator Design 

3 

Total 48 

   

           

Course Designers: 

1. 

     2. 

T. Vivek 

N. Anandh  

tvivek@tce.edu. 

anandh_n@tce.edu. 
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