STATEBOARDOF TECHNICAL EDUCATION, BIHAR

Scheme of Teaching and Examinations for
VIt SEMESTER DIPLOMA IN PRINTING TECHNOLOGY
(Effective from Session 2020-21 Batch)

THEORY
Sr. | SUBJECTS SUBJECT | TEACHING EXAMINATION — SCHEME
No. CODE SCHEME
Periods per Hours| Teacher's Class | EndSemester|  Total Pass Pass .
Week of Assessment Test Exam. (ESE)| Marks | Marks| Marks | Credits
Exam.| (TA) Marks (CT) Marks (A+B+C)| ESE in the
(A) Marks ©) Subject
(B)
1. | Entrepreneurship and Start-Up 2000601 03 03 10 20 70 100 28 40 03
2. | Binding & Finishing — 11 2027602 03 03 10 20 70 100 28 40 03
3. | Printing Process — |1 2027603 03 03 10 20 70 100 28 40 03
4_ Accountancy, Costlng & 2027604 03 03 10 20 70 100 28 40 03
Estimating
> Open Elective / COE 03 03 10 20 70 100 28 40 02
Elective- (i) Advance Pre-Press (2027605A) (ii) Advance Press-Work (2027605B) (iii) Advance Printer’s Science
(2027605C)
Artificial Intelligence | Internet of Things (Advance) Drone Technology (Advance) 3D Printing & Design (Advance)
(Advance) (2000605B) | (2000605C) (2000605D) (2000605E)
Industrial Automation (Advance) (2000605F) Electric Vehicles (Advance) (2000605G)| Robotics (Advance) (2000605H)
Total:- 15 | 350 500 | 14
PRACTICAL
Sr. | SUBJECTS SUBJECT | TEACHING EXAMINATION — SCHEME
No. CODE SCHEME
Periods per Hours Practical Total Pass Marks Credits
Week of Marks in the
Exam.| Internal (PA) (EEX;EEV)”"’" (A+B) Subject
6. | Pre-Press Lab 2027606 04 03 15 35 50 20 02
7. | Elective Lab/ COE 04 03 20 30 50 20 02
. Artificial Intelligence (Advance) Lab Internet of Things (Advance) Lab
Printing Process Lab — Il (2027608A) (2000608B) (2000608C)
3D Printing & Design (Advance) Lab Industrial Automation (Advance)
Drone Technology (Advance) Lab (2000608D) (2000608E) Lab (2000608F)
Electric Vehicles (Advance) Lab (2000608G) Robotics (Advance) Lab (2000608H)
Total: - 08 | 100 04
TERM WORK
Sr. | SUBJECTS SUBJECT TEACHING EXAMINATION — SCHEME
No. CODE SCHEME
Periods per Marks of Marks of Total Pass Marks in Credits
week Internal (PA) | External Marks the Subject
(ESE)
8. | Elective (Any One) -TW 2027609 06 15 35 50 20 03
Elective- (i) Advance Pre-Press (1627609A) -TW (i) Advance Press-work (1627609B) -TW (i) Advance printer’s Science(1627609C) -TW
9. | Project Work & Its presentation in 2027610 04 15 35 50 20 02
Seminar-TW
10, Term ork 02 20 30 50 20 01

Course Under Moocs /NPTEL/
OthersTW (2027611)

Artificial Intelligence
(Advance) TW (2000611B)

TW (2000611C)

Internet of Things (Advance)

Drone Technology (Advance) TW
(2000611D)

3D Printing & Design (Advance) TW

Industrial Automation

Electric Vehicles (Advance)

Robotics (Advance) TW (2000611H)

(2000611E) (Advance) TW (2000611F) TW (2000611G)
Total :- 12 150 06
Total Periods per week Each of duration One Hours = 35 Total Marks=750 | 24




ENTREPRENEURSHIP AND START -UPS

Subject Code

Theory No of Period in one session : 42 Credits
No. of Periods Per Week Full Marks : 100

2000601 L T P/S ESE 70 03
03 — — TA 10
CT 20

Course Obijectives:

The main aims of the course are to familiarize students with various concepts used in understanding
processes involved in entrepreneurship and business formation and development.

e To acquire Entrepreneurial spirit and resourcefulness.

e To familiarize with various uses of human resource for earning dignified means of living.

e To understand the concept and process of entrepreneurship - its contribution and role in

the growth and development of individual and the nation.

e To acquire entrepreneurial quality, competency, and motivation.

e To learn the process and skills of creation and management of entrepreneurial venture.

CONTENTS: THEORY

Unit

Name of Topics

Hrs.

Unit-1

Introduction to Entrepreneurship and Start — Ups

» Definitions, Traits of an entrepreneur, Entrepreneurship, Motivation
 Types of Business  Structures, Similarities and differences
between entrepreneurs and managers.

06

Unit-11

Business Ideas and their implementation

* Discovering ideas and visualizing the business
* Activity map

* Business Plan

06

Unit-111

Idea to Start-up

» Market Analysis — Identifying the target market,

» Competition evaluation and Strategy Development,
* Marketing and accounting,

* Risk analysis

10

Unit-1V

Management

* Company’s Organization Structure,

* Recruitment and management of talent.
* Financial organization and management

08

Unit-v

Financing and Protection of Ideas

* Financing methods available for start-ups in India

» Communication of ldeas to potential investors — Investor Pitch
» Patenting and Licenses

08

Unit-VI

Exit strategies for
strategy.

entrepreneurs, bankruptcy, and succession and harvesting

04

Tota

42 hrs.




References:

1. The Startup Owner’s Manual: The Step-by-Step Guide for Building a Great Company, Steve Blank and Bob
Dorf, K & S Ranch ISBN — 978- 0984999392

2. The Lean Startup: How Today’s Entrepreneurs Use Continuous Innovation to Create Radically Successful
Businesses, Eric Ries, Penguin UK ISBN — 978-0670921607

3. Demand: Creating What People Love Before They Know They Want It Adrian J. Slywotsky with Karl
Weber, Headline Book Publishing ISBN — 978- 0755388974

4. The Innovator’s Dilemma: The Revolutionary Book That Will Change the Way You Do Business, Clayton
M. Christensen, Harvard business ISBN: 978-142219602

5. Entrepreneurship and Start-ups, Ekta Sharma, FPH

SUGGESTED SOFTWARE/LEARNING WEBSITES:

a. https://www.fundable.com/learn/resources/quides/startup

b. https://corporatefinanceinstitute.com/resources/knowledge/finance/corporatestructure/
C. https://www.finder.com/small-business-finance-tips

d. https://www.profitbooks.net/funding-options-to-raise-startup-capital-for-your-business/

Course outcomes:
Upon completion of the course, the student will be able to :

CO : 1 Understand the dynamic role of entrepreneurship and small businesses
CO :2 Organize and Manage a Small Business

CO : 3 Plan the Financial strategy and Control

CO : 4 Operate forms of Ownership for Small Business

CO : 5 Make Strategic Marketing Planning

CO : 6 Launch new Product or Service Development

CO : 7 Conceive business Plan

*khkkk*k


http://www.fundable.com/learn/resources/guides/startup
http://www.finder.com/small-business-finance-tips
http://www.profitbooks.net/funding-options-to-raise-startup-capital-for-your-business/

BINDING & FINISHING 11

Theory No of Period in one session : 42 Credits
. No. of Periods Per Week Full Marks : 100
Subject Code L T PIS ESE 10
2027602 03 — — TA : 10 03
CT : 20

Rationale & Objective:-

This core subject deals with the special binding systems and automatic binding system,
Advancements in binding process in taking place portion in a press. Therefore, knowledge of this subject is
very essential.

Contents :Theory Hrs

UNIT-1 | ACCOUNT BOOKBINDING: [05]
Account book and paper, sewing, pasting spine gluing, spilt boards, tacketting, spring back,
cuttings and attaching the boards, covering, full leather.

UNIT-2 | BANDING: [03]
Single, Double, Double Straight, Russia.

UNIT-3 | ACCOUNT BOOK FINISHING: [02]

UNIT-4 | PUBLISHERSBINDING: [04]
Folding, Binding, Gathering, Sewing, Spine Gluing, Trimming, Edge Decoration, Rounding
and Booking.

UNIT-5 | ALTERNATIVE: [05]

Forwarding techniques, board cutting and cloth cutting cover decoration casing in, Pressing.

UNIT-6 | BOOK, REPAIRING WORK: [05]
Pulling a book, Removing old groove, dry and net cleaning washing mending.
UNIT-7 | LOOSE-LEAF MECHANISM AND MECHANICAL SYSTEMS OF BINDING: [03]

Inter-screw, ring metal, universal metal, end lock metal, prong metal, metal back ledger.

Covering loose leaf mechanisms.

UNIT-8 | MECHANICAL BINDING: [02]
UNIT-9 | AUTOMATION INBINDERY: [05]

Folding machine, binding machine, gathering machine, wire stitching machine, thread stitching
and looping machine, three-knife book trimmers, continuous trimmers book back gluing machine.

Rounding and backing machine, back-lining machine. Lining up and head binding machine, case-
making machine, automatic case making machine, back forming machine, casing-in machine,

processing machine, types and suitability of machines for various classes to work.

UNIT-10 | MATERIAL NSUMPTIONAND CALCULATION: [03]
Calculation of paper, calculation of boards, estimating covering materials.

UNIT-11 | ESTIMATING: [02]
Thread, tape, coard, stitching wire and adhesives.

UNIT-12 | PRODUCTION NTROL: [03]

Production control departmental planning and layout, modern production techniques and work-flow

sequence.

Total 42




PRINTING PROCESS — ||

Theory No of Period in one session : 42 Credits
. No. of Periods Per Week Full Marks : 100
Subject Code L T PIS ESE 10
2027603 03 = — TA : 10 03
CT : 20

Rationale & Objective:-

It is a core subject of printing technology, It is essential for students to learn about the basics of various
printing processes. Process photography, techniques of printing surface preparation and printing machines.

Contents :Theory Hrs
UNIT-1 | INTRODUCTION TODIFFERENT PRINTIN REACE. : [12]
01.01 Introduction to ‘Preparing a composed surface’.
01.02 Introduction to ‘Photoengraved surface’(Block making).
01.03 Introduction to ‘Offset Plate-making’.
01.04 Introduction to ‘Gravure Surface’.
01.05 Introduction to ‘Screen-making’.
UNIT-2 | INTRODUCTIONTO LETTERPRESS PRINTING MACHINE: [10]
Classification features and uses of letterpress machines. Merits and demerits.
UNIT-3 | INTRODUCTION TO OFFSET PRINTING MACHINES & GRAVURE [08]
PRINTING MACHINE:
Classification, features, uses, merits and demerits.
UNIT-4 | INTRODUCTION TO SCREEN-PRINTING: [06]
UNIT-5 | DIFFERENT KINDS OF ROLLERS: [06]
Total 42




ACCOUNTANCY, COSTING & ESTIMATING

Theory No of Period in one session : 42 Credits
- No. of Periods Per Week Full Marks : 100
Subject Code L T PIS ESE : 70
2027604 03 — — TA : 10 03
CT : 20

Rationale & Objective:-
All productive activities in an industry are motivated by profit in an industry are motivated by profit.

An accountant analyses the financial aspect of a business to give a correct picture as to whether it is running
on profit or at a loss, as well as how that profit has been made or that loss sustained.

People in printing management should be able to do this evaluation with a view to enhancing the profit
or eliminating the loose of an organisation.

Costing and Estimating:- Printing supervisors, owners of printing supervisors, owners of printing
presses and so on have to study costing for the purpose of cost recovery and cost control. The study of a
scientific system of costing will give them proper guidance as to how the maximum utilization of the resources
of the factory can be achieved and do away with waste of time and money.

In an extremely competitive market, scientific estimating can guarantee the meaningful survival
of a printing organisation by enabling it to forecast correctly and judiciously the estimated cost of jobs,

the overhead expenditure of a business, and the amount of profit to be made from each job.

Contents : Theory Hrs

UNIT-1 | ACCOUNTANCY: [05]
Definition, object of accountancy, double entry system, explanation of terms, first principles
of double entry.

COSTING AND ESTIMATING

UNIT-2 | BASIC OBJECTS OF TING IN PRODUCTION PROCESS: [04]
Job and Process costing, Fixed & Variable Cost, Time-rate and work rate Costing and

Estimating System.

UNIT-3 | ELEMENT OF T: [03]

Recovery of Labour Cost, materials, out work and overhead Expenses.

UNIT-4 | COST SHEET : [03]
Cost Accounting, Cost Control in Printing..

UNIT-5 | ESTIMATING FORPRINTING: [03]

Outline of British Printing Industries federation system of Costing.

UNIT-6 | ESTIMATING LABOUR OPERATION WORK RATE AND TIME-RATE [03]
SYSTEM:

Changeable operation in printing, their production standard and rates.

UNIT-7 | ESTIMATING MATERIALS AND OUTWORK, [03]

Over head expenses.

UNIT-8 | < Quality of a good estimator [05]
= Good copy & Bad copy in printing.

UNIT-9 | < Definition of Break- Even point [04]

« Algebrical & Graphical representation of Break- Even point.




UNIT-10 Definition of Pricing [04]
Different factors of Pricing.
Brief overview on Bin Card, job Ticket, Purchase Requisition and Depreciation.

UNIT-11 SPANKS method to find out ink Coverage in Printing. [04]
Casting off calculation by En method.

UNIT-12 Calculation of Kg of a Ream for a known GSM and size of a stock and to estimate cost from it. [06]

To find out the fixed cost of a printing machine for known initial cost, interest %, depreciation%,

insurance% etc.

42




ELECTIVE - (ANY ONE) (i) ADVANCE PRE-PRESS

Theory No of Period in one session : 42 Credits
- No. of Periods Per Week Full Marks : 100
Subject Code L T PIS ESE : 70
2027605A 0% — — TA : 10 02
CT : 20

Rationale & Objective:-

Pre-press is the most sensitive area in the printing trade. The final quality of a Printing mainly depends

upon the state of the pre-press technology. Image setting, scanning and advance plate making techniques are

the key areas here which need special attention.

Contents:Theory Hrs
UNIT-1 | PLATE MAKING CHEMISTRY: [05]
Surface chemistry of oleophilic image areas; hydrophilic non-image areas; effects of
chemical
changes; combination exposure and multiple exposure.
UNIT-2 | COATING AND PROCESSING: [08]
Wipe on, deep etch processes; presensitised plates; PVA and bimetal process; copperised,
aluminium deepetch plates; operations by automatic plate processors, Different light sources;
characteristics of light sensitive coating materials; other related equipments.
UNIT-3 | SCANNING: [07]
Basic principles; black and white scanner; laser screening; optical system; Screen Angle;
colour removal, scanner operated vignette, Colour correction, Sharpness, Sizing, Resolution, Digital
Retouching; saving picture files.
UNIT-4 | OPERATINGPROCEDURE: [05]
Cylinder cleaning; transparency mounting; multiple transparency mounting; cylinder
Changing
setting vertical resolution; setting exposure; select units; formal and colour; scanning.
UNIT-5 | PAGE MAKE UP TECHNIQUES: [10]
Text files and graphic files; integration and editing; interactive graphic techniques;
positioning;
scaler and guide; lines for drawing and positioning; menu driven software attire of packagemaker; colour
separation in DTP; computer graphics; graphic card; word processing;
software; laser printers.
UNIT-6 | OFFESET PRINTING MACHINE: [07]
Plate making techniques for printing, Plastic plates, Metal plates, Direct image plates, PS
plates,
Wipe on plates, Punch register system.
Total 42




ELECTIVE - (ANY ONE) (ii) ADVANCE PRESS WORK

Theory No of Period in one session : 42 Credits
- No. of Periods Per Week Full Marks : 100
Subject Code L T PIS ESE : 70
20276058 0% — — TA : 10 02
CT : 20

Rationale & Obijective:-

For faster printing works and works of huge quantities such as Newspapers, magazine etc. Wod-fed
machines are required. These machines are also suitable for multi-colour works. This subject deals with the
one rational features if Wed-fed presses of relief printing, Planagraphic Printing and intaglio printing.
Knowledge of this subject is very essential for a diploma holder.

Contents : Theory Hrs
UNIT-1 | WEB-FED PRINTING MACHINES FOR RELIEF PRINTING PROCESS: [10]

1.1 | Letterpress rotary machines-various types, units, feeding system, tension, control,
delivery system, sheeters, inking system, registration control system, automatic pasters.
Automatic detectors.

1.2 | Flexographic printing machine feeding and delivery system sheeters, ink setting, two-

colour registration control, make-ready techniques, printing faults and remedies.

UNIT-2 | WEB-OFFSET SINGLE OR MULTI-COLOUR MACHINES: [12]
2.1 | Various types and sizes, feeding and delivery systems, inking and dampening system

web tension control, web detectors, registration control, auto-pasters, printing unit.

2.2 | Conversion units for in line operations numbering, perforation, punching.

2.3 | Drying of printed sheets-various methods.

2.4 | Various types of plate and blanket used, make-ready operations.

UNIT-3 RAVURE PRINTING: [09]

3.1 | Sheet and web-fed presses-classification, construction.

3.2 | Mounting of cylinders, minor corrections on cylinders, pre-proofing.

3.3 | Presswork operation.

3.4 | Automatic controls and detectors.

3.5 | Gravure printing faults and remedies.

UNIT-4 | SCREENPRINTING: [11]

4.1 Frames and other materials used.

4.2 | Stencil system.

4.3 | Screen cleaning.

4.4 | Dryequipments.

4.5 Inks, solvents minners, cieahers and retarders.

Total 42




ELECTIVE - (ANY ONE) (iii) ADVANCE PRINTER’S SCIENCE

Theory No of Period in one session : 42 Credits
. No. of Periods Per Week Full Marks : 100
Subject Code L T PIS ESE 10
2027605C 03 — — TA : 10 02
CT : 20
Rationale & Obijective:-

The student will learn the scientific approach to the different printing materials. He will also learn about
the testing of material for quality control. The subject will make the student to learn about the chemical
reactions involved in the various stages of Reproduction Photography, Surface Preparation, Presswork etc.

Contents : Theory Hrs
UNIT-1 | INTRODUCTION: [08]
Definition of quality; scope of quality control, its meaning a purpose; setting up quality control
programmes.
UNIT-2 | MATERIAL CONTROL: [10]

Working out specification and laying standards for materials to be used in printing. inspection and
testing of all incoming materials as a part of quality control; developing check list for inspection of

materials.

UNIT-3 | PRINTING/PHOTOGRAPHIC MATERIALS: [10]
Basic ingredient of light sensitive emulsion and their function; developers, ingredients and their
functions, different developer their suitability, chemical for after treatment; characteristics of Printing
inks for different printing processes.

UNIT-4 | SUBSTRATES: [06]
Metals and metal foils used in printing; their physical and chemical properties; physical & chemical

properties of monomers; polymers.

UNIT-5 | MATERIAL MANAGEMENT: [08]

Procurement of printing materials; determination of specification for quality; buying procedure;

inventory control; storage of paper, board, ink & other materials.

Total 42




A)
B)
Q)
D)

E)

F)

Course Code : 2000605B/2000608B/2000611B

Course Title . Artificial Intelligence (Advance)
Pre- requisite Course(s) . Artificial Intelligence (Basic)
Rationale :

In Artificial Intelligence (Basic) course, students have learned the basics for Artificial Intelligence problem
solving techniques, data analytics and articulates the different dimensions of these areas. This Artificial
Intelligence (Advance) course offers the students the comprehension of Machine learning which is a subsetof
artificial intelligence in the field of computer. The course also exposes students to Tens or flow a Python-
based open source library for numerical computation used in machine learning and developing neural
networks. After completing the course students will be able to implement various techniques used in machine
learning and neural networks using open source tools.

Course Outcomes (COs): After the completion of the course, teachers are expected to ensurethe
accomplishment of following course outcomes by the learners. For this, the learners are expected to perform
various activities related to three learning domains (Cognitive, Psychomotor and Affective) in
classroom/laboratory/workshop/field/ industry.

After completion of the course, the students will be able to-

CO-1 Elaborate the use of Machine learning in Artificial Intelligence.

CO-2 Implement various supervised and unsupervised learning models and methods.
CO-3 Illustrate Artificial neural networks and its applications.

CO-4 Implement various Neural network models and Learning Methods.

CO-5 Solve machine learning and artificial neural network problems using Tens or flow.

Suggested Course Articulation Matrix (CAM):

Programme Programme
Outcomes(POs Specific
Course ) Outcomes*
Outcome (PSOs
s(COs)
PO-1 PO-2 PO-3 PO-4 PO-5 PO-6 PO-7 PSO-1 PSO-2
Basic and |Problem | Design/De| Engineering Engineering Project Life
Discipline |Analysi |velopment Tools Practices for Manageme Long
Specific S of Society, nt Learning
Knowledg Solutions Sustainabilityand
e Environment
COo-1 - 2 2 - - - 1
CO-2 3 3 3 3 - - 2
CO-3 - 3 3 3 - - 2
CO-4 3 1 3 3 - - 2
CO-5 3 3 3 3 - - 2

Legend: High (3), Medium (2), Low (1) and No mapping (-)

*.

PSOs will be developed by respective programme coordinator at institute level. As per latest NBA guidelines, formulating PSOs
isoptional



https://en.wikipedia.org/wiki/Artificial_intelligence
https://en.wikipedia.org/wiki/Computer_science

G) Teaching & Learning Scheme:
Scheme of Study
Boar Cours Cours (Hours/Week)
dof e e Classroom Lab Notiona Total Tota
Study Code Title Instructio Instructio IHours Hour I
n(CI) n(LI) (TW+ s Credi
L T SL) (CI+LI+TW+ t(C)
SL)
2000605| Artificial
B/20006| intelligence
4 2
08B/200| (Advance) 03 ) 0 0 09 05
0611B
Legend:
Cl: Classroom Instruction (Includes different instructional/implementation strategies i.e. Lecture (L), Tutorial (T), Case method,
Demonstrations, Video demonstration, Problem based learning etc. to deliver theoretical concepts)
LI Laboratory Instruction (Includes experiments/practical performances/ problem-based experiences in laboratory, workshop,
field or other locations using different instructional/Implementation strategies)
Notional Hours: Hours of engagement by learners, other than the contact hours for ensuring learning.
TW: Term Work (includes assignments, seminars, micro projects, industrial visits, any other student activities etc.)
SL: Self Learning, MOOCS, spoken tutorials, online educational resources etc.
C: Credits = (1 x Cl hours) + (0.5 x LI hours) + (0.5 x Notional hours)
Note: ~ TW and SL have to be planned by the teacher and performed by the learner under the continuous guidance and feedback of
teacher to ensure outcome of learning.
H) Assessment Scheme:
Assessment Scheme (Marks)
Theory Term Work Lab <
Assessment &Self- Assessme 7
(TA) Learning nt(LA) <§(
Boar ° Assessment (TWA) £
° Cour +
dof /) +
Stu g se. 5] — ':,
dy 2 Titl 2.5 = = s |2 &~| ©£FE 9
= e 2 22g 2 = c £ o EC |2 EQ <
3 $SEH Y 5 5 [2S37 /B85S &
© 5& %0 582 2 g |92 ¢E |lWsém >
eF 37 2 g = w s g Gl —
o < |WdiE< o a4 < g
|_
2000605 |Artificial
B/20006 | Intelligenc 30 70 20 30 20 30 200
08B/200 €
Advance
0611B §
Legend:
PTA: Progressive Theory Assessment in class room (includes class test, mid-term test and quiz using online/offline modes)
PLA: Progressive Laboratory Assessment (includes process and product assessment using rating Scales and rubrics)
TWA: Term work & Self Learning Assessment (Includes assessment related to student performance in assignments, seminars, micro
projects, industrial visits, self-learning, any other student activities etc.
Note:

e  Separate passing is must for progressive and end semester assessment for both theory and practical.

e ETA & ELA are to be carried out at the end of the term/ semester.

e Term Work is to be done by the students under the guidance of internal faculty but its assessment will be done internally (40%o) as well
as externally (60%). Assessment related to planning and execution of Term Work activities like assignment, micro project, seminar and
self-learning is to be done by internal faculty (Internal Assessment) whereas assessment of output/product/ presentation related to these
activities will be carried out by external faculty/expert (External Assessment). However, criteria of internal as well as external
assessment may vary as per the requirement of respective course. For valid and reliable assessment, the internal faculty should prepare
checklist & rubrics for these activities.

1) Course Curriculum Detailing: This course curriculum detailing depicts learning outcomes at course level

and session level and their attainment by the students through Classroom Instruction (Cl), Laboratory
Instruction (LI), Term Work (TW) and Self Learning (SL). Students are expected to demonstrate the



J)

attainment of Theory Session Outcomes (TSOs) and Lab Session Outcomes (LSOs) leading to attainment of
Course Outcomes (COs) upon the completion of the course. While curriculum detailing, NEP 2020 related
reforms like Green skills, Sustainability, Multidisciplinary aspects, Society connect, Indian Knowledge

System (IKS) and others must be integrated appropriately.

Theory Session Outcomes (TSOs) and Units:

Major Theory Session Outcomes (TSOs) Units Relevant
Cos
Number
(s)
TSO 1a. Describe the basic terminology of Unit — 1: Introduction to machine learning CO-1
Machinelearning
TSO 1h. Explain the concept of dataset and ways Concept of Machine Learning, Define
to handle them Learning, Learn the Network, Evaluate the
TSO 1c. illustrate the process of dataset division Network, datasets and ways to handle them,
TSO 1d. Explain process involved in machine Feature sets, Dataset division: test, train and
learning validation sets, cross validation. Applications
of Machine Learning, processes involved in
Machine Learning
TSO 2a. Identify the category or class of Unit 2: Supervised and unsupervised learning CO-2
aparticular dataset using KNN
algorithm Supervised learning:
'TSO 2b. Use Linear regression for Introduction to Supervised Learning, K-
predictiveanalysis Nearest Neighbor, Linear Regression,
TSO 2c. Predict the categorical dependent LogisticRegression, Support Vector Machine
variable using Logistic (SVM), Evaluation Measures: confusion
Regression matrix, precision, precision and recall, ROC-
TSO 2d. Use SVM for classification problems Curve (Receiver Operating Characteristic
inMachine Learning curve)
TSO 2e. determine the performance of the
classification models Unsupervised learning:
TSO 2f. evaluate the performance of the Introduction to Unsupervised Learning,
classification model using Introduction to clustering, Types of
ROC-curve Clustering: Hierarchical, Agglomerative
TSO 29 Explain characteristics of Clustering and Divisive clustering;
Unsupervised learning. Partitional Clustering - K-means clustering.
TSO 2h. Explain different clustering Expectation-Maximization (EM) Algorithm
methodsTSO 2i. Implement K-means
clustering
algorithm to group the unlabeled
dataset
TSO 3a. Explain Structure and working of Unit 3: Introduction to neural networks CO-3
BiologicalNeural Network.
TSO 3b. differentiate between Artificial Neural Structure and working of Biological Neural
Network and Biological Neural Network, Fundamentals of Artificial Neural
Network Networks & Applications, Characteristics
TSO 3c. State key historical points in development ofArtificial Neural Networks, History of
of ANN neuralnetwork research, characteristics of
TSO 3d. Explain the architecture of an neural networks terminology.
artificialneural network
TSO 4a. Use neuron McCulloch — Pitts model Unit 4: Neural networks models and CO-4
indesigning logical operations LearningMethods
TSO 4b. Apply Rosenblatt’s Perceptron to solve
linear classification problems Models of neuron McCulloch — Pitts model,




TSO 5b. Manipulate tensors

TSO 5c. Explain features of Tens or Board
visualization

TSO 5d Explain the concept and features of Tens or
flow playground

features of TensorFlow, Tensor Data
structure- Rank, shape, type, one dimension
and two-dimension tensor, Tensor handling
and manipulations, Tensor board
visualization- symbols

Tensors, Variables, Automatic differentiation,
Graphs and tf.function, modules layers and
models, training loops, features of Tens or
flow playground- data ,the ration of train and
test data, features, hidden layers, Epoch,
learning rate, activation function,
regularization, problem type

Major Theory Session Outcomes (TSOs) Units Relevant
Cos
Number
(s)
TSO 4c. Implement Adaptive Linear Neuron Rosenblatt’s Perceptron, Adaline model, Basic
(Adaline)training algorithm in neural learning laws, Topology of neural network
network architecture, Multilayer Neural Networks,
TSO 4d. Use Backpropagation neural Learning Methods, Backpropagation, Counter
trainingalgorithm propagation, Adaptive Resonance Theory
TSO 4e. Use ART (Adaptive Resonance (ART), Associative memories, BAM.
Theory)learning model
TSO 4f: Implement Bidirectional Associative
Memory
(BAM) model in Artificial Neural Network
TSO 5a. Illustrate the features of Tens or flow Unit-5 Tensor flow CO-5

Note: One major TSO may require more than one Theory session/Period.

K) Suggested Laboratory (Practical) Session Outcomes (LSOs) and List of Practical: (2000608B)

learningalgorithms
LSO 2.2 Evaluate the performance of
classification model

thedataset from
(https://gist.github.com/netj/8836201)

(b) Find confusion matrix and evaluation matrix for
SVM
Hint: SVM model can be constructed using sklearn
command,
import pandas as pd
from sklearn.svm import SVC
from sklearn.model_selection import
train_test_split
from sklearn.metrics import confusion_matrix
from sklearn.metrics import classification_report
from sklearn.metrics import accuracy_score
1. Read the csv Iris dataset file
Condition the data
Condition the training and Testing data
Construct the Linear model
Test the model with Linear kernel
Prepare confusion matrix
prepare Classification Report

NouswnN

. . Relevant
Practical/Lab SessionOutcomes (LSOs) ,\? Laboratory Experiment/Practical Titles COs
0.
Number(s
)
LSO 1.1 Implement data 1 Write a program to implement k-Nearest CO-2
classification algorithms Neighbour algorithm to classify the iris data set.
Print both correct and wrong predictions. Python
ML library classes can be used for this problem.
LSO 2.1 Implement Machine 2 (a) Implement SVM for Iris Dataset- download CO-2




. . Relevant
Practical/Lab SessionOutcomes (LSOs) l\? Laboratory Experiment/Practical Titles COs
0.
Number(s
)
LSO 3.1 Perform clustering 3 a) Explore k-means algorithm for the small sample
operations using k-means dataset. CO-2
algorithm
b) Explore k-means algorithm for Iris Dataset
LSO 4.1 Perform clustering 4 Apply EM algorithm to cluster a set of data stored in a
operations using EM .CSV file. Use the same data set for clustering using CO-2
algorithm k-Means algorithm. Compare the results of these two
algorithms and comment on the quality of clustering.
You can add Python ML library classes/API in the
program.
LSO 5.1 Build artificial neural 5 Build an Artificial Neural Network by implementing CO-4
networkLSO 5.2 Test artificial neural theBackpropagation algorithm and test the same using
network appropriate data sets.
LSO 6.1 Detect features or business 6 Implement the perceptron algorithm from scratch in CO-4
intelligence in the input data python.
using perceptron
LSO 7.1 Use Tensors for given problems 7 Write a programme to implement two dimension and
three-dimension Tensor. CO5
LSO 8.1 Use hasic features for tensor 8 Write a programme to add and multiply two 4x4 CO5
handling and manipulations matrix, you can Import “tens or flow” and “numpy”.
LSO 9.1 Test artificial intelligence 9 Solve a classification problem on the Tens or flow CO5
(Al) algorithms through the playground.
use ofGoogle's TensorFlow Hint: refer https://www.educba.com/tensorflow-
machinelearning libraries. playground/
LSO 10.1 Implement artificial 10 Implement algorithm for linear regression in tens or CO5,C02
intelligence(Al) algorithms flow
through the useof Google's
TensorFlow machine learning
libraries
LSO 10.2 perform predictive analysis
using linear regression

L) Suggested Term Work and Self Learning (2000611B): Some sample suggested assignments, micro project
andother activities are mentioned here for reference.

a. Assignments: Questions/Problems/Numerical/Exercises to be provided by the course teacher in line
with the targeted COs.

b. Micro Projects:
Use python programming for the solutions of Microproject problems

1. (a) Create a Bar plot to get the frequency of the three species of the Iris data.
(b) Create a Pie plot to get the frequency of the three species of the Iris data.
(c) Write a Python program to create a graph to find relationship between the sepal length and width.

2. (a) Write a Python program to split the iris dataset into its attributes (X) and labels (y). The X variable
contains the first four columns (i.e. attributes) and y contains the labels of the dataset.
(b) Write a Python program using Scikit-learn to split the iris dataset into 70% train data and 30% test
data. Out of total 150 records, the training set will contain 120 records and the test set contains 30 of
those records. Print both datasets.

3. Conduct performance analysis of Classification Algorithms (any 2) on a specific dataset.


http://www.educba.com/tensorflow-
http://www.educba.com/tensorflow-

M) Suggested Course Evaluation Matrix: The course teacher has to decide and use appropriate assessment
strategy and its weightage in theory, laboratory and Term Work for ensuring CO attainment. The
response/performance of the student in each of these designed activities is to be assessed to calculate CO

attainment.
Course Evaluation
Matrix
Theory Assessment Term Work Assessment (TWA) Lab Assessment (LA)*
(TA)**
Progressiv End Term Work & Self-
COs eTheory Theory Learning )
Assessment | Assessme Assessment Progressive End
(PTA) nt(ETA) Lab Laboratory
Class/Mi Assignments|  Micro Other Assessment Assessment
dSem Project | Activities (PLA) (ELA)
Test S *
CO-1 20% 15% 30% 20% 30% -- --
CO-2 10% 25% 20% 20% 20% 30% 33%
CO-3 30% 25% 30% 20% 20% -- --
CO-4 20% 20% 20% 20% 30% 30% 33%
CO-5 20% 15% 10% 20% -- 40% 34%
Total 30 70 20 20 10 20 30
Mark 50
S
Legend:
* : Other Activities include self-learning, seminar, visits, surveys, product development, software development etc.
*x : Mentioned under point- (N)
# : Mentioned under point- (O)
Note:

e The percentage given are approximate

e In case of Micro Projects and End Laboratory Assessment (ELA), the achieved marks will be equally divided in all those COs
mapped with total experiments.

e For CO attainment calculation indirect assessment tools like course exit survey need to be used which comprises of questions
related to achievement of each COs.

N)  Suggested Specification Table for End Semester Theory Assessment: Specification table
representsthe reflection of sample representation of assessment of cognitive domain of full course.

Unit Title and Number Total Relevan | Total ETA
Classroo tCOs Mark (Marks)
m Number | s . Applicatio
Instructio ©) Remembe Understandin n& above
n(ClI) r(R) g(V) ?)
Hour
S
Unit-1.0. Introduction to 7 co1 11 5 4 2
machine learning
Unit-2.0. Supervised and 10 CO2 18 5 6 7
unsupervised
learning
Unit-3.0. Introduction to 10 CO3 17 5 7 5
neural networks
Unit-4.0.Neural networks 8 CO4 14 3 3 8
models and
Learning Methods
Unit-5.0. Tensor 10 CO5 10 2 6 2
flow
Total Marks 45 70 20 26 24

Note: Similar table can also be used to design class/mid-term/ internal question paper for progressive assessment.



0) Suggested Assessment Table for Laboratory (Practical):

PLA/ELA
Relevant
SN Laboratory Practical Titles COs Performance | Viva
Number( PRA | PDA*| -
s) * *(%) Voc
(%) €
(%)
1 Write a program to implement k-Nearest Neighbor algorithm CO- 80 20
' toclassify the iris data set. Print both correct and wrong 2 )
predictions. Python ML library classes can be used for this
problem.
) (a) Implement SVM for Iris Dataset- download the dataset CO- 80 20
' from(https://gist.github.com/netj/8836201) 2 )
(b) Find confusion matrix and evaluation matrix for SVM
3 a) Explore k-means algorithm for the small sample dataset. CO- 20 70 10
' b) Explore k-means algorithm for Iris Dataset 2
4 Apply EM algorithm to cluster a set of data stored in a .CSV CO- 80 20
: file.Use the same data set for clustering using k-Means 2 )
algorithm. Compare the results of these two algorithms and
comment on the quality of clustering. You can add Python ML
library
classes/API in the program.
Build an Artificial Neural Network by implementing the CO-
5. . . . 10 70 20
Backpropagation algorithm and test the same using 4
appropriatedata sets.
6. Implement the perceptron algorithm from scratch in python. CA(?- 10 20 20
7 Write a programme to implement two dimension and CO- 80 20
' three-dimension Tensor. 5 )
Write a programme to add and multiply two 4x4 matrix, you CO-
8 can 5 - 80 20
Import “tens or flow” and “numpy”’.
0. Solve a classification problem on the Tens or flow playground. CE())- 20 20 10
10 Implement algorithm for linear regression in tens or flow (;:O- 10 70 20
Co-
5
Legend:

PRA™: Process Assessment
PDA™: Product Assessment

Note:  This table can be used for both end semester as well as progressive assessment of practical. Rubrics need to beprepared by
the course teacher for each experiment/practical to assess the student performance.

P) Suggested Instructional/Implementation Strategies: Different Instructional/ ImplementationStrategies
may be appropriately selected, as per the requirement of the content/outcome. Some of them are Improved
Lecture, Tutorial, Group Discussion, Portfolio Based Learning, Live Demonstrations in Classrooms, Lab,
Information and Communications Technology (ICT) Based Teaching Learning, Blended or flipped mode,
Brainstorming, Expert Sessions, Video Clippings, Use of Open Educational Resources (OER), MOOC:s etc.



P) List of Major Laboratory Equipment, Tools and Software:
S. Name of Broad Specifications Relevant
No. | Equipment,Tools Experiment/Practic
and Software alNumber
1. | Computer Systems Desktop Computers with i3 processor, 16 GB RAM, 512 S. No. 1to 10
GBHDD
2. Online Python IDE https://www.online-python.com/ S.No.1t0 10
3. | Jupyter Notebook Download from https:/jupyter.org/ S. No. 1to 10
4. | Pip Python package Download Pip 22.3 From https://pypi.org/project/pip/ S.No. 1to 10
manager
5. Google colab https://colab.research.google.com/github/tensorflow/docs/blo S.No.1to 10
b/master/site/en/tutorials/quickstart/beginner.ipynb#scroll To=
DUNzJc4jTj6G
6. Various modules, Tens or flow, NumPy, Pandas, package S.No. 1to 10
Libraries and
Packages
R) Suggested Learning Resources:
(a) Books:
S. Titles Author(s) Publisher and Edition with ISBN
No.
1. | Machine Learning using Python Manaranjan Pradhan, Wiley,
U Dinesh Kumar ISBN-10: 8126579900
ISBN-13: 978-8126579907
2. Introduction to Machine Learning Jeeva Jose Khanna Book Publishing Co. (P) Itd,
2020.1SBN-10: 9389139066
ISBN-13: 978-9389139068
3. | Machine Learning for Dummies John Paul Mueller and For Dummies; 2nd
Luca Massaron, For edition,ISBN-10:
Dummies, 1119724015
ISBN-13: 978-1119724018
4. | Machine Learning Rajeev Chopra Khanna Book Publishing Co.,
20211SBN-10: 9789386173423
ISBN-13: 978-9386173423
6. | Learn TensorFlow 2.0: Implement Pramod Singh, Apress, 978-1484255605
Machine Learning and Deep Avinashmanure ISBN-10: 1484255607
LearningModels with Python ISBN-13: 978-1484255605
7 | Artificial Intelligence: Concepts, Alexis Keller States Academic Press, 2022 ISBN-
Techniques and Applications 9781649649245
8 | Artificial Intelligence: An Introduction Jacob Pearson Willford Press 2022 ISBN
9781682860911
9 | Fundamentals of Machine Learning Mia Williams Willford Press 2022 ISBN
9781682860920
10 | Artificial Intelligence: A Modern Emilia Stones Larsen and Keller Education 2022 ISBN
Approach 9781641728525



http://www.online-python.com/

(b) Online Educational Resources:

1. NPTEL Course: Introduction to Machine Learning, Prof. Balaraman Ravindran, IIT Madras
2. https://www.tensorflow.org/resources/learn-ml
3. https://www.tutorialspoint.com/tensorflow/index.htm
4. https://www.javatpoint.com/tensorflow
5. https://developers.google.com/machine-learning/crash-course/exercises
Note: Teachers are requested to check the creative commons license status/ financial implications of the suggested OER, before use
by the students.
(c) Others:

Data Source:
= https://archive.ics.uci.edu/ml/machine-learning-databases/auto-mpg/

= https://archive.ics.uci.edu/ml/machine-learning-databases/iris/iris.data
= https://www.kaggle.com/arshid/iris-flower-dataset
= https://www.kaggle.com/rohankayan/years-of-experience-and-salary-dataset

S) Course Curriculum Development Team (NITTTR, Bhopal)

e Dr. Sanjay Agrawal (Coordinator)
e Dr.R. K. Kapoor (Co-coordinator)

*kkkkk


http://www.tensorflow.org/resources/learn-ml
http://www.tutorialspoint.com/tensorflow/index.htm
http://www.javatpoint.com/tensorflow
https://developers.google.com/machine-learning/crash-course/exercises
http://www.kaggle.com/arshid/iris-flower-dataset
http://www.kaggle.com/rohankayan/years-of-experience-and-salary-dataset

A) Course Code : 2000605C/2000608C/2000611C

B) Course Title . Internet of Things (Advance)

C) Pre- requisite Course(s) . loT (Basics), Computer Networks

D) Rationale :

The rise and rise of 10T technologies is redefining business opportunities and process. This has led to a
growing need to learn advance skills to remain competitive in the market. Put together, these are a potent
combination of technologies that will dictate how our future is written, which is a strong indicator of
rewarding job opportunities in those domains. Introduction of the Advanced IoT follows a rigorous
curriculum which blends the academic excellence and industry-relevant applications.

This course will be exposed to a breadth of skills which will help students to become multi-faceted software
engineers with a deeper understanding of these modern technologies, their applications, and
interdependence.

E) Course Outcomes (COs): After the completion of the course, teachers are expected to ensure the
accomplishment of following course outcomes by the learners. For this, the learners are expected to perform
various activities related to three learning domains (Cognitive, Psychomotor and Affective) in classroom/
laboratory/ workshop/ field/ industry.

After completion of the course, the students will be able
to-CO-1  Use basic Python features in Programming.
CO-2 Use advance Python features in Programming.
CO-3 Explain features of Cloud and IoT data storage on it.
CO-4 Explain loT Networking and its application.

CO-5 Develop loT App for the given problem

F) Suggested Course Articulation Matrix (CAM):

Programme Programme
Outcomes(POs) SpecificOutcomes*
Course (PSOs)
Outcome PO-1 PO-2 PO-3 PO-4 PO-5 PO-6 PO-7 PSO-1 PSO-2
s(COs) Basic and | Problem |Design/Deve| Engineering Engineering Project Life
Discipline | Analysi | lopment of Tools Practices for Management | Long
Specific S Solutions Society, Learnin
Knowledg Sustainability and g
e Environment
CO-1 3 3 2 2 2 -
CO-2 3 3 2 2 - 2 -
CO-3 1 - 3 2 2 2 2
CO-14 1 - 2 3 - 2 2
CO-5 3 3 3 2 2 3 3

Legend High (3), Medium (2), Low (1) and No mapping (-)
PSOs will be developed by respective programme coordinator at institute level. As per latest NBA guidelines, formulating PSOs

isoptional




G)

Teaching & Learning Scheme:

Legend:

Cl:

LI

TW:
SL:

C:

Scheme of Study
Cours Cours (Hours/\Week)
Boar e e Classroo Lab Notiona Total Total
dof Cod Titl m Instructio IHours Hour Credit
ode itle Instructio n(LI) (TW+ S s(C)
Study
n SL) (CI+LI+TWH+S
(€l L)
L T
2000605
C/200060 loT
8C/20006 | (Advance 03 - 04 02 09 05
11C )

Classroom Instruction (Includes different instructional/implementation strategies i.e. Lecture (L), Tutorial (T), Case method,
Demonstrations, Video demonstration, Problem based learning etc. to deliver theoretical concepts)

Laboratory Instruction (Includes experiments/practical performances/ problem-based experiences in laboratory, workshop, field or
other locations using different instructional/Implementation strategies)

Notional Hours: Hours of engagement by learners, other than the contact hours for ensuring learning.

Term work (includes assignments, seminars, micro projects, industrial visits, any other student activities etc.)
Self Learning, MOOCS, spoken tutorials, Online educational resources etc.

Credits = (1 x Cl hours) + (0.5 x LI hours) + (0.5 x Notional hours)

Note:

H)

TW and SL have to be planned by the teacher and performed by the learner under the continuous guidance and feedback of teacher to
ensure outcome of learning.

Assessment Scheme:

Boar
dof
Study

Assessment Scheme
(Marks)
Term Work & Self-

ThEsTy A t Learning
SSESSIEN Assessment

Cours (2 (TWA

Lab
Assessme
nt(LA)

Title

Course Code

Progressive
Theory
Assessment
(PTA)
End
Theory
End
Laboratory
Total Marks (TA+TWA+LA)

Assessment
(ETA)
Internal
External
Progressive
LabAssessment
(PLA)
Assessment

2000605 loT

C/20006 | (Advance)
08C/200 30 70 20 30 20 30 200

0611C

Legend:
PTA:
PLA:
TWA:

Note:

Progressive Theory Assessment in class room (includes class test, mid-term test and quiz using online/offline modes)
Progressive Laboratory Assessment (includes process and product assessment using rating Scales and rubrics)

Term work & Self Learning Assessment (Includes assessment related to student performance in assignments,
seminars, micro projects, industrial visits, self-learning, any other student activities etc.

Separate passing is must for progressive and end semester assessment for both theory and practical.

ETA & ELA are to be carried out at the end of the term/ semester.

Term Work is to be done by the students under the guidance of internal faculty but its assessment will be done internally (40%6) as
well as externally (60%6). Assessment related to planning and execution of Term Work activities like assignment, micro project,
seminar and self-learning is to be done by internal faculty (Internal Assessment) whereas assessment of output/product/ presentation
related to these activities will be carried out by external faculty/expert (External Assessment). However, criteria of internal as well
as external assessment may vary as per the requirement of respective course. For valid and reliable assessment, the internal faculty
should prepare checklist & rubrics for these activities.

Course Curriculum Detailing: This course curriculum detailing depicts learning outcomes at course level and
session level and their attainment by the students through Classroom Instruction (Cl), Laboratory Instruction



(LI), Term Work (TW) and Self Learning (SL). Students are expected to demonstrate the attainment of Theory
Session Outcomes (TSOs) and Lab Session Outcomes (LSOs) leading to attainment of Course Outcomes (COs)



J)

upon the completion of the course. While curriculum detailing, NEP 2020 related reforms like Green skills,
Sustainability, Multidisciplinary aspects, Society connect, Indian Knowledge System (IKS) and others must be

integrated appropriately.

Theory Session Outcomes (TSOs) and Units:
Major Theory Session Outcomes (TSOs) Units Relevan
tCOs
Number(s)
TSO.1. a. Write the steps to install Python. Unit-1.0 Python basics: - CO-1
TSO.1. b. Explain given types of variables in python. | 11 Instgllatlon O_f Python _ érg .
TS0.1.¢. Explain use and importance of Tuple, 1.2 Variables, P(rjlnt 0 funhctlon, Escape character
Dictionary, operators in python SF;quenc? anl “[J)n pyt on Program
TSO.1. d. Explain use of array in python. 1.3 Python Tuple, Dictionary, operators
) ) i ) 1.4 Python arrays, create, reverse and append data
TSO.1. e. Explain use of 2-Dimensional Array in into it
th ' . .
Py on_ ) 1.5 Python 2 Dimensional arrays.
TSO.1 1 Expl{;u.n uses of given type of 1.6 Python Conditional statement.
Conditionalstatement in python.
TSO.2. a. Explain uses of given type of do & Unit 2. Python Advance: - CO-1
whileloops in python 2.1 Python Do & while loops and
TS0.2. b. Explain working of break, continue and pass| 2.2 Python break, continue, pass statements €05
statement in python 2.2 Python OOPs Class, Object, Inheritance and
. . . Constructor
TS0.2.c. \(/)Vg;e;nettﬁgdmgeneifr:ts thoofn using 2.4 Python Strings Replace, Join, Split, Reverse,
o gy p.y o Uppercase, Lowercase, count, find, split and length
TS0.2.d.Explain given type of string operation 2.5 Python Functions, Built-in functions and user
relatedto python. defined functions
TSO.2.e.Explain given function in python 2.6 Lambda function and uses
TSO.2.f Explain use of Lambda function in python.
TSO0.3.a. Differentiate between Cloud and IoT cloud. | Unit-3.0 Cloud features: - CO-1, CO-2
TSO.3.b. Explain features of Cloud in loT 3.1 Cloud computing and loT cloud and CO-5
. TSO.3.c. List feat fvarious t f 3.2 Benefits of cloud in loT
environmen -5.C. List features of various types ot 5 3 Types of Cloud public, private and hybrid
Cloud TS0O.3.d. List features of cloud services like 3.4 Cloud services like SaaS, Paa$S and laaS
SaaS, PaaS 3.5 Cloud connectivity and Data storage on Cloud.
and 1aaS 3.6 Arduino: Architecture, Programming, and
. Applications
TSO.3.f List ad.vantage-s of C|0L-Jd data storage. 3.7 Raspberry Pi Architecture, Programming, and
TSO0.3.g Explain Arduino architecture and its Application basic level for 10T applications
applications.
TSO.3.h Explain Raspberry pi architecture and its
applications.
TSO.4.a. Explain wired network Unit.4 10T Networking and Application: - CO-1
TSO.4.b.Explain short range wireless 4.1 Wired and short-range wireless network and
KTSO.4.c.Explain M2M 4.2 M2M - 2G, 3G, 4G & 5G networks CO-4
networ e -C.EXplain 4.3 LPWAN - Low Power Wide Area Networks
communication 4.4 SigFox & LoRaWAN.
TSO.4.d.Explain various generation of wireless 4.5 NB-10T (Narrow Band 10T)
network 4.6 RFID and Bar code basics- Components of an
TSO.4.e.Explain the importance of LWPAN in RFIDsystem-Data -Tags-Antennas- Connectors-
i ] ) Cables- Readers- encoder/ printers for smart
10T TSO.4.f Differentiate between SlgFOX & labels- Controllers software
LoRaWANTSO.4.g Explain use of NB-10T 4.7 RFID advantages over Bar codes.
(Narrow Band 10T) TSO.4.h Create heterogenous
network using RFID.
TSO.5.a. Identify suitable framework for 10T app Unit. 5 10T App Development: - CO-4
development and

5.1 Framework selection for loT app development




CO-5




Major Theory Session Outcomes (TSOs)

Units

Relevan
tCOs
Number(s)

TSO.5.b. Identify various stages of selected app
TSO.5.c. Develop the app.
TSO.5.d. Implement and deploy the app

TSO.5.e Maintain and improve the app based on the
feedback

5.2 ldentify stages of app to be developed.
5.3 Develop, Implement, and Deploy the App
5.4 Testing and Integration

5.5 Maintain and improve

Note: One major TSO may require more than one Theory session/Period.

K) Suggested Laboratory (Practical) Session Outcomes (LSOs) and L.ist of Practical (2000608C):

Practical/Lab Session Outcomes (LSOs)

S.

No Laboratory Experiment/Practical Titles

Relevant
COs
Number(s)

LSOs 1.1 Python installation

LSOs 1.2 Prepare and run python program on given
problem

LSOs 1.3 Prepare python program on Dictionary,
Tuple and operators.

LSOs 1.4 Prepare program on arrays

LSOs 1.5 Prepare a program on 2-dimensional array

LSOs 1.6 Create program on conditional statement

1.1 Install given version of Python on the

1. computer system.

1.2 Prepare a python program using
print() function and run it.

1.3 Access given value from the tuple

1.4 Print the given value of key from the
dict.

1.5 Write a Python program to create an
array of 5 integers and display the
array items. Access individual element
through indexes

1.6 Write a Python program which takes
two digits m (row) and n (column) as
input and generates a two-
dimensional array.

1.7 Write a python program to check
whether person is eligible for voting or
not. (accept age from the user)

1.8 Write a python program to check
whether the entered number is even
or odd.

1.9 Write a python program to check
whether entered number is divisible
by another entered number.

1.10 Write a python program to display
“Yes” is entered number is divisible by
5 otherwise display “No”

CO-1

LSOs 2.1 Prepare python program on Do & while

loopsLSOs 2.2 Prepare python program on break and
continue statement.

LSOs 2.3 Prepare Python program using break and
continue statements

LSOs 2.4 prepare python program using OOP

LSOs 2.5 Prepare Python program using functions

2.1 Prepare a python program which can

2. print first 10 even and odd numbers
using while statement

2.2 Write a python program which can
print first 10 integers and its square
using while/for loop.

2.3 Write a python program which can
print sum of first 10 natural numbers
using while/for loop.

2.4 Write a python program which can
identify the prime number between
the range given using while/for loop.

2.5 Consider a situation where you want
to iterate over a string and want to
print all the characters until a letter
‘e’ or ‘s’ is encountered. It is specified

CO-2




L)

Practical/Lab Session Outcomes (LSOs)

Laboratory Experiment/Practical Titles

Relevant
COs
Number(s)

that you have to do this using loop
and only one loop is allowed to use.

2.6 Consider the situation when you need
to write a program which prints the
number from 1 to 10 and but not 6. It
is specified that you have to do this
using loop and only one loop is
allowed to use.

2.7 Create a Class with instance attributes

2.8 Create a Vehicle class without
anyvariables and methods

2.9 Write a Python function to find the
Max of three numbers.

2.10 Write a Python program to reverse a
string.

LSO 3.1 Signup for free cloud storage
LSO 3.2 Store data into cloud and retrieve it. 3.

3.1 Create a free cloud account
3.2 Store data on cloud and retrieve it

CO-3

LSO 4.1 Design various types of network 4
cablesLSO 4.2 Connect computer in LAN.
LSO 4.3 Connect devices using wireless
networkLSO 4.4 Connect machine with
machine

LSO 4.5 Connect devices using IEEE
802LSO 4.6 Connect devices using
LPWAN LSO 4.7 Connect devices

using RFID

4.1 Study of different types of Network
cables and Practically implement the cross-
wired cable and straight through cable
using clamping tool.

4.2 Connect the computers in Local Area
Network

4.3 Connect 2 or more devices using
Bluetooth

4.4 Connect 2 or more devices using
infrared

4.5 Connect 2 more machine using m2m
4.6 Connect 2 or more different devices
using access point

4.7 Connect 2 devices using LPWAN
(SmartMeter)

4.8 Connect 2 or more devices using RFID

CO-4

LSO 5.1 Develop a loT app 5.
LSO 5.2 Develop 10T applications using smartphones.

5.1 Identify a problem and develop an app
5.2 Building a temperature monitoring

system using sensors and Smartphone

CO-5

Suggested Term Work and Self Learning (2000611C): Some sample suggested assignments, micro
projectand other activities are mentioned here for reference.

a. Assignments: Questions/Problems/Numerical/Exercises to be provided by the course teacher in line with

the targeted COs.

b. Micro Projects:

uhRWNPE

Create a an loT app for the identified problem
c. Other Activities:

1. Seminar Topics: - “Future of wireless network.”

Prepare a report on Python programming language.

Develop a small software in python to solve a 10T data analysis.
Create a id on free cloud storage and share data on it for others.
Create a heterogenous network and connect different dives.




w

N

1.
2.
3.

“Smart electricity billing “, “Cloud computing and IoT”

Visit to industry for 10T implementation in industrial process.

Reading RFID cards using 8051- RFID in the supply chain- Vehicles parking using RFID- library
managementsystem- electronic toll payment- smart shipping containers fleet monitoring and
management.

Building 10T Applications like pressure, air quality, temperature and motion detector using Arduino and
raspberry-pi Universal boards.

Surveys of market for availability of various types of network devices and its pricing.

Product Development: Development of projects for real life problem solution app.

Software Development: Using Python

Self-learning topics:

Deeper knowledge in Python features
Network devices and its capabilities
Advantages of 10T implementations

M) Suggested Course Evaluation Matrix: The course teacher has to decide and use appropriate assessment
strategy and its weightage in theory, laboratory and Term Work for ensuring CO attainment. The
response/performance of each student in each of these designed activities is to be used to calculate CO

attainment.
Course Evaluation
Matrix
Theory Assessment (TA)** Term Work Assessment (TWA) Lab Assessment (LA)*
Progressiv End Term Work & Self-
eTheory Theory Learning )
COs | Assessment | Assessment Assessment Progressive End
(PTA) (ETA) Lab Laboratory
Class/Mid Assignment|  Micro Other Assessment Assessment
Sem Test s Project Activities (PLA) (ELA)
S *
CO-1 10% 10% 20% -- 33% 10% 20%
CO-2 15% 10% 20% -- 33% 15% 20%
CO-3 30% 30% 20% -- 34% 15% 20%
CO-4 20% 30% 20% 50% -- 30% 20%
CO-5 25% 20% 20% 50% -- 30% 20%
Total 30 70 20 20 10 20 30
Mark 50
S
Legend:
*: Other Activities include self-learning, seminar, visits, surveys, product development, software development etc.
* Mentioned under point- (N)
#: Mentioned under point-(O)

Note:

e The percentage given are approximate
e In case of Micro Projects and End Laboratory Assessment (ELA), the achieved marks will be equally divided in all those
COs mapped with total experiments.
¢ For CO attainment calculation indirect assessment tools like course exit survey need to be used which comprises of
questions related to achievement of each COs.




N)

Suggested Specification Table for End Semester Theory Assessment: Specification table represents

thereflection of sample representation of assessment of cognitive domain of full course.
Unit Title and Number Total Relevan | Total ETA
Classroo tCOs Mark (Marks)
m Number | s Remembe Understandin | Applicatio
Instructio (s)
r(R) g(V) n& above
n(ClI) A)
Hour
S
Unit-1. Python basics 5 Co1 7 2 3
Unit-2. Python Advance 5 Col, 7 2 3
COo2
Unit-3. Cloud features 14 Co3 21 8 5
Unit-4. Networking and 14 CO4,C03| 21 7 9
Application
Unit-5. 10T Applications 10 CO5, 14 6 5
Cos3
andCO4
Total Marks 48 70 25 25
Note:  Similar table can also be used to design class/mid-term/ internal question paper for progressive assessment.
0) Suggested Assessment Table for Laboratory (Practical):
PLA/ELA
SN Laboratory Practical Titles Relevant Performance | Viva
COs PRA* | PDA* | -
Number(s) (%) * Voce
(%) (%)
1. Install given version of Python the computer system. CO-1 70 20 10
2. Prepare a python program using print() function and run it. CO-1 60 30 10
3. Access given value from the tuple CO-1 60 30 10
4. Print the given value of key from the dict. CO-1 60 30 10
5. Write a Python program to create an array of 5 integers and CO-1 60 30 10
display the array items. Access individual element through
indexes
6. Write a Python program which takes two digits m (row) and n CO-1 60 30 10
(column) as input and generates a two-dimensional array.
7. Write a python program to check whether person is eligible for CO-1 60 30 10
voting or not. (accept age from the user)
8. Write a python program to check whether the entered numberis CO-1 60 30 10
even or odd.
9. Write a python program to check whether entered number is CO-1 60 30 10
divisible by another entered number.
10. Write a python program to display “Yes” is entered number is CO-1 60 30 10
divisible by 5 otherwise display “No”
11. Prepare a python program which can print first 10 even and CO-2 60 30 10
odd numbers using while statement




12.

Write a python program which can print first 10 integers and its
square using while/for loop.

CO-2

60

30

10




PLA/ELA
SN Laboratory Practical Titles Relevant Performance | Viva-
COs PRA | PDA* | Voce
Number(s) * * (%)
(%) | (%)
13. Write a python program which can print sum of first 10 natural CO-2 60 30 10
numbers using while/for loop.
14, Write a python program which can identify the prime number CO-2 60 30 10
between the range given using while/for loop.
15. Consider a situation where you want to iterate over a string and CO-2 60 30 10
want to print all the characters until a letter ‘e’ or ‘s’ is
encountered. It is specified that you have to do this using loop
and only one loop is allowed to use.
16. Consider the situation when you need to write a program CO-2 60 30 10
which prints the number from 1 to 10 and but not 6. It is
specified that you have to do this using loop and only one
loop is allowed to use.
17. Create a Class with instance attributes CO-2 60 30 10
18. Create a Vehicle class without any variables and methods CO-2 60 30 10
19. Write a Python function to find the Max of three numbers. CO-2 60 30 10
20. Write a Python program to reverse a string. CO-2 60 30 10
21. Create a free cloud account CO-3 70 20 10
22. Store data on cloud and retrieve it. CO-3 60 30 10
23. Study of different types of Network cables and Practically CO-4 70 20 10
implement the cross-wired cable and straight through cable
using clamping tool.
24. Connect the computers in Local Area Network CO-4 70 20 10
25. Connect 2 or more devices using Bluetooth CO-4 70 20 10
26. Connect 2 or more devices using infrared CO-4 70 20 10
217. Connect 2 more machine using m2m CO-4 70 20 10
28. Connect 2 or more different devices using access point CO-4 70 20 10
29. Connect 2 devices suing LPWAN (Smart Meter) CO-4 70 20 10
30. Connect 2 or more devices using RFID CO-4 70 20 10
31. Identify a problem and develop an app CO-5 70 20 10
Legend:

PRA*: Process Assessment
PDA™: Product
Assessment

Note:  This table can be used for both end semester as well as progressive assessment of practical. Rubrics need to be
prepared by the course teacher for each experiment/practical to assess the student performance.




P)

Suggested Instructional/ Implementation Strategies: Different Instructional/ Implementation Strategies may
be appropriately selected, as per the requirement of the content/outcome. Some of them are Improved Lecture,
Tutorial, Case Method, Group Discussion, Industrial visits, Industrial Training, Portfolio Based Learning, Role
Play, Live Demonstrations in Classrooms, Lab, Field, Information and Communications Technology (ICT)
Based Teaching Learning, Blended or flipped mode, Brainstorming, Expert Sessions, Video Clippings, Use of
Open Educational Resources (OER), MOOC:s etc.

Q) List of Major Laboratory Equipment, Tools and Software:
S. Name of Equipment, Broad Relevant
No. Toolsand Software Specification Experiment/Practic
S alNumber
1 Python software Openly available as per instruction As mentioned above list
2 Cables connecters and Cat 6e cable, RJ-45 connectors and Crimping Tool
crimping tools
3 Bluetooth and infrared devices | Any mobile and wireless keyboard and mouse
4 10T free cloud Free available
5 Smart devices Like meters, bulbs etc.
6 Wireless access point Wireless router or access point
8 Arduino development board Arduino Uno and Arduino Nano.
6 Raspberry Pi Raspberry Pi 4/ Raspberry Pi 3/ Raspberry Pi 2
R) Suggested Learning Resources:

(@) Books:
S. Titles Author(s) Publisher and Edition with ISBN
No.
1 Let Us Python Kanetkar Yashavant BPB Publications
ISBN: 9789388511568, 9789388511568
2 10T (Internet of things) and Its Application | P K Pandey T Balaji Publication (1 January 2020) ISBN-
10:8194136385 ISBN-13: 978-8194136385
3 Raspberry Pi Cookbook: Software Simon Monk Shroff/O'Reilly; Third edition (4 October 2019)
andHardware Problems and Solutions ISBN-10° 9352139267 ISBN-13: 978-
9352139262
4 Raspberry Pi Cookbook: Software Simon Monk Shroff/O'Reilly; Third edition (4 October 2019)
andHardware Problems and Solutions, ISBN-10: 9352139267 ISBN-13: 978-
9352139262
5 Cloud Computing: Concepts, Erl Pearson Education India; 1st edition (1 January
Technology & Architecture 2014)
ISBN-10: 9332535922 ISBN-13: 978-
9332535923
. States Academic Press 2023 ISBN
6. |Fundamentals of Internet of Things Eden Scott 9781649649235




Murphy & Moore Publishing 2023 ISBN

7 Internet of Things Alaina Wilson 9781649872731

Larsen and Keller Education 2023 ISBN

8 Principles of Internet of Things Hallie Parker 9781641728312

(b)  Online Educational Resources:

nptel.iitm.ac.in/courses/.../I1 T.../lecture%2023%20and%2024.htm
en.wikipedia.org/wiki/Shear_and_moment_diagram
www.freestudy.co.uk/mech%20prin%20h2/stress.pdf
www.engineerstudent.co.uk/stress_and_strain.html
https://www.iit.edu/arc/workshops/pdfs/Moment_Inertia.pdf
https://www.veritis.com/blog/aws-vs-azure-vs-gcp-the-cloud-platform-of-your-choice/
https://wiki.python.org/moin/TimeComplexity
www.engineerstudent.co.uk/stress_and_strain.html
https://www.iit.edu/arc/workshops/pdfs/Moment_Inertia.pdf

Amini, P. (2014). Sulley: Pure Python fully automated and unattended fuzzing frame- work.
https://github.com/OpenRCE/sulley

LONOU AWM

Note: Teachers are requested to check the creative commons license status/ financial implications of the suggested OER, before use
by the students.

(c) Others:

1.  Learning Packages

2. Users’ Guide

3. Manufacturers’ Manual
4 Lab Manuals

S) Course Curriculum Development Team (NITTTR, Bhopal)

Dr. M. A. Rizvi (Coordinator)

*kkkkhk


http://www.freestudy.co.uk/mech%20prin%20h2/stress.pdf
http://www.engineerstudent.co.uk/stress_and_strain.html
http://www.iit.edu/arc/workshops/pdfs/Moment_Inertia.pdf
http://www.veritis.com/blog/aws-vs-azure-vs-gcp-the-cloud-platform-of-your-choice/
http://www.engineerstudent.co.uk/stress_and_strain.html
http://www.iit.edu/arc/workshops/pdfs/Moment_Inertia.pdf
https://github.com/OpenRCE/sulley

A)
B)
C)
D)

E)

F)

Course Code : 2000605D/2000608D/2000611D

Course Title : Drone Technology (Advanced)
Pre- requisite Course(s) : Drone Technology (Basics)
Rationale :

In previous semester, a course in drone technology broadly discussed about basic principles, functions and
interface of different components and design simple drone structure. In order to understand the successive
development of drones / UAVs in terms of their geometric structure, working methodology and navigation
control etc., so it is important to study the advanced course on Drone Technology. This course includes the study
of Static and dynamic force analysis on drone, advance flying features, navigation control, maintenance and
advance applications of different types of drone.

Course Outcomes (COs): After the completion of the course, teachers are expected to ensure the
accomplishment of following course outcomes by the learners. For this, the learners are expected to perform
various activities related to three learning domains (Cognitive, Psychomotor and Affective) in classroom/
laboratory/ workshop/ field/ industry.

After completion of the course, the students will be able to-

CO-1
CO-2
CO-3
CO-4
CO-5

Apply the concept of engineering mechanics for stability of drone.

Design the structure of drone using GPS module and thermal Image camera.
Operate drone using advance flight controller board.

Perform drone maintenance and assembly.

Use drone in advance applications like precision agriculture, security, 10T, etc.

Suggested Course Articulation Matrix (CAM):

Programme Programme
Outcomes(POs) SpecificOutcomes*
Course (PSOs)
Outcome PO-1 PO-2 PO-3 PO-4 PO-5 PO-6 PO-7 PSO-1 PSO-2
s(COs) Basicand | Problem| Design/ Engineering Engineering Project Life
Disciplin | Analysi | Development Tools Practices for Management | Long
eSpecific S of Solutions Society, Learning
Knowledge Sustainability and
Environment
CO-1 3 - - - - - -
CO-2 2 2 - 3 3 - -
CO-3 2 2 3 3 - - -
CO-4 3 - - 3 - - -
CO-5 - 2 2 - - 3 2

Legend High (3), Medium (2), Low (1) and No mapping (-)
PSOs will be developed by respective programme coordinator at institute level. As per latest NBA guidelines, formulating PSOs

isoptional




G) Teaching & Learning Scheme:
Scheme of
Study
B()jooe}r Cours | Cours (Hours/\Week
Study e e Classroo Lab Notiona Total Total
) m Instructio IHours Hour Credit
Code Title Instructio n(LI) (TW+ s s(C)
n SL) (CI+LI+TW+
(Cl SL)
L T
20006
05D/2 5
00060 one
Technolo 03 - 04 02 09 05
8D/20 v
00611 | (Advance)
D
Legend:
Cl: Classroom Instruction (Includes different instructional/implementation strategies i.e. Lecture (L), Tutorial (T), Case
method, Demonstrations, Video demonstration, Problem based learning etc. to deliver theoretical concepts)
LI Laboratory Instruction (Includes experiments/practical performances /problem-based experiences in laboratory, workshop,

field or other locations using different instructional/Implementation strategies)

Notional Hours: Hours of engagement by learners, other than the contact hours for ensuring learning.

TW: Term Work (includes assignments, seminars, micro projects, industrial visits, any other student activities etc.)
SL: Self Learning, MOOCs, spoken tutorials, online educational resources etc.
C: Credits = (1 x Cl hours) + (0.5 x LI hours) + (0.5 x Notional hours)
Note: ~ TW and SL have to be planned by the teacher and performed by the learner under the continuous guidance and feedbackof
teacher to ensure outcome of learning.
H) Assessment Scheme:
Assessment Scheme
(Marks) <
Term Work & Self- _I
Theory Learnin Lab :(
Assessment 9 Assessme =
Boar ° (TA) Assessment(TWA) nt(LA) 2
dof ° Cours +
S e <
Stud . = -
[<8] c ~
» Title @ 4= = o D > = n
Yy = > c c —_ = > £ [ ~
=] 5 >0 > O~ [ P D 5 = o D —
S a5 eEC o EC c = QB o R EJ <
o 82K £8ar 3 3 o] <R >
o< ol We & w = b S RZ w o g -
— %] [Z] — c 0 +=
a < < a8 4 < o
_I |_
2000605 Drone
D/20006 | Technology
08D/200 | (Advance) 30 70 20 30 20 30 200
0611D
Legend:
PTA: Progressive Theory Assessment in class room (includes class test, mid-term test and quiz using online/offline modes)
PLA: Progressive Laboratory Assessment (includes process and product assessment using rating Scales and rubrics)
TWA: Term work & Self Learning Assessment (Includes assessment related to student performance in assignments, seminars,
micro projects, industrial visits, self-learning, any other student activities etc.
Note:

Separate passing is must for progressive and end semester assessment for both theory and practical.

ETA & ELA are to be carried out at the end of the term/ semester.

Term Work is to be done by the students under the guidance of internal faculty but its assessment will be done internally (40%0) as
well as externally (60%0). Assessment related to planning and execution of Term Work activities like assignment, micro project,
seminar and self-learning is to be done by internal faculty (Internal Assessment) whereas assessment of output/product/ presentation
related to these activities will be carried out by external faculty/expert (External Assessment). However, criteria of internal as well
as external assessment may vary as per the requirement of respective course. For valid and reliable assessment, the internal faculty




should prepare checklist & rubrics for these activities.



J)

Course Curriculum Detailing: This course curriculum detailing depicts learning outcomes at course level
and session level and their attainment by the students through Classroom Instruction (ClI), Laboratory
Instruction(L1), Term Work (SW) and Self Learning (SL). Students are expected to demonstrate the
attainment of TheorySession Outcomes (TSOs) and Lab Session Outcomes (LSOs) leading to attainment of
Course Outcomes (COs)upon the completion of the course. While curriculum detailing, NEP 2020 related
reforms like Green skills, Sustainability, Multidisciplinary aspects, Society connect, Indian Knowledge
System (IKS) and others must beintegrated appropriately.

Theory Session Outcomes (TSOs) and Units:
Major Theory Session Outcomes (TSOs) Units Relevant
COs
Number (s)
TSO 1a. Draw free body diagram of quadcopter Unit-1.0 Engineering mechanics for CO-1
drone. Dronetechnology
TSO 1b. Determine centroid of given drone 1.1 Drone Mechanics
structure. e Free body diagram of drone
TSO 1c. Determine center of gravity of different e Method of finding resultant of force system
drone structure. e Equilibrium of coplanar force system
TsO 1d. Analyze different types of force acting 1.2 Center of Gravity
drone system. . .
) i ) ) o Centroid of plane figure
TSO 1e. D|fferent|atg between static and dynamic « Center of gravity of solid bodies
force analysis. .
Exolain h . i 1.3 Force analysis in drone
xplain how gyroscopic motion .
TSO1f. keepsdrone balanced and hovering. * Force analy_s,ls in drone
e Forces of flight
¢ Principle axes and rotation of aerial systems
1.4 Dynamics of machine
¢ Static and dynamic force analysis
e Gyroscopic motions
TSO Describe properties and application of Unit-2.0 Drone Frame and components CO-2
smart materials use in UAV frame. 2.1 Drone frame design
2a.TSO  Calculate the diameter of the propeller for "I Calculation principle for drome frame sizes
given drone frame size. Quadcopter frame design
2b. Determine size of quadcopter frame and " Smart materials for UAV frame
diameter of propeller of drone | Green material uses in drone
TSO 2c.
TSO 2d. Describe working of GPS and its 2.2 Advance Drones component
hardwareinterfacing. o GPS, Interfacing of GPS hardware
TSO 2e.  Write steps to interface GPS module for e Thermal and chemical sensor
drone navigation. e Tiltand LiDAR sensor
TSO 2f. Describe different RF blocks and antennas | 2.3 RF transmitter and receiver
used in RF transmitter and receiver. e RF blocks
e RF antennas
2.4 Micro-electromechanical systems (MEMS)
based sensor
2.5 HD and thermal Image camera
TSO 3a. Identify features and specifications of Unit-3.0 Advance flight controller Board (FCB) CO-3

FCBuse in different application




Major Theory Session Outcomes (TSOs) Units Relevant
COs
Number (s)
TSO Explain ports of any given advance 3.1 Specification and ports of FCB
flightcontroller board. 3.2 Software for FCB
3b. Write steps of software installation of [ Software installation
flight controller board. 3.3 Radio Communication with FCB
TSO Describe installation and calibration steps [J Installation of Radio Telemetry
of radio telemetry with FCB. "' Radio Calibration with FCB
3c.TSO  Write steps of calibration of 3.4 Calibration of accelerometer
accelerometer and ESC with 3.5 Calibration of ESC
3d. FCB. 3.6 Interface of motor with FCB using ESC
Describe interfacing of GPS with FCB. 3.7 GPS interface with FCB
TSO 3.8 Safety features of advance FCB
3e.TSO
3f.
TSO Describe challenges comes in drone Unit-4.0 Maintenance and assembling of Drone CO-4
mamt(_enance. ) ) 4.1 Need and scope of drone maintenance
4a.TSO  Describe measuring devices and 4.2 Types of maintenance
mstrument use |n- dro-ne maintenance. 4.3 Routine drone maintenance and its checklist
4b. Describe measuring instrument used to « Recording basic details
measure electrical parameters in drone. . .
. . . e Structural inspection
TSO Write sequence of steps use in assembling « Battery check
of drone. Sof y o
4¢.TSO e Software |_rmv_vare _
4.4 Types of measuring instrument use in drone
4d maintenance
' 4.5 Measurement of different electrical parameters
related with drone hardware
4.6 Assembly of drones
e Concept of interchangeability
e Principle of gauging and their
applicabilityin drone assembly
e Parameters and profile measurements of
standard propellers
e Concepts of drone assembly using 3D
modeling
TSO Describe function of autonomous drone Unit-5.0 Advance Drone Application CO-5
using .AI' 5.1 Application of Al in Drone Technology
5a.TSO Descr_lbe loT enable UAV f_or 5.2 10T and Computer vision integrated Drone
surveillanceand data gathering. . .
) oY 5.3 Drone interface with smart-phone
5h. Explain drone applications based on cost 5.4 Drone Applications in
saving, enhanced efficiency and ’ Mili
TSO profitability aspects. * Hitary
e  Precision Agriculture
5c.

Note: One major TSO may require more than one theory session/period.




K) Suggested Laboratory (Practical) Session Outcomes (LSOs) and L.ist of Practical (2000608D):

Relevant
Practical/Lab Session Outcomes (LSOSs) NSO Laboratory Experiment/Practical Titles COs
' Number(s
)
LSO 1.1 Use the force of gravity to compute the 1. | Determine Centre of gravity of different done CO-1
centre of gravity for a given drone structure.
structure.
LSO 2.1 Develop skills of observation and 2. | Demonstrate gyroscopic effect on a drone CO-1
interpreting phenomenal changes on model
Drone model for stability and hovering.
LSO 3.1 Draw various frame to be required in 3. | Compare different types of airframe structure CO-2, CO-
designing drone structure. like quadcopter frame (plus shape, cross shape 4
LSO 3.2 Use Measuring instrument in designing and H-shape), hexacopter frame (hexa + and
drone frame. hexa S).
LSO 3.3 Choose suitable materials for making
drone frame
LSO 4.1 Identify and measure the condition of 4. | Test Tiltand LiDAR sensors and their CO-2
Sensors. characteristics with Microcontroller based Flight
LSO 4.2 Interface Tilt and LiDAR sensors in drone. controller board.
LSO 5.1 Identify different component of GPS 5. | Demonstrate the interfacing of GPS module to CO-2, CO-
module drone navigation. 3
LSO 5.2Measure and use signals from GPS
moduleto determine latitude & longitude.
LSO 5.3 Diagnose problems using appropriate
instruments/tools related to
GPS
navigation.
LSO 6.1 Measure characteristics of HD and 6. | Test HD and thermal Image camera and their CO-2
thermallmage camera. characteristics.
LSO 6.2 Diagnose common problems related to HD
and thermal Image camera.
LSO 7.1 Identify the characteristics of RF 7. | ldentify, configure and operate 433MHz and 2.4 CO-2
circuitblocks like amplifier, and GHz RC transmitter and receiver.
filters.
LSO 7.2 Identity different antennas used.
LSO 7.3 Operate drone using RC transmitter and
receiver.
LSO 8.1 Test the different peripheral 8. | Programming and configure of parameters in CO-3
interconnections with FCB flight control board (FCB).
LSO 8.2 Troubleshoot advance Flight control board
(FCB)
LSO 9.1 Configure radio communication device 9. | Test and perform communication of advance CO-3, CO-
tocontrol drones. Flight control board with RF transceiver. 2
LSO 9.2 Operate drone using RC transmitter and
receiver.
LSO 10.1 Measure various parameters of 10. | Testand perform communication of Flight CO-3, CO-
GPSsystem control board (FCB) with GPS 2
LSO 10.2 Interface GPS system with flight
controller board.
LSO 11.1 Configure HD and thermal image camera | 11. | Test and troubleshoot HD and thermal image CO-3, CO-
with drone. camera with advance FCB in drone. 2
LSO 11.2 Demonstrate use of HD and thermal
image camera with FCB




LSO 12.1 Measure voltage, current frequency
using Digital Multimeter

LSO 12.2 Measure peak to peak voltage, time
period, and duty cycle using DSO
and
waveform generator.

12.

Measure various electric parameters in drone
hardware

CO-4




Relevant
Practical/Lab Session Outcomes (LSOs) S. Laboratory Experiment/Practical Titles COs
No.
Number(s)

LSO 12.3 Measure unknown frequency and its

level using spectrum analyzer.
LSO 13.1 Inspect drone as per the given checklist 13. | Perform preventive maintenance of drone CO-4
LSO 13.2 Diagnose drone problems after flying components
of

50 and 100hrs
LSO 14.1 Perform dismantle process of drone. 14. | Dismantle and service of different parts of CO-4
LSO 14.2 perform services need for operation drone system
LSO 14.3 Check and Install different parts of

thedrone system.
LSO 14.4 Assemble drone component.

L) Suggested Term Work and Self Learning (2000611D): Some sample suggested assignments, micro
projectand other activities are mentioned here for reference.

a.

pw

™~

ukhwWwh e

Assignments: Questions/Problems/Numerical/Exercises to be provided by the course teacher in linewith
the targeted COs.

Micro Projects:

Prepare maintenance report for small UAV.

Survey nearby electronics shop and Prepare report on types of drone frames and drone sensorsavailable
and its specification.

Prepare report of surveying & mapping of our institute using drone with HD and thermal image camera.
Prepare report on land and crops quality of nearby agriculture field using drone.

Prepare report on Identify and select different application drones like agriculture, Surveillance,
Inspections and gathering Information for disaster management.

Download 5 videos on advance FCB of drone design. Watch them and write report on it.

Market survey on different types of FCB, its specification and specific application and prepare report.
Develop mission completion drone with the help of GPS based Advance FCB.

Other Activities:

. Seminar Topics-Drone stability using gyroscopic motion, Quadcopter frame, Green material use in drone

design, GPS based drones, types of HD and thermal Image camera, Safety features in advance drone, Drone
Assembling, Military drone.

. Visits: Visit nearby small industry, Drone institute facilities. Prepare report of visit with special comments

of advance drone technology used, material used, cost of printed component.

. Surveys: Survey nearby electronics shop and Prepare report of list of advance drone components and its

specification.

. Product Development
. Software Development

Self-learning topics:

Different types Drones frame

Overview of GPS technology

Different types of HD and thermal Image camera
Safety features in Drone

Advance drone application



M) Suggested Course Evaluation Matrix: The course teacher has to decide and use appropriate assessment
strategy and its weightage in theory, laboratory and Term Work for ensuring CO attainment. The
response/performance of each student in each of these designed activities is to be used to calculate CO
attainment.

Course Evaluation
Matrix
Theory Assessment (TA)** Term Work Assessment (TWA) Lab Assessment (LA)*
Progressiv End Term Work & Self-
eTheory Theory Learning _
COs | Assessment | Assessment Assessment Progressive End
(PTA) (ETA) Lab Laboratory
Class/Mid Assignment|  Micro Other Assessment Assessment
Sem Test s Project Activities* (PLA) (ELA)
s
CO-1 15% 15% 20% 20% 20% 25% 25%
CO-2 20% 20% 20% 20% 20% 25% 25%
CO-3 25% 25% 20% 20% 20% 25% 25%
CO-4 25% 25% 20% 20% 20% 25% 25%
CO-5 15% 15% 20% 20% 20% - -
Total 30 70 20 20 10 20 30
Mark 50
s

Legend:

*: Other Activities include self- learning, seminar, visits, surveys, product development, software development etc.

** Mentioned under point- (N)

#: Mentioned under point-(O)

Note:

The percentage given are approximate

In case of Micro Projects and End Laboratory Assessment (ELA), the achieved marks will be equally divided in all those COs
mappedwith total experiments.

For CO attainment calculation indirect assessment tools like course exit survey need to be used which comprises of questions relatedto
achievement of each COs.

N) Suggested Specification Table for End Semester Theory Assessment: Specification table represents the
reflection of sample representation of assessment of cognitive domain of full course.

Unit Title and Number Total Relevan | Total ETA
Classroo tCOs Mark (Marks)
m Number | s Remembe Understandin | Applicatio
Instructio (s) r(R) g(V) n& above
n(Cl) (A)
Hour
S
Unit 1.0 Engineering 8 CO-1 12 04 04 04
mechanicsfor Drone
Technology
Unit 2.0 Drone frame and 10 CO-2 14 04 04 06
components
Unit 3.0 Advance Flight 12 CO-3 16 04 06 06
Controller Board
Unit 4.0 Maintenance and 10 CO-4 16 04 06 06
assembling of drone
Unit 5.0 Advance Drone 8 CO-5 12 04 04 04
Application
Total Marks 48 70 20 24 26

Note: Similar table can also be used to design class/mid-term/ internal question paper for progressive assessment.




O)

Suggested Assessment Table for Laboratory (Practical):

I\? ' Relevant /Féll‘_AA
0. i
Laborat_?_r)ll Practical C(gs Performance | Viva
itles Number(s PRA | PDA* | -
) * * Voc
(%) (%) | e
(%)
1. | Determine Centre of gravity of different done structure. CO-1 50 40 10
2. | Demonstrate gyroscopic effect on a drone model CO-1 40 50 10
3. | Compare different types of airframe structure like quadcopter frame (plus CO-2 50 40 10
shape, cross shape and H-shape), hexacopter frame (hexa + and hexa S).
4. | Test Tiltand LiDAR sensors and their characteristics with CO-2 50 40 10
Microcontrollerbased Flight controller board.
5. | Demonstrate the interfacing of GPS module to drone navigation. CO0-2, CO- 50 40 10
3
6. | Test HD and thermal Image camera and their characteristics. CO-2 50 40 10
7. Identify, configure and operate 433MHz and 2.4 GHz RC transmitter and CO-2 60 30 10
receiver.
8. Programming and configuration of parameters in flight control board (FCB). CO-3 60 30 10
9. | Testand perform communication of advance Flight control board with RF CO0-3, CO- 60 30 10
transceiver. 2
10. | Test and perform communication of Flight control board (FCB) with GPS CO0-3, CO- 60 30 10
2
11. | Testand troubleshoot HD and thermal image camera with advance FCB in CO-3, CO- 60 30 10
drone. 2
12. | Measure various electric parameters in drone hardware CO-4 40 50 10
13. | Perform preventive maintenance of drone components CO-4 60 30 10
14. | Dismantle and service of different parts of drone system CO-4 60 30 10
Legend:

PRA”: Process Assessment
PDA™: Product
Assessment

Note:

P)

This table can be used for both end semester as well as progressive assessment of practical. Rubrics need to be
prepared by the course teacher for each experiment/practical to assess the student performance.

Suggested Instructional/lmplementation Strategies: Different Instructional/ Implementation Strategies may
be appropriately selected, as per the requirement of the content/outcome. Some of them are Improved Lecture,
Tutorial, Case Method, Group Discussion, Industrial visits, Industrial Training, Portfolio Based Learning, Role
Play, Live Demonstrations in Classrooms, Lab, Field, Information and Communications Technology (ICT)
Based Teaching Learning, Blended or flipped mode, Brainstorming, Expert Sessions, Video Clippings, Use of

Open Educational Resources (OER), MOOC:s etc.




Q)

List of Major Laboratory Equipment, Tools and Software:

S. Name of Equipment, Tools Broad Relevant
No. andSoftware Specification Experiment/Practical
S Number
1. | Drone Frame Tricopter/Quadcopter/Hexacopter 1-15
2. | Propellers 15 X 5.5 CW/Others 1-15
3. | GPS module MB8N Series 1-15
4. | Drone Camera 15-20 Megapixel 1-15
5. | Camera Gimble 3 Axis feature, 360 Degree movement 1-15
6. | Tilt Sensor 8-30 volt 1-15
7. | LiDER sensor Range 75m to 200m 1-15
8. | Battery Lithium Polymer Battery,8000 to 10000 mAh 1-15
9. | Motor BLDC, 370kv 1-15
10. | Electronic speed Controller (ESC) 40 Amp 1-15
11. | Flight Controller Board CC3D/Pixhawk/Others 1-15
12. | Transmitter and Receiver for radio 10 Channels and more, 2.4 GHz & 5.8 GHz 1-15
signal
13. | Embedded system for Al application | Open Source Jetson Baseboard /Others 1-15
on UAV
R) Suggested Learning Resources:
(a) Books:
S. Title Author (s) Publisher and Edition with ISBN
No. S
1. | Make: DIY Drone and Quadcopter Projects: A Editors of Make Shroff/Maker Media, First edition
Collection of Drone-Based Essays, Tutorials, and 2016,1SBN-978-9352133994
Projects
2. | Make: Getting Started with Drones: Build Terry Kilby & Shroff/Maker Media, First edition
andCustomize Your Own Quadcopter BelindaKilby 2016,1SBN-978-9352133147
3. | Agricultural Drones: A Peaceful Pursuit K R Krishna Apple Academic Press,1st edition
2018,ISBN-978-1771885959
4. | Building Multicopter Video Drones: Build and Ty Audronis Packt Publishing Limited,;
fly multicopter drones to gather breathtaking Illustratededition,2014, ISBN-978-
videofootage 1782175438
5. | The Complete Guide to Drones Adam Juniper llex Press, Extended 2nd
Edition,20181SBN-9781781575383
6. | Unmanned Aircraft Systems - UAVS Design, R Austin John Wiley & Sons Inc, 1st edition,
Development and Deployment (Aerospace 2010,1SBN-978-0470058190
Series)
7
Drone Technology Miranda Hall NY Research Press 2023 ISBN

9781632389574



https://antmicro.com/platforms/open-source-jetson-baseboard/
https://www.amazon.in/s/ref%3Ddp_byline_sr_book_1?ie=UTF8&field-author=R%2BAustin&search-alias=stripbooks

. Willford Press 2023 ISBN
Introduction to UAV Systems Rupert Baker 9781682860890
Theory, Design, and Applications of L :
. ; arsen and Keller Education 2023 ISBN
Unmanned Aerial Vehicles Tyler Wood 9781641728338

Note:

S)

(b) Online Educational Resources:

LNV RAWNRE

https://archive.nptel.ac.in/courses/101/104/101104083/
https://onlinecourses.nptel.ac.in/noc21_ael4/preview
https://en.wikipedia.org/wiki/Unmanned_aerial_vehicle
https://fusion.engineering/
https://robocraze.com/blogs/post/best-flight-controller-for-drone
https://www.youtube.com/watch?v=IrkFG7GilPQ
https://www.youtube.com/watch?v=KjG6FKCNCbM
https://ardupilot.org/

https://px4.io/

Teachers are requested to check the creative commons license status/ financial implications of the suggested, online
educational recourses before use by the students.

(c) Others:

1.

ow

Development of an Autonomous loT-Based Drone for Campus Security, Abdelrahman Mahmoud
Gaber, Rozeha A. Rashid, Nazri Nasir, Ruzairi Abdul Rahim, M. Adib Sarijari, A. Shahidan
Abdullah, Omar A. Aziz, Siti Zaleha A. Hamid, Samura Ali,2021

0T based UAV platform for emergency services; S. K. Datta, J. L. Dugelay, & C. Bonnet, 2018
Development of an Autonomous Drone for Surveillance Application; M. A. Dinesh, S.
SanthoshKumar, J. Sanath, K. N. Akarsh & K. M. Manoj Gowda,2018

Autonomous cloud-based drone system for disaster response and mitigation; C. Alex & A.
Vijaychandra,2016
https://www.geeetech.com/Documents/CC3D%20flight%20control%20board.pdf
https://www.bhphotovideo.com/lit_files/201146.pdf

http://tricopter.hu/docs/cc3d_manual.pdf

Course Curriculum Development Team (NITTTR, Bhopal)

Dr. K. K. Jain (Coordinator)
Dr. Sanjeet Kumar (Co-coordinator)
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https://archive.nptel.ac.in/courses/101/104/101104083/
https://onlinecourses.nptel.ac.in/noc21_ae14/preview
https://en.wikipedia.org/wiki/Unmanned_aerial_vehicle
https://fusion.engineering/
https://robocraze.com/blogs/post/best-flight-controller-for-drone
https://www.youtube.com/watch?v=lrkFG7GilPQ
https://www.youtube.com/watch?v=KjG6FKCNCbM
https://ardupilot.org/
https://www.geeetech.com/Documents/CC3D%20flight%20control%20board.pdf
https://www.bhphotovideo.com/lit_files/201146.pdf
http://tricopter.hu/docs/cc3d_manual.pdf

A)
B)
C)
D)

E)

F)

Course Code : 2000605E/2000608E/2000611E
Course Title : 3D Printing and Design (Advance)
Pre- requisite Course(s) : 3D Printing and Design (Basic)
Rationale :
This advanced course on 3D Printing tries to develop understanding of the process of making real complex
objects from digital models in the students using various 3D printing processes and materials (Plastics, Ceramics
and Metals). It also covers the post processing required and details about various printing process and parameters
to make a quality 3D printed component. This course can only be taken up after completing 3D Printing and
Design (Basic) course offered in previous semester.
Course Outcomes (COs): After the completion of the course, teachers are expected to ensure the
accomplishment of following course outcomes by the learners. For this, the learners are expected to perform
various activities related to three learning domains (Cognitive, Psychomotor and Affective) in classroom/
laboratory/ workshop/ field/ industry.
After completion of the course, the students will be able to-
CO-1 Select newer 3D Printing material for various applications.
CO-2 Use solid based 3D Printing processes to develop products.
CO-3 Use liquid-based 3D Printing processes to develop products.
CO-4 Use powder-based 3D Printing processes to develop products.
CO-5 Apply post processing techniques and quality checks on 3D printed components.
Suggested Course Articulation Matrix (CAM):
Programme Programme
Outcomes(POs) SpecificOutcomes*
Course (PSOs)
Outcome [ pO-1 | PO-2 PO-3 PO-4 PO-5 PO-6 PO-7 | PSO-1 | PSO-2
s(COs) Basic and | Problem Design/ Engineering Engineering Project Life
Disciplin | Analysi | Development Tools  |Practices for Society,| Management | Long
eSpecific S of Solutions Sustainability and Learning
Knowledge Environment
CO-1 3 - - - 2 - 2
CO-2 3 - 2 2 - - 2
CO-3 3 - 2 2 - - 2
Cco-4 3 - 2 2 - - 2
CO-5 3 2 - 3 2 - 2

Legend High (3), Medium (2), Low (1) and No mapping (-)

G)

PSOs will be developed by respective programme coordinator at institute level. As per latest NBA guidelines, formulating PSOs is
optional

Teaching & Learning Scheme:

Scheme of
Boar Study
dof Cours Cours (Hours/Week)
Study e e Classroo Lab Notiona Total Total
Code Title m Instructio IHours Hour Credit
Instructio n(LI) (TW+ S s(C)
n SL) (CI+LI+TWH+S
(Ch L)
L T
2000605E 3D Prini
rinting
[2000608E| ,nq Design

/2000611E| (Advanced) | 03 | - 04 02 09 05




Legend:
Cl:

LI

Classroom Instruction (Includes different instructional/implementation strategies i.e. Lecture (L), Tutorial (T), Case
method, Demonstrations, Video demonstration, Problem based learning etc. to deliver theoretical concepts)

Laboratory Instruction (Includes experiments/practical performances /problem-based experiences in laboratory, workshop,

field or other locations using different instructional/Implementation strategies)

Notional Hours: Hours of engagement by learners, other than the contact hours for ensuring learning.

TW: Term Work (includes assignments, seminars, micro projects, industrial visits, any other student activities etc.)
SL: Self Learning, MOOCs, spoken tutorials, online educational resources etc.
C: Credits = (1 x CI hours) + (0.5 x LI hours) + (0.5 x Notional hours)
Note:  TW and SL have to be planned by the teacher and performed by the learner under the continuous guidance and feedbackof
teacher to ensure outcome of learning.
H) Assessment Scheme:
Assessment Scheme (Marks)
Theory Term Work Lab —_
Assessment &Self- Assessme i
(TA) Learning nt(LA) :E
Board Assessment =
of Course Title (TWA i
Stud o ﬁ:
y 5 -
s‘), 5 — = A Qo E E\ 'E' CXZG
& % -5 , 59 ® < % § — 2L~ s
S B 5 £ 4 = c c 7 TR EC
o 32 a4 > o Y = S LD ] c s a_] —
o > @2d 2537 £ 1 >oa (WG oW I
S gy w2 g = i oL < 8= o
just (%] T »m o =
a < < o ® - <
-
2000605E
2000608E
/2000611 | 3D Printing 30 70 20 30 20 30 200
Design
(Advanced)
Legend:
PTA: Progressive Theory Assessment in class room (includes class test, mid-term test and quiz using online/offline modes)
PLA: Progressive Laboratory Assessment (includes process and product assessment using rating Scales and rubrics)
TWA: Term work & Self Learning Assessment (Includes assessment related to student performance in assignments, seminars,
micro projects, industrial visits, self-learning, any other student activities etc.
Note:

Separate passing is must for progressive and end semester assessment for both theory and practical.

ETA & ELA are to be carried out at the end of the term/ semester.

Term Work is to be done by the students under the guidance of internal faculty but its assessment will be done internally (40%6) as
well as externally (60%0). Assessment related to planning and execution of Term Work activities like assignment, micro project,
seminar and self-learning is to be done by internal faculty (Internal Assessment) whereas assessment of output/product/ presentation
related to these activities will be carried out by external faculty/expert (External Assessment). However, criteria of internal as well
as external assessment may vary as per the requirement of respective course. For valid and reliable assessment, the internal faculty
should prepare checklist & rubrics for these activities.




J)

Course Curriculum Detailing: This course curriculum detailing depicts learning outcomes at course level and
session level and their attainment by the students through Classroom Instruction (CI), Laboratory Instruction
(LI), Term Work (TW) and Self-Learning (SL). Students are expected to demonstrate the attainment of Theory
Session Outcomes (TSOs) and Lab Session Outcomes (LSOs) leading to attainment of Course Outcomes (COs)
upon the completion of the course. While curriculum detailing, NEP 2020 related reforms like Green skills,
Sustainability, Multidisciplinary aspects, Society connect, Indian Knowledge System (IKS) and others must be
integrated appropriately.

Theory Session Outcomes (TSOs) and Units:
Major Theory Session Outcomes (TSOs) Units Relevan
tCOs
Number(s)
TSO 1la. Explain various forms of 3D printing raw Unit-1.0 3D Printing Materials Co1
material.
TSO 1h. Select material for the given popular 3D 1.1 Various forms of 3D printing raw
printing processes with justification. material-Liquid, Solid, Wire, Powder.
. . 1.2 Popular FDM, SLA, SLS, Binder Jetting,
TSO 1c. Select various Polymer based 3D printing . . . .
raw materials with justification Material Jetting and Direct Energy deposition
150 1d. Exolai dure of Powd ' i 3D printingmaterials.
- EXplain proceaure of Fowder preparation 1.3 Polymers, Metals, Non-Metals, Ceramics.
for the given 3D printing material. X .
750 1e. Exolai ties of the ai 1.4 Polymers and their properties.
€. Expiain properties ot the given 1.5 Powder Preparation and their desired
Metal/Ceramics 3D printing material. properties
TS0 1. Chopse suitable 3D prlntlng_ material on the 1.6 Choosing the Right 3D Printing Material on the
basis of Performance Requirements and i .
Material Properties. basis of Performance Requirements and
Material Properties.
TSO 2a. Explain working of a typical FDM based 3D | Unit-2.0 Solid based 3D Printing Processes Co1,
Printer. COo2
TSO 2b. Justify use of FDM based 3D printing 2.1 Basic principle and working of fused
processand material for the given depositionmodeling (FDM) process.
component. 2.2 Liquefaction, solidification and bonding.
TSO 2c. Explain the Laminated Object Manufacturing | 2-3 Laminated Object Manufacturing process.
process. 2.4 Cost estimation of FDM 3D printed component.
TSO 2d. Estimate the cost and time of the given FDM
based 3D printed component.
TSO 3a. Explain the phenomenon of Photo Unit-3.0 Liquid based 3D Printing Processes CO1,
Polymerization. N COo3
. ) ] 3.1 Photo polymerization.
TSO 3b. Explain the working of a typical Stereo
Lithography based 3D Printer. 3.2 Principle and working of stereo lithography
TSO 3c. Explain procedure of 3D Scanning of the apparatus.
given component. 3.3 SLA based 3D printing processes.
TS0 3d. Justify use of SLA baged 3D printing process 3.4 SLA based 3D printing process materials.
and material for the given component.
TSO 3e. Estimate the cost and time of the given SLA | 3-> Scanning techniques.

based 3D printed component.

TSO 3f. Apply Curing process to SLA based 3D

printed component.

3.6 Curing processes.

3.7 Cost estimation of SLA 3D printed component.




Major Theory Session Outcomes (TSOs) Units Relevan
tCOs
Number(s)
TSO 4a. Explain powder fusion mechanism. Unit-4.0 Powder based 3D Printing Processes CO1, Cco4
TSO 4b. Explain working of a typical SLA based 3D | 4.1 powder fusion mechanism.
Printer.
. - 4.2 Principle and working of Selective
TSO 4c. Justify use of SLA ba_sed 3D printing process LaserSintering (SLS) process.
and material for the given component.
TSO 4d. Explain Net shape process. 4.3 SLS based 3D printers.
TSO 4e. Explain Binder Jet 3D printing process. 4.4 Laser Engineering Net Shaping process.
TSO 4f. Justify use of Binder Jet 3D printing process | 4.5 Electron Beam Melting.
and material for the given component. _ o
TSO 4g. Estimate the cost and time of the given SLS 4.6 Binder Jet 3D Printing.
based 3D printed component. 4.7 Materials and Process parameters for SLS based
3D printing processes.
4.8 Cost estimation of SLS based 3D
printedcomponent.
TSO 5a. Justify the need of post processing in the Unit-5.0 Post Processing and Quality COy1,
iven 3D printed component. CO2,
gl.v p_l P ) . 5.1 Need of post processing: Functional and co3
TSO 5b. List the various post processing techniques. Aesthetic reasons. CO4,
TSO 5c¢. List the steps to perform post processing. 55 C057

TSO 5d.

TSO 5e.

TSO 5f.

TSO 5g.

Explain the given Cleaning related post
processing approach for 3D printed
component.

Explain the given Surface finishing related
post processing approach for 3D printed
component.

Apply simple inspection and testing
techniques on the given 3D printed
component.

Identify the type of defect(s) in the given 3D
printed component.

53

54
5.5

5.6
5.7
5.8

Steps of Post Processing: Cleaning/Support
removal, Fixing, Curing or hardening,
Surfacefinishing, Colouring.

Cleaning: Support Removal (FDM and
Material Jetting); Powder Removal (SLS and
Powder BedFusion); Washing (SLA and Photo
polymerisation).

Fixing: Filling, Gluing, Welding.

Surface finishing: Sanding, Polishing,
Tumbling,Hydro dipping, Epoxy coating,
Electro Plating, Vapour smoothing-Acetone
treatment.

Colouring, Coating, Priming and Painting.
Inspection and testing: Digital, Visual, Physical.
Defects and their causes.

Note: One major TSO may require more than one Theory session/Period.

K) Suggested Laboratory (Practical) Session Outcomes (LSOs) and List of Practical (2000608E):
S Relevant
Practical/Lab Session Outcomes (LSOs) N(.). Laboratory Experiment/Practical Titles COs
Number(s
LSO 1.1. Use the available 3D printing software. 1. | Develop the assigned digital single complex C%l,
LSO 1.2. Select printing process parameters component using FDM based 3D Printer and COo2
based on the type/make of Printer and available material.
raw material
LSO 1.3. Set printing process parameters.
LSO 1.4. Produce a complex component using
available FDM Printer.
LSO 2.1. Use the available 3D printing software. 2. Develop the assigned digital single complex CO1,
LSO 2.2. Select printing process parameters component using SLA based 3D Printer and co3
based on the type/make of Printer and available material.
raw material
LSO 2.3. Set printing process parameters.
LSO 2.4. Produce a complex component using




Relevant

inspection and testing.

LSO 8.2. Identify the defects in 3D printed
components

LSO 8.3. Apply remedial measures to bring
soundness in the defective 3D printed
component.

component of experiment number 1 and/or 2
and/or 3 using available devices/techniques.

Practical/Lab Session Outcomes (LSOs) NSo Laboratory Experiment/Practical Titles COs
' Number(s
)
available SLA Printer.
LSO 2.5. Perform curing of the SLA based
3Dprinted component.
LSO 3.1. Use the available 3D printing software. 3. | Develop the assigned digital single complex CO1,
LSO 3.2. Select printing process parameters component using SLS based 3D Printer and co4
based on the type/make of Printer and available material.
raw material
LSO 3.3. Set printing process parameters.
LSO 3.4. Produce a complex component using
available SLS Printer.
LSO 4.1. Use the available 3D printing software. 4. | Develop same digital single complex CO1,
LSO 4.2. Select printing process parameters based component using FDM, SLA and SLS based coz,
on the type/make of Printer and raw 3D Printers and compare the printed COs,
material componentson the basis of Cost, Time, Cco4
o Surface finish, Strength.
LSO 4.3. Set printing process parameters.
LSO 4.4. Produce a complex component using
available FDM, SLA and SLS Printer.
LSO 4.5. Perform Cost, Time, Surface finish and
Strength estimations related to 3D printed
components.
LSO 5.1. Use the available 3D printing software. 5. | Print one digital assembly on SLA/SLS based 3D| CO2/CO3
LSO 5.2. Select printing process parameters Printer. /CO4
based on the type/make of Printer and
raw material
LSO 5.3. Select appropriate tolerance, fit and
printing process parameters.
LSO 5.4. Produce an assembly using available
SLAJ/SLS Printer.
LSO 6.1. Use of available 3D scanner. 6. | Scan the given real complex component and CO2,
LSO 6.2. Develop 3D dlgltal model USing prlnt it USing FDM/SLA/SLS based 3D Printer. CO3,
scanningapproach. co4
LSO 6.3. Use the available 3D printing software.
LSO 6.4. Produce a complex component using
available SLA Printer.
LSO 7.1. Identify tools/devices/chemicals for 7. | Apply post processing techniques on the 3D CO5
post processing printed component of experiment number 1
LSO 7.2. Perform post processing operations on and/or 2 and/or 3.
printed component.
LSO 8.1. Identify tools/devices/techniques for 8. | Check the soundness of the 3D printed CO5

L) Suggested Term Work and Self Learning (2000611E): Some sample suggested assignments, micro
projectand other activities are mentioned here for reference




M)

a. Assignments: Questions/Problems/Numerical/Exercises to be provided by the course teacher in linewith
the targeted COs.

b. Micro Projects:

1. Prepare a list of solid, liquid and powder form 3D printing raw materials stating their cost, colour opacity,
flexibility and weight per unit volume.

2. Download 5 videos of 3D printing of different components using FDM, SLA and SLS each. Watch them
and write a report to detail out the steps involved, 3D Printer used, 3D Printing software used, material
used, complexity involved, printing time, post processing steps used.

3. Prepare a report on post processing steps and techniques used for 3D printed components using FDM, SLA,
SLS.

4. Prepare a report to compare FDM, SLA, SLS based 3D printing process on the basis of cost, surface finish,
printer setting time, printing time and post processing time and cost involved.

5. Download 5 videos of 3D printing processes other than FDM, SLA and SLS. Watch them and write a
report to detail out the steps involved, 3D Printer used, 3D Printing software used, material used,
complexity involved, printing time, post processing steps used.

6. Download 1 video related to inspection and testing of 3D printed components using different techniques
like Visual inspection, Scanning Electron Microscopy (SEM), CT system, X-ray, Penetration testing,
Infrared thermography, Leak or pressure testing for complex structures, Eddy current, Mechanical property
inspection to measure tensile, yield, shear, fatigue, hardness, density, impact strength, Metallography
(Microstructure testing). Watch them and write a report to detail out the steps involved and equipment used.

c. Other Activities:

1. Seminar Topics:
e Newer 3D printing raw materials
o Direct energy 3D printing process
o Material jetting 3D printing process
e Micro 3D printing process
e Metal and Ceramic 3D printing
¢ 3D printing of Jewelry
¢ 3D printing of Bio implants
e Printing of flexible plastic components

2. Visits: Visit nearby tool room/industry with 3D Printing facilities. Prepare report of visit with special
comments of 3D printing technique used, material used, single component/batch production/mass
production and cost of printed component.

3. Self-learning topics:

3D printing of transparent, soft and flexible plastic components
3D printing of met