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Vision 
 
To empower the Electronics and Communication Engineering students with technological 
excellence, professional commitment and social responsibility  
 
Mission 
 

• Attaining academic excellence in Electronics and Communication Engineering 

through dedication to duty, innovation in learning and research, state of art 

laboratories and industry driven skill development.  

• Establishing suitable environment for the students to develop professionalism and 

face life challenges with ethical integrity. 

• Nurturing the students to understand the societal needs and equip them with 

technical expertise to provide appropriate solutions.  

• Providing breeding ground to obtain entrepreneurial skills and leadership qualities for 

self and societal growth.   

Programme Educational Objectives 
I. Graduates will be capable of developing and providing optimal solutions to 

subsystems like RF, baseband of modern communication systems and networks. 

II. Graduates will be capable of carrying out multidisciplinary scientific research in allied 

areas of Communication Engineering through advanced research, personal success 

and life long learning. 

III. Graduates will be able to identify and analyze societal problem and can provide 

technological solutions in a cost effective manner. 

– These objectives will be evidenced by professional visibility (publications, 

presentations, inventions, patents and awards), entrepreneurial activities, 

international activities (participation in international conferences, collaborative 

research and employment abroad)    

 
Program Outcomes 
 
1. Scholarship of Knowledge 
Acquire in-depth knowledge of specific discipline or professional area, including wider and 
global perspective, with an ability to discriminate, evaluate, analyse and synthesise existing 
and new knowledge, and integration of the same for enhancement of knowledge. 
 
2. Critical Thinking 
Analyse complex engineering problems critically, apply independent judgement for 
synthesising information to make intellectual and/or creative advances for conducting 
research in a wider theoretical, practical and policy context. 
  
3. Problem Solving 
Think laterally and originally, conceptualise and solve engineering problems, evaluate a wide 
range of potential solutions for those problems and arrive at feasible, optimal solutions after 
considering public health and safety, cultural, societal and environmental factors in the core 
area of expertise. 
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4. Research Skill 
Extract information pertinent to unfamiliar problems through literature survey and 
experiment, apply appropriate research methodologies, techniques and tools, design, 
conduct experiment, analyze and interpret data , demonstrate higher order skill and view 
things in a broader perspective, contribute individually/in group(s) to the development of 
scientific/technological knowledge in one or more domains of engineering. 
 
5. Usage of modern tools 
Create, select, learn and apply appropriate techniques, resources, and modern engineering 
and IT tools, including prediction and modeling, to complex engineering activities with an 
understanding of the limitations. 
 
6. Collaborative and Multidisciplinary work 
Possess knowledge and understanding of group dynamics, recognize opportunities and 
contribute positively to collaborative-multidisciplinary scientific research, demonstrate a 
capacity for self-management and teamwork, decision-making based on open-mindedness, 
objectivity and rational analysis in order to achieve common goals and further the learning of 
themselves as well as others. 
 
7. Project Management and Finance 
Demonstrate knowledge and understanding of engineering and management principles and 
apply the same to one’s own work, as a member and leader in a team, manage projects 
efficiently in respective disciplines and multidisciplinary environments after considerisation of 
economical and financial factors. 
 
8. Communication 
Communicate with the engineering community, and with society at large, regarding complex 
engineering activities confidently and effectively, such as, being able to comprehend and 
write effective reports and design documentation by adhering to appropriate standards, 
make effective presentations, and give and receive clear instructions. 
 
9. Life-long Learning 
Recognize the need for, and have the preparation and ability to engage in life-long learning 
independently, with a high level of enthusiasm and commitment to improve knowledge and 
competence continuously. 
 
10. Ethical Practices and Social Responsibility 
Acquire professional and intellectual integrity, professional code of conduct, ethics of 
research and scholarship, consideration of the impact of research outcomes on professional 
practices and an understanding of responsibility to contribute to the community for 
sustainable development of society. 
 
11. Independent and Reflective Learning  
Observe and examine critically the outcomes of one’s actions and make corrective 
measures subsequently, and learn from mistakes without depending on external feedback. 
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THIAGARAJAR COLLEGE OF ENGINEERING, MADURAI-625015 

M.E./M.Tech Programme Structure (CBCS) 
 

CREDIT DISTRIBUTION: 
 

S.No Category Credits 

A. Foundation Course 3 - 6 

   B. Programme Core Courses* 19 – 25 

C. Elective Courses 17 – 23 

 a.  Programme Elective 15 – 21 

 b.  Open Elective 2 – 6 

D. Common Core Course  2 

E. Mini Project and Dissertation 27 

F Value Added Courses (Not to be included in CGPA) – 

Mandatory 

4 

 Minimum Credits to be earned for the award of the degree               68  
(from A to E) and 

4 (from F) 

* Theory Cum Practical (TCP) and Laboratory courses are Mandatory in the Programme 
Core Courses.  
 
 
Credit Details: 
  

Theory  3 Credits 

Theory Cum Practical (TCP)   3 Credits 

Lab  2 Credits 

Open Elective  2 Credits 

Mini Project  2 Credits 

Dissertation Phase I  10 Credits 

Dissertation Phase II  15 Credits 

Common Core (Research Methodology and IPR)   2 Credits 
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CATEGORIZATION OF COURSES 
(CHOICE BASED CREDIT SYSTEM)  

Degree: M.E        Programme: Communication Systems  Batch: 2018-19 
  

A. Foundation Courses:   Total Credits to be earned: (3 -6) 
 

S.No Course 
Code 

Name of the Course Number of Hours / 
Week 

Credit Prerequisite 

L T P 

THEORY 

1. 18CN110 Linear Algebra and 
Optimization 

3 - - 3 - 

 
B. Core courses     Credits to be earned: (19-25) 

 

S.No Course 
Code 

Name of the Course Number of Hours 
/ Week 

Credit Prerequisite 

L T P 

THEORY 

1.  18CN120 RF Circuits for 
Communication Systems 

3 - - 3 - 

2.  18CN131 Wireless Cellular 
Networks 

3 - - 3 - 

3.  18CN210 
 

Baseband Wireless 
Communication Systems 

2 1 - 3 18CN160 

THEORY CUM PRACTICAL 

1.  18CN160 Communication System 
Engineering 

2 - 2 3 - 

2.  18CN260 RF- Front End Systems 2 - 2 3 18CN120 

PRACTICAL 

1.  18CN170 RF Circuits Laboratory - - 4 2 - 

2.  18CN270 
 

Baseband 
Communications 
Laboratory  

- - 4 2 - 

* 2 hours/week is allotted for off-class practical work 
 

C. Elective Courses:         (17 -23) 
a. Programme Elective                        Credits to be earned: (15-21) 

S.No Course 
Code 

Name of the Course Number of 
Hours / 
Week 

Credit Prerequisite 

L T P 

1.  18CNPA0 Array Signal Processing 2 1 - 3 - 

2.  18CNPB0 Digital Speech Processing 2 1 - 3 - 

3.  18CNPC0 Radar Systems 2 1 - 3 - 

4.  18CNPD0 Physical Layer LTE Systems 2 1 - 3 - 

5.  18CNPE0 RF Test and Measurement 3 - - 3 - 

6.  18CNPF0 EMI and EMC 3 - - 3 - 

7.  18CNPG0 RF MEMS For High Performance 
Passives 

3 - - 3 - 

8.  18CNPH0 Radio Frequency Integrated 
Circuits 

3 - - 3 - 

9.  18CNPJ0 Antennas for Wireless 2 1 - 3 18CN120 
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Applications 

10.  18CNPK0 Image Systems Engineering 3 - - 3 - 

11.  18CNPL0 Machine Learning for Visual 
Recognition 

3 - - 3 - 

12.  18CNPM0 Intelligent Video Surveillance 
Systems 

3 - - 3 - 

13.  18CNPN0 Medical Imaging and 
Classification 

3 - - 3 - 

14.  18CNPP0 Remote Sensing Data Analytics 3 - - 3 - 

15.  18CNPQ0 Digital Integrated Circuits 3 - - 3 - 

16.  18CNPR0 Analog Integrated Circuits 3 - - 3 - 

17.  18CNPS0 Internet of Things 3 - - 3 - 

18.  18CNPT0 System-on-Chip 3 - - 3 - 

19.  18CNPU0 Optical Communication Systems      

20.  18CNPV0 Number Theory and 
Cryptography 

3 - - 3 - 

21.  18CNPW0 Reconfigurable Wireless 
Transceivers 

3 - - 3 - 

22.  18CNPX0 RF CAD Tools 3 - - 3 - 

23.  18CNPY0 Machine Learning for Signal 
Processing 

2 1 - 3 - 

24.  18CNPZ0 Remote Sensing for Vegetation 3 - - 3 - 

25.  18CNRA0 Solid State Device Modeling and 
Simulation 

3 - - 3 - 

26.  18CNRB0 Nano MOSFET Modeling 3 - - 3 - 

THEORY CUM PRACTICAL 

1.  18CNPX0 RF CAD Tools 2 - 2 3 - 

PRACTICAL 

1.  - - - - - - - 

 
b. Open Elective   Credits to be earned: (02-06)  
 

S.No Course 
Code 

Name of the Course Number of Hours 
/ Week 

Credit Prerequisite 

L T P 

THEORY 

1. 18CNGA0 Convex Optimization for 
Communications 

2 - - 2 - 

THEORY CUM PRACTICAL 

- - - - - - - - 

PRACTICAL 

- - - - - - - - 

 
D. Common Core Course     Credits to be earned: 02 

 

S.No Course 
Code 

Name of the Course Number of Hours 
/ Week 

Credit Prerequisite 

L T P 

THEORY 

1. 18PG250 
 

Research Methodology 
and IPR 

2 0 0 2 - 
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E. Miniproject and Dissertation    Credits to be earned: 27 
 

S.No Course 
Code 

Name of the Course Number of Hours 
/ Week 

Credit Prerequisite 

L T P 

THEORY 

1. 18CN280 Mini Project - - 4 2 - 

2. 18CN380 Dissertation Phase I - - 20 10 - 

3. 18CN480 Dissertation Phase II - - 30 15 - 

 
F. Value Added Courses    Credits to be earned: 04 

 

S.No Course 
Code 

Name of the Course Number of Hours 
/ Week 

Credit Prerequisite 

L T P 

THEORY 

1. 18PGAA0 Professional Authoring 2 0 0 2 - 

2. 18PGAB0 Value Education 2 0 0 2 - 

THEORY CUM PRACTICAL 

- - - - - - - - 

PRACTICAL 

- - - - - - - - 
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THIAGARAJAR COLLEGE OF ENGINEERING, MADURAI-625015 

DEPARTMENT OF ELECTRONICS AND COMMUNICATION ENGINEERING 

SCHEDULING OF COURSES 

Semester Theory 
Theory Cum 

Practical 
Laboratory Project 

I 
(20) 

18CN110 
Linear Algebra 

and 
Optimization 

(3) 

18CN120 
RF Circuits for 
Communication 

Systems 
(3) 

18CN131 
Wireless 
Cellular 

Networks 
(3) 

18XXPX0 
Prog. 

Elective 1 
(3) 

18CNPX0 
Prog. 

Elective 2 
(3) 

 

18CN160 
Communication 

System 
Engineering 

(3) 

18CN170  
RF Circuits 
Laboratory 

(2) 

-  

II 
(18) 

18CN210 
Baseband 
Wireless 

Communication 
Systems 

(3) 

18CNPX0 
Prog. 

Elective 3 
(3) 

18CN 
PX0 
Prog. 

Elective 
4 

(3) 

- 18PG250 
Research 

Methodology 
and IPR 

(2) 

18CN260 
RF Frontend 

Systems 
(3) 

18CN270 
Baseband 

Communications 
Laboratory 

(2) 

18CN280 
Mini Project 

(2) 

III 
(15) 

18CNPX0 
Prog. 

Elective 5 
(3) 

- - - 18CNGX0 
Open 

Elective 
(2) 

- - 18CN380 
Dissertation 

Phase I 
(10) 

IV 
(15) 

- - - - - - - 18CN480 
Dissertation 

Phase II 
(15) 

A student has to complete 2 audit courses of 24 hours duration. The courses will normally be conducted on week-ends. 
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THIAGARAJAR COLLEGE OF ENGINEERING: MADURAI – 625 015 
(An Autonomous Institution Affiliated to Anna University) 

CURRICULUM 
(For the Students admitted from the academic year 2018- 19) 

 
Name of the Degree:  ME (Communication Systems) 

COURSES OF STUDY 
I   SEMESTER 
Theory: 

Course 
Code 

Name of the Course  
Regulation 

L T P C 

18CN110 Linear Algebra and Optimization 3 0 0 3 

18CN120 RF Circuits for Communication Systems 3 0 0 3 

18CN131 Wireless Cellular Networks 3 0 0 3 

18CNPX0 Programme  Elective 1 3 0 0 3 

18CNPX0 Programme Elective 2 3 0 0 3 

18CN160 Communication System Engineering 2 0 2 3 

Practical 

18CN170 RF Circuits Laboratory 0 0 4 2 

               Total Credits         20 
II SEMESTER 
Theory: 

Course 
Code 

Name of the Course  
Regulation 

L T P C 

18CN210 Baseband Wireless Communication System 2 1  0  3 

18CNPX0 Programme  Elective 3 3 0  0  3 

18CNPX0 Programme Elective 4 3 0  0  3 

18PG250 Research Methodology and IPR 2 0 0  2 

18CN260 RF Frontend Systems 2 0 2 3 

Practical 

18CN270 Baseband Communications Laboratory 0 0 4 2 

18CN280 MIniproject 0 0 4 2 

        Total Credits         18 
 
III SEMESTER 
Theory: 

Course 
Code 

Name of the Course  
Regulation 

L T P C 

18CNPX0 Programme Elective 5 3 0 0 3 

18CNGX0 Open Elective 2 0 0 2 

Practical 

18CN380 Dissertation Phase I 0 0 20 10 

        Total Credits         15 
 
IV Semester: 
Practical: 

Course 
Code 

Name of the Course  
Regulation 

L T P C 

18CN480 Dissertation Phase II 0 0 30 15 

Total Credits         15 
 
Minimum Number of credits to be earned for the award of degree: 68 
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THIAGARAJAR COLLEGE OF ENGINEERING:  MADURAI – 625 015 

M.E Degree (Communication Systems) Program 
SCHEME OF EXAMINATIONS 

(For the candidates admitted from 2018-19 onwards) 
 

FIRST SEMESTER     

               
Course 
code 

Name of the Course Duration 
of End 
Semester 
Exam\ 
 in Hrs. 

Marks Min. Marks for 
Pass 

Conti- 
nuous 
Asses-
sment   

Termi-
nal 

Exam 

Max. 
Marks 

Termi-
nal 

Exam 

Total 

THEORY 

18CN110 Linear Algebra and 
Optimization 

3 50 50 100 25 50 

18CN120 RF Circuits for 
Communication 
Systems 

3 50 50 100 25 50 

18CN131 Wireless Cellular 
Networks 

3 50 50 100 25 50 

18CNPX0 Programme Elective 1 3 50 50 100 25 50 

18CNPX0 Programme Elective 2 3 50 50 100 25 50 

18CN160 Communication 
System Engineering 

3 50 50 100 25 50 

PRACTICAL 

18CN170 RF Circuits 
Laboratory 

3 50 50 100 25 50 

 
SECOND SEMESTER                    

Course 
code 

Name of the Course Duration 
of End 
Semester 
Exam\ 
 in Hrs. 

Marks Min. Marks for 
Pass 

Conti- 
nuous 
Asses-
sment   

Termi-
nal 

Exam 
 

Max. 
Marks 

Termi-
nal 

Exam 

Total 

THEORY 

18CN210 Baseband Wireless 
Communication 
System 

3 50 50 100 25 50 

18CNPX0 Programme Elective 3 3 50 50 100 25 50 

18CNPX0 Programme Elective 4 3 50 50 100 25 50 

18PG250 Research 
Methodology and IPR 

3 50 50 100 25 50 

18CN260 RF Frontend Systems 3 50 50 100 25 50 

PRACTICAL 

18CN270 RF Systems 
Laboratory 

3 50 50 100 25 50 

 
  



M.E. Degree (Communication Systems) 2018-19 

Passed in Board of Studies Meeting on 14.07.2018  Approved in 56th Academic Council Meeting on 21.07.2018 

THIRD SEMESTER                    
 

Course 
code 

Name of the Course Duration 
of End 
Semester 
Exam\ 
 in Hrs. 

Marks Min. Marks for 
Pass 

Conti- 
nuous 
Assess-
ment  

Termi-
nal 

Exam 
 

Max. 
Marks 

Termi-
nal 

Exam 

Total 

THEORY 

18CNPX0 Programme Elective 
5 

3 50 50 100 25 50 

18CNGX0 Open Elective 3 50 50 100 25 50 

PRACTICAL 

18CN380 Dissertation Phase I - 50 50 100 50 100 

 
FOURTH SEMESTER                    
 

Course 
code 

Name of the Course Duration 
of End 
Semester 
Exam\ 
 in Hrs. 

Marks Min. Marks  for 
Pass 

Conti- 
nuous 
Asses-
sment  

Termi-
nal 

Exam 
 

Max. 
Marks 

Termi-
nal 

Exam 

Total 

PRACTICAL 

18CN480 Dissertation Phase II - 50 50 100 50 100 

 
*   Continuous Assessment evaluation pattern will differ from course to course and for 
different tests.  This will have to be declared in advance to students. The department will put   
a process in place to ensure that the actual test paper follow the declared pattern. 
 
** End Semester Examination will be conducted for maximum marks of 100 and 
subsequently be reduced to 50 marks for the award of End Semester Examination marks.  
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Category L T P Credit

PC 3 0 0 3

Preamble
The goal of this course is to present the students to state-of-the-art network functions and 
protocols in the emerging cellular network architectures. This course includes promising 5G 
techniques such as network slicing, network function virtualization, etc., and network 
services such as inter operability, mobility management, QoS provisioning under massive 
wireless data traffic and also 5G enabled IoT
Prerequisite 
NIL
Course Outcomes 
On the successful completion of the course students will be able to

CO
Number

Course Outcome Statement Weightage
in %

CO1 Apply the access technologies for realizing the capabilities of 
TDMA, CDMA, GSM and LTE architecture of cellular networks

15

CO2 Illustrate the role of 5G and service based architecture in core 
and radio networks

10

CO3 Analyse distributed mobility management functions of next 
generation mobile networks

20

CO4 Analyse the QoS requirements of 5G networks under the 
massive wireless data traffic from different application 
scenarios

20

CO5 Describe the next generation application protocols such as 5G 
NAS, NGAP, PFCP, EAP and SCTP

15

CO6 Analyse the techniques of network function virtualization in 5G 
enabled IoT

20

CO Mapping with CDIO Curriculum Framework 
CO
#

TCE
Proficiency 

Scale

Learning Domain Level CDIO Curricular 
Components 

(X.Y.Z)
Cognitive Affective Psychomotor

CO1 TPS3 Apply Value Mechanism 1.3, 2.1.1, 2.3.1, 3.2,6
CO2 TPS2 Understand Respond Guided 

Response
1.3, 2.1.1, 2.1.5, 2.2.2, 

CO3 TPS4 Analyse Organise Complex Overt 
Responses

1.3, 2.1.1, 2.1.5, 2.2.3, 
2.3.4, 3.1.5

CO4 TPS4 Analyse Organise Complex Overt 
Responses

1.3, 2.1.1, 2.3.1, 3.2.4

CO5 TPS2 Understand Respond Guided 
Response

1.3, 2.1.1, 2.1.5, 2.2.2

CO6 TPS4 Analyse Organise Complex Overt 
Responses

1.3, 2.1.1, 2.3.1, 3.2,6

18CN131 WIRELESS CELLULAR NETWORKS
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Mapping with Programme Outcomes and Programme Specific Outcomes
COs PO1 PO2 PO

3
PO
4

PO
5

PO
6

PO
7

PO
8

PO
9

PO1
0

PO1
1

PO1
2

PSO
1

PSO
2

PSO
3

CO1 S M L - M - - - L M - - S L L
CO2 M L - - - - - - - - - - M - L
CO3 S S M L - - - - - - - - S L L
CO4 S S M L - - - - - - - - S L L
CO5 M L - - - - - - - - - - M - L
CO6 S S M L - - - - L M - - S L L
S- Strong; M-Medium; L-Low

Assessment Pattern: Cognitive Domain
Cognitive

Levels
Continuous Assessment 

Tests
Assignment End Semester 

Examination
1 2 3 1 2 3

Remember 15 0 0 0 0 0 0
Understand 25 40 30 0 0 0 20
Apply 60 60 50 100 100 60 40
Analyse 0 0 20 0 0 40 40
Evaluate 0 0 0 0 0 0 0
Create 0 0 0 0 0 0 0

Assessment Pattern: Psychomotor
Psychomotor Skill Assignment-1 Assignment-2 Assignment-3

Perception - - -
Set - - -
Guided Response - - -
Mechanism - - -
Complex Overt Responses - - -
Adaptation - - -
Origination - - -

Concept Map 



M.E.(Communication Systems), 2020-21

Passed in BoS Meeting 04.07.2020 Approved in 60th Academic Council Meeting on 25.07.2020

Syllabus
Generation of Cellular Network: Principles of Cellular Networks, First- Generation Analog, 
Second- Generation TDMA Second- Generation CDMA Third- Generation Systems Fourth 
Generation Systems and LTE- LTE Architecture, Evolved Packet Core LTE Resource 
Management, LTE Channel Structure and Protocols 5G Architecture overview: Overview, 
5G A new era of connectivity ,The road to 5G network deployments ,Core requirements, 
New use cases, New technologies, Two perspectives on 5G Core, Service-based 
architecture (SBA), The core of the core, Connecting the core network to mobile devices and 
radio networks, Mobility and data connectivity, Policy control and charging,5GC interworking 
with EPC, Voice services, Messaging services, Support for devices connected over non-
3GPP access networks, Network slicing, Roaming, Key EPC functions,(Enhanced) 
Dedicated Core Networks ((e)DECOR),Control and User Plane Separation 
(CUPS),Architecture modeling service Based Architecture Management of 5G Networks: 
PDU Session concepts, Session types, User plane handling, Mechanisms to provide efficient 
user plane connectivity, Edge computing, Session authentication and authorization, Local 
Area Data Network, Mobility Management: Establishing connectivity, Reachability, 
Additional MM related concepts, N2 management, Interworking with EPC, Security - Network 
access security, Network domain security, User domain security, Quality-of-Service Flow 
based QoS framework, Signaling of QoS, Reflective QoS - QoS parameters and 
characteristics, Network slicing, Management and orchestration, Network Slice selection 
framework, 5G core network functions, Services and service operations. 5GProtocols: 
Protocols, 5G non-access stratum (5G NAS), NG application protocol (NGAP), Hypertext 
transfer protocol (HTTP), Transport layer security (TLS),Packet forwarding control protocol 
(PFCP), GPRS tunneling protocol for the User Plane (GTP-U), Extensible Authentication 
Protocol (EAP), IP security (IPSec),Stream Control Transmission Protocol (SCTP) ,Generic 
routing encapsulation. 5G Enabled Internet of Things: 5G cloud, Mobile and Edge 
computing for IoT, Emerging challenges and requirements for IoT in 5G, Network function 
virtualization based IoT in 5G network, 5G small cells
Learning Resources
1. Cory Beard, William Stallings, Wireless Communication Networks

Pearson, 2014.
2. Stefan Rommer, Peter Hedman, Magnus Olsson, Lars Frid, Shabnam Sultana, 

Catherine Mulligan, Academic Press, 2020
3. Yulei Wu, Haojun Huang, Cheng- 5G Enabled  Internet of  
4. Things CRC Press, 2019. 
5. Saad Z. Asif Press, 

2019.
6. Jonathan Rodriguez, Fundamental of 5G Mobile Network, Wiley, 2015.

Course Designers:
Dr.M.S.K.Manikandan manimsk@tce.edu
Dr. S.Ponmalar       spm@tce.edu
Dr. E.Murugavalli murugavalli@tce.edu
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Preamble 
This course deals with the qualitative and quantitative techniques to extract, categorize, 
identify and analyse the vegetation in remotely sensed data.
Prerequisite
Nil

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

CO1.   Describe radiation properties of different region and introduce Remote 
sensing sensors for vegetation.

Understand

CO2.   Introduction about different type of vegetation indices and calculation of 
them.

Apply

CO3 Explore concept of crop mapping, yielding and monitoring Apply

CO4.   Discuss the principle of SAR, SAR factors that affected vegetation and 
analyse per field and regional parameter for vegetation

Apply

CO5.  Analysis about spectral characteristics of green plants and plant 
reflectance curve.

Apply

CO6.   Estimation of plant biophysical and bio chemical parameters and 
analysis of the results and explain spectral reflectance pattern of soil.

Analyse

Mapping with Programme Outcomes
COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11
CO1 M L - - - - - - - - -
CO2 S M L - - M M - S - -
CO3 S M L - - M M - S - M
CO4 S M L - M - S - S - M
CO5 S M L - - - - - - - -
CO6 S S M L S M - - - - -
S- Strong; M-Medium; L-Low

Assessment Pattern
Continuous Assessment Tests End Semester 

Examination1 2 3
Understand 60 20 20 20

Apply 40 60 60 60
Analyse 0 20 20 20
Evaluate 0 0 0 0
Create 0 0 0 0

Course Level Assessment Questions
Course Outcome 1 (CO1):

1. What are the fundamental factors that affect vegetation indices?
2. Explain in brief about emissivity of canopies in Thermal region.
3. What is the importance of spectral resolution in vegetation monitoring?
4. List out the name of sensors that sensitive to vegetation.

Course Outcome 2 (CO2):
1. Generate 4 x 4 matrix for red and infrared image and find vegetation indices NDVI, 

EVI and check performance of both.

18CNPZ0 REMOTE SENSING FOR VEGETATION
Category L T P Credit

PE 3 0 0 3
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2. List and explain Forest canopy Density Methodology.
3. What are the advantages and limitation of radiative transfer model?
4. How to manage the under-determined an ill-posed nature of the inverse problem?

Course Outcome 3 (CO3):
1. Differentiate pixel based and object based classification
2. Explain yield estimation by forcing simplex model
3. Explain simplified model of water balance.
4. List out optic data methods and explain any two.

Course Outcome 4 (CO4):
1. Describe effect of Penetration as a function of wavelength for vegetation, Dry soil and 

Dry snow.
2. What is speckle? Discuss methods of speckle reduction.
3. Discuss about crop parameters effects on the radar backscattering coefficient.
4. What is the usefulness of having different polarization?
5. Explain scattering contribution of different targets using polarimetric SAR.

Course Outcome 5 (CO5):
1. Explain canopy biophysical variable: Leaf Area Index: LAI, GLAI, PAI, GAI and 

FAPAR.
2. Explain characteristics of  plant biochemical properties: Plant nutrients and pigments
3. Explain plant spectral derivative analysis.
4. Estimate biophysical parameter Plant biomass, NPP, Crown closure and SLA.

Course Outcome 6 (CO6):
1. Discuss about plant pigments and Nutrients.
2. Discuss about Leaf and Canopy Water Content and other biochemical.
3. Analyse Models of Radiation Scattered by soil.
4. Analyse Spectral reflectance pattern of soil.
5. Analyse direct and indirect method for Fishery assessment.

Concept Map

Syllabus
Radiation properties & Satellite Sensors: Thermal radiation, Microwave radiation, 
Radiation properties of vegetation soil and water, Different remote sensing sensors for 
vegetation
Vegetation Indices: NDVI, EVI, NDWI, Forest canopy density methodology :AVI, SI, BI,TI, 
Other vegetation indices: SR, KTTCT, Infrared index, PVI, GABS, MSI, LWCI, MidIR Index, 
SAVI, Modified SAVI, ARVI, AFVI, TVI, RSI, VARI, NDBI, WDVI
Remote sensing on crop monitoring: Indicators, crop type identification, yield estimation, 
crop mapping, harvest monitoring
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Microwave Remote sensing for Vegetation Analysis: SAR principle, SAR factors affect to 
vegetation, Polarimetric SAR in crop, water cloud model, Analysis of per field and regional 
parameter for vegetation and soil, crop monitoring with temporal SAR data.
Hyperspectral remote sensing for Vegetation Monitoring: Spectral characteristics of 
green plants, Spectral characteristics of plant biophysical and biochemical parameter, 
Analytical techniques needed in vegetation application, estimation of biophysical and 
biochemical parameter for vegetation.
Other Applications of Remote Sensing: Remote Sensing for fisheries: Direct method for 
fishery Assessment-Indirect method of Fishery Assessment. Remote sensing for oil 
exploration: Surface expression for seepage- Hydrocarbon Index- Remote sensing for soil 
analysis: Soil Classification- Models of Radiation Scattered by soil- Spectral reflectance 
pattern of soil
Reference Books

John G. Lyon,
Edition, CRC Press, Taylor & Francis group, 2012.

Elsevier, 2016.
https://medium.com/regen-network/remote-sensing-indices-389153e3d947.
https://en.wikipedia.org/wiki/Vegetation_Index.

Course Contents and Lecture Schedule
Module 

No.
Topic No. of 

Hours
Course 

Outcome
1. Radiation physics ,Radiation properties and sensor for vegetation

1.1 Radiation characteristics 1 CO1
1.2 Thermal Radiation, Microwave Radiation CO1
1.3 Optical, Thermal and microwave region 1 CO1
1.4 Satellite sensors and vegetation 1 CO1
2. Vegetation indices

2.1 Empirical vegetation indices : NDVI, EVI, NDWI
Forest canopy density methodology :AVI, SI, BI,TI

2 CO2

2.2 Other vegetation indices: SR, KTTCT, Infrared index, PVI, 
GABS, MSI, LWCI, MidIR Index, SAVI, Modified SAVI, ARVI, 
AFVI, TVI, RSI, VARI, NDBI, WDVI

2 CO2

2.3 Introduction about biophysical and biochemical variable for 
vegetation

1 CO2

2.4 Inversion methods of radiative transfer model 1 CO2
2.5 Theoretical performance in estimating the different variables 

of interest
1 CO2

2.6 How to manage the under-determined an ill-posed nature of 
the inverse problem?

1 CO2

2.7 Combination of methods and sensors to improve estimates 1 CO2
3. Remote sensing on crop monitoring

3.1 Indicators and agriculture practices 1 CO3
3.2 Agricultural production quantification 1 CO3
3.3 Precision agriculture 1 CO3
3.4 Crop mapping 1 CO3
3.5 Yield prediction 1 CO3
3.6 Harvest monitoring 1 CO3
4. Microwave Application of vegetation

4.1 Radar basics principle and Frequency bands 1 CO4
4.2 SAR Signal radiometry and calibration 1 CO4
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4.3 Basic principle of crop backscattering and its effect on crop 
and soil

1 CO4

4.4 SAR factors for agriculture 1 CO4
4.5 Crop monitoring with temporal SAR data 1 CO4
4.6 Analysis of per field and regional parameter for vegetation 2 CO4
4.7 Water cloud model 1 CO4
4.8 Polari metric SAR in crop 1 CO4
4.9 Crop  Stress Assessment 1 CO4
4.10 SAR Image processing Software 1 CO4

5. Hyperspectral application of vegetation
5.1 Spectral characteristics of typical green plants 1 CO5
5.2 Spectral characteristics of  plant biophysical parameters CO5
5.3 Spectral characteristics of plant biochemical parameters 1 CO5
5.4 Analytical techniques for vegetation application CO6
5.5 Estimation of Biophysical parameter 1 CO6
5.6 Estimation of Biochemical parameter 1 CO6
6. Other Applications

6.1 Remote Sensing for fisheries :
6.1.1 Direct method for fishery Assessment
6.1.2 Indirect method of Fishery Assessment

1 CO6

6.2 Remote sensing for oil exploration :
6.2.1 Surface expression for seepage
6.2.2 Hydrocarbon Index

1 CO6

6.3 Remote sensing for soil analysis:
6.3.1 Soil Classification
6.3.2 Models of Radiation Scattered by soil
6.3.3 Spectral reflectance pattern of soil

1 CO6

TOTAL 36

Course Designer:
Dr.R.A.Alagu Raja alaguraja@tce.edu
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Category L T P Credit 

PE 3 0 0 3 

 

Preamble  

This course is acquainting the students with fundamentals of building device and circuit 
simulators, and efficient use of simulators, and efficient use of simulators. The knowledge of 
different analysis of device modeling and solving network equations will motivate students 
towards device modeling. The three areas of circuit design, device modeling and CAD tools 
are the main pillars based on which all VLSI system designs are carried out. This course 
introduces the principles of device modeling where in device physics and experimentally 
observed device performances characteristics combined so as to lead to predictable 
equations and expressions for device performance under scenarios of excitation 
Prerequisite 
Nil  
Course Outcomes 
On the successful completion of the course, students will be able to 

CO1 Apply device simulation to understand the hybrid behavior of the device Apply 

CO2 Analyze circuits using parasitic BJT parameters and newton Raphson 
method. 

Analyze 

CO3 Analyze stiffness equation in electrical networks. Analyze 

CO4 Apply and determine the drift diffusion equation. Apply 

CO5 Model the MOS transistor using Schrodinger’s equation. Apply 

CO6 Analyze the characteristics of basic electronic devices. Analyze 

Mapping with Programme Outcomes 

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

CO1.  S M L L M - - - L - - 

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

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

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

CO5.  S M L L L - - - L - - 

CO6.  S S M L L - - - L - - 

Assessment Pattern 

Bloom’s Category 
Continuous Assessment Tests End Semester 

Examination 1 2 3 

Remember 10 0 0 0 

Understand 10 10 10 10 

Apply 30 30 40 40 

Analyse 50 60        50                   50 

Evaluate 0 0 0 0 

Create 0 0 0 0 

Course Level Assessment Questions 
Course Outcome 1 (CO1): 

• Describe the prime importance of circuit and device simulations. 

• List out the solutions of nonlinear networks through Newton-Raphson technique. 

• Fine the current Io by using nodal analysis. 

 

18CNRA0 
SOLID STATE DEVICE MODELING 

AND SIMULATION 
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Course Outcomes 2(CO2): 

• List out the steps to find the solution to nonlinear networks. 

• Explain the property of convergence and stability. 

• Find the solution for nonlinear network through Newton-Raphson technique. 
Course Outcome 3 (CO3): 

• Explain how the multistep methods are used to find the solution of electrical networks. 

• Discuss about the general purpose of circuit simulators. 

• Explain the stiff set and methods available to solve the stiff ordinary differential 
equations. 

Course Outcome 4(CO4): 

• Write a short note on Poisson and continuity equation. 

• Explain the grid generation of 1D and 2D equations. 

• Discuss about Schrodinger and hydrodynamic equation. 
Course Outcome 5 (CO5): 

• Explain C-V characteristics of MOS capacitor. 

• Explain the characteristics of p-n junction and small-signal analysis of MOSFETs. 
Course Outcome 6 (CO6): 

• Illustrate the simulation of p-n junction and MOSFET. 
Concept Map 
 

 
Syllabus 
Device modelling: Prime importance of circuit and device simulations in VLSI; Nodal, mesh, 
modified nodal and hybrid analysis equations. Solution of network equations: Sparse 
matrix techniques, solution of nonlinear networks through Newton-Raphson technique, 
convergence and stability. Multistep methods: Solution of stiff systems of equations, 
adaptation of multistep methods to the solution of electrical networks, general purpose circuit 
simulators. Mathematical technique for device simulations: Poisson equation, continuity 
equation, drift-diffusion equation, Schrodinger equation, hydrodynamic equations, trap rate, 
finite difference solutions to these equations in 1D and 2D space, grid generation. 
Simulation of devices: Computation of characteristics of simple devices like p-n junction, 
MOS capacitor and MOSFET; Small-signal analysis. 
Reference Books 

• Arora, N., “MOSFET Modeling for VLSI Simulation”, Cadence Design Systems, 2007 

• Selberherr, S., “Analysis and Simulation of Semiconductor Devices”, Springer- Verlag.,1984 

• Fjeldly, T., Yetterdal, T. and Shur, M., “Introduction to Device Modeling and Circuit       
Simulation”, Wiley-Interscience., 1997 

• Grasser, T., “Advanced Device Modeling and Simulation”, World Scientific Publishing Company., 
2003 
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• Chua, L.O. and Lin, P.M., “Computer-Aided Analysis of Electronic Circuits:    Algorithms and 
Computational Techniques”, Prentice-Hall., 1975 

• Trond Ytterdal, Yuhua Cheng and Tor A. Fjeldly Wayne Wolf, “Device Modeling for Analog and RF 
CMOS Circuit Design”, John Wiley & Sons Ltd. 

Course Contents and Lecture Schedule 

No. Topic No. of 
Lectures 

1 Device modelling  

1.1 Prime importance of circuit 1 

1.2 Device simulations in VLSI. 1 

1.3 Nodal analysis. 2 

1.4 Mesh analysis 1 

1.5 Modified nodal analysis 2 

1.6 Hybrid analysis equations 1 

2 Solution of network equations  

2.1 Sparse matrix techniques 2 

2.2 solution through Network-Raphson technique 2 

2.3 Convergence and stability 3 

3 Multistep methods  

3.1 Solution to stiff systems of equation 2 

3.2 Adaption of multistep methods to the solution of electrical networks 3 

3.3 General purpose of circuit simulators. 2 

4 Mathematical technique for device simulation  

4.1 Poisson equation  1 

4.2 Continuity equation, drift diffusion equation. 2 

4.3 Schrodinger equation, hydrodynamic equation 1 

4.4 Trap rate, finite difference solution to these equations in 1D and 2D space 2 

4.5 Grid generation. 1 

5 SIMULATION OF DEVICES  

5.1 Computation of characteristics of simple devices 1 

5.2 P-n junction 1 

5.3 MOS capacitor 2 

5.4 MOSFET 2 

5.5 Small signal analysis 1 

 Total Hours 36 

 
Course Designers: 

• Dr. N. B. Balamurugan    nbbalamurugan@tce.edu 

• Dr. S. Rajaram                                                     rajaram_siva@tce.edu 
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Category L T P Credit 

PE 3 0 0 3 

Preamble  
The present and future generation VLSI systems are all expected to be built using 
MOSFETs. Over the years, the VLSI industry has systematically adapted to the use of only 
MOSFET for all purposes. This is because of its potential from manufacturability point of 
view. Over the years, an advance in physics has given rise many new concepts including 
carbon nano tubes, organic electronics, single electron and molecular transistors and so on. 
Even in most of these and other emerging nanotechnology-based systems, the MOSFET or 
devices with MOSFET like characteristics continue to play a very important role. The present 
course will introduce and cover in detail all the important techniques used for MOSFET 
device modeling.  
Prerequisite 
Nil  
Course Outcomes 
On the successful completion of the course, students will be able to 

Mapping with Programme Outcomes 

Assessment Pattern 

Bloom’s Category 
Continuous Assessment Tests End Semester 

Examination 1 2 3 

Remember 10 0 0 0 

Understand 10 10 10 10 

Apply 30 30 40 40 

Analyse 50 60        50                   50 

Evaluate 0 0 0 0 

Create 0 0 0 0 

Course Level Assessment Questions 
Course Outcome 1 (CO1): 

• Derive the expression for probability of the states being filled by the electron. 

• Calculate the diffusion current density, if the electron concentration increases from  

 at x=0 point and   at x=0.5 . 

• A sample of p-doped silicon is 100   long and 10  wide estimate the thickness of 

the resistance. Mobility =100  

Course Outcomes 2 (CO2): 

• Illustrate and explain ideal MOS C-V characteristics. Explain the effect of non-idealities  

18CNRB0 NANO MOSFET MODELING 

CO1 Apply the basic properties of semiconductor devices in MOSFET modelling. Apply 

CO2 Analyse the characteristics of MOS devices. Analyse 

CO3 Analyse the various type of short channel effects. Analyse 

CO4 Apply various MOS technology Apply 

CO5 Apply the concept of device design in simulation. Apply 

CO6 Analyse the performance factors of MOS devices. Analyse 

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

CO7.  S M L L - - - - - - - 

CO8.  S S M L   - - - M M - - 

CO9.  S S M M    M M - - 

CO10.  S M L L - - - - - - - 

CO11.  S M L L - - - - - - - 

CO12.  S S M L - - - M M - - 
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• on C-V. 

• List out the mobility and explain about electron and hole mobility. 

• Explain the effect of inversion layer capacitance. Explain the effect of doping in threshold 
voltage requirement. 

Course Outcome 3 (CO3): 

• Explain the temperature dependency of long channel devices. 

• Illustrate how the mobility of channel is affected by short length devices. 

• List out the short channel effects and brief out any three with neat sketch. 
Course Outcome 4 (CO4): 

• Explain about CMOS scaling theory and types of scaling. 

• Brief out the various types of channel length with neat diagram. 

• Illustrate parameter extraction. 
Course Outcome 5 (CO5): 

• Design MOS inverter. 

• Explain the effect of Parasitic elements. 

• Sketch and explain the Layout diagram NAND inverters. 
Course Outcome 6 (CO6): 

• Discuss about the sensitivity device. 

• Explain various sensing parameters of MOS device. 
Concept Map 

 
Syllabus 
Basic Device Physics: Electrons and holes in silicon, energy bands, n-type and p-type 
silicon, Carrier transport in silicon, Basic equation for device operation. P-n junctions, built-in 
potential and applied potential, abrupt junctions, the diode equations, current-voltage 
characteristics, time-dependent switching characteristics, diffusion capacitance. Device 
characteristics: MOS capacitors - surface potential, accumulation, depletion, inversion, 
electrostatic potential and charge distribution in silicon, capacitance in a MOS structure, 
polysilicon work function and depletion effects, MOS under nonequilibrium and gate diodes, 
charge in silicon dioxide and at silicon-oxide interface, effect of interface traps and oxide 
charge on device characteristics, high field effects. MOSFET Devices: Long-channel 
MOSFETs – MOS I-V characteristics, substrate bias and temperature dependence of 
threshold voltage, drain-current model, sub-threshold characteristics, channel mobility, 
capacitances and inversion-layer capacitance effect.  Short channel effects- short-channel 
effects, velocity saturation, channel length modulation, source-drain series resistance, 
MOSFET breakdown. MOS Device Design: Scaling of MOSFETs – constant-field scaling, 
generalized scaling, non-scaling effects, threshold voltage, threshold voltage requirement, 
nonuniform doping, channel profile design, quantum effects on threshold voltage, discrete 
dopant effects on threshold voltage, MOSFET channel length, various definitions of channel 
length, extraction of the effective channel length, physical meaning of effective channel 
length. MOS Performance Factor: Basic MoS circuit element, MOS inverter, CMOS NAND 
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and NOR gates, inverters and NAND layouts, parasitic element, source-drain resistance, 
parasitic capacitances, gate resistance, interconnect R and C, sensitivity of CMOS delay to 
device parameters, propagation delay and delay equation, delay sensitivity to channel width, 
length and gate oxide thickness, sensitivity of delay to power-supply voltage and threshold 
voltage, sensitivity of delay to parasitic resistance and capacitance. 
Reference Books 

• Y. Taur and T. H. Ning, “Fundamentals of Modern VLSI Devices”, Cambridge University 

Press, Cambridge, United Kingdom, 2016. 

• B. G. Streetman and S. Banarjee, “Solid State Electronic Devices”, Prentice-Hall of India 

Pvt. Ltd, New Delhi, India, 2014. 

• N. Das Gupta and A. Das Gupta, “Semiconductor Devices – Modeling and Technology”, 

Prentice- Hall of India Pvt. Ltd, New Delhi, India, 2004. 

• B. Bhattacharyya, “Compact MOSFET Models for VLSI Design”, John Wiley & Sons 

Inc., 2009. 

• K. Maiti, N. B. Chakrabarti, S. K. Ray, "Strained silicon heterostructures: materials and 

devices”, The Institution of Electrical Engineers, London, United Kingdom, 2001. 

• 1.B. Bhattacharyya, “Compact MOSFET Models for VLSI Design”, John Wiley & Sons 

Inc., 2009. 

Course Contents and Lecture Schedule 

No. Topic No. of Lectures 

1 Basic Device Physics  

1.1 Electrons and holes in silicon, energy bands, n-type and p-type 
silicon. 

1 

1.2 Carrier transport in silicon, Basic equation for device operation. 1 

1.3 P-n junctions, built-in potential and applied potential, abrupt 
junctions, the diode equations 

2 

1.4 current-voltage characteristics. 1 

1.5 Time-dependent switching characteristics. 2 

1.6 diffusion capacitance.  1 

2 Device characteristics  

2.1 MOS capacitor- surface potential, accumulation, depletion, 
inversion. 

1 

2.2 Electrostatic potential and charge distribution, threshold 
voltage.  

2 

2.3 capacitance in a MOS structure, polysilicon work function and 
depletion effects. 

1 

2.4 MOS under nonequilibrium and gate diodes, charge in silicon 
dioxide and at silicon-oxide interface. 

1 

2.5 effect of interface traps and oxide charge on device 
characteristics, high field effects. 

2 

3 MOSFET Devices  

3.1 Long-channel MOSFETs – MOS I-V characteristics 1 

3.2 substrate bias and temperature dependence of threshold 
voltage. 

1 

3.3 drain-current model, sub-threshold characteristics. 1 

3.4 channel mobility, capacitances and inversion-layer capacitance 
effect. 

1 

3.5 Short channel effects. 1  

3.6 velocity saturation, channel length modulation. 1 

3.7 source-drain series resistance, MOSFET breakdown. 1 

4 MOS Device Design  
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4.1 Scaling of MOSFETs – constant-field scaling, generalized 
scaling. 

1 

4.2 non-scaling effects, threshold voltage, threshold voltage 
requirement, channel profile design. 

2 

4.3 Nonuniform doping, quantum effects on threshold voltage, 
discrete dopant effects on threshold voltage 

1 

4.4 MOSFET channel length, various definitions of channel length. 2 

4.5 extraction of the effective channel length, physical meaning of 
effective channel length. 

1 

5 MOS Performance Factor  

5.1 Basic MoS circuit element, MOS inverter, CMOS NAND and 
NOR gates. 

1 

5.2 inverters and NAND layouts, parasitic element, source-drain 
resistance, parasitic capacitances. 

1 

5.3 gate resistance, interconnect R and C, sensitivity of CMOS 
delay to device parameters. 

2 

5.4 propagation delay and delay equation, delay sensitivity to 
channel width, length and gate oxide thickness 

2 

5.5 sensitivity of delay to power-supply voltage and threshold 
voltage, sensitivity of delay to parasitic resistance and 
capacitance. 

1 

 Total Hours 36 

 
Course Designers: 
 
1. Dr. N. B. Balamurugan    nbbalamurugan@tce.edu 
2. Dr. S. Rajaram                                                       rajaram_siva@tce.edu 
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Category L T P Credit 

PE 3 0 0 3 

 
Preamble  
The objective of this course concentrates on the energy harvesting techniques that are 
intended in designing wireless sensor networks and determining their performances in terms 
of standard performance metrics. 
Prerequisite 
 Nil  
Course Outcomes 
On the successful completion of the course, students will be able to 
 
CO1 Explain the principles of the wireless sensor network, architecture, 

and Protocol stack.  
Understand 

CO2 Apply localization techniques used in wireless sensor networks.  Apply  
CO3 Apply sensing techniques used in wireless sensor networks.  Apply  
CO4 Determine the performance of ambient energy harvesting schemes 

in IoT and wireless sensor networks. 
Apply 

CO5 Apply statistical approach based on stochastic geometry to analyze 
the performance of energy harvesting.  

Apply 

CO6  Develop simultaneous wireless information and power transfer 
technique from the measurement device in the sensor network. 

Apply 

 
Mapping with Programme Outcomes 
 
COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 
CO1. S L - - - - - - - - - 
CO2. S S S L - - - - - - - 
CO3. S S S L - - - - - - - 
CO4. S S S L - - - - - - - 
CO5. S S S L - - - - - - - 
CO6. S S S L - - - - - - - 

 
Assessment Pattern 
 Assessment - I Assessment - II  

Terminal Exam 
(%) 

CAT  I 
(%) 

Ass. I * 
(%) 

CAT  II 
(%) 

Ass. II * 
(%) 

          TPS    
               
Scale 
CO    
 

1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 

CO1 - 20 -  
100 

 

- - - - - 20 - 
CO2 - 20 20 - - - - - 20 - 
CO3 - 20 20 - - - - - - 20 
CO4 - - - - - 20 20 

100 
- - 20 

CO5 - - - - - 20 20 - - 10 
CO6 - - - - - 20 - - - 10 
Total - 60 40 100 - 60 40 100 - 40 60 
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WIRELESS SENSOR NETWORKS 
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Course Level Assessment Questions 
Course Outcome 1 (CO1): 
1. For a wireless sensor node with 10mW operation power and  standby power, if the 

duty cycle is 0.1 percent, then evaluate the time average power drain. If the node is 
supplied by a 750mAh AAA battery, linearly regulated to 1volt, estimate the life time of a 
node. 

2. How can oversampling of sensor data overcome the effect of noise? 
3. What is the difference between passive sensors and active sensors and can you name a 

few examples for each category? 
Course Outcome 2 (CO2): 
1.  two-dimensional space is (x, y) = (10, 20) with a maximum error of 2 

in the x direction for 95% of all measurements and a maximum error of 3 in the y direction 
for 90% of all measurements. What is the accuracy and the precision of this location 
information? 

2. RSS-based localization techniques are often combined with a process called RF profiling, 
that is, the mapping of the effects of objects in the environment on signal propagation. 
Why is this necessary and can you think of examples of such objects? 

3. Time of Arrival (ToA) is one example of a ranging technique. Answer the following 
questions (assume a propagation time of 300 m/s):  
(a) What is the advantage of two-way ToA over one-way ToA? 
(b) In a synchronized network with unknown synchronization error, an anchor node 
periodically broadcasts an acoustic signal to sensor nodes in its range. At time 1000 ms 

t A can now compute?  
(c) Instead of computing the distance itself, node A also responds with an acoustic signal 
issued at time 2500 ms, which is received by the anchor node at time 3300 ms. What is 
the distance computed by the anchor node? What can you say about the synchronization 
of anchor node and node A? 

Course Outcome 3 (CO3): 
1. A vibration sensor outputs an analog signal with a peak-to-peak voltage of 5 V at a 

frequency of 100 Hz. 
 (a) What should be the minimum sampling frequency, so that no information is lost during 
the digitization process?  
(b) Suppose a resolution of 0.025 V is required to detect an interesting event. What should 
be the resolution of the ADC in terms of bits to convert the analog signal to a digital signal? 

2. Consider a Wheatstone bridge circuit using a resistive temperature sensor . Assume 

that  and . Assume that the current temperature is  and 

. You wish to calibrate the sensor such that the output voltage VOUT is zero 

whenever the temperature is .  
(a) What is the desired value of ?  
(b) What is the output voltage (as a function of the supply voltage) at a temperature of 

, when increase in temperature leads to an increase in resistance of 20% for ? 

3. A 2D accelerometer sensor measures the movement of a structure to an ambient 
excitation. The normalized raw data that is collected for 1 second from the x- and y-axes 
are given below. In each case, the measurement is one-dimensional and should be read 
from left to right and top to bottom. 



M. E. Degree Programme (Communication Systems). - 2021-22 

 

Passed in BoS Meeting 03.12.2022                                   Approved in 64th Academic council Meeting 11.01.2023 
 

 
(a) Calculate the autocorrelation for both sequences.  
(b) Calculate the correlation coefficients of the sequences.  
(c) Calculate the Fast Fourier Transform (FFT) of both sequences. 
Course Outcome 4 (CO4): 
1. Why energy harvesting is important in sensor nodes? 
2. What is energy conservation in WSN? 
3. What is the need of energy harvesting for WSN? 
Course Outcome 5 (CO5): 
1. What is point pattern analysis in GIS? 
2. What is the homogeneous Poisson point process? 
3. What are the five main components of a basic sensor node? 
Course Outcome 6 (CO6): 
1. What are simultaneous wireless information and power transfer? 
2. Which transmission is used for wireless transmission of electrical power? 
3. What are the different methods of wireless power transfer? 
Concept Map 
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Syllabus 
Wireless Sensor Networks: Architecture and Protocol stack, Hardware constraints, Fault 
tolerance, scalability, Network topology: Pre-deployment and Deployment Phase, Post-
deployment Phase, Re-deployment Phase of Additional Nodes, Transmission Media, Power 
Consumption: Sensing, Data Processing, Communication Localization techniques: 
Localization Challenges and Properties, Pre-deployment schemes, Proximity schemes, 
Ranging schemes: Triangulation, Trilateration, Range based Localization, Range free 
Localization: Hop based Localization, Point in Triangle Sensing Techniques: Types of 
sensors, Sensing coverage, High level sensors, Special case: The Human as a sensor, 
Actuators, Sensor Calibration, Detecting errors Energy Harvesting: Life time issues in the 
Wireless Sensor Network, Storage Capacity, Energy Harvesting Schemes: Solar, Wind, 
Thermal, Flow of Liquid, Acoustic Energy, Mechanical Vibrations, Ambient RF Energy, Human 
body, Observations on the Reviewed Energy harvesting Mechanisms, Efficient Ambient 
Energy harvesting sources to enhance the life of IoT Devices, A Graph Neural Network model 
for energy prediction of neural networks in IoT Simultaneous Wireless Information and 
Power Transfer: Deployment of sensors/Measurement device, Data transmission and 
harvest energy simultaneous transmission Stochastic Geometry: Point Processes as spatial 
models, Properties of Point Processes, Point Process transformations, Distances, Modeling 
Sensor nodes using Poisson Point Process, Energy harvesting analysis  
  
Reference Books 

1. 
 IET Publishers,2022. 

2. Deepti Agarwal,Kimmi Verma,Shabana Urooj, Energy harvesting:Enabling IoT 
Transformations,Routledge Taylor and Francis Group,2022. 

3. 
 

4.  CRC 
Press,2018. 

5.  IEEE Wiley Press,2016. 
6. 

Limited,2010. 
7. ireless Sensor 

 
8. 

Publishers, 2004. 
9.  John Wiley and Sons Limited,2003. 

Course Contents and Lecture Schedule 
 

Module No. Topic No.of 
Lectures 

1 Wireless Sensor Networks  
1.1 Architecture and Protocol stack,  1 
1.2 Hardware constraints 1 
1.3 Fault tolerance, scalability 1 
1.4 Network topology: Pre-deployment and Deployment Phase,  1 

1.5 
Post-deployment Phase, Re-deployment Phase of 
Additional Nodes, Transmission Media,  

1 

1.6 
Power Consumption: Sensing, Data Processing, 
Communication 

1 

2 Localization techniques  
2.1 Localization Challenges and Properties 1 
2.2 Pre-deployment schemes, Proximity schemes 1 
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2.3 Ranging schemes: Triangulation, Trilateration 1 
2.4 Range based Localization 1 

2.5 
Range free Localization: Hop based Localization, Point in 
Triangle 

1 

3 Sensing Techniques   
3.1 Types of sensors 1 
3.2 Sensing coverage, High level sensors 1 
3.3 Special case: The Human as a sensor 1 
3.4 Actuators 1 
3.5 Sensor Calibration, Detecting errors 1 
4 Energy Harvesting  

4.1 Life time issues in the Wireless Sensor Network 1 
4.2 Storage Capacity 1 
4.3 Solar Energy harvesting scheme 1 
4.4 Wind Energy harvesting scheme 1 
4.5 Thermal Energy harvesting scheme 1 
4.6 Energy harvesting using Flow of Liquid 1 
4.7 Acoustic Energy harvesting scheme 1 
4.8 Energy harvesting using Mechanical vibrations 1 
4.9 Ambient RF Energy harvesting Scheme 1 

4.10 Human body Energy harvesting scheme 1 

4.11 
Efficient Ambient Energy harvesting sources to enhance 
the life of IoT Devices 

1 

4.12 
A Graph Neural Network model for energy prediction of 
neural networks in IoT 

1 

5 Simultaneous Wireless Information and Power Transfer  
5.1 Deployment of sensors/Measurement device 1 

5.2 
Data transmission and harvest energy simultaneous 
transmission 

1 

6 Stochastic Geometry  
6.1 Point Processes as spatial models 1 
6.2 Properties of Point Processes 1 
6.3 Point Process transformations 1 
6.4 Distances 1 
6.5 Modeling Sensor nodes using Poisson Point Process 1 
6.6 Energy harvesting analysis 1 

                                       Total Number of Hours 36 
  
Course Designers: 

  Dr.S.J.Thiruvengadam               sjtece@tce.edu 
  Dr.G.Ananthi                            gananthi@tce.edu 
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Category L T P Credit 

PE 3 0 0 3 
 

  Preamble 
Soft Robotics and Control is an introductory course that provides an overview of the field of 
robotics, with a focus on soft robotics and control. This course is an introduction to soft robotics 
and control, covering topics such as mechanics of polymers, kinematics and dynamics, 
modelling and simulation, sensing and control, and bio-inspired design. The course explores 
the use of compliant and deformable materials to create robots that are more adaptable and 
safer to interact with humans, as well as control theory to design and operate robots. It also 
covers bio-inspired soft robotics, which draws inspiration from nature to design and creates 
robots that mimic the movements and structures found in living organisms. The course also 
covers the application of soft robotics and control in healthcare and medicine, including 
assistive devices, rehabilitation robots, and soft robotic exo-suits and prosthetics. 
 Prerequisite 
Nil 
 Course Outcomes 
On the successful completion of the course, students will be able to 
CO Course Outcome  TCE 

Proficiency 
Scale 

Expected 
Proficiency  
in % 

Expected 
Attainment 
Level % 

CO1 Explain the fundamentals of robotics and 
soft robotics including kinematics, 
dynamics, and bio-inspired designs. 

TPS2 70 70 

CO2 Analyze and model soft actuators and 
sensors using finite element analysis (FEA) 
and multi-physics modelling techniques. 

TPS3 70 70 

CO3 Design and implement soft electronics and 
sensing systems, including resistive, 
capacitive, and inductive sensing. 

TPS3 70 70 

CO4 Develop control algorithms for soft robots TPS3 70 70 
CO5 Apply bio-inspired soft robotics principles 

for locomotion strategies, and optimize gait 
patterns and fluid-structure interactions. 

TPS3 70 70 

CO6 Evaluate and apply soft robotics and control 
theory in healthcare applications 

TPS3 70 70 

 
 
 

COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO 
11 

CO1 M L  - - - - - - - - 

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

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

CO4 S M L L - - - - - - - 
CO5 S M L L - - - - - - - 

CO6 S M L L - - - - - - - 

S- Strong; M-Medium; L-Low 
 
  

21CNRD0 SOFT ROBOTICS AND CONTROL 

Mapping with Programme Outcomes 
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Assessment Pattern 
 Assessment - I Assessment - II Terminal Exam 

(%) CAT  I 
(%) 

Ass. I * 
(%) 

CAT  II 
(%) 

Ass. II * 
(%) 

          TPS 
CO  

1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 

CO1 - 20 -  
100 

 

- - - - - 20 - 
CO2 - 20 20 - - - - - 20 - 
CO3 - 20 20 - - - - - - 20 
CO4 - - - - - 20 20 

100 
- - 20 

CO5 - - - - - 20 20 - - 10 
CO6 - - - - - 20 - - - 10 
Total - 60 40 100 - 60 40 100 - 40 60 

Syllabus 
Introduction to Robotics and Soft Robotics: Overview, definitions & applications of 
robotics, Kinematics & dynamics, Morphological Computations & Bio-inspired designs. 
Fundamentals of mechanics of polymers for soft robotics, Elastomers, Thermoplastics, and 
textiles. Advanced materials for soft robots, including bending, jumping, and self-healing 
crystals. Kinetic models of transformation. Variable stiffness structures and Jamming 
mechanisms. Modelling of Soft Actuators: Mechanics of soft materials, modelling soft 
actuators and sensors, finite element analysis (FEA), multi-physics modelling, and additional 
actuation strategies such as cable-driven systems, fluidic actuation, dielectric elastomers, 
shape memory alloys, hip-exoskeleton, knee-exoskeleton, and back-exoskeleton. Soft 
Electronics and Soft Sensing: Embedding sensing capabilities and conductive elements in 
soft structures, Soft resistive, capacitive, and inductive sensing, Soft optical and ionic sensing. 
Control Algorithms: Typical soft robot architectures, Feedback and feedforward control, On-
board powering & On-board control, Position Control, Force/Impedance Control, Compliance 
Control, Hybrid Control, pneumatic control, hydraulic control, traditional controllers such as 
On-Off control, PID, and advanced controllers such as Fuzzy, MPC, MRAC, LQR, adaptive 
control and Reinforcement Learning. Bio-Inspired Soft Robotics: Crawling and swimming of 
soft robots, friction-based crawling, adhesion-based crawling & swimming via jetting, body-
drive swimming. Optimizing techniques- gait pattern optimization, Fluid-structure interaction 
optimization. Sensors for biological analysis. Health Care Applications: Soft robotics in 
surgical procedures such as laparoscopy, endoscopy, and catheterization. Neurosurgery. 
Rehabilitation and physical therapy. Prosthetics, exosuits, and Implantable medical devices 
for monitoring and treating health conditions.                                                                                                                    
Reference Books & web resources 
 Alexander Verl, Alin Albu-

Transferring Theory to Application, Springer, 1st Edition, 2015.  
 

 
 ls, Modeling, Applications, and 

 
  
 

Wiley, 2011.  
 https://nptel.ac.in/courses/112107289.  

Course Contents and Lecture Schedule 

Module 
No. 

Topic No. of 
Lectures 

CO 

1 Introduction to Robotics and Soft Robotics   

1.1 Overview, definitions & applications of robotics,                                                                                                  1 CO1 
1.2 Kinematics & dynamics 2 CO1 
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1.3 Morphological Computations & Bio-inspired designs.  2 CO1 
1.4 Fundamentals of mechanics of polymers for soft robotics, 

Elastomers, Thermoplastics, and textiles.  
1 CO1 

1.5 Advanced materials for soft robots, including bending, 
jumping, and self-healing crystals.  

1 CO1 

1.6 Kinetic models of transformation. Variable stiffness 
structures and Jamming mechanisms 

1 CO1 

2 Modelling of Soft Actuators   

2.1 Mechanics of soft materials, modelling soft actuators and 
sensors,  

2 CO2 

2.2 Finite element analysis (FEA), multi-physics modelling  2 CO2 
2.3 Additional actuation strategies such as cable-driven 

systems, fluidic actuation, dielectric elastomers, shape 
memory alloys, hip-exoskeleton, knee-exoskeleton, and 
back-exoskeleton.              

2 CO2 

3 Soft Electronics and Soft Sensing   

3.1 Embedding sensing capabilities  2 CO3 
3.2 Conductive elements in soft structures, Soft resistive, 

capacitive and inductive sensing 
2 CO3 

3.3 Soft optical and ionic sensing. 1 CO3 
4 Control Algorithms   

4.1 Typical soft robot architectures, Feedback and 
feedforward control 

1 CO4 

4.2 On-board powering & On-board control, Position Control, 
Force/Impedance Control 

1 CO4 

4.3 Compliance Control, Hybrid Control, pneumatic control, 
hydraulic control,  

1 CO4 

4.4 Traditional controllers such as On-Off control, PID, and  2 CO4 
4.5 Advanced controllers such as Fuzzy, MPC, MRAC, LQR, 

adaptive control  
2 CO4 

4.6 Reinforcement Learning. 1 CO4 
5 Bio-Inspired Soft Robotics   

5.1 Crawling and swimming of soft robots,                                                                                                    1 CO5 
5.2 Friction based crawling, adhesion-based crawling & 

swimming via jetting, body-drive swimming.  
1 CO5 

5.3 Optimizing techniques- gait pattern optimization, Fluid-
structure interaction optimization.  

2 CO5 

5.4 Sensors for biological analysis.    1 CO5 
6 Health Care Applications   

6.1 Soft robotics in surgical procedures such as laparoscopy, 
endoscopy, and catheterization. Neurosurgery.  

1 CO6 

6.2 Rehabilitation and physical therapy.  1 CO6 
6.3 Prosthetics, exosuits 1 CO6 
6.4 Implantable medical devices for monitoring and treating 

health conditions.                                                                                                                    
1 CO6 

                                                                                                        Total 36  

 
 G.Prabhakar   gpece@tce.edu 
 Dr.K.Hariharan   khh@tce.edu 

  

Course Designers: 
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Category L T P Credit 

PE 3 0 0 3 

 
Preamble  
The objective of this course is to provide a firm foundation in cutting-edge biomedical signaling 
and imaging systems, including current coverage of issues that are pertinent to industry.  This 
course focuses on biological signals, signal processing, and evaluating methods and findings 
in order to optimize clinical applications. It also includes automated classification and decision-
making approaches to aid in diagnosis. 
Prerequisite 
 Nil  
Course Outcomes 
On the successful completion of the course, students will be able to 
CO1 Characterize the biomedical signals in both time and frequency 

domain 
Understand 

CO2 Model the discrete biomedical signal using parametric modelling Apply  
CO3 Apply periodogram techniques to analyze the biomedical signals  Apply  
CO4 Design adaptive filters to cancel out the noise in biomedical signals Apply 
CO5 Detect the presence of a wavelet in a noisy biosignal using structural 

features and template matching techniques for monitoring and 
automatic classification.  

Apply 

CO6 Apply signal classification and recognition methods to address 
biomedical problems by analyzing signals such as EEG, ECG, PCG, 
EMG, and PPG 

Apply 

CO7  Reconstruct biomedical images from CT scanners using the 
principles of computed tomography 

Apply 

Mapping with Programme Outcomes 
COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 
CO1. S M L - - - - - - - - 
CO2. S M L L - - - - - - - 
CO3. S M L L - - - - - - - 
CO4. S M L L - - - - - - - 
CO5. S M L L - - - - - - - 
CO6. S M L L - - - - - - - 
CO7. S M L L - - - - - - - 

 
Assessment Pattern 
 Assessment - I Assessment - II  

Terminal Exam 
(%) 

CAT  I 
(%) 

Ass. I * 
(%) 

CAT  II 
(%) 

Ass. II * 
(%) 

          TPS  
CO 

1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 

CO1 - 15 20  
100 

 

- - - - - 4 10 
CO2 - 15 20 - - - - - 4 10 
CO3 - 10 20 - - - - - 4 10 
CO4 - - - - - 10 15 

100 

- 2 15 
CO5 - - - - - 10 15 - 2 15 
CO6 - - - - - 10 15 - 2 10 
CO7 - - -   10 15 - 2 10 
Total - 40 60 100 - 40 60 100 - 20 80 

21CNRE0 BIOMEDICAL SIGNAL PROCESSING 
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Course Level Assessment Questions 
Course Outcome 1 (CO1): 
1. List out a few physiological interferences that may be encountered while acquiring a signal 

of interest. 
2. 

triangle? 
3. Enumerate the origin of biopotentials with example 
Course Outcome 2 (CO2): 
1. Characterize the stationary and non-stationary stochastic process. 
2. We consider the general case of a time-varying real-valued ARMA process  described 

by the difference equation 

                         

     where   are the ARMA coefficients, the process 

 is the input, and the process   is  the output. The process    is  a white Gaussian  

noise  process  of  zero  mean  and variance  . The ARMA coefficients are subject to 
random fluctuations. 

a) Formulate the state-space equations for the ARMA process. 
b) Find an algorithm for computing the predicted value of the state vector     
          , given the observation  

      c) How would you initialize the algorithm in the above question? 
3. Apply the autocorrelation measure method for adaptive segmentation of EEG signals. 
Course Outcome 3 (CO3): 
1. Write down the classification of EEG rhythms based on the frequency bands. 
2. Compare the PSD estimation methods such as maximum entropy method and moving 

average method and autoregressive moving average method. 
3.  PSD of a special type 

of EEG signal which has several sinusoids in additive noise. 
Course Outcome 4 (CO4): 
1. Suppose in an adaptive filtering environment, the input signal consists of      

      . The desired signal is given by , where  . In  

this case M=7. Compute the optimal solution for a first order adaptive filter. 
2. The LMS algorithm is an O(M) algorithm, where M is the length of the transversal filter 

component. Confirm the validity of this statement. 
3. Design an adaptive filter that eliminates periodic interferences in ECG signal. 
Course Outcome 5 (CO5): 
1. Apply contour limiting for detection of QRS in ECG signal. 
2. Apply matched filtering to detect the presence of wavelet in biomedical signal. 
3. Consider the problem of multi-spike train analysis where an electrode is used to record an 

action potential from a neuron or a muscle. Very often neighboring neurons fire at the 
same time and generate several overlapping wavelets. Apply the procedure given by De 
Figueiredo to solve overlapping problem. 

Course Outcome 6 (CO6): 
1. 

discriminant.   
2. Derive the expression of divergence for normal distribution. 
3. Explain how dimensionality can be reduced using the dynamic programming method. 
Course Outcome 7 (CO7): 
1. Describe the three approaches of computed tomography. 
2. During an attenuation tomographic measurement, assume that the two projections at 
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 and have resulted in the following projection functions:  

 and  
Without using any mathematical calculations and only using heuristics, try to visualize 
the object being imaged. 

3. Can the relative body-fat-to-muscle ratio of an arm of a grown man be determined from 
x-ray imaging and under what conditions? 

Concept Map 

 
Syllabus 
SIGNAL, SYSTEM AND SPECTRUM: Characteristics of some dynamic biomedical signals, 
Noises- random, structured and physiological noises. Filters- IIR and FIR filters. Spectrum  
power spectral density function, cross-spectral density and coherence function, cepstrum and 
homomorphic filtering. Estimation of mean of finite time signals TIME SERIES ANALYSIS 
AND SPECTRAL ESTIMATION: Time series analysis  linear prediction models, process 
order estimation, non-stationary process, fixed segmentation, adaptive segmentation, 
application in EEG, PPG, PCG and HRV signals, model-based ECG simulator. Spectral 
estimation  Blackman Tukey method, periodogram, and model-based estimation. Application 
in Heart rate variability, PCG and PPG signals ADAPTIVE FILTERING AND WAVELET 
DETECTION:  Filtering  LMS adaptive filter, adaptive noise cancelling in ECG, improved 
adaptive filtering in FECG, EEG, PPG and other applications in Bio signals, Wavelet detection 
in ECG  structural features, matched filtering, adaptive wavelet detection, detection of 
overlapping wavelets, scalogram. BIOSIGNAL CLASSIFICATION AND RECOGNITION:  
Signal classification and recognition  Statistical signal classification, linear discriminant 
function, direct feature selection and ordering, Back propagation neural network-based 
classification. Application in Normal versus Ectopic ECG beats and other biomedical 
applications COMPUTED TOMOGRAPHY: Principles of tomography, CT Generations, X- 
Ray sources- collimation- X- Ray detectors  Viewing systems  spiral CT scanning  Ultra 
fast CT scanners. Image reconstruction techniques  back projection and iterative method.  
Reference Books 
1. Arnon Cohen, Bio-Medical Signal Processing Vol I and Vol II, CRC Press Inc., Boca Rato, 

Florida 1999. 
2. Kayvan Najarian and Robert Splinter, Biomedical Signal and Image Processing, second 

edition, CRC Press, Taylor & Francis Group, 2012. 
3. Emmanuel C. Ifeachor, Barrie W.Jervis, second edition, Digital Signal processing- A 

 
4. Raghuveer M. Rao and AjithS.Bopardikar, Wavelets transform  Introduction to theory and 

its applications, Pearson Education, India 2000  
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5. Rangaraj M. Rangayyan, 2nd edition, Biomedical Signal Analysis-
Wiley- Interscience / IEEE Press, 2015. 

6. Willis J. Tompkins, Biomedical Digital Signal Processing, Prentice Hall of India, New Delhi, 
2003. 

Course Contents and Lecture Schedule 
 

Module 
No. 

Topic No.of 
Lectures 

1 Signal, System and Spectrum  
1.1 Characteristics of some dynamic biomedical signals 1 
1.2 Noises- random, structured and physiological noises 1 
1.3 Filters- IIR and FIR filters 1 

1.4 
Spectrum  power spectral density function, cross-spectral density 
and coherence function 

1 

1.5 Cepstrum and homomorphic filtering 1 
1.6 Estimation of mean of finite time signals 1 

2 Time Series Analysis and Spectral Estimation  

2.1 
Time series analysis  linear prediction models, process order 
estimation, non-stationary process 

1 

2.2 Fixed segmentation, adaptive segmentation 1 
2.3 Application in EEG, PPG, PCG and HRV signals 1 
2.4 Model-based ECG simulator 1 

2.5 Spectral estimation  Blackman Tukey method, periodogram, and 
model-based estimation 

1 

2.6 Application in Heart rate variability, PCG and PPG signals 1 
3 Adaptive Filtering and Wavelet Detection  

3.1 Filtering  LMS adaptive filter, adaptive noise cancelling in ECG  2 

3.2 
Improved adaptive filtering in FECG, EEG, PPG and other 
applications in Bio signals 

2 

3.3 Wavelet detection in ECG  structural features 1 
3.4 Matched filtering 1 
3.5 Adaptive wavelet detection, detection of overlapping wavelets 1 
3.6 Scalogram 1 
4 Bio-signal Classification and Recognition   

4.1 Statistical signal classification 1 
4.2 Linear discriminant function 1 
4.3 Direct feature selection and ordering 1 
4.4 Back propagation neural network-based classification 2 
4.5 Application in Normal versus Ectopic ECG beats 1 
4.6 Other biomedical applications 2 
5 Computed Tomography  

5.1 Principles of tomography 1 
5.2 CT Generations 1 
5.3 X- Ray sources- collimation- 1 
5.4 X- Ray detectors, Viewing systems 1 
5.5 Spiral CT scanning, Ultra fast CT scanners. 1 
5.6 Image reconstruction techniques 2 
5.7 Back projection and iterative method 1 

                                       Total Number of Hours 36 
Course Designers: 

  Dr.S.J.Thiruvengadam               sjtece@tce.edu 
  Dr.K.Rajeswari                            rajeswari@tce.edu 




