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S.  
No  

Course  
Code  

Course Title L T P C 

Semester IV 
1.  20CSS09  Computational Roots of Cyber Security 3 - - 3 

Any One Course 

2.  20CSS10  Security Architecture, Engineering and Operations 3 - - 3 

3.  20CSS11  Security Audit and Risk Assessment 3 - - 3 

                                                                     Semester  V 

4.  20CSS12  Ethical Hacking and VAPT  3 - - 3 

5.  20CSS13  Web Application Security  3 - - 3 

6.  20CSS14  Case study/Project 2 - - 2 

                                                                  Semester  VI 

7  20CSS15  Embedded Security 3 - - 3 

Any One Course
 

8  20CSS16  Automobile Security 3 - - 3 

9.  20CSS17  Device Security  3 - - 3 

10  20CSS18  Enterprise Security 3 - - 3 

 

B.E / B.TECH SPECIALIZATION / MINOR COURSES CURRICULUM AND SYLLABUS 

DEPARTMENT OF COMPUTER SCIENCE & ENGINEERING

Specialization Courses on Cyber Security

20CSS09    COMPUTATIONAL ROOTS OF CYBER SECURITY   3 0 0 3

Course Outcomes: 

CO1: Understand the role of Hacker 

CO2: Understand  the Secure Software Development Lifecycle                                                                                           

CO3: Understand the different ways of secure architectural design

CO4:  Understand security standards like DAC,RBAC & DREAD

Introduction and Motivation 15

Hacker vs. Cracker-Historical Background- Mode of Ethical Hacking- Hacker Motive, Gathering Information, 
Secure Software- Compliance Requirements- Assets, Threats and Risk-Security Requirements-Confidentiality-
Integrity-Availability Secure Software Development Methodologies

Secure Software Development Lifecycle 15

(SSDLC)-Guidelines for Secure Software-SD-3 Principles-Security Practices, Secure coding Standards, OWASP, 
ISO15408, Common Criteria (CC) - build-insecurity.

Secure Architectural Design 15

Threat Modelling- Asset- Threat- Attack- Dataflow Diagram (DFD)-Threat Tree - STRIDE, DREAD. Security 
Architecture- Software Attack Surface- Secure, Mandatory Access Control (MAC) Discretionary Access Control 
(DAC)-Role based Access Control (RBAC)-Access Matrix.

Total Hours 45

TEXT BOOKS

1. 1.Julia H. Allen, Sean Barnum, Robert J. Ellison, Gary McGraw and Nancy Mead "Software Security
 Engineering: A Guide for Project Managers"  Addison Wesley 2008

2. Adam Shostack, "Threat Modelling: Designing for Security" , John Wiley and Sons Inc 2014

Web References

1. https://www.coursera.org/specializations/cyber-security
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20CSS10 3 0 0 3SECURITY ARCHITECTURE, ENGINEERING 
AND OPERATIONS 

Course Outcomes: 

CO1: Explain the concepts of Security Architecture

CO2: Define and differentiate various Threat models

CO3: Explain Network security models

CO4: Understand Zero Trust Architecture

Introduction to Security Architecture 15

Introduction to Security-Access Control-Software Development Security-Models-Zero trust model-Intrusion kill 
chain -Diamond model of intrusion analysis-Software-defined Networking and Virtual Networking-Micro-
Segmentation-Threat, Vulnerability, and Data Flow Analysis.

Network Security Architecture and Engineering 15

CIDR and Subnetting-Layer 3 attacks-IP Source Routing- ICMP Attacks- Unauthorized Routing updates -Securing 
Routing Protocols -Unauthorized Tunnelling (Wormhole Attack)- Securing SNMP-SNMP Community String 
Guessing -Downloading the Cisco IOS Config via SNMP -Hardening SNMP-SNMPv3.

Zero Trust Architecture and Operations 15

Zero Trust Architecture-Credential Rotation-Certificates Passwords and Impact of Rotation-Endpoints-Securing 
the Network-Authenticating and Encrypting Endpoint Traffic -Domain Isolation.

TEXT BOOKS

1. S. E. Schoenfield "Securing Systems: Applied Security Architecture and Threat Models",Brooks SE, CRC
 press 2015

2. Christopher M. King, Curtis E. Dalton, and T. Ertem Osmanoglu "Security Architecture: Design, Deployment
 and Operations", RSA Press 2001

Web References

1. https://www.sans.org/cyber-security-courses/defensible-security-architecture-and-engineering/

Course Outcomes:

CO1: Understand the basic security assessment

CO2: Explain about Security training and its needs

CO3: Interpret the various risk assessment strategies

CO4: Learn about the information security audits and reports

INTRODUCTION 15

Introduction to Security Assessment- Pre-assessment planning-  Physical security Assessment- Security 
Department operations- Security training- Workplace violence risks and vulnerabilities

RISK ASSESSMENT 15

Financial risk assessment- Security Technology Assessment- Access Control-Legal Considerations and prevention 
strategies- Contracted services- The Security risk assessment report- Challenges

INFORMATION SECURITY AUDIT 15

Information Security Audit Tasks, Reports and Post Auditing Actions: Pre-audit checklist, Information Gathering, 
Vulnerability Analysis, External Security Audit, Internal Network Security Audit, Firewall Security Audit, IDS 
Security Auditing, Social Engineering Security Auditing, Web Application Security Auditing, Information Security 
Audit Deliverables & Writing Report, Result Analysis, Post Auditing Actions, Report Retention

 Total Hours 45

TEXT BOOKS:

1. John White,"Security Risk Assessment: Managing Physical and Operational Security",1st Edition, Elsevier,
 July, 2014

2. A Vladimirov, K.Gavrilenko, and A.Michajlowski,"Assessing Information Security: Strategies, tactics, logic
 and framework", OReilly, Second Edition 2015.

REFERENCES:

1. Raymond Pompon,"IT Security Risk Control Management: An Audit Preparation Plan" Apress, 2016.

20CSS11   SECURITY AUDIT AND RISK MANAGEMENT     3 0 0 3
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Course Outcomes:

CO1: Understand the basics, the legal and ethical requirements related to ethical hacking

CO2 :  Explain the techniques used for network and target information gathering

CO3: Make use of standard hacking techniques to execute penetration test in an ethical manner

CO4 :  Understand different ethical hacking open source tools

INTRODUCTION 10

Ethical Hacking -Purpose of Ethical Hacking -An Ethical Hacker's Skill Set -Ethical Hacking Terminology -The 
Phases of Ethical Hacking-Types of Hacking Technologies -Types of Ethical Hacks-Testing Types--Test Plans- 
International Cyber Crime Laws

GATHERING TARGET AND NETWORK INFORMATION 10

Reconnaissance-The Seven-Step Information-Gathering Process-Identifying Active Machines- Finding Open 
Ports and Access Points-OS Fingerprinting-Fingerprinting Services- Mapping the Network Attack Surface- 
Enumeration-System Hacking. NetScan Tools: NMAP, Snort

Demo:

• Gathering WHOIS Information, Manual DNS Zone Transfers, Network Reconnaissance and Network Ping
 Sweeps Using Nmap

• TCP Connect Scan Using Nmap, UDP Scan Using Nmap, TCP Syn Scan Using Nmap, Decoy Scan Using
 Nmap

ENUMERATION AND SYSTEM HACKING 10

Enumeration: Windows-NetBIOS-SNMP-Linux-NTP-SMTP-DNS. System Hacking: Non-technical password 
attacks-Technical password attacks-Password Guessing, Password sniffing-keystroke loggers-Exploiting an 
application, buffer overflow-Hiding files and Covering Tracks

Demo:

• SNMP Enumeration Using snmpcheck, SMTP Enumeration Using Telnet 

• Dumping Windows Password Hashes Using Metasploit, Keylogging using Metasploit

• Cracking Windows Password Hashes Using Cain and Able

SNIFFERS, SESSION HIJACKING AND DENIAL OF SERVICE 15

Sniffers: Passive & Active Sniffing - ARP Poisoning and MAC Flooding - Tools for Sniffing :Wireshark, Other 
Sniffing Tools - Sniffing and Spoofing Countermeasures. Session Hijacking: Transport   and   Application Layer 
Hijacking -Session-Attacks-Session Hijacking Tools -Preventing Session Hijacking. Distributed Denial of Service 
:DoS Attack- Bandwidth Attacks -SYN Flood Attacks - ICMP Attacks - Peer-to-Peer Attacks -Program- and 
Application-Level Attacks - Permanent DoS Attacks -Distributed Denial of Service -DDoS Tools -DoS and DDOS 
Countermeasures 

Demo:

• Perform Network protocol analysis using Wireshark

• Implement DDoS attacks using Low Orbit Ion Cannon (LOIC)

Total Hours: 45

TEXT BOOKS:

1.  Matt Walker, All-in-one Certified Ethical Hacker Exam Guide, McGraw Hill Edition, 2019.

2.  Michael Gregg, Certified Ethical Hacker, Pearson publication, 2014.

REFERENCES:

1.  Kenneth C.Brancik "Insider Computer Fraud" Auerbach Publications Taylor & Francis Group-2008.

2.   Thomas Mathew EC-Counsil, Ethical Hacking Student courseware, OSB Publisher, 2005.

WEB REFERENCES:

1. http://index-of.es/Hacking-Webserver/Certified_Ethical_Hacker_3.0_Official_Course.pdf

2. https://hackwarenews.com/top-resources-to-learn-ethical-hacking/

3. https://nptel.ac.in/courses/106/105/106105217/

4. https://www.coursera.org/learn/ddos-attacks-and-defense?#syllabus

5. https://www.edx.org/course/cybersecurity-capstone?index=product&queryID=8be5b7bbd4150
 c5644311be9dd4a32f3&position=1

20CSS12        ETHICAL HACKING AND VAPT                          3 0 0 3



10 11B.E / B.TECH SPECIALIZATION / MINOR COURSES CURRICULUM AND SYLLABUS 

Course Outcomes:

CO1: Understand the basics, the legal and ethical requirements related to ethical hacking

CO2 :  Explain the techniques used for network and target information gathering

CO3: Make use of standard hacking techniques to execute penetration test in an ethical manner

CO4 :  Understand different ethical hacking open source tools

INTRODUCTION 10

Ethical Hacking -Purpose of Ethical Hacking -An Ethical Hacker's Skill Set -Ethical Hacking Terminology -The 
Phases of Ethical Hacking-Types of Hacking Technologies -Types of Ethical Hacks-Testing Types--Test Plans- 
International Cyber Crime Laws

GATHERING TARGET AND NETWORK INFORMATION 10

Reconnaissance-The Seven-Step Information-Gathering Process-Identifying Active Machines- Finding Open 
Ports and Access Points-OS Fingerprinting-Fingerprinting Services- Mapping the Network Attack Surface- 
Enumeration-System Hacking. NetScan Tools: NMAP, Snort

Demo:

• Gathering WHOIS Information, Manual DNS Zone Transfers, Network Reconnaissance and Network Ping
 Sweeps Using Nmap

• TCP Connect Scan Using Nmap, UDP Scan Using Nmap, TCP Syn Scan Using Nmap, Decoy Scan Using
 Nmap

ENUMERATION AND SYSTEM HACKING 10

Enumeration: Windows-NetBIOS-SNMP-Linux-NTP-SMTP-DNS. System Hacking: Non-technical password 
attacks-Technical password attacks-Password Guessing, Password sniffing-keystroke loggers-Exploiting an 
application, buffer overflow-Hiding files and Covering Tracks

Demo:

• SNMP Enumeration Using snmpcheck, SMTP Enumeration Using Telnet 

• Dumping Windows Password Hashes Using Metasploit, Keylogging using Metasploit

• Cracking Windows Password Hashes Using Cain and Able

SNIFFERS, SESSION HIJACKING AND DENIAL OF SERVICE 15

Sniffers: Passive & Active Sniffing - ARP Poisoning and MAC Flooding - Tools for Sniffing :Wireshark, Other 
Sniffing Tools - Sniffing and Spoofing Countermeasures. Session Hijacking: Transport   and   Application Layer 
Hijacking -Session-Attacks-Session Hijacking Tools -Preventing Session Hijacking. Distributed Denial of Service 
:DoS Attack- Bandwidth Attacks -SYN Flood Attacks - ICMP Attacks - Peer-to-Peer Attacks -Program- and 
Application-Level Attacks - Permanent DoS Attacks -Distributed Denial of Service -DDoS Tools -DoS and DDOS 
Countermeasures 

Demo:

• Perform Network protocol analysis using Wireshark

• Implement DDoS attacks using Low Orbit Ion Cannon (LOIC)

Total Hours: 45

TEXT BOOKS:

1.  Matt Walker, All-in-one Certified Ethical Hacker Exam Guide, McGraw Hill Edition, 2019.

2.  Michael Gregg, Certified Ethical Hacker, Pearson publication, 2014.

REFERENCES:

1.  Kenneth C.Brancik "Insider Computer Fraud" Auerbach Publications Taylor & Francis Group-2008.

2.   Thomas Mathew EC-Counsil, Ethical Hacking Student courseware, OSB Publisher, 2005.

WEB REFERENCES:

1. http://index-of.es/Hacking-Webserver/Certified_Ethical_Hacker_3.0_Official_Course.pdf

2. https://hackwarenews.com/top-resources-to-learn-ethical-hacking/

3. https://nptel.ac.in/courses/106/105/106105217/

4. https://www.coursera.org/learn/ddos-attacks-and-defense?#syllabus

5. https://www.edx.org/course/cybersecurity-capstone?index=product&queryID=8be5b7bbd4150
 c5644311be9dd4a32f3&position=1

20CSS12        ETHICAL HACKING AND VAPT                          3 0 0 3
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Total Periods: 17

B.E / B.TECH SPECIALIZATION / MINOR COURSES CURRICULUM AND SYLLABUS 

COURSE OUTCOMES :

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

CO1: Understand web application architecture, vulnerabilities and configuration management.

CO2: Identify web application authentication vulnerabilities in developing web pages.

CO3: Outline the defense mechanisms and security controls in web application

CO4: Analyze the various front end side vulnerabilities in Client-side programming and Server-side
  programming.

INTRODUCTION: 8

Introduction to OWASP- Basic web security model-Web Application Security- Web Application Lifecycle 
Maintenance- Importance of Web Application Security- Web Application Security vs Network Security-Recent 
attack trends 

WEB APPLICATION VULNERABILITIES-I: 15

Web Application Vulnerabilities- HTTPS Goals and Pitfalls -Security Misconfiguration - Using Components with 
Known Vulnerabilities -User authentication and session management- Broken Authentication- Broken Access 
Control- Broken Authentication and Session Management- SSL vulnerabilities and testing- Proper encryption use 
in web application 

WEB APPLICATION VULNERABILITIES-II: 15

Buffer Overflows -Injections: Command, HTML, PHP-Cross site scripting -Denial of Service- Improper Error 
Handling- Insecure Storage- SQL Injection Flaws- Unvalidated Input - Defensive Measures for web application 
security

WEB APPLICATION TESTING 7

Web Application Penetration Testing with Burp Suite, Web Application Penetration Testing: Client-side Testing-
Case Study: Hosting scalable web on google cloud & AWS

Total Periods : 45

TEXT BOOKS

1. Andrew Hoffman ,"Web Application Security: Exploitation and Countermeasures for Modern Web
 Applications",OREILY 2020

2. Bryan and Vincent, "Web Application Security, A Beginners Guide ",McGraw-Hill, 2011

3.  Patrick Engebretson, The Basics of Hacking and Penetration Testing, Elsevier, 2013

REFERENCES

1. Hacking Exposed: Network Security Secrets & Solutions, Stuart McClure, Joel Scambray and George Kurtz,
 McGraw-Hill, 2010.

WEB REFERNCES

1. https://www.pluralsight.com/paths/web-application-security 

2. https://www.udemy.com/course/web-application-security/ 

3. https://www.sans.org/cyber-security-courses/application-security-securing-web-apps-api-microservice

COURSE OUTCOMES :

After completion of the course the students will be able to

CO1: Know the source of information on cyber attacks

CO2  Understand different forms of attack techniques

CO3: Analyse cyber security incidents

CO4: Describe and discuss some of the technological, social, legal, ethical and personal Issues that relate to
  cyber security incidents.

Student need to choose 1 case study from 1 to 6, 1 case study from 7 to 12 and 1 case study from 13 to 18 

1.  Cyber Physical Systems- Iran Nuclear Power Plant, UAV (Unmanned Aerial/Air Vehicles) & Solar winds hack

2.  Social Engineering Attacks- German Steel Plant Attack, Twitter attack 2020

3.  Malware Attacks- Stuxnet Cyber Warfare, Sony -The Wiper Malware Attack in 2014

4.  Password Attacks- Adobe password breach 2013, Carnival Corporation Data Breach 2020

5.  DOS- Hacktivism-Estonia, Evernote DDOS Attack, Microsoft DOS 

6.  Indian Cybercrimes & attacks in 2021

7.  Mobikwik data breach & Marriott cyber-attack 2020

8.  Browser Based Attack- Cross-Site Request Forgery (CSRF), Cross Site Scripting (XSS)

9.  Andhra Pradesh Tax Case & Finastra Cyber-attack 2020

10.  Database Attack- Logic Bomb Attack in South Korea Banks and broadcasting Organizations

11.  Ransomware- WannaCryRansomware, Petya Cyber Attack

12.  Destructive attacks- Shamoon, Vulcanbot

13.  Cyber Range- Red team & Blue team.

14.  Cyberwarfare-Shadow Network, Ukraine Power Grid Attack 

15.  Stolen Credit Card and financial data - Goodwill Industries, Subway

16.  Corporate espionage-Operation Aurora, Sony Picture Entertainment Attack

17.  Colonial Pipeline ransomware attack

18.  Government espionage-Moonlight Maze, Attack during Paris G20 Submit

WEB REFERENCES:

1. https://www.researchgate.net/publication/356168645_Insights_into_Organizational_Security_Readiness_
 Lessons_Learned_from_Cyber-Attack_Case_Studies

2.  https://en.wikipedia.org/wiki/List_of_cyberattacks

3.  https://www.digitaldefense.com/resources/case-studies/

20CSS13              WEB APPLICATION SECURITY 3 0 0 3 20CSS14                                         CASE STUDY                                                  2 0 0 2



12 13

Total Periods: 17

B.E / B.TECH SPECIALIZATION / MINOR COURSES CURRICULUM AND SYLLABUS 

COURSE OUTCOMES :

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

CO1: Understand web application architecture, vulnerabilities and configuration management.

CO2: Identify web application authentication vulnerabilities in developing web pages.

CO3: Outline the defense mechanisms and security controls in web application

CO4: Analyze the various front end side vulnerabilities in Client-side programming and Server-side
  programming.

INTRODUCTION: 8

Introduction to OWASP- Basic web security model-Web Application Security- Web Application Lifecycle 
Maintenance- Importance of Web Application Security- Web Application Security vs Network Security-Recent 
attack trends 

WEB APPLICATION VULNERABILITIES-I: 15

Web Application Vulnerabilities- HTTPS Goals and Pitfalls -Security Misconfiguration - Using Components with 
Known Vulnerabilities -User authentication and session management- Broken Authentication- Broken Access 
Control- Broken Authentication and Session Management- SSL vulnerabilities and testing- Proper encryption use 
in web application 

WEB APPLICATION VULNERABILITIES-II: 15

Buffer Overflows -Injections: Command, HTML, PHP-Cross site scripting -Denial of Service- Improper Error 
Handling- Insecure Storage- SQL Injection Flaws- Unvalidated Input - Defensive Measures for web application 
security

WEB APPLICATION TESTING 7

Web Application Penetration Testing with Burp Suite, Web Application Penetration Testing: Client-side Testing-
Case Study: Hosting scalable web on google cloud & AWS

Total Periods : 45

TEXT BOOKS

1. Andrew Hoffman ,"Web Application Security: Exploitation and Countermeasures for Modern Web
 Applications",OREILY 2020

2. Bryan and Vincent, "Web Application Security, A Beginners Guide ",McGraw-Hill, 2011

3.  Patrick Engebretson, The Basics of Hacking and Penetration Testing, Elsevier, 2013

REFERENCES

1. Hacking Exposed: Network Security Secrets & Solutions, Stuart McClure, Joel Scambray and George Kurtz,
 McGraw-Hill, 2010.

WEB REFERNCES

1. https://www.pluralsight.com/paths/web-application-security 

2. https://www.udemy.com/course/web-application-security/ 

3. https://www.sans.org/cyber-security-courses/application-security-securing-web-apps-api-microservice

COURSE OUTCOMES :

After completion of the course the students will be able to

CO1: Know the source of information on cyber attacks

CO2  Understand different forms of attack techniques

CO3: Analyse cyber security incidents

CO4: Describe and discuss some of the technological, social, legal, ethical and personal Issues that relate to
  cyber security incidents.

Student need to choose 1 case study from 1 to 6, 1 case study from 7 to 12 and 1 case study from 13 to 18 

1.  Cyber Physical Systems- Iran Nuclear Power Plant, UAV (Unmanned Aerial/Air Vehicles) & Solar winds hack

2.  Social Engineering Attacks- German Steel Plant Attack, Twitter attack 2020

3.  Malware Attacks- Stuxnet Cyber Warfare, Sony -The Wiper Malware Attack in 2014

4.  Password Attacks- Adobe password breach 2013, Carnival Corporation Data Breach 2020

5.  DOS- Hacktivism-Estonia, Evernote DDOS Attack, Microsoft DOS 

6.  Indian Cybercrimes & attacks in 2021

7.  Mobikwik data breach & Marriott cyber-attack 2020

8.  Browser Based Attack- Cross-Site Request Forgery (CSRF), Cross Site Scripting (XSS)

9.  Andhra Pradesh Tax Case & Finastra Cyber-attack 2020

10.  Database Attack- Logic Bomb Attack in South Korea Banks and broadcasting Organizations

11.  Ransomware- WannaCryRansomware, Petya Cyber Attack

12.  Destructive attacks- Shamoon, Vulcanbot

13.  Cyber Range- Red team & Blue team.

14.  Cyberwarfare-Shadow Network, Ukraine Power Grid Attack 

15.  Stolen Credit Card and financial data - Goodwill Industries, Subway

16.  Corporate espionage-Operation Aurora, Sony Picture Entertainment Attack

17.  Colonial Pipeline ransomware attack

18.  Government espionage-Moonlight Maze, Attack during Paris G20 Submit

WEB REFERENCES:

1. https://www.researchgate.net/publication/356168645_Insights_into_Organizational_Security_Readiness_
 Lessons_Learned_from_Cyber-Attack_Case_Studies

2.  https://en.wikipedia.org/wiki/List_of_cyberattacks

3.  https://www.digitaldefense.com/resources/case-studies/

20CSS13              WEB APPLICATION SECURITY 3 0 0 3 20CSS14                                         CASE STUDY                                                  2 0 0 2
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COURSE OUTCOMES :

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

CO1  Understand automotive security

CO2: Understand Trust management in V2X.

CO3: Collect different issues and challenges in IoV

CO4: Understand Security attacks in Autonomous Vehicl

AUTOMOTIVE SECURITY & AUTONOMOUS VEHICLE  15

Introduction - Security in Automotive Technology - Vehicular Ransomeware Attack- Intelligent Autonomous 
Vehicle - Classification of Driving Levels - Connected vehicle Technology - Market Demand for Automotive 
Security. Security and Privacy in Intelligent Autonomous vehicle - Cryptographic primitives - Cyber security in 
Intelligent and Autonomous vehicle - Cyber Security Layers - Threat Modelling Method- Safety and security 
methods- Privacy threats- Connected Vehicle security- Trust Management in VANET- Blockchain as security in 
VANET

VEHICLE COMMUNICATION AND SECURITY  15

In-vehicle communication - Overview - IVN Sensing & Network Systems- IVN Architecture - IVN cyber security 
Issues and challenges - IVN Security threats- Protection Layers - security for ECU. Inter-vehicle communication - 
Overview- Connected Vehicles - State-of-the Art Technologies in VANET- Connected Vehicle security - Trust 
Management in V2X communication - Safety standards for IAV- Blockchain in V2X communication.

VEHICULAR SOCIAL NETWORKS, CHALLENGES & STANDARDS  15

Internet of Vehicles - Overview - Internet of Vehicles (IoV) - Machine learning in Vehicular Networks- Vehicular 
social Network. Security Issues - Challenges - Standards - Regulation and Legal Issues - Cyber security standards in 
Automotive Industry- Competition over V2X technology- V2X Use Cases - Smart Mobility- V2X Test beds - 
Current trends and Future of Intelligent and Autonomous Vehicles. 

TEXT BOOK:

1. Shiho Kim, Rakesh Shrestha, "Automotive Cyber Security - Introduction, Challenges and Standardization",
 Springer Nature 2020. 

REFERENCES

1. Dr. Yasir Imtiaz Khan, "Automotive Cyber Security Challenges- A Beginner's guide", Independently
 Published, February 2020.

2. Dietmar P.F. Moller, Roland E.Hass, " Guide to Automotive Connectivity and Cybersecurity, Springer Nature
 2019.

WEB REFERENCES:

1. https://autocrypt.io/top-6-cybersecurity-challenges-automotive-industry/

2. https://www2.deloitte.com/us/en/pages/manufacturing/articles/automotive-cybersecurity-tech-safety-net.html.

Course Outcomes :

CO1: Understand embedded security related to hardware, system and networking.

CO2: Demonstrate knowledge and understanding of the security and ethical issues of the embedded systems

CO3: Conceptually identify vulnerabilities 

CO4: Understand the various types Trust models for embedded systems

INTRODUCTION TO EMBEDDED SYSTEMS 15

Embracing Embedded Systems Security- Introduction to embedded system- Embedded system trends-Software 
security- Buffer overflow exploits- Mitigation of buffer overflow attacks- Return-to-libc attack

DATA PROTECTION PROTOCOLS FOR EMBEDDED SYSTEMS 15

Data-in-motion protocols: IP-based network security- Data-at-rest protocols- Hardware Trojans- intellectual 
property (IP) -piracy and integrated circuit (IC) overbuilding- Vulnerability analysis- Security and privacy 
vulnerabilities - Secure RTOS- Memory Partitioning and Protection.

SYSTEM SECURITY  15

Embedded system security requirements and issues- embedded software attacks and countermeasures, Hardware 
Security in Embedded Systems- secured hardware architectures for embedded systems, tamper- resistant hardware- 
Introduction to trust models for secure embedded hardware and software embedded processing architectures for 
security- Communications Security in Embedded Systems

TEXT BOOKS / REFERENCES:

1. David Kleidermacher, Mike Kleidermacher, "Embedded Systems Security - Practical Methods for Safe and
 Secure Software and Systems Development",Newnes, Elsevier, 2012.

2. Francine Krief (Editor), "Communicating Embedded Systems: Networks Applications", Wiley 2010.

WEB LINKS:

1. https://onlinecourses.nptel.ac.in/noc22_cs48/preview

B.E / B.TECH SPECIALIZATION / MINOR COURSES CURRICULUM AND SYLLABUS 

20CSS15 EMBEDDED SECURITY  3 0 0 3 20CSS16 AUTOMOBILE SECURITY 3 0 0 3
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COURSE OUTCOMES :

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

CO1  Understand automotive security

CO2: Understand Trust management in V2X.

CO3: Collect different issues and challenges in IoV

CO4: Understand Security attacks in Autonomous Vehicl

AUTOMOTIVE SECURITY & AUTONOMOUS VEHICLE  15

Introduction - Security in Automotive Technology - Vehicular Ransomeware Attack- Intelligent Autonomous 
Vehicle - Classification of Driving Levels - Connected vehicle Technology - Market Demand for Automotive 
Security. Security and Privacy in Intelligent Autonomous vehicle - Cryptographic primitives - Cyber security in 
Intelligent and Autonomous vehicle - Cyber Security Layers - Threat Modelling Method- Safety and security 
methods- Privacy threats- Connected Vehicle security- Trust Management in VANET- Blockchain as security in 
VANET

VEHICLE COMMUNICATION AND SECURITY  15

In-vehicle communication - Overview - IVN Sensing & Network Systems- IVN Architecture - IVN cyber security 
Issues and challenges - IVN Security threats- Protection Layers - security for ECU. Inter-vehicle communication - 
Overview- Connected Vehicles - State-of-the Art Technologies in VANET- Connected Vehicle security - Trust 
Management in V2X communication - Safety standards for IAV- Blockchain in V2X communication.

VEHICULAR SOCIAL NETWORKS, CHALLENGES & STANDARDS  15

Internet of Vehicles - Overview - Internet of Vehicles (IoV) - Machine learning in Vehicular Networks- Vehicular 
social Network. Security Issues - Challenges - Standards - Regulation and Legal Issues - Cyber security standards in 
Automotive Industry- Competition over V2X technology- V2X Use Cases - Smart Mobility- V2X Test beds - 
Current trends and Future of Intelligent and Autonomous Vehicles. 

TEXT BOOK:

1. Shiho Kim, Rakesh Shrestha, "Automotive Cyber Security - Introduction, Challenges and Standardization",
 Springer Nature 2020. 

REFERENCES

1. Dr. Yasir Imtiaz Khan, "Automotive Cyber Security Challenges- A Beginner's guide", Independently
 Published, February 2020.

2. Dietmar P.F. Moller, Roland E.Hass, " Guide to Automotive Connectivity and Cybersecurity, Springer Nature
 2019.

WEB REFERENCES:

1. https://autocrypt.io/top-6-cybersecurity-challenges-automotive-industry/

2. https://www2.deloitte.com/us/en/pages/manufacturing/articles/automotive-cybersecurity-tech-safety-net.html.

Course Outcomes :

CO1: Understand embedded security related to hardware, system and networking.

CO2: Demonstrate knowledge and understanding of the security and ethical issues of the embedded systems

CO3: Conceptually identify vulnerabilities 

CO4: Understand the various types Trust models for embedded systems

INTRODUCTION TO EMBEDDED SYSTEMS 15

Embracing Embedded Systems Security- Introduction to embedded system- Embedded system trends-Software 
security- Buffer overflow exploits- Mitigation of buffer overflow attacks- Return-to-libc attack

DATA PROTECTION PROTOCOLS FOR EMBEDDED SYSTEMS 15

Data-in-motion protocols: IP-based network security- Data-at-rest protocols- Hardware Trojans- intellectual 
property (IP) -piracy and integrated circuit (IC) overbuilding- Vulnerability analysis- Security and privacy 
vulnerabilities - Secure RTOS- Memory Partitioning and Protection.

SYSTEM SECURITY  15

Embedded system security requirements and issues- embedded software attacks and countermeasures, Hardware 
Security in Embedded Systems- secured hardware architectures for embedded systems, tamper- resistant hardware- 
Introduction to trust models for secure embedded hardware and software embedded processing architectures for 
security- Communications Security in Embedded Systems

TEXT BOOKS / REFERENCES:

1. David Kleidermacher, Mike Kleidermacher, "Embedded Systems Security - Practical Methods for Safe and
 Secure Software and Systems Development",Newnes, Elsevier, 2012.

2. Francine Krief (Editor), "Communicating Embedded Systems: Networks Applications", Wiley 2010.

WEB LINKS:

1. https://onlinecourses.nptel.ac.in/noc22_cs48/preview

B.E / B.TECH SPECIALIZATION / MINOR COURSES CURRICULUM AND SYLLABUS 

20CSS15 EMBEDDED SECURITY  3 0 0 3 20CSS16 AUTOMOBILE SECURITY 3 0 0 3
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COURSE OUTCOMES :

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

CO1: Understand the basics of smart communities

CO2: Summarize the concepts of Cyber physical system Network, Design, formal methods, and security.

CO3: Understand the concepts, issues, principles, and mechanisms in embedded systems security such as
  embedded security trends, software vulnerabilities, physical attacks and security policies.

CO4: Obtain hands-on skills in securing practical embedded systems

INTRODUCTION TO SMART COMMUNITY 10

Concept of Smart Community- Smart Transportation- Smart Building and Home Device- Smart Health- Smart 
Government- Smart Energy and Water- Cybersecurity, Safety, and Privacy

CYBER- PHYSICAL SYSTEMS 15

 Cyber- Physical Systems (CPS) in the real world - Basic principles of design and validation of CPS - Industry 4.0- 
Auto SAR, - Building Automation, Medical CPS -CPS - Platform components - CPS HW platforms - Processors-
Sensors-Actuators - CPS Network - Wireless Hart, CAN, Automotive Ethernet - CPS Sw stack - RTOS - Scheduling 
Real Time control tasks. Secure Deployment of CPS - Attack models - - Automotive security

Case study: Vehicle ABS hacking & Attacks on Smart Grids

Infrastructure Security  20

IT Infrastructure Management Services, Service Strategy- Service Design- Service Transition, Service Operation-
Continual Service Improvement-Data Centre Management: Introduction to DCM-Data Center design-Data Center 
Security Procedure-Server Security-Storage area network-Virtualization--Docker & Kubernetes, Introduction of 
Virtual Private Cloud(VPC),-Cloud Logging and monitoring- Identity Access and Management (IAM)-IAM Roles 

Total Hours:45

TEXT BOOKS

1. David Kleidermacher and Mike Kleidermacher, "Embedded Systems Security: Practical Methods for Safe and
 Secure Software and Systems Development" 1st Edition, Newnes, 2012. 

2. Rajeev Alur, Principles of Cyber-Physical Systems, MIT Press, 2018

REFERENCES

1. E. A. Lee, SanjitSeshia , Introduction to Embedded Systems - A Cyber-Physical Systems Approach, MIT Press,
 2017

2. Wenliang Du. "Computer Security: A Hands-on Approach". 1st Edition, 2017.

WEB REFERNCES

1. https://www.cs.ou.edu/~songf/teaching/S20cs5970/

COURSE OUTCOMES :

CO1: Understanding the Basic features of Hardware level security

CO2: Familiarize with issues and technologies involved in Side-Channel Attacks on hardware devices

CO3: Learn the fundamentals of Mobile Device security for various platforms

CO4: Understand Mobile Forensics

OVERVIEW OF DIFFERENT ISSUES OF HARDWARE DEVICE SECURITY 15

Basics of the Mathematical Theory of Public Key Cryptography, Basics of Digital Design on Field-Programmable 
Gate Array (FPGA)-Useful Hardware Security Primitives: Cryptographic Hardware and their Implementation-
Optimization of Cryptographic Hardware on FPGA, Physically Unclonable Functions (PUFs)-PUF 
Implementation-PUF Quality Evaluation-Design Techniques to Increase PUF Response Quality

SIDE-CHANNEL ATTACKS ON CRYPTOGRAPHIC HARDWARE DEVICE 15

Basic Idea, Current-measurement based Side-channel Attacks, Design Techniques to Prevent Side-channel Attacks, 
Improved Side-channel Attack Algorithms (Template Attack, etc.), Cache Attacks, Fault-tolerance of 
Cryptographic Hardware, Fault Attacks and Verification of Finite-field Arithmetic Circuits

MOBILE DEVICE SECURIT 15

Introduction to Mobile Security, Building Blocks -Security of GSM Networks, Security of UMTS Networks, LTE 
Security, WiFi and Bluetooth Security, SIM/UICC Security, Mobile Malware and App Security, Android Security 
Model, IOS Security Model, SMS/MMS, Mobile Geolocation and Mobile Web Security, Security of Mobile VoIP 
COMMUNICATIONS, EMERGING TREnds in Mobile Security

TOTAL HOURS: 45

TEXT BOOK / REFERENCES:

1. Debdeep Mukhopadhyay and Rajat Subhra Chakraborty, "Hardware Security: Design, Threats, and
 Safeguards", CRC Press 2014

2. Security of Mobile Communications, NoureddineBoudriga, 2009

Web Links:

1. https://onlinecourses.nptel.ac.in/noc22_cs48/preview

2. https://www.coursera.org/learn/hardware-security

B.E / B.TECH SPECIALIZATION / MINOR COURSES CURRICULUM AND SYLLABUS 

20CSS17 DEVICE SECURITY  3 0 0 3 20CSS18 ENTREPRISE SECURITY 3 0 0 3
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COURSE OUTCOMES :

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

CO1: Understand the basics of smart communities

CO2: Summarize the concepts of Cyber physical system Network, Design, formal methods, and security.

CO3: Understand the concepts, issues, principles, and mechanisms in embedded systems security such as
  embedded security trends, software vulnerabilities, physical attacks and security policies.

CO4: Obtain hands-on skills in securing practical embedded systems

INTRODUCTION TO SMART COMMUNITY 10

Concept of Smart Community- Smart Transportation- Smart Building and Home Device- Smart Health- Smart 
Government- Smart Energy and Water- Cybersecurity, Safety, and Privacy

CYBER- PHYSICAL SYSTEMS 15

 Cyber- Physical Systems (CPS) in the real world - Basic principles of design and validation of CPS - Industry 4.0- 
Auto SAR, - Building Automation, Medical CPS -CPS - Platform components - CPS HW platforms - Processors-
Sensors-Actuators - CPS Network - Wireless Hart, CAN, Automotive Ethernet - CPS Sw stack - RTOS - Scheduling 
Real Time control tasks. Secure Deployment of CPS - Attack models - - Automotive security

Case study: Vehicle ABS hacking & Attacks on Smart Grids

Infrastructure Security  20

IT Infrastructure Management Services, Service Strategy- Service Design- Service Transition, Service Operation-
Continual Service Improvement-Data Centre Management: Introduction to DCM-Data Center design-Data Center 
Security Procedure-Server Security-Storage area network-Virtualization--Docker & Kubernetes, Introduction of 
Virtual Private Cloud(VPC),-Cloud Logging and monitoring- Identity Access and Management (IAM)-IAM Roles 

Total Hours:45

TEXT BOOKS

1. David Kleidermacher and Mike Kleidermacher, "Embedded Systems Security: Practical Methods for Safe and
 Secure Software and Systems Development" 1st Edition, Newnes, 2012. 

2. Rajeev Alur, Principles of Cyber-Physical Systems, MIT Press, 2018

REFERENCES

1. E. A. Lee, SanjitSeshia , Introduction to Embedded Systems - A Cyber-Physical Systems Approach, MIT Press,
 2017

2. Wenliang Du. "Computer Security: A Hands-on Approach". 1st Edition, 2017.

WEB REFERNCES

1. https://www.cs.ou.edu/~songf/teaching/S20cs5970/

COURSE OUTCOMES :

CO1: Understanding the Basic features of Hardware level security

CO2: Familiarize with issues and technologies involved in Side-Channel Attacks on hardware devices

CO3: Learn the fundamentals of Mobile Device security for various platforms

CO4: Understand Mobile Forensics

OVERVIEW OF DIFFERENT ISSUES OF HARDWARE DEVICE SECURITY 15

Basics of the Mathematical Theory of Public Key Cryptography, Basics of Digital Design on Field-Programmable 
Gate Array (FPGA)-Useful Hardware Security Primitives: Cryptographic Hardware and their Implementation-
Optimization of Cryptographic Hardware on FPGA, Physically Unclonable Functions (PUFs)-PUF 
Implementation-PUF Quality Evaluation-Design Techniques to Increase PUF Response Quality

SIDE-CHANNEL ATTACKS ON CRYPTOGRAPHIC HARDWARE DEVICE 15

Basic Idea, Current-measurement based Side-channel Attacks, Design Techniques to Prevent Side-channel Attacks, 
Improved Side-channel Attack Algorithms (Template Attack, etc.), Cache Attacks, Fault-tolerance of 
Cryptographic Hardware, Fault Attacks and Verification of Finite-field Arithmetic Circuits

MOBILE DEVICE SECURIT 15

Introduction to Mobile Security, Building Blocks -Security of GSM Networks, Security of UMTS Networks, LTE 
Security, WiFi and Bluetooth Security, SIM/UICC Security, Mobile Malware and App Security, Android Security 
Model, IOS Security Model, SMS/MMS, Mobile Geolocation and Mobile Web Security, Security of Mobile VoIP 
COMMUNICATIONS, EMERGING TREnds in Mobile Security

TOTAL HOURS: 45

TEXT BOOK / REFERENCES:

1. Debdeep Mukhopadhyay and Rajat Subhra Chakraborty, "Hardware Security: Design, Threats, and
 Safeguards", CRC Press 2014

2. Security of Mobile Communications, NoureddineBoudriga, 2009

Web Links:

1. https://onlinecourses.nptel.ac.in/noc22_cs48/preview

2. https://www.coursera.org/learn/hardware-security

B.E / B.TECH SPECIALIZATION / MINOR COURSES CURRICULUM AND SYLLABUS 

20CSS17 DEVICE SECURITY  3 0 0 3 20CSS18 ENTREPRISE SECURITY 3 0 0 3
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AR / VR

B.E / B.TECH SPECIALIZATION / MINOR COURSES CURRICULUM AND SYLLABUS 
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AR / VR

B.E / B.TECH SPECIALIZATION / MINOR COURSES CURRICULUM AND SYLLABUS 
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COURSE OUTCOMES :

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

CO1:  Recall how VR systems work and list the applications of VR.

CO2:  Utilize the applications of AR and analyze the hardware requirement of AR.

CO3:  Develop the exploration of mixed reality contents and ways to deal with challenges.

CO4:  Acquire knowledge of extended reality.

VIRTUAL REALITY  12

Introduction to Virtual Reality- The history of VR - VR terminologies-Types of VR technology -VR and its relation 
to humans- An overview of VR applications- The relation of VR to research, training, design, and manufacturing- 
Classic components of VR system- Input Devices- Output Devices- The Psychology of VR: the Three Illusions - 
Challenges in VR-Case Study: Study the use of Virtual Reality at NASA- Side effects of using VR systems/ VR 
sickness.   

AUGMENTED REALITY 13

What Is Augmented Reality - Defining augmented reality, history of augmented reality, The Relationship Between 
Augmented Reality and Other Technologies-Media, Technologies, Other Ideas Related to the Spectrum Between 
Real and Virtual Worlds, applications of augmented reality Augmented Reality Concepts- How Does Augmented 
Reality Work? Concepts Related to Augmented Reality, Ingredients of an Augmented Reality Experience- Timeline 
of evolution of AR from VR- Case Study: Study of available AR toolkits.

MIXED REALITY  12

Introduction to mixed reality-Applications of mixed reality-Input and Output in Mixed reality-Computer Vision and 
Mixed Reality-simultaneous localization and mapping (SLAM)-variants of SLAM - dense tracking and mapping 
(DTAM)- parallel tracking and mapping (PTAM) and semi-direct monocular visual odometry (SVO)- Study of 
Microsoft Hololens.

EXTENDED REALITY  08

Introduction to extended reality- History of extended reality-Applications of extended reality-XR versus AR- XR 
Versus VR -Why do we need extended reality? -Advantages of extended reality-The Mobile Future of extended 
reality.

Total Periods : 45

TEXT BOOKS

1. Virtual Reality, Steven M. LaValle, Cambridge University Press, 2016 

2. Understanding Virtual Reality: Interface, Application and Design, William R Sherman and Alan B Craig, (The 
Morgan Kaufmann Series in Computer Graphics)". Morgan Kaufmann Publishers, San Francisco, CA, 2002 

3. Developing Virtual Reality Applications: Foundations of Effective Design, Alan B Craig, William R Sherman 
and Jeffrey D Will, Morgan Kaufmann, 2009.

4. Augmented Reality: Principles & Practice by Schmalstieg / Hollerer, Pearson Education India; First edition 
(12 October 2016),ISBN-10: 9332578494

B.E / B.TECH SPECIALIZATION / MINOR COURSES CURRICULUM AND SYLLABUS 

S. 
No 

Course 
Code Course Title

 
L T P C Sem 

THEORY  

1. 20CSS01 Virtual Reality/Augmented Reality/Mixed Reality/ 
Extended Reality 

3 - - 3 IV 

2. 20CSS03 Game Programming 3 - - 3 V 

3. 20CSS06 UI/UX Design for Augmented and Virtual reality 3 - - 3 VI 

THEORY CUM LABORATORY  

4. 20CSS02 Mobile App Development for VR 2 - 2 3 IV 

5. 20CSS04 3D Virtual Environment 2 - 2 3 V 

6. 20CSS07 AR apps in Unity 2 - 2 3 VI 

PRACTICALS  

7. 20CSS05 VR Tools - - 2 1 V 

8. 20CSS08 AR Tools - - 2 1 VI 

20CSS01 VIRTUAL REALITY / AUGMENTED REALITY / 
MIXEDREALITY / EXTENDED REALITY

3 0 0 3
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COURSE OUTCOMES :

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

CO1:  Recall how VR systems work and list the applications of VR.

CO2:  Utilize the applications of AR and analyze the hardware requirement of AR.

CO3:  Develop the exploration of mixed reality contents and ways to deal with challenges.

CO4:  Acquire knowledge of extended reality.

VIRTUAL REALITY  12

Introduction to Virtual Reality- The history of VR - VR terminologies-Types of VR technology -VR and its relation 
to humans- An overview of VR applications- The relation of VR to research, training, design, and manufacturing- 
Classic components of VR system- Input Devices- Output Devices- The Psychology of VR: the Three Illusions - 
Challenges in VR-Case Study: Study the use of Virtual Reality at NASA- Side effects of using VR systems/ VR 
sickness.   

AUGMENTED REALITY 13

What Is Augmented Reality - Defining augmented reality, history of augmented reality, The Relationship Between 
Augmented Reality and Other Technologies-Media, Technologies, Other Ideas Related to the Spectrum Between 
Real and Virtual Worlds, applications of augmented reality Augmented Reality Concepts- How Does Augmented 
Reality Work? Concepts Related to Augmented Reality, Ingredients of an Augmented Reality Experience- Timeline 
of evolution of AR from VR- Case Study: Study of available AR toolkits.

MIXED REALITY  12

Introduction to mixed reality-Applications of mixed reality-Input and Output in Mixed reality-Computer Vision and 
Mixed Reality-simultaneous localization and mapping (SLAM)-variants of SLAM - dense tracking and mapping 
(DTAM)- parallel tracking and mapping (PTAM) and semi-direct monocular visual odometry (SVO)- Study of 
Microsoft Hololens.

EXTENDED REALITY  08

Introduction to extended reality- History of extended reality-Applications of extended reality-XR versus AR- XR 
Versus VR -Why do we need extended reality? -Advantages of extended reality-The Mobile Future of extended 
reality.

Total Periods : 45

TEXT BOOKS

1. Virtual Reality, Steven M. LaValle, Cambridge University Press, 2016 

2. Understanding Virtual Reality: Interface, Application and Design, William R Sherman and Alan B Craig, (The 
Morgan Kaufmann Series in Computer Graphics)". Morgan Kaufmann Publishers, San Francisco, CA, 2002 

3. Developing Virtual Reality Applications: Foundations of Effective Design, Alan B Craig, William R Sherman 
and Jeffrey D Will, Morgan Kaufmann, 2009.

4. Augmented Reality: Principles & Practice by Schmalstieg / Hollerer, Pearson Education India; First edition 
(12 October 2016),ISBN-10: 9332578494

B.E / B.TECH SPECIALIZATION / MINOR COURSES CURRICULUM AND SYLLABUS 

S. 
No 

Course 
Code Course Title

 
L T P C Sem 

THEORY  

1. 20CSS01 Virtual Reality/Augmented Reality/Mixed Reality/ 
Extended Reality 

3 - - 3 IV 

2. 20CSS03 Game Programming 3 - - 3 V 

3. 20CSS06 UI/UX Design for Augmented and Virtual reality 3 - - 3 VI 

THEORY CUM LABORATORY  

4. 20CSS02 Mobile App Development for VR 2 - 2 3 IV 

5. 20CSS04 3D Virtual Environment 2 - 2 3 V 

6. 20CSS07 AR apps in Unity 2 - 2 3 VI 

PRACTICALS  

7. 20CSS05 VR Tools - - 2 1 V 

8. 20CSS08 AR Tools - - 2 1 VI 

20CSS01 VIRTUAL REALITY / AUGMENTED REALITY / 
MIXEDREALITY / EXTENDED REALITY

3 0 0 3
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5. Virtual Reality Technology & Applications by Mihelj, Novak, and Beguš- https://dl.acm.org/doi/book/ 
10.5555/2535008

REFERENCES

1. Gerard Jounghyun Kim, "Designing Virtual Systems: The Structured Approach", 2005. 

2.  Doug A Bowman, Ernest Kuijff, Joseph J LaViola, Jr and Ivan Poupyrev, "3D User Interfaces, Theory and 
Practice", Addison Wesley, USA, 2005. 

3. Oliver Bimber and Ramesh Raskar, "Spatial Augmented Reality: Meging Real and Virtual Worlds", 2005. 4. 
Burdea, Grigore C and Philippe Coiffet, "Virtual Reality Technology", Wiley Interscience, India, 2003.

4. Designing for Mixed Reality, Kharis O'Connell Published by O'Reilly Media, Inc., 2016, ISBN: 
9781491962381

WEB REFERNCES

1. http://lavalle.pl/vr/book.html

2. https://www.coursera.org/learn/ar 

3. https://www.udemy.com/share/101XPi/

4. https://www.vttresearch.com/sites/default/files/pdf/science/2012/S3.pdf

5. https://docs.microsoft.com/en-us/windows/mixed-reality/

6. https://www.udemy.com/course/extended-reality-xr-building-ar-vr-mr-projects/

7. https://www.coursera.org/lecture/digital-transformation-of-megapolises/xr-extended-reality-ngeON

B.E / B.TECH SPECIALIZATION / MINOR COURSES CURRICULUM AND SYLLABUS 

20CSS03 GAME PROGRAMMING 3 0 0 3

COURSE OUTCOMES :

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

CO1: Understand the concepts of Game design and development.

CO2: Recall the processes, mechanics and issues in Game Design

CO3: Outline Core architectures of Game Programming.

CO4: Develop game using Game programming platforms, frame works and engines.

3D GRAPHICS FOR GAME PROGRAMMING 12

D Transformations, Quaternions, 3D Modeling and Rendering, Ray Tracing, Shader Models, Lighting, Color, 
Texturing, Camera and Projections, Culling and Clipping, Character Animation, Physics-based Simulation, Scene 
Graphs. 

GAME ENGINE DESIGN  12

 Game engine architecture, Engine support systems, Resources and File systems, Game loop and real-time 
simulation, Human Interface devices, Collision and rigid body dynamics, Game profiling.

GAME PROGRAMMING  11

Application layer, Game logic, Game views, managing memory, controlling the main loop, loading and caching 
game data, User Interface management, Game event management.

GAMING PLATFORMS AND FRAMEWORKS  10 

2D and 3D Game development using, Game engines - Unity. DX Studio,Developing 2D and 3D interactive games 
using Python - Isometric and Tile Based Games, Puzzle games, Single Player games, Multi Player games.

Total Periods : 45

TEXT BOOKS

1. Mike Mc Shaffrfy and David Graham, "Game Coding Complete", Fourth Edition, Cengage Learning, PTR, 2012.

2. Jason Gregory, "Game Engine Architecture", CRC Press / A K Peters, 2009.

3.  David H. Eberly, "3D Game Engine Design, Second Edition: A Practical Approach to Real-Time Computer
 Graphics" 2 nd Editions, Morgan Kaufmann, 2006.

REFERENCES

1. Ernest Adams and Andrew Rollings, "Fundamentals of Game Design", 2 nd Edition Prentice Hall / New
 Riders, 2009.

2. Jesse Schell, The Art of Game Design: A book of lenses, 1 st Edition, CRC Press, 2008. 

WEB REFERNCES

1. https://www.coursera.org/specializations/game-design

2. https://www.coursera.org/projects/create-an-interactive-fiction-text-adventure-game-with-python
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5. Virtual Reality Technology & Applications by Mihelj, Novak, and Beguš- https://dl.acm.org/doi/book/ 
10.5555/2535008

REFERENCES

1. Gerard Jounghyun Kim, "Designing Virtual Systems: The Structured Approach", 2005. 

2.  Doug A Bowman, Ernest Kuijff, Joseph J LaViola, Jr and Ivan Poupyrev, "3D User Interfaces, Theory and 
Practice", Addison Wesley, USA, 2005. 

3. Oliver Bimber and Ramesh Raskar, "Spatial Augmented Reality: Meging Real and Virtual Worlds", 2005. 4. 
Burdea, Grigore C and Philippe Coiffet, "Virtual Reality Technology", Wiley Interscience, India, 2003.

4. Designing for Mixed Reality, Kharis O'Connell Published by O'Reilly Media, Inc., 2016, ISBN: 
9781491962381

WEB REFERNCES

1. http://lavalle.pl/vr/book.html

2. https://www.coursera.org/learn/ar 

3. https://www.udemy.com/share/101XPi/

4. https://www.vttresearch.com/sites/default/files/pdf/science/2012/S3.pdf

5. https://docs.microsoft.com/en-us/windows/mixed-reality/

6. https://www.udemy.com/course/extended-reality-xr-building-ar-vr-mr-projects/

7. https://www.coursera.org/lecture/digital-transformation-of-megapolises/xr-extended-reality-ngeON

B.E / B.TECH SPECIALIZATION / MINOR COURSES CURRICULUM AND SYLLABUS 

20CSS03 GAME PROGRAMMING 3 0 0 3

COURSE OUTCOMES :

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

CO1: Understand the concepts of Game design and development.

CO2: Recall the processes, mechanics and issues in Game Design

CO3: Outline Core architectures of Game Programming.

CO4: Develop game using Game programming platforms, frame works and engines.

3D GRAPHICS FOR GAME PROGRAMMING 12

D Transformations, Quaternions, 3D Modeling and Rendering, Ray Tracing, Shader Models, Lighting, Color, 
Texturing, Camera and Projections, Culling and Clipping, Character Animation, Physics-based Simulation, Scene 
Graphs. 

GAME ENGINE DESIGN  12

 Game engine architecture, Engine support systems, Resources and File systems, Game loop and real-time 
simulation, Human Interface devices, Collision and rigid body dynamics, Game profiling.

GAME PROGRAMMING  11

Application layer, Game logic, Game views, managing memory, controlling the main loop, loading and caching 
game data, User Interface management, Game event management.

GAMING PLATFORMS AND FRAMEWORKS  10 

2D and 3D Game development using, Game engines - Unity. DX Studio,Developing 2D and 3D interactive games 
using Python - Isometric and Tile Based Games, Puzzle games, Single Player games, Multi Player games.

Total Periods : 45

TEXT BOOKS

1. Mike Mc Shaffrfy and David Graham, "Game Coding Complete", Fourth Edition, Cengage Learning, PTR, 2012.

2. Jason Gregory, "Game Engine Architecture", CRC Press / A K Peters, 2009.

3.  David H. Eberly, "3D Game Engine Design, Second Edition: A Practical Approach to Real-Time Computer
 Graphics" 2 nd Editions, Morgan Kaufmann, 2006.

REFERENCES

1. Ernest Adams and Andrew Rollings, "Fundamentals of Game Design", 2 nd Edition Prentice Hall / New
 Riders, 2009.

2. Jesse Schell, The Art of Game Design: A book of lenses, 1 st Edition, CRC Press, 2008. 

WEB REFERNCES

1. https://www.coursera.org/specializations/game-design

2. https://www.coursera.org/projects/create-an-interactive-fiction-text-adventure-game-with-python
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COURSE OUTCOMES:

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

CO1: Understand the physical principles of VR  

CO2: Explicate the use of particular designs for VR experiences 

CO3: Create 3D scenes with Unity/Unreal and experiment with various user interface (UI) techniques that are
  used in VR applications 

OVERVIEW OF VIRTUAL REALITY  8

Introduction, characteristics and application areas of Virtual Reality - Integration of VR techniques - Contents 
objects and scale - Gaze Based Control - Handy Interactables - IDE setup with package files - concepts and features 
of VR

CREATION OF VR APPS     10

VR SDK'S and Frameworks - VR Concept Integration: Motion Tracking, Controllers, Camera, Hardware and 
Software requirements - Setting up Unity with VR: Framework/SDK Integration with Unity, Debugging VR 
projects, Mobile VR Controller Tracking, Object Manipulation, Text optimizing and UI for VR

PROGRAMMING LANGUAGES FOR VR  12

C# with Unity: OOL concepts - classes in C# - setting up visual studio or code editor for C# - 3D models 
compatibility with C# - C# for VR - C++ with Unreal Engine: Building and compiling C++ programs with unreal 
engine - variables and memory allocation - looping and if else structures with unreal engine - functions - adding 
actors to the scene.

Total Hours: 30(L) + 15 (P) = 45 Hours

LIST OF EXPERIMENTS

1.  Basic Experiments with Open Source Tool 

2.  Installation of Unity/Unreal and SDK's

3.  Setting up a virtual environment

4.  Adding objects to the virtual environment

5.  Apply 2D/3D transformations to the objects

6.  Develop a multiplayer VR game.

Note: The game should keep track of score, no. of chances/lives, levels (created using different scenes), involve 
interaction, animation and immersive environment.

TEXT BOOKS 

1. William Sherif- Learning C++ by Creating Games with UE4 ||, Packt Publishing, 2015, ISBN 978-1-78439-
657-2.

2.  Jason Jerald- The VR Book: Human- Centered Design for Virtual Reality, Association for Computing 
Machinery and Morgan & Claypool Publishers (Aug. 5 2016), ISBN- B01JV1LAZW

COURSE OUTCOMES :

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

CO1: Understand the psychology of VR with the three major illusions, and understand how to apply them
  for the UX design in VR

CO2: Demonstrate effective user flows and UX design that supports different physical and virtual methods in VR

CO3: Conduct proper User Research and understand the Immersive Design Process

CO4: Discover the fundamentals of 3D Interaction and Spatial User interface Design.

UX PROCESS AND TOOLS 15

UX Processes for AR/VR-UX/UI Design Challenges in Virtual Reality-Tools & Devices-Prototyping Tools for 
Immersive Design-Design Thinking, Design Ethics-Ethical review-Design Impact-best practices and design 
guidelines VR/AR-

3D IMMERSIVE UX DESIGN  15

Field of view- Presence, Agency and Affordance -Degree of Control- Difference in designing for 2D and 3D-Gaze, 
Gesture and Voice Control-Understanding VR Interaction-Moving around in VR-Exploring Spatial Interfaces-
Spatial Audio

STORYBOARDING & PROTOTYPING 15

Brainstorming & Problem Framing-Idea Hexagon-Threshold & Ceiling in Tool Design-Storyboarding & 
Wireframing -Physical Prototyping-Digital prototyping- Usability Testing & Validating your Immersive 
Experience

Case Study: Unity UI- Design Social VR (Communication, Collaboration, Coordination)

Total Periods: 45

TEXT BOOKS

1. Text: LaViola, J., Kruijff, E., McMahan, R., Bowman, D., and Poupyrev, I. 3D User Interfaces: Theory and 
Practice, Second Edition, Addison Wesley, ISBN 0134034325, April 2017.

2. Smith, M., Queiroz. C. Unity 5.x Cookbook, Packt Publishing, October 2015 or latest Unity book.

REFERENCES

1. Doug A Bowman, Ernest Kuijff, Joseph J LaViola, Jr and Ivan Poupyrev, "3D User Interfaces, Theory and 
Practice", Addison Wesley, USA, 2005. 

WEB REFERNCES

1. https://www.coursera.org/learn/user-experience-interaction-design-augmented-virtual-mixed-extended-
reality#syllabus

2. https://www.udemy.com/course/uiux-design-for-augmented-virtual-reality/

B.E / B.TECH SPECIALIZATION / MINOR COURSES CURRICULUM AND SYLLABUS 

20CSS06 UI/UX Design for Augmented & Virtual Reality 3 0 0 3 20CSS02 MOBILE APP DEVELOPMENT FOR VR 2 0 2 3
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COURSE OUTCOMES:

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

CO1: Understand the physical principles of VR  

CO2: Explicate the use of particular designs for VR experiences 

CO3: Create 3D scenes with Unity/Unreal and experiment with various user interface (UI) techniques that are
  used in VR applications 

OVERVIEW OF VIRTUAL REALITY  8

Introduction, characteristics and application areas of Virtual Reality - Integration of VR techniques - Contents 
objects and scale - Gaze Based Control - Handy Interactables - IDE setup with package files - concepts and features 
of VR

CREATION OF VR APPS     10

VR SDK'S and Frameworks - VR Concept Integration: Motion Tracking, Controllers, Camera, Hardware and 
Software requirements - Setting up Unity with VR: Framework/SDK Integration with Unity, Debugging VR 
projects, Mobile VR Controller Tracking, Object Manipulation, Text optimizing and UI for VR

PROGRAMMING LANGUAGES FOR VR  12

C# with Unity: OOL concepts - classes in C# - setting up visual studio or code editor for C# - 3D models 
compatibility with C# - C# for VR - C++ with Unreal Engine: Building and compiling C++ programs with unreal 
engine - variables and memory allocation - looping and if else structures with unreal engine - functions - adding 
actors to the scene.

Total Hours: 30(L) + 15 (P) = 45 Hours

LIST OF EXPERIMENTS

1.  Basic Experiments with Open Source Tool 

2.  Installation of Unity/Unreal and SDK's

3.  Setting up a virtual environment

4.  Adding objects to the virtual environment

5.  Apply 2D/3D transformations to the objects

6.  Develop a multiplayer VR game.

Note: The game should keep track of score, no. of chances/lives, levels (created using different scenes), involve 
interaction, animation and immersive environment.

TEXT BOOKS 

1. William Sherif- Learning C++ by Creating Games with UE4 ||, Packt Publishing, 2015, ISBN 978-1-78439-
657-2.

2.  Jason Jerald- The VR Book: Human- Centered Design for Virtual Reality, Association for Computing 
Machinery and Morgan & Claypool Publishers (Aug. 5 2016), ISBN- B01JV1LAZW

COURSE OUTCOMES :

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

CO1: Understand the psychology of VR with the three major illusions, and understand how to apply them
  for the UX design in VR

CO2: Demonstrate effective user flows and UX design that supports different physical and virtual methods in VR

CO3: Conduct proper User Research and understand the Immersive Design Process

CO4: Discover the fundamentals of 3D Interaction and Spatial User interface Design.

UX PROCESS AND TOOLS 15

UX Processes for AR/VR-UX/UI Design Challenges in Virtual Reality-Tools & Devices-Prototyping Tools for 
Immersive Design-Design Thinking, Design Ethics-Ethical review-Design Impact-best practices and design 
guidelines VR/AR-

3D IMMERSIVE UX DESIGN  15

Field of view- Presence, Agency and Affordance -Degree of Control- Difference in designing for 2D and 3D-Gaze, 
Gesture and Voice Control-Understanding VR Interaction-Moving around in VR-Exploring Spatial Interfaces-
Spatial Audio

STORYBOARDING & PROTOTYPING 15

Brainstorming & Problem Framing-Idea Hexagon-Threshold & Ceiling in Tool Design-Storyboarding & 
Wireframing -Physical Prototyping-Digital prototyping- Usability Testing & Validating your Immersive 
Experience

Case Study: Unity UI- Design Social VR (Communication, Collaboration, Coordination)

Total Periods: 45

TEXT BOOKS

1. Text: LaViola, J., Kruijff, E., McMahan, R., Bowman, D., and Poupyrev, I. 3D User Interfaces: Theory and 
Practice, Second Edition, Addison Wesley, ISBN 0134034325, April 2017.

2. Smith, M., Queiroz. C. Unity 5.x Cookbook, Packt Publishing, October 2015 or latest Unity book.

REFERENCES

1. Doug A Bowman, Ernest Kuijff, Joseph J LaViola, Jr and Ivan Poupyrev, "3D User Interfaces, Theory and 
Practice", Addison Wesley, USA, 2005. 

WEB REFERNCES

1. https://www.coursera.org/learn/user-experience-interaction-design-augmented-virtual-mixed-extended-
reality#syllabus

2. https://www.udemy.com/course/uiux-design-for-augmented-virtual-reality/

B.E / B.TECH SPECIALIZATION / MINOR COURSES CURRICULUM AND SYLLABUS 

20CSS06 UI/UX Design for Augmented & Virtual Reality 3 0 0 3 20CSS02 MOBILE APP DEVELOPMENT FOR VR 2 0 2 3
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COURSE OUTCOMES :

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

CO1: Creation and implications of single and multiple participant virtual environments.

CO2: Create 2D/3D scenes and experiment with various user interface (UI) techniques 

CO3: Apply techniques, experiences, and implications of VE development.

CO4: Develop framework for evaluating current and emerging immersive reality technologies and applications

SIMPLE MODELING AND TEXTURING 8

VE representation overview-VRML modelling-Hierarchical scene graphs-Representing geometry-Representing 
material properties-Low-poly modeling-Texturing

ENVIRONMENTS, NAVIGATION, LIGHTING 12

Hiding artifacts-Navigation theory: collision, depth cues, interface design-Backgrounds-Lighting- 
Animation:Event model, routing,Triggers, timers, engines, Key frame animation, Sound:ambient vs. spactialized,  
storage formats (pros/cons), triggering and modifying-Interactivity:manipulating geometry,manipulating the 
viewer

SCRIPTING, GENERATIVE DESIGN AND ADVANCED SCRIPTING, BEHAVIOR 10

Languages-Vector math and Functions-Event data type conversion-Maintaining state information-Browser API-
Iterative modeling-Stochastic design- Encapsulated models, detail hiding-High-level object control interfaces-
Modeling behavior-Attraction and repulsion-Potential field obstacle avoidance-Flocking

Total Periods:(30T+15P):45

 List of Exercises

1. 3D surface modeling of a building and its projection

 2. Create a map of college campus.

3. Create a camera animation.

4. Create a dynamic scene

5. Create a animation and interaction in immersive environment.

TEXT BOOKS

1. Carey, Rikk and Gavin Bell. The Annotated VRML 2.0 Reference Manual Addison Wesley, 1997.   Also 
available online at: http://www.best.com/~rikk/Book/Book.html .

2. Jason Jerald- The VR Book: Human- Centered Design for Virtual Reality, Association for Computing 
Machinery and Morgan & Claypool Publishers (Aug. 5 2016), ISBN- B01JV1LAZW 

3. Mastering Unity 2D Game Development - Second Edition,Ashley Godbold, Simon Jackson, Packt Publishing, 
October 2016, ISBN: 9781786463456 

4. Jonathan Linowes - Unity Virtual Reality Projects: Explore the world of virtual reality by building immersive 
and fun VR projects using Unity 3D Paperback?, 1st Edition, Packt Publications, 2015, ISBN 978-1783988556

3.  Jonathan Linowes - Unity Virtual Reality Projects: Explore the world of virtual reality by building immersive 
and fun VR projects using Unity 3D Paperback?, 1st Edition, Packt Publications, 2015, ISBN 978-1783988556

REFERENCE BOOKS

1. Jesse Glover, Jonathan Linowes - Complete Virtual Reality and Augmented Reality Development with Unity: 
Leverage the power of Unity and become a pro at creating mixed reality applications. Packt publishing, 17th 
April 2019. ISBN -13 : 978-1838648183 

2.  Understanding Virtual Reality: Interface, Application and Design, William R Sherman and Alan B Craig, (The 
Morgan Kaufmann Series in Computer Graphics)". Morgan Kaufmann Publishers, San Francisco, CA, 2002

WEB REFERENCES

1.   https://www.edx.org/learn/virtual-reality 

2.   https://www.coursera.org/lecture/mobile-vr-app-development-unity/welcome-to-mobile-vr-app 
development-in-unity-SOgoM 

3.  https://www.coursera.org/lecture/mobile-vr-app-development-unity/project-work-solutions-working-with-
mobile-vr-in-unity-yVoVQ 

B.E / B.TECH SPECIALIZATION / MINOR COURSES CURRICULUM AND SYLLABUS 

20CSS04  3D VIRTUAL ENVIRONMENT 3 0 0 3



26 27

COURSE OUTCOMES :

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

CO1: Creation and implications of single and multiple participant virtual environments.

CO2: Create 2D/3D scenes and experiment with various user interface (UI) techniques 

CO3: Apply techniques, experiences, and implications of VE development.

CO4: Develop framework for evaluating current and emerging immersive reality technologies and applications

SIMPLE MODELING AND TEXTURING 8

VE representation overview-VRML modelling-Hierarchical scene graphs-Representing geometry-Representing 
material properties-Low-poly modeling-Texturing

ENVIRONMENTS, NAVIGATION, LIGHTING 12

Hiding artifacts-Navigation theory: collision, depth cues, interface design-Backgrounds-Lighting- 
Animation:Event model, routing,Triggers, timers, engines, Key frame animation, Sound:ambient vs. spactialized,  
storage formats (pros/cons), triggering and modifying-Interactivity:manipulating geometry,manipulating the 
viewer

SCRIPTING, GENERATIVE DESIGN AND ADVANCED SCRIPTING, BEHAVIOR 10

Languages-Vector math and Functions-Event data type conversion-Maintaining state information-Browser API-
Iterative modeling-Stochastic design- Encapsulated models, detail hiding-High-level object control interfaces-
Modeling behavior-Attraction and repulsion-Potential field obstacle avoidance-Flocking

Total Periods:(30T+15P):45

 List of Exercises

1. 3D surface modeling of a building and its projection

 2. Create a map of college campus.

3. Create a camera animation.

4. Create a dynamic scene

5. Create a animation and interaction in immersive environment.

TEXT BOOKS

1. Carey, Rikk and Gavin Bell. The Annotated VRML 2.0 Reference Manual Addison Wesley, 1997.   Also 
available online at: http://www.best.com/~rikk/Book/Book.html .

2. Jason Jerald- The VR Book: Human- Centered Design for Virtual Reality, Association for Computing 
Machinery and Morgan & Claypool Publishers (Aug. 5 2016), ISBN- B01JV1LAZW 

3. Mastering Unity 2D Game Development - Second Edition,Ashley Godbold, Simon Jackson, Packt Publishing, 
October 2016, ISBN: 9781786463456 

4. Jonathan Linowes - Unity Virtual Reality Projects: Explore the world of virtual reality by building immersive 
and fun VR projects using Unity 3D Paperback?, 1st Edition, Packt Publications, 2015, ISBN 978-1783988556

3.  Jonathan Linowes - Unity Virtual Reality Projects: Explore the world of virtual reality by building immersive 
and fun VR projects using Unity 3D Paperback?, 1st Edition, Packt Publications, 2015, ISBN 978-1783988556

REFERENCE BOOKS

1. Jesse Glover, Jonathan Linowes - Complete Virtual Reality and Augmented Reality Development with Unity: 
Leverage the power of Unity and become a pro at creating mixed reality applications. Packt publishing, 17th 
April 2019. ISBN -13 : 978-1838648183 

2.  Understanding Virtual Reality: Interface, Application and Design, William R Sherman and Alan B Craig, (The 
Morgan Kaufmann Series in Computer Graphics)". Morgan Kaufmann Publishers, San Francisco, CA, 2002

WEB REFERENCES

1.   https://www.edx.org/learn/virtual-reality 

2.   https://www.coursera.org/lecture/mobile-vr-app-development-unity/welcome-to-mobile-vr-app 
development-in-unity-SOgoM 

3.  https://www.coursera.org/lecture/mobile-vr-app-development-unity/project-work-solutions-working-with-
mobile-vr-in-unity-yVoVQ 

B.E / B.TECH SPECIALIZATION / MINOR COURSES CURRICULUM AND SYLLABUS 

20CSS04  3D VIRTUAL ENVIRONMENT 3 0 0 3



28 29B.E / B.TECH SPECIALIZATION / MINOR COURSES CURRICULUM AND SYLLABUS 

REFERENCES

1. Tony Parisi - Learning Virtual Reality, O'Reilly Media, Inc., 2015, ISBN- 9781491922835 

2. Virtual Reality with VRTK4, Create Immersive VR Experiences Leveraging Unity3D and Virtual Reality 
Toolkit, Authors: Baruah, Rakesh, ISBN 978-1-4842-5488-2

WEB REFERNCES

1. https://www.asc.ohio-state.edu/lewis.239/VRML/Class/syl.html

2. https://www.oreilly.com/library/view/virtual-world-design/9781466579613/

APPS IN UNITY20CSS07AR 3 0 0 3

COURSE OUTCOMES

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

CO1: Acquire knowledge in AR technologies in terms of used devices, building of the virtual environment and
  modalities of interaction and modelling.

CO2: Demonstrate and develop AR apps in Unity

CO3: Create augmented reality applications that run on a mobile device.

CO4: Build simple, interactive mobile applications with augmented reality functions.

AR FOUNDATION WITH UNITY 15

AR Introduction-.Unity Basics-Building to Mobiles-Build an Android App with Unity-Building AR Experience to 
Android-AR Mobile Build Cheat Sheet-2D Image recognition and tracking-Camera Representation, Marker 
Detection, Post Estimation-Single Image Training & Detection-Shadows-Occlusion-Multiple Image Training & 
Detection-Multiple Trackers

3D OBJECT RECOGNITION AND TRACKING 10

Augmented content appear on the screen based on geographical location- calculating the distance in meters between 
GPS coordinates and use this value in an AR application-built in compass of a mobile device works and use it to 
trigger different augmented objects-Marker Training-3D Object Marker with Occlusion-3D Scene Recognition

MARKERLESS TRACKING 5

Introduction-Adding Physics Simulations to a Markerless World-Hiding and Showing Augmented Objects

Total Periods :(30T+15P):45

List of Exercises

1. Installation of Unity, setting up Unity for AR app development.

2. Registration of the project with Vuforia,create an Image Target,create a database with the image target, import
 a character on the Image Target,test the project on a Android Smartphone

3. AR application to move a character off its marker and control it's animation.

4. Pose tracking, Environmental detection, Raycasting for AR.

5. Light estimation, Occlusion in AR

6. Working with ARCore 

7. Working with ARKit.

TEXT BOOKS

1. Jesse Glover, Jonathan Linowes - Complete Virtual Reality and Augmented Reality Development with Unity: 
Leverage the power of Unity and become a pro at creating mixed reality applications. Packt publishing, 17th 
April 2019. ISBN -13 : 978-1838648183

2. Jonathan Linowes, Krystian Babilinski - Augmented Reality for Developers: Build practical augmented reality 
applications with Unity, ARCore, ARKit, and Vuforia. Packt publishing, 9th October 2017. ISBN-13: 978-
1787286436



28 29B.E / B.TECH SPECIALIZATION / MINOR COURSES CURRICULUM AND SYLLABUS 

REFERENCES

1. Tony Parisi - Learning Virtual Reality, O'Reilly Media, Inc., 2015, ISBN- 9781491922835 

2. Virtual Reality with VRTK4, Create Immersive VR Experiences Leveraging Unity3D and Virtual Reality 
Toolkit, Authors: Baruah, Rakesh, ISBN 978-1-4842-5488-2

WEB REFERNCES

1. https://www.asc.ohio-state.edu/lewis.239/VRML/Class/syl.html

2. https://www.oreilly.com/library/view/virtual-world-design/9781466579613/

APPS IN UNITY20CSS07AR 3 0 0 3

COURSE OUTCOMES

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

CO1: Acquire knowledge in AR technologies in terms of used devices, building of the virtual environment and
  modalities of interaction and modelling.

CO2: Demonstrate and develop AR apps in Unity

CO3: Create augmented reality applications that run on a mobile device.

CO4: Build simple, interactive mobile applications with augmented reality functions.

AR FOUNDATION WITH UNITY 15

AR Introduction-.Unity Basics-Building to Mobiles-Build an Android App with Unity-Building AR Experience to 
Android-AR Mobile Build Cheat Sheet-2D Image recognition and tracking-Camera Representation, Marker 
Detection, Post Estimation-Single Image Training & Detection-Shadows-Occlusion-Multiple Image Training & 
Detection-Multiple Trackers

3D OBJECT RECOGNITION AND TRACKING 10

Augmented content appear on the screen based on geographical location- calculating the distance in meters between 
GPS coordinates and use this value in an AR application-built in compass of a mobile device works and use it to 
trigger different augmented objects-Marker Training-3D Object Marker with Occlusion-3D Scene Recognition

MARKERLESS TRACKING 5

Introduction-Adding Physics Simulations to a Markerless World-Hiding and Showing Augmented Objects

Total Periods :(30T+15P):45

List of Exercises

1. Installation of Unity, setting up Unity for AR app development.

2. Registration of the project with Vuforia,create an Image Target,create a database with the image target, import
 a character on the Image Target,test the project on a Android Smartphone

3. AR application to move a character off its marker and control it's animation.

4. Pose tracking, Environmental detection, Raycasting for AR.

5. Light estimation, Occlusion in AR

6. Working with ARCore 

7. Working with ARKit.

TEXT BOOKS

1. Jesse Glover, Jonathan Linowes - Complete Virtual Reality and Augmented Reality Development with Unity: 
Leverage the power of Unity and become a pro at creating mixed reality applications. Packt publishing, 17th 
April 2019. ISBN -13 : 978-1838648183

2. Jonathan Linowes, Krystian Babilinski - Augmented Reality for Developers: Build practical augmented reality 
applications with Unity, ARCore, ARKit, and Vuforia. Packt publishing, 9th October 2017. ISBN-13: 978-
1787286436



30 31B.E / B.TECH SPECIALIZATION / MINOR COURSES CURRICULUM AND SYLLABUS 

REFERENCES

1. Steve Aukstakalnis- Practical Augmented Reality: A Guide to the Technologies, Applications, and Human 
Factors for AR and VR, Addison-Wesley Professional, September 2016, ISBN: 9780134094328

WEB REFERNCES

1. https://www.udemy.com/course/augmented-reality-ar-with-unity-vuforia-for-android-ios/

2. https://www.coursera.org/learn/handheld-ar#syllabus

3. https://www.udemy.com/course/augmented_reality_with_unity/

20CSS05 VR TOOLS LABORATORY 0 0 2 1

COURSE OUTCOMES :

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

CO1: Create and deploy a VR application.

CO2: understand the physical principles of VR

CO3: Create a comfortable, high-performance VR application.

CO4: Identify, examine and develop software that reflects fundamental techniques for the design and
  deployment of VR experiences.

List of Exercises

1. Installation of VR  tool and development, understanding documentation of the same.

2. Demonstration of the working of Google Cardboard

3. Develop a scene that includes:

 i. a cube, plane and sphere, apply transformations on the 3 game objects. 

 ii. add a video and audio source.

4. Develop a scene that includes a cube, plane and sphere. Create a new material and texture separately for three 
Game objects. Change the colour, material and texture of each Game object separately in the scene. Write a 
program to change the colour and material/texture of the game objects dynamically on button click.

5. Develop a scene that includes a sphere and plane. Apply Rigid body component, material and Box collider to 
the game Objects. Write a program to grab and throw the sphere using vr controller.

6. Develop a simple UI(User interface ) menu with images, canvas, sprites and button. Write a program to interact 
with UI menu through VR trigger button such that on each successful trigger interaction display a score on 
scene

7. Create an immersive environment (living room/ battlefield/ tennis court) with only static game objects. 3D 
game objects can be created using Blender or use available 3D models.

8. Include animation and interaction in the immersive environment.

9. Create a virtual environment for any use case. The application must include at least 4 scenes which can be 
changed dynamically, a good UI, animation and interaction with game objects. (e.g VR application to visit a 
zoo)



30 31B.E / B.TECH SPECIALIZATION / MINOR COURSES CURRICULUM AND SYLLABUS 

REFERENCES

1. Steve Aukstakalnis- Practical Augmented Reality: A Guide to the Technologies, Applications, and Human 
Factors for AR and VR, Addison-Wesley Professional, September 2016, ISBN: 9780134094328

WEB REFERNCES

1. https://www.udemy.com/course/augmented-reality-ar-with-unity-vuforia-for-android-ios/

2. https://www.coursera.org/learn/handheld-ar#syllabus

3. https://www.udemy.com/course/augmented_reality_with_unity/

20CSS05 VR TOOLS LABORATORY 0 0 2 1

COURSE OUTCOMES :

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

CO1: Create and deploy a VR application.

CO2: understand the physical principles of VR

CO3: Create a comfortable, high-performance VR application.

CO4: Identify, examine and develop software that reflects fundamental techniques for the design and
  deployment of VR experiences.

List of Exercises

1. Installation of VR  tool and development, understanding documentation of the same.

2. Demonstration of the working of Google Cardboard

3. Develop a scene that includes:

 i. a cube, plane and sphere, apply transformations on the 3 game objects. 

 ii. add a video and audio source.

4. Develop a scene that includes a cube, plane and sphere. Create a new material and texture separately for three 
Game objects. Change the colour, material and texture of each Game object separately in the scene. Write a 
program to change the colour and material/texture of the game objects dynamically on button click.

5. Develop a scene that includes a sphere and plane. Apply Rigid body component, material and Box collider to 
the game Objects. Write a program to grab and throw the sphere using vr controller.

6. Develop a simple UI(User interface ) menu with images, canvas, sprites and button. Write a program to interact 
with UI menu through VR trigger button such that on each successful trigger interaction display a score on 
scene

7. Create an immersive environment (living room/ battlefield/ tennis court) with only static game objects. 3D 
game objects can be created using Blender or use available 3D models.

8. Include animation and interaction in the immersive environment.

9. Create a virtual environment for any use case. The application must include at least 4 scenes which can be 
changed dynamically, a good UI, animation and interaction with game objects. (e.g VR application to visit a 
zoo)
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20CSS08 AR TOOLS LABORATORY 0 0 2 1

COURSE OUTCOMES :

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

CO1: Create and deploy a AR application.

CO2: understand the physical principles of AR

CO3: Create a comfortable, high-performance AR application.

CO4: Identify, examine and develop software that reflects fundamental techniques for the design and
  deployment of AR experiences.

List of Exercises

1. Installation of AR tool and development, understanding documentation of the same.

2. Demonstration of the working of ARtoolkit/Mixare/Holokit/ BRIO/ Adobe Aero.

3. Adding actors to the AR environment and apply 3D transformations to the scene.

4. Create an immersive environment living room using Blender.

5. Embed animation and interaction in the immersive environment.

6. Develop an AR environment moving car simulation.

7. Develop an AR bowling game with one image target .The image target should include 3d models as per
 requirement. Write a program to develop score point system for Bowling game. INTERNET OF THINGS

Specialization Courses / Minor
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S.No. Course 
Code 

Course Title L T P C 

Semester 4 

Theory 

1. 20ECS01 IoT Architecture and Protocols  3 0 0 3 

2. 20ECS02 IoT System Design and Platforms 3 0 0 3 

Laboratory 

3. 20ECS03 IoT and Applications Laboratory  0 0 2 1 

Semester 5 

Theory 

4. 20ECS04 IoT in Automotive systems  3 0 0 3 

Laboratory Cum Theory 

5. 20ECS05 Cloud Architecture and Computing  2 0 2 3 

Semester 6 

Laboratory Cum Theory 

6. 20ECS06 Industrial Internet of Things  2 0 2 3 

Theory 

7. 20ECS07 Artificial Intelligence for IoT 3 0 0 3 

Project Work /Internship /Online credit Transfer  

8. 20ECS08 Project Work /Internship/Online credit 
Transfer 

0 0 2 1 

Total Credits  20 
 

IoT Specialization - Major
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COURSE OUTCOMES

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

INTRODUCTION TO IoT ARCHITECTURE 10

Genesis of IoT - IoT Impact - Convergence of IT and OT - IoT Challenges - Drivers Behind New Network 
Architecture - Comparing the IoT Architectures - One M2M IoT Standardized Architecture - IoT World Forum 
Standardized Architecture

IoT STACK AND THINGS 11

Core IoT Functional Stack - Things Sensors and Actuators Layer - Communications Network Layer - Applications 
and Analytics Layer - IoT Data Management and Compute Stack - Fog Computing - Edge Computing - Sensors - 
Actuators - MEMS - Sensor Networks 

IoT TECHNOLOGIES AND PROTOCOLS 14

Communication Criteria   - IoT Access Technologies: IEEE 802.15.4, LoRaWAN- Physical Layer - MAC Layer - 
Topology - Security - Competitive Technologies - Optimizing IP for IoT - IoT Application Layer Protocols: 
Constrained Application Protocol (CoAP), Message Queuing Telemetry Transport (MQTT)

DATA AND ANALYTICS FOR IoT 10

Introduction - Machine Learning - Big Data Analytics Tools and Technologies - Edge Streaming Analytics - 
Network Analytics - Case Study: Smart City IoT Architecture.

Total Hours: 45

TEXT BOOKS

1. David Hanes, Gonzalo Salgueiro, Patrick Grossetete, Jerome Henry, Robert Barton, "IoT Fundamentals: 
Networking Technologies, Protocols, and Use Cases for the Internet of Things", Cisco Press, 2017.

2. Jan Holler, VlasiosTsiatsis, Catherine Mulligan, Stefan Avesand, Stamatis Karnouskos, David Boyle, "From 
Machine-to-Machine to the Internet of Things: Introduction to a New Age of Intelligence", 1st Edition, 
Academic Press, 2014.

REFERENCE BOOKS

1. Daniel Minoli, "Building the Internet of Things with IPv6 and MIPv6: The Evolving World of M2M 
Communications", Wiley, 2015.

2. Olivier Hersent, David Boswarthick, Omar Elloumi, "The Internet of Things: Key Applications and 
Protocols", 1st Edition, Wiley, 2012.

WEB REFERENCE

1. http://www.cse.wustl.edu/~jain/cse570-15/ftp/iot_prot/index.html

B.E / B.TECH SPECIALIZATION / MINOR COURSES CURRICULUM AND SYLLABUS 

S.No. Course 
Code 

Course Title L T P C 

Semester 4 

Theory 

1. 20ECM01 IoT and Applications  3 0 0 3 

2. 20ECS02 IoT System Design and Platforms 3 0 0 3 

Laboratory 

3. 20ECS03 IoT and Applications Laboratory  0 0 2 1 

Semester 5 

Theory 

4. 20ECS04 IoT in Automotive systems  3 0 0 3 

Laboratory Cum Theory 

5. 20ECS05 Cloud Architecture and Computing  2 0 2 3 

Semester 6 

Laboratory Cum Theory 

6 20ECS06 Industrial Internet of Things 2 0 2 3 

Theory 

7 20ECM02 Sensor Networks and Integration  3 0 0 3 

Project Work / Internship/Online credit Transfer  

8. 20ECS08 Project Work / Internship/Online 
credit Transfer  

0 0 2 1 

Total Credits  20 
 

IoT Specialization - Minor 20ECS01 IoT ARCHITECTURE AND PROTOCOLS 3 0 0 3

CO1: Explain the basic concepts of IoT Architecture. PO1  

CO2: Elaborate the IoT Functional Stacks and Sensors.  PO1  

CO3: Describe IoT Network and Application layer protocols.  PO1, PO12  

CO4: Discuss the data analytics for IoT. PO1, PO12  
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CO1: Explain the basic concepts of IoT Architecture. PO1  
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3.   Dr.OvidiuVermesan, Dr. Peter Friess "Internet of Things: Converging Technologies for Smart Environments 
and Integrated Ecosystems", River Publishers, 2013

WEB REFERENCES

1.  https://www.crn.com/slide-shows/internet-of-things/300083110/head-to-head-iot-platforms-amazon-web-
services-iot-vs-microsoft-azure-iot.htm/1

2.  https://iotdesignpro.com/articles/top-10-iot-cloud-platforms

3.  https://www.crn.com/slide-shows/internet-of-things/300083110/head-to-head-iot-platforms-amazon-web-
services-iot-vs-microsoft-azure-iot.htm/1

4.  https://scellus.com/articles/understanding-the-cloud-computing-stack-saas-paas-iaas/

PREREQUISITE

20ECM01 - IoT and Applications / 20ECS01 - IoT Architecture and Protocols

COURSE OUTCOMES

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

DESIGN

PRINCIPLES  15

Internet Principles: Internet Communications - IP and MAC addresses - TCP/UDP Ports - Application Layer 
Protocols - Prototypes and Production - Open Source versus Closed Source - Embedded Computing Basics - 
Arduino - Raspberry Pi - Beaglebone Black 

API AND PERFORMANCE COMPONENTS  10

Getting Started with an API - Writing a new API - Real Time Reactions - Other Protocols - Techniques for Writing 
Embedded Code: Memory Management - Performance and Battery Life - Libraries and Debugging

IoT DESIGN METHODOLOGY 12

Purpose and Requirement Specification - IoT level Specification - Functional and Operational view Specification - 
Device and Component Integration - Application Development - Case Study on IoT System for Weather Monitoring 
- Home Automation

IoT PLATFORMS 8

IoT Cloud Platforms: Amazon Web Services (AWS) IoT platform - Microsoft Azure IoT Platform - Other IoT Cloud 
Platforms - Cloud computing stack

Total Hours: 45

TEXT BOOKS

1.  Adrian McEwen, Hakim Cassimally, "Designing the Internet of Things", John Wiley and Sons Ltd., 2014.

2.  Arshdeep Bahga, Vijay Madisetti, "Internet of Things - A Hands-on Approach", Universities Press (India) Pvt. 
Ltd, 2016.

REFERENCE BOOKS 

1.  Milan Milenkovic, "Internet of Things: Concepts and System Design", Springer Pub. Inc., 2020

2.   Anand Tamboli, "Build your own IoT Platform: Develop a fully flexible and scalable Internet of Things 
Platform in 24 Hours", APRESS, 2019.

20ECS02 IoT SYSTEM DESIGN AND PLATFORMS 3 0 0 3

CO1:   Explain the design and internet principles for IoT System Design.  PO1, PO12
 

CO2:   Describe the API for IoT applications and outline the  performance Metrics.  
PO1, PO12

 

CO3:   Discuss the IoT Design Methodology with its attributes and insight view of 
application development. 

PO1, PO2, 
PO12  

CO4:   Explore the various IoT Platform and its deployment models.  PO1, PO2, 
PO12  
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https://cdn.ihs.com/www/pdf/enabling-IOT.pdf
https://www.nxp.com/docs/en/white-paper/INTOTHNGSWP.pdf
https://www.youtube.com/watch?v=XzK8Vxo_yOo?
IoT operating systems    
https://www.ubuntupit.com/best-iot-operating-system-for-your-iot-devices/
http://forms1.ieee.org/rs/682-UPB-550/images/IEEE-IOT-White-Paper.pdf?
IOT standards, cloud best practices 
https://docs.microsoft.com/en-us/azure/architecture/reference-architectures/iot
https://docs.aws.amazon.com/solutions/latest/connected-vehicle-solution/architecture.html
https://docs.microsoft.com/en-us/azure/architecture/best-practices/index-best-practices?
Devices to try IoT 
https://www.iiot-world.com/industrial-iot/connected-industry/a-guide-for-selecting-the-right-microcontroller-
for-your-iot-project/
https://www.particle.io/mcu-vs-soc-vs-microprocessor-for-iot/
https://all3dp.com/2/best-arduino-alternatives/ ?
IoT software updates
https://stackoverflow.blog/2020/12/14/security-considerations-for-ota-software-updates-for-iot-gateway-
devices/
https://downloads.cloudsecurityalliance.org/assets/research/internet-of-things/recommendations-for-iot-
firmware-update-processes.pdf
https://blog.bosch-si.com/bosch-iot-suite/software-updates-in-the-iot-an-introduction-to-sota/?_ga=2.76406677. 
1634173018.1630499693-1549724749.1630499693?
Data and Analytics in IOT
https://docs.microsoft.com/en-us/azure/architecture/example-scenario/data/big-data-with-iot
https://docs.microsoft.com/en-us/azure/architecture/example-scenario/data/realtime-analytics-vehicle-iot?
Firmware design 
https://locolabs.com/how-to-choose-the-right-firmware-architecture-for-your-iot-device-2/ 
https://www.verypossible.com/insights/what-is-firmware-why-does-it-matter-for-iot ?
IOT Lab - V2V communication prototype using
Audrino/RasPi/Beagle and cloud
https://www.udemy.com/course/a-complete-course-on-an-iot-system-design-and-development/
https://www.udemy.com/course/internet-of-things-the-mega-course/ ?
Online Courses
https://www.udemy.com/course/a-complete-course-on-an-iot-system-design-and-development/
https://www.udemy.com/course/internet-of-things-the-mega-course
https://www.udemy.com/course/fundamentals-of-connected-car-technology/
https://learning.oreilly.com/library/view/iot-fundamentals-networking/9780134307091/
https://learning.oreilly.com/videos/internet-of-things/9780134667577/
Good Reads
https://builtin.com/internet-things/iot-in-vehicles
https://www.quectel.com/library/how-to-fulfil-the-requirements-of-the-next-generation-connected-
car/?gclid=CjwKCAjwybyJBhBwEiwAvz4G70zdz9lil_cwEDgQx9EECaP-8MwHfJMzu4inyClhaumHfbi1KPk 
CoxoClkoQAvD_BwE   
https://www.biz4intellia.com/blog/iot-applications-in-automotive-industry/  
https://www.gsma.com/IC/wp-content/uploads/2018/03/Automotive-IoT-Security-digital-Mar-18.pdf

PREREQUISITE
20ECM01 - IoT and Applications / 20ECS01 - IoT Architecture and Protocols

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

IoT PLATFORMS AND OPERATING SYSTEMS: 13
IoT Hardwares: Six Levels of IoT - IoT Platforms: Enabling the Internet of Things - Enabling Open IoT Ecosystem - 
Selecting an IoT platform - Solution Provisioning -  Internet of Things needs to become a Reality - IoT Operating 
System: Contiki-Android Things-Apache Mynewt - Windows IoT - Amazon FreeRTOS - MBED OS - IoT For 
Telecom Engineers: IoT Architecture - IoT Elements - IoT Standards
IoT ARCHITECTURE FOR CONNECTED VEHICLES 10
Azure IoT Reference Architecture - Digital Twins - Connected Vehicle Solution Architecture - Best Practices in 
Cloud Applications - Selecting the microcontroller for IoT - Arduino Alternatives: Node MCU Esp8266 - Beagle 
board Pocket Beagle
REAL TIME ANALYTICS  10
Security Considerations for OTA software updates for IoT gateway Devices - Recommendation for IoT Firmware 
Update Processes - Software Updates in the IoT: An introduction to SOTA - IoT and Data Analytics: Architecture - 
Process Real Time Vehicle data using IoT 
AUTOMOTIVE APPLICATIONS  12   
Choosing the firmware architecture for IoT Device - Types of Operating Environments - Embedded OS - Firmware 
Security and Updates - Application of IoT in Automotive Industry - Next Generation Connected Car - Case Study: 
Home Automation with Raspberry Pi and AWS - Building Internet of Things Projects with Arduino IoT Cloud 

Total Hours: 45
TEXT BOOKS
1. Klaus Elk, "Embedded Software for the IoT", 3rd Edition, De Gruyter, 2018.
2. Arshdeep Bahga, Vijay Madisetti, "Internet of Things - A Hands-on Approach", Universities Press (India) Pvt. 

Ltd, 2016.
REFERENCE BOOKS
1. David Hanes, Gonzalo Salgueiro, Patrick Grossetete, Robert Barton, Jerome Henry, "IoT Fundamentals, 

Networking Technologies, Protocols, and Use Cases for the Internet of Things", Cisco Press, 2017.
2. Simone Cirani, Gianluigi Ferrari, Marco Picone, Luca Veltri, "Internet of Things: Architectures, Protocols and 

Standards", 1st Edition, Wiley, 2019. 
3. Zaigham Mahmood, "Connected Vehicles in the Internet of Things: Concepts, Technologies and Frameworks 

for the IoV", Springer, 2020.
WEB REFERENCES
https://iot.ieee.org/images/files/pdf/IEEE_IoT_Towards_Definition_Internet_of_Things_Revision1_27MAY15.pdf 
Enabling Tech for IoT and IoT levels 
https://www.industery.com/blog/iot-hardware/

20ECS04 IoT IN AUTOMOTIVE SYSTEMS 3 0 0 3

CO1:   Explain the basics of IoT platforms and OS. PO1  

CO2:   Describe the IoT architecture for Automotives. PO1, PO12  

CO3:   Discuss the different solutions for software updates in automotive IoT.  PO1, PO12  

CO4:   Explore the firmware architecture and IoT applications in automotive Industry.  PO1, PO12  
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PREREQUISITE
20ECM01 - IoT and Applications / 20ECS01 - IoT Architecture and Protocols

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

IoT PLATFORMS AND OPERATING SYSTEMS: 13
IoT Hardwares: Six Levels of IoT - IoT Platforms: Enabling the Internet of Things - Enabling Open IoT Ecosystem - 
Selecting an IoT platform - Solution Provisioning -  Internet of Things needs to become a Reality - IoT Operating 
System: Contiki-Android Things-Apache Mynewt - Windows IoT - Amazon FreeRTOS - MBED OS - IoT For 
Telecom Engineers: IoT Architecture - IoT Elements - IoT Standards
IoT ARCHITECTURE FOR CONNECTED VEHICLES 10
Azure IoT Reference Architecture - Digital Twins - Connected Vehicle Solution Architecture - Best Practices in 
Cloud Applications - Selecting the microcontroller for IoT - Arduino Alternatives: Node MCU Esp8266 - Beagle 
board Pocket Beagle
REAL TIME ANALYTICS  10
Security Considerations for OTA software updates for IoT gateway Devices - Recommendation for IoT Firmware 
Update Processes - Software Updates in the IoT: An introduction to SOTA - IoT and Data Analytics: Architecture - 
Process Real Time Vehicle data using IoT 
AUTOMOTIVE APPLICATIONS  12   
Choosing the firmware architecture for IoT Device - Types of Operating Environments - Embedded OS - Firmware 
Security and Updates - Application of IoT in Automotive Industry - Next Generation Connected Car - Case Study: 
Home Automation with Raspberry Pi and AWS - Building Internet of Things Projects with Arduino IoT Cloud 

Total Hours: 45
TEXT BOOKS
1. Klaus Elk, "Embedded Software for the IoT", 3rd Edition, De Gruyter, 2018.
2. Arshdeep Bahga, Vijay Madisetti, "Internet of Things - A Hands-on Approach", Universities Press (India) Pvt. 

Ltd, 2016.
REFERENCE BOOKS
1. David Hanes, Gonzalo Salgueiro, Patrick Grossetete, Robert Barton, Jerome Henry, "IoT Fundamentals, 

Networking Technologies, Protocols, and Use Cases for the Internet of Things", Cisco Press, 2017.
2. Simone Cirani, Gianluigi Ferrari, Marco Picone, Luca Veltri, "Internet of Things: Architectures, Protocols and 

Standards", 1st Edition, Wiley, 2019. 
3. Zaigham Mahmood, "Connected Vehicles in the Internet of Things: Concepts, Technologies and Frameworks 

for the IoV", Springer, 2020.
WEB REFERENCES
https://iot.ieee.org/images/files/pdf/IEEE_IoT_Towards_Definition_Internet_of_Things_Revision1_27MAY15.pdf 
Enabling Tech for IoT and IoT levels 
https://www.industery.com/blog/iot-hardware/

20ECS04 IoT IN AUTOMOTIVE SYSTEMS 3 0 0 3

CO1:   Explain the basics of IoT platforms and OS. PO1  

CO2:   Describe the IoT architecture for Automotives. PO1, PO12  

CO3:   Discuss the different solutions for software updates in automotive IoT.  PO1, PO12  

CO4:   Explore the firmware architecture and IoT applications in automotive Industry.  PO1, PO12  
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REFERENCE BOOKS

1. Neeraj Kumar, Aaisha Makkar, "Machine Learning in Cognitive IoT", CRC Press, Taylor & Francis Group, 
2020.

2. Mohammad Abdur Razzaque, Md. Rezaul Karim, "Hands-On Deep Learning for IoT: Train Neural Network 
Models to Develop Intelligent IoT applications", 1st Edition, Packt Publishing, 2019.

3. Ashutosh Kumar Dubey, Abhishek Kumar, S. Rakesh Kumar, N. Gayathri, Prasenjit Das, "AI and IoT-Based 
Intelligent Automation in Robotics", Wiley Publishing, 2021. 

PREREQUISITE

20ECS01 - IoT Architecture and Protocols

COURSE OUTCOMES

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

INTRODUCTION 9

Artificial Intelligence - Definition - Structure of Agents -Intelligent Agents - Characteristics of Intelligent Agents-
Typical Intelligent Agents- Rationality - Nature of Environments. 

PROBLEM SOLVING AND KNOWLEDGE BASED AGENTS 12

Problem Solving Agents- Informed and Uninformed Search Strategies- Knowledge based agents- First Order 
Logic: Representation, Syntax, Semantics, Knowledge Engineering-Inference: Propositional vs First Order, 
Unification and Lifting, Forward and Backward Chaining

MACHINE LEARNING AND NEURAL NETWORKS 15

Machine learning in IoT-Tools to implement machine learning - Types of Machine Learning- Linear Regression- 
Naïve Baiyes- KNN- Decision Trees- K-Means Clustering- Validation techniques-Chi Square Test-PCA- 
Introduction to Neural Networks: Definition, Weights, Bias, Activation Function-Deep learning architectures: 
Artificial Neural Networks, Deep Neural Networks, Convolutional Neural Networks, Recurrent Neural Networks.

AI BASED SOLUTIONS AND IOT APPLICATIONS  9

ML and IoT for smart processing - Smart Homes, Ambient Intelligence and Smart Grids - Role of AI and IoT in 
agriculture - Integrating AI with IoT to solve pervasive IoT issues - Drones in smart Cities 

Total Hours: 45

TEXT BOOKS

1. Russell, S.J. and Norvig, P., "Artificial Intelligence - A Modern Approach", 3rd Edition, Pearson, 2015.

2. Elaine Rich, Kevin Knight, Shiva Shankar B Nair, "Artificial Intelligence", 3rd Edition, Tata McGraw Hill, 
2013.

3. Gurjit Kaur, Pradeep Tomar and Marcus Tanque, "Artificial Intelligence to Solve Pervasive Internet of Things
 Issues", 1st Edition, Elsevier Academic Press, 2020.

20ECS07 ARTIFICIAL INTELLIGENCE FOR IoT 3 0 0 3

CO1:
 

Understand the basics of Artificial Intelligence and In telligent Agents.  PO1  

CO2: Explain the knowledge representation and reasoning of AI agents and problem -
solving search strategies. 

PO1  

CO3: Apply different Machine learning techniques and Conventional architectures of 
Neural networks. 

PO1, PO12  

CO4: Describe the Artificial Intelligence  and IoT based solutions for various domains 
like smart city, agriculture and home automation.  

PO1, PO12  
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PREREQUISITE
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COURSE OUTCOMES
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INTRODUCTION 9

Artificial Intelligence - Definition - Structure of Agents -Intelligent Agents - Characteristics of Intelligent Agents-
Typical Intelligent Agents- Rationality - Nature of Environments. 

PROBLEM SOLVING AND KNOWLEDGE BASED AGENTS 12

Problem Solving Agents- Informed and Uninformed Search Strategies- Knowledge based agents- First Order 
Logic: Representation, Syntax, Semantics, Knowledge Engineering-Inference: Propositional vs First Order, 
Unification and Lifting, Forward and Backward Chaining

MACHINE LEARNING AND NEURAL NETWORKS 15

Machine learning in IoT-Tools to implement machine learning - Types of Machine Learning- Linear Regression- 
Naïve Baiyes- KNN- Decision Trees- K-Means Clustering- Validation techniques-Chi Square Test-PCA- 
Introduction to Neural Networks: Definition, Weights, Bias, Activation Function-Deep learning architectures: 
Artificial Neural Networks, Deep Neural Networks, Convolutional Neural Networks, Recurrent Neural Networks.

AI BASED SOLUTIONS AND IOT APPLICATIONS  9

ML and IoT for smart processing - Smart Homes, Ambient Intelligence and Smart Grids - Role of AI and IoT in 
agriculture - Integrating AI with IoT to solve pervasive IoT issues - Drones in smart Cities 

Total Hours: 45

TEXT BOOKS

1. Russell, S.J. and Norvig, P., "Artificial Intelligence - A Modern Approach", 3rd Edition, Pearson, 2015.

2. Elaine Rich, Kevin Knight, Shiva Shankar B Nair, "Artificial Intelligence", 3rd Edition, Tata McGraw Hill, 
2013.

3. Gurjit Kaur, Pradeep Tomar and Marcus Tanque, "Artificial Intelligence to Solve Pervasive Internet of Things
 Issues", 1st Edition, Elsevier Academic Press, 2020.

20ECS07 ARTIFICIAL INTELLIGENCE FOR IoT 3 0 0 3

CO1:
 

Understand the basics of Artificial Intelligence and In telligent Agents.  PO1  

CO2: Explain the knowledge representation and reasoning of AI agents and problem -
solving search strategies. 

PO1  

CO3: Apply different Machine learning techniques and Conventional architectures of 
Neural networks. 

PO1, PO12  

CO4: Describe the Artificial Intelligence  and IoT based solutions for various domains 
like smart city, agriculture and home automation.  

PO1, PO12  
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List of Experiments (15 hours)

1. Setup Ubuntu machine running Ngnix for a PHP Hello World page running. You can use Virtual machine or 
Docker. Change the default port of nginx and make it up using port other than 80.

2. Open a new Free tier account in AWS

 1.  Create EC2 instances and create S3 bucket

 2.  Create an IAM role providing Read access to S3 buckets.

 3.  Assign the EC2 instance with the new role.

 4.  Create a new VPC with Public and Private subnet

3. EC2 instances in private subnet with nginx home page and assign them to Load  Balancer which should be in 
public subnet.

Configure Jenkins server in private subnet and use it to deploy changes to the three machines to show the update on 
the home page.

4. Get the Flask 'Hello World' app up and running on a public docker image with below instructions:

 1.  The app/docker container should be automatically restarted if crashes or is killed

 2.  The app's logs should be captured to /var/log/app.log

5. Write a infrastructure as code specification that deploys a "Hello World" lambda function

6. Write a infrastructure as code specification that performs the following.

 1.  Create a DynamoDB.

 2.  Create an IAM role with full permissions for DynamoDB

 3.  Create an EC2 instance.

 4.  Assign the role to EC2 instance.

 5.  Create a DynamoDB table from EC2 instance.

Total Hours: 45 (30T + 15P)

TEXT BOOKS

1. Barrie Sosinsky, "Cloud Computing Bible", Wiley-India, 2010.

2. George Reese, "Cloud Application Architectures: Building Applications and Infrastructure in the Cloud", O' 
Reilly Publication, 2009 

REFERENCE BOOKS

1. John Rhoton, "Cloud Computing Explained: Implementation Handbook for Enterprises", Recursive Press, 
2009.

2. Toby Velte, Anthony Velte, "Cloud Computing: A Practical Approach", McGraw-Hill Osborne Media, 2010.

PREREQUISITE

20ECM01 - IoT and Applications / 20ECS01 - IoT Architecture and Protocols

COURSE OUTCOMES

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

CLOUD INTRODUCTION                                                                                                7

Introduction to Datacenter - Cloud Computing definition, private, public and hybrid cloud - Cloud types; IaaS, 
PaaS, SaaS - Benefits and challenges of cloud computing, public vs private clouds, role of virtualization in enabling 
the cloud - Business Agility: Benefits and challenges to Cloud architecture - Application availability, performance, 
security and disaster recovery; next generation Cloud Applications.

VIRTUALIZATION                                                                                                       7

Need of virtualization - cost, administration, fast deployment, reduce infrastructure cost - limitations - Types of 
hardware virtualization: Full virtualization - partial virtualization - para virtualization - Server Virtualization: 
Understanding Server Virtualization, types of server virtualization, Virtual machine basics, types of virtual 
machines, hypervisor concepts and types - Open stack implementation (Nova/neutron/cinder/etc)- Cloud Bursting

CLOUD NETWORKING AND SECURITY                                                                        7

Introduction to  Cloud Security- Guiding Security design principles for Cloud Computing - End-to-end access 
control - Monitoring and auditing - Security Patterns for Cloud Computing - Network Security, Identity & Access 
Management & Trust - IPS and IDP- Secure Isolation of Physical & Logical Infrastructure - Data Protection for 
Cloud Infrastructure and Services - Understanding cloud based security issues and threats (SQL query injections, 
common hacking efforts), SSL, encrypted query strings, using encryption in the database.

CLOUD ARCHITECTURE                                                                                              9

Technologies and the processes required when deploying web services- Deploying a web service from inside and 
outside a cloud architecture, advantages and disadvantages - Reliability, availability and security of services 
deployed from the cloud -Performance and scalability of services, tools and technologies used to manage cloud 
services Deployment - Designing backup/recovery solutions to guarantee data availability in a virtualized 
Environment & Designing replication solution, local remote and advanced

Case Study: Analysis of Case Studies when deciding to adopt cloud computing architecture. How to decide if the 
cloud is right for your requirements. Cloud based service, applications and development platform deployment so as 
to improve the total cost of ownership (TCO)

20ECS05 CLOUD ARCHITECTURE AND COMPUTING 2 0 2 3

CO1: Summarize the principles and business agility of cloud          PO1, PO12 

CO2: Elaborate system, network and storage virtualization and outline their 
role in enabling the cloud computing system mode 

PO1, PO12 

CO3: Explain the security in cloud networking system and data protection for 
cloud infrastructure 

PO1, PO2, PO12 

CO4: Interpret the concepts of cloud infrastructure deployment and data 
availability in a virtualized environment          

PO1, PO2, PO12 

CO5: Analyze the Setup of cloud Infrastructure PO2, PO5, PO9, 
PO10, PO12 
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List of Experiments (15 hours)

1. Setup Ubuntu machine running Ngnix for a PHP Hello World page running. You can use Virtual machine or 
Docker. Change the default port of nginx and make it up using port other than 80.

2. Open a new Free tier account in AWS

 1.  Create EC2 instances and create S3 bucket

 2.  Create an IAM role providing Read access to S3 buckets.

 3.  Assign the EC2 instance with the new role.

 4.  Create a new VPC with Public and Private subnet

3. EC2 instances in private subnet with nginx home page and assign them to Load  Balancer which should be in 
public subnet.

Configure Jenkins server in private subnet and use it to deploy changes to the three machines to show the update on 
the home page.

4. Get the Flask 'Hello World' app up and running on a public docker image with below instructions:

 1.  The app/docker container should be automatically restarted if crashes or is killed

 2.  The app's logs should be captured to /var/log/app.log

5. Write a infrastructure as code specification that deploys a "Hello World" lambda function

6. Write a infrastructure as code specification that performs the following.

 1.  Create a DynamoDB.

 2.  Create an IAM role with full permissions for DynamoDB

 3.  Create an EC2 instance.

 4.  Assign the role to EC2 instance.

 5.  Create a DynamoDB table from EC2 instance.

Total Hours: 45 (30T + 15P)

TEXT BOOKS

1. Barrie Sosinsky, "Cloud Computing Bible", Wiley-India, 2010.

2. George Reese, "Cloud Application Architectures: Building Applications and Infrastructure in the Cloud", O' 
Reilly Publication, 2009 

REFERENCE BOOKS

1. John Rhoton, "Cloud Computing Explained: Implementation Handbook for Enterprises", Recursive Press, 
2009.

2. Toby Velte, Anthony Velte, "Cloud Computing: A Practical Approach", McGraw-Hill Osborne Media, 2010.

PREREQUISITE

20ECM01 - IoT and Applications / 20ECS01 - IoT Architecture and Protocols

COURSE OUTCOMES

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

CLOUD INTRODUCTION                                                                                                7

Introduction to Datacenter - Cloud Computing definition, private, public and hybrid cloud - Cloud types; IaaS, 
PaaS, SaaS - Benefits and challenges of cloud computing, public vs private clouds, role of virtualization in enabling 
the cloud - Business Agility: Benefits and challenges to Cloud architecture - Application availability, performance, 
security and disaster recovery; next generation Cloud Applications.

VIRTUALIZATION                                                                                                       7

Need of virtualization - cost, administration, fast deployment, reduce infrastructure cost - limitations - Types of 
hardware virtualization: Full virtualization - partial virtualization - para virtualization - Server Virtualization: 
Understanding Server Virtualization, types of server virtualization, Virtual machine basics, types of virtual 
machines, hypervisor concepts and types - Open stack implementation (Nova/neutron/cinder/etc)- Cloud Bursting

CLOUD NETWORKING AND SECURITY                                                                        7

Introduction to  Cloud Security- Guiding Security design principles for Cloud Computing - End-to-end access 
control - Monitoring and auditing - Security Patterns for Cloud Computing - Network Security, Identity & Access 
Management & Trust - IPS and IDP- Secure Isolation of Physical & Logical Infrastructure - Data Protection for 
Cloud Infrastructure and Services - Understanding cloud based security issues and threats (SQL query injections, 
common hacking efforts), SSL, encrypted query strings, using encryption in the database.

CLOUD ARCHITECTURE                                                                                              9

Technologies and the processes required when deploying web services- Deploying a web service from inside and 
outside a cloud architecture, advantages and disadvantages - Reliability, availability and security of services 
deployed from the cloud -Performance and scalability of services, tools and technologies used to manage cloud 
services Deployment - Designing backup/recovery solutions to guarantee data availability in a virtualized 
Environment & Designing replication solution, local remote and advanced

Case Study: Analysis of Case Studies when deciding to adopt cloud computing architecture. How to decide if the 
cloud is right for your requirements. Cloud based service, applications and development platform deployment so as 
to improve the total cost of ownership (TCO)

20ECS05 CLOUD ARCHITECTURE AND COMPUTING 2 0 2 3

CO1: Summarize the principles and business agility of cloud          PO1, PO12 

CO2: Elaborate system, network and storage virtualization and outline their 
role in enabling the cloud computing system mode 

PO1, PO12 

CO3: Explain the security in cloud networking system and data protection for 
cloud infrastructure 

PO1, PO2, PO12 

CO4: Interpret the concepts of cloud infrastructure deployment and data 
availability in a virtualized environment          

PO1, PO2, PO12 

CO5: Analyze the Setup of cloud Infrastructure PO2, PO5, PO9, 
PO10, PO12 
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COURSE OUTCOMES

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

LIST OF EXPERIMENTS
I. Arduino Programming:
• Introduction to Arduino platform and programming 

• Interfacing Arduino with the following:

 • GPIO interface

 • GSM and Bluetooth module

 • Stepper motor

 • Sensor interface

• Logging sensor data to cloud

II. Raspberry Pi Programming:
• Introduction to Raspberry Pi platform and basics of python programming

• Interfacing Raspberry Pi with the following:

 • GPIO interface

 • LED interface

 • Servo motor

 • Sensor interface

• Logging sensor data to cloud

III. CC3200 Programming:
• Interfacing sensors with CC3200

• Creating an IoT based web server

• Developing IoT applications with CC3200

TOOLS
• Arduino IDE

• Python 3 IDE

• Energia IDE

• Code compressor studio III

COURSE OUTCOMES 

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

INTRODUCTION 10 
Definition of IoT - Proposed architecture and reference model- Enabling technologies -Application areas: An 
overview - Challenges 

COMPONENTS IN INTERNET OF THINGS 12 
Control Units - Sensors - Basics of Sensors and actuators - Examples and working principles of sensors and 
actuators - Communication modules - Power Sources - Communication Technologies - RFID - Bluetooth - Zigbee - 
Wifi - Rflinks - Mobile Internet - Wired Communication. 

PROGRAMMING THE MICRO CONTROLLER FOR IOT 13
Arduino basics - Setting up the IDE - Creating Sketch - Simple Digital and Analog input - Getting input from sensor - 
Visual output - ThingSpeak basics - Configuring Channel - Write data to Channel - Read Data from Channel - Act on 
data.

IoT APPLICATIONS 10
IoT Use cases: Asset Management, Industrial Automation, Smart Grid, Commercial Building Automation, Smart 
Cities, Health care.

Total Hours: 45
TEXT BOOKS 
1. Charalampos Doukas, "Building Internet of Things with the Arduino", Create space, 2012.

2. QusayF.Hassan, Atta ur Rehman Khan and Sajjid A. Madani, "Internet of things - Challenges, Advances and 
Applications", CRC Press, 2018.

3. Jan Holler, Vlasios Tsiatsis, Catherine Mulligan, Stamatis Karnouskos, Stefan Avesand, David Boyle, "From 
Machine-to-Machine to the Internet of Things", Academic Press, 2014.

REFERENCES
1. Michael Margolis, "Arduino Cookbook", 1st Edition, O'Reilly Media, Inc, 2011.

2. Dr. OvidiuVermesan and Dr. Peter Friess, "Internet of Things: From research and innovation to market 
deployment", River Publishers, 2014.

WEB REFERENCES 
1. https://www.postscapes.com/ 

2. https://nptel.ac.in/courses/106/105/106105166/

3. https://in.mathworks.com/help/thingspeak/index.html?s_tid=CRUX_topnav

20ECM01 IoT AND APPLICATIONS 3 0 0 3

CO1: Explain the basic concepts of IoT and its challenges. PO1  

CO2: Summarize different communication technologies used for IoT.  PO1  

CO3: Develop programs for interfacing sensors with Arduino microcontroller.  PO1, PO2  

CO4: Explain basic concept of Thing Speak for implementing IoT.  PO1  

CO5: Explain various IoT applications. PO1, PO2, PO12  

20ECS03 IoT AND APPLICATIONS LABORATORY  0 0 2 1

CO1: Understand the concepts of programming in Arduino platform and 
interface it with various peripheral devices PO2, PO5, PO9, PO10  

CO2: Apply Raspberry pi platform for programming and interfacing various 
peripheral devices 

PO2, PO5, PO9, PO10  

CO3: Understand the IoT data transfer to the cloud PO2, PO5, PO9, PO10  

CO4: Develop IoT based applications using TI CC3200  PO2, PO5, PO9, PO10, 
PO12  
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COURSE OUTCOMES

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

LIST OF EXPERIMENTS
I. Arduino Programming:
• Introduction to Arduino platform and programming 

• Interfacing Arduino with the following:

 • GPIO interface

 • GSM and Bluetooth module

 • Stepper motor

 • Sensor interface

• Logging sensor data to cloud

II. Raspberry Pi Programming:
• Introduction to Raspberry Pi platform and basics of python programming

• Interfacing Raspberry Pi with the following:

 • GPIO interface

 • LED interface

 • Servo motor

 • Sensor interface

• Logging sensor data to cloud

III. CC3200 Programming:
• Interfacing sensors with CC3200

• Creating an IoT based web server

• Developing IoT applications with CC3200

TOOLS
• Arduino IDE

• Python 3 IDE

• Energia IDE

• Code compressor studio III

COURSE OUTCOMES 

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

INTRODUCTION 10 
Definition of IoT - Proposed architecture and reference model- Enabling technologies -Application areas: An 
overview - Challenges 

COMPONENTS IN INTERNET OF THINGS 12 
Control Units - Sensors - Basics of Sensors and actuators - Examples and working principles of sensors and 
actuators - Communication modules - Power Sources - Communication Technologies - RFID - Bluetooth - Zigbee - 
Wifi - Rflinks - Mobile Internet - Wired Communication. 

PROGRAMMING THE MICRO CONTROLLER FOR IOT 13
Arduino basics - Setting up the IDE - Creating Sketch - Simple Digital and Analog input - Getting input from sensor - 
Visual output - ThingSpeak basics - Configuring Channel - Write data to Channel - Read Data from Channel - Act on 
data.

IoT APPLICATIONS 10
IoT Use cases: Asset Management, Industrial Automation, Smart Grid, Commercial Building Automation, Smart 
Cities, Health care.

Total Hours: 45
TEXT BOOKS 
1. Charalampos Doukas, "Building Internet of Things with the Arduino", Create space, 2012.

2. QusayF.Hassan, Atta ur Rehman Khan and Sajjid A. Madani, "Internet of things - Challenges, Advances and 
Applications", CRC Press, 2018.

3. Jan Holler, Vlasios Tsiatsis, Catherine Mulligan, Stamatis Karnouskos, Stefan Avesand, David Boyle, "From 
Machine-to-Machine to the Internet of Things", Academic Press, 2014.

REFERENCES
1. Michael Margolis, "Arduino Cookbook", 1st Edition, O'Reilly Media, Inc, 2011.

2. Dr. OvidiuVermesan and Dr. Peter Friess, "Internet of Things: From research and innovation to market 
deployment", River Publishers, 2014.

WEB REFERENCES 
1. https://www.postscapes.com/ 

2. https://nptel.ac.in/courses/106/105/106105166/

3. https://in.mathworks.com/help/thingspeak/index.html?s_tid=CRUX_topnav

20ECM01 IoT AND APPLICATIONS 3 0 0 3

CO1: Explain the basic concepts of IoT and its challenges. PO1  

CO2: Summarize different communication technologies used for IoT.  PO1  

CO3: Develop programs for interfacing sensors with Arduino microcontroller.  PO1, PO2  

CO4: Explain basic concept of Thing Speak for implementing IoT.  PO1  

CO5: Explain various IoT applications. PO1, PO2, PO12  

20ECS03 IoT AND APPLICATIONS LABORATORY  0 0 2 1

CO1: Understand the concepts of programming in Arduino platform and 
interface it with various peripheral devices PO2, PO5, PO9, PO10  

CO2: Apply Raspberry pi platform for programming and interfacing various 
peripheral devices 

PO2, PO5, PO9, PO10  

CO3: Understand the IoT data transfer to the cloud PO2, PO5, PO9, PO10  

CO4: Develop IoT based applications using TI CC3200  PO2, PO5, PO9, PO10, 
PO12  
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PREREQUISITE

20ECM01 - IoT and Applications / 20ECS01 - IoT Architecture and Protocols

COURSE OUTCOMES 

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

Industrial  IoT (IIoT) fundamentals 6
Key challenges faced in Industrial automation and need of IoT- What's happening in the current manufacturing 
industry - Overview - Industrial 4.0 - Evolution and the Trends- Why "Predictive Maintenance" in Industry 4.0 is so 
important? - Technology Pillars (High Level view) -  Augmented Reality - Virtual Reality - Mixed Reality - 
Simulation (Digital Twins) - Autonomous Robots - Additive manufacturing (3D Printing) in Industry 4.0 

Applications / Use cases: Smart Factory, Smart Grid / Power, Smart Energy, Oil & Gas, Smart Farming, Smart 
Healthcare

Industrial IoT Technologies and Protocols 13
Industrial Automation Design based on present technologies/protocols: ASI, HART, PLC, Modbus, Profinet, 
Profibus, CAN, OPC-UA, SCADA (Supervisory control and data acquisition) 

EDGE Computing: Design Principles, Sensor nodes, Industrial Gateways EDGE Gateway Design: Kafka, Apache 
Spark, MERN stack (MongoDB, Express.js, React and Node.js), Docker Containers, Kubernetes, Virtualization, 
SDN, Visualization (Kibana, Grafana) 

IoT enabling technologies in industrial automation: Zigbee, Thread, BLE, Wi-Fi, LoRa, NB-IoT, Protocols for 
factory (Video) surveillance - RTSP/RTP, ONVIF Operating systems and execution environments: Free RTOS, 
Linux, Open WRT, Mobile/Web Applications, React Native (cross-platform based approach) .

IoT Challenges  6
Security: How secure is IoT? - Physical Device security - Data Security - Modes of Attacks, Vulnerabilities - Key 
aspects for Securing IoT solutions - Chip security (Hardware - TPM / TEE) - Security between Device -2- Device 
communication - Security between Device -2- Cloud communication- Zero Touch Device Provisioning (e-SIM and 
i-SIM) - Secure booting

Connectivity: Wired and Wireless, Sound-bound and North-bound, Seamless Connectivity, Remote Access 
Interoperability: Technical, Semantic, Syntactic

PREREQUISITE

20ECM01 - IoT and Applications 

COURSE OUTCOMES 

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

INDUSTRIAL SMART SENSORS 10
Optical Fiber Sensors: Devices And Techniques - Infrared and Thermal Sensors: Thin Film Resistance Temperature 
Detectors - Magnetic and Inductive Sensors: Low Frequency Search Coil Magnetometers & Ferro fluids - 
Ultrasound Sensors for In-Air Applications - Piezoresistive, Wireless And Electrical Sensors: Structural Health 
Monitoring - Agro-food Industry Applications - Wearable PTF Strain Sensors.
SENSOR NETWORK PROGRAMMING 12
 Introduction - Wireless Sensor Networks - Sensor Technology - Data Structures for Sensor Computing - TinyOS - 
Programming in NesC - Sensor Programming - Algorithms for Wireless Sensor Networks - Techniques for Protocol 
Programming - MATLAB Simulation of Airport Baggage-Handling System - Security in Sensor Networks
SENSOR NETWORKS: TOPOLOGY AND ROUTING 12
Introduction - Time Sensitive IEEE 802.15.4 Protocol - Service Oriented Sensor Web - Sensor grid Architecture For 
Distributed Event Classification - Topology Control - Routing Protocols - Energy Efficient Routing - Energy 
Efficient Data Management.
SENSOR NETWORKS: SYSTEM MONITORING 11
Localisation - Location Estimation - ZigBee and Their Applications - Industrial Sensor and Actuator Busses - 
Distributed Control Systems - Agriculture Monitoring - Planetary Sensor Network.

Total Hours: 45
TEXT BOOKS
1. Krzysztof Iniewski, "Smart Sensors for Industrial Applications", CRC Press, Taylor and Francis Group, 2013.
2. S.Sitharama Iyengar, Nandan Parameshwaran, Vir V. Phoha, N. Balakrishnan, Chuka D. Okoye, 

"Fundamentals of Sensor Network Programming Applications and Technology", John Wiley & Sons, Inc., 
Publication, 2011.

3. Nitaigour P. Mahalik, "Sensor Networks and Configuration", Springer-Verlag Berlin Heidelberg, 2007.
REFERENCE BOOKS:
1. Arshdeep Bahga, Vijay Madisetti, "Internet of Things - A Hands-on Approach", Universities Press (India) Pvt. Ltd, 2016.
2. N. Ida, "Sensors, Actuators and Their Interfaces", Scitech Publishers, 2014.
3.  Mandler, B., Barja, J., Mitre Campista, M.E., Cagáová, D., Chaouchi, H., Zeadally, S., Badra, M., Giordano, 

S., Fazio, M., Somov, A., Vieriu, R.-L., "Internet of Things. IoT Infrastructures", Second International Summit, 
IoT 360° 2015, Rome, Italy, October 27-29, 2015.

20ECM02 SENSOR NETWORKS AND INTEGRATION 3 0 0 3

CO1: Classify the various Sensors used in Industries. PO1  

CO2: Understand the Fundamentals of Sensor Network Programming.  PO1, PO12  

CO3: Elaborate the Sensor Grid Architecture. PO1, PO12  

CO4: Explain the Routing Protocols in Sensor Networks. PO1, PO12  

CO5: Summarize the Sensor Networks used in Real-timeApplications.  PO1, PO12  

20ECS06 INDUSTRIAL INTERNET OF THINGS 2 0 2 3

CO1: Explain the basics of Industrial IoT.    PO1, PO12

CO2: Summarize the Industrial IoT Technologies and protocols PO1, PO12

CO3: Discuss the various IoT Challenges based on Security, Connectivity and 
  Interoperability. PO1, PO2

CO4: Explain the emerging trends in Industrial IoT. P11,PO2, P12

CO5: Design an Industrial IoT eco-system with AWS cloud infrastructure. PO2, PO5, PO9,
   PO10, PO12

C06  Implement a prototype of the Industrial IoT system design for the  PO3, PO5, PO9, 
  identified use cases PO10, PO11, PO12
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PREREQUISITE

20ECM01 - IoT and Applications / 20ECS01 - IoT Architecture and Protocols

COURSE OUTCOMES 

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

Industrial  IoT (IIoT) fundamentals 6
Key challenges faced in Industrial automation and need of IoT- What's happening in the current manufacturing 
industry - Overview - Industrial 4.0 - Evolution and the Trends- Why "Predictive Maintenance" in Industry 4.0 is so 
important? - Technology Pillars (High Level view) -  Augmented Reality - Virtual Reality - Mixed Reality - 
Simulation (Digital Twins) - Autonomous Robots - Additive manufacturing (3D Printing) in Industry 4.0 

Applications / Use cases: Smart Factory, Smart Grid / Power, Smart Energy, Oil & Gas, Smart Farming, Smart 
Healthcare

Industrial IoT Technologies and Protocols 13
Industrial Automation Design based on present technologies/protocols: ASI, HART, PLC, Modbus, Profinet, 
Profibus, CAN, OPC-UA, SCADA (Supervisory control and data acquisition) 

EDGE Computing: Design Principles, Sensor nodes, Industrial Gateways EDGE Gateway Design: Kafka, Apache 
Spark, MERN stack (MongoDB, Express.js, React and Node.js), Docker Containers, Kubernetes, Virtualization, 
SDN, Visualization (Kibana, Grafana) 

IoT enabling technologies in industrial automation: Zigbee, Thread, BLE, Wi-Fi, LoRa, NB-IoT, Protocols for 
factory (Video) surveillance - RTSP/RTP, ONVIF Operating systems and execution environments: Free RTOS, 
Linux, Open WRT, Mobile/Web Applications, React Native (cross-platform based approach) .

IoT Challenges  6
Security: How secure is IoT? - Physical Device security - Data Security - Modes of Attacks, Vulnerabilities - Key 
aspects for Securing IoT solutions - Chip security (Hardware - TPM / TEE) - Security between Device -2- Device 
communication - Security between Device -2- Cloud communication- Zero Touch Device Provisioning (e-SIM and 
i-SIM) - Secure booting

Connectivity: Wired and Wireless, Sound-bound and North-bound, Seamless Connectivity, Remote Access 
Interoperability: Technical, Semantic, Syntactic

PREREQUISITE

20ECM01 - IoT and Applications 

COURSE OUTCOMES 

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

INDUSTRIAL SMART SENSORS 10
Optical Fiber Sensors: Devices And Techniques - Infrared and Thermal Sensors: Thin Film Resistance Temperature 
Detectors - Magnetic and Inductive Sensors: Low Frequency Search Coil Magnetometers & Ferro fluids - 
Ultrasound Sensors for In-Air Applications - Piezoresistive, Wireless And Electrical Sensors: Structural Health 
Monitoring - Agro-food Industry Applications - Wearable PTF Strain Sensors.
SENSOR NETWORK PROGRAMMING 12
 Introduction - Wireless Sensor Networks - Sensor Technology - Data Structures for Sensor Computing - TinyOS - 
Programming in NesC - Sensor Programming - Algorithms for Wireless Sensor Networks - Techniques for Protocol 
Programming - MATLAB Simulation of Airport Baggage-Handling System - Security in Sensor Networks
SENSOR NETWORKS: TOPOLOGY AND ROUTING 12
Introduction - Time Sensitive IEEE 802.15.4 Protocol - Service Oriented Sensor Web - Sensor grid Architecture For 
Distributed Event Classification - Topology Control - Routing Protocols - Energy Efficient Routing - Energy 
Efficient Data Management.
SENSOR NETWORKS: SYSTEM MONITORING 11
Localisation - Location Estimation - ZigBee and Their Applications - Industrial Sensor and Actuator Busses - 
Distributed Control Systems - Agriculture Monitoring - Planetary Sensor Network.

Total Hours: 45
TEXT BOOKS
1. Krzysztof Iniewski, "Smart Sensors for Industrial Applications", CRC Press, Taylor and Francis Group, 2013.
2. S.Sitharama Iyengar, Nandan Parameshwaran, Vir V. Phoha, N. Balakrishnan, Chuka D. Okoye, 

"Fundamentals of Sensor Network Programming Applications and Technology", John Wiley & Sons, Inc., 
Publication, 2011.

3. Nitaigour P. Mahalik, "Sensor Networks and Configuration", Springer-Verlag Berlin Heidelberg, 2007.
REFERENCE BOOKS:
1. Arshdeep Bahga, Vijay Madisetti, "Internet of Things - A Hands-on Approach", Universities Press (India) Pvt. Ltd, 2016.
2. N. Ida, "Sensors, Actuators and Their Interfaces", Scitech Publishers, 2014.
3.  Mandler, B., Barja, J., Mitre Campista, M.E., Cagáová, D., Chaouchi, H., Zeadally, S., Badra, M., Giordano, 

S., Fazio, M., Somov, A., Vieriu, R.-L., "Internet of Things. IoT Infrastructures", Second International Summit, 
IoT 360° 2015, Rome, Italy, October 27-29, 2015.

20ECM02 SENSOR NETWORKS AND INTEGRATION 3 0 0 3

CO1: Classify the various Sensors used in Industries. PO1  

CO2: Understand the Fundamentals of Sensor Network Programming.  PO1, PO12  

CO3: Elaborate the Sensor Grid Architecture. PO1, PO12  

CO4: Explain the Routing Protocols in Sensor Networks. PO1, PO12  

CO5: Summarize the Sensor Networks used in Real-timeApplications.  PO1, PO12  

20ECS06 INDUSTRIAL INTERNET OF THINGS 2 0 2 3

CO1: Explain the basics of Industrial IoT.    PO1, PO12

CO2: Summarize the Industrial IoT Technologies and protocols PO1, PO12

CO3: Discuss the various IoT Challenges based on Security, Connectivity and 
  Interoperability. PO1, PO2

CO4: Explain the emerging trends in Industrial IoT. P11,PO2, P12

CO5: Design an Industrial IoT eco-system with AWS cloud infrastructure. PO2, PO5, PO9,
   PO10, PO12

C06  Implement a prototype of the Industrial IoT system design for the  PO3, PO5, PO9, 
  identified use cases PO10, PO11, PO12
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Emerging Trends in IIoT  5
Overview of 5G - Why the Rise and the Need of "Private 5G Network" for Manufacturing Plants - 5G Killer 
Applications for IIoT - 5G Private Factory design - Trends on Industry 5.0 

List of Experiments  15
1. Energy management

2. Predictive quality

3. Predictive maintenance 

4. Smart operators 

5. Plant control tower

6. Track and trace

7. Production scheduling 

8. Smart warehouses

9. Software: Cloud platforms (Azure, AWS), MES tools, Historians, PLC and Simulators, etc.,

Practice: Mini projects
1. Using IoT devices/platforms and AWS Cloud can be used for design and implementation

2. Video Analytics

3. Worker health and safety

4. Firefighting Robotics

5. Automated Guided Vehicles (AGVs)

6. Asset Tracking

7. Remote control & monitoring of manufacturing plant

8. Energy Management design for the battery-operated Sensor Nodes

9. Process Automation

10. Additive manufacturing (3D Printing)

11. Digital Twin

Total Hours: 45 (30T + 15P)
TEXT BOOKS:
1. S. Jeschke, C. Brecher, H. Song, and D. B. Rawat, Industrial Internet of Things: Cyber manufacturing Systems, 

Springer, 1st edition, 2017, ISBN: 978-3319425580. 

2. T. Erl, Z. Mahmood, and R. Puttini, Cloud Computing: Concepts, Technology & Architecture, Prentice Hall, 
1st edition, 2013, ISBN: 978-0133387520.

REFERENCE BOOKS:
1. Improving Motorcycle Safety through Connectivity (Pdf download) 

 https://capgemini-engineering.com/uk/en/insight/improving-motorcyclesafety-through-connectivity/

2. EDGE IoT: Principle, Trends and Challenges (Pdf download) 

 https://capgemini-engineering.com/uk/en/insight/edge-iot/

3. How Zero Touch Will Transform IoT Device Deployment (Pdf download)

 https://capgemini-engineering.com/se/en/insight/how-zero-touch-willtransform-iot-device-deployment/
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COURSE OUTCOMES
On successful completion of the course, students will be able to

ELEMENTS OF BIOSENSORS 05
Principle of a biosensor - Components of a biosensor - Classification of biosensors based on transducers -
Membranes used in biosensors for selectivity - Microelectrodes - Enzyme modified microelectrodes -Miniaturized 
arrays - Semiconductor needle.
BIOSENSORS 15
Electrochemical Biosensors: Enzyme Electrodes - Non labeled and labeled Immunosensors, Microbial Biosensors: 
Electrochemical, photomicrobial, Microbial thermistor - Application of microbial biosensors in glucose - Enzyme 
biosensors - Optical Enzyme biosensors - Piezoelectric Immunosensors - Optical Immunosensors - Glycan based 
biosensors.
WEARABLE HEALTHCARE TECHNOLOGY  15
Types of wearable sensors - Working principle and fabrication of wearable sensors - Estimation of blood parameters 
using fingertip photoplethysmography (PPG) - Motion Analysis Sensors - Wearable Blood Pressure (BP) 
Measurement: Cuffless Blood Pressure Monitor.
APPLICATIONS OF WEARABLE SYSTEMS 10
Wearable ECG devices: Basics of ECG and its design-ECG electrodes and instrumentation - Wearable EEG 
devices: Principle and origin of EEG, basic measurement setup - ECG abnormalities classification using Artificial 
Intelligence.

Total Hours: 45
CASE STUDIES
1. Analyzing fitness data from wearable devices using MATLAB
2. Using Principal Component Analysis (PCA) differentiate benign and malignant breast cancer.
TEXT BOOKS
1. Michael J. McGrath, Cliodhna Ni Scanaill, Dawn Nafus, "Sensor Technologies: Healthcare, Wellness and 

Environmental Applications", 1st Edition, Apress Media, 2014.
2. Subhas Mukhopadhyay, "Wearable Sensors: Applications, Design and Implementation", 1st Edition, Iop 

Publishing Ltd, 2018
REFERENCE BOOKS
1. Eduard Jane, "Glyconanotechnology", 1st Edition, Jenny Stanford Publishing, 2019
2. GuozhenShen, Zhiyong Fan, "Flexible Electronics: From Materials to Devices", 1st Edition, World Scientific 

Publishing Co, 2015.
3. Brian R Eggins, Chemical sensors and Biosensors, 1st Edition, John Wiley sons Ltd, 2010.
WEB REFERENCES
https://booksc.org/book/84747467/132ee4

Department of Electronics and Instrumentation Engineering
 Sensor Technology

Specialization Courses
Minor Courses

S. No. COURSE 
CODE COURSE TITLE

 
L T P C Semester  CA  ES  TOTAL

 

1.
 

20EIS01
 Biosensors and Wearable 

sensors 
3 0 0 3  IV  50  50  100  

2. 20EIS02 Sensor Networks 3 0 0 3  IV  50  50  100  

S. No. COURSE 
CODE COURSE TITLE

 
L T P C Semester

 
CA

 
ES

 
TOTAL

 

1. 20EIM01 Introduction to Smart 
Sensors 3 0 0 3  IV  50  50  100  

Any One Course from the  List  

2. 20EIM02 Biosensors and Wearable 
sensors 3 0 0 3  IV  50  50  100  

3. 20EIM03 Sensor Networks 3 0 0 3  IV  50  50  100  

20EIS01             BIOSENSORS AND WEARABLE SENSORS                3 0 0 3

CO1 Summarize the basic principle and elements of biosensors  PO1, PO2  

CO2 Extend the knowledge on different types of biosensors  PO1, PO2  

CO3 Explain about the applications of biosensors in various fields  PO1, PO2  

CO4 Classify the types of wearable sensors and its applications in Health care  PO1, PO2,PO6  

CO5 Apply the concepts of wearable systems in Health Monitoring  PO1, PO2, PO5  
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TOTAL

 

1. 20EIM01 Introduction to Smart 
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sensors 3 0 0 3  IV  50  50  100  
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20EIS01             BIOSENSORS AND WEARABLE SENSORS                3 0 0 3

CO1 Summarize the basic principle and elements of biosensors  PO1, PO2  

CO2 Extend the knowledge on different types of biosensors  PO1, PO2  

CO3 Explain about the applications of biosensors in various fields  PO1, PO2  

CO4 Classify the types of wearable sensors and its applications in Health care  PO1, PO2,PO6  

CO5 Apply the concepts of wearable systems in Health Monitoring  PO1, PO2, PO5  
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COURSE OUTCOMES

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

MEASUREMENT SYSTEM  8
Significant of measurement- Instrument system and its classification - Error and Its types - Sensor Classifications - 
Interpretation of Sensor Data Sheet.
DATA ACQUISITION AND HARDWARE INTERFACES  10
Fundamentals of Data Acquisition - PC buses, A/D boards, D/A boards, Distributed and Stand-alone Loggers, Board 
to Device Interfacing Buses, Electrical Grounding.
INSTRUMENTATION SENSORS  10
Optical Sources and Detectors - Sensors for distance, encoder, strain, pressure, flow, velocity, acceleration, 
temperature and humidity - Piezo-electric sensors.
ENVIRONMENTAL SENSORS 7
Sensors for water quality: pH sensor - Laser Doppler - Air pollution:Oxygen analyser, CO2 analyser, NO Analyser
AUTOMOTIVE SENSORS  10
Automotive engine sensors, Car cabinet sensor, electronic cluster, active and passive safety system sensors and 
autonomous system sensors.
CASE STUDIES         
1. Smart Phone Electronic Compass.
2. Heart and Pulse-rate in Smart Watch.
3. Vibration measurement in Industry Motors.

Total Hours: 45
TEXT BOOKS
1. E.A. Doebelin, "Measurement Systems - Applications and Design", 2nd Edition, Mc-Graw Hill Publication, 2012
2. Jon S. Wilson, "Sensor Technology Handbook", 1st Edition, Newnes publications, Reprint, 2005.
REFERENCE BOOKS
1. John R. Vacca, "Handbook of Sensor Networking - Advanced Technologies and Application", 1st Edition, 

CRC Press, 2015.
2. S.C. Mukhopadhyay, G.S. Gupta, "Smart Sensors and Sensing Technology", 1st Edition, Springer, 

Publications, 2008.
3. John Vetelino, Aravind Reghu, "Introduction to Sensors", 1st Edition, CRC Press, 2011
WEB REFERENCES
1. https://nptel.ac.in/courses/108/106/108106165/
2. https://onlinecourses.nptel.ac.in/noc21_ee32/preview
3. https://onlinecourses.nptel.ac.in/noc22_ee36/preview

COURSE OUTCOMES

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

WIRELESS SENSOR TECHNOLOGY  12
Sensor node Technology - Overview on Hardware and Software - Sensor Taxonomy - Wireless Network (WN) 
Operating Environment - WN Trends - Characteristics of wireless channels - Modulation techniques, Multiple 
access techniques - Wireless LANs, PANs, WANs, and MANs - Wireless Internet.
AD HOC/SENSOR NETWORKS  12
Sensor network architecture - Ad Hoc/sensor networks - Unique constraints and challenges - Advantages of Ad 
Hoc/sensor network - Driving applications - Issues in Ad Hoc wireless networks.
MAC AND ROUTING PROTOCOLS  10
Classification of MAC protocols, MAC protocols for sensor network, location discovery, quality, S-MAC, IEEE 
802.15.4. - Issues in designing a routing protocol, classification of routing protocols, table - driven, on - demand, 
hybrid, flooding, hierarchical, power aware routing protocols.
APPLICATIONS OF WIRELESS SENSOR NETWORKS  11
Machine condition monitoring using Machine learning - Wireless Body Area Network for healthcare: structure, 
methodology and components - Fog based IoT environment in smart healthcare for stress monitoring.
CASE STUDIES
1. Energy Harvesting Wireless Sensor Networks. 
2. Evaluation of link estimation using channel-aware routing protocol for Underwater Wireless Sensor Network.

Total Hours: 45 
TEXT BOOKS
1. C. Siva Ram Murthy, and B. S. Manoj, "AdHoc Wireless networks", 2nd Edition, Pearson Edition, 2014.
2. Kazem Sohraby, Daniel Minoli and Taieb Znati, "Wireless Sensor Networks Technology, Protocols, and 

Applications", 1st Edition, John Wiley & Sons, 2007. 
REFERENCE BOOKS
1. Feng Zhao and Leonides Guibas, "Wireless sensor networks", 1st Edition, Elsevier publication, 2004.
2. Jochen Schiller, "Mobile Communications", 2nd Edition, Pearson Education, 2009.
3. William Stallings, "Wireless Communications and Networks", 2nd Edition, Pearson Education, 2009
WEB REFERENCES
1. https://nptel.ac.in/courses/117102062
2. https://nptel.ac.in/courses/106105160 
3. https://freevideolectures.com/course/4739/nptel-wireless-ad-hoc-sensor-networks/6 Wireless Networks  
4. https://www.digimat.in/nptel/courses/video/106105160/L26.html

20EIS02  SENSOR NETWORKS 3 0 0 3

CO1 Outline the fundamentals of  the wireless sensor node technology  PO1, PO2  

CO2 Examine the ADHOC network structure in wireless sensor technology  PO1, PO2  

CO3 Summarize the MAC protocol concept for wireless sensor network  PO1, PO2  

CO4 Describe the issues and factors in designing a routing protocol  PO1,PO2  

CO5 Apply the sensor network technology for real time applications  PO1, PO2,PO5,PO6  

20EIM01 INTRODUCTION TO SMART SENSORS                3 0 0 3

CO1 Recall the fundamentals of measurement system and sensors  PO1  
CO2 Outline the concepts of data acquisition and hardware interfaces  PO1, PO2  
CO3 Classify the various instrumentation sensors PO1, PO2  
CO4 Extend the knowledge on different environmental sensors  PO1, PO2  
CO5 Apply the knowledge on sensors used in automotive systems  PO1, PO2  
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COURSE OUTCOMES
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3. https://freevideolectures.com/course/4739/nptel-wireless-ad-hoc-sensor-networks/6 Wireless Networks  
4. https://www.digimat.in/nptel/courses/video/106105160/L26.html

20EIS02  SENSOR NETWORKS 3 0 0 3

CO1 Outline the fundamentals of  the wireless sensor node technology  PO1, PO2  

CO2 Examine the ADHOC network structure in wireless sensor technology  PO1, PO2  

CO3 Summarize the MAC protocol concept for wireless sensor network  PO1, PO2  

CO4 Describe the issues and factors in designing a routing protocol  PO1,PO2  

CO5 Apply the sensor network technology for real time applications  PO1, PO2,PO5,PO6  

20EIM01 INTRODUCTION TO SMART SENSORS                3 0 0 3

CO1 Recall the fundamentals of measurement system and sensors  PO1  
CO2 Outline the concepts of data acquisition and hardware interfaces  PO1, PO2  
CO3 Classify the various instrumentation sensors PO1, PO2  
CO4 Extend the knowledge on different environmental sensors  PO1, PO2  
CO5 Apply the knowledge on sensors used in automotive systems  PO1, PO2  
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COURSE OUTCOMES

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

WIRELESS SENSOR TECHNOLOGY 12

Sensor node technology - Overview on Hardware and Software - Sensor Taxonomy - Wireless Network (WN) 
Operating Environment - WN Trends - Characteristics of wireless channels - Modulation techniques, Multiple 
access techniques - Wireless LANs, PANs, WANs, and MANs - Wireless Internet.

AD HOC/SENSOR NETWORKS  12

Sensor network architecture - Ad Hoc/sensor networks - Unique constraints and challenges - Advantages of Ad 
Hoc/sensor network - Driving applications - Issues in Ad Hoc wireless networks.

MAC AND ROUTING PROTOCOLS  10

Classification of MAC protocols, MAC protocols for sensor network, location discovery, quality, S-MAC, IEEE 
802.15.4. - Issues in designing a routing protocol, classification of routing protocols, table - driven, on - demand, 
hybrid, flooding, hierarchical, power aware routing protocols.

APPLICATIONS OF WIRELESS SENSOR NETWORKS  11

Machine condition monitoring using Machine learning - Wireless Body Area Network for healthcare: structure, 
methodology and components - Fog based IoT environment in smart healthcare for stress monitoring.

CASE STUDIES

1. Energy Harvesting Wireless Sensor Networks. 

2. Evaluation of link estimation using channel-aware routing protocol for Underwater Wireless Sensor Network.

Total Hours: 45 

TEXT BOOKS

1. C. Siva Ram Murthy, and B. S. Manoj, "AdHoc Wireless networks", 2nd Edition, Pearson Edition, 2014.

2. Kazem Sohraby, Daniel Minoli and Taieb Znati, "Wireless Sensor Networks Technology, Protocols, and 
Applications", 1st Edition, John Wiley & Sons, 2007. 

REFERENCE BOOKS

1. Feng Zhao and Leonides Guibas, "Wireless sensor networks", 1st Edition, Elsevier publication, 2004.

2. Jochen Schiller, "Mobile Communications", 2nd Edition, Pearson Education, 2009.

COURSE OUTCOMES

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

ELEMENTS OF BIOSENSORS 05
Principle of a biosensor - Components of a biosensor - Classification of biosensors based on transducers -
Membranes used in biosensors for selectivity - Microelectrodes - Enzyme modified microelectrodes -Miniaturized 
arrays - Semiconductor needle.
BIOSENSORS  15
Electrochemical Biosensors: Enzyme Electrodes - Non labeled and labeled Immunosensors, Microbial Biosensors: 
electrochemical, photomicrobial, Microbial thermistor - Application of microbial biosensors in glucose - Enzyme 
Biosensors - Optical Enzyme Biosensors - Piezoelectric Immunosensors - Optical Immunosensors - Glycan based 
Biosensors.
WEARABLE HEALTHCARE TECHNOLOGY  15
Types of wearable sensors - Working principle and fabrication of wearable sensors - Estimation of blood parameters 
using fingertip photoplethysmography (PPG) - Motion Analysis Sensors - Wearable Blood Pressure (BP) 
Measurement: Cuffless Blood Pressure Monitor.
APPLICATIONS OF WEARABLE SYSTEMS   10
Wearable ECG devices: Basics of ECG and its design: ECG electrodes and instrumentation - Wearable EEG 
devices: Principle and origin of EEG, basic measurement set-up - ECG abnormalities classification using Artificial 
Intelligence.

Total Hours: 45
CASE STUDIES
1. Analyzing fitness data from wearable devices using MATLAB
2. Using Principal Component Analysis (PCA) differentiate benign and malignant breast cancer.
TEXT BOOKS
1. Michael J. McGrath, Cliodhna Ni Scanaill, Dawn Nafus, "Sensor Technologies: Healthcare, Wellness and 

Environmental Applications", 1st Edition, Apress Media, 2014.
2. Subhas Mukhopadhyay, "Wearable Sensors: Applications, Design and Implementation", 1st Edition, Iop 

Publishing Ltd, 2018
REFERENCE BOOKS
1. Eduard Jane, "Glyconanotechnology", 1st Edition, Jenny Stanford Publishing, 2019
2. GuozhenShen, Zhiyong Fan, "Flexible Electronics: From Materials to Devices", 1st Edition, World Scientific 

Publishing Co, 2015.
3. Brian R Eggins, Chemical sensors and Biosensors, 1st Edition, John Wiley sons Ltd, 2010.
WEB REFERENCES
1. https://booksc.org/book/84747467/132ee4

20EIM02            BIOSENSORS AND WEARABLE SENSORS                3 0 0 3

CO1 Outline the fundamentals of  the wireless sensor node technology  PO1, PO2  

CO2 Examine the ADHOC network structure in wireless sensor technology  PO1, PO2  

CO3 Summarize the MAC protocol concept for wireless sensor network  PO1, PO2  

CO4 Describe the issues and factors in designing a routing protocol  PO1,PO2  

CO5 Apply the sensor network technology for real time applications  PO1, PO2,PO5,PO6  

20EIM03  SENSOR NETWORKS 3 0 0 3

CO1 Summarize the basic principle and elements of biosensors  PO1, PO2  

CO2 Extend the knowledge on different types of biosensors  PO1,  PO2  

CO3 Explain about the applications of biosensors in various fields  PO1, PO2  

CO4 Classify types of wearable sensors and its applications in Health care  PO1, PO2,PO6  

CO5 Apply the concepts of wearable systems in Health Monitoring  PO1, PO2, PO5  
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3. William Stallings, "Wireless Communications and Networks", 2nd Edition, Pearson Education, 2009

WEB REFERENCES

1. https://nptel.ac.in/courses/117102062

2. https://nptel.ac.in/courses/106105160 

3. https://freevideolectures.com/course/4739/nptel-wireless-ad-hoc-sensor-networks/6 Wireless Networks  

4. https://www.digimat.in/nptel/courses/video/106105160/L26.html

ROBOTICS 
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PRE-REQUISITES:

• 20CS241 - Programming Foundations  

• 20IT241 -  Python Programming

COURSE OUTCOMES

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

ARCHITECTURE OF ROS 07

Distributions - difference from other meta-operating systems - services - ROS framework - operating system - 
releases.Filesystem - packages - stacks - messages - services - catkin workspace - working with catkin workspace - 
working with ROS navigation and listing commands.

PROGRAMMING METHODS  08

Online programming, off-line programming, advantages of off-line programming, lead through methods - powered 
lead through, manual lead through, Teach pendant, Robot program as a path in space, defining position in space, 
motion interpolation, WAIT, SIGNAL and DELAY commands, Branching capabilities and Limitations of head 
through methods.

PROGRAMMING WITH ROS  12

Creating a ROS Workspace and Package - ROS Client Libraries - Programming Embedded Boards Using ROS-
Differential Drive Robot Kinematics-Programming Robot Firmware-Programming Robot Using ROS: Creating a 
Bluetooth-ROS Driver for the Robot.

PROGRAMMING INDUSTRIAL ROBOTS  10

Program Instructions: Joint move - Linear move - Set Reference Frame - Set Tool Frame - Circular Move - Set Speed 
- Show Message - Pause - Program call - Set/Wait IO - Set Rounding value - Simulation event - Simulate Program - 
Generate Program - Transfer Program - Select Post Processor - Split long Programs.

PYTHON AND ROS  08

Introduction to OpenCV, OpenNI, and PCL - Programming Kinect with Python using ROS, OpenCV and OpenNI - 
Working with Point Clouds using Kinect, ROS, OpenNI, and PCL.

Total Period: 45 Hours

TEXT BOOKS:

1.  Lentin Joseph, "Robot Operating Systems (ROS) for Absolute Beginners, Apress, 2018.

S.No.
 

CourseCode
 

Course Title
 

L
 

T
 

P
 

C
 

SEMESTER IV
 

1.  20MES01 Robot Operating Systems and Programming  3  0  0  3  

2.  20MES02 Robotics Programming and Simulation Laboratory  0  0  2  1  

3.  20MES03 Digital System and Microcontroller (Theory cum lab)  2  0  2  3  

SEMESTER V
 

4.  20MES04 Sensors and Actuation System 3  0  0  3  

5.  20MES05 Robot Manipulator Design 2  1  0  3  

SEMESTER VI (ANY TWO COURSES)  

6.  20MES06 Embedded Systems Engineering  3  0  0  3  

7.  20MES07 Machine Vision in Robotics 3  0  0  3  

8.  20MES08 Artificial Intelligence for Robotics 3  0  0  3  

9.  20MES09 Robotic Applications 3  0  0  3  

SEMESTER VII / VIII 

10.  20MES10 Project / Internships 0  0  2  1  

SPECIALIZATION - ROBOTICS 
Department of Mechanical Engineering 20MES01 ROBOT OPERATING SYSTEM and PROGRAMMING 3003

CO1 Illustrate the fundamental concepts of robotic operating systems.  PO1  

CO2 Infer the various methods of robot programming. PO1  

CO3 Interpret the programming concepts in ROS.  PO1  

CO4 Apply the programming concepts for industrial robots.  PO1  

CO5 Apply the python programming concepts in ROS.  PO2  
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Co-requisite:

• 20MES01  - Robot Operating System and Programming

COURSE OUTCOMES

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

LIST OF EXPERIMENTS

Part A:  Robot Programming 

1.  Study on basics of Industrial Robot.

2.  Simple rapid program using teach pendant method.

3.  Robot axis movement using teach pendant method.

4.  Linear movement for pick and place operation.

5.  Loading and unloading the component in chuck. 

6.  Stacking sequence operation.

7.  Rectangular & pentagon path tracing.

Part B:  Robot simulation

1. Study on Robot studio software.

2. Robot arm movements and positioning.

3.  Target and path selection.

4.  Robot operation in work station.

Total Periods: 30 Hours

2.  Aaron Martinez, Enrique Fernández, "Learning ROS for Robotics Programming", Packt Publishing Ltd, 2015.

3.  Bill Smart, Brian Gerkey, Morgan Quigley, - Programming Robots with ROS: A Practical Introduction to the 
Robot Operating System, O'Reilly Publishers, 2015.

REFERENCES:

1.  Jason M O'Kane, "A Gentle Introduction to ROS", Create Space, 2013.

2.  Mahtani, Anil, Effective robotics programming with ROS find out everything you need to know to build 
powerful robots with the most up-to-date ROS, Packt Publishing, 2016.

WEB REFERENCES:

1. https://www.edx.org/course/hello-real-world-with-ros-robot-operating-system.

2. https://nptel.ac.in/courses/106104074 ?

20MES02 ROBOTICS PROGRAMMING AND SIMULATION
LABORATORY 

0 0 2 1

CO1 Recall the basic functions and operations of ABB 6 Axis Robot.  PO1  

CO2 Summarize the basic commands used in robot programming.  PO1  

CO3 
Develop program for pick and place, palletizing and depalletizing, loading and 
unloading tasks. 

PO1  

CO4 Simulate the robot movement using robot software package.  PO1  



62 63B.E / B.TECH SPECIALIZATION / MINOR COURSES CURRICULUM AND SYLLABUS 

Co-requisite:

• 20MES01  - Robot Operating System and Programming

COURSE OUTCOMES

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

LIST OF EXPERIMENTS

Part A:  Robot Programming 

1.  Study on basics of Industrial Robot.

2.  Simple rapid program using teach pendant method.

3.  Robot axis movement using teach pendant method.

4.  Linear movement for pick and place operation.

5.  Loading and unloading the component in chuck. 

6.  Stacking sequence operation.

7.  Rectangular & pentagon path tracing.

Part B:  Robot simulation

1. Study on Robot studio software.

2. Robot arm movements and positioning.

3.  Target and path selection.

4.  Robot operation in work station.

Total Periods: 30 Hours

2.  Aaron Martinez, Enrique Fernández, "Learning ROS for Robotics Programming", Packt Publishing Ltd, 2015.

3.  Bill Smart, Brian Gerkey, Morgan Quigley, - Programming Robots with ROS: A Practical Introduction to the 
Robot Operating System, O'Reilly Publishers, 2015.

REFERENCES:

1.  Jason M O'Kane, "A Gentle Introduction to ROS", Create Space, 2013.

2.  Mahtani, Anil, Effective robotics programming with ROS find out everything you need to know to build 
powerful robots with the most up-to-date ROS, Packt Publishing, 2016.

WEB REFERENCES:

1. https://www.edx.org/course/hello-real-world-with-ros-robot-operating-system.

2. https://nptel.ac.in/courses/106104074 ?

20MES02 ROBOTICS PROGRAMMING AND SIMULATION
LABORATORY 

0 0 2 1

CO1 Recall the basic functions and operations of ABB 6 Axis Robot.  PO1  

CO2 Summarize the basic commands used in robot programming.  PO1  

CO3 
Develop program for pick and place, palletizing and depalletizing, loading and 
unloading tasks. 

PO1  

CO4 Simulate the robot movement using robot software package.  PO1  



64 65B.E / B.TECH SPECIALIZATION / MINOR COURSES CURRICULUM AND SYLLABUS 

5.  Develop interfacing programs with various motors (DC, Stepper, Servo) using 8051 microcontroller using C
 program.

Total Periods: 45

TEXT BOOKS:

1. Morris Mano, "Digital Design", 12th Edition, Pearson Education Ltd., 2012.

2. Muhammad Ali Mazidi, JamiceGillispitMazidi, "The 8051 micro controller and Embedded System", 2nd 
Edition, Pearson Education 2006.

REFERENCES:

1. Anil K.Maini, "Digital Electronics Principles, Devices and Applications", 3rd Edition, John Wiley and Sons 
Ltd., 2007.

2. Salivahanan S and Arivazhagan S., "Digital Circuits and Design", 3rd Edition, Vikas Publishing House, 2009.

3. Kenneth Ayala, "The Microcontroller Architecture - Programming and Applications", 3rd Edition, Cengage 
Learning, 2004.

WEB REFERENCES:

1.  https://onlinecourses.nptel.ac.in/noc21_ee10 

2.  https://onlinecourses.nptel.ac.in/noc21_ee39

3. https://onlinecourses.nptel.ac.in/noc22_ee12

COURSE OUTCOMES 

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

COMBINATIONAL LOGIC  8

Digital logic gates - AND, OR, NOT, NAND, NOR & XOR gates, Boolean algebra, K-map representation and 
simplification of logical function, Combinational logic circuits: Adders, Subtractors, Multiplexer, de-multiplexer, 
decoder & encoder, code converters, parity checker.

SEQUENTIAL LOGIC  9

Flip-flops: SR, JK, D & T flip flops. race around condition, Master Slave flip flop, Shift registers: SIPO, PISO, 
PIPO, SIPO; Counters: ripple & synchronous counters - up / down, ring counter, johnson counter; Programmable 
logic devices: Conceptsof PLA, PAL, FPGA

INTRODUCTION TO MICROCONTROLLER  6

8051 Microcontroller Hardware - Input/output pins - Ports and circuits - External memory - Counters and Timers -
Serial Data Input/output - Interrupts. 8051 Addressing Modes.

MICROCONTROLLER PROGRAMMING  12

8051 C Programming: Data types and time delay - I/O Programming - Logic operations - Data conversion programs 
- Accessing code ROM space, data serialization, 8051 programming in C: Timer/Counter. Real world interfacing 
with 8051 - Interfacing LCD, ADC interfacing, Stepper motor interfacing.

DIGITAL SYSTEM AND MICRO CONTROLLER LABORATORY  10

1.  Design and implementation of combinational logic circuit.

2.  Design and implementation of sequential logic circuit.

3.  Develop C program for 8051 on chip peripherals.

4.  Develop interfacing programs with various sensors using 8051 microcontroller using C program.

20MES03 DIGITAL SYSTEM AND MICRO CONTROLLER 2 0 2 3

CO1 Explain the basic concept of logic gates and combinational logic circuits.  PO1, PO2, PO3, PO5, 
PO12  

CO2 Design synchronous and asynchronous sequential logic circuits and 
explain the concept of PLD. 

PO1, PO2, PO3, PO5, 
PO12  

CO3 Explain the internal architecture, addressing modes and the instruction 
sets of 8051. 

PO1, PO3, PO12  

CO4 
Develop program for On -chip peripherals and real -world application 
program for interfacing LCD, ADC a nd Stepper motor with 8051 using 
C program. 

PO1,PO2,PO3, 
PO4,PO5,PO11,PO12  

CO5 
Design and implementation of Digital logic circuits and developing C 
program for 8051. 

PO1,PO2,PO3, PO4, 
PO5, PO11, PO12  
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4.  Develop interfacing programs with various sensors using 8051 microcontroller using C program.

20MES03 DIGITAL SYSTEM AND MICRO CONTROLLER 2 0 2 3

CO1 Explain the basic concept of logic gates and combinational logic circuits.  PO1, PO2, PO3, PO5, 
PO12  

CO2 Design synchronous and asynchronous sequential logic circuits and 
explain the concept of PLD. 

PO1, PO2, PO3, PO5, 
PO12  

CO3 Explain the internal architecture, addressing modes and the instruction 
sets of 8051. 

PO1, PO3, PO12  

CO4 
Develop program for On -chip peripherals and real -world application 
program for interfacing LCD, ADC a nd Stepper motor with 8051 using 
C program. 

PO1,PO2,PO3, 
PO4,PO5,PO11,PO12  

CO5 
Design and implementation of Digital logic circuits and developing C 
program for 8051. 

PO1,PO2,PO3, PO4, 
PO5, PO11, PO12  
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Pre-requisites:

• 20ME210 - Kinematics of Machinery

• 20ME252 - Dynamics of Machinery and Laboratory

COURSE OUTCOMES

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

Preamble to Manipulator Design  10
Vibration - Types of vibration - single degree of freedom systems - damped and undamped free vibrations - lumped 
mass models in dynamics - particle motion in Cartesian, cylindrical and spherical coordinates - 2D translation - 2D 
rotation - basics of coordinate transformation - rotation matrix.
Controller Design  12
Mass and inertia of links - equation of motion - forward and inverse dynamics of robot manipulator lagrangian 
formulation of motion - workspace analysis - tool configuration - jacobian matrix for three axis and four-axis robots 
- rigid link recursive acceleration 
Path and Trajectory Planning Control 12
Introduction to trajectory planning - path planning - trajectory planning - joint space trajectory planning - cartesian 
space trajectory planning - blending - continuous trajectory recording (trajectory following) - point to point control - 
continuous path control.
Dynamics of Robots  11
Building of a servo-controlled robot - 1R two link chain, construction of link and joint and mounting of encoder, 
actuator, etc. Dynamics - Dynamic model of a robot using Lagrange's equation, dynamic modeling of 1DOF robot, 
including motor and gearbox, 2R planar manipulator

Total Periods - 45
TEXT BOOKS:
1. Shigley J E and Uicker J J, "Theory of Machines and Mechanisms", 3rd Edition, Oxford University Press, New 

Delhi, 2014.
2. Robert. J. Schilling, "Fundamentals of robotics - Analysis and control", Prentice Hall of India, 2006.
REFERENCES:
1. John J Craig, "Introduction to Robotics", Pearson, 3rd Edition, 2018.
2. Deb S R and Deb S, "Robotics Technology and Flexible Automation", Tata McGraw Hill Education Pvt. Ltd, 2017. 
3. Mikell P Groover, Nicholas G Odrey, Mitchel Weiss, Roger N Nagel, Ashish Dutta, "Industrial Robotics, 

Technology Programming and Applications", McGraw Hill, 2012.
WEB REFERENCES:
1. https://www.edx.org/course/robotics-dynamics-and-control.
2. https://nptel.ac.in/courses/101105081 

Pre-requisite:

• 20EE261 - Electrical and Electronics Engineering - Theory & Lab

COURSE OUTCOMES

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

OVERVIEW OF SENSORS 10
Introduction to sensors and Transducers, Sensor characteristics, contact and noncontact type sensors,  Analogue and 
digital o/p sensors, A/D & D/A signal converters, Data acquisition and signal processing, Smart Sensing, AI sensing, 
Need and applications of sensors in Robotics.  

SENSORS IN ROBOTICS 13
Position sensors - optical, non-optical, Proximity Sensors - Contact, non-contact, Range Sensing, tactile and Slip 
Sensors, Velocity sensors, Accelerometers, Force and Torque Sensors, Sniff sensor, Temperature, Humidity, Light, 
Speech or Voice recognition Systems, Telepresence and related technologies.

ACTUATORS 22
Types of actuators, Characteristics, Classification of actuators and Circuits for Hydraulic, pneumatic and vacuum 
actuation systems, Controlling of electrical actuators: servo motor, stepper and Brushless DC motor. Characteristics 
of mechanical actuation system: lead screws, ball screws, timing belt and gear drives, LM rails and LM blocks

Total Period : 45Hours
TEXT BOOKS:
1. Sensors and Actuators - Engineering system instrumentation, Second edition, Clarence W. de SILVA, CRC 

Press, Taylor and Francis Group, 2016.

2. Smart Sensors and Systems: Technology Advancement and Application Demonstrations, Yongpan Liu, Youn-
Long Lin, Chong-Min Kyung, Hiroto Yasuura, Springer International Publishing, Springer, 2020.

3. Bolton W., " Mechatronics: Electronic Control Systems in Mechanical and Electrical Engineering", Pearson 
Education, 7th  Edition, 2019.

REFERENCES:
1. Sensors, Actuators and their Interfaces - A Multidisciplinary Introduction, Nathan Ida, Scitech Publishing, 2014.

2. Jacob Fraden, "Handbook of Modern Sensors: Physics, Designs, and Applications" 4th Edition, Springer 
science and business media, 2010

WEB REFERENCES: 
1. https://nptel.ac.in/courses/108108147

2. https://www.edx.org/course/iot-sensors-and-devices

20MES04 SENSORS AND ACTUATION SYSTEMS 3 0 0 3

CO1 Describe the characteristics of sensors. PO1  

CO2 Outline the features of various sensors and their applications in robotics.  PO1  

CO3 Summarize the types of actuators and characteristics.  PO1  

CO4 Illustrate the use of various actuators in robotic applications.  PO1  

20MES05 ROBOT MANIPULATOR DESIGN 3003

CO1 Calculate the natural frequency of rigid bodies and lumped mass models of the system  PO1  

CO2 Perform dynamic analysis of robots and identify the dynamic parameters.  PO2  

CO3 
Analyze the different approaches to trajectory planning in cartesian and joint spaces 
and control the manipulators 

PO2  

CO4 Infer the importance of dynamic motion in robots. PO2  
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REFERENCES: 

1. Marilyn Wolf, "Computers as Components - Principles of Embedded Computing System Design", Third
 Edition "Morgan Kaufmann Publisher (An imprint from Elsevier), 2012.

2. Daniel W.Lewis, "Fundamentals of embedded software where C and assembly meet", PHI 2002.

WEB REFERENCES: 

1. https://onlinecourses.nptel.ac.in/noc20_ee98

2. https://onlinecourses.nptel.ac.in/noc20_cs14

3. https://onlinecourses.nptel.ac.in/noc22_cs46/preview

Pre-requisite:

• 20MES03  - Digital System and Microcontroller

COURSE OUTCOMES

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

INTRODUCTION TO EMBEDDED SYSTEMS  8

The build process for embedded systems- Structural units in Embedded processor, selection of processor & memory 
devices- DMA - Memory management methods- Timer and Counting devices, Watchdog Timer, In circuit emulator, 
Target Hardware Debugging. 

ARM ARCHITECTURE AND INTERFACING  15

Evolution of ARM architecture, programming model, Cortex M3 Processor architecture - Features of the LPC 214X 
Family - Peripherals - The Timer Unit - Pulse Width Modulation Unit - UART. 

Interfacing of Embedded Systems: Sensors and Transducers for interfacing - Bluetooth, Zigbee, HDMI - Interfacing 
standards: I2C, CAN, SPI, USB. Analog to Digital Convertors and properties: Parallel Comparator, Dual Slope and 
Successive Approximation methods - Interfacing of Real Time Clock, Pulse Width Modulation, Stepper motors, 
LCD.

EMBEDDED C PROGRAMMING  10

Programming embedded systems in C - Hello, embedded world - Reading switches- Adding structure to your code - 
Meeting real-time constraints - Using the serial interface

RTOS BASED EMBEDDED SYSTEM  12

Task, process & threads, interrupt routines in RTOS, Multiprocessing and Multitasking, Preemptive and non-
preemptive scheduling - Inter process Communication - synchronization between processes-semaphores, Mailbox, 
pipes, priority inversion, priority inheritance - Example Real time operating systems-POSIX-Windows CE.

TOTAL: 45 PERIODS

TEXT BOOKS:

1. Rajkamal, 'Embedded System-Architecture, Programming, Design', Mc Graw Hill, 2013.

2. Joseph Yiu, "The definitive guide to ARM Cortex M3", Elsevier, 2nd Edition, 2010. 

20MES06 EMBEDDED SYSTEMS ENGINEERING 3 0 0 3

CO1 Understand the build process and components of Embedded System  PO1,PO3, PO12  

CO2 Explain the architecture of ARM Processor with its peripherals  PO1,PO12  

CO3 Design system the interfacing of various sensors and components with 
ARM Processor 

PO1, PO2, PO3, 
PO4  

CO4 Develop Embedded C programs for Embedded Systems  PO1,PO3, PSO2  

CO5 Explain the Fundamental concepts of Real time Operating System  PO1,PO3,PO5,PO12
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Pre-requisite:

• 20MA202 - Matrices, Differential Calculus and Transforms

• 20IT241 - Python Programming

COURSE OUTCOMES

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

Intelligent Agents 7 

History, state of the art, Need for AI in Robotics. Thinking and acting humanly, intelligent agents, structure of 
agents. Case Study of Intelligent Vehicles

Problem Solving 8  

Solving problems by searching - Informed search and exploration - Constraint satisfaction problems- Adversarial 
search, knowledge and reasoning - knowledge representation - first order logic. 

Case Study on Game Playing using AI

Planning  8  

Planning with forward and backward State space search - Partial order planning - Planning graphs - Planning with 
propositional logic - Planning and acting in real world. 

Case Study on Motion Planning using AI

Reasoning 7

Uncertainty - Probabilistic reasoning - Filtering and prediction - Hidden Markov models - Kalman filters - Dynamic 
Bayesian Networks, Speech recognition, making decisions.

Learning  8 

Forms of learning - Knowledge in learning - Statistical learning methods - reinforcement learning, communication, 
perceiving and acting, Probabilistic language processing, and perception. 

Case Study on Shakey: Experimentation in robot learning and planning

Pre-requisite:

• 20MES04 - Sensors and Actuation Systems 

COURSE OUTCOMES

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

VISION SYSTEM  10

Definition, Active vision system, Machine vision components, image function and characteristics -Image 
Acquisition-Camera- CMOS sensors, CCD line scan and area scan sensor, Progressive scan - application of 
machine vision such as in inspection of parts, identification, industrial robot control, mobile robot application.

ILLUMINATION AND LENSES 10

Illumination - types of light sources - Directional properties of illumination - Direct bright field and dark field light-
diffused bright and dark field light- Telecentric lighting. Lenses - Gaussian optic -Depth of the field - Telecentric 
lenses.  

IMAGE PROCESSING FOR MACHINE VISION SYSTEM  15

Image processing methods - image representation- formation - pixels- image enhancement - image segmentation- 
data reduction - feature extraction - edge detection -image classification - image recognition and decisions.

ROBOT VISION APPLICATION 10

Automated navigation guidance by vision system - vision based depalletizing - line tracking - automatic part 
recognition - Engine inspection system using 6 axis robot -Automated robotic welding inspection system- image 
processing techniques implementation through image processing software.

Total Periods: 45 Hours

TEXT BOOKS:

1. Carsten Steger, Markus Ulrich, Christian Wiedemann, Machine Vision Algorithms and Applications, 2nd 
Edition, Wiley-VCH, 2018. 

2. Yu Sun, Aman Behal, Chi-Kit Ronald Chung (eds.), New Development in Robot Vision, Springer-Verlag 
Berlin Heidelberg, 2015.

REFERENCE BOOKS

1. Chris Solomon, Toby Breckon, Fundamentals of Digital Image Processing: A Practical Approach with 
Examples in Matlab, Wiley-Blackwell, 2011.

WEB REFERENCES: 

• https://nptel.ac.in/courses/108103174 

• https://www.edx.org/course/robotics-vision-intelligence-and-machine-learning

20MES07 MACHINE VISION IN ROBOTICS 3 0 0 3

CO1 Interpret the fundamental concepts of machine vision system and image acquisition  PO1  

CO2 Relate the needs of illumination and lens in machine vision.  PO2  

CO3 Infer the basic concepts of image processing techniques.  PO2  

CO4 Recognize the various applications of robot in vision system  PO2  

20MES08 ARTIFICIAL INTELLIGENCE FOR ROBOTICS 3 0 0 3

CO1 Outline the history and fundamental understa nding of Artificial 
Intelligence and its applications such as Robotics PO1, PO2, PO12  

CO2 Select appropriate methodology and solution models for various 
problems associated in Artificial Intelligence PO1, PO2, PO4, PO5, PO12  

CO3 Apply the basic problem -solving principles of AI in solutions for the 
broader category of Real-World Applications PO1,PO2,PO3,PO4,PO5,PO12  

CO4 
Examine the Learning, searching, Planning and reasoning strategies of 
AI in Intelligent Agents. 

PO1,PO2,PO3,PO4,PO5,PO12  

CO5 Explore case studies and practices involved in Artificial Intelligence  PO1,PO2,PO3,PO4,PO5,PO12  
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Pre-requisite:

• 20ME208 - Robotics

COURSE OUTCOMES

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

UNDERWATER ROBOTS 09

Importance, need, Classification and types - Conservational Features - Marine robotic vehicles - including 
autonomous underwater vehicles (AUVs), underwater gliders, and autonomous surface vehicles (ASVs) - 
Applications of Underwater Vehicles.   

MEDICAL ROBOTS 11

Types of medical robots - Navigation - Motion Replication - Imaging - Rehabilitation and Prosthetics - State of art of 
robotics in the field of healthcare - Assistive robots - types of assistive robots - Applications - daVinci - Endoscopy-
Bot 

CLOUD AND COGNITIVE ROBOTS 13

Online robots: Teleoperation - Teleoperation on a local network - Teleoperation via a constrained link. Introduction 
to the Model of Cognition, Visual Perception, Visual Recognition, Machine Learning, Soft Computing Tools and 
Robot Cognition - Applications - Honda Robotics as a Service Platform - Amazon AWS RoboMaker - Google Cloud 
Robotics Platform.

MICRO and INDUSTRIAL ROBOTS 08

MST (Micro System Technology) - Micromachining - Working principles of Microsystems - Applications of 
Microsystems.

Industrial Robot - Types, general considerations in Robotic material handling, material transfer, machine loading 
and unloading - Industrial applications. 

Industrial Applications 04

Painting, Glueing, Handling, Tending, Hemming, riveting, laser cutting and Welding. 

Total Period: 45 Hours

TEXT BOOKS:

1. Gianluca Antonelli, Underwater Robots, Springer International Publishing, 2018. 

2. New Trends in Medical and Service Robots: Theory and Integrated Applications, H. Bleuler, M. Bouri (auth.), 
Doina Pisla, Hannes Bleuler, Aleksandar Rodic, Calin Vaida, Adrian Pisla (eds.), Springer International 
Publishing, 2014.

AI In Robotics 7  

Robotic perception, localization, mapping- configuring space, planning uncertain movements, dynamics and 
control of movement, Ethics and risks of artificial intelligence in robotics. 

Total Period: 45 Hours

TEXT BOOKS: 

1.  Stuart Russell, Peter Norvig, "Artificial Intelligence: A modern approach", Pearson Education, India, 2016. 

2.  Negnevitsky, M, "Artificial Intelligence: A guide to Intelligent Systems",. Harlow: AddisonWesley, 2002. 

REFERENCES: 

1.  David Jefferis, "Artificial Intelligence: Robotics and Machine Evolution", Crabtree Publishing Company, 
1992. 

2.  Robin Murphy, Robin R. Murphy, Ronald C. Arkin, "Introduction to AI Robotics", MIT Press, 2000. 

3.  Francis.X.Govers, "Artificial Intelligence for Robotics", Packt Publishing, 2018. 

WEB REFERENCES:

• https://nptel.ac.in/courses/106106226

• https://www.edx.org/course/mind-of-the-universe-robots-in-society-blessing-or

20MES09 ROBOTIC APPLICATIONS 3 0 0 3

CO1 Apply the concepts of Robots in underwater applications.  PO1  

CO2 Make use of the Robots in Medical field. PO1  

CO3 Utilize the cloud system for the effective intelligence in cognitive robots.  PO1  

CO4 Infer micro and industrial robots for various applications.  PO1  
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Pre-requisite:

• 20ME208 - Robotics

COURSE OUTCOMES

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

UNDERWATER ROBOTS 09

Importance, need, Classification and types - Conservational Features - Marine robotic vehicles - including 
autonomous underwater vehicles (AUVs), underwater gliders, and autonomous surface vehicles (ASVs) - 
Applications of Underwater Vehicles.   

MEDICAL ROBOTS 11

Types of medical robots - Navigation - Motion Replication - Imaging - Rehabilitation and Prosthetics - State of art of 
robotics in the field of healthcare - Assistive robots - types of assistive robots - Applications - daVinci - Endoscopy-
Bot 

CLOUD AND COGNITIVE ROBOTS 13

Online robots: Teleoperation - Teleoperation on a local network - Teleoperation via a constrained link. Introduction 
to the Model of Cognition, Visual Perception, Visual Recognition, Machine Learning, Soft Computing Tools and 
Robot Cognition - Applications - Honda Robotics as a Service Platform - Amazon AWS RoboMaker - Google Cloud 
Robotics Platform.

MICRO and INDUSTRIAL ROBOTS 08

MST (Micro System Technology) - Micromachining - Working principles of Microsystems - Applications of 
Microsystems.

Industrial Robot - Types, general considerations in Robotic material handling, material transfer, machine loading 
and unloading - Industrial applications. 

Industrial Applications 04

Painting, Glueing, Handling, Tending, Hemming, riveting, laser cutting and Welding. 

Total Period: 45 Hours

TEXT BOOKS:

1. Gianluca Antonelli, Underwater Robots, Springer International Publishing, 2018. 

2. New Trends in Medical and Service Robots: Theory and Integrated Applications, H. Bleuler, M. Bouri (auth.), 
Doina Pisla, Hannes Bleuler, Aleksandar Rodic, Calin Vaida, Adrian Pisla (eds.), Springer International 
Publishing, 2014.

AI In Robotics 7  

Robotic perception, localization, mapping- configuring space, planning uncertain movements, dynamics and 
control of movement, Ethics and risks of artificial intelligence in robotics. 

Total Period: 45 Hours

TEXT BOOKS: 

1.  Stuart Russell, Peter Norvig, "Artificial Intelligence: A modern approach", Pearson Education, India, 2016. 

2.  Negnevitsky, M, "Artificial Intelligence: A guide to Intelligent Systems",. Harlow: AddisonWesley, 2002. 

REFERENCES: 

1.  David Jefferis, "Artificial Intelligence: Robotics and Machine Evolution", Crabtree Publishing Company, 
1992. 

2.  Robin Murphy, Robin R. Murphy, Ronald C. Arkin, "Introduction to AI Robotics", MIT Press, 2000. 

3.  Francis.X.Govers, "Artificial Intelligence for Robotics", Packt Publishing, 2018. 

WEB REFERENCES:

• https://nptel.ac.in/courses/106106226

• https://www.edx.org/course/mind-of-the-universe-robots-in-society-blessing-or

20MES09 ROBOTIC APPLICATIONS 3 0 0 3

CO1 Apply the concepts of Robots in underwater applications.  PO1  

CO2 Make use of the Robots in Medical field. PO1  

CO3 Utilize the cloud system for the effective intelligence in cognitive robots.  PO1  

CO4 Infer micro and industrial robots for various applications.  PO1  
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3. David Vernon, Claes von Hofsten, Luciano Fadiga, A Roadmap for Cognitive Development in Humanoid 
Robots, Springer-Verlag Berlin Heidelberg, 2011.

4. Yves Bellouard, - Microrobotics Methods and Applications, CRC Press, Massachusetts, 2017.

REFERENCE BOOKS:

1.   Nadia Nedjah, Brij B. Gupta, Safety, Security, and Reliability of Robotic Systems: Algorithms, Applications, 
and Technologies, CRC Press, 2020.

CURRICULUM AND SYLLABUS 

GREEN TECHNOLOGY
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COURSE OUTCOMES

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

PREREQUISITE: Nil
INTRODUCTION 12
Site values - exemplary green field and urban sites - Site infrastructure: storm water management -real time case 
study- complete streets - pedestrian realms - water supply and disposal - energy for sites - intelligent infrastructure- 
Digital design of infrastructure.
SITE ANALYSIS AND PLANNING  10
Site analysis: natural site analysis - man made context of sites - infrastructure capacity - development regulations 
and policies - sites as property - integrating site knowledge. Site planning methods: planning processes - users, 
stakeholders and the public - economic value of sites - design methods - digital media for design - creating a site 
proposal.
SITE PERFORMANCE AND ZONING  8
Placemaking - subdivision and site assembly - scoring site performance - impact assessment. Residential sites: 
history of residential sites - typology of housing forms - housing and community design - dense residential sites. 
Places for commerce and work: prototypes for shopping - future workplaces - innovation zones - planning for e-
commerce.
PLANNING FOR UTILITIES  9
Places for recreation and culture - Landscape structure - urban public spaces - human development - cultural 
development. Planning Commercial and industrial Buildings - College and university planning: types of 
universities - campus form and communication - planning for adaptability- Universal Design Guide 2016.
COMMUNITY PLANNING  6
Planning communities - mixed use development - new communities - the future of communities.          

Total Periods: 45
TEXT BOOKS
1.  CIRIA, The SuDs Manual, CIRIA C 697, Edited by CIRIA, London, 2017 
2.  Emmanuel. R., An urban approach to climate sensitive design: strategies for the tropics, Span Press, Taylor and
 Francis, 2015. 
3  Farr, Douglas, Sustainable Urbanism: Urban Design with Nature, John Wiley & Sons, 2018.
REFERENCES
1.  Beatley, Timothy, Biophilic Cities: Integrating Nature into Urban Design and Planning, Island Press, 2015 
2.  Richard, Eco cities - Rebuilding Cities in Balance with Nature, New Society Publishers, 2016
WEB REFERENCES
1. https://ocw.mit.edu/courses/urban-studies-and-planning/
2. http://www.nmun.org/ny_archives/ny13_downloads/BGGU1 3UNHABITAT.pdf

HONORS COURSE CURRICULUM
GREEN TECHNOLOGY

S.No
 

Course Code
 

Course Title
 

L
 

T
 
P

 
C

 
POs

 
CA

 
ES

 
Total

1. 20CES01
 

Sustainable Site Planning
 

3
 

0
 

0
 
3

  
50

 
50

 
100

2. 20CES02 Water Conservation and 
Efficiency in Buildings 3  0  0  3   50  50  100

3. 20CES03 Energy Conservation and 
Management 3  0  0  3   50  50  100

4. 20CES04 
Green Building Materials and 
Sustainable Design 

3  0  0  3   50  50  100

5. 20CES05 
Indoor Air Quality Monitoring 
and Management 

3  0  0  3   50  50  100

6. 20CES06
 

Green Building Rating Systems
 

3
 

0
 

0
 
3

  
50

 
50

 
100

S.No Course Code Course Title L  T  P  C  POs  CA  ES  Total

1. 20CES07 Day Lighting and 
Ventilation/NPTEL 0  0  1  1   100  -  100

2. 20CES08 Building Automation 
Techniques/NPTEL 

0  0  1  1   100  -  100

3. 20CES09 
Software Training course by 
GRIHA 

0  0  1  1   100  -  100

S.No Course Code Course Title L  T  P  C  POs  CA  ES  Total

1. 20CES10 Training course on Green 
Buildings certification  

1  0  0   
1   100  0 100

Total Credits: 20

1.List of Courses / NPTEL

2.List of Courses offered as One Credit Course (Any one)

3.Course Offered by GRIHA-CATALYST Member

20CES01 SUSTAINABLE SITE PLANNING  3 0 0 3

CO1:  Recognizesustainable landscape design principles and practices 
including natural and human factors. 

PO3, PO7 

CO2:  Prepare a coherent sustainable landscape plan for a project 
interpolating site analysis survey. 

PO3, PO7 

CO3:  Access the site performance and plan the housing and community 
subdivisions and other utilities for a site. 

PO2, PO5, PO7 

CO4:  Relate sustainable landscape/site design to natural resource issues and 
the built environment for mixed use community development. 

PO1, PO5, 
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COURSE OUTCOMES
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TEXT BOOKS
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 Francis, 2015. 
3  Farr, Douglas, Sustainable Urbanism: Urban Design with Nature, John Wiley & Sons, 2018.
REFERENCES
1.  Beatley, Timothy, Biophilic Cities: Integrating Nature into Urban Design and Planning, Island Press, 2015 
2.  Richard, Eco cities - Rebuilding Cities in Balance with Nature, New Society Publishers, 2016
WEB REFERENCES
1. https://ocw.mit.edu/courses/urban-studies-and-planning/
2. http://www.nmun.org/ny_archives/ny13_downloads/BGGU1 3UNHABITAT.pdf

HONORS COURSE CURRICULUM
GREEN TECHNOLOGY

S.No
 

Course Code
 

Course Title
 

L
 

T
 
P

 
C

 
POs

 
CA

 
ES

 
Total

1. 20CES01
 

Sustainable Site Planning
 

3
 

0
 

0
 
3

  
50

 
50

 
100

2. 20CES02 Water Conservation and 
Efficiency in Buildings 3  0  0  3   50  50  100

3. 20CES03 Energy Conservation and 
Management 3  0  0  3   50  50  100

4. 20CES04 
Green Building Materials and 
Sustainable Design 

3  0  0  3   50  50  100

5. 20CES05 
Indoor Air Quality Monitoring 
and Management 

3  0  0  3   50  50  100

6. 20CES06
 

Green Building Rating Systems
 

3
 

0
 

0
 
3

  
50

 
50

 
100

S.No Course Code Course Title L  T  P  C  POs  CA  ES  Total

1. 20CES07 Day Lighting and 
Ventilation/NPTEL 0  0  1  1   100  -  100

2. 20CES08 Building Automation 
Techniques/NPTEL 

0  0  1  1   100  -  100
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GRIHA 
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S.No Course Code Course Title L  T  P  C  POs  CA  ES  Total

1. 20CES10 Training course on Green 
Buildings certification  
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1   100  0 100
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1.List of Courses / NPTEL

2.List of Courses offered as One Credit Course (Any one)

3.Course Offered by GRIHA-CATALYST Member

20CES01 SUSTAINABLE SITE PLANNING  3 0 0 3
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including natural and human factors. 

PO3, PO7 

CO2:  Prepare a coherent sustainable landscape plan for a project 
interpolating site analysis survey. 

PO3, PO7 

CO3:  Access the site performance and plan the housing and community 
subdivisions and other utilities for a site. 
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COURSE OUTCOMES

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

BUILDING ENERGY PERFORMANCE  9
Need for performance analysis of buildings - Investigation and assessment, energy audit procedures - Design 
investigations - Energy conservation measure calculations - Modelling systems: cognitive, empirical and analytical 
assessment of buildings.
WHOLE BUILDING SIMULATION  12
Modelling the Building form - Parametric and empirical building simulation - Factors affecting accuracy of energy 
model - Thermal performance criteria of buildings - Envelope considerations, climatic analysis, weather data-
Heating and cooling systems modelling, ventilation systems modelling - Energy use analysis through open-source 
software such as EQUEST.
DAYLIGHTING AND SHADING  12
Building Orientation - Solar Heat Gain - Day lighting simulation models - Day lighting simulation criteria - Factors 
affecting accuracy of day lighting model - Day lighting simulation exercises using daylight modelling tools - 
Shading simulations - Principles of shading design - Tools for shading analysis - Tools for shading design - Shading 
design exercises using open source shading software - BIM Integration - Case study on Day Lighting.
BUILDING ENERGY PERFORMANCE ANALYSIS  12
Metering systems - Analysis of collected data from existing buildings - Economic aspects of energy simulation 
results: LCA, payback analysis, break even analysis, benefit cost analysis, present worth analysis, etc. - Selection of 
appropriate ECM from modelling results - Recalibration of the model from actual performance data- Eco Niwas.

Total Periods: 45
TEXT BOOKS
1.  Teaming for Efficiency: technologies, design, performance analysis and building industry trends, American
 Council for an Energy-Efficient Economy, 2013 
2.  James P. Waltz, Computerized Building Energy Simulation Handbook, Fairmont PR, 2010. 
3.  Joseph Clarke, Energy Simulation in Building Design, Routledge, 2017.
REFERENCES
1. Giuliano Dall'O', Green Energy Audit of Buildings: A guide for a sustainable energy audit of buildings,
 Springer, 2013 5. ASHRAE Press, The ASHRAE Green Guide, Butterworth- Heinemann, 2016 
2. Energy Conservation Building Code of India - User manual, 2013.
WEB REFERENCES
1. http://doe2.com/download/equest/eQ-v3-63_Introductory-Tutorial.pdf 
2. http://ocw.mit.edu/courses/architecture/4-430-daylighting-spring-2012/

COURSE OUTCOMES

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

WATER CONSERVATION STRATEGIES  12

System optimization - efficient water systems design, leak detection, and repair -  Water conservation measures - 
Water-efficient plumbing fixtures, Irrigation and landscaping measures - Turf Area - Drought Tolerant / Native / 
Adaptive Species.

RAINWATER HARVESTING  11

Storm water management- Rainwater harvesting system - runoff volume from roof and non-roof areas - Indian 
Meteorological Department data - average peak month rainfall, NBC Guidelines - Surface runoff - Runoff 
Coefficients for Typical Surface Types- Design of Rainwater harvesting in buildings.

WASTE WATER TREATMENT AND REUSE  11

Water reuse/recycling systems - on-site treatment system - quality standards suitable for reuse - Usage of  treated 
waste water - Gray water and process recycling systems, Zero Discharge concept - Methods to reduce water use in 
HVAC systems.   

WATER METERING  11

Building-level Metering - Tenant-level Metering -Municipal water supply, Bore water consumption, Treated waste 
water consumption, Water consumption for landscape requirements, flushing and air-conditioning cooling tower 
makeup.

Total Hours: 45 

TEXT BOOKS

1. Kemi Adeyeye, Water Efficiency in Buildings: Theory and Practice, Wiley-Blackwell, 2014.

2. Mohan Seneviratne, A Practical Approach to Water Conservation for Commercial and Industrial Facilities,
 Elsevier Science, 2016.

3. Amy Vickers, Handbook of Water Use and Conservation, Waterplow Press, 2015. 

REFERENCES

1. IGBC Green New Buildings Rating Systems.

WEB REFERENCES

1. https://nptel.ac.in/content/storage2/courses/105101010/downloads/Lecture38.pdf

2. https://nptel.ac.in/content/storage2/courses/105101010/downloads/Lecture40.pdf

3. https://nptel.ac.in/content/storage2/courses/105101010/downloads/Lecture10.pdf. 

20CES02 WATER CONSERVATION AND EFFICIENCY
IN BUILDINGS

3 0 0 3

CO1: Summarize the water conservation measures PO1  
CO2: Illustrate rainwater harvesting system in buildings PO1, PO2  
CO3: Identify efficient wastewater reuse and treatment systems.  PO1,  
CO4: Examine water consumption through water metering  PO1, PO2  

20CES03 ENERGY CONSERVATION AND MANAGEMENT 3 0 0 3

CO1: 
Interpretthe actual energy performance and behavior of various 
buildings. 

PO3, PO7  

CO2: 
Integrate various energy simulation techniques and perform an 
analysis. 

PO3, PO7  

CO3:
 

Perform a building energy performance model for a project. PO2, PO5, PO7  

CO4: 
Apply the simulation models for daylighting and shading and design 
the shading devices. 

PO1, PO5  
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COURSE OUTCOMES

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

SUSTAINABLE CONSTRUCTION  11
Design issues relating to sustainable development including site and ecology, community and culture, health, 
materials, energy, and water- adaptation, waste reduction, repair and management - portable architecture.
LOW CARBON MATERIALS  11
Ecological foot print - Bio-capacity and calculation of planet equivalent - Carbon from Cement- alternative cements 
and cementitious material - Alternative fuel for cements for reduction in carbon emission - Role of quality- 
minimization of natural resource utilization- Net zero waste.
SUSTAINABLE BUILDING MATERIALS  12
Rapidly renewable materials - Materials with Recycled Content, Local Materials, Wood Based Materials - Building 
Reuse - the structural and non-structural (interiors) elements - Reuse of Salvaged Materials - pre and post-consumer 
waste - landscape waste - construction and demolition waste - reuse or recycling of waste materials - 4R Principles - 
High volume fly ash concrete, geo-polymer concrete, concrete with alternative material - selection criteria - 
applications. 
CERTIFIED GREEN BUILDING MATERIALS  11
Passive green building materials - Low U value glass, wall and roof assembly - glazing, insulation, paints & 
coatings, adhesives & sealants - Active green building materials - Lighting Systems & Controls, Pumps & Motors - 
Plumbing Fixtures - Green Product Certification Programme- Eco labelled products.   

Total Hours: 45 
TEXT BOOKS
1. Koenigsberger O.H, T.G. Inger Soll, "Manual of tropical Housing and Building" Longman Group United 

Kingdom, 2020.
2. Bansal Naveendra K., Hauser Gerd and Minke Gernot, "Passive Buildings Designs: Handbook of Natural 

Climatic Control", Elsevier Science, Amsterdam, 2018.
3. Kibert, C. "Sustainable Construction: Green Building Design and Delivery", John Wiley & Sons, 2015.
REFERENCES
1. Colin Porteous, "The New Eco-Architecture", Spon Press, 2015.
2. K.S.Jagadish, B. U. Venkataramareddy and K. S. Nanjundarao. Alternative Building Materials and 

Technologies. New Age International, 2017.
3. Sustainable Building Design Manual. Vol 1 and 2, Teri, New Delhi, 2014.
WEB REFERENCES
1. https://nptel.ac.in/content/syllabus_pdf/105102195.pdf
2. https://nptel.ac.in/courses/105/102/105102195/
3. https://nptel.ac.in/courses/124/106/124106157/

CURRICULUM AND SYLLABUS 

COURSE OUTCOMES

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

INDOOR ACTIVITIES OF INHABITANTS  10
Levels of pollutants in indoor and outdoor air- Design and operation of buildings for improvements of public health- 
IAQ policy issues. Air pollutants in indoor environments- private residences- offices- schools-public buildings. 
POLLUTANT CLASSES  9
Control of several pollutant classes- radon- toxic organic gases- combustion byproducts- microorganisms, molds 
and infectious bacteria - Human health effects.
INDOOR AIR POLLUTION FROM OUTDOOR SOURCES  9
Particulate matter and ozone- Low Volatile organic compounds- odors and sick-building syndrome- Humidity- Bio 
aerosols- infectious disease transmission- Special indoor environments- Indoor A/C units-  Measurement methods- 
Control technologies- Control strategies.
VENTILATION  10
Mechanical versus natural ventilation - Types and components of ventilation systems - HVAC systems - functional 
requirements, human health and comfort, air-flow demands for different applications - energy-efficient ventilation 
systems.   
AIR QUALITY MONITORING 7
Indoor air quality management during construction - Air quality testing after construction and before occupancy - 
CO2 Monitoring - Fresh air monitoring system- Air Pollution Protection techniques.

Total Hours: 45 
TEXT BOOKS
1. Hays Steve M., "Indoor Air Quality" McGraw-Hill Education - Europe, 2020.
2. David W. Bearg, "Indoor Air Quality and HVAC Systems", CRC Press, 2019.
3. John D. Spengler, Jonathan M. Samet, John F. McCarthy, Indoor Air Quality Handbook, McGraw-Hill 

Education, 2020.
REFERENCES
1. Indoor Air Quality Guide: Best Practices for Design, Construction and Commissioning, ASHRAE, May 2020.
2. Paul Raymer, Residential Ventilation Handbook: Ventilation to Improve Indoor Air Quality, McGraw-Hill 

Education, 2019.
3. WHO guidelines for indoor air quality: selected pollutants, World Health Organization. Regional Office for 

Europe, 2020.
WEB REFERENCES
1. https://nptel.ac.in/courses/105/104/105104099/
2. https://nptel.ac.in/courses/105/102/105102089/

20CES04 GREEN BUILDING MATERIALS AND
SUSTAINABLE DESIGN

3 0 0 3

CO1: Restate issues relating to sustainable construction technology  PO1, PO7  
CO2: Summarize reusable structural and non-structural building elements  PO1  
CO3: Illustrate waste management strategies PO1, PO2  
CO4: Categorize passive and active green building materials.  PO1  

20CES05 INDOOR AIR QUALITY MONITORING 
AND MANAGEMENT

3 0 0 3

CO1: Associate the scope and nature of indoor air quality  PO1  
CO2: Interpret pollutant classes and health effects PO1  
CO3: Identify control strategies for indoor air environment.  PO1, PO2  
CO4: Outline requirements and application of efficient ventilation systems.  PO1, PO2  
CO5: Illustrate air quality monitoring systems. PO1, PO2  



80 81B.E / B.TECH SPECIALIZATION / MINOR COURSES 

COURSE OUTCOMES

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

SUSTAINABLE CONSTRUCTION  11
Design issues relating to sustainable development including site and ecology, community and culture, health, 
materials, energy, and water- adaptation, waste reduction, repair and management - portable architecture.
LOW CARBON MATERIALS  11
Ecological foot print - Bio-capacity and calculation of planet equivalent - Carbon from Cement- alternative cements 
and cementitious material - Alternative fuel for cements for reduction in carbon emission - Role of quality- 
minimization of natural resource utilization- Net zero waste.
SUSTAINABLE BUILDING MATERIALS  12
Rapidly renewable materials - Materials with Recycled Content, Local Materials, Wood Based Materials - Building 
Reuse - the structural and non-structural (interiors) elements - Reuse of Salvaged Materials - pre and post-consumer 
waste - landscape waste - construction and demolition waste - reuse or recycling of waste materials - 4R Principles - 
High volume fly ash concrete, geo-polymer concrete, concrete with alternative material - selection criteria - 
applications. 
CERTIFIED GREEN BUILDING MATERIALS  11
Passive green building materials - Low U value glass, wall and roof assembly - glazing, insulation, paints & 
coatings, adhesives & sealants - Active green building materials - Lighting Systems & Controls, Pumps & Motors - 
Plumbing Fixtures - Green Product Certification Programme- Eco labelled products.   

Total Hours: 45 
TEXT BOOKS
1. Koenigsberger O.H, T.G. Inger Soll, "Manual of tropical Housing and Building" Longman Group United 

Kingdom, 2020.
2. Bansal Naveendra K., Hauser Gerd and Minke Gernot, "Passive Buildings Designs: Handbook of Natural 

Climatic Control", Elsevier Science, Amsterdam, 2018.
3. Kibert, C. "Sustainable Construction: Green Building Design and Delivery", John Wiley & Sons, 2015.
REFERENCES
1. Colin Porteous, "The New Eco-Architecture", Spon Press, 2015.
2. K.S.Jagadish, B. U. Venkataramareddy and K. S. Nanjundarao. Alternative Building Materials and 

Technologies. New Age International, 2017.
3. Sustainable Building Design Manual. Vol 1 and 2, Teri, New Delhi, 2014.
WEB REFERENCES
1. https://nptel.ac.in/content/syllabus_pdf/105102195.pdf
2. https://nptel.ac.in/courses/105/102/105102195/
3. https://nptel.ac.in/courses/124/106/124106157/

CURRICULUM AND SYLLABUS 

COURSE OUTCOMES

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

INDOOR ACTIVITIES OF INHABITANTS  10
Levels of pollutants in indoor and outdoor air- Design and operation of buildings for improvements of public health- 
IAQ policy issues. Air pollutants in indoor environments- private residences- offices- schools-public buildings. 
POLLUTANT CLASSES  9
Control of several pollutant classes- radon- toxic organic gases- combustion byproducts- microorganisms, molds 
and infectious bacteria - Human health effects.
INDOOR AIR POLLUTION FROM OUTDOOR SOURCES  9
Particulate matter and ozone- Low Volatile organic compounds- odors and sick-building syndrome- Humidity- Bio 
aerosols- infectious disease transmission- Special indoor environments- Indoor A/C units-  Measurement methods- 
Control technologies- Control strategies.
VENTILATION  10
Mechanical versus natural ventilation - Types and components of ventilation systems - HVAC systems - functional 
requirements, human health and comfort, air-flow demands for different applications - energy-efficient ventilation 
systems.   
AIR QUALITY MONITORING 7
Indoor air quality management during construction - Air quality testing after construction and before occupancy - 
CO2 Monitoring - Fresh air monitoring system- Air Pollution Protection techniques.

Total Hours: 45 
TEXT BOOKS
1. Hays Steve M., "Indoor Air Quality" McGraw-Hill Education - Europe, 2020.
2. David W. Bearg, "Indoor Air Quality and HVAC Systems", CRC Press, 2019.
3. John D. Spengler, Jonathan M. Samet, John F. McCarthy, Indoor Air Quality Handbook, McGraw-Hill 

Education, 2020.
REFERENCES
1. Indoor Air Quality Guide: Best Practices for Design, Construction and Commissioning, ASHRAE, May 2020.
2. Paul Raymer, Residential Ventilation Handbook: Ventilation to Improve Indoor Air Quality, McGraw-Hill 

Education, 2019.
3. WHO guidelines for indoor air quality: selected pollutants, World Health Organization. Regional Office for 

Europe, 2020.
WEB REFERENCES
1. https://nptel.ac.in/courses/105/104/105104099/
2. https://nptel.ac.in/courses/105/102/105102089/

20CES04 GREEN BUILDING MATERIALS AND
SUSTAINABLE DESIGN

3 0 0 3

CO1: Restate issues relating to sustainable construction technology  PO1, PO7  
CO2: Summarize reusable structural and non-structural building elements  PO1  
CO3: Illustrate waste management strategies PO1, PO2  
CO4: Categorize passive and active green building materials.  PO1  

20CES05 INDOOR AIR QUALITY MONITORING 
AND MANAGEMENT

3 0 0 3

CO1: Associate the scope and nature of indoor air quality  PO1  
CO2: Interpret pollutant classes and health effects PO1  
CO3: Identify control strategies for indoor air environment.  PO1, PO2  
CO4: Outline requirements and application of efficient ventilation systems.  PO1, PO2  
CO5: Illustrate air quality monitoring systems. PO1, PO2  



82 83B.E / B.TECH SPECIALIZATION / MINOR COURSES 

COURSE OUTCOMES

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

PREREQUISITE: Nil
INTRODUCTION  8
History of green Rating systems - LEED, GRIHA, BREEAM, IGBC - Need and use of green rating systems - 
Structure of the rating systems - Market response to various rating systems - Selection of the appropriate rating 
system.
RATING SYSTEMS IN INDIA  12
Requirements of IGBC, LEED and GRIHA rating systems - Cross comparisons between the various requirements, 
their intents and ability of a project to meet the requirements - Other rating systems such as Eco House, Green Mark, 
Green Pearl, Living Building Challenge, EDGE.
RATING PROCESS AND DOCUMENTATION  12
Applying the Green rating systems in a project - Role of Green building consultant - Determining the various green 
points - Green Accreditation examinations - Rating system documentation.
POST AUDIT AND MAINTENANCE  8
Upcoming rating systems - Auditing after rating, Material certifications and stewardships - Energy modeling and 
energy auditing in green building ratings - Consultancy scope and services for green rating systems.
CASE STUDIES  5
Case studies of green certified projects in India. 

 Total Periods: 45
TEXT BOOKS
1.  Linda Reeder, Guide to Green Building Rating Systems: Understanding LEED, Green Globes, 2018 
2.  Jerry Yudelson, The Green Building Revolution, Island Press, 2017.
REFERENCES
1.  Lal Jayamaha, Energy-Efficient Building Systems: Green Strategies for Operation Professional, 2016. 
2.  Giuliano Dall'O', Green Energy Audit of Buildings: A guide for a sustainable energy audit of buildings,
 Springer, 2018. 
WEB REFERENCES
1  www.usgbc.org
2.  www.igbc.org
3.  www.grihaindia.org 

CURRICULUM AND SYLLABUS 

COURSE OUTCOMES

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

CO1: Outline the day lighting and ventilation systems. PO1

Principles of day lighting design - Day lighting requirements, daylight protractor, day lighting sensors - Glare 
reduction systems and devices- Sky lighting.

Requirements of ventilation as per ASHRAE / ECBC - Natural ventilation: stack effect, courtyard effect, air 
changes, ventilation requirement calculations, cross ventilation - Artificial ventilation techniques. 

20CES06 GREEN BUILDING RATING SYSTEMS 3 0 0 3

CO1:  Recognizethevarious green building rating systems and select them 
according to their suitability. 

PO3, PO7 

CO2:  Evaluate the procedural requirements to obtain green rating for a 
project  

PO3, PO7 

CO3:  Analyze and compare the strategies adopted in green certified projects 
with the rating systems adopted in India. 

PO2, PO5, PO7 

CO4:  Apply the auditing procedures and interpret the role of a green building 
consultant. 

PO1, PO5, 

20CES07 DAY LIGHTING AND VENTILATION  1 0 0 1
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CURRICULUM AND SYLLABUS 

COURSE OUTCOMES

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

CO1: Outline the day lighting and ventilation systems. PO1

Principles of day lighting design - Day lighting requirements, daylight protractor, day lighting sensors - Glare 
reduction systems and devices- Sky lighting.

Requirements of ventilation as per ASHRAE / ECBC - Natural ventilation: stack effect, courtyard effect, air 
changes, ventilation requirement calculations, cross ventilation - Artificial ventilation techniques. 

20CES06 GREEN BUILDING RATING SYSTEMS 3 0 0 3

CO1:  Recognizethevarious green building rating systems and select them 
according to their suitability. 

PO3, PO7 

CO2:  Evaluate the procedural requirements to obtain green rating for a 
project  

PO3, PO7 

CO3:  Analyze and compare the strategies adopted in green certified projects 
with the rating systems adopted in India. 

PO2, PO5, PO7 

CO4:  Apply the auditing procedures and interpret the role of a green building 
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PO1, PO5, 

20CES07 DAY LIGHTING AND VENTILATION  1 0 0 1



84 85B.E / B.TECH SPECIALIZATION / MINOR COURSES 

COURSE OUTCOMES

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

CO1: Identify the process of implementing Automation systems and HVAC controls in buildings. PO1

Building Automation Overview:  History of Building Automation Systems (BAS) - Building Types and Key 
Requirements -| Current and Future Trends - Delivery of BAS.

BAS Applications:  Basics of Heating, Ventilation and Air-conditioning (HVAC) in Buildings - Space Condition 
Controls - Air Handler Controls - Central Utilities - Energy Conservation Control Strategies - BAS Fire/Safety 
Systems - Security Systems - BAS Surveillance Systems- Energy and water monitoring devices, Air quality 
monitoring.

20CES08 BUILDING AUTOMATION TECHNIQUES 1 0 0 1

CURRICULUM AND SYLLABUS 

ELECTRIC VEHICLES
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COURSE OUTCOMES
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Building Automation Overview:  History of Building Automation Systems (BAS) - Building Types and Key 
Requirements -| Current and Future Trends - Delivery of BAS.

BAS Applications:  Basics of Heating, Ventilation and Air-conditioning (HVAC) in Buildings - Space Condition 
Controls - Air Handler Controls - Central Utilities - Energy Conservation Control Strategies - BAS Fire/Safety 
Systems - Security Systems - BAS Surveillance Systems- Energy and water monitoring devices, Air quality 
monitoring.
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CURRICULUM AND SYLLABUS 

ELECTRIC VEHICLES



86 87B.E / B.TECH SPECIALIZATION / MINOR COURSES CURRICULUM AND SYLLABUS 

COURSE OUTCOMES

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

CO1: Analyze the behavior of the vehicle under acceleration and braking.

CO2: Demonstrate the aerodynamic forces and its performances.

CO3: Identify the various resistances associated to the vehicles.

CO4: Compute the forces due to drag and rolling resistance.

CO5: Analyze the effect on the ride dynamic and stability of the vehicle.

CO6: Compute the effective suspension and its parameters.

ACCELERATION AND BRAKING PERFORMANCE 15

Fundamentals of Vehicle Dynamics; Design of Transmission Systems for EVs - Accelerating car; level and inclined 
road - power and traction limited acceleration - vehicle on a crest and dip - brake force distribution- braking and 
steering systems for EVs - Stability and Controlof EVs - brake regulation - brake performance analysis - 
aerodynamics - drag - side and lift force - pitching, yawing and rolling moment - crosswind sensitivity. Advanced 
Driver Assistance System - Autonomous Driving - Driving resistance - Functional Safety -ISO262262.

TIRE DYNAMICS 11

Tire and Rim Fundamentals - tire coordinate frame and tire force system - tire stiffness - effective radius - tire point 
forces of a static tire - uphill resistance - gradient resistance - acceleration resistance - rolling resistance; effect of 
speed, inflation pressure, sideslip angle and camber angle - longitudinal force - lateral force - camber force - tire 
force - Tire forces and tire modelling of EVs. Steering System - Steering Linkages, Forces, Moments, Models, and 
Geometry.

RIDE DYNAMICS AND SUSPENSION SYSTEM 11

Vehicle Ride - Riding comfort - vibration sources - oscillation of powertrains - vibration transmission to the 
passengers - suspension dynamics, Modeling andAnalysis of suspension systems - suspension types - anti-squat and 
anti-pitch suspension geometry - anti-dive suspension geometry - roll center analysis: solid axle and independent 
suspension roll centers - controllable suspension elements; active and semi-active - suspension spring rate - vehicle 
suspension in fore and aft directions.Acoustic Vehicle Alert System -Noise, Vibrationand Harshness.

VEHICLE ENGINEERING 8

Cost/performance trade-offs - different architectural options - understanding of bill of material, raw material and 
supply chains - vehicle testing and validation - quality - reliability - vehicle life cycle.

Total Periods: 45

TEXT BOOKS:

1. Thomas D Gillespie, "Fundamentals of Vehicle Dynamics", SAE International, Revised Edition, 2021.

2. Reza N. Jazar, "Vehicle Dynamics, Theory and Application", Springer Publication, 3rd Edition, 2017.

3. John G. Hayes, G. AbasGoodarzi, "Electric Power Train-Energy Systems", Power Electronics and Drives for 
Hybrid, "Electric and Fuel Cell Vehicles", Wiley Publication, 2018.

Departments of 
Electrical and Electronics Engineering

Specialization in Electric Vehicles
Curriculum and Syllabus 

S.No. Course L T P C 

FOURTH SEMESTER 

1 20EES01-Vehicle Dynamics  and 
Engineering 3 0 0 3 

2 20EES02-Energy Storage Systems 3 0 0 3 

FIFTH SEMESTER 

3 20EES03-Automotive Transmission 
Systems 3 0 0 3 

4 20EES04-Battery Pack Design and Thermal 
Management 3 0 0 3 

SIXTH SEMESTER 

5 20EES05-Charging Infrastructure for 
Electric Vehicles  3 0 0 3 

6 20EES06-Drive Train Technologies and 
Controls 3 0 0 3 

7 20EES07-Electric Vehicle Laboratory  0 0 2 1 

8 20EES08-Mini Project /Internship/Online 
Certifications - - - 1 

 

20EES01 VEHICLE DYNAMICS AND ENGINEERING 3 0 0 3
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suspension roll centers - controllable suspension elements; active and semi-active - suspension spring rate - vehicle 
suspension in fore and aft directions.Acoustic Vehicle Alert System -Noise, Vibrationand Harshness.

VEHICLE ENGINEERING 8

Cost/performance trade-offs - different architectural options - understanding of bill of material, raw material and 
supply chains - vehicle testing and validation - quality - reliability - vehicle life cycle.

Total Periods: 45

TEXT BOOKS:

1. Thomas D Gillespie, "Fundamentals of Vehicle Dynamics", SAE International, Revised Edition, 2021.

2. Reza N. Jazar, "Vehicle Dynamics, Theory and Application", Springer Publication, 3rd Edition, 2017.

3. John G. Hayes, G. AbasGoodarzi, "Electric Power Train-Energy Systems", Power Electronics and Drives for 
Hybrid, "Electric and Fuel Cell Vehicles", Wiley Publication, 2018.

Departments of 
Electrical and Electronics Engineering

Specialization in Electric Vehicles
Curriculum and Syllabus 

S.No. Course L T P C 

FOURTH SEMESTER 

1 20EES01-Vehicle Dynamics  and 
Engineering 3 0 0 3 

2 20EES02-Energy Storage Systems 3 0 0 3 

FIFTH SEMESTER 

3 20EES03-Automotive Transmission 
Systems 3 0 0 3 

4 20EES04-Battery Pack Design and Thermal 
Management 3 0 0 3 

SIXTH SEMESTER 

5 20EES05-Charging Infrastructure for 
Electric Vehicles  3 0 0 3 

6 20EES06-Drive Train Technologies and 
Controls 3 0 0 3 

7 20EES07-Electric Vehicle Laboratory  0 0 2 1 

8 20EES08-Mini Project /Internship/Online 
Certifications - - - 1 

 

20EES01 VEHICLE DYNAMICS AND ENGINEERING 3 0 0 3



88 89B.E / B.TECH SPECIALIZATION / MINOR COURSES 

4. Wolf -Heinrich-Hucho,"Aerodynamics of Road Vehicles", SAE International, 1998.

5. Thomas D. Gillespie, "Fundamentals of Vehicle Dynamics", SAE publication, 1992.

6. Nick Enge, Per Enge, and Stephen Zoepf, "Electric Vehicle Engineering", ISBN-13: 978-1260464078, 
McGraw-Hill Professional, 2020.

REFERENCES:

1. Rajesh Rajamani, "Vehicle Dynamics and Control", Springer Publication, 2nd Edition, 2012.

2. MehrdadEhsani, YiminGao, Stefano Longo, KambizEbrahimi, Modern Electric, "Hybrid Electric and Fuel 
Cell Vehicles", CRC Press Publisher, 3rd Edition, 2018.

3. Martin Meywek, "Vehicle Dynamics", Wiley Publication, 2015.

4. Automotive Industrial Standards (AIS).  

5. Motor Vehicle Act - Govt. of India Publications. 

6. M.V. Act 1988-RTO rules and regulation manual.

WEB REFERENCES:

1. https://nptel.ac.in/courses/108/103/108103009/

2. https://nptel.ac.in/courses/108/106/108106170/

3. http://nptel.ac.in/courses/107106080/

4. https://dspace.mit.edu/handle/1721.1/43111

5. https://www.youtube.com/watch?v=powT52Isd-Q

6. https://www.youtube.com/watch?v=LZ82iANWBL0

7. https://www.youtube.com/watch?v=mHc1u5mw2Yg

8. https://www.youtube.com/watch?v=qftGWPa-iBQ

9. https://www.youtube.com/watch?v=IGkUsyIANvE

10. https://www.mdpi.com/2032-6653/4/2/319/pdf

11. https://www.youtube.com/watch?v=PJXZ-tJtc8Q

12. https://www.youtube.com/watch?v=XXvvRLdfZRM

13. https://www.youtube.com/watch?v=UCPUcm7z_3E

14. https://www.udemy.com/course/fundamental-concepts-of-vehicle-dynamics/

15. https://es.coursera.org/lecture/intro-self-driving-cars/lesson-7-tire-slip-and-modeling-iSRpt

16. https://aeroastro.mit.edu/research-areas/vehicle-design-engineering/

17. https://dspace.mit.edu/bitstream/handle/1721.1/91756/50945401-MIT.pdf?sequence=2

CURRICULUM AND SYLLABUS 

COURSE OUTCOMES

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

CO 1:  Discuss about different types of energy storage system

CO 2:  Discuss about battery characteristics and parameters

CO 3:  Understand the parameters to select EV battery

CO 4:  Explain about the battery testing, disposal and recycling

BATTERY CHARACTERISTICS AND PARAMETERS 15

Need of Batteries in EVs - Review of Cells and Batteries- conversion of chemical energy to electrical energy- 
Battery Specifications: Variables to characterize battery operating conditions and Specifications to characterize 
battery nominal and maximum characteristics-Parameters to select EV battery-Range, Coulomb counting, 
Matlab/Simulink Model for Monitoring Cell State-of-Health, State-of-Charge(SoC) and Depth of Discharge 
(DoD), End of Life (EoL), C-rate-Cycle life-Aging- Ragone plot-Calendar life -Battery Energy capacity-Factors 
affecting Battery cell life cycles- Sizing - Efficiency of batteries -Design for safety.

ENERGY STORAGE DEVIES AND ITS TYPES 15

Batteries - overview and its types - Primary and Secondary Batteries- Lead Acid Battery- Nickel based batteries, 
Sodium based batteries, Lithium based batteries - Li-ion & Li-poly, Metal Air Battery, Zinc Chloride battery- 
Chemistry of Li-Ion Battery-Alternative to Li-ion Battery- Ultra capacitors- Fuel Cell, Flywheel Batteries in future-
Hydraulic Energy Storage System-Comparison of different Energy Storage System.

BATTERY TESTING AND RECYCLING 15

Battery Testing Standards - Chemical structure and material properties for cell safety and battery design, battery 
testing, limitations for transport and storage of cells and batteries, Recycling, disposal and second use of batteries. 
Battery Leakage: gas generation in batteries, leakage path, leakage rates. Ruptures: Mechanical stress and pressure 
tolerance of cells, safety vents, Explosions: Causes of battery explosions, explosive process, Thermal Runway: 
High discharge rates, Short circuits, charging and discharging - LTO Fast Charging. Environment and Human 
Health impact assessments of batteries - Need for Battery Management system. Charging Standards and 
Technologies: SAE J1772, VDE-AR-E2623-2-2, CHAdeMo, Tesla, Wireless Charging.

Total Periods: 45

TEXT BOOKS

1. Shunli Wang, Carlos Fernandez, Yu Chunmei, Fan Yongcun, Cao Wen, Daniel-IoanStroe, Zonghai Chen, 
"Battery System Modeling", Elsevier Inc. 1st Edition, 2021.

2. M. TahaDemirkan,"Energy Storage Devices", Intech open book series, 1st Edition, 2019 

3. G. Pistoia, J.P. Wiaux, S.P. Wolsky, "Used Battery Collection and Recycling", Elsevier, 2001. 

4. Guangjin Zhao, "Reuse and Recycling of Lithium-Ion Power Batteries", John Wiley & Sons. 2017. 

5. RuiXiong and WeixiangShen, "Advanced Battery Management Technologies for Electric Vehicles", Wiley 
Publication, 2019.

20EES02 ENERGY STORAGE SYSTEMS 3 0 0 3



88 89B.E / B.TECH SPECIALIZATION / MINOR COURSES 

4. Wolf -Heinrich-Hucho,"Aerodynamics of Road Vehicles", SAE International, 1998.

5. Thomas D. Gillespie, "Fundamentals of Vehicle Dynamics", SAE publication, 1992.
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McGraw-Hill Professional, 2020.

REFERENCES:
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CURRICULUM AND SYLLABUS 

COURSE OUTCOMES
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Batteries - overview and its types - Primary and Secondary Batteries- Lead Acid Battery- Nickel based batteries, 
Sodium based batteries, Lithium based batteries - Li-ion & Li-poly, Metal Air Battery, Zinc Chloride battery- 
Chemistry of Li-Ion Battery-Alternative to Li-ion Battery- Ultra capacitors- Fuel Cell, Flywheel Batteries in future-
Hydraulic Energy Storage System-Comparison of different Energy Storage System.

BATTERY TESTING AND RECYCLING 15

Battery Testing Standards - Chemical structure and material properties for cell safety and battery design, battery 
testing, limitations for transport and storage of cells and batteries, Recycling, disposal and second use of batteries. 
Battery Leakage: gas generation in batteries, leakage path, leakage rates. Ruptures: Mechanical stress and pressure 
tolerance of cells, safety vents, Explosions: Causes of battery explosions, explosive process, Thermal Runway: 
High discharge rates, Short circuits, charging and discharging - LTO Fast Charging. Environment and Human 
Health impact assessments of batteries - Need for Battery Management system. Charging Standards and 
Technologies: SAE J1772, VDE-AR-E2623-2-2, CHAdeMo, Tesla, Wireless Charging.

Total Periods: 45

TEXT BOOKS

1. Shunli Wang, Carlos Fernandez, Yu Chunmei, Fan Yongcun, Cao Wen, Daniel-IoanStroe, Zonghai Chen, 
"Battery System Modeling", Elsevier Inc. 1st Edition, 2021.

2. M. TahaDemirkan,"Energy Storage Devices", Intech open book series, 1st Edition, 2019 

3. G. Pistoia, J.P. Wiaux, S.P. Wolsky, "Used Battery Collection and Recycling", Elsevier, 2001. 

4. Guangjin Zhao, "Reuse and Recycling of Lithium-Ion Power Batteries", John Wiley & Sons. 2017. 

5. RuiXiong and WeixiangShen, "Advanced Battery Management Technologies for Electric Vehicles", Wiley 
Publication, 2019.
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REFERENCE BOOKS

1. T R Crompton, "Battery Reference Book", Newnes- Reed Educational and Professional Publishing Ltd., 3rd 
Edition, 2000. 

2. Arno Kwade, Jan Diekmann, "Recycling of Lithium-Ion Batteries: The LithoRec Way", Springer, 2018. 
(ISBN: 978-3-319-70571-2).

3. James Larminie, John Lowry, "Electric Vehicle Technology Explained", John Wiley & Sons Ltd, 2003.

4. MehrdadEhsani, YiminGao, Stefano Longo and Kambiz M. Ebrahimi, "Modern Electric, Hybrid Electric, and 
Fuel Cell Vehicles", CRC Press, 2015.

5. Shailendra Jain, "Modeling and Simulation using MATLAB - Simulink", 2nd Edition, Wiley Publication, 
2015.

Web References

1. https://onlinecourses.nptel.ac.in/noc20_ee99/preview

2. https://nptel.ac.in/courses/108/106/108106170/ 

3. https://web.mit.edu/evt/summary_battery_specifications.pdf

4. https://www.doitpoms.ac.uk/tlplib/batteries/battery_characteristics.php

5. https://www.youtube.com/watch?v=iihYXx79QiE

6. https://www.youtube.com/watch?v=w7V41yWg_4U

7. https://energy.mit.edu/podcast/batteries-and-storage/

8. http://www.diva-portal.org/smash/get/diva2:716986/FULLTEXT01.pdf

9. https://www.autobatteries.com/en-us/battery-testing-and-maintenance/car-battery-voltage-and-testing

10. https://www.youtube.com/watch?v=6w78-aSTIDY

11. https://www.youtube.com/watch?v=oKFOqMZmuA8

12. https://www.youtube.com/watch?v=wxCFDWMPu38

13. https://www.youtube.com/watch?v=A0E_SeT-TDQ

14. https://www.coursera.org/specializations/algorithms-for-battery-management-systems

15. https://chargedevs.com/apr-2022-session/maximizing-your-dc-fast-charger-performance-innovative-three
 phase-pfc-topologies/

16. https://chargedevs.com/apr-2022-session/testing-ev-charging-infrastructure/

17. https://chargedevs.com/apr-2022-session/ev-batteries-and-battery-materials-in-2022-h2-market-report

18. https://iopscience.iop.org/article/10.1088/1757-899X/1116/1/012103/pdf

CURRICULUM AND SYLLABUS 

COURSE OUTCOMES

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

CO1: Understand the different types of chassis.

CO2: Describe about the requirements of clutches and its types.

CO3: Determine gear box ratios for different vehicle applications.

CO4: Summarize about various hydrodynamic drives.

CO5: Demonstrate the layout of automatic transmission system.

CO6: Enumerate the construction and working of hydrostatic and electric drives.

VEHICLE LAYOUTS AND CLUTCHES 15

Vehicle Layouts: Classification of automobiles - Types of chassis layout with reference to power train locations and 
type of drive -Types of chassis - Full forward, Semi forward, Truck or bus chassis.

Clutches: General requirements - Types of clutches, Cone clutch, Single-plate clutch, Diaphragm spring clutch, 
Multi-plate clutch, Centrifugal clutch, Electromagnetic clutch - Lining materials - Over-running clutch - Clutch 
control systems - Braking and types.

GEAR BOX AND HYDRODYNAMIC DRIVES 15

Gear Box: Objective of the gear box - Problems on performance of automobile such as resistance to motion, Tractive 
effort, Engine speed & power and acceleration - Determination of gear box ratios for different vehicle applications - 
Different types of gear boxes. 

Hydrodynamic Drives: Principles - Performance and limitations of fluid coupling - Constructional details of a 
typical fluid coupling - Principle, Construction and advantages of hydrodynamic torque converters - Performance 
characteristics - Converter couplings, Multi-stage Torque converter and poly phase torque converter.

AUTOMATIC TRANSMISSION SYSTEMS, HYDROSTATIC DRIVE, ELECTRIC DRIVE AND ITS 
APPLICATIONS 15

Layout of automatic transmission system - Construction and working of Turbo glide transmission and Power glide 
transmission - ECT- intelligent transmission working principle - Automatic transmission with intelligent electronic 
control systems - Automated Guided Vehicle.

Principle of hydrostatic drive systems - Construction and working of typical drives, Advantages and limitations - 
Control of hydrostatic transmissions - Principle of electric drive - Early and modified Ward Leonard control 
systems.

Total Periods: 45 

TEXT BOOKS 

1. Heinz Heisler, "Advanced Vehicle Technology", Second Edition, Butterworth - Heinemann, New York, 2002.

2. Jack Erkavec "Automotive Technology- Manual Transmission", Cengage Learning India Pvt Ltd., 2011.
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REFERENCE BOOKS

1. T R Crompton, "Battery Reference Book", Newnes- Reed Educational and Professional Publishing Ltd., 3rd 
Edition, 2000. 

2. Arno Kwade, Jan Diekmann, "Recycling of Lithium-Ion Batteries: The LithoRec Way", Springer, 2018. 
(ISBN: 978-3-319-70571-2).

3. James Larminie, John Lowry, "Electric Vehicle Technology Explained", John Wiley & Sons Ltd, 2003.

4. MehrdadEhsani, YiminGao, Stefano Longo and Kambiz M. Ebrahimi, "Modern Electric, Hybrid Electric, and 
Fuel Cell Vehicles", CRC Press, 2015.

5. Shailendra Jain, "Modeling and Simulation using MATLAB - Simulink", 2nd Edition, Wiley Publication, 
2015.

Web References
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5. https://www.youtube.com/watch?v=iihYXx79QiE
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CURRICULUM AND SYLLABUS 

COURSE OUTCOMES

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

CO1: Understand the different types of chassis.

CO2: Describe about the requirements of clutches and its types.

CO3: Determine gear box ratios for different vehicle applications.

CO4: Summarize about various hydrodynamic drives.

CO5: Demonstrate the layout of automatic transmission system.

CO6: Enumerate the construction and working of hydrostatic and electric drives.

VEHICLE LAYOUTS AND CLUTCHES 15

Vehicle Layouts: Classification of automobiles - Types of chassis layout with reference to power train locations and 
type of drive -Types of chassis - Full forward, Semi forward, Truck or bus chassis.

Clutches: General requirements - Types of clutches, Cone clutch, Single-plate clutch, Diaphragm spring clutch, 
Multi-plate clutch, Centrifugal clutch, Electromagnetic clutch - Lining materials - Over-running clutch - Clutch 
control systems - Braking and types.

GEAR BOX AND HYDRODYNAMIC DRIVES 15

Gear Box: Objective of the gear box - Problems on performance of automobile such as resistance to motion, Tractive 
effort, Engine speed & power and acceleration - Determination of gear box ratios for different vehicle applications - 
Different types of gear boxes. 

Hydrodynamic Drives: Principles - Performance and limitations of fluid coupling - Constructional details of a 
typical fluid coupling - Principle, Construction and advantages of hydrodynamic torque converters - Performance 
characteristics - Converter couplings, Multi-stage Torque converter and poly phase torque converter.

AUTOMATIC TRANSMISSION SYSTEMS, HYDROSTATIC DRIVE, ELECTRIC DRIVE AND ITS 
APPLICATIONS 15

Layout of automatic transmission system - Construction and working of Turbo glide transmission and Power glide 
transmission - ECT- intelligent transmission working principle - Automatic transmission with intelligent electronic 
control systems - Automated Guided Vehicle.

Principle of hydrostatic drive systems - Construction and working of typical drives, Advantages and limitations - 
Control of hydrostatic transmissions - Principle of electric drive - Early and modified Ward Leonard control 
systems.

Total Periods: 45 

TEXT BOOKS 

1. Heinz Heisler, "Advanced Vehicle Technology", Second Edition, Butterworth - Heinemann, New York, 2002.

2. Jack Erkavec "Automotive Technology- Manual Transmission", Cengage Learning India Pvt Ltd., 2011.
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3. HaraldNaunheimer, Bernd Bertsche, Joachim Ryborz, Wolfgang Novak "Automotive Transmission: 
Fundamentals, Selection, Design and Application", 2nd Edition, Springer, 2011.

REFERENCES 

1. Judge.A.W. "Modern Transmission Systems", Chapman and Hall Ltd, 2000.

2. T. Kenneth Garrett, Kenneth Newton and William Steeds, "The Motor Vehicle" 13thEdition, Butterworth-
Heinemann Limited, London, 2005.

3. N.R.Hema Kumar," A Text Book on Automobile Chassis and Body Engineering",2010.

WEB REFERENCES:

1. https://www.youtube.com/watch?v=devo3kdSPQY

2. https://www.youtube.com/watch?v=kcNo4wfPFLU

3. https://www.youtube.com/watch?v=HY_PjmHRxuE

4. https://www.sae.org/publications/technical-papers/content/390174/

5. http://www.tezu.ernet.in/sae/Download/transmission.pdf

6. https://www.youtube.com/watch?v=u_y1S8C0Hmc

7. https://www.youtube.com/watch?v=U7gI_TgzR8s

8. https://www.elprocus.com/electric-drive-types-block-diagram-classification/

9. https://www.youtube.com/watch?v=EaENkSSUK-k

10. https://www.youtube.com/watch?v=dEhxySdteQs

11. https://www.udemy.com/course/the-automatic-transmission/

12. https://nptel.ac.in/courses/107106088

CURRICULUM AND SYLLABUS 

20EES04 BATTERY PACK DESIGN AND THERMAL
MANAGEMENT

3 0 0 3

COURSE OUTCOMES

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

CO1:  Understand the electrical design aspects of battery and corresponding protection circuits.

CO2:  Illustrate the mechanical design aspects of battery Packs.

CO3:  Understand the standards pertaining to battery pack testing

CO4:  Infer the thermal design of battery pack.

CO5:  Demonstrate various control techniques for electrical drives.

ELECTRICAL DESIGN ASPECTS 15

Battery capacity - voltage - current - cell configuration - series - parallel -mPnS theory - high voltage isolation - short 
circuit scenario - Efficient power delivery - Effects of current density on battery formation - battery storage- Energy 
balance for Electric vehicle - battery pack safety - Electrolyte spillage and Electric shock - Electrical Insulation - 
Breakdown detection.

MECHANICAL DESIGN ASPECTS 15

Major components of a battery pack -EV Material Technologies - material selection - base plate, end plate and side 
strip design - outer case design - bus bar design - Packaging constraints. Forces acting on the battery pack - free and 
forced vibration- Test standards for battery pack validation - Electric Vehicle Testing and Homologation.

THERMAL MANAGEMENT 15

Thermal design of battery pack - temperature considerations - high temperature - low temperature - joule heating - 
active thermal management - air, liquid, refrigerant and hybrid - passive thermal management - PCM, embedded 
micro channels - Thermal Loading, Heat Management

Total Periods: 45

Text Books:

1. Nicolae Tudoroiu, "Battery Management Systems of Electric and Hybrid Electric Vehicles", MDPI books Ltd., 
2021.

2. Ibrahim Dincer, Halil S. Hamut, Nader Javani, "Thermal Management of Electric Vehicle Battery Systems", 
ISBN: 978-1-118-90024-6, Wiley Publishers, March 2017.

3. Helena Berg, "Batteries for Electric Vehicles: Materials and Electrochemistry", Cambridge University Press, 
2015

4. Warner John T, "The Handbook of Lithium-Ion Battery Pack Design", Elsevier Science Publishing Co Inc., 
2015.

REFERENCES 

1.  Otto Bischof, Ted Tanaka, David Akawie, "Electric Vehicles: The Automobiles of the Future", 2021.

2.  RuiXiong and WeixiangShen, "Advanced Battery Management Technologies for Electric Vehicles", Wiley 
Publication, 2018.

3.  Sandeep Dhameja, "Electric Vehicle Battery Systems" An imprint of Elsevier, 2002.
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3. HaraldNaunheimer, Bernd Bertsche, Joachim Ryborz, Wolfgang Novak "Automotive Transmission: 
Fundamentals, Selection, Design and Application", 2nd Edition, Springer, 2011.

REFERENCES 

1. Judge.A.W. "Modern Transmission Systems", Chapman and Hall Ltd, 2000.

2. T. Kenneth Garrett, Kenneth Newton and William Steeds, "The Motor Vehicle" 13thEdition, Butterworth-
Heinemann Limited, London, 2005.

3. N.R.Hema Kumar," A Text Book on Automobile Chassis and Body Engineering",2010.

WEB REFERENCES:

1. https://www.youtube.com/watch?v=devo3kdSPQY

2. https://www.youtube.com/watch?v=kcNo4wfPFLU

3. https://www.youtube.com/watch?v=HY_PjmHRxuE

4. https://www.sae.org/publications/technical-papers/content/390174/

5. http://www.tezu.ernet.in/sae/Download/transmission.pdf

6. https://www.youtube.com/watch?v=u_y1S8C0Hmc

7. https://www.youtube.com/watch?v=U7gI_TgzR8s

8. https://www.elprocus.com/electric-drive-types-block-diagram-classification/

9. https://www.youtube.com/watch?v=EaENkSSUK-k

10. https://www.youtube.com/watch?v=dEhxySdteQs

11. https://www.udemy.com/course/the-automatic-transmission/

12. https://nptel.ac.in/courses/107106088

CURRICULUM AND SYLLABUS 

20EES04 BATTERY PACK DESIGN AND THERMAL
MANAGEMENT

3 0 0 3

COURSE OUTCOMES

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

CO1:  Understand the electrical design aspects of battery and corresponding protection circuits.

CO2:  Illustrate the mechanical design aspects of battery Packs.

CO3:  Understand the standards pertaining to battery pack testing

CO4:  Infer the thermal design of battery pack.

CO5:  Demonstrate various control techniques for electrical drives.

ELECTRICAL DESIGN ASPECTS 15

Battery capacity - voltage - current - cell configuration - series - parallel -mPnS theory - high voltage isolation - short 
circuit scenario - Efficient power delivery - Effects of current density on battery formation - battery storage- Energy 
balance for Electric vehicle - battery pack safety - Electrolyte spillage and Electric shock - Electrical Insulation - 
Breakdown detection.

MECHANICAL DESIGN ASPECTS 15

Major components of a battery pack -EV Material Technologies - material selection - base plate, end plate and side 
strip design - outer case design - bus bar design - Packaging constraints. Forces acting on the battery pack - free and 
forced vibration- Test standards for battery pack validation - Electric Vehicle Testing and Homologation.

THERMAL MANAGEMENT 15

Thermal design of battery pack - temperature considerations - high temperature - low temperature - joule heating - 
active thermal management - air, liquid, refrigerant and hybrid - passive thermal management - PCM, embedded 
micro channels - Thermal Loading, Heat Management

Total Periods: 45

Text Books:

1. Nicolae Tudoroiu, "Battery Management Systems of Electric and Hybrid Electric Vehicles", MDPI books Ltd., 
2021.

2. Ibrahim Dincer, Halil S. Hamut, Nader Javani, "Thermal Management of Electric Vehicle Battery Systems", 
ISBN: 978-1-118-90024-6, Wiley Publishers, March 2017.

3. Helena Berg, "Batteries for Electric Vehicles: Materials and Electrochemistry", Cambridge University Press, 
2015

4. Warner John T, "The Handbook of Lithium-Ion Battery Pack Design", Elsevier Science Publishing Co Inc., 
2015.

REFERENCES 

1.  Otto Bischof, Ted Tanaka, David Akawie, "Electric Vehicles: The Automobiles of the Future", 2021.

2.  RuiXiong and WeixiangShen, "Advanced Battery Management Technologies for Electric Vehicles", Wiley 
Publication, 2018.

3.  Sandeep Dhameja, "Electric Vehicle Battery Systems" An imprint of Elsevier, 2002.
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4.  Iqbal Hussein, "Electric and Hybrid Vehicles: Design Fundamentals", 2ndEdition, CRC Press, Taylor and 
Francis Group, 2010

Web References:

1.  https://onlinecourses.nptel.ac.in/noc20_ee99/preview

2.  https://nptel.ac.in/courses/108/106/108106170/

3.  http://electric-vehicles-in-india.blogspot.com/2017/12/introduction-to-blog-understanding-ev.html

4.  https://www.youtube.com/watch?v=u6yYsIo_728

5.  https://www.youtube.com/watch?v=sm13LlPc73I

6.  https://chemistry.mit.edu/chemistry-news/a-novel-way-to-advance-a-better-battery-design/

7.  https://www.udemy.com/course/battery-pack-design-for-electric-vehicles/

8.  https://dspace.mit.edu/handle/1721.1/104455

9.  https://www.youtube.com/watch?v=s3HPdv9iD00

10.  https://www.youtube.com/watch?v=hImDQxzAhkQ

11.  https://www.youtube.com/watch?v=cbOFk47hrxk

12.  https://www.nrel.gov/docs/fy16osti/66960.pdf

13. https://chargedevs.com/apr-2022-session/advanced-materials-for-lightweight-battery-components-and
 thermal-management/

CURRICULUM AND SYLLABUS 

COURSE OUTCOMES

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

CO1:  Describe the various techniques in charging electric vehicles

CO2: Classify the types of standard connectors used globally

CO3:  Infer the charging standards and practice the protocols

CO4: Understand the application of EV in Micro grids

CO5: Discuss the V2G and G2V oriented applications

CHARGING TECHNIQUES 15

Domestic Charging Infrastructure - Public Charging Infrastructure: Slow Charging, Fast Charging, Bulk Charging - 
Battery reactions: Over Charge and Consequences -  Battery Swapping - Protocols - Charger types: AC, DC, On-
board, Off board - Charge equalization - Basic charger circuits - Mode of charging: CC, CV -Conductive charger- 
Charge controllers, Inductive chargers - Level 1 chargers, Level 2 chargers, Level 3 chargers and connectors - 
Battery indication methods.

CHARGING STANDARDS                                                                                                    15

Standardization-Need for Standardization, Global standards, Indian standards, Standards for Bulk Charger, 
Swappable batteries - Charging standards, Protocol Standards, Standards for Connectors, Statutory bodies for 
Standards, Swap stations, Swap standards, Standard power levels of conductive chargers.

ELECTRIC VEHICLE IN GRID TECHNOLOGY 15

EV as frequency control reserves and tertiary reserves, voltage support and electric vehicle integration - control 
strategies energy storage integration into Micro grid -  Architecture and model for smart grid & EV, ICT players in 
smart grid, smart metering, information & communication models: OCPP, CAN - functional and logical models -  
Impact on investment.

Total Periods: 45

TEXTBOOKS:

1. Mohammad SaadAlam, "Developing Charging Infrastructure and Technologies for Electric Vehicles", IGI 
Global, December 2021.

2. James Larminie, John Lowry, "Electric Vehicle Technology Explained", Wiley , 2003

3. C.C Chan, K.T Chau: "Modern Electric Vehicle Technology", Oxford University Press Inc.,    New York 2001.

4. Wanrong Tang, Ying Jun (Angela) Zhang, "Optimal Charging Control of Electric Vehicles in Smart Grids", 
Springer International Publishing, 2017.

REFERENCES: 

1. David Linden, Thomas B. Reddy, Handbook of Batteries, McGraw-Hill Professional, 2001 

2. Iqbal Hussein, "Electric and Hybrid Vehicles: Design Fundamentals", CRC Press , 2003

3. Doug Kettles, "Electric Vehicle Charging Technology Analysis and Standards", Electric vehicle transportation 
centre, 2020.
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4.  Iqbal Hussein, "Electric and Hybrid Vehicles: Design Fundamentals", 2ndEdition, CRC Press, Taylor and 
Francis Group, 2010
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10.  https://www.youtube.com/watch?v=hImDQxzAhkQ

11.  https://www.youtube.com/watch?v=cbOFk47hrxk

12.  https://www.nrel.gov/docs/fy16osti/66960.pdf

13. https://chargedevs.com/apr-2022-session/advanced-materials-for-lightweight-battery-components-and
 thermal-management/

CURRICULUM AND SYLLABUS 

COURSE OUTCOMES

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

CO1:  Describe the various techniques in charging electric vehicles

CO2: Classify the types of standard connectors used globally

CO3:  Infer the charging standards and practice the protocols

CO4: Understand the application of EV in Micro grids

CO5: Discuss the V2G and G2V oriented applications

CHARGING TECHNIQUES 15

Domestic Charging Infrastructure - Public Charging Infrastructure: Slow Charging, Fast Charging, Bulk Charging - 
Battery reactions: Over Charge and Consequences -  Battery Swapping - Protocols - Charger types: AC, DC, On-
board, Off board - Charge equalization - Basic charger circuits - Mode of charging: CC, CV -Conductive charger- 
Charge controllers, Inductive chargers - Level 1 chargers, Level 2 chargers, Level 3 chargers and connectors - 
Battery indication methods.

CHARGING STANDARDS                                                                                                    15

Standardization-Need for Standardization, Global standards, Indian standards, Standards for Bulk Charger, 
Swappable batteries - Charging standards, Protocol Standards, Standards for Connectors, Statutory bodies for 
Standards, Swap stations, Swap standards, Standard power levels of conductive chargers.

ELECTRIC VEHICLE IN GRID TECHNOLOGY 15

EV as frequency control reserves and tertiary reserves, voltage support and electric vehicle integration - control 
strategies energy storage integration into Micro grid -  Architecture and model for smart grid & EV, ICT players in 
smart grid, smart metering, information & communication models: OCPP, CAN - functional and logical models -  
Impact on investment.

Total Periods: 45

TEXTBOOKS:

1. Mohammad SaadAlam, "Developing Charging Infrastructure and Technologies for Electric Vehicles", IGI 
Global, December 2021.

2. James Larminie, John Lowry, "Electric Vehicle Technology Explained", Wiley , 2003

3. C.C Chan, K.T Chau: "Modern Electric Vehicle Technology", Oxford University Press Inc.,    New York 2001.

4. Wanrong Tang, Ying Jun (Angela) Zhang, "Optimal Charging Control of Electric Vehicles in Smart Grids", 
Springer International Publishing, 2017.

REFERENCES: 

1. David Linden, Thomas B. Reddy, Handbook of Batteries, McGraw-Hill Professional, 2001 

2. Iqbal Hussein, "Electric and Hybrid Vehicles: Design Fundamentals", CRC Press , 2003

3. Doug Kettles, "Electric Vehicle Charging Technology Analysis and Standards", Electric vehicle transportation 
centre, 2020.
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Web References:

1. https://www.niti.gov.in/sites/default/files/2021-08/ Handbook for EV Charging Infrastructure 
Implementation 081221.pdf

2. https://powermin.gov.in/sites/default/files/webform/notices/Final_Consolidated_EVCI_Guidelines_ 
January_2022_with_ANNEXURES.pdf

3. https://www.youtube.com/watch?v=pLcqJ2DclEg

4. https://www.youtube.com/watch?v=Pj96B_P2aoY

5. https://www.youtube.com/watch?v=fVw_mjxXADs

6. http://large.stanford.edu/courses/2018/ph240/beall1/

7. https://innovation-entrepreneurship.springeropen.com/articles/10.1186/s13731-016-0043-y

8. http://large.stanford.edu/courses/2016/ph240/corti1/

9. https://www.youtube.com/watch?v=DnFAXtaUAWo

10. https://www.youtube.com/watch?v=wHNFYMPFUv4

CURRICULUM AND SYLLABUS 

COURSE OUTCOMES

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

CO1:  Understand the working principles, performance and speed - torque characteristics of various types of 
electrical machines.

CO2:  Discuss various starting methods, regenerative braking and speed control techniques in electrical 
machines.

CO3:  Illustrate various types of converter/inverter circuits and closed loop operation.

CO4:  Demonstrate various control techniques for electrical drives.

DC MOTOR DRIVES 10

DC Machines: electrical equivalent circuit - speed torque characteristics - power, losses and efficiency - starting and 
speed control methods - regenerative braking - DC-DC converter topologies - closed loop speed control - design 
criteria of DC motor drives for EVs - Application example of DC motor drives in EVs.

INDUCTION MOTOR DRIVES  17

Induction Machines: Speed torque characteristics - starting methods - speed control and braking techniques - 
inverters for induction motor - PWM techniques - closed loop speed/torque control - Field Oriented Control (FOC) - 
Direct Torque Control (DTC) - design criteria of induction motor drives for EVs - Application examples of induction 
motor drives in EVs.

PERMANENT MAGNET AND SWITCHED RELUCTANCE MOTOR DRIVES 18

Permanent magnet machines: PMBLDC Motor and PMSM - operation - speed torque characteristics - speed control 
techniques - inverters requirements - closed loop control - Outer rotor PMBLDC motor drive - Planetary geared 
PMSM drive - Design criteria of PMBLDC and PMSM drives for EVs - Application examples of PMBLDC and 
PMSM drives in EVs - Concept of Artificial Intelligence and Machine Learning in Electric Vehicle.

Switched Reluctance Motor (SRM): Geometry structure and principle of operation - Various converters and 
converter topologies for SRM - closed loop control - Torque ripple reduction techniques - Design criteria of SRM 
drives for EVs - Application examples of  SRM drives in EVs.

Total Periods: 45

TEXT BOOKS:

1. Chau K.T., "Electric Vehicle Machines and Drives: Design, Analysis and Application", Wiley - IEEE Press, 
2015.

2. Bimal K Bose, "Modern Power Electronics and AC drives", Pearson Education, 1st Edition, 2015.

3. Krishnan R., "Switched Reluctance Motor Drives: Modeling, Simulation, Analysis, Design and Applications", 
CRC Press, 2001.

4. James Larminie, John Lowry, "Electric Vehicle Technology Explained", John Wiley & Sons, Inc., 2012.

5. Chitra A, SanjeevikumarPadmanaban, Jens Bo Holm-Nielsen, S. Himavathi, "Artificial Intelligent Techniques 
for Electric and Hybrid Electric Vehicles", Wiley, ISBN: 978-1-119-68190-8, 2020.

20EES06 DRIVE TRAIN TECHNOLOGIES AND CONTROLS 3 0 0 3
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Web References:

1. https://www.niti.gov.in/sites/default/files/2021-08/ Handbook for EV Charging Infrastructure 
Implementation 081221.pdf

2. https://powermin.gov.in/sites/default/files/webform/notices/Final_Consolidated_EVCI_Guidelines_ 
January_2022_with_ANNEXURES.pdf

3. https://www.youtube.com/watch?v=pLcqJ2DclEg

4. https://www.youtube.com/watch?v=Pj96B_P2aoY

5. https://www.youtube.com/watch?v=fVw_mjxXADs

6. http://large.stanford.edu/courses/2018/ph240/beall1/

7. https://innovation-entrepreneurship.springeropen.com/articles/10.1186/s13731-016-0043-y

8. http://large.stanford.edu/courses/2016/ph240/corti1/

9. https://www.youtube.com/watch?v=DnFAXtaUAWo

10. https://www.youtube.com/watch?v=wHNFYMPFUv4

CURRICULUM AND SYLLABUS 

COURSE OUTCOMES

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

CO1:  Understand the working principles, performance and speed - torque characteristics of various types of 
electrical machines.

CO2:  Discuss various starting methods, regenerative braking and speed control techniques in electrical 
machines.

CO3:  Illustrate various types of converter/inverter circuits and closed loop operation.

CO4:  Demonstrate various control techniques for electrical drives.

DC MOTOR DRIVES 10

DC Machines: electrical equivalent circuit - speed torque characteristics - power, losses and efficiency - starting and 
speed control methods - regenerative braking - DC-DC converter topologies - closed loop speed control - design 
criteria of DC motor drives for EVs - Application example of DC motor drives in EVs.

INDUCTION MOTOR DRIVES  17

Induction Machines: Speed torque characteristics - starting methods - speed control and braking techniques - 
inverters for induction motor - PWM techniques - closed loop speed/torque control - Field Oriented Control (FOC) - 
Direct Torque Control (DTC) - design criteria of induction motor drives for EVs - Application examples of induction 
motor drives in EVs.

PERMANENT MAGNET AND SWITCHED RELUCTANCE MOTOR DRIVES 18

Permanent magnet machines: PMBLDC Motor and PMSM - operation - speed torque characteristics - speed control 
techniques - inverters requirements - closed loop control - Outer rotor PMBLDC motor drive - Planetary geared 
PMSM drive - Design criteria of PMBLDC and PMSM drives for EVs - Application examples of PMBLDC and 
PMSM drives in EVs - Concept of Artificial Intelligence and Machine Learning in Electric Vehicle.

Switched Reluctance Motor (SRM): Geometry structure and principle of operation - Various converters and 
converter topologies for SRM - closed loop control - Torque ripple reduction techniques - Design criteria of SRM 
drives for EVs - Application examples of  SRM drives in EVs.

Total Periods: 45

TEXT BOOKS:

1. Chau K.T., "Electric Vehicle Machines and Drives: Design, Analysis and Application", Wiley - IEEE Press, 
2015.

2. Bimal K Bose, "Modern Power Electronics and AC drives", Pearson Education, 1st Edition, 2015.

3. Krishnan R., "Switched Reluctance Motor Drives: Modeling, Simulation, Analysis, Design and Applications", 
CRC Press, 2001.

4. James Larminie, John Lowry, "Electric Vehicle Technology Explained", John Wiley & Sons, Inc., 2012.

5. Chitra A, SanjeevikumarPadmanaban, Jens Bo Holm-Nielsen, S. Himavathi, "Artificial Intelligent Techniques 
for Electric and Hybrid Electric Vehicles", Wiley, ISBN: 978-1-119-68190-8, 2020.
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COURSE OUTCOMES

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

CO1:  Comprehend the various vehicle classification and IC engine

CO2:  Explain the steering and suspension systems.

CO3:  Demonstrate the braking operation.

CO4:  Comprehend the various battery charging systems

CO5:  Understand the construction, working, testing, speed control and applications of DC machines and AC
  machines for EVs.

CO6:  Study the safety rules of Electric Vehicle

List of Experiments: 

1. Demonstration of automotive driveline systems, steering systems, suspension systems, various automobile 
systems, different automotive braking systems and cooling systems of automotive engine.

2. Study of Battery parameters and Testing of batteries for electric vehicle.

3. Modelling and Simulating Battery Performance for Design Optimization.

4. Obtain the performance parameters of three phase induction motor using direct load test.

5. Modelling and Simulation of Permanent Magnet Brushless Motor with MATLAB/Simulink. 

6. Modelling and Simulation of Switched Reluctance Motor with MATLAB/ Simulink.

7. Electric Vehicle Drive Simulation with MATLAB/Simulink. 

8. Case study of Electric Vehiclewith DC and AC Machines. 

9. Case study on EV Vs ICE vehicles and government policies on Electric vehicles.

10. Experimental study of mechanism for air flow, drag and lift coefficient over different geometry of Electric 
vehicles.

11. To study the control of DC-DC converter (chopper) fed DC motor, open loop control of DC motor using 
dynamic model and closed loop control of chopper fed DC motor drive.

12. Work and Time Study - Electric Vehicle Build and Teardown.

13. Study of High Voltage Safety and Crash Safety of Electric vehicle.

14. Modelling and Simulation of different types of Electric Vehicles with MATLAB/ Simulink.

REFERENCE BOOKS:

1. GopalK.Dubey, "Fundamentals of Electrical Drives", Narosa Publishing House, New Delhi, 2ndEdition, 
2004.

2. Gupta J.B, "Utilization of Electric Power and Electric Traction", S.K.Kataria and Sons, 2002.

3. L. Ashok Kumar, S. Albert Alexander, "Power Converters for Electric Vehicles Hardcover", CRC Press, 1st 
Edition, 2020.

4. AntoniSzumanowski, "Hybrid Electric Power Train Engineering and Technology:Modelling, Control, and 
Simulation", IGI Global, 2013.

Web References:

1. https://www.mdpi.com/1996-1073/14/20/6742/pdf

2. https://www.infineon.com/cms/en/applications/automotive/electric-drive-train/

3. https://www.youtube.com/watch?v=ndHks3kxoZY

4. https://www.automate.org/industry-insights/switched-reluctance-motors-go-mainstream

5. https://www.youtube.com/watch?v=LOV_soEhInU

6. https://www.youtube.com/watch?v=JYeR3w5F_QU

7. https://ocw.mit.edu/courses/electrical-engineering-and-computer-science/6-685-electric-machines-fall
 2013/course-notes/MIT6_685F13_chapter10.pdf

8. https://www.youtube.com/watch?v=MS1yZ6bk-ao

9. https://www.youtube.com/watch?v=HNn-EvTNiP8

10. https://www.youtube.com/watch?v=9h2lEIpo74A

11. https://nptel.ac.in/courses/108/106/108106170/ 

12. https://www.thomasnet.com/articles/instruments-controls/types-of-motor-controllers-and-drives/#:~:
 text=There%20are%20four%20basic%20motor,to%20match%20with%20an%20application

13. https://www.sciencedirect.com/topics/engineering/motor-controller
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COURSE OUTCOMES

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

CO1:  Comprehend the various vehicle classification and IC engine

CO2:  Explain the steering and suspension systems.

CO3:  Demonstrate the braking operation.

CO4:  Comprehend the various battery charging systems

CO5:  Understand the construction, working, testing, speed control and applications of DC machines and AC
  machines for EVs.

CO6:  Study the safety rules of Electric Vehicle

List of Experiments: 

1. Demonstration of automotive driveline systems, steering systems, suspension systems, various automobile 
systems, different automotive braking systems and cooling systems of automotive engine.

2. Study of Battery parameters and Testing of batteries for electric vehicle.

3. Modelling and Simulating Battery Performance for Design Optimization.

4. Obtain the performance parameters of three phase induction motor using direct load test.

5. Modelling and Simulation of Permanent Magnet Brushless Motor with MATLAB/Simulink. 

6. Modelling and Simulation of Switched Reluctance Motor with MATLAB/ Simulink.

7. Electric Vehicle Drive Simulation with MATLAB/Simulink. 

8. Case study of Electric Vehiclewith DC and AC Machines. 

9. Case study on EV Vs ICE vehicles and government policies on Electric vehicles.

10. Experimental study of mechanism for air flow, drag and lift coefficient over different geometry of Electric 
vehicles.

11. To study the control of DC-DC converter (chopper) fed DC motor, open loop control of DC motor using 
dynamic model and closed loop control of chopper fed DC motor drive.

12. Work and Time Study - Electric Vehicle Build and Teardown.

13. Study of High Voltage Safety and Crash Safety of Electric vehicle.

14. Modelling and Simulation of different types of Electric Vehicles with MATLAB/ Simulink.

REFERENCE BOOKS:

1. GopalK.Dubey, "Fundamentals of Electrical Drives", Narosa Publishing House, New Delhi, 2ndEdition, 
2004.

2. Gupta J.B, "Utilization of Electric Power and Electric Traction", S.K.Kataria and Sons, 2002.

3. L. Ashok Kumar, S. Albert Alexander, "Power Converters for Electric Vehicles Hardcover", CRC Press, 1st 
Edition, 2020.

4. AntoniSzumanowski, "Hybrid Electric Power Train Engineering and Technology:Modelling, Control, and 
Simulation", IGI Global, 2013.

Web References:

1. https://www.mdpi.com/1996-1073/14/20/6742/pdf

2. https://www.infineon.com/cms/en/applications/automotive/electric-drive-train/

3. https://www.youtube.com/watch?v=ndHks3kxoZY

4. https://www.automate.org/industry-insights/switched-reluctance-motors-go-mainstream

5. https://www.youtube.com/watch?v=LOV_soEhInU

6. https://www.youtube.com/watch?v=JYeR3w5F_QU

7. https://ocw.mit.edu/courses/electrical-engineering-and-computer-science/6-685-electric-machines-fall
 2013/course-notes/MIT6_685F13_chapter10.pdf

8. https://www.youtube.com/watch?v=MS1yZ6bk-ao

9. https://www.youtube.com/watch?v=HNn-EvTNiP8

10. https://www.youtube.com/watch?v=9h2lEIpo74A

11. https://nptel.ac.in/courses/108/106/108106170/ 

12. https://www.thomasnet.com/articles/instruments-controls/types-of-motor-controllers-and-drives/#:~:
 text=There%20are%20four%20basic%20motor,to%20match%20with%20an%20application

13. https://www.sciencedirect.com/topics/engineering/motor-controller
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102 103B.E / B.TECH SPECIALIZATION / MINOR COURSES CURRICULUM AND SYLLABUS 

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

CO1:  Relate the basic mathematical foundations to Artificial Intelligence concepts.

CO2:  Identify Artificial Intelligence concepts to solve the real world problems.

CO3:  Apply Artificial Intelligence techniques for solving complex problems

CO4:  Analyze different Artificial Intelligence methodologies for getting better solutions

INTRODUCTION TO ARTIFICIAL INTELLIGENCE  9
Need for AI - Foundations - History & Evolution - Types of AI - AI: Present & Future - Applications of AI -
Healthcare  Programming Languages  and Tools for AI - Intelligent systems: Expert systems - Recommender 
Systems - Hybrid Intelligent Systems - Evolutionary Computation - AI: Ethics, Bias and Trust

AGENTS AND PROBLEM FORMULATION  13
Agents and Environment - Nature of Environment - Structure of Agents - Problem Solving Agents - Uninformed 
Search Strategies, Heuristics Search Strategies, Local Search Algorithms and Optimization problems - Online 
Search Agents - Adversarial search - Constraint Satisfaction Problem

Case Study: AlphaGo
KNOWLEDGE, REASONING AND PLANNING  13
Logical Agents - First-Order Logic - Inference in FOL - Fuzzy Logic - Planning: State Space - Forward and 
Backward Search, Partial Order Planning, Planning Graphs - Planning and Acting in Real World - Knowledge 
Representation

Case Study: Uber Alternative Routing
ROBOTICS AND APPLICATIONS OFAI  10 
Introduction to Robotics, Effectors and Sensors, Case Study: Robotics in Entertainment. 

Application: Artificial Intelligence in precision Health, Artificial Intelligence in Aviation Industry, Use cases of 
Artificial Intelligence in Agriculture, Artificial Intelligence for Faster Finance, Case study of Fully Autonomous 
vehicles, Future of Artificial Intelligence in Video Gaming.

Total Hours: 45
TEXT BOOKS
1. Russell, S.J. and Norvig, P., "Artificial intelligence - A modern approach", 3rd edition, Pearson, 2015.

2. M. Nagenevtsky, "Artificial Intelligence - a guide to intelligent systems" Addision Wesley, 3rd Edition, 2011.

3. Denis Rothman, "Artificial Intelligence By Example", 1 Edition, O'Reilly, 2018

REFERENCES
1. E. Kardelj University, J. Stefan Institute, Yugoslavi, "Prolog Programming for Artificial Intelligence",
 Addison-Wesley Publishing Company, 1986.

2.  Sebastian Thrun, Wolfram Burgard, & Dieter Fox, "Probabilistic Robotics" MIT Press. 2005. 

3.    Deepak Khemani, "A First Course in Artificial Intelligence", McGraw Hill Education; 1st  edition (1 July 2017). 

WEB REFERENCES
1. https://nptel.ac.in/courses/106106126/

2. https://nptel.ac.in/courses/106106143/

3. https://towardsdatascience.com/qrash-course-deep-q-networks-from-the-ground-up-1bbda41d3677 

DEPARTMENT OF COMPUTER SCIENCE & ENGINEERING
ARTIFICIAL INTELLIGENCE AND MACHINE LEARNING -MINOR

S.
 

NO
 COURSE

 

CODE
 COURSE TITLE

 
L

 
T

 
P

 
C

 
Sem

 

THEORY
  

1. 20CSM01 
Artificial Intelligence and its Applications  3  -  -  3  IV  

2. 20CSM03 
Foundations of Natural Language Processing  3  -  -  3  V  

3. 20CSM06 
Foundations of Reinforcement Learning  3  -  -  3  VI  

THEORY CUM LABORATORY  
 

4. 20CSM02 Machine Learning Techniques 2  -  2  3  IV  

5. 20CSM04 Neural Networks and Deep Learning 2  -  2  3  V  

6. 
20CSM07 Robotic Process and Intelligent Automation  2  -  2  3  VI  

PRACTICALS  

7.
 

20CSM05
 Artificial Intelligence Tools

 
-

 
-

 
2

 
1

 
V

 

8.
 

20CSM08
 Embedded AI

 
-

 
-

 
2

 
1

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

CO1:  Relate the basic mathematical foundations to Artificial Intelligence concepts.

CO2:  Identify Artificial Intelligence concepts to solve the real world problems.

CO3:  Apply Artificial Intelligence techniques for solving complex problems

CO4:  Analyze different Artificial Intelligence methodologies for getting better solutions

INTRODUCTION TO ARTIFICIAL INTELLIGENCE  9
Need for AI - Foundations - History & Evolution - Types of AI - AI: Present & Future - Applications of AI -
Healthcare  Programming Languages  and Tools for AI - Intelligent systems: Expert systems - Recommender 
Systems - Hybrid Intelligent Systems - Evolutionary Computation - AI: Ethics, Bias and Trust

AGENTS AND PROBLEM FORMULATION  13
Agents and Environment - Nature of Environment - Structure of Agents - Problem Solving Agents - Uninformed 
Search Strategies, Heuristics Search Strategies, Local Search Algorithms and Optimization problems - Online 
Search Agents - Adversarial search - Constraint Satisfaction Problem

Case Study: AlphaGo
KNOWLEDGE, REASONING AND PLANNING  13
Logical Agents - First-Order Logic - Inference in FOL - Fuzzy Logic - Planning: State Space - Forward and 
Backward Search, Partial Order Planning, Planning Graphs - Planning and Acting in Real World - Knowledge 
Representation

Case Study: Uber Alternative Routing
ROBOTICS AND APPLICATIONS OFAI  10 
Introduction to Robotics, Effectors and Sensors, Case Study: Robotics in Entertainment. 

Application: Artificial Intelligence in precision Health, Artificial Intelligence in Aviation Industry, Use cases of 
Artificial Intelligence in Agriculture, Artificial Intelligence for Faster Finance, Case study of Fully Autonomous 
vehicles, Future of Artificial Intelligence in Video Gaming.

Total Hours: 45
TEXT BOOKS
1. Russell, S.J. and Norvig, P., "Artificial intelligence - A modern approach", 3rd edition, Pearson, 2015.

2. M. Nagenevtsky, "Artificial Intelligence - a guide to intelligent systems" Addision Wesley, 3rd Edition, 2011.

3. Denis Rothman, "Artificial Intelligence By Example", 1 Edition, O'Reilly, 2018

REFERENCES
1. E. Kardelj University, J. Stefan Institute, Yugoslavi, "Prolog Programming for Artificial Intelligence",
 Addison-Wesley Publishing Company, 1986.

2.  Sebastian Thrun, Wolfram Burgard, & Dieter Fox, "Probabilistic Robotics" MIT Press. 2005. 

3.    Deepak Khemani, "A First Course in Artificial Intelligence", McGraw Hill Education; 1st  edition (1 July 2017). 

WEB REFERENCES
1. https://nptel.ac.in/courses/106106126/

2. https://nptel.ac.in/courses/106106143/

3. https://towardsdatascience.com/qrash-course-deep-q-networks-from-the-ground-up-1bbda41d3677 
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THEORY
  

1. 20CSM01 
Artificial Intelligence and its Applications  3  -  -  3  IV  

2. 20CSM03 
Foundations of Natural Language Processing  3  -  -  3  V  

3. 20CSM06 
Foundations of Reinforcement Learning  3  -  -  3  VI  

THEORY CUM LABORATORY  
 

4. 20CSM02 Machine Learning Techniques 2  -  2  3  IV  

5. 20CSM04 Neural Networks and Deep Learning 2  -  2  3  V  

6. 
20CSM07 Robotic Process and Intelligent Automation  2  -  2  3  VI  

PRACTICALS  

7.
 

20CSM05
 Artificial Intelligence Tools

 
-

 
-

 
2

 
1

 
V

 

8.
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 Embedded AI

 
-

 
-

 
2
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COURSE OUTCOMES:

The students should be able to:

CO1:  Explain the fundamental concepts of machine learning. 

CO2:  Implement supervised methods of machine learning. 

CO3:  Apply tree-based models for classification and regression 

CO4:  Apply ensemble learning for the real-world applications. 

CO5:  Employ clustering algorithms

FOUNDATIONS OF MACHINE LEARNING 8 

Types of machine learning: Supervised learning- Unsupervised learning- Machine Learning Process-
Terminologies: Weight Space, Curse of Dimensionality, Overfitting, Training, Testing, Validation SetsPerformance 
Measures: Confusion Matrix, Accuracy Metrics, Receiver Operator Characteristic (ROC) Curve, Measurement 
Precision- Model selection-No free lunch theorem- Bias-Variance Tradeoff 

SUPERVISED LEARNING AND TREE BASED MODELS  9 

Linear Classification- Probability and Bayes learning - Naive Bayes - Bayesian Network - Support Vector 
Machines- Linear Regression - Multivariate Regression- Logistic Regression- Principal Component Regression- 
Decision Trees, Regression Trees

ENSEMBLE LEARNING  5

Ensemble Methods - Bagging, Committee Machines and Stacking, Boosting - Gradient Boosting, Adaptive 
Boosting, Random Forests-Multi-class Classification 

UNSUPERVISED LEARNING  8

 Introduction to Clustering- Partitional Clustering - Hierarchical Clustering - Birch Algorithm-CURE Algorithm - 
Density based Clustering- Expectation Maximization

MACHINE LEARNING LABORATORY

Lab Experiments:

1.  For a given set of training data examples stored in a .CSV file, implement and demonstrate the Candidate-
Elimination algorithm to output a description of the set of all hypotheses consistent with the training examples.

2.  Demonstrate the working of the decision tree based on ID3 algorithm. Use an appropriate data set for building 
the decision tree and apply this knowledge to classify a new sample.

3.  Implement the k-Nearest Neighbour algorithm to classify the iris data set. Print both correct and wrong 
predictions.

4.  Implement the naïve Bayesian classifier for a sample training data set and compute the accuracy of the 
classifier, considering few test data sets.

5.  Construct a Bayesian network considering medical dataset. Use this model to demonstrate the diagnosis of 
heart patients using standard Heart Disease Data Set. You can use Java/Python ML library classes/API.

6.  Build an SVM training algorithm that predicts whether each marked data belongs to one of two categories in a 
real time dataset.

7.  Implement K Means, Agglomerative Clustering and DBScan algorithm for real time datasets.

8.  Apply Regression for any Forecasting Problem.

9.  Implement Ensemble Learning Algorithms for a sample training data set and compute the accuracy of the 
classifier, considering few test data sets.

Total Hours (30L + 15P): 45

TEXT BOOKS 

1.  Peter Harrington , "Machine Learning in Action", Manning Publications Co. 2012 

2.  Shai Shalev-Shwartz and Shai Ben-David , "Understanding Machine Learning: From Theory to Algorithms" 
2014 Cambridge University Press

REFERENCES 

1.  Mehryar Mohri, Afshin Rostamizadeh, Ameet Talwalkar, "Foundations of Machine Learning", MIT Press 
(MA) 2012. 

2.  Mitchell, Tom, "Machine Learning", New York, McGraw-Hill, First Edition, 2003.

WEB REFERENCES 

1.  https://www.coursera.org/learn/machine-learning

2.  https://nptel.ac.in/courses/106/106/106106139/

CURRICULUM AND SYLLABUS 
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COURSE OUTCOMES:

The students should be able to:

CO1:  Explain the fundamental concepts of machine learning. 

CO2:  Implement supervised methods of machine learning. 

CO3:  Apply tree-based models for classification and regression 

CO4:  Apply ensemble learning for the real-world applications. 

CO5:  Employ clustering algorithms

FOUNDATIONS OF MACHINE LEARNING 8 

Types of machine learning: Supervised learning- Unsupervised learning- Machine Learning Process-
Terminologies: Weight Space, Curse of Dimensionality, Overfitting, Training, Testing, Validation SetsPerformance 
Measures: Confusion Matrix, Accuracy Metrics, Receiver Operator Characteristic (ROC) Curve, Measurement 
Precision- Model selection-No free lunch theorem- Bias-Variance Tradeoff 

SUPERVISED LEARNING AND TREE BASED MODELS  9 

Linear Classification- Probability and Bayes learning - Naive Bayes - Bayesian Network - Support Vector 
Machines- Linear Regression - Multivariate Regression- Logistic Regression- Principal Component Regression- 
Decision Trees, Regression Trees

ENSEMBLE LEARNING  5

Ensemble Methods - Bagging, Committee Machines and Stacking, Boosting - Gradient Boosting, Adaptive 
Boosting, Random Forests-Multi-class Classification 

UNSUPERVISED LEARNING  8

 Introduction to Clustering- Partitional Clustering - Hierarchical Clustering - Birch Algorithm-CURE Algorithm - 
Density based Clustering- Expectation Maximization

MACHINE LEARNING LABORATORY

Lab Experiments:

1.  For a given set of training data examples stored in a .CSV file, implement and demonstrate the Candidate-
Elimination algorithm to output a description of the set of all hypotheses consistent with the training examples.

2.  Demonstrate the working of the decision tree based on ID3 algorithm. Use an appropriate data set for building 
the decision tree and apply this knowledge to classify a new sample.

3.  Implement the k-Nearest Neighbour algorithm to classify the iris data set. Print both correct and wrong 
predictions.

4.  Implement the naïve Bayesian classifier for a sample training data set and compute the accuracy of the 
classifier, considering few test data sets.

5.  Construct a Bayesian network considering medical dataset. Use this model to demonstrate the diagnosis of 
heart patients using standard Heart Disease Data Set. You can use Java/Python ML library classes/API.

6.  Build an SVM training algorithm that predicts whether each marked data belongs to one of two categories in a 
real time dataset.

7.  Implement K Means, Agglomerative Clustering and DBScan algorithm for real time datasets.

8.  Apply Regression for any Forecasting Problem.

9.  Implement Ensemble Learning Algorithms for a sample training data set and compute the accuracy of the 
classifier, considering few test data sets.

Total Hours (30L + 15P): 45

TEXT BOOKS 

1.  Peter Harrington , "Machine Learning in Action", Manning Publications Co. 2012 

2.  Shai Shalev-Shwartz and Shai Ben-David , "Understanding Machine Learning: From Theory to Algorithms" 
2014 Cambridge University Press

REFERENCES 

1.  Mehryar Mohri, Afshin Rostamizadeh, Ameet Talwalkar, "Foundations of Machine Learning", MIT Press 
(MA) 2012. 

2.  Mitchell, Tom, "Machine Learning", New York, McGraw-Hill, First Edition, 2003.

WEB REFERENCES 

1.  https://www.coursera.org/learn/machine-learning

2.  https://nptel.ac.in/courses/106/106/106106139/

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

CO1: Understand the theoretical underpinnings of NLP.

CO2: Experiment with various machine learning techniques used in NLP, including hidden Markov models,
  probabilistic context-free grammars and EM algorithm.

CO3: Use current methods for statistical approaches to machine translation.

CO4: Apply state-of-the-art techniques to novel problems involving natural language data.

Language Modeling & Machine Translation Using NL Tool Kit 5
Installation of NLTK - Data Pre-processing: Tokenization - Part of Speech (PoS) Tagging - Word Frequency

Counting - Stop Words Removal - Text Normalization - Spelling Correction - Stemming - Lemmatization - Named 
Entity Recognition- Machine Translation Basics-Packages in Machine Translation -Translation involving Indian 
Languages using Python

Text Classification and Language Modeling 11
Introduction to NLP - Text Classification - Neural Networks for Text Classification -N- Gram Language Models 
&Evaluation -Dealing with unseen words/n-grams - Probabilistic model - case studies : Shakespeare corpus 

Vectorization 10
Vector Semantics - Word Embedding: TF-IDF, word2vec, BERT, XLNet, Multilingual embedding  -Context Free 
Grammar - Sequence Labelling: POS & HMM -   case study: Sentiment analysis

Parsing and Machine Translation 10
Constituency Parsing - Dependency Parsing Syntax - views of machine translation: Code breaking- noisy-channel 
model, direct modeling - pattern matching - Phrase based MT - word alignment models: EM algorithm- evaluation 
metrics: BLEU - generation & neural machine translation- case study: Sentiment analysis

Essentials of Building Bots &Ethics 9
Question Answering - information extraction: rule based & learning based approach - conversational agents 

Total Hours: 45
TEXT BOOKS
1. Daniel Jurafsky and Martin, "Speech and Language Processing", 3rd edition, Pearson International Edition, 

2020

2. Jacob Einstein, "Introduction to Natural Language Processing", MIT Press, 2018

REFERENCES
1. Yoav Goldberg, "Neural Network Methods for Natural Language Processing", Morgan & Claypool 

Publishers, 2017

2. James Pustejovsky and Amber Stubbs, "Natural Language Annotation for Machine Learning: A Guide to 
Corpus-Building for Applications", O'Reilly, 2012

WEB REFERENCES
1. https://www.coursera.org/specializations/natural-language-processing

2. https://nptel.ac.in/courses/106/105/106105158/

COURSE OUTCOMES

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

CO1 : Understand the working of a Deep Neural Network 

CO2 : Explain the optimization techniques for improving the neural network performance. 

CO3 : Apply Deep Neural Network for real time problems involving computer vision and sequential data.

CO4 : Solve distributed data using unsupervised learning method. 

CO5 : Explain the recent trends and applications of Deep Learning.

Neural Network and its Improvization Techniques  10

Multilayer Perceptron - Gradient Descent - Backpropagation - Difficulty of training deep neural    networks - 
optimization methods for neural networks :Momentum, Adagrad, adadelta, rmsprop, adam, NAG, second order 
methods for training - Saddle point problem in neural networks - Regularization methods -dropout, drop connect, 
batch normalization 

Case Study:  Building multi-layer neural networks, and analyzing real data

Convolution Neural Network 8

Convolution Neural Network - Understanding input output dimensions -Pooling and Non-Linearities - CNN 
Architectures: The ImageNet Challenge - AlexNet - Inception Net - ResNet - Visualizing CNN - Transfer Learning.

Case Study:  Classifying Images using Pre-Trained Models and analysing the behaviour of the model.

Recurrent Neural Network 6

Recurrent Neural Network - Vanishing and Exploding Gradients -LSTM - Bidirectional LSTM - Bidirectional 
RNN.

Case Study:  Building RNN model for spoken language understanding, mainly for intent detection and slot filling.

Generative Models 6

Restrictive Boltzmann Machines (RBMs) - Introduction to MCMC and Gibbs Sampling - Gradient computations in 
RBMs - Deep Boltzmann Machines - Generative Adversarial Networks - Autoencoders - Variational Autoencoders.

Case Study:  Building GAN model like generating realistic photographs and age synthesis

Deep Learning Laboratory Experiments        

1.  Experiment with optimization algorithms using DLNN

2.  Image Classification using CNN

3.  Image Segmentation using CNN

4.  Sentiment Analysis using RNN

5.  Fake Image Recognition using GAN

Total Hours (30L + 15P): 45

CURRICULUM AND SYLLABUS 
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106 107B.E / B.TECH SPECIALIZATION / MINOR COURSES 

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

CO1: Understand the theoretical underpinnings of NLP.

CO2: Experiment with various machine learning techniques used in NLP, including hidden Markov models,
  probabilistic context-free grammars and EM algorithm.

CO3: Use current methods for statistical approaches to machine translation.

CO4: Apply state-of-the-art techniques to novel problems involving natural language data.

Language Modeling & Machine Translation Using NL Tool Kit 5
Installation of NLTK - Data Pre-processing: Tokenization - Part of Speech (PoS) Tagging - Word Frequency

Counting - Stop Words Removal - Text Normalization - Spelling Correction - Stemming - Lemmatization - Named 
Entity Recognition- Machine Translation Basics-Packages in Machine Translation -Translation involving Indian 
Languages using Python

Text Classification and Language Modeling 11
Introduction to NLP - Text Classification - Neural Networks for Text Classification -N- Gram Language Models 
&Evaluation -Dealing with unseen words/n-grams - Probabilistic model - case studies : Shakespeare corpus 

Vectorization 10
Vector Semantics - Word Embedding: TF-IDF, word2vec, BERT, XLNet, Multilingual embedding  -Context Free 
Grammar - Sequence Labelling: POS & HMM -   case study: Sentiment analysis

Parsing and Machine Translation 10
Constituency Parsing - Dependency Parsing Syntax - views of machine translation: Code breaking- noisy-channel 
model, direct modeling - pattern matching - Phrase based MT - word alignment models: EM algorithm- evaluation 
metrics: BLEU - generation & neural machine translation- case study: Sentiment analysis

Essentials of Building Bots &Ethics 9
Question Answering - information extraction: rule based & learning based approach - conversational agents 

Total Hours: 45
TEXT BOOKS
1. Daniel Jurafsky and Martin, "Speech and Language Processing", 3rd edition, Pearson International Edition, 

2020

2. Jacob Einstein, "Introduction to Natural Language Processing", MIT Press, 2018

REFERENCES
1. Yoav Goldberg, "Neural Network Methods for Natural Language Processing", Morgan & Claypool 

Publishers, 2017

2. James Pustejovsky and Amber Stubbs, "Natural Language Annotation for Machine Learning: A Guide to 
Corpus-Building for Applications", O'Reilly, 2012

WEB REFERENCES
1. https://www.coursera.org/specializations/natural-language-processing

2. https://nptel.ac.in/courses/106/105/106105158/

COURSE OUTCOMES

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

CO1 : Understand the working of a Deep Neural Network 

CO2 : Explain the optimization techniques for improving the neural network performance. 

CO3 : Apply Deep Neural Network for real time problems involving computer vision and sequential data.

CO4 : Solve distributed data using unsupervised learning method. 

CO5 : Explain the recent trends and applications of Deep Learning.

Neural Network and its Improvization Techniques  10

Multilayer Perceptron - Gradient Descent - Backpropagation - Difficulty of training deep neural    networks - 
optimization methods for neural networks :Momentum, Adagrad, adadelta, rmsprop, adam, NAG, second order 
methods for training - Saddle point problem in neural networks - Regularization methods -dropout, drop connect, 
batch normalization 

Case Study:  Building multi-layer neural networks, and analyzing real data

Convolution Neural Network 8

Convolution Neural Network - Understanding input output dimensions -Pooling and Non-Linearities - CNN 
Architectures: The ImageNet Challenge - AlexNet - Inception Net - ResNet - Visualizing CNN - Transfer Learning.

Case Study:  Classifying Images using Pre-Trained Models and analysing the behaviour of the model.

Recurrent Neural Network 6

Recurrent Neural Network - Vanishing and Exploding Gradients -LSTM - Bidirectional LSTM - Bidirectional 
RNN.

Case Study:  Building RNN model for spoken language understanding, mainly for intent detection and slot filling.

Generative Models 6

Restrictive Boltzmann Machines (RBMs) - Introduction to MCMC and Gibbs Sampling - Gradient computations in 
RBMs - Deep Boltzmann Machines - Generative Adversarial Networks - Autoencoders - Variational Autoencoders.

Case Study:  Building GAN model like generating realistic photographs and age synthesis

Deep Learning Laboratory Experiments        

1.  Experiment with optimization algorithms using DLNN

2.  Image Classification using CNN

3.  Image Segmentation using CNN

4.  Sentiment Analysis using RNN

5.  Fake Image Recognition using GAN

Total Hours (30L + 15P): 45
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108 109B.E / B.TECH SPECIALIZATION / MINOR COURSES 

TEXT BOOKS

1.   Goodfellow, I., Bengio,Y., and Courville, A., Deep Learning, MIT Press, 2016.

2.  Christopher Bishop, Pattern Recognition and Machine Learning, Springer 2006

REFERENCES

1. Satish Kumar, Neural Networks: A Classroom Approach, Tata McGraw-Hill Education, 2004

2. Yegnanarayana, B., Artificial Neural Networks PHI Learning Pvt. Ltd, 2009. 

3.  Golub, G.,H., and Van Loan,C.,F., Matrix Computations, JHU Press,2013.

WEB REFERENCES

1.  https://www.coursera.org/deeplearning-ai

2.  https://onlinecourses.nptel.ac.in/noc20_cs62/

COURSE OUTCOMES

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

CO1 :  Apply various AI tools for solving real time problems

USING SCIKIT LEARN:

1. Classification of SPAM/NON-SPAM messages in Real Kaggle data sets. 

2. Predict home value using Machine Learning. 

USING TENSORFLOW 

3. Implement a Feed-Forward Neural Network in Tensorflow.

4. Implement an Autoencoder in Tensorflow.

USING NLTK

5. Experiment with the data preprocessing techniques and Tokenization for any given file using NLTK.

6. Implement Part of Speech (PoS) Tagging and perform Text Analytics with the help of NLTK packages.

7. Perform different Stemming, Lemmatization, Named Entity Recognition in the word document using python
 packages. 

8. Implementation of code which converts text to speech using python packages.

Total Hours: 15

TEXT BOOKS

1. Aurelien Geron , 'Hands-On Machine Learning with Scikit-Learn and Tensor Flow: Concepts, Tools, and 
Techniques to Build Intelligent Systems' , O'REILLY, 2017.

2. Nitin Hardeniya, ?Jacob Perkins, ?Deepti Chopra , "Natural Language Processing: Python and NTLK", Packt 
Publishing Limited, 2016.

REFERENCES

1. Sohom Ghosh, Dwight Gunning, "Natural Language Processing Fundamentals", Packt Publishing Limited, 2019. 

2. Yoshua Bengio and Ian J.Goodfellow and Aaron Courville, "Deep Learning", MIT Press, 2015.

WEB REFERENCES

1.  https://www.udemy.com/course/machine-learning-with-scikit-learn/

2.  http://nptel.ac.in/courses/106101007/

CURRICULUM AND SYLLABUS 
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108 109B.E / B.TECH SPECIALIZATION / MINOR COURSES 

TEXT BOOKS

1.   Goodfellow, I., Bengio,Y., and Courville, A., Deep Learning, MIT Press, 2016.

2.  Christopher Bishop, Pattern Recognition and Machine Learning, Springer 2006

REFERENCES

1. Satish Kumar, Neural Networks: A Classroom Approach, Tata McGraw-Hill Education, 2004

2. Yegnanarayana, B., Artificial Neural Networks PHI Learning Pvt. Ltd, 2009. 

3.  Golub, G.,H., and Van Loan,C.,F., Matrix Computations, JHU Press,2013.

WEB REFERENCES

1.  https://www.coursera.org/deeplearning-ai

2.  https://onlinecourses.nptel.ac.in/noc20_cs62/

COURSE OUTCOMES

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

CO1 :  Apply various AI tools for solving real time problems

USING SCIKIT LEARN:

1. Classification of SPAM/NON-SPAM messages in Real Kaggle data sets. 

2. Predict home value using Machine Learning. 

USING TENSORFLOW 

3. Implement a Feed-Forward Neural Network in Tensorflow.

4. Implement an Autoencoder in Tensorflow.

USING NLTK

5. Experiment with the data preprocessing techniques and Tokenization for any given file using NLTK.

6. Implement Part of Speech (PoS) Tagging and perform Text Analytics with the help of NLTK packages.

7. Perform different Stemming, Lemmatization, Named Entity Recognition in the word document using python
 packages. 

8. Implementation of code which converts text to speech using python packages.

Total Hours: 15

TEXT BOOKS

1. Aurelien Geron , 'Hands-On Machine Learning with Scikit-Learn and Tensor Flow: Concepts, Tools, and 
Techniques to Build Intelligent Systems' , O'REILLY, 2017.

2. Nitin Hardeniya, ?Jacob Perkins, ?Deepti Chopra , "Natural Language Processing: Python and NTLK", Packt 
Publishing Limited, 2016.

REFERENCES

1. Sohom Ghosh, Dwight Gunning, "Natural Language Processing Fundamentals", Packt Publishing Limited, 2019. 

2. Yoshua Bengio and Ian J.Goodfellow and Aaron Courville, "Deep Learning", MIT Press, 2015.

WEB REFERENCES

1.  https://www.udemy.com/course/machine-learning-with-scikit-learn/

2.  http://nptel.ac.in/courses/106101007/

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

CO1: Understand the underpinnings to structure classical solutions for Reinforcement Learning problem

CO2: Apply deep learning architectures to train agents navigating from virtual world from sensory data

CO3: Analyze basic Reinforcement Learning algorithms for simple sequential decision making and control
  problems in uncertain conditions

CO4: Build system of agents to demonstrate collaboration or cooperation on a complex task

FOUNDATIONS OF REINFORCEMENT LEARNING 11
Reinforcement Learning - A Preamble - Reinforcement Learning Frameworks: Problems and Solutions -Dynamic 
Programming - Monte Carlo Methods - Temporal-Difference Methods - Reinforcement Learning in Continuous 
Space - Case Study: Classic Problem of Gym's Taxi using openai & V2 Task

VALUE-BASED METHODS  10
Build and Train Neural Networks , Convolutional Neural Networks - Bandit Algorithms - Deep Q-Learning - Deep 
Q-Network - Double Deep Q-Network - Dueling-DQN - Prioritized Replay - Case Study: Leveraging Neural 
Networks to predict machine failures that learns intelligent behaviours from sensory data

POLICY-BASED METHODS  13
Theory behind Evolutionary Algorithms, Stochastic Policy Search, REINFORCE Algorithms - Improving Policy 
Gradient Methods - Generalised Advantage Estimation - Policy Optimisation methods: Trust Region Policy 
Optimisation (TRPO) , Proximal Policy Optimisation (PPO) - Actor-Critic Methods: Deep Deterministic Policy 
Gradient (DDPG) - Case Study: Deep Reinforcement Learning for Robotics ( Robotic arm/ four legged creature 
walk)

MULTI-AGENT REINFORCEMENT LEARNING  11
Hierarchical Reinforcement Learning - Markov Games for Multiplayer Games - Agent training in Collaborative and 
Competitive Setting - Case Study: Intuition behind DeepMind's Alphazero               

Total Hours: 45
TEXT BOOKS
1. Richard S Sutton and Andrew G Barto, "Reinforcement Learning -  An Introduction", 2nd Edition, MIT Press, 

2018

2. Laura Graesser, "Foundations of Deep Reinforcement Learning: Theory and Practice in Python", Addison-
Wesley Data & Analytics series, 2020

REFERENCES
1. Csaba Szepesvári, Morgan & Claypool, "Algorithms for Reinforcement Learning", Morgan & Claypool 

Publishers, 2010

2. Dimitri Bertsikas and John G. Tsitsiklis , "Neuro Dynamic Programming". Athena Scientific. 1996

WEB REFERENCES
1. https://nptel.ac.in/courses/106/106/106106143/

2. https://www.coursera.org/specializations/reinforcement-learning

3. https://www.udemy.com/course/deep-reinforcement-learning/

Course Outcomes:

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

CO1:  To Understand the automation process workflow in Uipath

CO2:   Apply the custom features using the packages in the Uipath Platform.

CO3:  Analyze the various event activities in robotic automation.

CO4:  Design the robot using Uipath automation

Robotic Process Automation 5 

Introduction to RPA and Use cases - Automation Anywhere Enterprise Platform - Advanced features and 
capabilities - Ways to create Bots - Conclusion. 

UiPath Automation 6

UiPath Dashboard- Files in UiPath- Sequence and Flowcharts-State Machine-Universal Search Bar- Activities 
Panel - Importing Packages - Design Panel- Library Panel- Project Panel- Properties Panel Outline Panel -Output 
Panel- Control Panel.

System Activities, User Events and Data Scrapping 7

UI automation System Activities- Demo on System Activities -Types of Variables- Output Panel - Custom Packages 
-Managing Arguments- Understanding Scopes and Assign- User Events - Excel, CSV - Mail Automation- Data 
Scraping - Selectors and Wildcards -Selector Editing -Adding Variables and Relative Elements

Workflow OCR and Citrix Automation Activities 6

Workflow Activities- Citrix Automation -Introduction to Orchestrator Activities- Introduction to PDF Automation -
PDF Automation Using OCR- Programming Activities- Debugging and Exception Handling

UiPath Orchestrator 6

Orchestrator Overview- Connecting a Robot -Create an Environment and Associate the Robot- Publish a Package -
Create a Process From the Package- Run a Robot and Examine Logs -Queues in Orchestrator -Schedule and Run an 
Unattended Robot

List of Experiments         

•  Software Installation Procedure - Installation of AA Control Room, SQL Server and AA Client. 

•  Bot Creation using recorders (Smart, Web and Screen ).

•  Bot Creation using command library - (Loop Command).

•  Bot Creation to invoke database automation 

•  Bot Creation for automating excel operations

•  Bot Creation for PDF Integrations. 

•  Bot Creation and working on error handling. 

•  Creating a Provision Robot from Orchestrator

Total Hours (30L + 15P): 45

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

CO1: Understand the underpinnings to structure classical solutions for Reinforcement Learning problem

CO2: Apply deep learning architectures to train agents navigating from virtual world from sensory data

CO3: Analyze basic Reinforcement Learning algorithms for simple sequential decision making and control
  problems in uncertain conditions

CO4: Build system of agents to demonstrate collaboration or cooperation on a complex task

FOUNDATIONS OF REINFORCEMENT LEARNING 11
Reinforcement Learning - A Preamble - Reinforcement Learning Frameworks: Problems and Solutions -Dynamic 
Programming - Monte Carlo Methods - Temporal-Difference Methods - Reinforcement Learning in Continuous 
Space - Case Study: Classic Problem of Gym's Taxi using openai & V2 Task

VALUE-BASED METHODS  10
Build and Train Neural Networks , Convolutional Neural Networks - Bandit Algorithms - Deep Q-Learning - Deep 
Q-Network - Double Deep Q-Network - Dueling-DQN - Prioritized Replay - Case Study: Leveraging Neural 
Networks to predict machine failures that learns intelligent behaviours from sensory data

POLICY-BASED METHODS  13
Theory behind Evolutionary Algorithms, Stochastic Policy Search, REINFORCE Algorithms - Improving Policy 
Gradient Methods - Generalised Advantage Estimation - Policy Optimisation methods: Trust Region Policy 
Optimisation (TRPO) , Proximal Policy Optimisation (PPO) - Actor-Critic Methods: Deep Deterministic Policy 
Gradient (DDPG) - Case Study: Deep Reinforcement Learning for Robotics ( Robotic arm/ four legged creature 
walk)

MULTI-AGENT REINFORCEMENT LEARNING  11
Hierarchical Reinforcement Learning - Markov Games for Multiplayer Games - Agent training in Collaborative and 
Competitive Setting - Case Study: Intuition behind DeepMind's Alphazero               

Total Hours: 45
TEXT BOOKS
1. Richard S Sutton and Andrew G Barto, "Reinforcement Learning -  An Introduction", 2nd Edition, MIT Press, 

2018

2. Laura Graesser, "Foundations of Deep Reinforcement Learning: Theory and Practice in Python", Addison-
Wesley Data & Analytics series, 2020

REFERENCES
1. Csaba Szepesvári, Morgan & Claypool, "Algorithms for Reinforcement Learning", Morgan & Claypool 

Publishers, 2010

2. Dimitri Bertsikas and John G. Tsitsiklis , "Neuro Dynamic Programming". Athena Scientific. 1996

WEB REFERENCES
1. https://nptel.ac.in/courses/106/106/106106143/

2. https://www.coursera.org/specializations/reinforcement-learning

3. https://www.udemy.com/course/deep-reinforcement-learning/

Course Outcomes:

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

CO1:  To Understand the automation process workflow in Uipath

CO2:   Apply the custom features using the packages in the Uipath Platform.

CO3:  Analyze the various event activities in robotic automation.

CO4:  Design the robot using Uipath automation

Robotic Process Automation 5 

Introduction to RPA and Use cases - Automation Anywhere Enterprise Platform - Advanced features and 
capabilities - Ways to create Bots - Conclusion. 

UiPath Automation 6

UiPath Dashboard- Files in UiPath- Sequence and Flowcharts-State Machine-Universal Search Bar- Activities 
Panel - Importing Packages - Design Panel- Library Panel- Project Panel- Properties Panel Outline Panel -Output 
Panel- Control Panel.

System Activities, User Events and Data Scrapping 7

UI automation System Activities- Demo on System Activities -Types of Variables- Output Panel - Custom Packages 
-Managing Arguments- Understanding Scopes and Assign- User Events - Excel, CSV - Mail Automation- Data 
Scraping - Selectors and Wildcards -Selector Editing -Adding Variables and Relative Elements

Workflow OCR and Citrix Automation Activities 6

Workflow Activities- Citrix Automation -Introduction to Orchestrator Activities- Introduction to PDF Automation -
PDF Automation Using OCR- Programming Activities- Debugging and Exception Handling

UiPath Orchestrator 6

Orchestrator Overview- Connecting a Robot -Create an Environment and Associate the Robot- Publish a Package -
Create a Process From the Package- Run a Robot and Examine Logs -Queues in Orchestrator -Schedule and Run an 
Unattended Robot

List of Experiments         

•  Software Installation Procedure - Installation of AA Control Room, SQL Server and AA Client. 

•  Bot Creation using recorders (Smart, Web and Screen ).

•  Bot Creation using command library - (Loop Command).

•  Bot Creation to invoke database automation 

•  Bot Creation for automating excel operations

•  Bot Creation for PDF Integrations. 

•  Bot Creation and working on error handling. 

•  Creating a Provision Robot from Orchestrator

Total Hours (30L + 15P): 45
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TEXT BOOKS 

1.  Alok Mani Tripathi, Learning Robotic Process Automation: Create Software robots and automate business
 processes with the leading RPA tool - UiPath. Packt Publishing 2018.

 2.  Gerardus Blokdyk, Robotic Process Automation A Complete Guide - 2020 Edition Kindle Edition

REFERENCES

1.  Tom Taulli "The Robotic Process Automation- Handbook",Apress, 2020

WEB REFERENCES

1.  https://www.udemy.com/course/robotic-process-automation-fundamentals-and-build-a-robot/

2.  https://www.coursera.org/specializations/roboticprocessautomation

Course Outcomes: 

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

CO1:  Apply various Embedded AI tools for solving real time problems

1.  Study and Overview of Tiny ML

2.  Study Experiments on Tensorflow Lite

3.  Using the TFLite Converter in Colab

4.  Running Models with TFLite in Colab

5.  TFLite Optimizations and Quantization in Colab

6.  Deploying a TensorFlow Lite Model to Arduino.

7.  Speech Recognition with Arduino

8.  Training, deploying and using deep learning on a Raspberry Pi/NVIDIA JETSON NANO KIT

Total Hours: 15

TEXT BOOKS

1.  Pete Warden and  Daniel Situnayake, "TinyML: Machine Learning with TensorFlow Lite on Arduino and 
Ultra-Low-Power Microcontrollers" , O'Reilly, First Edition, 2019

REFERENCES

1.  Agus Kurniawan, "IoT Projects with NVIDIA Jetson Nano: AI-Enabled Internet of Things Projects for 
Beginners" Apress, 2020

WEB REFERENCES

1.  https://github.com/tinyMLx/courseware/tree/master/edX

CURRICULUM AND SYLLABUS 
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TEXT BOOKS 

1.  Alok Mani Tripathi, Learning Robotic Process Automation: Create Software robots and automate business
 processes with the leading RPA tool - UiPath. Packt Publishing 2018.

 2.  Gerardus Blokdyk, Robotic Process Automation A Complete Guide - 2020 Edition Kindle Edition

REFERENCES

1.  Tom Taulli "The Robotic Process Automation- Handbook",Apress, 2020

WEB REFERENCES

1.  https://www.udemy.com/course/robotic-process-automation-fundamentals-and-build-a-robot/

2.  https://www.coursera.org/specializations/roboticprocessautomation

Course Outcomes: 

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

CO1:  Apply various Embedded AI tools for solving real time problems

1.  Study and Overview of Tiny ML

2.  Study Experiments on Tensorflow Lite

3.  Using the TFLite Converter in Colab

4.  Running Models with TFLite in Colab

5.  TFLite Optimizations and Quantization in Colab

6.  Deploying a TensorFlow Lite Model to Arduino.

7.  Speech Recognition with Arduino

8.  Training, deploying and using deep learning on a Raspberry Pi/NVIDIA JETSON NANO KIT

Total Hours: 15

TEXT BOOKS

1.  Pete Warden and  Daniel Situnayake, "TinyML: Machine Learning with TensorFlow Lite on Arduino and 
Ultra-Low-Power Microcontrollers" , O'Reilly, First Edition, 2019

REFERENCES

1.  Agus Kurniawan, "IoT Projects with NVIDIA Jetson Nano: AI-Enabled Internet of Things Projects for 
Beginners" Apress, 2020

WEB REFERENCES

1.  https://github.com/tinyMLx/courseware/tree/master/edX
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COURSE OUTCOMES

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

UNDERSTANDING AND DESCRIBING DATA 8

The World of Data - Methods of Descriptive Statistics - Statistical Significance Testing. 

SQL FOR ANALYTICS 20

Relational Databases and SQL - Basic Data Types of SQL - Reading Tables: The SELECT Query -Creating Tables -
Updating Tables - Deleting Data and Tables - SQL and Analytics, SQL for Data preparation: Assembling Data - 
Transforming Data- Aggregate function for Data Analysis, Window Functions - Statistics with Window Functions.

Hands On:

DDL,DML,Window Functions

ANALYTICS USING COMPLEX DATA TYPES 17

 Importing and Exporting Data - Date and Time Data Types for Analysis - Performing Geospatial Analysis - Text 
Analytics, Performant SQL: Performant Joins - Functions and Triggers.

Hands On:

Importing and Exporting Data, Complex Data Types, Performant SQL

Total Hours: 45    

TEXT BOOK

1. Upom Malik, Matt Goldwasser, Benjamin Johnston , "SQL for Data Analytics", 1st Edition, Packt Publishing, 2019

REFERENCES 

1. Josephine Bush, "Learn SQL Database Programming", Packt Publishing, 2020.

2. Gordon S. Linoff , "Data Analysis Using SQL and Excel", 2nd Edition, John Wiley & Sons, Inc., 2016.

WEB REFERENCE

1. https://www.udemy.com/course/sql-for-data-analytics/

CURRICULUM AND SYLLABUS 

DEPARTMENT OF INFORMATION TECHNOLOGY
MINOR DEGREE - DATA SCIENCE

CURRICULUM

S.No
 

Course Code
 

Course Title
 

L
 

T
 

P
 

C
 

CA
 

ES
 
Total

 

IV Semester
 

1 20CSM11 SQL for Data Analytics 3  0  0  3  50  50  100  

2 20CSM12 Introduction to Data Science 3  0  0  3  50  50  100  

3 20CSM13 Data Visualization 3  0  0  3  50  50  100  

V Semester  

4 20CSM14 Machine Learning Paradigm 3  0  0  3  50  50  100  

5 20CSMXX Elective I 3  0  0  3  50  50  100  

VI Semester  
6 20CSMXX Elective II 3  0  0  3  50  50  100  
7 20CSM15 Capstone Project -  -  4  2  75  25  100  

  
Total

 
20

    
 

S.No
 

Course Code
 

Course Title
 

L
 

T
 

P
 

C
 
CA

 
ES

 
Total

1 20CSM16
 

Business Analytics
 

3
 

0
 

0
 

3
 
50

 
50

 
100

2 20CSM17 Time Series Analysis and 
Forecasting 3  0  0  3  50  50  100

3 20CSM18 
Big Data Processing with 
Spark 3  0  0  3  50  50  100

4 20CSM19 
Geospatial Data Science 
Techniques

 
3  0  0  3  50  50  100

ELECTIVES

20CSM11 SQL FOR DATA ANALYTICS 3 0 0 3

CO1:  Apply SQL clauses and functions to generate descriptive statistics. 
PO1,PO2,PO3,PO4,
PO5, PO12 

CO2:  Use SQL queries and sub queries to prepare data for analysis. 
PO1,PO2,PO3, PO4, 
PO12 

CO3:  Perform advanced statistical calculations using window function. 
PO1,PO2,PO3,PO4, 
PO5, PO12 

CO4:  Analyze special data type in SQL, including geospatial. 
PO1,PO2,PO3,PO4,  
PO5, PO12 



116 117B.E / B.TECH SPECIALIZATION / MINOR COURSES 
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Hands On:
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2. Gordon S. Linoff , "Data Analysis Using SQL and Excel", 2nd Edition, John Wiley & Sons, Inc., 2016.

WEB REFERENCE

1. https://www.udemy.com/course/sql-for-data-analytics/

CURRICULUM AND SYLLABUS 

DEPARTMENT OF INFORMATION TECHNOLOGY
MINOR DEGREE - DATA SCIENCE
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ES
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IV Semester
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Total

 
20

    
 

S.No
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Course Title
 

L
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P
 

C
 
CA

 
ES

 
Total

1 20CSM16
 

Business Analytics
 

3
 

0
 

0
 

3
 
50

 
50

 
100

2 20CSM17 Time Series Analysis and 
Forecasting 3  0  0  3  50  50  100

3 20CSM18 
Big Data Processing with 
Spark 3  0  0  3  50  50  100

4 20CSM19 
Geospatial Data Science 
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3  0  0  3  50  50  100

ELECTIVES

20CSM11 SQL FOR DATA ANALYTICS 3 0 0 3

CO1:  Apply SQL clauses and functions to generate descriptive statistics. 
PO1,PO2,PO3,PO4,
PO5, PO12 

CO2:  Use SQL queries and sub queries to prepare data for analysis. 
PO1,PO2,PO3, PO4, 
PO12 

CO3:  Perform advanced statistical calculations using window function. 
PO1,PO2,PO3,PO4, 
PO5, PO12 

CO4:  Analyze special data type in SQL, including geospatial. 
PO1,PO2,PO3,PO4,  
PO5, PO12 



118 119B.E / B.TECH SPECIALIZATION / MINOR COURSES 

COURSE OUTCOMES 

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

INTRODUCTION  10

Big Data and Data Science Hype - Datafication - The Current Landscape - A Data Science Profile - Data Science 
tools - Applications of Data Science - Introduction to big data Analytics: State of the practice in Analytics - Key roles 
for the new big data ecosystem - Data Analytics life cycle.

Hands on: Reading and writing different types of data set.

DESCRIPTIVE STATISTICS  15

Data Preparation - Exploratory Data Analysis: Data summarization - Data distribution - Outlier Treatment - 
Measuring asymmetry - Continuous distribution; Estimation: Mean - Variance - Sampling - Covariance - 
Correlation - Statistical methods for evaluation.

Hands on: Basic statistics and distribution.

ADVANCED ANALYTICAL THEORY AND METHODS  20

Association Rules: Apriori - Evaluation of candidate rules - Applications of Association rules - Regression: Linear 
and Logistic regression - Classification: Decision tree - Time series analysis -Text Analysis.

Hands on: Implement Association Rules, Implement regression model for prediction, Simulate decision tree for 
classification, Text and Time series analysis for real time applications. 

Total Hours: 45

TEXT BOOKS

1.  "Data Science and Big Data Analytics: Discovering, Analyzing, Visualizing and Presenting", EMC Education 
Services, John Wiley & Sons, Inc., 2015.

2.  Cathy O'Neil and Rachel Schutt, "Doing Data Science, Straight Talk from the Frontline", O'Reilly, 2014.

REFERENCES

1.  Joel Grus, "Data Science from Scratch", O'Reilly, 2017.

2.  Roger D. Peng, "R Programming for Data Science", Learn Pub, 2015.

3.  Foster Provost and Tom Fawcett, "Data Science for Business: What You Need to Know about Data Mining and 
Data-analytic Thinking", ISBN 1449361323, 2013.

WEB REFERENCE

1. https://nptel.ac.in/courses/106/106/106106179/

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

INTRODUCTION 12
Visualization - visualization process - role of cognition - Pseudocode conventions - Scatter plot - Data foundation: 
Types of data - Structure within and between records - Data preprocessing - Human perceptions and information 
processing - Visualization foundation.

Hands on: Visualising categorical data using matplotlib, Data analysis through plotly and ggplot

VISUALIZING DIFFERENT TYPES OF DATA 18
Visualization Techniques for Spatial Data - Visualization Techniques for Geospatial Data- Visualization Techniques 
for Time-Oriented Data - Visualization Techniques for Multivariate Data- Visualization Techniques for Trees, 
Graphs, and Networks - Text and Document Visualization.

Hands on: Visualizing multiple variables using seaborn, Visualising time series and spatial data, Map & 3D 
visualization, Tree & Graph visualization

DESIGNING EFFECTIVE VISUALIZATION  15
Steps in Designing Visualization - Problems in Designing Effective Visualization - Comparing and evaluating 
visualization techniques - Visualization Systems.

Hands on: Sales and Marketing analysis dashboard design using visualization tool

Total Hours: 45
TEXT BOOK
1. Matthew O. Ward. , Georges Grinstein and Daniel Keim., "Interactive Data Visualization: Foundations, 

Techniques, and Applications", 2nd Edition, CRC Press, 2015. 

REFERENCES
1. Nathan Yau, "Data Points: Visualisation that means something", John Wiley & Sons, Inc., 2013.

2. Stephen Few, "Information Dashboard Design: The Effective Visual Communication of Data", O'Reilly, 2nd 
Edition, 2013.

WEB REFERENCE
1. https://nptel.ac.in/noc/courses/noc22/SEM1/noc22-cs08/

CURRICULUM AND SYLLABUS 

20CSM12  INTRODUCTION TO DATA SCIENCE 3 0 0 3 20CSM13 DATA VISUALIZATION  3 0 0 3

CO1: Outline the data science process and its applications.  PO1,PO2,PO12  
CO2: Illustrate the tasks involve in life cycle of Data analytics.  PO1,PO2,PO12  
CO3: Understand the basics of descriptive statistics. PO1,PO2,PO3,PO4, 

PO12  
CO4: Apply the advanced analytical methods for business problems.  PO2,PO3,PO4,PO5,PO12

CO1: Describe principles of visual perception and carryout preprocessing in 
real time data. 

PO1,PO2,PO3,PO12  

CO2: Apply visualization techniques for various data analysis tasks. PO1,PO2,PO3,PO4, 
PO5, PO10,PO12  

CO3: Apply visualization techniques for the applications using unstructured 
data. 

PO1,PO2,PO3,PO4, 
PO5, PO10,PO12  

CO4: Make use of different visualization techniques for the given problems.  PO1,PO2,PO3,PO4, 
PO5, PO10,PO12  

CO5: Design information dashboard for Sales and marketing analysis. PO1,PO2,PO3,PO4, 
PO5, PO10,PO12  



118 119B.E / B.TECH SPECIALIZATION / MINOR COURSES 
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Hands on: Basic statistics and distribution.

ADVANCED ANALYTICAL THEORY AND METHODS  20

Association Rules: Apriori - Evaluation of candidate rules - Applications of Association rules - Regression: Linear 
and Logistic regression - Classification: Decision tree - Time series analysis -Text Analysis.

Hands on: Implement Association Rules, Implement regression model for prediction, Simulate decision tree for 
classification, Text and Time series analysis for real time applications. 

Total Hours: 45

TEXT BOOKS

1.  "Data Science and Big Data Analytics: Discovering, Analyzing, Visualizing and Presenting", EMC Education 
Services, John Wiley & Sons, Inc., 2015.

2.  Cathy O'Neil and Rachel Schutt, "Doing Data Science, Straight Talk from the Frontline", O'Reilly, 2014.
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Hands on: Visualizing multiple variables using seaborn, Visualising time series and spatial data, Map & 3D 
visualization, Tree & Graph visualization
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Total Hours: 45
TEXT BOOK
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CURRICULUM AND SYLLABUS 

20CSM12  INTRODUCTION TO DATA SCIENCE 3 0 0 3 20CSM13 DATA VISUALIZATION  3 0 0 3

CO1: Outline the data science process and its applications.  PO1,PO2,PO12  
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PO1,PO2,PO3,PO12  

CO2: Apply visualization techniques for various data analysis tasks. PO1,PO2,PO3,PO4, 
PO5, PO10,PO12  

CO3: Apply visualization techniques for the applications using unstructured 
data. 
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120 121B.E / B.TECH SPECIALIZATION / MINOR COURSES 

COURSE OUTCOMES 

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

INTRODUCTION TO MACHINE LEARNING 15

Introduction - Components of learning - Types of Learning - Perceptron: Learning rate, Bias input, Perceptron 
learning Algorithm - Linear Discriminative - Non-linear Discriminative - Decision Trees - K- nearest Neighbor 
Learning. 

Hands on: Data pre-processing using dimensionality reduction.

NEURAL NETWORKS 15

Feed-forward Network Functions - Backpropagation - Regularization in Neural Networks - Bayesian Neural 
Networks.

Hands on: Implementation of Neural Network in TensorFlow.

LEARNING ALGORITHMS  15

Logistic Regression - Naive Bayes - Support Vector Machines (SVM) - Ensemble learning - Bagging - Boosting - 
Clustering - K-means Clustering - Hierarchical Clustering - Principal Component Analysis - Introduction to 
Reinforcement Learning - Performance Measures: Confusion matrix, Precision/Recall Trade-off - The ROC Curve.

Hands on: Data & Text Clustering using K-means algorithm, Bagging and Boosting in classification, Perform SVM 
classification for a domain application

Total Hours: 45

TEXT BOOKS

1. Dr.Rajiv Chopra, "Machine Learning", 2nd edition, Khanna Book Publishing, 2020.

2. C. M. Bishop, "Pattern Recognition and Machine Learning", Springer, 2016. 

3. Stephen Marsland, "Machine Learning an Algorithimic Perspective, CRC Press, 2nd Edition, 2015.

4. AurelienGeron, "Hands-on Machine Learning with Scikit-Learn, Keras, and TensorFlow", 2nd Edition, 2019.

REFERENCES 

1. K. P. Murphy, "Machine Learning: A probabilistic perspective", MIT Press, 2012. 

2. D. Barber, "Bayesian Reasoning and Machine Learning", Cambridge University Press, 2012.

3. M. Mohri, A. Rostamizadeh, and A. Talwalkar, "Foundations of Machine Learning", MIT Press, 2012.

COURSE OUTCOMES 

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

INTRODUCTION TO BUSINESS ANALYTICS 10

Introduction to Business Analytics - Descriptive, Predictive and Prescriptive Analytics Techniques - Web and Social 
Media Analytics - Analytics Capability Building - Data analytics in different sectors: Google, LinkedIn, Amazon, 
Netflix.

BUSINESS INTELLIGENCE  10

Data Warehouses and Data Mart - Knowledge Management - Types of Decisions - Decision Making Process - 
Decision Support Systems - Business Intelligence - OLAP - Analytic functions.

BUSINESS FORECASTING 25

Introduction to Business Forecasting and Predictive analytics - Logic and Data Driven Models - Data Mining and 
Predictive Analysis Modeling - Machine Learning for Predictive analytics: Regression techniques, Logistic 
regression, Tree-based methods.

Hands on: Classification Model, Regression and Decision Tree model,ML algorithms for Stock market Prediction

Total Hours: 45

REFERENCES

1. "Business Analytics: The Science of Data - Driven Decision Making", U Dinesh Kumar, Wiley India.

2. R. Evans James, "Business Analytics", 2017, Pearson.

3. R N Prasad, Seema Acharya, "Fundamentals of Business Analytics", 2016.

4. Philip Kotler and Kevin Keller, "Marketing Management", 15th Edition, PHI, 2016.

5. VSP RAO, "Human Resource Management", 3rd Edition, Excel Books, 2010.

6. Mahadevan B, "Operations Management -Theory and Practice", 3rd Edition, Pearson Education, 2018.

CURRICULUM AND SYLLABUS 

20CSM14 MACHINE LEARNING PARADIGM 3 0 0 3 20CSM16 BUSINESS ANALYTICS 3 0 0 3

CO1: Define the fundamental concepts of machine learning.  PO1,PO12  

CO2: Interpret various Neural networks.  PO1,PO2  

CO3: Understand the Learning approaches in Machine Learning.  PO2,PO3,PO4,PO11,PO12  
CO4: Implement basic algorithms in clustering & classification.  PO2,PO3,PO5  
CO5: Develop fundamental algorithms for solving real world data.  PO3,PO5,PO12  

CO1: Explain the real world business problems and model with analytical 
solutions. 

PO1, PO2, PO4, 
PO5,PO12 

CO2: Identify the business processes for extracting Business Intelligence. PO1, PO2,PO12 

CO3: Apply Data Mining predictive analytics for business fore-casting. 
PO1, PO2,PO5, 
PO12 

CO4: Apply Machine Learning predictive analytics for business fore-casting. 
PO1, PO2,PO5, 
PO12 



120 121B.E / B.TECH SPECIALIZATION / MINOR COURSES 
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Feed-forward Network Functions - Backpropagation - Regularization in Neural Networks - Bayesian Neural 
Networks.

Hands on: Implementation of Neural Network in TensorFlow.

LEARNING ALGORITHMS  15

Logistic Regression - Naive Bayes - Support Vector Machines (SVM) - Ensemble learning - Bagging - Boosting - 
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3. Stephen Marsland, "Machine Learning an Algorithimic Perspective, CRC Press, 2nd Edition, 2015.
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REFERENCES 

1. K. P. Murphy, "Machine Learning: A probabilistic perspective", MIT Press, 2012. 

2. D. Barber, "Bayesian Reasoning and Machine Learning", Cambridge University Press, 2012.

3. M. Mohri, A. Rostamizadeh, and A. Talwalkar, "Foundations of Machine Learning", MIT Press, 2012.

COURSE OUTCOMES 

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

INTRODUCTION TO BUSINESS ANALYTICS 10

Introduction to Business Analytics - Descriptive, Predictive and Prescriptive Analytics Techniques - Web and Social 
Media Analytics - Analytics Capability Building - Data analytics in different sectors: Google, LinkedIn, Amazon, 
Netflix.

BUSINESS INTELLIGENCE  10

Data Warehouses and Data Mart - Knowledge Management - Types of Decisions - Decision Making Process - 
Decision Support Systems - Business Intelligence - OLAP - Analytic functions.

BUSINESS FORECASTING 25

Introduction to Business Forecasting and Predictive analytics - Logic and Data Driven Models - Data Mining and 
Predictive Analysis Modeling - Machine Learning for Predictive analytics: Regression techniques, Logistic 
regression, Tree-based methods.

Hands on: Classification Model, Regression and Decision Tree model,ML algorithms for Stock market Prediction

Total Hours: 45

REFERENCES

1. "Business Analytics: The Science of Data - Driven Decision Making", U Dinesh Kumar, Wiley India.

2. R. Evans James, "Business Analytics", 2017, Pearson.

3. R N Prasad, Seema Acharya, "Fundamentals of Business Analytics", 2016.

4. Philip Kotler and Kevin Keller, "Marketing Management", 15th Edition, PHI, 2016.

5. VSP RAO, "Human Resource Management", 3rd Edition, Excel Books, 2010.

6. Mahadevan B, "Operations Management -Theory and Practice", 3rd Edition, Pearson Education, 2018.

CURRICULUM AND SYLLABUS 

20CSM14 MACHINE LEARNING PARADIGM 3 0 0 3 20CSM16 BUSINESS ANALYTICS 3 0 0 3

CO1: Define the fundamental concepts of machine learning.  PO1,PO12  

CO2: Interpret various Neural networks.  PO1,PO2  

CO3: Understand the Learning approaches in Machine Learning.  PO2,PO3,PO4,PO11,PO12  
CO4: Implement basic algorithms in clustering & classification.  PO2,PO3,PO5  
CO5: Develop fundamental algorithms for solving real world data.  PO3,PO5,PO12  

CO1: Explain the real world business problems and model with analytical 
solutions. 

PO1, PO2, PO4, 
PO5,PO12 

CO2: Identify the business processes for extracting Business Intelligence. PO1, PO2,PO12 

CO3: Apply Data Mining predictive analytics for business fore-casting. 
PO1, PO2,PO5, 
PO12 

CO4: Apply Machine Learning predictive analytics for business fore-casting. 
PO1, PO2,PO5, 
PO12 



122 123B.E / B.TECH SPECIALIZATION / MINOR COURSES 

COURSE OUTCOMES 

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

INTRODUCTION 15

Introduction - Forecasting Time Series - Estimation of Transfer Functions - Analysis of Effects of Unusual 
Intervention Events to a System - Analysis of Multivariate Time Series - Discrete Control Systems - Transfer 
Function Models - Models for Discrete Control Systems - Time Series and Stochastic Processes - Stationary 
Stochastic Processes.

Hands on: Transfer functions, Multivariate Series

LINEAR STATIONARY AND NON-STATIONARY 15

General Linear Process-Autoregressive Processes-Moving Average Processes-   Autoregressive Integrated Moving 
Average Process-Three Explicit models for the ARIMA model- Integrated Moving Average Process.       

Hands on: Autoregressive model, ARIMA model

FORECASTING 15

Derivation of the Minimum Mean Square Error Forecasts- Three Basic Forms for the Forecast- Calculating 
Forecasts and Probability Limits- Eventual Forecast Function Determined by the Autoregressive Operator- Role of 
the Moving Average Operator in Fixing the Initial Values-

Case Study: Demand Forecasting     

Hands on: Time series forecasting - Rainfall dataset

Total Hours: 45

TEXT BOOKS

1. C. Reinsel, Greta M. Ljung, "Time Series Analysis: Forecasting and Control", John Wiley , 2016.

2. Shumway &Stoffexzr, "Time Series Analysis and its applications, with examples in R", 3rd Edition, Springer, 2011.

REFERENCES

1. Brockwell& Davis, "Introduction to Time Series and Forecasting", 3rd Edition, Springer, 2016.

2. Cryer& Chan, "Time Series Analysis with Applications in R", Springer, 2008.

3. Ruppert& Matteson, "Statistics and Data Analysis for Financial Engineering with R examples", 2nd Edition,
 Springer, 2016.

COURSE OUTCOMES 

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

INTRODUCTION TO BIG DATA ANALYTICS AND HADOOP  10

Introduction to big data analytics - Characteristics - State of the practice and analytics - Big data analytics lifecycle 
overview - key roles for the new big data ecosystem - Examples, NoSQL - Types of NoSQL Databases - Comparison 
of SQL and NoSQL - Hadoop: History ofHadoop - Features of Hadoop - Hadoop Components - Processing Data 
with Hadoop - Hadoop Conceptual Layer - High Level Architecture of Hadoop - Overview of Hadoop Ecosystems - 
HadoopDistributed File System.

MONGODB  8 

MongoDB - Using JSON - Data types in MongoDB - CRUD (Create, Read, Update and Delete) - Replication - 
Sharding.

Hands On:CRUD operations

SPARK   13

Spark - Hadoop and spark - spark features - spark ecosystem - spark architecture - Data frame - SQL context - Spark 
SQL application - Spark Streaming - Spark Streaming API- Kafka server commands - spark streaming commands.

Hands on: Implementation of Kafka server commands, Clustering / Classification using Spark

SPARK MACHINE LEARNING  14

Machine learning and data science - Use cases - Fraud detection -Spark MLlib - Monitoring the Spark MLlib 
application - Graph data - Graph data modelling - Spark GraphX - Graph frames - Graph analytics algorithms - Case 
study: Netflix.

Hands on: Apply ML algorithms on big data, Implementation of Graph analytics algorithms. 

Total Hours: 45

TEXT BOOKS

1. SriniPenchikala, "Big data processing with Apache Spark", C4Media, 2018.

CURRICULUM AND SYLLABUS 

20CSM17 TIME SERIES ANALYSIS AND FORECASTING 3 0 0 3 20CSM18 BIG DATA PROCESSING WITH SPARK 3 0 0 3

CO1: Define the fundamental concepts of time series analysis.  PO1, PO12  

CO2: Understand the Learning approaches in linear Stationary and Non-
Stationary. 

PO2, PO3, PO4, 
PO11, PO12  

CO3: Interpret various types of forecasting. PO1, PO2  

CO4: Apply the concepts of time series model. PO1,PO2,PO4  

CO1: Understand the fundamental concepts of big data analytics.  PO1, PO12  

CO2: Understand the spark architecture and streaming commands.  PO2, PO3, PO4, PO11, PO12 

CO3: Illustrate Hadoop Ecosystem and comprehend Mapreduce 
framework. 

PO1,PO3,PO12  

CO4: Apply MongoDB CRUD operations for a given problem. PO1, PO2, PO4  

CO5: Interpret various types of spark MLlib. PO1, PO2  

CO6: Apply the concepts of Graph Data Modelling. PO1, PO2, PO4  



122 123B.E / B.TECH SPECIALIZATION / MINOR COURSES 

COURSE OUTCOMES 

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

INTRODUCTION 15

Introduction - Forecasting Time Series - Estimation of Transfer Functions - Analysis of Effects of Unusual 
Intervention Events to a System - Analysis of Multivariate Time Series - Discrete Control Systems - Transfer 
Function Models - Models for Discrete Control Systems - Time Series and Stochastic Processes - Stationary 
Stochastic Processes.

Hands on: Transfer functions, Multivariate Series

LINEAR STATIONARY AND NON-STATIONARY 15

General Linear Process-Autoregressive Processes-Moving Average Processes-   Autoregressive Integrated Moving 
Average Process-Three Explicit models for the ARIMA model- Integrated Moving Average Process.       

Hands on: Autoregressive model, ARIMA model

FORECASTING 15

Derivation of the Minimum Mean Square Error Forecasts- Three Basic Forms for the Forecast- Calculating 
Forecasts and Probability Limits- Eventual Forecast Function Determined by the Autoregressive Operator- Role of 
the Moving Average Operator in Fixing the Initial Values-

Case Study: Demand Forecasting     

Hands on: Time series forecasting - Rainfall dataset

Total Hours: 45

TEXT BOOKS

1. C. Reinsel, Greta M. Ljung, "Time Series Analysis: Forecasting and Control", John Wiley , 2016.

2. Shumway &Stoffexzr, "Time Series Analysis and its applications, with examples in R", 3rd Edition, Springer, 2011.

REFERENCES

1. Brockwell& Davis, "Introduction to Time Series and Forecasting", 3rd Edition, Springer, 2016.

2. Cryer& Chan, "Time Series Analysis with Applications in R", Springer, 2008.

3. Ruppert& Matteson, "Statistics and Data Analysis for Financial Engineering with R examples", 2nd Edition,
 Springer, 2016.

COURSE OUTCOMES 

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

INTRODUCTION TO BIG DATA ANALYTICS AND HADOOP  10

Introduction to big data analytics - Characteristics - State of the practice and analytics - Big data analytics lifecycle 
overview - key roles for the new big data ecosystem - Examples, NoSQL - Types of NoSQL Databases - Comparison 
of SQL and NoSQL - Hadoop: History ofHadoop - Features of Hadoop - Hadoop Components - Processing Data 
with Hadoop - Hadoop Conceptual Layer - High Level Architecture of Hadoop - Overview of Hadoop Ecosystems - 
HadoopDistributed File System.

MONGODB  8 

MongoDB - Using JSON - Data types in MongoDB - CRUD (Create, Read, Update and Delete) - Replication - 
Sharding.

Hands On:CRUD operations

SPARK   13

Spark - Hadoop and spark - spark features - spark ecosystem - spark architecture - Data frame - SQL context - Spark 
SQL application - Spark Streaming - Spark Streaming API- Kafka server commands - spark streaming commands.

Hands on: Implementation of Kafka server commands, Clustering / Classification using Spark

SPARK MACHINE LEARNING  14

Machine learning and data science - Use cases - Fraud detection -Spark MLlib - Monitoring the Spark MLlib 
application - Graph data - Graph data modelling - Spark GraphX - Graph frames - Graph analytics algorithms - Case 
study: Netflix.

Hands on: Apply ML algorithms on big data, Implementation of Graph analytics algorithms. 

Total Hours: 45

TEXT BOOKS

1. SriniPenchikala, "Big data processing with Apache Spark", C4Media, 2018.

CURRICULUM AND SYLLABUS 

20CSM17 TIME SERIES ANALYSIS AND FORECASTING 3 0 0 3 20CSM18 BIG DATA PROCESSING WITH SPARK 3 0 0 3

CO1: Define the fundamental concepts of time series analysis.  PO1, PO12  

CO2: Understand the Learning approaches in linear Stationary and Non-
Stationary. 

PO2, PO3, PO4, 
PO11, PO12  

CO3: Interpret various types of forecasting. PO1, PO2  

CO4: Apply the concepts of time series model. PO1,PO2,PO4  

CO1: Understand the fundamental concepts of big data analytics.  PO1, PO12  

CO2: Understand the spark architecture and streaming commands.  PO2, PO3, PO4, PO11, PO12 

CO3: Illustrate Hadoop Ecosystem and comprehend Mapreduce 
framework. 

PO1,PO3,PO12  

CO4: Apply MongoDB CRUD operations for a given problem. PO1, PO2, PO4  

CO5: Interpret various types of spark MLlib. PO1, PO2  

CO6: Apply the concepts of Graph Data Modelling. PO1, PO2, PO4  



124 125B.E / B.TECH SPECIALIZATION / MINOR COURSES 

COURSE OUTCOMES 

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

INTRODUCTION 15 

GIS Definition, GIS applications, Geospatial data for GIS applications, digital representation of geospatial data. 
Concepts of mapping, Paper based maps vs digital maps, map scale, map projection, limitations, Cartography - 
History and Developments, advantages of digital maps. Electromagnetic spectrum, Pre-processing of Satellite 
Images - Georeferencing and Image enhancement, Ground Control Points collection Electromagnetic spectrum, 
Pre-processing of Satellite Images Georeferencing and Image enhancement, Ground Control Points collection. 

SATELLITE IMAGING 15 

Key Elements of Satellite Image Interpretation - Colour, Texture, size, shape etc. Raster Based GIS - raster 
representation of data grid size and resolution, raster data structures, advantages/disadvantages of raster data 
models, data capture, raster to vector conversion VECTOR BASED GIS, Vector representation of data, 
advantages/disadvantages of vector data models, data bases Spatial and Non-spatial data, Data Collection, Data 
Formats, Data Conversion. 

DATA ANALYSIS 15 

Spatial Database Management - Database Structures, Files; Standard Data Formats, Information Systems, 
Modelling Real World Features Data Spatial Analysis and Modelling - Proximity Analysis, Overlay Analysis, 
Buffer Analysis Network Analysis- finding shortest path and Overview of methods of multicriteria analysis for 
education and health applications. Integration of Elevation data - DTM/DEM with satellite images Generating 3-
dimensional view of the land features from satellite images Open source tools for publishing spatial maps - 
Geoserver. 

Total Hours: 45

TEXT BOOKS 

1. Chang, K. T., "Introduction to geographic information systems", 9th Edition, McGraw-Hill Higher Education,
 2019, ISBN 978-1260136371. 

2. Lillesand, T., Kiefer, R. W., and Chipman, J., Remote sensing and image interpretation, 7th Edition, John Wiley
 & Sons, 2014, ISBN 978-1118343289. 

2. "Data science and big data Analytics", EMC Education Services, 2015.

3. Seema Acharya and Subhashini C, "Big Data and Analytics", Wiley India, 2015.

REFERENCES

1. Michael Mineli, Michele Chambers, AmbigaDhiraj, "Big Data, Big Analytics: Emerging Business
 Intelligence and Analytic Trends for Today's Businesses", Wiley Publications, 2013. 

2. ArvindSathi, "BigDataAnalytics: Disruptive Technologies for Changing the Game", MC Press, 2012. 

3. Paul Zikopoulos, DirkDeRoos, Krishnan Parasuraman, Thomas Deutsch, James Giles, David Corigan,
 "Harness the Power of Big Data The IBM Big Data Platform", Tata McGraw Hill Publications, 2012.

CURRICULUM AND SYLLABUS 

20CSM19 GEOSPATIAL DATA SCIENCE TECHNIQUES 3 0 0 3

CO1: 
Analyse the Fundamental mechanism of GIS and Process spatial and 
attribute data towards preparation of thematic maps. 

PO1,PO2,PO5  

CO2: 
Understand and interpret the various land features over satellite 
images.  

PO1,PO2,PO4  

CO3: 
Generate and publish the spatial maps derived from satellite data to be 
used for societal applications. 

PO1,PO2,PO4,PO5  
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dimensional view of the land features from satellite images Open source tools for publishing spatial maps - 
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1. Chang, K. T., "Introduction to geographic information systems", 9th Edition, McGraw-Hill Higher Education,
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3. Seema Acharya and Subhashini C, "Big Data and Analytics", Wiley India, 2015.

REFERENCES

1. Michael Mineli, Michele Chambers, AmbigaDhiraj, "Big Data, Big Analytics: Emerging Business
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20CSM19 GEOSPATIAL DATA SCIENCE TECHNIQUES 3 0 0 3
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Analyse the Fundamental mechanism of GIS and Process spatial and 
attribute data towards preparation of thematic maps. 

PO1,PO2,PO5  

CO2: 
Understand and interpret the various land features over satellite 
images.  

PO1,PO2,PO4  

CO3: 
Generate and publish the spatial maps derived from satellite data to be 
used for societal applications. 

PO1,PO2,PO4,PO5  



126 B.E / B.TECH SPECIALIZATION / MINOR COURSES 

REFERENCES 

1. Bernhardsen, T.,"Geographic information systems: an introduction", 3rd Edition, Wiley, 2010, 
 ISBN9788126511389. 

2. Chris Brunsdon and Lex Comber,"An Introduction to R for Spatial Analysis and Mapping (Spatial Analytics
 and GIS)", 2nd Edition, SAGE Publications Ltd, 2019, ISBN 978-1526428509.
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