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DISCLAIMER FOR AI-ASSISTED ACADEMIC CONTENT

Disclaimer for AI-Assisted Content and Copyright Compliance

This academic content, including but not limited to study plans, lecture notes, descriptive
content, student toolkits, question banks, model question papers, digital resources, and
supplementary materials, has been developed with the assistance of Artificial Intelligence
(AI) tools, under the guidance and supervision of subject experts.

This content is not a replacement for the reference books mentioned in the GTU syllabus. It
serves as supporting material to aid understanding and enhance the teaching—learning
process for students and teachers.

While due care has been taken to ensure quality, relevance, and academic usefulness, users are
requested to note the following:

1. Accuracy and Academic Responsibility

Al-assisted systems may occasionally generate information that is incomplete, simplified, or
unintentionally inaccurate.
Faculty members and students are strongly advised to:

e Cross-verify critical information with standard textbooks, official syllabi, and
faculty guidance

e Use this material as a supporting academic resource, not as the sole source of
learning

2. Nature of Use

This content is intended strictly for educational and non-commercial purposes, including:
e Classroom teaching
o Student self-learning
o Institutional academic use within the state

It is not intended for commercial publication, resale, or profit-oriented distribution.

3. Role of Human Oversight

Al-generated content may not always capture discipline-specific nuances, contextual depth,
or recent advancements.
Therefore:

o Faculty review, contextualization, and explanation remain essential
e Practical learning, laboratory work, and instructor-led teaching are indispensable
4. Copyright and Image Usage Compliance

Special care has been taken regarding the use of images, diagrams, figures, and visual
elements included or referenced in this material.

All visuals used in this content fall under one or more of the following categories:




e Original diagrams created or redrawn by faculty/authors
o Al-generated images or diagrams

e Content sourced from public domain or Creative Commons-licensed resources,
with attribution where applicable

Images have not been intentionally copied from copyrighted textbooks, paid publications, or
restricted online sources.

Any references to images, videos, animations, or visual resources are provided purely for
academic illustration and with the understanding that:

e Their use complies with applicable copyright laws

o Institutions and users will adhere to license terms and attribution requirements,
wherever applicable

5. Disclaimer on Inadvertent Inclusion

If any copyrighted material has been unintentionally included, such inclusion is purely
incidental and unintentional.

The concerned material will be removed or replaced promptly upon notification by the
rightful copyright holder.

6. Distribution and Sharing
This content may be:
o Shared among students and faculty within the state
o Uploaded to institutional LMS, academic portals, or official repositories

However, unauthorized modification, commercial redistribution, or external publication
without institutional approval is discouraged.

7. Acceptance of Terms
By accessing or using this material, users acknowledge that:
o They understand the Al-assisted nature of the content
o They accept responsibility for academic verification and ethical use

o They agree to abide by copyright, academic integrity, and institutional guidelines

We encourage learners and educators to actively engage with the material, question
concepts, apply critical thinking, and complement this content with authoritative
academic resources and expert instruction.
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1.1 Topic-wise Detailed Study Plan (Well-Structured Format)-UNIT-01

Seq Topic (As per
Syllabus)

1 Definition of
loT

2 Evolution of
loT

3 Scope of loT
in Electrical
Engineering

4 Key
Characteristic
s of loT

5 loT
Architecture
(4-Layer
Model)

Sub-Topics /
Teaching
Points

Topic
Nature

¢ Meaning of Core
loT « Why
“Things” need
Internet o
Difference
between
Internet & loT
* From
embedded
systems to loT
e Growth due
to sensors,
internet &
cloud
Industry 4.0
connection

e Smart homes
e Smart grids
Energy
monitoring e
Industrial
automation

e Connectivity @ Core
¢ Data-driven
operation e
Remote access
¢ Real-time
monitoring

¢ Sensing layer
e Network
layer
Processing
layer o
Application
layer
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1.2 Lecture Topic: Definition, Evolution & Scope of 10T in Electrical
Engineering

& Duration: 60 Minutes
£} Hook / Introduction (= 5 Minutes)

“Have you ever switched ON a light using your mobile phone ?”
“Or checked how much electricity your home is consuming while sitting somewhere else?”

If yes — you have already used loT, even if you didn’t realize it.

As electrical engineers, we traditionally deal with wires, machines, motors, relays, and
meters. But today, these electrical systems are becoming smart, connected, and intelligent.
This transformation is happening because of Internet of Things — loT.

Today’s goal:
By the end of this lecture, you should clearly understand:

e What loT actually means
e How loT evolved over time
e Why IoT is extremely important for Electrical Engineering

E3 Core Concepts (= 40 Minutes)
2.2.1 Definition, Evolution & Scope of ToT

¢ 1. Definition of 10T (Internet of Things)

Internet of Things (loT) is a system where physical objects (things) like sensors, motors,
meters, and appliances are:

e Connected to the Internet

e Able to collect data

e Able to share data

e Able to take decisions or actions automatically

@ Simple definition:




loT is a technology that allows electrical and electronic devices to communicate with each
other through the internet without human intervention.

Example (Easy to remember)
¢ A temperature sensor measures room temperature
o Datais sent to the internet
e A controller decides
¢ The fan or AC turns ON automatically
4’ Diagram to draw:
Block diagram showing:

Sensor > Controller - Internet - Cloud - Mobile/User

Sensor

Mobile/User Controller

Cloud Internet

¢ 2. Evolution of loT (How loT Developed)
loT did not come suddenly. It evolved step-by-step:
» Stage 1: Basic Electrical Systems
¢ Switches, relays, motors
e Manual operation
¢ Nointelligence
» Stage 2: Embedded Systems
e Microcontrollers introduced
e Automatic control possible

o Example: Automatic motor starter

» Stage 3: Networked Systems




e Devices connected through LAN/Wi-Fi
¢ Limited data sharing

» Stage 4: Internet of Things (loT)

e Devices connected to cloud
e Real-time monitoring

¢ Remote control

o Data analysis

© Fun Fact:
The term “Internet of Things” was first used in 1999, but loT became popular only after low-
cost sensors, Wi-Fi, and cloud computing became common.

¢ 3. Scope of loT in Electrical Engineering
loT has huge scope for electrical engineers because electricity is everywhere.
Major Areas:

1. Smart Homes
o Smart lights
o Smart fans
o Remote appliance control
2. Smart Energy & Smart Grid
o Energy monitoring
o Load management
o Power theft detection
3. Industrial Automation
o Machine health monitoring
o Predictive maintenance
o Fault detection
4. Renewable Energy Systems
o Solar panel monitoring
o Battery health tracking
o Remote inverter control

4’ Diagram to draw:
Electrical system + sensors + internet + mobile app




Electrical System Integration Cycle

System
Optimization

System is updated
based on feedback

Sensors gather
environmental data

Users provide feedback

for improvement Data is sent to the

internet

E) Real-World / Industry Applications (= 10 Minutes)

o Electricity Distribution Companies:
Use loT for smart meters and real-time energy billing
e Industries:

Motors equipped with temperature & current sensors - Prevent breakdowns

e Agriculture (Electrical + loT):
Automatic irrigation using soil moisture sensors
o Daily Life Example:
Street lights that turn ON automatically when it gets dark

Key benefit:
loT reduces human effort, power wastage, and maintenance cost

) summary & Q&A (= 5 Minutes)

Key Takeaways

e loT connects electrical devices to the internet

e Evolution: Electrical > Embedded - Networked - loT

e loT plays a major role in smart electrical systems

e Strong base of loT is essential for future electrical engineers

? Typical Student Doubts

e IsloT only for computer engineers? - X No, it is very important for electrical

engineers
e Do we need coding? - Basic level, yes (you will learn step-by-step)

€ Mentorship Note (Career Guidance)

If you master loT basics now, you will:




e Understand Arduino, ESP32, sensors easily
¢ Build mini-projects confidently
e Become suitable for careers in:

o Smart grid

o Renewable energy

o Automation industries

o Industry 4.0

1.3 Lecture Topic: Application of IOT

© Duration: 45 Minutes
ED Hook / Introduction (= 5 Minutes)

“So far, electrical engineering meant wires, switches, motors, and meters.”
Let me ask you a question:

What if your motor itself tells you that it is overheating?
What if your electricity meter sends the bill automatically?

This is not science fiction. This is 10T in Electrical Engineering.

Earlier, an electrical system worked only when a human operated
Today, systems can sense, think, and respond automatically — thanks to loT.

it.

Today’s lecture will help you understand where loT fits into electrical engineering and why

it is a must-learn skill for your future.

E3 Core Concepts — Scope of 10T (= 40 Minutes)
¢ What Do We Mean by “Scope”?
Scope means:
e Where loT can be used
e What problems it can solve
e How it improves traditional electrical systems
loT does not replace electrical engineering — it enhances it.

1. IoT in Smart Homes (Electrical Automation)

In smart homes:

e Lights
e Fans
e AGCs

e Geysers




are controlled using:

e Sensors
e Relays
e Internet

e Mobile apps

¥ Electrical role:

e Load calculation
e Wiring

¢ Relay protection
e Power safety

4’ Diagram to draw:
Home appliances = Relay = Microcontroller - Wi-Fi - Mobile App
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2. loT in Smart Energy & Smart Grid

Traditional grids only supply power.
Smart grids monitor, analyze, and optimize power.

loT enables:

e Smart energy meters

e« Remote meter reading
¢ Load monitoring

e Power theft detection




¢ Example:
An loT energy meter sends voltage, current, and power data to the cloud.

4 Diagram:
Energy meter - Sensor - Controller - Cloud - Utility office

=
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Energy Meter Sensor Controller Cloud Utility Office
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3. loT in Industrial Electrical Systems

Industries use:

e Motors
e Pumps
e Transformers
e Panels
loT helps in:

e Temperature monitoring
e Current monitoring

¢ Fault prediction

¢ Preventive maintenance

@ Fun Fact:
Industries save huge money by detecting motor faults before failure.

@ Electrical engineer’s role:
Sensor selection, ratings, protection, wiring, and control logic.

4. loT in Renewable Energy Systems

In solar and wind systemes, loT is used for:
e Solar panel voltage/current monitoring
e Battery health tracking

¢ Inverter performance analysis

@ Example:
A solar plant engineer can monitor generation from anywhere in the world.




4’ Diagram:
Solar panel = Sensor = Controller = Internet - Dashboard

Solar Power Monitoring System
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5. 10T in Agriculture & Water Management
Electrical + loT combination:

e Automatic irrigation
e Pump control
e Soil moisture sensing

Benefits:
¢ Saves electricity

e Saves water
Reduces human effort

6. 10T in Public Infrastructure

Smart street lights (LDR + motion sensor)
Smart parking systems
Smart traffic signals

These systems reduce:
e Power wastage
¢ Maintenance cost
e Manual monitoring

E) Real-World / Industry Applications (= 10 Minutes)

o Electricity Boards: Smart meters & remote billing
o Factories: Motor health monitoring using sensors




¢ Solar plants: Live power generation dashboards
o Cities: Automatic street lighting systems

Daily-life example:
Street lights that turn ON automatically when it gets dark = loT + Electrical

3 summary & Q&A (= 5 Minutes)

Key Takeaways

e |oT greatly expands the scope of electrical engineering

e Used in homes, industries, power systems, renewables

e Makes systems smart, efficient, and automatic

e Electrical engineers play a core role, not a supporting role

? Common Student Doubts

e IsloT compulsory for electrical engineers? = Strongly recommended
e Is coding very difficult? - No, only basic logic is needed

€ Mentorship Note (Career Guidance)

If you understand the scope of loT clearly:
e You can choose better mini-projects
e You can work in smart grid, solar, automation, Industry 4.0
e You become a future-ready electrical engineer

1.4 Lecture Topic: Key Characteristics of IoT

(Connectivity, Data-Driven Operation, Remote Access, Real-Time Monitoring)
 Duration: 45 Minutes

£ Hook / Introduction (= 5 Minutes)
Let me start with a simple question:

How does Google Maps know traffic in real time?
How does a smart electricity meter send readings automatically?

The answer is not just “internet”.
It is the characteristics of loT that make these systems smart.

Earlier, electrical systems were stand-alone. A motor ran, a meter measured, and a human

checked the reading.
Today, systems are connected, intelligent, remote, and live.




In this lecture, we will understand the four key characteristics that differentiate an loT
system from a normal electrical system.

EJ Core Concepts (= 40 Minutes)
2.4.1 Characteristics of IoT system detailed explain

¢ 1. Connectivity

Connectivity means the ability of devices to connect with each other and with the internet.

In loT:
e Sensors
e Controllers (Arduino / ESP)
e Cloud

e Mobile or computer

are all connected using:

e  Wi-Fi
e Bluetooth
e ZigBee

e Mobile network

@ Electrical analogy:
Just like wires connect loads to supply, connectivity links devices to data.

4’ Diagram to draw:
Sensor - Controller > Wi-Fi &> Cloud > Mobile

—3 Mobi\e

Sensor Controller — Wi-Fi — Cloud —> Mobile

€ Without connectivity, IoT cannot exist.
¢ 2. Data-Driven Operation

Traditional electrical systems work on fixed logic.
loT systems work on data.

Data-driven operation means:

e Sensors continuously collect data (voltage, current, temperature)




e Decisions are made based on data values
¢ System behavior changes automatically

¢ Example:
If temperature > 40°C - Fan ON
If current > limit - Motor OFF

© Fun Fact:
loT systems don’t “guess” — they decide using data.

4’ Flowchart to draw:
Start = Read Sensor - Compare Value - Take Action

Read Sensor

¢ 3. Remote Access

Remote access means:
You can monitor or control a system from anywhere using internet.

Earlier:

¢ You had to be physically present near the panel.
With loT:

e Control from mobile

e Monitor from laptop
e Alerts on phone

@ Electrical example:
An engineer sitting at home can:

e Switch OFF a pump
e Check motor current




e Reset arelay

4’ Diagram:
Industrial load - Controller = Internet - Engineer’s mobile

Industrial Load Controller

This characteristic saves:

Time
Travel
Manpower

¢ 4, Real-Time Monitoring
Real-time monitoring means:
o Datais updated continuously

e No delay
e Live status available

In loT:
¢ Voltage
e Current

e Temperature
e Energy consumption

are seen live on dashboards.

¢ Example:
Smart energy meter showing live units consumed.

@ Why important for electrical engineers?

e Prevent overload
e Detect faults early
e Improve safety

4’ Graph to draw:
Time (X-axis) vs Voltage/Current (Y-axis)

Engineer's Mobile




Voltage / Current

A
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E) Real-World / Industry Applications (= 10 Minutes)

¢ Smart Grid: Live monitoring of load and faults

¢ Industries: Motor temperature & current monitoring
¢ Smart Homes: Remote light & fan control

e Renewable Energy: Real-time solar power tracking

Daily life example:
Watching CCTV camera live on phone = Real-time loT

3 summary & Q&A (= 5 Minutes)

Key Takeaways

e Connectivity links devices to the internet

o Data-driven operation enables smart decisions

e Remote access allows control from anywhere

e Real-time monitoring improves safety and efficiency

? Common Student Doubts

e Isinternet always required? - Yes, for full 1oT features
e IsloT only software? - No, hardware + electrical knowledge is essential

€ Mentorship Note (Career Guidance)

If you clearly understand loT characteristics, you will:

e Design better loT projects
e Easily learn Arduino, ESP32, cloud platforms
e Be job-ready for:

o

@)
@)
@)

Smart grid
Automation
Renewable energy
Industry 4.0 roles




1.5 Lecture Topic: IoT Architecture — 4 Layer Model

(Sensing, Network, Processing, Application)
¢ Duration: 60 Minutes

£ Hook / Introduction (= 5 Minutes)
Let me ask you something practical:

When you check live electricity units on a mobile app,
When a motor stops automatically after overheating,

do you think one single device is doing all this work?

> No.
Behind every loT system, there is a well-defined architecture — a step-by-step structure
that decides who senses, who sends data, who processes it, and who shows the result.

Just like an electrical power system has generation, transmission, distribution, and
utilization, IoT also has layers.

Today, we will understand the 4-layer loT architecture, which is the backbone of all loT
systems.

E3 Core Concepts — 10T Architecture (= 40 Minutes)

@ What is loT Architecture?
loT Architecture is the layered structure that explains:

e How datais collected

e How data is transmitted

e How data is processed

e How results are displayed or used

The standard loT model has 4 layers:

Sensing Layer
Network Layer
Processing Layer
Application Layer

PwnNPE

4/ Main diagram to draw on board:
Four horizontal blocks stacked vertically:
Sensing - Network - Processing - Application




Information Flow Diagram

® 1. Sensing Layer (Data Collection Layer)

This is the first and most important layer.

< Function:
e Collects physical data from the environment

@ Devices used:
e Temperature sensors
e Current sensors
¢ Voltage sensors

e LDR, PIR, soil moisture sensors

@ Electrical meaning:
This layer acts like the measuring instruments in electrical systems.

4/ Diagram:
Physical parameter - Sensor = Electrical signal

@ Fun Fact:
If the sensing layer gives wrong data, the whole loT system fails.

¢ 2. Network Layer (Communication Layer)
The network layer is the messenger of IoT.
¢ Function:
e Transfers data from sensors to processing systems

¥ Technologies used:

e  Wi-Fi
e Bluetooth
e ZigBee

e Mobile networks

¢ Electrical analogy:
Just like transmission lines carry power, this layer carries data.




4 Diagram:
Sensor - Controller > Wi-Fi & Internet

Sensor Controller Wi-Fi

¢ Key point:

Without the network layer, loT becomes a stand-alone system, not loT.

¢ 3. Processing Layer (Brain of loT)
This layer is the brain of the system.

¥ Function:

e Stores data
e Analyzes data
e Makes decisions

< Components:

e Cloud servers
o Databases
e Microcontrollers

¢ Example:
If current > safe limit - generate alert - switch OFF load

4’ Flowchart to draw:
Receive data = Process - Decision - Output command
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Internet




Data Processing and Decision-Making Process

) ) B)) B B))

Receive Data Make Decision
Initial step of Choosing a course
gathering raw of action based on
information Process Data insights Generate
Transforming raw Output
data into usable Command

insights
Creating a command

to execute the
decision

@ Fun Fact:
Cloud computing made loT cheap and scalable.

® 4. Application Layer (User Interface Layer)
This is the visible layer for users.
¢ Function:

¢ Displays information
¢ Allows user control

@ Examples:
¢ Mobile apps
e Web dashboards
e LCD displays

@ Electrical example:
Live voltage, current, and power shown on a mobile dashboard.

4 Diagram:
Cloud - Mobile App / Web Page

— — Q&=

Cloud Mobile App / Web Page

E) Real-World / Industry Applications (= 10 Minutes)




¢ Smart Energy Meter:
Sensors - Network - Cloud - Consumer app
¢ Industrial Motor Monitoring:
Temperature sensor - Wi-Fi - Cloud - Maintenance alert
¢ Smart Home System:
Switch sensor - Internet - Mobile control
e Solar Power Plant:
Panel sensors - Cloud - Live generation dashboard

Every application you see follows this same 4-layer architecture.

) summary & Q&A (= 5 Minutes)

Key Takeaways

e loT architecture explains how loT systems work internally
e Sensing layer collects data

o Network layer transfers data

e Processing layer analyzes data
e Application layer shows results

? Common Student Doubts

e Can layers be combined? - Yes, in small systems
e Which layer is most important? = All, but sensing is critical

€ Mentorship Note (Career Guidance)
If you clearly understand loT architecture:
¢ You can design complete loT systems
e You can explain projects confidently in interviews
e You will easily learn:
o Arduino interfacing

o Cloud platforms
o Smart grid & automation

1.6 Lecture Topic: IoT System Components

(Sensors/Devices, Gateways, Cloud/Server, User Interface)
& Designed for a 30-minute classroom session

£} Hook / Introduction (= 5 Minutes)

Let me ask you a simple but powerful question:




When you see live voltage or temperature on your mobile phone, where does that
data actually come from?

Which part measures it, which part sends it, and which part shows it to you?

An loT system is not a single device.
It is a team of components, and each component has a specific role, just like in an electrical
power system where generator, transformer, transmission line, and load work together.

Today, we will clearly understand the four main components of any loT system.

E3 Core Concepts — loT System Components (= 15-18 Minutes)

¢ 1. Sensors / Devices (Data Collection)
This is the starting point of every loT system.
¢ Function:

e Collect physical data from the environment
e Convert it into electrical signals

@ Examples (Electrical Focus):

e Voltage sensor - measures voltage

e Current sensor - measures current

e Temperature sensor - measures heat
e LDR - measures light

< Analogy:
Sensors are like meters and instruments used by electrical engineers.

4’ Diagram to draw:
Physical quantity = Sensor = Electrical signal

Physical Electrical
Quantity o Signal
© Fun Fact:

If sensors give wrong data, even the smartest loT system will fail.
¢ 2. Gateways (Communication Unit)
The gateway acts as a bridge between sensors and the internet.

¥ Function:




e Collects data from sensors
e Sends data to cloud using communication technologies

@ Examples:
e Arduino with Wi-Fi module
e ESP8266 /ESP32
e ZigBee gateway

% Communication methods:

e  Wi-Fi
e Bluetooth
e ZigBee

@ Electrical analogy:
Just like a substation connects generation to transmission, a gateway connects devices to
the internet.

4/ Diagram:
Sensor - Controller/Gateway - Internet

¢ 3, Cloud / Server (Data Storage & Processing)
This is the brain and memory of the IoT system.
¥ Function:
e Stores large amount of data

e Processes data
o Applies logic and rules

@ Example:
If current exceeds limit - cloud sends alert - system takes action.

@ Why cloud is important:

o Access data from anywhere
e Long-term data storage
o Data analysis




4 Flowchart:
Receive data - Store - Analyze - Decision

Analyze

—— Decision
Data

Receive Data —» Store Data ——

@ 4. User Interface (Mobile App / Web Dashboard)
This is the visible part of loT for users.

¥ Function:

e Displays live data
¢ Allows remote control

@ Examples:

¢ Mobile app showing energy units
e Web dashboard showing motor status
e LCD display in control panel

¥ Electrical relevance:
Engineers use dashboards for monitoring, control, and maintenance.

E) Real-World / Industry Applications (= 7 Minutes)

¢ Smart Energy Meter:

Sensor - Gateway - Cloud - Consumer mobile app
¢ Industrial Motor Monitoring:

Temperature sensor - Wi-Fi gateway - Cloud - Alert on phone
¢ Smart Home:

Switch sensor - ESP module - Cloud - Mobile control

Important point:
Every real loT application uses all four components together.

) summary & Q&A (= 5 Minutes)

Key Takeaways

e Sensors collect data

o Gateways transmit data

e Cloud stores and processes data

e User interface displays and controls system

? Common Student Doubts




e Can loT work without cloud? - Limited functionality
e Is gateway compulsory? - Yes, for internet connectivity

€ Mentorship Note (Career Guidance)
If you clearly understand loT system components:

¢ You can easily design and explain loT projects

¢ You gain confidence in practicals and interviews
e You build a strong base for:

Smart grid

Automation

Renewable energy

Industry 4.0 roles
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1.7 Student AI Toolkit (UNIT 1: Introduction to IOT)

A. Low-Level Prompts (Remember & Understand)
(10 Prompts — for basics, definitions, and clarity)

1. “Explain the concept of this unit in very simple language suitable for a Diploma

Engineering student.”

“Define all important terms from this unit and explain each one in 2—3 simple lines.”

“Summarize this entire unit in short bullet points for quick revision before exams.”

“Explain the need and importance of this concept in modern engineering systems.”

“Write short notes on the key components involved in this unit, in exam-friendly

language.”

6. “Explain this topic as if you are teaching a first-year Diploma student with no prior
knowledge.”

7. “List the objectives and outcomes of studying this unit in simple words.”

“Convert this unit into a question—answer format for easy memorization.”

9. “Explain this topic using a real-life daily example that a student can easily
understand.”

10. “Create a one-page revision sheet for this unit with headings and subheadings.”

uohWwWN
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B. Moderate-Level Prompts (Apply & Analyze)
(10 Prompts — for understanding usage, comparison, and logic)

11. “Explain how the concepts of this unit are applied in real-world engineering
systems.”

12. “Compare traditional systems with modern systems discussed in this unit using a
table.”

13. “Analyze the advantages and limitations of the approach explained in this unit.”

14. “Give a step-by-step explanation of how data or information flows in a typical system
based on this unit.”




15.

16.
17.

18.

19.
20.

“Create exam-oriented answers for common 5-mark and 8-mark questions from this
unit.”

“Explain this unit using a block diagram and describe the function of each block.”
“Identify common mistakes students make while answering questions from this unit
and how to avoid them.”

“Explain how this unit connects with other subjects in Diploma Electrical
Engineering.”

“Create application-based questions from this unit along with brief model answers.”
“Explain this unit from an industry point of view and why engineers must understand
it.”

C. High-Level Prompts (Design & Create)

(5 Prompts — for distinction, logic, and system thinking)

21.

22.

23.

24,

25.

“Design a conceptual system based on this unit and explain its working in a logical
sequence.”

“Create a complete answer for a long-answer exam question that integrates
definitions, diagram explanation, and applications.”

“Develop a workflow or process diagram based on the ideas in this unit and explain
each stage.”

“Frame a mini case study related to this unit and analyze its benefits and
challenges.”

“Create a smart revision strategy using this unit that helps score maximum marks in
exams.”

1.8 N MASTER CHECK
2.8.1 Key Definitions / Glossary

(Top 15 frequently used exam & viva terms — one-line, Diploma-level definitions)

Internet of Things (loT) — A system where physical objects are connected to the
internet to collect and exchange data automatically.

Smart Device — A physical device capable of sensing, processing, and communicating
data over a network.

Sensor — A device that detects physical parameters such as temperature, light, or
pressure and converts them into signals.

Actuator — A device that performs physical action based on received control signals.
Connectivity — The ability of devices to communicate with each other through wired
or wireless networks.

Data — Raw information collected from sensors for processing and decision-making.
Cloud Computing — Remote storage and processing of data using internet-based
servers.

Automation — Operation of systems with minimal or no human intervention using
programmed logic.

Embedded System — A dedicated computer system designed for a specific control or
monitoring function.




10.

11.

12.
13.
14.
15.

Real-Time Monitoring — Continuous observation of system parameters as they
occur.

Control System — A system that manages and regulates the behavior of other
devices or processes.

Network — A group of connected devices that can share data and resources.
Protocol — A set of rules that defines how data is transmitted between devices.
Scalability — The ability of a system to expand and handle increased load efficiently.
Security — Protection of data and systems from unauthorized access or attacks.

2.8.2 FAQ & Assessment Section

A. Multiple Choice Questions (MCQs)

(20 MCQs covering full unit — Diploma exam standard)

1.

loT mainly focuses on connecting:

A) People to people

B) Machines to machines

C) Physical objects to the internet

D) Software to software

Which component is used to sense physical parameters?
A) Actuator

B) Sensor

C) Processor

D) Display

The main function of an actuator is to:

A) Collect data

B) Store data

C) Perform physical action

D) Transmit data

Which of the following enables remote data storage?
A) Sensor

B) Embedded system

C) Cloud computing

D) Actuator

loT systems reduce human effort mainly through:
A) Manual control

B) Automation

C) Mechanical operation

D) Local processing

Which of the following is NOT a basic loT element?
A) Device

B) Connectivity

C) Data processing

D) Mechanical gearbox

Real-time monitoring means:

A) Data collected once

B) Data processed offline




10.

11.

12.

13.

14.

15.

16.

C) Continuous live data observation

D) Manual data entry

A smart system can best be described as:
A) Standalone machine

B) Internet-enabled sensing and control system

C) Mechanical device
D) Manual system

Which term refers to rules for data transmission?

A) Network

B) Protocol

C) Topology

D) Storage

Embedded systems are designed for:
A) General-purpose computing

B) Gaming

C) Specific dedicated tasks

D) Office applications

Data collected by sensors is mainly used for:
A) Decoration

B) Decision making

C) Entertainment

D) Storage only

Connectivity in loT allows devices to:
A) Operate independently

B) Share and exchange data

C) Stop functioning

D) Consume more power

Scalability refers to system’s ability to:
A) Reduce size

B) Increase cost

C) Expand efficiently

D) Lose performance

Which feature improves system efficiency?
A) Manual operation

B) Delayed response

C) Automation

D) Isolation

Cloud platforms help in:

A) Data loss

B) Remote access and processing

C) Manual control

D) Offline storage only

Security in 10T is required to:

A) Increase speed

B) Prevent unauthorized access

C) Improve display

D) Reduce sensors




17. Control systems mainly help in:
A) Random operation
B) Monitoring only
C) Regulating system behavior
D) Data deletion
18. loT improves system performance by:
A) Increasing manpower
B) Reducing data usage
C) Enabling smart decision-making
D) Avoiding networks
19. Which is the correct flow in a basic loT system?
A) Actuator = Sensor - Cloud
B) Sensor = Processing = Action
C) Cloud = Sensor = Data
D) Action - Data - Sensor
20. loT systems are best suited for:
A) Static environments
B) Intelligent and automated applications
C) Manual operations
D) Paper-based systems

MCQ Answer Key

LN AEWNR

R R R R R R R R R R
LooNOTUAWNEO
WWOOWITOOTITOBTPBIOOIIBOO DO

N
o

2.8.3 Short Answer / Viva Questions
(10 commonly asked theory & viva questions)

1. Define Internet of Things and explain its basic purpose.




Why are sensors important in loT systems?

Differentiate between a sensor and an actuator.

Explain the role of connectivity in loT.

What is real-time monitoring and why is it required?

State any two advantages of loT systems.

What is meant by automation in loT?

Explain the importance of cloud computing in loT.

What are embedded systems and why are they used in loT?
10 Why is security a major concern in loT systems?

©oONOU AW

1.9 [ Digital Resource Library
2.9.1 Al Tools & Digital Learning Tools

(Free / easily accessible tools for understanding & practice)
1. Al Chat Assistants (ChatGPT / Gemini)

e Purpose / Use-case: Concept explanation, summaries, exam answers, viva practice
e How it helps:
o Explains loT concepts in simple Diploma-level language
o Helps generate definitions, block diagram explanations, MCQs, and short
answers
o Useful for last-minute revision and doubt clearing

2. Block Diagram & Flowchart Tools (Draw.io / Lucidchart — free version)

e Purpose / Use-case: Visualizing system architecture and data flow

¢ How it helps:
o Create loT block diagrams (Sensor - Network = Processing - Action)
o Improves diagram-based answers, which carry high exam weightage

3. Online Virtual Labs (Conceptual / Simulation-based)

e Purpose / Use-case: Understanding working of systems without physical hardware
¢ How it helps:

o Helps students visualize data flow and automation logic

o Builds confidence before practical exams and viva

4. Presentation & Visual Learning Tools (Canva — free education use)

e Purpose / Use-case: Making visual notes, summaries, and revision charts
e How it helps:

o Convert theory into infographics and flowcharts

o Ideal for slow learners and visual memory-based revision

5. Online MCQ & Quiz Platforms

e Purpose / Use-case: Self-assessment and exam practice
e How it helps:




o Practice unit-wise MCQs
o Improves conceptual clarity and speed for exams

2.9.2 2. Video Learning Repository

(Reliable, Diploma-friendly & exam-oriented platforms)

Topic Name Recommended Channel / Search Keywords
Course / Lecturer Name

Introduction to loT NPTEL “NPTEL Introduction to
Internet of Things basics”

Basics of loT SWAYAM “SWAYAM l|oT fundamentals

Concepts diploma”

loT Overview & Gate Smashers “Gate Smashers loT

Architecture introduction architecture”

loT for Beginners Engineering Funda “Engineering Funda Internet of
Things basics”

loT Concepts Easy Engineering Classes “Easy Engineering Classes loT

Explained Simply introduction”

Smart Systems & Unacademy “Unacademy loT basics for

Automation beginners”

How Students Should Use This Library (Recommended Strategy)

e Step 1: Watch one video - note keywords

e Step 2: Ask Al tool to explain the same topic in simple words
e Step 3: Draw block diagram / flowchart

o Step 4: Practice MCQs + short answers

e Step 5: Revise using visual notes or summaries

1.10 Predicted Question Bank
2.10.1 Most Repeated / High-Probability Questions

A. Very Short Answer / Definitions (1-2 Marks)- (Highly frequent; test R-U level)

Define Internet of Things (loT).

What is meant by a “Thing” in [oT?

State any two characteristics of loT.

What is meant by real-time monitoring in l1oT?

Define remote access with reference to loT systems.
What is the role of sensors in loT?

What is a gateway in an loT system?

What is cloud computing in loT?

List any two applications of loT in electrical engineering.
10 Write the names of the four layers of loT architecture.

WoNOU A WN R

B. Short Answer Questions (3—4 Marks)- (Most common pass-level questions)




11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

Explain the definition of loT with a simple block diagram.
Explain the evolution of loT from traditional electrical systems.
Differentiate between Internet and Internet of Things.

Explain any two key characteristics of loT.

Explain the scope of loT in electrical engineering.

Explain the sensing layer of loT architecture.

Explain the network layer of loT architecture.

Write a short note on IoT system components.

Explain the role of cloud/server in loT systems.

Explain user interface in loT with one example.

C. Descriptive / Long Answer Questions (6—8 Marks)- (Very high probability; scoring
guestions)

21.
22.
23.
24,
25.

26.

Explain loT architecture (4-layer model) with neat diagram.

Explain loT system components with suitable block diagram.

Describe the evolution of 1oT and justify why loT is required today.

Explain the scope of loT in electrical engineering with real-world examples.

Explain the key characteristics of loT and their importance in smart electrical
systems.

With a neat diagram, explain how an loT-based electrical monitoring system works.

& Exam Tip:
Q.21 and Q.24 are most expected long questions for Unit-1.

2.10.2 Application & Logical Thinking Questions

(5 Questions — Differentiate average vs distinction answers)

These questions test application, reasoning, and system-level understanding (A-level as
per RBT).

1.

2.

Smart Energy Meter Case
An electricity distribution company wants to monitor energy consumption remotely.
o Identify loT components required
o Explain how data flows through IoT architecture
Traditional vs loT System
A motor is manually switched ON/OFF in an industry.
Explain how converting this system into an loT-based system improves efficiency and
safety.
Layer Identification Question
A temperature sensor sends data via Wi-Fi to a cloud dashboard where an alert is
generated.
Identify and justify the role of each loT layer involved.
Electrical Engineering Relevance
Explain why loT is more suitable for smart grids and renewable energy systems
compared to conventional control methods.




5. Design-Thinking Question
Propose a simple loT-based solution for automatic street lighting.
Mention:
o Sensors/devices used
o loT characteristics involved
o Expected benefits

@© Examiner’s Insight (Very Important)

e Pass Level:
Clear definitions + basic explanations
e Good Score:
Architecture + block diagram + examples
o Distinction:
Application justification + electrical relevance + neat diagrams

Unit-1 Focus Areas for Revision

e Definition of loT

e loT Architecture (4 layers)

e |oT System Components

e Scope of loT in Electrical Engineering

o Key Characteristics (connectivity, data-driven, remote access, real-time monitoring)




1.11 Topic-wise Detailed Study Plan (Well-Structured Format)-UNIT-02

Sr. | Topic (As per
No. Syllabus)

1 Introduction &
Classification of
Sensors

2 Sensor
Interfacing
Fundamentals

3 PIR Sensor

4 LDR (Light
Dependent
Resistor)

5 Ultrasonic
Sensor (HC-
SR04)

Sub-topics Covered Topic
Nature*

* What is a sensore | Core
Role of sensors in

loT & electrical

systemse

Classification:

Analog vs Digital

sensors

* Working principle = Core
concepte Arduino

pin types: Analog,

Digital, 12Ce Signal

flow: Physical

quantity >

Electrical signal -

Arduino

e Motion detection = Supporting
principlee Digital

output logice

Applications:

security, lighting

e Resistance vs light = Supporting
intensitye Analog

voltage divider

concepte

Applications: street

lights, brightness

control

e Distance Core
measurement

principle (time of

flight)e Trigger &

Echo pinse

Applications:

parking, level

sensing

Suggested Exam Practical

Lecture Importance Relevance
Hours

0.5 hr Medium Medium
0.5 hr High High

0.5 hr Medium High

0.5 hr Medium High

0.50 hr High High




10

11

12

13

Temperature &
Humidity
Sensor
(DHT11/DHT22)

Voltage Sensor
(ZMPT101B)

Current Sensor
(ACS712)

Potentiometer

Soil Moisture
Sensor

Introduction to

Actuators

LED & Buzzer

Servo Motor

e Temperature &
RH sensing
principlee Digital
single-wire
communicatione
Environmental
monitoring

e ACvoltage
sensing principlee
Isolation concepte
Scaling &
calibration idea

* Hall-effect
principlee AC/DC
current sensinge
Safety importance

e Variable
resistancee Analog
input usagee
Applications:
speed/position
control

Resistive/capacitive

sensinge
Agricultural &
irrigation systems

e Whatis an
actuatore

Difference between
sensors & actuators

* Digital output
controle PWM
brightness control
(LED)e Alert
systems

* Position control
concepte PWM
control signal

Core

Core
(Electrical-
focus)

Core
(Electrical-
focus)

Supporting

Application

Core

Supporting

Core

0.50 hr

0.5 hr

0.5 hr

0.50 hr

0.50 hr

0.25 hr

0.25 hr

0.25 hr

High

High

High

Low

Medium

Medium

Medium

Medium

High

High

High

High

High

Medium

High

High




14  DC Motor with e Speed control Core 0.25 hr Medium High
Driver using PWMe Need
for motor driver

15  Stepper Motor e Step angle Supporting = 0.25 hr Low Medium
concepte Precision
motion control

16 Relay Module e Electromagnetic Core 0.25 hr High High
switchinge AC load
control & isolation

17 | Selection e Accuracy, range, Application  0.25 hr High Medium
Criteria for cost, safetye
Sensors & Electrical
Actuators application-based
selection
18  Practical ® Power ratingse Application = 0.25 hr High High
Interfacing & Isolatione Electrical
Safety safety with AC

Considerations | loads

1.12 Lecture Title: Sensors — Classification, Working Principles & Arduino
Interfacing
(Duration: 60 Minutes)

1. Hook / Introduction (= 5 Minutes)
Let me start today’s lecture with a simple question:

How does an automatic street light know when to turn ON?
How does a smart energy meter know how much current is flowing?

The answer is SENSORS.

Sensors are like the eyes, ears, and nerves of an loT system. Just like our body cannot react without
sensing heat or pain, an loT system cannot take decisions unless it senses the real-world conditions.
In Unit-1, we studied loT architecture. Today, we zoom into the first layer — the sensing layer, which
is the foundation of all smart electrical systems.

By the end of this lecture, you will clearly understand:
e How sensors are classified
e How sensors work in simple terms
e How Arduino reads sensor data using different pin types

2. Core Concepts (= 40 Minutes)




2.12.1 Classification of Sensors: Analog and Digital
Sensors are broadly classified into Analog Sensors and Digital Sensors.
Analog Sensors

Analog sensors produce a continuous range of output values.
The output voltage changes smoothly depending on the physical quantity.

Examples:
o LDR - light intensity
e Temperature sensor (LM35)
e Potentiometer

e Voltage and current sensors

«# Simple analogy:
Think of a fan regulator. You can increase or decrease speed gradually. That’s analog behavior.

¥ Arduino connection:
Analog sensors are connected to Analog pins (A0—A5) of Arduino.

Digital Sensors

Digital sensors give only two or fixed discrete outputs, usually:

e LOW (0)
e HIGH (1)
Examples:

e PIR motion sensor
e Push button
e IR obstacle sensor

e DHT11 (data is digital)

¢ Analogy:
Like a switch — either ON or OFF.

¥ Arduino connection:
Digital sensors are connected to Digital pins (D0-D13).

2.12.2 Working Principle of Sensors (Simplified)
Every sensor follows this basic process:

Physical Quantity - Electrical Signal - Microcontroller Processing




ot Sensor o Arduino Output

Quantity Conditioning
kg ; [ =

For example:
e Light = resistance change - voltage change
o Temperature > voltage/digital data

¢ Motion - logic HIGH/LOW

«# Visual to draw:
A block diagram:

Physical Quantity - Sensor = Signal Conditioning = Arduino - Output

Signal

Physical
Conditioning

Quantity —  Sensor —

Output

2.12.3 Arduino Pin Types for Sensor Interfacing
Arduino reads sensors using three main types of pins:
1. Analog Pins (A0-A5)
e Used for analog sensors
e Arduino converts voltage (0-5V) into digital values (0-1023) using ADC
@ Example: LDR, potentiometer, voltage sensor
2. Digital Pins (D0-D13)
e Used for digital sensors
e Reads HIGH (1) or LOW (0)
<+ Example: PIR sensor, IR sensor
3. 12C Pins (SDA, SCL)
e Used when multiple sensors communicate using only two wires
e SDA - Dataline

e SCL - Clock line

@ Example: Advanced temperature sensors, LCD with 12C module




«# Fun fact:
12C allows multiple devices using same wires, saving pins and wiring complexity.

3. Real-World / Industry Applications (= 10 Minutes)

e Smart Street Lighting:
LDR (analog) senses light - Arduino decides - relay switches lamp

e Smart Energy Monitoring:
Voltage & current sensors (analog) - real-time power calculation

e Security Systems:
PIR sensor (digital) detects motion - buzzer/alarm activated

e Smart Agriculture:
Soil moisture sensor - automatic pump control

Industries like smart grids, renewable energy plants, automation systems, and EV charging stations
heavily depend on correct sensor selection and interfacing.

4. Summary & Q&A (= 5 Minutes)
Key Takeaways

Vv Sensors convert physical quantities into electrical signals

Vv Analog sensors give continuous output, digital sensors give discrete output
Vv Arduino uses Analog, Digital, and 12C pins to read sensors

v Correct sensor-pin selection is critical for accurate data

Typical Student Doubts

? Why not use digital sensors everywhere?
Analog sensors give more detailed information.

? Can one sensor be both analog and digital?
Some modules provide both outputs, but internally sensing remains one type.

5. Mentorship & Career Guidance Note

If you master sensor classification and interfacing today, tomorrow you can design smart energy
meters, automation panels, loT dashboards, and even Al-based monitoring systems.

This topic is the gateway skill for:
e Mini projects
e Industrial training
e loT-based diploma final projects

e Higher studies in automation, AloT, and smart grids

Strong sensors knowledge = Strong engineer foundation




1.13 Lecture: PIR Sensor & LDR — Sensing Motion and Light

(Duration: 60 minutes | Diploma Electrical Engineering)
1. Hook / Introduction (= 5 Minutes)
Let me ask you something very common:

Why does the light in a mall corridor turn ON automatically when you enter?
Why do street lights switch ON by themselves at night without any human operator?

Behind these “smart” actions are two very simple yet powerful sensors:
¢ PIR Sensor — detects motion
e LDR —detects light intensity

These sensors are the first step toward automation. You don’t need cloud, Al, or internet to start
automation — you just need correct sensing. Today’s lecture will show you how simple components
can create smart systems.

2. Core Concepts (= 40 Minutes)
2.13.1 PIR Sensor — Motion Detection
PIR stands for Passive Infrared Sensor.
Working Principle (Simple Explanation)
e Every human body emits infrared radiation (heat)
e The PIR sensor has a pyroelectric element
¢ When a warm object (human/animal) moves in front of it, the IR pattern changes

e This change is detected and converted into a digital output

< Important Point:
PIR sensor does not emit anything. It only detects infrared radiation — that’s why it is called passive.

Output & Arduino Interface
e Output type: Digital
e Output values:
o HIGH (1) > Motion detected
o LOW (0) > No motion

e Connected to Arduino Digital Pin

«# Visual to draw:
A diagram showing:

e Human - IR rays = PIR sensor = Arduino digital pin > LED/Buzzer




IR Rays

A =

m

),

PIR Sensor Arduino Digital Pin  LED / Buzzer

Human

Features
e Adjustable sensitivity
e Adjustable delay time

e Detection range: typically 5-7 meters

< Analogy:
PIR sensor works like a security guard who doesn’t act unless someone moves.

2.13.2 LDR - Light Dependent Resistor
LDR is a sensor whose resistance changes with light intensity.
Working Principle
¢ When light intensity increases, resistance of LDR decreases
e When light intensity decreases, resistance increases
e This resistance change is converted into voltage using a voltage divider circuit
«# Visual to draw:
e LDR + fixed resistor in series

e Middle point connected to Arduino analog pin

Fixed
Resistor

Output & Arduino Interface
e Output type: Analog
e Connected to Arduino Analog Pin (AO—A5)

e Arduino reads values from 0 to 1023




@ Analogy:
LDR is like the human eye — bright light = reacts fast, darkness - reacts slowly.

Comparison Insight (Very Important for Exams)
e PIR sensor detects movement, not presence
e LDR detects light, not time
e PIR gives digital output
e LDR gives analog output
3. Real-World / Industry Applications (= 10 Minutes)
PIR Sensor Applications
e Automatic corridor lighting
e Security alarm systems
e Smart washroom lights
e Smart energy saving systems in offices
LDR Applications
e Automatic street lights
e Solar tracking systems
e Automatic brightness control

e Smart classroom lighting

¥ Industry Insight:
In smart cities, PIR + LDR are often combined:

e LDR checks night condition

e PIR checks human movement

e Light turns ON only when required - energy saving
4. Summary & Q&A (= 5 Minutes)
Key Takeaways

v PIR sensor detects motion using infrared radiation
Vv PIR output is digital (HIGH / LOW)

Vv LDR changes resistance based on light intensity

Vv LDR output is analog and read using ADC

Vv Both sensors are widely used in automation and loT

Typical Student Questions

? Can PIR detect a stationary person?
No, it detects movement, not presence.




? Can LDR work at night?
Yes, it detects darkness by high resistance.

5. Mentorship & Career Guidance Note

If you understand PIR and LDR well, you can design real automation systems even before learning loT
cloud platforms.

These sensors are building blocks for:
e Diploma mini-projects
e Home automation systems
e Smart energy-saving solutions
e Industry 4.0 basics

@© Strong basics in sensors = confidence in projects, labs, and interviews

1.14 Lecture: Ultrasonic Sensor & DHT11/DHT22 — Measuring Distance
and Environment

(Duration: 60 minutes | Diploma Electrical Engineering)
1. Hook / Introduction (= 5 Minutes)
Let me begin with two everyday questions:

How does a car know that it is about to hit a wall while parking?
How does a smart room know when it is too hot or too humid?

Behind these smart decisions are Ultrasonic Sensors and Temperature—Humidity Sensors.

One measures distance without touching anything, and the other senses invisible environmental
conditions. These two sensors are among the most popular sensors in loT and automation, and
once you understand them, many real-world systems will start making sense.

2. Core Concepts (= 40 Minutes)
2.14.1 Ultrasonic Sensor — Distance Measurement
The most commonly used ultrasonic sensor is HC-SR04.
Working Principle (Simple Explanation)
e Ultrasonic sensor works on sound waves, not light
e It sends ultrasonic pulses (above human hearing range)
e The sound hits an object and echoes back
e Time taken for echo return is measured

e Distance is calculated using:

Time X Speed of Sound
2

Distance =




@ Why divide by 2?
Because sound travels to the object and back.

Arduino — Ultrasonic Sensor

Distance: 35.4 cm

SOWER -
power ArRduino

Pins and Arduino Interface
e VCC - Power supply (5V)
e Trig — Trigger pin (Digital Output from Arduino)
e Echo — Echo pin (Digital Input to Arduino)

¢ GND- Ground

« Visual to draw:
A block diagram showing:

Arduino - Trigger - Ultrasonic Sensor - Echo - Arduino - Distance Display

Ultrasonic Sensor Distance Measurement Process

Arduino
Receives Signal

Ultrasonic
Sensor

Activates Sound Wave

Travels Sound Wave T
The Arduino Reflects .
. ) Processes Distance
receives a The sensor is Echo Display Shows
signal to activated to The sound pay

Result

activate the emit sound wave travels to The sound
sensor. waves. the object. wave reflects The Arduino
back as an processes the The distance is
echo. echo to displayed on
calculate the screen.
distance.

Key Characteristics
e Range:~2cmto400cm

e Output type: Digital (time-based)




e Contactless measurement

< Analogy:

Just like bats use sound to find objects in the dark, ultrasonic sensors do the same.

2.14.2 Temperature & Humidity Sensor - DHT11 / DHT22
DHT sensors are digital environmental sensors.
What Do They Measure?
e Temperature (°C)
e Humidity (% Relative Humidity)
Working Principle (Simplified)
e Inside the sensor:
o Thermistor - temperature sensing
o Capacitive humidity sensor - humidity sensing
e Datais processed internally
e Sensor sends digital data to Arduino using single data wire
¥ Difference between DHT11 & DHT22
e DHT11 - cheaper, lower accuracy
e DHT22 - wider range, better accuracy
Pins and Arduino Interface
e VCC-5Vor3.3V
e DATA - Digital data pin
e GND - Ground

«# Visual to draw:
A sensor connected to Arduino with:

e One data wire

e Temperature & humidity values shown on LCD/Serial Monitor
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¥ Fun Fact:
DHT sensors already do signal processing inside — Arduino only reads ready data!

3. Real-World / Industry Applications (= 10 Minutes)
Ultrasonic Sensor Applications
e Smart parking systems
¢ Water tank level monitoring
e Object detection in robotics
e Smart dustbins
e Industrial material handling
DHT Sensor Applications
e Smart homes and HVAC systems
e Transformer and panel temperature monitoring
e Greenhouse automation
e Weather stations

e Server room monitoring

¥ Industry Insight:
In smart buildings, DHT sensors protect equipment by detecting overheating and high humidity
early.

4. Summary & Q&A (= 5 Minutes)

Key Takeaways

Vv Ultrasonic sensor measures distance using sound waves
Vv It works on echo-time principle




Vv DHT11/DHT22 measure temperature and humidity digitally
v Both sensors are easy to interface and widely used
v Correct wiring and timing are critical for accurate readings

Typical Student Questions

? Does ultrasonic sensor work on glass?
Yes, but accuracy may reduce due to reflection issues.

? Can DHT sensor be used outdoors?
Yes, but protection from rain and dust is required.

5. Mentorship & Career Guidance Note

If you understand ultrasonic and DHT sensors, you can design systems that “sense space and
environment” — a core requirement in automation, smart grids, EV charging stations, and Industry
4.0.

These sensors are frequently asked in viva, interviews, and projects.
They are the backbone of:

e Smart infrastructure
e Energy management systems
e Industrial monitoring
@© Strong sensor fundamentals today = confident engineer tomorrow

1.15 Lecture: Voltage Sensor (ZMPT101B) & Current Sensor (ACS712) —
Electrical Parameter Measurement

(Duration: 60 minutes | Diploma Electrical Engineering)
1. Hook / Introduction (= 5 Minutes)
Let me begin with a practical question from real electrical work:

How do we know whether a supply voltage is safe or abnormal without touching live wires?
How does a smart energy meter know how much current a load is drawing in real time?

In traditional electrical labs, we use multimeters.
In 1oT and smart electrical systems, we use voltage and current sensors.

Today’s lecture focuses on two extremely important sensors for electrical engineers:
e ZMPT101B - Voltage Sensor
e ACS712 - Current Sensor

These sensors are the backbone of smart energy meters, load monitoring, transformer health
monitoring, and EV charging systems.

2. Core Concepts (= 40 Minutes)
2.15.1 Voltage Sensor — ZMPT101B

The ZMPT101B is an AC voltage sensor module widely used in loT-based electrical measurements.




Working Principle (Simple Explanation)
e The module uses a miniature voltage transformer
e ACvoltage is applied to the input
e Transformer provides:
o Electrical isolation (very important for safety)
o Scaled-down voltage

e Output is a low-level analog voltage safe for Arduino

@ Key Concept:
Isolation protects Arduino and user from high-voltage danger.

Output & Arduino Interface
e OQutput type: Analog
e Connected to Arduino Analog Pin (A0—A5)
e Arduino reads values from 0 to 1023

e Using calibration, readings are converted into actual voltage

«# Visual to draw:
Block diagram:

AC Supply - ZMPT101B -> Arduino (ADC) - Voltage Display

AC Supply ZMPT101B Arduino (ADC) Voltage Display
Voltage Sensor

Important Features
e Measures AC voltage only
e High accuracy after calibration

e Adjustable sensitivity (using onboard potentiometer)

< Analogy:
ZMPT101B works like a step-down transformer with intelligence.

2.15.2 Current Sensor — ACS712
The ACS712 sensor measures AC and DC current using a modern technique.
Working Principle (Hall Effect)

e  When current flows through a conductor, it creates a magnetic field




e Hall-effect sensor detects this magnetic field
e Magnetic field strength is proportional to current
e Sensor outputs an analog voltage

¥ Important Advantage:
No direct electrical contact with high-current line - safe measurement

Output & Arduino Interface
e Output type: Analog
e Connected to Arduino Analog Pin
e Output voltage is centered around 2.5V (for 5V supply)

e Current is calculated by measuring deviation from center value

«# Visual to draw:
Diagram showing:

Load > ACS712 - Arduino - Current Calculation

Load ACS712 Sensor Arduino

Current Calculation

Available Variants

e GA

e 20A

e 30A
¥ Fun Fact:

ACS712 can measure current without cutting the wire (in some modules).
3. Real-World / Industry Applications (= 10 Minutes)
ZMPT101B Applications

e Smart energy meters

e Voltage monitoring in distribution panels

e Solar inverter voltage measurement

e Transformer secondary monitoring

ACS712 Applications

e Load current monitoring




e Motor current protection
e Overload detection

e Energy consumption calculation

¥ Industry Insight:
In smart grids, voltage + current sensors together help calculate:

e Power

e Energy

e Power quality

e Fault conditions
This is the foundation of predictive maintenance.
4. Summary & Q&A (= 5 Minutes)
Key Takeaways

v ZMPT101B measures AC voltage safely using isolation
Vv Output is analog and needs calibration

Vv ACS712 measures AC/DC current using Hall effect

v Both sensors are critical for energy monitoring

v Safety and isolation are major advantages

Typical Student Questions

? Can ZMPT101B measure DC voltage?
No, it is designed only for AC.

? Why is ACS712 output centered at 2.5V?
To measure both positive and negative current.

. Mentorship & Career Guidance Note

If you master voltage and current sensors, you step into the world of smart energy systems — a high-

demand domain for electrical engineers.
These sensors are essential for:

e Smart meters

e EV charging infrastructure

e Renewable energy monitoring

e Industry 4.0 electrical systems

@© Strong understanding of electrical sensors = strong industrial relevance

1.16 Lecture: Potentiometer & Soil Moisture Sensor — Manual Control and

Automatic Irrigation

(Duration: 60 minutes | Diploma Electrical Engineering)




1. Hook / Introduction (= 5 Minutes)
Let me start with two very familiar situations:

How do you control the speed of a fan or volume of a speaker smoothly?
How does an automatic irrigation system know when plants actually need water?

In the first case, YOU give the input manually using a knob.
In the second case, NATURE gives the input through soil condition.

Both situations are handled using simple sensors:
e Potentiometer — a manual variable input sensor
e Soil Moisture Sensor — an automatic environmental sensor

These two sensors teach us an important lesson in engineering:
Control can be manual or automatic — sensing is the key.

2. Core Concepts (= 40 Minutes)
2.16.1 Potentiometer — Variable Resistance Input
A potentiometer is a three-terminal variable resistor used to provide adjustable voltage.
Working Principle (Simple Explanation)
¢ Inside the potentiometer is a resistive track
¢ A moving wiper slides over the track when the knob is rotated

e This changes resistance and hence the output voltage

¥ Key Concept:
Potentiometer acts as a voltage divider.

Output & Arduino Interface
e Output type: Analog
e Middle terminal (wiper) is connected to Arduino Analog Pin (AO—A5)
e Arduino reads values from 0 to 1023
¢ Visual to draw:
e Potentiometer with three terminals

e Left - 5V, Right - GND, Middle - Arduino AO




< Analogy:
Potentiometer works like a tap controlling water flow smoothly.

Applications of Potentiometer
e Speed control of DC motor
e Brightness control of LED
e Servo motor position control

e Menu selection in control panels

¥ Fun Fact:
Potentiometers are used in industrial control panels as human-machine interface (HMI) inputs.

2.16.2 Soil Moisture Sensor — Agriculture & Irrigation Systems
A soil moisture sensor measures the water content in soil.
Working Principle (Simplified)

e Moist soil - low resistance

e Dry soil - high resistance

e Sensor converts resistance change into analog voltage
(Some advanced sensors also give digital output.)
Output & Arduino Interface

e Output type: Analog (commonly)

e Connected to Arduino Analog Pin

e Higher value - dryer soil

e Lower value - wet soil
«# Visual to draw:

e Sensor probes inserted into soil

e Output connected to Arduino




e Relay controlling water pump
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< Analogy:
Soil moisture sensor works like a plant doctor checking soil health.

3. Real-World / Industry Applications (= 10 Minutes)
Potentiometer Applications

e Manual speed controllers

e Calibration knobs

e Teaching and testing systems

e Industrial machine parameter tuning
Soil Moisture Sensor Applications

e Automatic irrigation systems

e Smart agriculture

e Greenhouse monitoring

e Water conservation projects

¥ Industry Insight:
In smart farming, soil moisture sensors help:

e Save water
e Increase crop yield
e Reduce manual labor

This is a core area under loT + Renewable + Sustainability.




4. Summary & Q&A (= 5 Minutes)

Key Takeaways

Vv Potentiometer provides manual analog input

v Works on voltage divider principle

v Soil moisture sensor detects water content in soil
Vv Used for automatic pump control

Vv Both sensors are simple but powerful

Typical Student Questions

? Can potentiometer replace a sensor?
No, it gives manual input, not environmental sensing.

? Can soil moisture sensor work in all soil types?
Readings vary; calibration is required.

5. Mentorship & Career Guidance Note

If you understand both manual and automatic control inputs, you gain the power to design complete
real-world systems.

These sensors are essential for:
e Diploma mini projects
e Smart agriculture systems
e Automation and control jobs

e loT-based sustainability solutions
© Master simple sensors today — build smart systems tomorrow

1.17 Lecture: LED & Servo Motor — From Simple Indication to Precise
Position Control

(Duration: 60 minutes | Diploma Electrical Engineering)
1. Hook / Introduction (= 5 Minutes)
Let me begin with two simple but powerful observations:

How do we immediately know that a machine is ON, OFF, or in fault condition?
How does a robotic arm know exactly where to stop and hold its position?

The answers lie in actuators.

Sensors only sense, but actuators act.
Among all actuators, LEDs and Servo Motors are the most widely used — one for indication and the
other for precise motion control.

If you master these two, you will clearly understand how an loT system responds to data.
2. Core Concepts (= 40 Minutes)

2.17.1 LED - Status Indication & PWM Brightness Control




An LED (Light Emitting Diode) is the simplest and most important actuator.
Working Principle (Simple Explanation)

e LED emits light when forward biased

e Current flows from anode to cathode

e Brightness depends on current magnitude

< Important Rule:
Always use a current-limiting resistor with an LED.

Arduino Interface & Control Pins
e LED is connected to an Arduino Digital Pin
e Digital output:
o HIGH - LED ON

o LOW -> LED OFF

«# Visual to draw:
Arduino digital pin - resistor - LED - GND

PWM Brightness Control (Very Important)
PWM = Pulse Width Modulation
e Arduino rapidly turns LED ON and OFF
e Duty cycle controls average brightness
e analogWrite() function is used

e PWM pins on Arduino: 3,5, 6, 9, 10, 11




@ Analogy:
Like rapidly opening and closing a tap — more ON time gives more brightness.

¥ Fun Fact:
Human eyes can’t see fast switching, so LED appears dim or bright.

Applications of LED
e Power ON/OFF indication
e Fault and status indicators
e Communication signals
e Debugging in embedded systems
2.17.2 Servo Motor — Position Control
A servo motor is a precision actuator used for angular position control.
Working Principle (Simplified)
A servo motor contains:
e DC motor
e Gear mechanism
e Position sensor (potentiometer)
e Control circuit
Arduino sends PWM control signal to set the shaft angle.
¥ Angle Control
e 0° - leftmost position
e 90° - middle
e 180° - rightmost

# Visual to draw:
Arduino - Servo signal wire - Servo shaft angle positions
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Control Pins & Arduino Interface
Servo motor has three wires:

e Red - VCC(5V)

e Brown/Black > GND

e Yellow/Orange - Signal (PWM)
Uses Arduino Servo library.

¥ Important Note:
Servo requires stable power supply; do not overload Arduino.

Applications of Servo Motor
e Roboticarms
e Automatic door systems
e Camera position control
e Valve position control

e Solar panel tracking

@ Analogy:
Servo motor works like a hand that moves to a fixed position and stays there.

3. Real-World / Industry Applications (= 10 Minutes)
LED Applications in Industry

e Control panel indication

e Alarm and warning systems

e Machine status display

Servo Motor Applications in Industry




e Robotics and automation
e CNC machines
e Packaging machines

¢ Smart mechanical systems

¥ Industry Insight:
LEDs show system health, while servo motors execute precise actions — both are essential in
automation.

4. Summary & Q&A (= 5 Minutes)
Key Takeaways

Vv LED is used for indication and PWM brightness control
v PWM controls average power supplied to LED

Vv Servo motor provides precise angular position

Vv Uses PWM signals for control

v Both are widely used actuators in loT systems

Typical Student Questions

? Can LED be connected directly to Arduino?
No, resistor is mandatory.

? Why servo motor does not rotate continuously?
It is designed for position, not speed.

5. Mentorship & Career Guidance Note

If you master LEDs and servo motors, you understand how machines communicate status and
perform accurate actions.

These actuators are essential for:
e |oT system responses
e Robotics projects
e Automation panels

e Industry-ready diploma projects
@ Sensors sense, actuators act — and engineers control both

1.18 Lecture: Motors, Relays & Smart Selection — From Motion Control to
Safe Switching

(Duration: 60 minutes | Diploma Electrical Engineering)
1. Hook / Introduction (= 5 Minutes)

Let me begin with four practical questions from real electrical systems:




How does a ceiling fan smoothly change speed?

How does a CNC machine move in exact steps?

How does Arduino safely control a 230 V AC bulb?

How does an engineer decide which sensor or actuator is correct for a job?

The answers lie in DC motors, stepper motors, relays, buzzers, and most importantly — proper
selection criteria.

Today’s lecture connects motion control, load switching, safety, and engineering decision-making.
2. Core Concepts (= 40 Minutes)
2.18.1 DC Motor — Speed & Direction Control with Driver
A DC motor converts electrical energy into mechanical rotation.
Working Principle (Simple)
e  Current flows through motor windings
e Magnetic field is produced

e Interaction of fields causes rotation

¥ Problem:
Arduino pins cannot supply enough current to drive motors directly.

Solution — Motor Driver

e Common drivers: L293D, L298N
e Driver acts as a current amplifier
e Allows:
o Speed control using PWm
o Direction control using logic pins
¥ Arduino Interface
e EN pin - PWM (speed control)
e IN1, IN2 = Direction control

«# Visual to draw:
Arduino - Motor Driver - DC Motor - Power Supply




Arduino — Motor Driver —» DC Motor — Power Supply

Arduino Motor Driver

@ Analogy:
DC motor is like a fan, and the driver is the power switch + regulator.

2.18.2 Stepper Motor — Precise Step Rotation
A stepper motor moves in fixed angular steps.
Working Principle
e Motor has multiple coils
e Energizing coils in sequence causes step-by-step rotation

e Each step has a fixed angle (e.g., 1.8°)

@ Key Feature:
Stepper motor gives position control without feedback sensor.

Control Method

e Controlled using step sequences

e Requires stepper driver (ULN2003, A4988)
@ Arduino Interface

e  Multiple digital pins control step sequence

# Visual to draw:
Stepper motor phases - Driver - Arduino
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< Analogy:

Stepper motor works like a clock — moving one tick at a time.

2.3 Relay Module & Buzzer — Switching and Alerts




Relay Module — AC Load Control

Arelay is an electromagnetic switch.

Working Principle
e Arduino energizes relay coil (low voltage)
¢ Magnetic field pulls contact

e High-voltage AC circuit gets switched

@ Why Relay?
Provides electrical isolation between Arduino (5 V) and AC load (230 V).

@ Arduino Interface
e Input pin - Digital output
e Contacts: COM, NO, NC

«# Visual to draw:
Arduino - Relay Module - AC Bulb/Fan

Buzzer — Alert Systems
A buzzer produces sound when energized.

e Active buzzer > ON/OFF control

e Passive buzzer - tone generation using PWM
@ Applications

e Faultalarms

e Overload alerts

e Security warnings

< Analogy:
Buzzer is the voice of the system.

2.18.3 Criteria for Selecting Sensors & Actuators (Very Important Topic)

An engineer is not judged by how many components he knows — but by how correctly he selects
them.

Selection Criteria
V Electrical Ratings

e Voltage, current, power handling
Vv Type of Output/Input

e Analog, digital, PWM, 12C

v Accuracy & Resolution




e Especially for sensors

Vv Environment

e Temperature, dust, moisture

Vv Safety & Isolation

e ACloads - Relay / opto-isolation
Vv Cost & Availability

@ Example:

For controlling a bulb - Relay

For speed control = DC motor

For position control - Servo / Stepper

3. Real-World / Industry Applications (= 10 Minutes)
e DC Motor: conveyors, fans, pumps
e Stepper Motor: CNC machines, 3D printers
e Relay: home automation, substation panels
e Buzzer: protection systems, alarms

e Selection Criteria: used in industry design reviews

¥ Industry Insight:
Wrong selection causes failure, overheating, accidents, and losses.

4. Summary & Q&A (= 5 Minutes)

Key Takeaways

v DC motor = speed & direction control

v Stepper motor - precise positioning

v Relay - safe AC load switching

v Buzzer - alert and indication

Vv Selection criteria is the heart of engineering design

Common Student Doubts

? Can relay control DC load?
Yes, within rating.

? Why stepper motor doesn’t need feedback?
Position is known by step count.

5. Mentorship & Career Guidance Note

When you understand motors, relays, and selection criteria, you stop being a student and start

thinking like an engineer.

These topics directly prepare you for:




e Industrial automation jobs
e |oT & smart energy projects
e Maintenance & control engineering
o Competitive exams and interviews
© Good engineers don’t guess — they select wisely.

1.19 Lecture: Practical Interfacing Methods & Safety Considerations in
Electrical and IoT Circuits

(Duration: 60 minutes | Diploma Electrical Engineering)
1. Hook / Introduction (= 5 Minutes)
Let me begin with a very honest question:

Why do most circuit failures happen during practicals, not theory exams?
Why does an Arduino board burn even when the program is correct?

The answer is simple — improper interfacing and lack of safety awareness.

In real engineering, a correct circuit is more important than a perfect code.
Today’s lecture will teach you how to connect sensors and actuators safely, protect components,
and think like a responsible electrical engineer, not just a student.

2. Core Concepts (= 40 Minutes)
2.19.1 Practical Interfacing Methods (Step-by-Step)
Step 1: Understand the Component Requirements
Before connecting anything, always check:

e Operating voltage (5V/ 3.3V / 12V)

e Current requirement

e Type of signal (Analog / Digital / PWM)

¥ Golden Rule:
Never assume — always check the datasheet.

Step 2: Correct Power Supply Connections
e Sensors = usually 5V or 3.3V
e Motors & relays - often need external supply

e Always connect GND of Arduino and external supply together

¢ Visual to draw:
Arduino + external power supply with common ground connection
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< Analogy:
Ground is like a common reference point — without it, signals get confused.

Step 3: Signal Interfacing with Arduino

e Analog sensors - Analog pins (AO-A5)

e Digital sensors - Digital pins

e PWM devices - PWM pins

e High-current devices - Driver / Relay / Transistor required
@ Never connect motors or relays directly to Arduino pins.
Step 4: Use of Interface Components

e Resistors - LED current limiting

e Transistors - current amplification

e Opto-isolators - electrical isolation

e Diodes - flyback protection (especially with relays & motors)

«# Visual to draw:
Relay coil + diode connected in reverse bias (flyback diode)
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2.19.2 Safety Considerations in Circuits (MOST IMPORTANT)
2.2.1 Electrical Safety

e Never touch live AC circuits

e Use relay modules with isolation

e Use proper insulation and terminals

e Keep low-voltage and high-voltage wiring separate

< Rule:
Arduino works at 5V, not 230V — never forget this.

2.2.2 Component Safety
¢ Do not exceed voltage/current ratings
e Use heat sinks for drivers if required
e Avoid short circuits on breadboard

e Power OFF before changing connections

# Fun Fact:
Most components fail due to overcurrent, not wrong logic.

2.2.3 Arduino & Microcontroller Safety
e Do not power Arduino from multiple sources simultaneously
e Avoid reverse polarity
e Use USB only for logic, not for motors

e Add fuse or current limiting if possible

% Analogy:
Arduino is like a brain — powerful but delicate.

2.2.4 Personal Safety
e No wet hands

e No loose wires




e No metal tools near live circuits
e Follow lab discipline strictly
3. Real-World / Industry Applications (= 10 Minutes)
e Control Panels: Proper wiring prevents fire hazards
e Smart Meters: Isolation ensures user safety
¢ Industrial Automation: Safety interlocks avoid accidents

e loT Products: Certification depends on electrical safety standards

¥ Industry Insight:
In industry, unsafe design = rejected product, no matter how smart it is.

4. Summary & Q&A (= 5 Minutes)
Key Takeaways

Vv Always understand component ratings

Vv Use drivers, relays, and isolation properly

v Never mix high voltage directly with Arduino
V Safety is part of engineering, not optional

Vv Good interfacing = reliable system

Typical Student Doubts

? Why common ground is required?
To maintain correct voltage reference.

? Can safety be ignored in small projects?
No — accidents start small.

5. Mentorship & Career Guidance Note
Industry trusts engineers who design safe systems, not just working systems.
If you master safe interfacing practices, you will:

e Avoid hardware damage

e Build reliable projects

e Gain confidence in labs and internships

e Be respected as a responsible engineer

© Remember:
A safe engineer is a successful engineer.

1.20 STUDENT AI TOOLKIT — UNIT 2: SENSORS & ACTUATORS

A. Low-Level Prompts (Remember & Understand)

(10 Prompts — For basics, definitions, and clarity)




10.

“Explain the basic concept of sensors and actuators in simple words with everyday examples
suitable for a diploma student.”

“Differentiate between analog and digital signals using easy-to-understand explanations and
practical examples.”

“Explain the working principle of a typical sensor step by step, starting from physical
quantity to electrical output.”

“What is meant by an actuator? Explain its role in an automated or control system.”

“Summarize the importance of sensors and actuators in modern electrical and automation
systems.”

“Explain the meaning of terms like accuracy, range, sensitivity, and resolution in the context
of sensors.”

“Describe the basic idea of how a controller reads input signals and controls output devices.”
“Explain the difference between sensing, processing, and actuation in a simple system.”

“Write short notes on why electrical isolation is important in measurement and control
circuits.”

“Create a simple revision summary of Unit-2 (Sensors & Actuators) for last-day exam
preparation.”

B. Moderate-Level Prompts (Apply & Analyze)

(10 Prompts — For application, comparison, and understanding use-cases)

11.

12.

13.

14.

15.

16.

17.

18.

“Compare analog sensors and digital sensors based on output type, accuracy, noise
immunity, and applications.”

“Analyze a basic system where an input condition changes and an output device responds
automatically. Explain the logic.”

“Explain how a change in a physical parameter can affect an electrical signal and finally
control an output device.”

“Given a real-life electrical problem, explain how sensing and actuation can be used to solve
it ”n
“Explain why some actuators cannot be driven directly from a controller and need

intermediate interfacing circuits.”

“Analyze common mistakes students make during practical interfacing and explain how to
avoid them.”

“Explain how safety considerations influence the choice of sensors and actuators in electrical
systems.”

“Compare different types of actuators based on control method, accuracy, and application
area.”




19. “Explain the role of feedback and why some systems work without feedback while others
require it.”

20. “Analyze a basic automated system and identify its sensing part, control logic, and actuation
part.”

C. High-Level Prompts (Design & Create)
(5 Prompts — For design thinking, system understanding, and distinction level)

21. “Design a simple automated electrical system by clearly defining inputs, processing logic,
outputs, and safety measures.”

22. “Create a step-by-step workflow for selecting suitable sensors and actuators for a given
electrical application.”

23. “Design a block diagram of a smart control system and explain the function of each block in
detail.”

24. “Propose a system where both manual and automatic control are required. Explain how
sensing and actuation are coordinated.”

25. “Create an exam-oriented answer explaining how proper selection and safe interfacing
improve system reliability and performance.”

How Students Should Use This Al Toolkit
o B Use A-level prompts for concept clarity & revision
. Use B-level prompts for numericals, viva, and practical understanding
e %’ Use C-level prompts for mini-projects, case studies, and distinction marks

© Mentor’s Final Advice to Students

“Al is not here to replace your learning — it is here to sharpen your thinking.
If you ask the right questions, you will become a better engineer.”

This Student Al Toolkit will help you:
e Prepare confidently for exams
e Perform better in labs & viva

e Think like an engineer, not a memorizer

1.21 MASTERY CHECK: SENSORS & ACTUATORS
2.21.1 Key Definitions / Glossary (Top 15 Terms)

(One-line, Diploma-level, frequently asked in exams & viva)

1. Sensor — A device that detects a physical quantity and converts it into an electrical signal.

2. Actuator — A device that converts an electrical signal into physical action such as motion or
switching.




3. Analog Signal — A signal that varies continuously over a range of values.

4. Digital Signal — A signal that has only two discrete states, usually HIGH and LOW.

5. ADC (Analog to Digital Converter) — A circuit that converts analog voltage into digital data.

6. PIR Sensor — A sensor that detects motion by sensing changes in infrared radiation.

7. LDR-— A light-dependent resistor whose resistance changes with light intensity.

8. Ultrasonic Sensor — A sensor that measures distance using ultrasonic sound waves and echo

time.

9. Temperature Sensor — A sensor used to measure temperature of the surrounding
environment.

10. Humidity Sensor — A sensor that measures moisture content in the air.

11. Relay — An electromagnetic switch used to control high-voltage or high-current loads using

low power.

12. PWM (Pulse Width Modulation) — A technique used to control power delivered to a load by

varying duty cycle.

13. Motor Driver — A circuit that allows low-power control signals to drive high-current motors

safely.

14. Electrical Isolation — Separation between low-voltage control circuits and high-voltage

power circuits for safety.

15. Calibration — The process of adjusting sensor output to match accurate real-world values.

2.21.2 FAQ & Assessment Section
A. Multiple Choice Questions (MCQs)
(20 Questions — Conceptual + Application level)

Q1. A sensor converts into an electrical signal.
A) Electrical energy

B) Mechanical power

C) Physical quantity

D) Digital data

Q2. Which of the following gives a continuous output?
A) Digital sensor

B) Analog sensor

C) Relay

D) Switch

Q3. Which sensor is used for motion detection?
A) LDR

B) Ultrasonic sensor

C) PIR sensor

D) Temperature sensor




Q4. LDR works on the principle of change in
A) Voltage

B) Current

C) Resistance

D) Frequency

Q5. Ultrasonic sensor measures distance using
A) Light reflection

B) Heat radiation

C) Sound waves

D) Magnetic field

Q6. Which sensor measures both temperature and humidity?
A) PIR

B) LDR

C) DHT sensor

D) ACS sensor

Q7. Voltage sensor ZMPT101B is mainly used for measuring
A) DC voltage

B) AC voltage

C) Current

D) Power

Q8. ACS712 sensor works on which principle?
A) Transformer action

B) Piezoelectric effect

C) Hall effect

D) Optical sensing

Q9. Which device is used to safely control an AC load?
A) Transistor

B) Relay

C) LED

D) LDR

Q10. Which actuator provides position control?
A) DC motor

B) Stepper motor

C) Servo motor

D) Relay

Q11. PWM is mainly used to control
A) Voltage level

B) Frequency

C) Power delivered to load

D) Resistance

Q12. Which actuator is commonly used for alert systems?
A) LED

B) Buzzer

C) Motor

D) Sensor




Q13. Why is a motor driver required?
A) To reduce voltage

B) To increase current capability

C) To reduce speed

D) To generate signal

Q14. Which sensor is most suitable for irrigation systems?
A) PIR

B) LDR

C) Soil moisture sensor

D) Ultrasonic sensor

Q15. Electrical isolation improves
A) Speed

B) Accuracy

C) Safety

D) Cost

Q16. Which parameter is important while selecting a sensor?
A) Color

B) Shape

C) Accuracy

D) Weight

Q17. A potentiometer is used as input.
A) Digital
B) Binary
C) Analog
D) Optical

Q18. Stepper motors rotate in
A) Continuous motion

B) Random motion

C) Fixed steps

D) High speed only

Q19. Which output is given by a PIR sensor?
A) Analog

B) PWM

C) Digital

D) 12C

Q20. Safety diode across relay coil is used to prevent
A) Overheating

B) Reverse voltage damage

C) Short circuit

D) Power loss

Answer Key (MCQs)

1-C, 2-B, 3-C, 4-C, 5-C,
6-C, 7-B, 8-C, 9-B, 10-C,




11-C, 12-B, 13-B, 14-C, 15-C,
16-C, 17-C, 18-C, 19-C, 20-B

2.21.3 Short Answer / Viva Questions (10 Questions)

1. Define a sensor and give two examples.

2. Differentiate between analog and digital sensors.

3. Explain the working principle of a PIR sensor.

4. Why is LDR called a passive sensor?

5. Explain how an ultrasonic sensor measures distance.

6. Why are voltage and current sensors important in electrical systems?

7. What is the function of a motor driver?

8. Explain the role of a relay in automation circuits.

9. Why is electrical isolation necessary in loT circuits?

10. State any four criteria for selecting a suitable sensor or actuator.
© Examiner’s Note for Students

If you can clearly define terms, justify your component choice, and explain safety considerations, you
are already scoring above average in diploma exams.

This Mastery Check ensures:
e Strong vocabulary for theory & viva
e Confidence in MCQs and short answers

e Readiness for practicals and mini-projects

1.22 DIGITAL RESOURCE LIBRARY — UNIT 2: SENSORS &
ACTUATORS

2.22.1 Al Tools & Digital Learning Tools
(Recommended: 3-5 tools with clear purpose and learning value)
1. Al Learning Assistant (ChatGPT / Gemini-type tools)
e Purpose / Use-case: Concept explanation, doubt clearing, summaries, viva practice
e How it helps this unit:
o Explains sensor working principles in simple words
o Generates step-by-step interfacing logic
o Helps revise definitions, comparisons, and exam answers

2. Arduino Circuit Simulator (e.g., Virtual Arduino / Online Circuit Simulators)




e Purpose / Use-case: Virtual circuit building and testing

e How it helps this unit:

o Simulates sensor and actuator interfacing without hardware

o Helps understand signal flow, pin connections, and logic

o Reduces fear of damaging real components

3. Interactive Electronics Visualizers

e Purpose / Use-case: Visualization of signals, waveforms, and control logic

e How it helps this unit:

o Visualizes analog vs digital signals

o Shows PWM behavior for motors and LEDs

o Helps slow learners “see” what is happening inside the circuit

4. Virtual Lab Platforms (Government / Academic)

e Purpose / Use-case: Structured experiments and guided simulations

e How it helps this unit:

o Reinforces practical concepts like sensing, actuation, and safety

o Helps students revise experiments before lab exams

o Encourages self-paced learning

5. Concept Mapping & Diagram Tools

e Purpose [/ Use-case: Creating block diagrams and flowcharts

e How it helps this unit:

o Helps students draw clean diagrams for exams

o Clarifies relationship between sensors, controller, and actuators

o Useful for mini-project planning

2.22.2 Video Learning Repository

(Reliable, diploma-friendly, exam-oriented resources)

Topic Name

Recommended Channel /
Course / Lecturer Name

Search Keywords

Introduction to Sensors &
Actuators

NPTEL — Basic Electrical /
Electronics Courses

“NPTEL sensors and actuators
introduction”

Analog vs Digital Sensors

Engineering Explained / Basic
Electronics Channels

“analog vs digital sensors
explained for beginners”




PIR Sensor — Working &
Applications

Electronics Hub / Engineering
Made Easy

“PIR sensor working principle
animation”

LDR - Light Sensor

Basic Electronics / Polytechnic
Channels

“LDR working and applications
diploma”

Ultrasonic Sensor —
Distance Measurement

NPTEL / Arduino Basics Lectures

“ultrasonic sensor distance
measurement explained”

Temperature & Humidity
Sensors

SWAYAM / NPTEL Electronics

“temperature humidity sensor
working DHT”

Voltage & Current Sensors

Electrical Measurement
Lectures (NPTEL)

“AC voltage current sensor
working”

DC Motor & Motor Drivers

Polytechnic Electrical Channels

“DC motor speed control with
driver explanation”

Stepper & Servo Motors

NPTEL Mechatronics / Robotics
Basics

“stepper motor vs servo motor
working”

Relay & Electrical Safety

Industrial Electrical Training
Channels

“relay working and electrical
safety basics”

Sensor Selection & Safety

Engineering Design Basics

“how to select sensors and
actuators engineering”

B Tip for Students:

Always include words like “working principle”, “diploma”, or “basic explanation” in search

keywords for best results.

© How Students Should Use This Resource Library

4 Educator & Mentor Note

B Before class: Watch one short video to get familiar

Before lab: Use simulator or virtual lab to avoid mistakes
> Before exams: Use Al assistant for quick revision & viva prep

*s For projects: Use diagram tools + Al prompts for planning

“Good engineers don’t just read books — they visualize, simulate, and question.”

This Digital Resource Library ensures that:

e Slow learners get visual clarity

e Average learners get confidence

e Fast learners get design thinking skills




1.23 @ PREDICTED QUESTION BANK — UNIT 2: SENSORS &
ACTUATORS
2.23.1 Most Repeated / High-Probability Questions

These questions are frequently asked in some form (directly or indirectly) and are very likely to
appear in theory exams.

A. Very Short / Definition-Type Questions (1-2 Marks)
1. Define a sensor with one example.
2. Define an actuator.
3. Whatis an analog sensor?
4. What is a digital sensor?
5. What is PWM? State its use.
6. Define electrical isolation.
7. What is the function of a relay?
8. What is meant by calibration of a sensor?
B. Short Answer Questions (3—4 Marks)
(High probability for pass-level questions)
9. Differentiate between analog and digital sensors.
10. Explain the working principle of a PIR sensor.
11. Explain the working of an LDR with a neat diagram.
12. Explain the working principle of an ultrasonic sensor.
13. Explain temperature and humidity sensing using DHT sensor.
14. Explain the working principle of a voltage sensor.
15. Explain the working of a current sensor.
16. Explain the use of potentiometer as an input device.
17. Explain the working of a relay module.
18. State any four applications of sensors and actuators.
C. Descriptive / Long Answer Questions (6—8 Marks)
(Very high probability — often repeated with minor variation)
19. Explain classification of sensors with suitable examples.
20. Explain working principle and applications of ultrasonic sensor with diagram.

21. Explain working of temperature and humidity sensor and its applications.




22.

23.

24.

25.

26.

27.

Explain voltage and current measurement in electrical systems using sensors.

Explain DC motor speed control using driver circuit.

Explain stepper motor with its advantages and applications.

Explain relay module and its role in controlling AC loads.

Explain practical interfacing methods of sensors and actuators with safety considerations.

Explain criteria for selecting sensors and actuators for electrical applications.

@ Exam Tip:
Questions 19, 20, 22, 26, and 27 are most scoring when written with neat diagrams and points.

2.23.2 Application & Logical Thinking Questions (5 Questions)

(For higher marks & distinction — analyze, apply, justify)

1.

An automatic lighting system is required to save energy.
Explain which sensors and actuators would be used, their role, and how the system works
logically.

A system must measure electrical parameters safely without damaging control circuitry.
Justify the selection of suitable sensors and explain safety considerations.

A motor must rotate at variable speed while handling higher current than a controller pin
can supply.
Explain how this problem is solved using proper interfacing.

An agricultural irrigation system must operate automatically based on soil condition.
Explain sensor selection, actuator selection, and working logic of the system.

In an loT-based electrical system, wrong component selection caused frequent failures.
Analyze the possible reasons and explain how correct selection criteria prevent such issues.

@© Examiner’s Strategy Insight (Very Important)

¢ Pass level:

Clear definitions + basic working principle

¢ Good score:
Working + diagram + applications

¢ Distinction:

Selection logic + safety + real-world justification




1.1 Topic-wise Detailed Study Plan (Well-Structured Format)-UNIT-03

A. Hardware Platforms for Arduino Programming

Sr. | Topic (As per Topic Type Suggested | Key Learning Exam Practical
No. | Syllabus) Hours Focus Importance | Relevance
1 Types of Supporting 0.5 Awareness of Low Medium
Arduino Boards Arduino
(Overview) ecosystem
2 Arduino UNO Core 1.0 ATmega328P, High High
R3 - clock, memory
Architecture
3 Arduino UNO Core 1.0 Digital, Analog, | High Very High
Pin Diagram & PWM, Power
Function of Each pins
Pin
4 Interfacing Supporting 0.5 USB, driver, Medium High
Arduino with PC port selection
5 ESP32 Board — Application- | 0.5 Advanced loT Medium High
Features & Oriented capability
Built-in Wi-
Fi/Bluetooth
6 Comparison: Application- | 0.5 Selection Medium Medium
Arduino UNO vs | Oriented based on
ESP32 application
B. Arduino Software & Programming Fundamentals
Sr. Topic Topic Type | Hours | Key Learning Exam Practical
No. Focus Importance Relevance
7 Arduino IDE - Core 0.5 IDE, board & Medium Very High
Installation & port selection
Setup
8 Arduino Sketch Core 0.5 setup(), loop() | High Very High
Structure
9 Compiling & Supporting | 0.25 Error-free Medium High
Uploading upload
Programs

C. Programming Logic & Syntax (Foundation of Coding)




Sr. Topic Topic Hours | Key Learning | Exam Practical

No. Type Focus Importance Relevance

10 Data Types & Core 0.5 int, float, High High
Constants char, const

11 Operators (Arithmetic, | Core 0.5 Decision High High
Relational, Logical) making

12 Control Statements - | Core 0.75 Program flow | Very High Very High
if-else, switch control

13 Loops — for, while, do- | Core 0.75 Repetition Very High Very High
while logic

D. Functions & Arduino Libraries

Sr. Topic Topic | Hours | Key Learning Exam Practical
No. Type Focus Importance Relevance
14 Built-in & User-Defined | Core 0.5 Modular High High
Functions programming
15 Digital I/O Functions Core 0.5 Sensor & Very High Very High
(pinMode, digitalRead, actuator control
digitalWrite)
16 Analog & PWM Core 0.5 Variable control | Very High Very High

Functions (analogRead,
analogWrite)

17 Serial Functions Core 0.5 Debugging & High Very High
(Serial.begin, print, monitoring
read)

1.2 Lecture Title: Types of Arduino Boards (Overview)

1. Hook / Introduction (= 5 minutes)

Let me start with a simple question:
Have you ever wondered how automatic street lights, smart fans, or loT-based energy meters
actually “think” and take decisions?

Behind many such systems, there is a small electronic board acting like a brain—and very often, that
brain is an Arduino board.

Just like we choose different tools for different jobs (a tester for voltage, a clamp meter for current),
engineers choose different Arduino boards based on application needs. Today, we will get a bird’s-
eye view of various Arduino boards, so that later, when you design projects, you know which board
to pick and why.

2. Core Concepts (= 40 minutes)




2.2.1 What is an Arduino Board?

Arduino is an open-source microcontroller development platform.

Each Arduino board contains:
e A microcontroller (the brain)
e Input pins (to read sensors)
e Output pins (to control actuators)
e Power supply section
e USB interface for programming

Analogy:

Think of Arduino as a ready-made electronic control panel where you only need to connect sensors,

write a program, and run the system.
Why Are There Different Arduino Boards?
Different applications need:

e Different speed

e Different number of pins

e Different memory

e Wired or wireless communication
So Arduino comes in multiple variants.
2.2.2 Major Types of Arduino Boards (Overview)
1. Arduino UNO

e Most popular and beginner-friendly

e Based on ATmega328P

e 14 Digital I/O pins, 6 Analog pins

e Used for learning, labs, basic automation
& This is the board you will mostly use in diploma practicals.
2. Arduino Nano

e Same controller as UNO but smaller in size

e Breadboard-friendly

e Used in compact projects

Same power, smaller body—like a compact car.
3. Arduino Mega

e Based on ATmega2560




e More pins, more memory
e Suitable for large projects like robotics panels
When UNO feels “crowded”, Mega gives more space.
4. Arduino Due
e Uses ARM Cortex-M processor
e Faster than UNO/Mega
e Operates at 3.3V
e Used in high-speed applications
. Not beginner-friendly, but powerful.
5. Arduino Leonardo
e Can act as keyboard or mouse
e Useful in USB-based control systems
6. ESP8266 / ESP32 (Arduino-Compatible Boards)
e  Built-in Wi-Fi (ESP8266)
e  Wi-Fi + Bluetooth (ESP32)
e Used for loT applications
e Faster and smarter than UNO
& ESP32 is very important for modern loT projects.
Visuals to Draw / Show

1. Block diagram of Arduino board
(Microcontroller, 1/0 pins, USB, power)

2. Size comparison sketch: UNO vs Nano vs Mega
3. Table comparison: Pins, speed, application
3. Real-World / Industry Applications (= 10 minutes)
e Arduino UNO -> Lab trainers, smart lighting, motor control
e Arduino Nano - Wearable devices, compact controllers
e Arduino Mega - Industrial automation panels, robotics
e ESP32 - Smart meters, home automation, loT dashboards

In industries, engineers first select the board, then design the system.
Wrong board selection = higher cost or system failure.

4. Summary & Q&A (= 5 minutes)




Key Takeaways
e Arduino boards are microcontroller platforms
o Different boards exist for different needs
e UNO is best for learning and fundamentals
e ESP32is best for IoT and smart systems
Common Student Doubts
e “Sir, which board should | buy?” = Start with Arduino UNO
o “Is ESP32 better than UNO?” - Yes, but learn basics first
Mentorship Note (Career Tip)
Understanding Arduino board types helps you:
e Choose the right hardware for projects
e Perform better in interviews and competitions

e Transition smoothly to 10T, PLC, and embedded systems

Good engineers don’t just code well—they choose hardware wisely.

1.3 Lecture Title: Arduino UNO R3 — Architecture

1. Hook / Introduction (= 5 minutes)
Good morning students!

Last lecture, we learned that Arduino UNO is the most commonly used board in learning and
projects.
Now let me ask you something important:

If Arduino UNO is the “brain” of an loT system, do you know what parts make this brain work?
Just like the human body has heart, brain, nerves, and power (food), Arduino UNO also has:

e A main processor

e Memory

e Input—output pins

e Power supply section

e Communication interface

Today, we will open the Arduino UNO R3 from inside (conceptually) and understand its
architecture—this is the foundation for coding, troubleshooting, and project design.

2. Core Concepts (= 40 minutes)

2.3.1 What Do We Mean by “Architecture”?




Architecture means the internal structure and organization of Arduino UNO:

¢  Which components are present

e How they are connected

e What role each part plays

Without understanding architecture, programming becomes blind trial-and-error.
Main Controller of Arduino UNO R3

e Arduino UNO R3 is based on ATmega328P microcontroller

e This is the heart and brain of the board

Key features of ATmega328P:

e  8-bit microcontroller

Clock speed: 16 MHz

Flash Memory: 32 KB (stores program)

SRAM: 2 KB (temporary data)

EEPROM: 1 KB (permanent data storage)

@ Fun Fact: Even with such small memory, Arduino can control motors, sensors, and loT systems!

Block diagram of Arduino UNO:

Power Supply Clock & Oscillator: USB Connector J

polagcRegiNator Flash Memory EEPROM

Digital 1/0 Pins
(00 - D13) ATmega328P USB-to-Serial

Microcontroller Converter

(ATmega16U2)
PWM Outputs SPI / 12C
Interface

RESET Circuit

Arduino UNO Block Diagram

Block Diagram Explanation (Important for Exams)

Analog Input Pins
(AO - A5)

Visual to draw:
A rectangular block labeled Arduino UNO, inside which show:

1. Microcontroller (ATmega328P) — center block

2. Digital /O Ports — connected to microcontroller




w

Analog Input Section (ADC)
4. Clock Oscillator (16 MHz crystal)
5. USB-to-Serial Converter (ATmegal6U2)
6. Power Supply Section
Clock Oscillator
e Arduino UNO uses a 16 MHz crystal oscillator

e It decides how fast instructions are executed

Analogy:
Clock is like the heartbeat of Arduino. Faster clock = faster processing.

Power Supply Section
Arduino UNO can be powered by:
e USB cable (5V)
e External adapter (7-12V)
e Vinpin
Power regulation circuit ensures safe voltage for components.
. Improper voltage can damage the board—very important in labs.
USB to Serial Communication
e Arduino UNO uses ATmegal6U2
e Converts USB data from PC into serial data for ATmega328P
e Helpsin:
o Program uploading
o Serial monitoring
& Without this, Arduino cannot talk to your computer.
Input/Output Architecture
o Digital I/0 pins connected to PORT registers
e Analog pins connected to ADC inside microcontroller

e PWM pins controlled using timers

This is why coding functions like digitalWrite() and analogRead() work.

Reset Circuit
e Reset button restarts program execution

e Useful during testing and debugging




3. Real-World / Industry Applications (= 10 minutes)
Understanding Arduino UNO architecture helps engineers:
e Diagnose why a program is not uploading
e Select correct power source
¢ Interface high-current devices safely
e Design custom controller boards in industry
Example uses:
e Control panels
e Energy monitoring systems
e Educational trainers
e Automation prototypes
4. Summary & Q&A (= 5 minutes)
Key Takeaways
e Arduino UNO R3 uses ATmega328P
e Architecture includes processor, memory, power, clock, and I/O
e USB-to-Serial converter enables PC communication
e Architecture knowledge improves coding confidence
Common Student Questions
e “Sir, why program doesn’t upload?” - USB/bootloader issue
e “Why Arduino resets?” - Power or reset pin problem
Mentorship Note (Career Tip)
If you understand Arduino UNO architecture:
e You can debug faster
e You can move easily to ESP32, PLC, or embedded systems

e You gain confidence in interviews and project reviews

Great engineers don’t just write code—they understand the hardware beneath it.
1.4 Lecture Title: Arduino UNO Pin Diagram & Function of Each Pin
1. Hook / Introduction (= 5 minutes)
Good morning students!

Let me ask you a practical question:
Have you ever written a correct Arduino program, uploaded it successfully, but the LED still
didn’t glow?




Most of the time, the problem is not in the code—it is in the pin connection.

Just like a wrong wire connection in a control panel can cause a fault, using the wrong Arduino pin
can make a perfect program useless.

That’s why today’s topic—Arduino UNO Pin Diagram and Function of Each Pin—is one of the most
important foundations for your practical exams, projects, and future industry work.

2. Core Concepts (= 40 minutes)

2.4.1 Overview of Arduino UNO Pin Layout

Voltage 16MHz ATmegalbu2
regulator  crystal microcontroller IC/USB controller
7 to 12VDC input
2.1mm x 5.5mm USBE-B port
Male center positive to computer
-~ TEY
‘Q ' Reset button
— l L
[ B |
i BT ICSP for
YR & & USB interface
T

(12C) SCL - Serial clock
(12C) SDA - Serial data

Pin-13 LED

Not connected

1/0 Reference voltage (SPI) SCK - Serial clock

(SPI) MISO - Master-in, slave-out

R XY :
sle XL -

Reset

POV ARER ; (SP1) MOSI - Master-out, slave-in
-3V Outpu =] (SP1) SS - Slave select
5V Output c
Ground H
Ground & g

Note: Pins denoted with "~

Input voltage + i i P - a 7 are PWM supported
»
" i 8 - 6

Analog pin 0 » ~5
Analog pin 1 : 4
Analeg pin 2 ; -3 Interrupt 1
Analog pin 3 t 2 Interrupt 2

(12C) SDA <ol XD

(I12C) scL w9 RXD

ATmega328
microcontroller IC RESET
1CSP for SCK
ATmega328 MISO

Arduino UNO has three main pin sections:
1. Digital Pins
2. Analog Pins

3. Power & Special Pins

Visual to Draw on Board:
A rectangular Arduino UNO diagram showing:

e Digital pins (0—13) on top
e Analog pins (AO—A5) at bottom

e Power pins on side




1. Digital Input/Output Pins (0-13)
e Total 14 digital pins
e Can work as INPUT or OUTPUT
e Operate at 5V logic

Important digital pins:

e Pin 13 - Connected to onboard LED
(used for testing programs)

e Pins 0 (RX) & 1 (TX) - Serial communication
# Tip: Avoid using pins 0 and 1 while using Serial Monitor.
PWM Pins (Pulse Width Modulation)
e Pins:3,5,6,9,10,11
e Used to control:
o LED brightness

o Motor speed

Analogy:
PWM is like controlling fan speed using a dimmer instead of ON/OFF switch.

2. Analog Input Pins (A0-AS5)
e Used to read analog sensor values
e Connected to ADC (Analog to Digital Converter)
e Input voltage range: 0-5V
e Resolution: 10-bit (0-1023)

Typical sensors:
e |DR
e Temperature sensor
e Potentiometer
e Voltage sensor (with proper scaling)

@ Fun Fact: Arduino converts continuous voltage into digital numbers!

3. Power Pins

Pin | Function

5V Regulated 5V output
3.3V | Low-power sensor supply
GND | Ground (reference point)

Vin External power input




. Important Safety Note:
Wrong power connection can permanently damage Arduino.

4. Communication Pins
Serial Communication
e Pin 0 (RX) — Receive
e Pin 1 (TX) - Transmit
12C Communication
e A4 (SDA)-Data
e A5 (SCL) —Clock
Used for:
e LCD(I20C)
e RTC modules
e Sensors like MPU6050
5. SPI Communication Pins
e Pin10-SS
e Pin11-MOSI
e Pin12-MISO
e Pin13-SCK
Used for:
e SDcard
e High-speed modules
6. Reset Pin
e Resets Arduino program
e Same function as reset button
3. Real-World / Industry Applications (= 10 minutes)
e Digital pins - Relay control, ON/OFF loads
e PWM pins - Motor speed control, dimming lights
e Analog pins - Sensor monitoring (current, voltage)
e 12C pins - Compact wiring in control panels
e SPI pins - Data logging systems

In industry, engineers select pins carefully to:




e Reduce wiring
e Improve reliability
¢ Avoid communication conflicts
4. Summary & Q&A (= 5 minutes)
Key Takeaways
e Arduino UNO has digital, analog, power, and communication pins
e PWM pins are used for variable control
e Analog pins convert voltage into digital data
e Correct pin usage = successful project
Common Student Doubts
e “Can analog pins work as digital?” - Yes
o “Why serial monitor not working?” = Pins 0 & 1 conflict
Mentorship Note (Career Tip)
Mastering Arduino pin functions helps you:
e Avoid costly mistakes in labs
e Debug hardware faster than others

e Transition smoothly to PLC wiring, embedded systems, and loT hardware

Engineers who understand pins clearly are trusted with real industrial panels.

1.5 Lecture Title: Interfacing Arduino with PC

1. Hook / Introduction (= 5 minutes)
Good morning students!

Let me ask you a simple but powerful question:
Can Arduino work alone without a computer?

The answer is NO—at least not at the beginning.
Before Arduino can control motors or read sensors, it must learn instructions, and that learning
happens through a PC connection.

Today’s topic, Interfacing Arduino with PC, is like introducing a student to a teacher. Without this
connection, no program, no output, no project.

2. Core Concepts (= 40 minutes)
2.5.1 How to Interface Arduino with a PC?
We interface Arduino with PC to:

e Upload programs (sketches)




e Monitor output using Serial Monitor

e Debugerrors

e Provide power (via USB)

Think of the PC as a control room and Arduino as a field device.

Hardware Required

e Arduino UNO board
e USB cable (Type-A to Type-B)
e PC/Laptop

& Visual to draw:
PC - USB Cable - Arduino UNO

Role of USB Interface

Arduino UNO has a USB-to-Serial converter (ATmegal6U2).
It converts:

e USB signals from PC = Serial signals for microcontroller
This allows:

e Program upload

e Serial communication
Software Side — Arduino IDE
Steps involved:

1. Install Arduino IDE
2. Connect Arduino via USB

3. Select Board - Arduino UNO




4. Select Port (COM port)
5. Write code
6. Click Upload
. If board or port is wrong = program will not upload.
Drivers & COM Port
e When Arduino is connected, PC assigns a COM port

e This acts like an address for communication

& Common student issue:
“Sir, COM port not showing” = Driver or cable issue.

Serial Communication
Using:
Serial.begin(9600);
Serial.print("Hello");
This allows:
e Viewing sensor values
e Debugging logic errors
Serial Monitor is like an ECG machine for Arduino—shows internal activity.
Power Through USB
e USB provides 5V power
o Useful for low-power experiments
. Do not connect high-current devices directly while on USB power.
3. Real-World / Industry Applications (= 10 minutes)
e Industrial controllers programmed via USB
e PLCsalso require PC interfacing for ladder logic
e Firmware updates in smart meters
o Debugging embedded systems during testing
4. Summary & Q&A (= 5 minutes)
Key Takeaways
e PC-Arduino interface is essential for programming
e USB cable enables power + data transfer

e Correct board & port selection is critical




e Serial Monitor helps debugging
Common Doubts
e  “Upload error?” - Check cable, board, port
e “Serial not working?” - Baud rate mismatch
Mentorship Note
Understanding PC—Arduino interfacing prepares you for:
e Embedded system debugging
e PLC programming tools

e Firmware-based jobs

Engineers who debug well are valued more than those who just write code.

1.6 Lecture Title: ESP32 Board — Features & Built-in Wi-Fi/Bluetooth

1. Hook / Introduction (= 5 minutes)
Students, imagine this scenario:

You build a system that measures voltage, but your teacher wants to see the reading on a mobile
phone.
Can Arduino UNO do that alone?

No—but ESP32 can.

ESP32 is not just a microcontroller—it is a smart loT controller. Today we will explore ESP32 features
and its built-in Wi-Fi & Bluetooth, which are essential for modern electrical and loT systems.

2. Core Concepts (= 40 minutes)
2.6.1 What is ESP32?
ESP32 is a powerful microcontroller board developed by Espressif, widely used in loT applications.
Key highlights:
e Dual-core processor
e  Built-in Wi-Fi
e Built-in Bluetooth
e Low power consumption
ESP32 is like upgrading from a basic phone to a smartphone.

ESP32 vs Arduino UNO (Quick View)

Feature Arduino UNO | ESP32

Processor 8-bit 32-bit

Clock Speed 16 MHz Up to 240 MHz




Wi-Fi X 2
Bluetooth X

Operating Voltage | 5V 3.3V

@ Important: ESP32 uses 3.3V logic, not 5V.
Built-in Wi-Fi
ESP32 can:
e Connect to home/office Wi-Fi
e Send data to cloud (ThingSpeak, Blynk)
e Control devices remotely
No external Wi-Fi module required.
Built-in Bluetooth
Bluetooth allows:
e Short-range communication
e Mobile app control
e Device-to-device data transfer
Used in:
e Smart locks
e Wearables
e  Wireless control panels
GPIO & Peripherals
ESP32 supports:
¢ Analog & digital pins
e PWM
e SPI, 12C, UART

e Touch sensors (in some variants)

@ Visual to draw:
ESP32 block diagram showing Wi-Fi & Bluetooth inside chip.
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1/0 Interfaces

Programming ESP32
e Can be programmed using Arduino IDE
e Similar coding style to Arduino UNO
Once you know Arduino, ESP32 becomes easy.
3. Real-World / Industry Applications (= 10 minutes)
e Smart energy meters
e Home automation
e EV charging stations
e Industrial loT monitoring
e Renewable energy dashboards
ESP32 is widely used in Industry 4.0 projects.
4. Summary & Q&A (= 5 minutes)
Key Takeaways
e ESP32 has built-in Wi-Fi & Bluetooth
e Faster and smarter than Arduino UNO
e Ideal for loT and remote monitoring
e Uses 3.3V logic
Common Doubts

e  “Can ESP32 replace Arduino UNO?” - Depends on application




e “Is ESP32 difficult?” = Not if Arduino basics are clear
Mentorship Note (Career Tip)
Mastering ESP32 opens doors to:

e |oT developer roles

e Smart grid & energy projects

e Industry 4.0 applications

Engineers who understand ESP32 are already one step into the future.

1.7 Lecture Title : Comparison — Arduino UNO vs ESP32

1. Hook / Introduction (= 5 minutes)
Good morning students!
Imagine you are designing:

e Automatic street light for a village

e Smart energy meter with mobile monitoring

Will you use the same controller for both?

Just like you wouldn’t use a bicycle on a highway, one microcontroller cannot fit all applications.
Today we compare Arduino UNO and ESP32, so you learn how engineers select the right controller
for the right job.

2. Core Concepts (= 40 minutes)
2.7.1 Comparison Arduino UNO vs ESP32

e Saves cost

e Improves performance

e Avoids redesign

Controller selection is a key engineering skill.

Basic Overview

Parameter Arduino UNO | ESP32

Microcontroller ATmega328P | Xtensa 32-bit

Architecture 8-bit 32-bit dual-core
Clock Speed 16 MHz Up to 240 MHz
Operating Voltage | 5V 3.3v

Digital I/O Pins 14 ~30+

Analog Inputs 6 12+




PWM Pins 6 Many

Wi-Fi X

Bluetooth X

Cost Low Medium

« Visual to Draw:

Side-by-side block diagram of Arduino UNO and ESP32.

Voltage  16MHz
regulator

ATmega16U2
microcontroller 1C/USB controller

7 to 12VDC input
2.1mm x 5.5mm USB-B port
Male center positive to computer

Reset button

1CSP for
USB interface

(12€) SCL ~ Serial clock
(12C) SDA - Serial data
Pin-13 LED

Not connected
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Reset

3.3V Output

5V Output

Ground

Ground

(SPI) SCK - Serial clock
(SPI) MISO - Master-in, slave-out
(SP1) MOSI - Master-out, slave-in
(SPI) SS - Slave select

Note: Pins denoted with *~"
Input voltage are PWM supported
Analog pin 0
Analog pin 1
Analog pin 2
Analog pin 3

(12¢) sDA
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Interrupt 1
Interrupt 2
™D
RXD

ATmega328
microcontroller IC RESET
scK

MISO

1CSP for
ATmega328

Programming & Software
e Both use Arduino IDE
e Syntax is almost similar
e ESP32 supports:
o Multitasking
o Advanced libraries
o Cloud connectivity
UNO is simple; ESP32 is powerful.
Power Consumption

e Arduino UNO - higher power, simple control

3V3

EN
GPIO 36
GPIO 39
GPIO 34
GPIO 35
GPIO 32
GPIO 33
GPIO 25
GPIO 26
GPIO 27
GPIO 14
GPIO 12

GND

T O S O U S U

B0C000CO00000000000000

e ESP32 - supports low-power modes, ideal for battery loT

Ease of Use
e Arduino UNO -> Best for beginners

e ESP32 - Best after learning basics
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GPIO 23
GPIO 22
GPIO 1
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GPIO 21
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GPIO 19
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GPIO 5
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@ Fun Fact: Many startups prototype on UNO and deploy on ESP32.
When to Use Which?
e Use Arduino UNO when:
o Learning basics
o Simple automation
o Lab experiments
e Use ESP32 when:
o Internet connectivity required
o Mobile app control
o Smart energy systems
3. Real-World / Industry Applications (= 10 minutes)
e Arduino UNO:
o Educational trainers
o Relay control panels

o Motor speed controllers

o Smart meters
o EV charging monitoring
o Solar plant dashboards
o Industry 4.0 systems
4. Summary & Q&A (= 5 minutes)
Key Takeaways
e UNO is simple and beginner-friendly
e ESP32is fast and loT-ready
e Selection depends on application, not popularity
Common Student Questions
e “Can ESP32 replace UNO?” - Not always
o “|s ESP32 harder?” - Only if basics are weak
Mentorship Note (Career Tip)
Knowing controller comparison helps in:

e Project reviews




e Industry interviews

e Smart system design
Engineers are judged by their choices, not just their code.

1.8 Lecture Title: Arduino IDE — Installation & Setup

1. Hook / Introduction (= 5 minutes)
Students, think of this situation:

You have the best Arduino board, correct wiring, and excitement—but no software.
Can hardware work without software?

Never.

Arduino IDE is the bridge between your idea and the hardware. Today we learn how to install and
set up Arduino IDE correctly, so your coding journey starts smoothly.

2. Core Concepts (= 40 minutes)
2.8.1 What is Arduino IDE?
Arduino IDE (Integrated Development Environment) is a:
e Software to write
e Compile
¢ Upload programs to Arduino/ESP32
@ Analogy: IDE is like Microsoft Word + Translator + Postman combined.
Installation Steps (Windows Focus)
1. Visit official Arduino website
2. Download IDE
3. Install with default settings

4, Launch IDE

Visual to Show:
Arduino IDE window with menu bar, editor, and buttons.
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Board Selection
e Goto Tools - Board
e Select:
o Arduino UNO
o ESP32 (after installing board package)
@ Wrong board = upload error.
Port Selection
e Connect board via USB
e Goto Tools - Port
e Select COM port
Port is the communication address.
Installing ESP32 Board Support
Steps:
1. Open Preferences
2. Add ESP32 board URL
3. Open Board Manager

4. Install ESP32 package

& Without this, ESP32 won’t appear.

Sketch Structure
void setup() {

// runs once




}
void loop() {

// runs repeatedly

}

This structure is common for UNO and ESP32.
First Test Program
e Open Examples - Blink
e Upload
e Observe LED blinking
This confirms correct installation.
Serial Monitor
e Used to display sensor data
e Baud rate must match code
3. Real-World / Industry Applications (= 10 minutes)
e Used for firmware development
e Debugging embedded systems
e Rapid prototyping in startups
e Training & skill development
4. Summary & Q&A (= 5 minutes)
Key Takeaways
e Arduino IDE is essential software
e Correct board & port selection is critical
e Blink program confirms setup success
Common Student Doubts
e  “Board not detected?” - Driver issue

e “Upload error?” - Wrong port or board

Mentorship Note (Career Tip)
Strong command over Arduino IDE helps you:

e Learn ESP32, STM32 easily

e Perform faster in labs




e Build confidence in interviews
A good engineer sets up tools correctly before solving problems
1.9 Lecture Title: Arduino Sketch Structure
1. Hook / Introduction (= 5 minutes)
Good morning students!

Let me ask you a simple question:
Can a building stand without a proper structure?

Similarly, no Arduino program can work without a proper sketch structure. Many beginners write
correct logic but place it in the wrong section—and the program fails.

Today, we will learn Arduino Sketch Structure, which is the grammar of Arduino programming. Once
you master this, writing programs becomes simple, organized, and error-free.

2. Core Concepts (= 40 minutes)

2.9.1 What is an Arduino Sketch?
e An Arduino program is called a sketch
e Written in C/C++-based language

e Saved with .ino extension

Think of a sketch as a set of instructions given to the Arduino brain.

Basic Structure of an Arduino Sketch
Every Arduino sketch has two compulsory functions:
void setup() {

// Initialization code
}
void loop() {

// Main program code
}

« Visual to Draw:
Flow diagram showing:
Start - setup() (once) = loop() (repeated)




loop() (repeated)

Repeats Continuously

setup() Function

e Runs only once

e Used for:

e Setting pin modes

e Initializing serial communication

e Setting initial conditions
Example:
void setup() {

pinMode(13, OUTPUT);

Serial.begin(9600);
}

setup() is like switching ON a machine and adjusting initial settings.

loop() Function

¢ Runs again and again

e Contains:

e Sensor reading

e Decision making

e Output control

Example:




void loop() {
digitalWrite(13, HIGH);
delay(1000);
digitalWrite(13, LOW);

delay(1000);

loop() is like continuous operation of a motor or conveyor belt.
Other Important Parts of a Sketch
1. Variable Declaration
e Usually written at the top
e Used to store values
int ledPin = 13;
2. Comments
¢ Used for explanation
e Improve readability
// This is a comment
@ Good comments = good engineer.
3. Functions
e Built-in or user-defined
e Make program modular
void ledOn() {
digitalWrite(13, HIGH);
}
4. Libraries
e Extend functionality
#include <DHT.h>
Common Mistakes by Students
e  Writing code outside setup() or loop()
e Forgetting semicolon
e Wrong brackets {}

3. Real-World / Industry Applications (= 10 minutes)




Used in all Arduino-based systems

Same structure used in:

PLC logic blocks

Embedded firmware

Helps in team-based development

4. Summary & Q&A (= 5 minutes)

Key Takeaways

Every sketch needs setup() and loop()
setup() runs once, loop() runs forever
Structure improves readability and debugging
Common Doubts

“Can loop() be empty?” - Yes, but useless
“Can we add more functions?” - Yes
Mentorship Note (Career Tip)
Understanding sketch structure helps you:
Write clean code

Debug faster

Move to advanced controllers easily

Well-structured code reflects a disciplined engineer.

1.10 Lecture Title : Compiling & Uploading Programs

1. Hook / Introduction (= 5 minutes)

Students, think about this:

You write a perfect answer in an exam, but forget to submit it.
What happens?

Zero marks.

Similarly, writing Arduino code is useless unless it is compiled and uploaded correctly. Today we learn

how your program travels from keyboard to microcontroller.

2. Core Concepts (= 40 minutes)

2.10.1 What is Compiling and downloading?

Converts code into machine language

Checks syntax errors




Generates HEX file
Compiler is like a translator.
What is Uploading?
Transfers compiled program to Arduino memory
Uses USB and bootloader
Steps for Compiling & Uploading
Write code
Click Verify (v') > Compile
Fix errors (if any)
Click Upload (=)

«# Visual to Draw:
PC - Compiler > USB = Arduino Memory

- A

PC Compiler USB Arduino Memory

Common Compilation Errors
Missing semicolon
Wrong variable name
Incorrect library
Red text = mistake to be corrected.
Upload Process Details
Arduino resets automatically
Bootloader receives code
Program stored in Flash memory

Typical Upload Errors & Solutions

Error Reason

Port not found Cable/driver




Board not detected Wrong board selected

Permission denied Port busy

Using Serial Monitor After Upload
e Helps verify output
e Confirms program execution

3. Real-World / Industry Applications (= 10 minutes)
e Firmware updates in devices
e Debugging embedded systems
e Software updates in automation

4. Summary & Q&A (= 5 minutes)

Key Takeaways
e Compiling checks errors
e Uploading transfers program
e Correct board & port are essential

Common Doubts
e “Upload stuck?” - Reset board
e “Program runs once?” = loop() logic

Mentorship Note (Career Tip)

Mastering compiling & uploading prepares you for:
e Embedded debugging
e Industrial firmware handling
e Professional development workflows

Engineers succeed not just by writing code, but by deploying it correctly

1.11 Lecture Title: Data Types & Constants
1. Hook / Introduction (= 5 minutes)
Good morning students!

Let me ask you something very practical:

If a voltage sensor gives you a value of 230.75 V, can you store it in the same way as ON/OFF
status?

The answer is NO—because different data needs different storage.




Just like we use different containers for oil, water, and gas, Arduino uses different data types to store
different kinds of information. Today we will understand Data Types and Constants, which are the
foundation of correct and efficient programming.

2. Core Concepts (= 40 minutes)
2.11.1 What is a Data Type?
A data type tells Arduino:

What kind of data to store

e How much memory to allocate

Wrong data type = wrong result.

e Stores whole numbers

e Range:-32,768 to +32,767

e Used for:

o Counting

o Digital sensor values
Example:

int count = 10;

e Stores decimal numbers
o Used for:
o Voltage
o Temperature
Example:
float voltage = 230.75;

¥ Fun Fact: Float calculations are slower but more accurate.

e Stores single character
e Stored in ASCIl format

Example:

char grade = 'A’;




e Stores true or false
e Used in conditions
Example:

bool motorStatus = true;

e Store only positive values
e Double the positive range
Example:
unsigned int speed = 60000;
2.11.2 What are Constants?
Constants are fixed values that do not change during program execution.
Declared using:
const int ledPin = 13;
Analogy: Constants are like rated values on electrical equipment.
Why Use Constants?
e Improves code readability
e Prevents accidental changes
e Easy modification
#define vs const
#define Pl 3.14
vs
const float Pl = 3.14;
¥ Preferred method: const (safer and structured)
Common Student Mistakes

e Using int for decimal values

Forgetting const keyword
e Using wrong variable size

3. Real-World / Industry Applications (= 10 minutes)

e int = Counter, timer values

float - Voltage, current, power

bool > Relay ON/OFF




e const - Pin numbers, fixed thresholds
Used extensively in:

e Energy meters

e Motor controllers

e |oT monitoring systems

4. Summary & Q&A (= 5 minutes)

Key Takeaways

e Data types define data storage

e Constants prevent unwanted changes

e Correct type improves accuracy

Common Doubts

e “Can int store decimals?” - No

e “Why const is important?” > Safety & clarity

Mentorship Note (Career Tip)

Strong understanding of data types helps you:

o Write efficient programs

e Avoid logical errors

e  Perform better in interviews

Good engineers respect data.

1.12 Lecture Title : Operators (Arithmetic, Relational, Logical)
1. Hook / Introduction (= 5 minutes)
Students, let me ask you this:

How does Arduino decide when to switch ON a motor or trigger an alarm?

The answer lies in operators. Operators allow Arduino to calculate, compare, and decide. Without
them, programs are just dead text.

2. Core Concepts (= 40 minutes)

2.12.1 What are Operators?
Operators perform operations on data.
Types:

1. Arithmetic

2. Relational




3. Logical

Used for calculations.

Operator Function

+ Addition

- Subtraction

* Multiplication

Division
% Modulus
Example:

int power = voltage * current;

# Used in energy calculations.

Used for comparison.

Operator Meaning

== Equal

I= Not equal

> Greater than

< Less than

>= Greater or equal

<= Less or equal
Example:

if (temperature > 50) {

digitalWrite(relay, HIGH);

}

Used to combine conditions.

Operator

Meaning

&&

AND

!

NOT




Example:
if (temp > 50 && current > 10) {
alarm = true;
}
Logical operators help in safety systems.
Operator Precedence
e Arithmetic - Relational - Logical
# Brackets () improve clarity.
Common Student Errors

e Using = instead of ==

Forgetting brackets

Incorrect logic combination

3. Real-World / Industry Applications (= 10 minutes)
e Overcurrent protection

e Temperature control

e Smartirrigation logic

e Energy monitoring

4. Summary & Q&A (= 5 minutes)

Key Takeaways

e Operators allow calculation and decision

e Relational operators compare values

e logical operators combine conditions

Common Doubts

o  “Difference between = and ==?" - Assignment vs comparison
e “Which operator for safety?” - Logical AND (&&)
Mentorship Note (Career Tip)

Operators form the thinking logic of machines.
Master them to:

o Design smarter systems
e Handle industrial safety logic

e Build reliable automation




Machines don’t think—your logic makes them intelligent.
1.13 Lecture Title: Control Statements — if-else, switch
1. Hook / Introduction (= 5 minutes)
Good morning students!

Let me start with a simple real-life question:
When do you switch ON a fan?

When temperature is high.
When do you switch it OFF?

When temperature is low.

This decision-making is exactly what control statements do in programming.

Without control statements, Arduino can only execute instructions blindly, like a machine without a
brain.
With if-else and switch, Arduino becomes intelligent—able to think, decide, and act.

2. Core Concepts (= 40 minutes)

2.13.1 What are Control Statements?
Control statements allow the program to:
e Make decisions

e Choose different paths of execution

They are the decision-makers of a program.

Used when a task must be done only if a condition is true.
Syntax
if (condition) {
// statements
}
Example
if (temperature > 40) {
digitalWrite(fan, HIGH);
}

Fan turns ON only if temperature exceeds 40°C.

Used when there are two possible outcomes.

Syntax




if (condition) {
// true block
telse {
// false block
}
Example
if (ldrvalue < 500) {
digitalWrite(light, HIGH);
telse {
digitalWrite(light, LOW);
}

Automatic street light system.

Used when there are multiple conditions.

Syntax

if (condition1) {

}

else if (condition2) {

}

else {

}

Example

if (temp < 25) {
mode = "LOW";

}

else if (temp < 40) {
mode = "MEDIUM";

}

else {

mode = "HIGH";

}




# Visual to Draw:
Flowchart showing decision boxes and branches.

Used when comparing one variable with many fixed values.
Syntax
switch(variable) {
case valuel:
break;
case value2:
break;
default:
}
Example
switch (button) {
case 1:
digitalWrite(led, HIGH);
break;
case 2:
digitalWrite(led, LOW);
break;
default:

digitalWrite(led, LOW);

Used in menu-based systems.

Difference: if-else vs switch

if-else switch

Flexible conditions Fixed values

Slower for many cases | Faster

Range checking Exact matching

Common Student Mistakes
e Using = instead of ==

e Forgetting break in switch




e  Wrong logic sequence
3. Real-World / Industry Applications (= 10 minutes)
if-else:
e Qver-temperature protection
e Motor ON/OFF logic
e Smartirrigation
switch:
o Mode selection
o Menu-based control
o Keypad systems
Used in:
e PLClogic
e Embedded controllers
e Safety interlocks
4. Summary & Q&A (= 5 minutes)
Key Takeaways
e Control statements enable decision-making
e if-else is best for ranges and conditions
e switch is best for fixed choices
e  Proper logic avoids system failure
Common Doubts
e “Which is better?” - Depends on application
e “Why break is needed?” - To stop fall-through
Mentorship Note (Career Tip)

Control statements form the thinking logic of machines.
If you master them, you can:

e Design safe automation systems
e Build smart loT applications

e Understand PLC ladder logic easily

An engineer’s value is measured by the quality of decisions their system makes.




1.14 Lecture Title: Loops — for, while, do-while

1. Hook / Introduction (= 5 minutes)
Good morning students!

Let me ask you something very simple:
If you want an LED to blink 100 times, will you write the same code 100 times?

Of course not. That would be slow, boring, and unprofessional.

This is where loops come into play. Loops allow Arduino to repeat tasks automatically, just like a motor
running continuously or a conveyor belt moving without stopping.

Without loops, automation is impossible.
2. Core Concepts (= 40 minutes)

2.14.1 What are Loops?

Loops are programming structures that:
e Repeat a set of instructions

e Continue execution based on conditions

Loops save time, memory, and effort.

Used when number of repetitions is known.
Syntax
for (initialization,; condition; increment) {
// code
}

Example

for(inti=0;i<5;i++){
digitalWrite(led, HIGH);
delay(500);
digitalWrite(led, LOW);

delay(500);

LED blinks 5 times.

+ Visual to Draw:
Flowchart showing initialization = condition - body = increment.




Initialization

- Yes
Condition? Body of the Loop

Nol
| Increment

B. while Loop
Used when repetition depends on a condition, not a fixed count.
Syntax
while (condition) {
// code
}
Example
while (temperature > 40) {
digitalWrite(fan, HIGH);
}

Fan remains ON while temperature is high.

1. Condition must become false, otherwise infinite loop occurs.
C. do-while Loop
Used when code must execute at least once, even if condition is false.
Syntax
do{
// code
} while (condition);
Example
do {
Serial.printin("Checking...");

} while (button == HIGH);




Runs once before checking condition.

Comparison of Loops

Condition check Before loop | Before loop After loop
Execution guarantee | Depends Depends At least once
Best used when Count known | Condition-based | First run mandatory

Common Student Mistakes
e Infinite loops due to wrong condition
e Forgetting increment/decrement
e Using wrong loop type
3. Real-World / Industry Applications (= 10 minutes)
e for loop:
o Blinking LEDs
o Stepper motor steps
o Timed operations
e while loop:
o Monitoring sensor limits
o Safety shutdown systems
e do-while loop:
o Menu display systems
o One-time sensor initialization
Used widely in:
e Automation controllers
e Embedded firmware
e PLClogic (scan cycles)
4. Summary & Q&A (= 5 minutes)
Key Takeaways
e Loops allow repetition
e forloop - fixed count

e while loop - condition-based




do-while - executes at least once
Common Student Doubts

“Which loop is best?” - Depends on task
“Why Arduino hangs?” = Infinite loop
Mentorship Note (Career Tip)

Loops form the backbone of automation.
If you master loops, you can:

Control motors precisely
Design real-time monitoring systems

Understand PLC scan cycles

Repetition with logic is what turns code into automation.

1.15 Lecture Title : Built-in & User-Defined Functions

1. Hook / Introduction (= 5 minutes)

Good morning students!

Let me ask you a question from daily life:

Do you cook the same dish by writing the full recipe every time?
No—you just follow a known method.

In programming, that “method” is called a function.

Functions help Arduino perform tasks efficiently, avoid repetition, and make programs clean and
professional. Today, we will understand built-in and user-defined functions, which are essential for

large programs and real projects.

2. Core Concepts (= 40 minutes)

2.15.1 What is a Function?

A function is a block of code designed to perform a specific task.

Functions reduce complexity and increase readability.

Types of Functions in Arduino

1.Built-in Functions

2.User-Defined Functions

A. Built-in Functions

These are pre-written functions provided by Arduino.

Examples

digitalWrite()

digitalRead()




e analogRead()
e delay()
e Serial.print()

Example:

digitalWrite(13, HIGH);

Built-in functions save time and reduce errors.
Why Built-in Functions are Important

e Hardware abstraction
e FEasyto use

e Reliable and tested

¥ Fun Fact: Arduino hides complex register-level code inside these functions.
B. User-Defined Functions
Functions written by the programmer.
Why Use User-Defined Functions?
e Code reuse
e Easier debugging
e Better organization
Syntax of User-Defined Function
returnType functionName(parameters) {
// code
}

Example:
void motorON() {
digitalWrite(motorPin, HIGH);

}

Call the function:

motorON();
Think of functions as separate workers doing specific jobs.
Function with Parameters

void setLED(int pin, int state) {

digitalWrite(pin, state);




}

Function with Return Value
int add(int a, int b) {
returna+ b;

}

Common Student Mistakes
e Forgetting function prototype
o  Wrong return type
e Not calling the function
3. Real-World / Industry Applications (= 10 minutes)
e Motor control routines
e Sensor reading functions
e Safety shutdown modules
e PLC function blocks
Functions are heavily used in:
e Embedded firmware
e Industrial automation
e Modular software design
4. Summary & Q&A (= 5 minutes)
Key Takeaways

e Functions perform specific tasks

Built-in functions simplify coding

e User-defined functions improve structure
Common Doubts

e “Can function be inside loop?” - No

e “Can function call another function?” - Yes
Mentorship Note (Career Tip)
Mastering functions helps you:

o  Write professional-level code

e Handle large projects

e Move smoothly to PLC and embedded systems




Clean code reflects a disciplined engineer.

1.16 Lecture Title : Digital I/O Functions (pinMode, digitalRead,
digitalWrite)

1. Hook / Introduction (= 5 minutes)

Students, let me ask you something practical:

How does Arduino know whether a pin is used for input or output?

The answer lies in digital 1/0 functions. These three functions—
pinMode(), digitalRead(), and digitalWrite()—form the foundation of all hardware control.

If you master these, you can control LEDs, relays, motors, and switches confidently.
2. Core Concepts (= 40 minutes)
2.16.1 What is Digital I/O Functions?
Digital I/0 works with two states only:
o HIGH(1/5V)
o« LOW(0/0V)
A. pinMode()
Used to define pin direction.
Syntax

pinMode(pin, mode);

Modes:
e INPUT
e OUTPUT

e INPUT_PULLUP
Example:
pinMode(13, OUTPUT);
Without pinMode(), Arduino gets confused.
B. digitalWrite()
Used to send HIGH or LOW to a pin.
Syntax
digitalWrite(pin, value);
Example:
digitalWrite(13, HIGH);

Controls LEDs, relays, and buzzers.




C. digitalRead()
Used to read input state.
Syntax
int value = digitalRead(pin);
Example:
if (digitalRead(buttonPin) == HIGH) {
digitalWrite(ledPin, HIGH);
}
Used in switches and sensors.
INPUT_PULLUP Mode
e Uses internal resistor
e Button logic is inverted
¢ Very useful for clean wiring.
Visuals to Draw
1. LED connected to digital pin with resistor
2. Push button using INPUT_PULLUP
Common Student Mistakes
e  Forgetting resistor for LED
e Wrong pin number
e Confusing HIGH/LOW logic
3. Real-World / Industry Applications (= 10 minutes)
e Relay control for AC loads
e Switch-based control panels
e Safety interlocks
e Status indication LEDs
Used in:
e Home automation
e Industrial control systems
e Smartirrigation
4. Summary & Q&A (= 5 minutes)

Key Takeaways




e pinMode() defines pin direction
e digitalWrite() controls output
e digitalRead() reads input
Common Doubts
e “Why INPUT_PULLUP?” - Noise reduction
e “Can we skip pinMode?” - No
Mentorship Note (Career Tip)
Digital /O mastery is essential for:
e  Panel wiring logic
e PLC ladder understanding

¢ Embedded hardware debugging

If you can control one pin confidently, you can control an entire system.

1.17 Lecture Title: Analog & PWM Functions (analogRead, analogWrite)

1. Hook / Introduction (= 5 minutes)
Good morning students!

Let me ask you something practical:
Can a fan run only in ON or OFF condition?
Of course not—it needs speed control.

Similarly, many sensors do not give just ON/OFF signals; they give continuous values. To handle such
real-world signals, Arduino uses analogRead() and analogWrite().

Today, we will learn how Arduino reads analog signals and controls outputs smoothly using PWM.
2. Core Concepts (= 40 minutes)
2.17.1 Understanding Analog Signals
Analog signals:

e Vary continuously

e Example: temperature, light, voltage
Arduino UNO operates digitally, so it uses:

e ADC (Analog to Digital Converter)

e PWM (Pulse Width Modulation)
A. analogRead() Function
Purpose

e Reads voltage from analog pins (AO—-A5)




e Converts voltage into digital value
Syntax
int value = analogRead(A0);
Working Principle
e Input range: 0-5V
e Resolution: 10-bit
e Qutput range: 0-1023
oV -0, 5v- 1023
Example
int sensorValue = analogRead(A0);
Serial.printin(sensorValue);

+ Visual to Draw:
Graph showing voltage vs digital value.

Voltage vs. Digital Value
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Applications of analogRead()
e Reading LDR
e Potentiometer
e Voltage sensor (with scaling)
e Temperature sensor
B. analogWrite() Function (PWM)
Important Concept

Arduino UNO does not generate true analog output.
Instead, it uses PWM.

PWM is like rapidly switching ON and OFF to control average voltage.




Syntax
analogWrite(pin, value);
e Pin: PWM pin (3,5,6,9,10,11)
e Value range: 0-255
Example
analogWrite(9, 128); // 50% duty cycle
Controls LED brightness or motor speed.
PWM Duty Cycle
e 0-> OFF
e 255- FULLON

e Middle values = partial ON

+ Visual to Draw:
PWM waveform showing duty cycle variation.

PWM Waveform - Duty Cycle Variation
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Common Student Mistakes
e Using non-PWM pins
e Confusing analogRead with analogWrite
e Expecting true analog output
3. Real-World / Industry Applications (= 10 minutes)

e Motor speed control




e Light dimming
e Fan regulators
e Energy-efficient control systems
Used in:
e Automation
e Smart appliances
e Renewable energy controllers
4. Summary & Q&A (= 5 minutes)
Key Takeaways
e analogRead reads sensor values
e analogWrite uses PWM
e ADC resolution is 10-bit
e PWM range is 0-255
Common Doubts
o “Why PWM pins only?” = Hardware limitation
e “Is PWM analog?” - No, but behaves like it
Mentorship Note (Career Tip)
Understanding analog & PWM control helps you:
e Design smooth control systems
e Work with real-world signals
e Move towards power electronics & automation
Control of variables is the key to intelligent engineering.
1.18 Lecture Title: Serial Functions (Serial.begin, Serial.print, Serial.read)
1. Hook / Introduction (= 5 minutes)
Students, imagine this situation:

Your Arduino is working, but you cannot see what it is doing inside.
How will you debug?

Serial communication is your window into Arduino’s brain.

Today we will learn Serial.begin(), Serial.print(), and Serial.read(), which allow Arduino to talk to your
computer and other devices.

2. Core Concepts (= 40 minutes)

2.18.1 What is Serial Communication?




e Data transfer one bit at a time

e Uses TX(Pin 1) and RX (Pin 0)

Like sending messages letter by letter.
A. Serial.begin()
Purpose
e Initializes serial communication
Syntax
Serial.begin(9600);
¥ 9600 is baud rate (speed of communication).
Why Baud Rate Must Match
e PCand Arduino must use same speed
e Mismatch - garbage data
B. Serial.print() & Serial.printin()
Purpose
e Displays data on Serial Monitor
Syntax
Serial.print(value);
Serial.printin(value);
Difference:
e print() = same line
e printin() > new line
Example
Serial.printin("Temperature:");
Serial.printin(temp);
Used for monitoring sensor data.
C. Serial.read()
Purpose
e Reads data coming from PC
Syntax
char data = Serial.read();

Used for:




e  Receiving commands
e Controlling devices from PC
Serial.available()
Checks if data is available:
if (Serial.available()) {
char ch = Serial.read();

}

Visuals to Draw
1. Arduino <> PC serial communication diagram
2. Serial Monitor window
Common Student Errors
e Wrong baud rate
e Using Serial pins with other devices
e Forgetting Serial.begin()
3. Real-World / Industry Applications (= 10 minutes)
e Debugging embedded systems
e Command-based control panels
e Data logging
e PLC and HMI communication
4. Summary & Q&A (= 5 minutes)
Key Takeaways
e Serial.begin() starts communication
e Serial.print() displays data
e Serial.read() receives data
Common Doubts
e “Why garbage data?” - Baud rate mismatch
e “Can serial work wirelessly?” > Yes, using Bluetooth/Wi-Fi
Mentorship Note (Career Tip)
Serial communication skills help you:
e Debug faster than others

e Understand industrial communication




o Work confidently with HMls and controllers

Engineers who can “see inside the system” solve problems faster
1.19 Lecture Title: Interfacing Sensors & Actuators with Code
1. Hook / Introduction (= 5 minutes)
Good morning students!

Let me ask you an important question:
What is the use of a microcontroller if it cannot sense the environment or control anything?

A controller without sensors and actuators is like a human without eyes and hands.
e Sensors give inputs (temperature, light, motion)
e Actuators give outputs (motor, relay, buzzer)

Today’s topic connects everything you have learned so far—pins, data types, operators, control
statements, and functions—into real working systems. This is where Arduino becomes useful in real
life.

2. Core Concepts (= 40 minutes)

How to Interface Sensors with Arduino?
Interfacing means:

e Electrical connection of device to Arduino

e Writing correct code to read or control it

Hardware + Software = Working system.
2.19.1 Interfacing Sensors with Arduino (Input Devices)
1. Digital Sensors
Output:

HIGH or LOW

Examples:

PIR sensor

IR sensor

Push button

Connection:

e VCC> 5V

e GND - GND

e Output - Digital pin

Code Example (PIR Sensor):




int pirPin = 2;

void setup() {
pinMode(pirPin, INPUT);
Serial.begin(9600);
}
void loop() {
int motion = digitalRead(pirPin);
Serial.printin(motion);
}
HIGH means motion detected.
2. Analog Sensors
Output:

e Variable voltage

Examples:

LDR

Potentiometer

Temperature sensor

Voltage sensor (with scaling)
Connection:

e VCC> 5V

e GND - GND

e Output = Analog pin (A0O)
Code Example (LDR):

int IdrValue = analogRead(A0);
Serial.printin(ldrValue);

Values range from 0 to 1023.
2.19.2 Interfacing Actuators with Arduino (Output Devices)
1. LED (Basic Actuator)
Connection:

e Digital pin - Resistor - LED - GND




Code:

pinMode(13, OUTPUT);
digitalWrite(13, HIGH);

2. Buzzer

e Controlled using digitalWrite()

e Used for alerts

3. Relay Module

Used to control AC loads.
Important:

e Use relay module, not direct relay
e Electrical isolation for safety
Code Example:
digitalWrite(relayPin, HIGH);

4. DC Motor (Using Driver)

e Arduino cannot drive motor directly

e Uses motor driver (L293D/L298N)

Controlled using:

digitalWrite()

analogWrite() (speed control)
C. Combining Sensors & Actuators (Control Logic)
Example: Automatic Light System
int Idr = analogRead(A0);
if (Idr < 500) {

digitalWrite(light, HIGH);
}else {

digitalWrite(light, LOW);
}

Real-time decision making.

Visuals to Draw
1. Block diagram: Sensor > Arduino > Actuator

2. Flowchart: Read sensor - Decision = Output action




Common Student Mistakes

e Forgetting common ground

Wrong pin mode

Directly connecting high-power devices
3. Real-World / Industry Applications (= 10 minutes)

e Smartirrigation systems

Home automation

Industrial safety alarms

Energy monitoring systems

Smart street lighting

Interfacing skills are used in:

Embedded systems

PLC control panels

loT solutions

4. Summary & Q&A (= 5 minutes)
Key Takeaways

e Sensors provide input

o Actuators perform actions

e Correct wiring + code is essential

Arduino acts as decision maker

Common Doubts

e “Can sensor damage Arduino?” - Yes, if voltage is wrong
o “Why relay chatters?” > Wrong logic or power issue
Mentorship Note (Career Tip)

If you master sensor—actuator interfacing:

e You can build complete systems

e You become project-ready

e You gain confidence in industry-level automation

An engineer is not judged by theory alone, but by how well systems work in the real world.

1.20 Lecture Title: Serial Communication for Real-Time Data Monitoring

1. Hook / Introduction (= 5 minutes)




Good morning students!

Let me ask you a practical question:
How wiill you know what your Arduino is sensing if there is no display connected?

Is the temperature increasing?
Is the voltage crossing the limit?
Is the sensor working or faulty?

The answer is Serial Communication.

Serial communication acts like a medical monitor for Arduino, showing the heartbeat of your program
in real time. Today, we will learn how to use serial communication to monitor live sensor data, which
is an essential debugging and monitoring skill for every engineer.

2. Core Concepts (= 40 minutes)
2.20.1 What is Serial Communication?
Serial communication is a method of transferring data:

One bit at a time

Between Arduino and PC (or other devices)

It is like sending messages letter by letter.

Why Real-Time Monitoring is Important

Verify sensor operation

Debug program logic

Observe live system behavior
e Detect abnormal conditions early

+ In industry, real-time monitoring prevents accidents.
Basic Serial Setup in Arduino
Step 1: Initialize Serial Communication
Serial.begin(9600);
e Must be written inside setup()

e 9600 is the baud rate

PC and Arduino must use the same baud rate.
Step 2: Send Data to Serial Monitor
Serial.print(sensorValue);
Serial.printin(sensorValue);

Difference:

e print() - same line




e printin() - next line

e Step 3: Open Serial Monitor
e Shortcut: Ctrl + Shift + M

e Select correct baud rate

+ Visual to Draw:
Block diagram: Sensor = Arduino - USB = PC - Serial Monitor

+ Serial Monitor x
(Data:123 ]
‘ Data : 456

1789
: 1004
11912

Sensor

Arduino Serial Monitor

Monitoring Sensor Data in Real Time
Example: Temperature Monitoring
int temp = analogRead(AO0);
Serial.print("Temperature Value: ");
Serial.printin(temp);
delay(1000);

Updates every second.
Formatting Data for Easy Understanding
Serial.print("Voltage: ");
Serial.print(voltage);
Serial.printin(" V"),

¥ Readable data helps quick decisions.

Using Serial Monitor for Debugging
e Print variable values
e Check logic conditions
e Identify incorrect sensor readings

Example:

Serial.printin("Motor ON");

Acts like a checkpoint in your program.

Serial Plotter (Advanced Monitoring)




Displays data in graph form

Useful for:

Sensor trends

Voltage fluctuations

o ¢ Visual to Show:
Graph of sensor value vs time.
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Common Student Mistakes

Baud rate mismatch

Forgetting Serial.begin()

Using pins 0 & 1 for other devices
3. Real-World / Industry Applications (= 10 minutes)

e Live energy monitoring

Industrial testing & calibration

Smart meter debugging

Data logging systems

loT cloud data verification

Engineers rely on serial data before:

Sending data to cloud

Connecting HMI systems

4. Summary & Q&A (= 5 minutes)

Key Takeaways




Serial communication shows live data

Essential for debugging

Requires matching baud rates

e Improves system reliability

Common Student Doubts

o “Why garbage data?” - Wrong baud rate
e “Serial slow?” - Increase baud rate
Mentorship Note (Career Tip)

If you master serial monitoring:

e You debug faster than others

e You understand system behavior clearly

e You are industry-ready for embedded & IoT roles
Engineers who can see live data can prevent failures before they happen.

1.21 Lecture Title: Mini Projects — LED Blink, Temperature Monitoring,
Relay Control

1. Hook / Introduction (= 5 minutes)
Good morning students!

Let me ask you a very important question:
When can we say that you truly understand Arduino programming?

Is it when you memorize functions?
Or when you write theory answers?

No. You truly understand Arduino when your code controls real hardware and gives visible results.

Today’s topic—Mlini Projects—is where theory becomes practice and learning becomes confidence.
These small projects are not “small” in value; they are the foundation of every big engineering
system.

2. Core Concepts (= 40 minutes)

2.21.1 Mini projects help you learn:

e Hardware interfacing

e Logical thinking

e Debugging

e System integration

We will study three essential mini projects that cover input, processing, and output.

Project 1: LED Blink (Basic Output Control)




Objective
To blink an LED at fixed intervals.
Components
e Arduino UNO
e LED
e Resistor (2200)
e Jumper wires
Working Principle
e Arduino sends HIGH and LOW signals alternately
e LED turns ON and OFF
Code Logic
void setup() {
pinMode(13, OUTPUT);
}
void loop() {
digitalWrite(13, HIGH);
delay(1000);
digitalWrite(13, LOW);
delay(1000);
}

+ Visual to Draw:
Arduino - Resistor > LED - GND
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This project confirms correct board, IDE, and wiring.

Project 2: Temperature Monitoring (Sensor + Serial Output)

Objective

To measure temperature and display it in real time.

Components

e Arduino UNO

e Temperature sensor (DHT11 / LM35)

e USB cable

Working Principle

e Sensor converts temperature into electrical signal

e Arduino reads value

e Data displayed on Serial Monitor

Code Logic (Conceptual)

int tempValue = analogRead(A0);

Serial.printin(tempValue);

+ Visual to Draw:
Temperature Sensor - Arduino = Serial Monitor
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This introduces real-world sensing and monitoring.
Project 3: Relay Control (High-Power Load Control)
Objective
To control AC load (bulb/fan) using Arduino.
Components
e Arduino UNO
e Relay module
e AC load (demo bulb)

e External power (if needed)
Working Principle
e Arduino output controls relay coil

e Relay switches AC load safely

1 Safety Note:
Always use relay modules, never connect AC directly.

Code Logic
pinMode(relayPin, OUTPUT);
digitalWrite(relayPin, HIGH);

+ Visual to Draw:
Arduino = Relay Module - AC Load
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Integrating Logic (Decision Making)
Example:
if (temperature > 40) {
digitalWrite(relayPin, HIGH);
}
This is how automation systems are built.
Common Student Mistakes

e Wrong pin connections

Forgetting common ground

AC wiring mistakes

Not using Serial Monitor for debugging
3. Real-World / Industry Applications (= 10 minutes)

LED blink = Status indication

Temperature monitoring = Transformer & motor protection

Relay control = Industrial automation, home automation

These mini projects are used in:

Skill tests

Technical interviews

e Hackathons

e Industrial training

4. Summary & Q&A (= 5 minutes)
Key Takeaways

e Mini projects combine theory and practice




e Each project builds confidence

e Small systems lead to large solutions

Common Student Doubts

e “Why LED blink first?” > Confirms system readiness

e “Can relay control AC safely?” - Yes, with module

Mentorship Note (Career Tip)

Students who master mini projects:

e Perform better in practical exams

e Build strong resumes

e Become project-ready engineers

Big engineers are built through small projects done properly.

1.22 Student AI Toolkit — Unit 3: Programming with Arduino
A. Low-Level Prompts (Remember & Understand) — 10 Prompts

1

9.

10.

“Explain the basic idea of programming in simple words, suitable for a diploma engineering
student, with one everyday-life example.”

“Define the role of a microcontroller-based development board in simple terms and explain
why it is used in automation systems.”

“Explain the meaning of input, processing, and output in a programmed system using a neat
and simple explanation.”

“List and explain the basic parts of a simple embedded program structure in easy language.”

“Explain what is meant by data types in programming and why different data types are
required.”

“Explain the concept of decision-making in programming using very simple examples.”
“Describe what repetition in programming means and why it is important in automation.”
“Explain the purpose of built-in functions and user-defined functions in simple words.”
“Explain how a program communicates information to a user during execution.”

“Summarize the complete programming flow of a simple control system in 5-6 bullet points.”

B. Moderate-Level Prompts (Apply & Analyze) — 10 Prompts

11.

12.

13.

“Explain how a basic control system works step-by-step when an input condition changes and
an output response is required.”

“Compare two different types of control logic approaches and explain where each one is
more suitable.”

“Analyze a simple automation problem and explain how programming logic can solve it.”




14. “Explain how incorrect data handling can affect the performance of a programmed system,
with an example.”

15. “Describe how decision-making statements improve safety and efficiency in automated
systems.”

16. “Explain how repetition-based logic helps in continuous monitoring applications.”
17. “Analyze a basic program flow and identify possible logical errors a beginner might make.”

18. “Explain how modular programming improves readability, maintenance, and debugging of
programs.”

19. “Explain the importance of real-time data observation while testing a programmed system.”

20. “Write a step-by-step explanation of how a simple input-based control program operates
from start to end.”

C. High-Level Prompts (Design & Create) — 5 Prompts

21. “Design a logical workflow for a small automated system that takes one input condition and
controls multiple outputs, and explain your logic clearly.”

22. “Create a structured approach to convert a real-life problem into a programmable solution,
showing each logical step.”

23. “Explain how you would divide a complex automation task into smaller logical modules using
programming concepts.”

24. “Develop a conceptual program flow that includes initialization, decision-making, repetition,
and real-time monitoring, and explain each stage.”

25. “Propose an exam-oriented strategy to approach programming-based questions
systematically to score maximum marks.”

£Z How Students Should Use This Toolkit (Mentor Tip)
o Use Low-Level prompts for revision before exams
e Use Moderate-Level prompts for numericals, logic-based questions, and viva
e Use High-Level prompts for projects, distinctions, and interviews

Students who learn how to ask the right questions from Al become independent learners and
future-ready engineers.

1.23 MASTERY CHECK: Programming with Arduino
2.23.1 Key Definitions / Glossary (Top 15 Terms)
(One-line, diploma-level, exam-friendly definitions)

1. Arduino — An open-source microcontroller-based platform used for developing embedded
and automation projects.

2. Microcontroller — A single integrated chip that contains CPU, memory, and input/output
ports to control electronic systems.




3. Sketch — The program written for Arduino using the Arduino IDE.
4. Arduino IDE — Software used to write, compile, and upload programs to Arduino boards.

5. setup() function — A function that runs only once when the program starts and is used for
initialization.

6. loop() function — A function that runs repeatedly and contains the main logic of the program.

7. Data Type — Specifies the type and size of data stored in a variable.

8. Constant — A value that does not change during the execution of a program.

9. Control Statement — A statement used to make decisions in a program (e.qg., if-else, switch).

10. Loop — A programming structure used to repeat a set of instructions.
11. Function — A block of code designed to perform a specific task.
12. Digital Input/Output — Pins that work with two states only: HIGH or LOW.

13. Analog Input — Input that can read continuously varying values such as voltage or
temperature.

14. PWM (Pulse Width Modulation) — A technique used to simulate analog output using digital

signals.

15. Serial Communication — A method of transferring data between Arduino and another device

for monitoring or control.

2.23.2 FAQ & Assessment Section

A.

Multiple Choice Questions (MCQs)

(20 Questions — Conceptual + Application oriented)

1. What is the main purpose of Arduino IDE?
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. To design PCB

. To write and upload programs
. To simulate circuits

. To manufacture boards

Which function runs only once in an Arduino program?

. loop()
. main()

. setup()
. start()

. Which function runs continuously after setup()?

. setup()
. loop()

. init()

. delay()

. Which data type is used to store decimal values?
.int




B. char
C. float
D. bool

(5]

. Which operator is used for comparison?

+

%

. Which control statement is best for multiple fixed conditions?
if

. if-else

. Sswitch

loop

DO®m>® DOW>

. Which loop is guaranteed to execute at least once?
for

. while

. do-while

. infinite loop

. What does pinMode() function do?
. Reads pin value

. Writes pin value

. Sets pin direction

. Resets pin

OO ®>™>0 TN ®>N

9. Which function is used to read a digital input?
A. digitalWrite()

B. analogRead()

C. digitalRead()

D. pinMode()

10. Which function is used to control LED brightness?
A. digitalWrite()

B. analogRead()

C. analogWrite()

D. Serial.print()

11. What is the range of analogRead() in Arduino UNO?
A. 0-255

B. 0-1023

C. 0-4095

D. 0-5

12. PWM output value range is:
A. 0-1023

B. 0-100

C. 0-255

D. 0-5




13. Which function initializes serial communication?
A. Serial.print()

B. Serial.read()

C. Serial.begin()

D. Serial.end()

14. Serial communication is mainly used for:
A. Power supply

B. Debugging and monitoring

C. Motor control

D. Memory storage

15. Which pin type is used for sensor inputs with varying voltage?
A. Digital

B. PWM

C. Analog

D. Reset

16. Which keyword prevents a variable value from changing?
A. static

B. volatile

C. const

D. define

17. What happens if break is missing in a switch case?
A. Program stops

B. Error occurs

C. Fall-through happens

D. Loop repeats

18. Which loop is best when number of repetitions is known?
A. while

B. do-while

C. for

D. infinite

19. Serial Monitor shows incorrect symbols due to:
A. Wrong pin

B. Wrong board

C. Baud rate mismatch

D. Low voltage

20. Mini projects mainly help students to:
A. Memorize syntax

B. Understand theory only

C. Integrate hardware and software

D. Avoid programming

7 Answer Key (MCQs)

1. B

2. C




10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

C

2.23.3 Short Answer / Viva Questions (10 Questions)

1.

2.

8.

9.

10.

Why are setup() and loop() both required in an Arduino program?
Explain the importance of data types in programming.

What is the difference between digital input and analog input?

Why are control statements essential in automation systems?

Explain the working of PWM in simple words.

Why is Serial communication important during testing and debugging?
Compare for loop and while loop with one suitable application each.
What is the advantage of using user-defined functions?

Why should high-power devices not be connected directly to Arduino?

How do mini projects help in improving practical and exam performance?

@ Examiner’s Mentorship Tip




Students who clearly understand definitions, logic flow, and reasons behind programming steps
always perform better in theory, viva, and practical exams.

If you want next, | can:
e Create a Unit-3 Question Bank (GTU exam pattern)
e Design Rubrics for Practical & Viva Evaluation
e Prepare a CO-wise assessment mapping

e Generate Model Answers for all short questions

Just tell me

1.24 Digital Resource Library — Unit 3: Programming with Arduino
2.24.1 Al Tools & Digital Learning Tools

(Free / easily accessible tools that support visualization, simulation, logic building, and revision)
1. Tinkercad Circuits (Autodesk)

e Purpose / Use-case:
Online simulation of Arduino circuits and programs.

e How it helps in this unit:
o Simulates Arduino programs without physical hardware
o Visualizes LED blink, sensor input, and actuator control

o Ideal for practicing pinMode, digitalRead, analogRead, PWM, and serial
monitoring

2. Arduino IDE (Official Software)

e Purpose / Use-case:
Writing, compiling, and uploading Arduino programs.

e How it helps in this unit:
o Hands-on practice of sketch structure, functions, loops, and logic
o Serial Monitor for real-time data monitoring
o Essential for practical exams and mini projects
3. ChatGPT / Gemini (Al Learning Assistants)

e Purpose / Use-case:
Al-based explanation, doubt solving, and practice support.

e How it helps in this unit:
o Explains programming logic in simple language

o Helps debug common errors




o Generates examples, summaries, and viva-style explanations
4. Arduino Serial Plotter (Built-in Tool)

e Purpose / Use-case:
Graphical visualization of real-time data.

e How it helps in this unit:
o Visualizes sensor data trends
o Improves understanding of real-time monitoring
o Useful for analog signals and system behavior analysis
5. Flowchart Tools (Draw.io / Lucidchart — Free Versions)

e Purpose / Use-case:
Visual logic and workflow design.

e How it helps in this unit:
o Converts programming logic into flowcharts
o Helps in understanding if-else, loops, and decision flow
o Very useful for theory exams and viva explanations

2.24.2 Video Learning Repository

(Credible, diploma-friendly, exam-oriented learning resources)

Topic Name Recommended Channel / Search Keywords

Course / Lecturer Name

Introduction to Arduino

Programming

NPTEL — Embedded Systems /
Programming Basics

NPTEL Arduino programming
basics

Arduino UNO Architecture
& Pins

Explore Embedded / Robu.in
Academy

Arduino UNO architecture pin
diagram explanation

Arduino IDE & Sketch Paul McWhorter (Arduino Paul McWhorter Arduino IDE setup
Structure Series) sketch structure
Data Types & Operators Neso Academy Arduino data types operators Neso

Academy

Control Statements (if-
else, switch)

Gate Smashers

Arduino if else switch
programming Gate Smashers

Loops in Arduino

Electronics Hub / Programming
Knowledge

Arduino for loop while do while
explanation

Functions in Arduino

Paul McWhorter

Arduino functions built in user
defined tutorial




Digital & Analog I/0 Explore Embedded Arduino digitalRead digitalWrite
analogRead PWM

Serial Communication & Paul McWhorter / NPTEL Arduino serial communication

Monitoring serial monitor tutorial

Mini Projects with Arduino | Robu.in / Electronics Hub Arduino mini projects LED relay
temperature monitoring

@ How Students Should Use This Library (Mentor Guidance)

Slow / Average learners:
- Start with videos + Tinkercad simulation

Before exams:
- Use Al tools for summaries + flowcharts

Before practical & viva:
- Practice in Arduino IDE + Serial Monitor

For distinction:
- Combine simulation + mini project videos + Al explanations

Students who combine simulation, visualization, and Al-based revision learn faster and retain
concepts longer.

1.25 PREDICTED QUESTION BANK — UNIT 3: Programming with
Arduino

(High-probability, exam-oriented, revision-ready)

2.25.1 Most Repeated / High-Probability Questions

These questions are frequently asked or slightly modified across diploma boards and universities.
Students are strongly advised to prepare these thoroughly.

A. Very Short / Short Answer Type (2-3 Marks)

1.

2.

8.

9.

Define Arduino and mention any two applications.

What is meant by an Arduino sketch?

State the function of setup() and loop() in Arduino programming.
Define data type. Why are different data types required?

What is a control statement? Name any two control statements.
What is the purpose of pinMode() function?

Define PWM. Why is it used?

What is serial communication in Arduino?

Write the use of analogRead() function.

10. What is meant by user-defined function?




B. Descriptive / Explanatory Questions (4—6 Marks)
11. Explain the structure of an Arduino program with neat explanation of setup() and loop().
12. Explain Arduino UNO pin diagram and function of each type of pin.
13. Describe Arduino IDE and explain the steps for compiling and uploading a program.
14. Explain data types and constants used in Arduino programming with examples.
15. Explain if-else and switch control statements with suitable examples.
16. Explain for loop, while loop, and do-while loop. Compare them.
17. Explain built-in functions and user-defined functions in Arduino programming.
18. Explain digital input/output functions used in Arduino.
19. Explain analogRead() and analogWrite() functions with applications.
20. Explain serial communication for real-time data monitoring.
C. Diagram / Concept-Based Questions (5-7 Marks)
21. Draw and explain the block diagram of Arduino UNO architecture.

22. Draw a neat diagram showing interfacing of a sensor and actuator with Arduino and
explain its working.

23. With the help of a flowchart, explain the working of a simple automated control program.
24. Draw a neat diagram showing Arduino interfaced with PC and explain the data flow.

2.25.2 Application & Logical Thinking Questions

(5 Questions — High scoring & distinction level)

These questions test logic, understanding, and real-life application, not memorization.
Ql.

Explain how a programmed system can take decisions based on input conditions.
lllustrate your answer using a suitable example and program logic.

Q2.

A system s required to continuously monitor an input value and take action only when a preset limit
is crossed.
Explain which programming concepts will be used and why.

Q3.

Explain how loops and control statements together help in developing an automated monitoring
system.

Q4.

Why is real-time data monitoring important during testing of embedded systems?
Explain how serial communication supports this requirement.




Q5.

Mini projects are included in the syllabus of Arduino programming.
Justify this statement by explaining how mini projects improve:

e  Practical skills
e Logical thinking
e Exam performance
@ Examiner’s Strategy Tip for Students

¢ 2-3 mark questions - Focus on definitions + purpose
¢ 5-6 mark questions - Use heading, explanation, example/diagram
¢ Application questions - Explain logic + concept + justification

Students who explain “why” along with “what” always score higher.
7 0BE Alignment (Quick Mapping)
e (O3 (Develop Arduino programs) - Control statements, loops, functions, interfacing
e Cognitive Levels Covered:
o Remember & Understand = Definitions, syntax

o Apply & Analyze - Logic, interfacing, serial monitoring.




1.1 Topic-wise Detailed Study Plan (Well-Structured Format)-UNIT-04

. . Suggeste Practical /
Seq syllabus Topic Sub-Toplcs/ Topic d Lecture Exam Industry
Teaching Focus Nature Importance || Relevanc
Hours
e
e Why
communication is
Importance of o
.. |lrequiredin loT e
Communicatio Data flow in
1 |ninloT for . Core 0.5 hr Medium
Electrical electrical loT .
Applications syste.ms.- Role in
monitoring &
control
¢ Need of
application layer
Messaging / Publish/Subscrib
Application e concept e .
2 Layer Protocols [MQTT features Core 1.5 hr High
- MQTT (lightweight, low
power) e MQTT
broker & client
concept
¢ BLE basics ¢
Short-range
Transport / communication e
3 Physical Low-power Supporting ||1.0 hr Medium
Protocols — BLE |loperation
Electrical use-
cases
o Wi-Fi
characteristics o
Transport / High data rate
g |Physical - Cloud Core 1.0 hr High
Protocols — Wi- |[connectivity
Fi Power
consumption
aspects
e Point-to-Point e
Sensor Mesh (ZigBee
5 |INetwork based) ¢ Ring Supporting ||0.75 hr Medium
Topologies topology e Star
topology (Wi-Fi)




¢ Speed ¢ Power
Comparative consumption e Apolication
6 ||Study of loT Range e Cost o pp 0.25 hr Very High
. -oriented
Protocols Application
suitability

1.2 Lecture Title: Communication in IoT and MQTT Protocol

& Total Duration: 120 Minutes
ED Hook / Introduction (= 5 Minutes)
Let me start with a simple question:

A sensor measures current, but if no one receives that data, is it useful?
A smart meter calculates energy, but if it cannot send readings, is it “smart”?

The answer is NO.

Just like electricity needs transmission lines to reach consumers, loT needs communication
to make electrical systems intelligent.

Today’s lecture will help you understand why communication is the heart of loT and how
MQTT, a lightweight protocol, makes loT practical for electrical applications.

Importance of Communication in loT for Electrical Applications

& 30 Minutes

EJ Core Concepts — Topic 1 (= 20 Minutes)

2.2.1 Why Communication is Essential in IoT
In loT-based electrical systems:

e Sensors measure

e Controllers decide

e Actuators act

e Users monitor and control

All this is possible only if data flows smoothly.
¢ Without communication:

¢ No remote monitoring

e No automation

¢ No smart control

% With communication:




e Live voltage/current monitoring
¢ Remote switching of loads
e Fault alerts and safety actions

¢ Electrical Analogy

e Power system: Generator - Transmission = Distribution
e loT system: Sensor - Communication - Cloud/User

4’ Diagram to draw:
Sensor - Communication Network - Cloud - Mobile / Control Room
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Sensor Communication
Network

Control Room

Messaging / Application Layer Protocol - MQTT

© 90 Minutes

EJ Core Concepts — Topic 2 (= 60 Minutes)

2.2.2 What is MQTT?
MQTT (Message Queuing Telemetry Transport) is a:

e Lightweight
e Low-power
e Publish/Subscribe based
communication protocol designed for loT.

¢ Why MQTT is needed?
Electrical IoT devices often have:

¢ Limited memory
e Low power
¢ Small data packets




MQTT works efficiently in such conditions.
¢ Publish-Subscribe Model (Heart of MQTT)
Instead of direct communication:
e Publisher sends data

e Broker manages data
e Subscriber receives data

@ Example (Electrical):
e Current sensor - Publisher

e MQTT Broker - Middleman
e Mobile dashboard = Subscriber

4 Diagram to draw:
Publisher > MQTT Broker = Subscriber

r! )) Publish Message
i

Publisher MQTT Broker Subscriber

Deliver Message

@ Fun Fact:
Publishers and subscribers never talk directly, which makes the system flexible and scalable.

Key Components of MQTT
1. Publisher: Sensor or controller sending data
2. Broker: Server managing messages (e.g., Mosquitto)
3. Subscriber: App, dashboard, or controller receiving data
4. Topic: Channel name (e.g., “home/energy/current”)

4’ Diagram:
Device - Topic - Broker - User




User

Device

¢ Why MQTT is Ideal for Electrical Applications

¢ Low bandwidth usage

¢ Reliable message delivery

o Works well on Wi-Fi and mobile networks
o Suitable for smart grids and automation

@ Electrical example:
If current > limit - MQTT message sent - Alert generated instantly

) Real-World Applications — Topic 1 (= 10 Minutes)

¢ Smart Energy Meter: Sends readings automatically to electricity board

e Industrial Motors: Communicate temperature/current to prevent failure
¢ Smart Grid: Load data shared for demand management

¢ Solar Plant: Generation data sent to monitoring dashboard

Key takeaway:
Communication converts electrical data into electrical intelligence.

E) Real-World / Industry Applications — Topic 2 (= 10 Minutes)

¢ Smart Grid Monitoring: Real-time load data via MQTT
e Industrial Automation: Machine health alerts

¢ Home Automation: Control lights and appliances

¢ Renewable Energy: Solar inverter data publishing

Almost all modern loT platforms support MQTT.

3 summary & Q&A (= 5 Minutes)

Key Takeaways

e ommunication is the backbone of loT

e MAQTT is lightweight and efficient

e Publish—Subscribe model reduces load and improves reliability
e MAQTT is highly suitable for electrical loT systems




? Common Student Doubts

e Is MQTT better than HTTP? - For loT, yes
e Is MQTT difficult? - No, concept is simple

€ Mentorship Note (Career Guidance)
Mastering loT communication and MQTT will help you:

e Design industry-level loT projects
e Answer interview questions confidently
e Work in domains like:

o Smart grid

o Renewable energy

o Automation

o Industry 4.0

1.3 Lecture Topic: Transport / Physical Protocol — BLE (Bluetooth Low
Energy)

© Duration: 60 Minutes
ED Hook / Introduction (= 5 Minutes)
Let me ask you something very familiar:

How does your mobile phone connect to wireless earphones without cables?
Why does a fithess band work for days on a small battery?

The answer is Bluetooth Low Energy — BLE.

As electrical engineers, we often deal with battery-powered sensors, meters, and control
devices. In such systems, power saving is more important than speed. BLE is designed exactly
for this purpose.

Today, we will understand why BLE is used in loT, how it works, and where it fits best in
electrical applications.

E3 Core Concepts — BLE (= 40 Minutes)

2.3.1 What is BLE?

BLE (Bluetooth Low Energy) is a short-range, low-power wireless communication protocol
specially designed for:

o Battery-operated devices
e Low data transmission
e Intermittent communication




@ Key idea:
BLE sends small data, occasionally, using very low power.
Why “Low Energy”?

Traditional Bluetooth consumes more power because it maintains continuous connection.
BLE works differently:

¢ Device sleeps most of the time

e Wakes up only to send or receive small data
e Goes back to sleep

© Fun Fact:
A BLE sensor can run months or even years on a coin cell battery.

® Technical Characteristics of BLE (Diploma Level)
¢ Range: Short (typically 10—-30 meters)
o Datarate: Low (suitable for sensor values)
e Power consumption: Very low
¢ Topology: Mostly point-to-point or star

@ Electrical analogy:

BLE is like a signal lamp that flashes only when required, instead of a continuously glowing

bulb.

@ BLE Architecture (Simplified)

BLE communication involves:

1. Peripheral device — Sensor or loT node
2. Central device — Mobile phone / gateway

4’ Diagram to draw on board:
BLE Sensor (Peripheral) <> Mobile / Gateway (Central)

@ Example:
Temperature sensor = BLE - Smartphone app

@ BLE vs Wi-Fi (Quick Conceptual Comparison)

Parameter BLE Wi-Fi
Range Short Long
Power Very low | High
Data rate Low High
Battery devices | Excellent | Poor




This comparison helps students select the right protocol.

E) Real-World / Industry Applications (= 10 Minutes)

Electrical & loT Applications of BLE

¢ Smart Sensors:
Temperature, humidity, vibration sensors in panels
o Wearable Devices:
Fitness bands, health monitors
e Smart Home Devices:
Door locks, switches, smart plugs
¢ ndustrial Maintenance:
Handheld diagnostic tools communicating with machines

@ Electrical example:
A portable current sensor sends readings to a technician’s mobile using BLE — no wiring, no
high power loss.

3 summary & Q&A (= 5 Minutes)

Key Takeaways

e BLE is a short-range, low-power protocol

e |deal for battery-powered loT devices

e Used where small data & power saving are critical

e Not suitable for high-speed or long-range communication

? Common Student Doubts

e Can BLE replace Wi-Fi? > X No, both serve different purposes
e IsBLE secure? > v Yes, basic encryption is supported

€ Mentorship Note (Career Guidance)
Understanding BLE helps you:

e Design low-power loT projects
¢ Select correct protocol in exams and interviews
e Workin fields like:

o Smart sensors

o Wearables

o Industrial loT

o Energy-efficient automation

1.4 Lecture Topic: Transport / Physical Protocol — Wi-Fi in IoT

(High-Speed Connectivity & Cloud Applications)
¢ Duration: 60 Minutes




£} Hook / Introduction (= 5 Minutes)
Let me begin with a question you experience every day:

How does your mobile instantly show live data from a smart meter or CCTV camera?
Why do most loT projects use ESP8266 or ESP32 boards?

The answer is Wi-Fi.
In electrical engineering, whenever we need fast data transfer, internet access, and cloud
connectivity, Wi-Fi becomes the first choice. Today’s lecture will help you understand why

Wi-Fi is so important in loT, how it works at a basic level, and where it fits best in electrical
applications.

B3 Core Concepts — Wi-Fi Protocol (= 40 Minutes)

2.4.1 What is Wi-Fi?

Wi-Fi is a wireless communication technology that allows devices to connect to:
¢ Local networks

e Internet
e Cloud platforms

@ InloT, Wi-Fi is used to send data from devices directly to cloud servers.
@ Simple definition:
Wi-Fi is a high-speed wireless protocol used in 10T for internet-based data communication.
Why Wi-Fi is Popular in loT
Wi-Fi is widely used because it provides:
e High data rate
¢ Direct internet connectivity

o Easy integration with cloud platforms
¢ Availability in homes, industries, and institutions

© Fun Fact:
ESP8266 made Wi-Fi-based loT projects cheap and popular for students and industries.

¢ Technical Characteristics of Wi-Fi (Diploma Level)

e Range: Medium (30-100 meters indoors)

o Data rate: High (suitable for real-time data)
¢ Power consumption: Higher than BLE

o Topology: Mostly star (router as center)




¢ Electrical analogy:
Wi-Fi is like a high-capacity transmission line—fast but consumes more power.

¢ Wi-Fiin loT Architecture
In a typical loT system:
e Sensors collect data
e Microcontroller (ESP8266/ESP32) connects to Wi-Fi

e Datais sent to cloud
e User monitors via mobile or web

4’ Diagram to draw on board:
Sensor - ESP8266/ESP32 - Wi-Fi Router = Internet - Cloud - Mobile App

<
periretn

Sensor  ESP8266  WiFiRouter  Internet Cloud Mobile App
/ ESP32

¢ Wi-Fi vs BLE (Conceptual Understanding)

Parameter | Wi-Fi BLE
Speed High Low
Range Medium | Short
Power High Very

Low
Cloud Direct Limited
Access

This comparison helps students select the right protocol in exams and projects.
¢ Why Wi-Fi is Ideal for Cloud Applications
Cloud platforms like:

¢ ThingSpeak

e Blynk
o Firebase
require:

e Continuous internet
¢ High data reliability




Wi-Fi fulfills these requirements, making it ideal for smart energy, automation, and
monitoring systems.

E) Real-World / Industry Applications (= 10 Minutes)

Electrical & loT Applications of Wi-Fi

e Smart Energy Meters:
Live voltage, current, power data sent to cloud
e Home Automation:
Control lights, fans, and appliances using mobile app
e Solar Power Monitoring:
Real-time generation and fault alerts
e Industrial loT:
Machine data uploaded to dashboards for supervision

@ Electrical example:
An ESP32-based energy meter sends live power consumption to a web dashboard using Wi-
Fi.

) summary & Q&A (= 5 Minutes)

Key Takeaways

e Wi-Fi provides high-speed loT communication
¢ Best suited for cloud-based applications

e Consumes more power compared to BLE

e Widely used with ESP8266 and ESP32

? Common Student Doubts

e Can Wi-Fi be used for battery devices? - Limited, due to power consumption
e Is Wi-Fi compulsory for IoT? - No, depends on application

€ Mentorship Note (Career Guidance)
If you master Wi-Fi-based loT communication:

¢ You can build industry-standard loT projects
¢ You will easily work with cloud platforms

¢ You become job-ready for roles in:

Smart grid

Renewable energy

Home automation

Industry 4.0

O
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1.5 Sensor Network Topologies & Comparative Study of IoT Protocols

 Total Duration: 60 Minutes




£} Hook / Introduction (= 5 Minutes)
Let me ask you something practical:

If one sensor fails, should the entire system stop working?
Why do some networks keep working even after one node fails?

Just like electrical distribution systems use different connection methods, 10T systems also
use different network topologies to connect sensors and devices.

Today’s lecture will help you understand:
e How sensors are connected in loT networks
e Why different topologies are used
e How to compare protocols to select the best one for an application

This knowledge is very important for exams, projects, and interviews.

B3 core Concepts —
Topic 1: Sensor Network Topologies (= 45 Minutes)

2.5.1 What is Sensor Network Topology?

Topology refers to the arrangement or structure of how sensors and devices are connected
in a network.

@ Electrical analogy:
Just like loads can be connected in series, parallel, or ring circuits, 0T devices are connected
using different topologies.

1. Point-to-Point Topology (Simple 1-to-1)

& Structure:
One sensor communicates with one device directly.

@ Features:
e Verysimple
e Low cost
e Easyto implement

< Limitation:

e Not scalable
e Failure stops communication

4 Diagram to draw:
Sensor <> Controller




@ Electrical example:
Temperature sensor directly connected to a controller.

¢ 2. Mesh Topology (Self-Healing — ZigBee)

@ Structure:
Each node connects to multiple nearby nodes.

@ Key feature:
Self-healing — if one path fails, data finds another route.

@ Fun Fact:
Mesh networks are inspired by power grid reliability concepts.

¢ Advantages:

e High reliability
o Suitable for large areas

¢ Disadvantages:

e Higher cost
e Complex design

4 Diagram:
Multiple sensors interconnected in web-like structure

Temperature & Humidity . Vibration Sensor
Sensor

Acoustic Sensor Motion Sensor

Gas Sensor RFID / loT Tag

Motion Sensor

@ Application:
Smart street lighting, smart grid monitoring.

¢ 3. Ring Topology (Loop Structure)




& Structure:
Each device connects to two others forming a loop.

¥ Features:

o Data travels in one direction
¢ Organized communication

¢ Limitation:
e One break can stop the loop

4 Diagram:
Sensors connected in circular loop

Temperature Sensor

¢ Use case:
Limited use in loT, mainly for controlled environments.

¢ 4, Star Topology (Hub-Based — Wi-Fi)

¢ Structure:
All sensors connect to a central hub or router.

¢ Advantages:
e Easyto manage
o Widely used
¢ Simple expansion

@ Disadvantages:

e Hub failure affects entire network




4/ Diagram:
Multiple sensors - Central Router - Cloud
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Light Sensor

¢ Application:
Home automation, Wi-Fi based loT systems.

E) core Concepts —
2.5.2 Topic 2: Comparative Study of Protocols (= 15 Minutes)

¢ Why Comparison is Important?

Electrical engineers must select the right protocol, not the most popular one.

Comparison Parameters

Parameter BLE Wi-Fi ZigBee (Mesh)
Speed Low High Medium
Power Very Low High Low

Range Short Medium Medium

Cost Low Medium Medium

Best Use Battery sensors | Cloud apps | Large networks

@ Key learning:
There is no perfect protocol—only the right choice for the application.

) Real-World / Industry Applications (= 10 Minutes)

Smart Home:

Star topology with Wi-Fi
Smart Street Lights:

Mesh topology using ZigBee




¢ Industrial Sensors:

Point-to-point for critical measurements
e Smart Grid:

Combination of mesh and star networks

Industries often use hybrid topologies.

E) summary & Q&A (= 5 Minutes)

Key Takeaways

e Topology defines how sensors communicate

e Mesh offers high reliability

e Staris simple and popular

e Protocol selection depends on speed, power, range, and cost

? Common Student Doubts

e Which topology is best? - Depends on application
o Is mesh always better? - No, it is complex and costly

1.6 @ Mentorship Note (Career Tip)

If you master network topologies and protocol comparison:

e You can design efficient loT systems

¢ You can justify your choices in exams & interviews
e You become industry-ready for:

Smart grid

Automation

enewable energy

Industry 4.0 roles

o O O O

@ A. Low-Level Prompts (Remember & Understand)
(10 prompts — for basics, definitions, and clarity)

1. “Explain the basic meaning of communication protocols in simple words, suitable for
a diploma student, with one real-life analogy.”

2. “Define the term protocol and list its main functions in a communication system in
bullet points.”

3. “Explain why communication protocols are required in modern connected systems,
using simple language.”

4. “Summarize the key objectives of communication protocols in 5—6 short points for
exam revision.”

5. “Differentiate between data transmission and communication protocol in an easy-to-
understand way.”

6. “Explain the basic working principle of a communication protocol step by step.”




10.

“List common terms used in communication protocols and explain each term in one
or two lines.”

“Create a short exam-ready note on communication protocols suitable for a 5-mark
guestion.”

“Explain how communication protocols help devices understand each other, using a
daily-life example.”

“Give a very simple explanation of how information flows from one device to
another using protocols.”

@&, B. Moderate-Level Prompts (Apply & Analyze)

(10 prompts — for application, comparison, and understanding usage)

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

“Compare two types of communication protocols based on speed, reliability, and
application, using a simple comparison table.”

“Explain how the choice of a communication protocol affects system performance
and efficiency.”

“Analyze a situation where poor protocol selection causes communication failure
and explain why.”

“Explain how communication protocols are applied in a real-world monitoring or
control system.”

“Describe the role of communication protocols in reducing data loss and improving
accuracy.”

“Compare wired and wireless communication protocols in terms of range, cost, and
usage.”

“Explain how communication protocols support scalability in large connected
systems.”

“Given a simple system requirement, explain how an appropriate communication
protocol can be selected.”

“Analyze the advantages and limitations of using standardized communication
protocols.”

“Explain how communication protocols help in synchronization between sender and
receiver.”

‘s C. High-Level Prompts (Design & Create)

(5 prompts — for design thinking, distinction-level answers)

21.

22

23.

24,

25.

“Design a basic communication workflow for a connected system and explain the
role of protocols at each stage.”

. “Create a step-by-step logical process to select a suitable communication protocol

for an engineering application.”

“Develop a system-level explanation showing how multiple devices communicate
reliably using protocols.”

“Design an exam-oriented answer explaining how communication protocols impact
reliability, security, and efficiency together.”

“Create a conceptual block diagram explanation (text-based) of a communication
system highlighting protocol functions.”




How Students Should Use This Toolkit

e Use Low-Level prompts for first reading & quick revision

e Use Moderate-Level prompts for numericals, theory exams, and viva

e Use High-Level prompts for distinction answers, project understanding, and
interviews

1.7 MASTERY CHECK - UNIT 4 IoT Communication Protocols
£} Key Definitions / Glossary (15 Important Terms)

1. Communication Protocol — A defined set of rules used for data exchange between
devices.
Data Transmission — The process of sending data from one device to another.
Sender — The device that initiates and sends data.
Receiver — The device that accepts and processes received data.
Packet — A small formatted unit of data transmitted over a network.
Latency — The time delay between sending and receiving data.
Bandwidth — The maximum data-carrying capacity of a communication channel.
Throughput — The actual amount of data successfully transmitted per unit time.
Reliability — The ability of a system to transmit data without errors.

. Error Detection — A technique used to identify errors during data transmission.

. Synchronization — Proper timing coordination between sender and receiver.

. Addressing — The method of uniquely identifying devices in a network.

. Data Loss — Failure of transmitted data to reach the receiver.

. Scalability — The ability of a communication system to support more devices.

. Security — Protection of transmitted data from unauthorized access.
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E) FAQ & Assessment Section

A. Multiple Choice Questions (MCQs)

Q1. The main function of a communication protocol is to:
A) Store data

B) Control hardware size

C) Define rules for data exchange

D) Increase signal strength

Q2. Which of the following is the smallest unit of transmitted data?
A) File

B) Packet

C) Database

D) Program

Q3. Latency represents:
A) Data accuracy

B) Transmission delay
C) Channel width

D) Data size




Q4. Bandwidth is measured as:
A) Data reliability

B) Data delay

C) Maximum data capacity

D) Error rate

Q5. Which factor indicates actual successful data transfer?
A) Bandwidth

B) Latency

C) Throughput

D) Addressing

Q6. Which component identifies the destination device?
A) Synchronization

B) Addressing

C) Packet

D) Bandwidth

Q7. Error detection helps to:
A) Speed up data

B) Reduce power usage

C) Identify transmission errors
D) Store data

Q8. A reliable communication system mainly ensures:
A) High data loss

B) Correct data delivery

C) Increased delay

D) Limited range

Q9. Synchronization is required to:
A) Compress data

B) Align timing of communication
C) Increase bandwidth

D) Reduce cost

Q10. Data loss mainly affects:
A) Power consumption

B) Accuracy of information

C) Hardware size

D) Network cost

Q11. Scalability refers to the ability to:
A) Increase voltage

B) Handle more devices

C) Reduce latency

D) Encrypt data




Q12. Which parameter affects real-time communication the most?
A) Latency

B) Packet size

C) Addressing

D) Storage

Q13. Security in communication systems ensures:
A) Faster transmission

B) Lower bandwidth

C) Data protection

D) Signal amplification

Q14. Throughput is always:

A) Equal to bandwidth

B) Greater than bandwidth

C) Less than or equal to bandwidth
D) Independent of bandwidth

Q15. Which term relates to identifying sender and receiver?
A) Latency

B) Addressing

C) Throughput

D) Synchronization

Q16. Packet-based communication mainly helps in:
A) Reducing delay

B) Organized data transfer

C) Increasing hardware

D) Power storage

Q17. Which factor improves communication reliability?
A) Error detection

B) High latency

C) Data loss

D) Low security

Q18. A system with low latency is best suited for:
A) Delayed applications

B) Real-time applications

C) Offline storage

D) Backup systems

Q19. Communication protocols mainly operate to ensure:
A) Random data flow

B) Structured communication

C) Hardware design

D) Energy generation




Q20. Which parameter defines maximum transmission capability?
A) Throughput

B) Latency

C) Bandwidth

D) Packet

Answer Key (MCQs)

1-C, 2-B, 3-B, 4-C, 5-C, 6-B, 7-C, 8-B, 9-B, 10-B,
11-B, 12-A, 13-C, 14-C, 15-B, 16-B, 17-A, 18-B, 19-B, 20-C

B. Short Answer / Viva Questions (10)

Define communication protocol and state its importance.
Why is latency critical in real-time communication systems?
Differentiate between bandwidth and throughput.

Explain the need for synchronization in data transmission.
What is packet-based communication? State one advantage.
How does error detection improve system reliability?
Explain the role of addressing in communication networks.
What is meant by scalability? Why is it important?

List two causes of data loss in communication systems.

10 Why is security essential in loT communication protocols?
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1.8 DIGITAL RESOURCE LIBRARY
2.8.1 Al Tools & Digital Learning Tools

These tools support self-learning, visualization, revision, and concept clarity without

requiring advanced programming knowledge.
¢ ChatGPT

Purpose / Use-case:

Al learning assistant for explanations, summaries, comparisons, and exam preparation.

How it helps in this unit:

¢ Simplifies communication protocol concepts in diploma-level language

¢ Generates exam-ready notes, MCQs, and viva questions

¢ Helps analyze differences between protocols and parameters like latency,

bandwidth, and reliability
¢ Google Gemini

Purpose / Use-case:
Al-based conceptual explanation and visualization support.

How it helps in this unit:




e Explains abstract protocol concepts using analogies and flow-based logic
e Supports reasoning-based questions and OBE-style learning outcomes
e Helps students understand system-level communication workflows

¢ Cisco Networking Academy

Purpose / Use-case:
Interactive learning platform for communication and networking fundamentals.

How it helps in this unit:
o Visualizes data transmission, packets, and protocol behavior
e Strengthens fundamentals useful for loT communication understanding
o Ideal for slow and average learners through structured modules

¢ Tinkercad

Purpose / Use-case:
Beginner-friendly simulator for basic system interaction and logic flow.

How it helps in this unit:
e Helps students visualize how data flows between connected systems
¢ Reinforces understanding of sender-receiver communication logic
¢ Builds confidence before practical or project-based learning

¢ SWAYAM

Purpose / Use-case:
Government-supported online learning platform with structured courses.

How it helps in this unit:
e Provides theory-focused, exam-oriented explanations
o Useful for revision, internal assessments, and concept reinforcement
e Aligns well with NEP-2020 and diploma curriculum

2.8.2 Video Learning Repository

Use the search keywords exactly as given on the mentioned platforms to find the correct
and reliable videos.

Topic Name Recommended Channel / Search Keywords
Course / Lecturer Name
Introduction to loT NPTEL “NPTEL loT communication
Communication Protocols protocols introduction”
Basics of Data NPTEL “NPTEL data communication
Communication basics diploma”




Bandwidth, Latency & Gate Smashers “Bandwidth latency throughput
Throughput explained Gate Smashers”
Packet Switching & Data | Easy Engineering Classes “Packet switching data
Transmission transmission easy engineering”
Communication System SWAYAM “SWAYAM communication
Fundamentals system fundamentals”
Reliability & Error NPTEL “Error detection reliability
Detection NPTEL”

Addressing & Engineering Explained “Addressing synchronization
Synchronization Concepts | (Education) communication system”

loT Communication Simplilearn “loT communication protocols
Overview overview”

Network Performance Unacademy Engineering “Network performance
Parameters parameters bandwidth latency”
Exam Revision — Made Easy Technical “Communication system
Communication Concepts revision diploma”

@ How Students Should Use This Library

Before class: Watch 1 short video + ask Al for a simple summary

After class: Use Al tools for doubts, definitions, and MCQs

Before exams: Revise glossary + watch NPTEL/SWAYAM videos

For slow learners: Repeat videos + ask Al to re-explain in simpler words

1.9 PREDICTED QUESTION BANK
Most Repeated / High-Probability Questions

These questions are very likely to appear in theory exams in 2, 3, 5, or 8-mark formats.

A. Core Definition Questions (Very High Probability)

NouhkwnNpRE

Define communication protocol. State its importance in loT systems.
Define latency and bandwidth.

What is meant by throughput? How is it different from bandwidth?
Define packet in data communication.

What is addressing in communication systems?

Define reliability in [oT communication.

What is error detection? Why is it required?

B. Explanatory / Descriptive Questions (High Probability)

8.

9.

Explain the basic working principle of communication protocols with a neat
diagram.
Explain the need for communication protocols in loT-based systems.

10. Describe the sender-receiver communication model.
11. Explain the role of synchronization in data transmission.




12. Discuss the factors affecting communication performance in loT systems.
13. Explain packet-based data transmission and its advantages.

C. Comparison / Concept-Focused Questions (Frequently Asked)

14. Differentiate between bandwidth and throughput.

15. Differentiate between latency and data loss.

16. Compare reliable and unreliable communication systems.

17. Compare wired and wireless communication (any four points).

D. Diagram-Based / Structured Questions (Exam Favorite)

18. Draw and explain a basic communication system block diagram.
19. Draw a conceptual diagram showing data flow using communication protocols.
20. Explain the communication process using packets with a neat sketch.

1.10 Application & Logical Thinking Questions
(5 Questions — High Scoring & Distinction Level)

These questions test understanding + application, and help students score above average
marks.

1. A system experiences frequent data delay.
a) ldentify the communication parameter responsible.
b) Explain how it affects system performance.
2. Inaconnected system, data reaches the receiver but contains errors.
a) Which communication feature is missing?
b) Justify your answer.
3. A communication system supports only a limited number of devices.
a) Identify the related communication concept.
b) Explain how it impacts future expansion.
4. Areal-time monitoring system requires fast response.
a) Which communication parameters must be minimized or maximized?
b) Give proper reasoning.
5. During data transmission, sender and receiver are not properly coordinated.
a) Name the affected communication concept.
b) Explain its importance in reliable data transfer.

© Examiner’s Strategy Tip for Students
(Unit—4: IoT Communication Protocols)

¢ 2-3 Mark Questions — Definitions + Purpose
What examiners expect:

e Clear definition
o Purpose/ use




One key feature

< How to answer:

2-3 short points
Use technical keywords (MQTT, publish/subscribe, topology, range, power)

Typical Questions:

Define MQTT protocol.

What is publish/subscribe communication?
State the purpose of Wi-Fi in IoT.

List any two [oT network topologies.

¢ 5-6 Mark Questions — Heading + Explanation + Example / Diagram

What examiners expect:

Proper headings
Working principle
Comparison / diagram / example

% How to answer:

b=

Start with definition

Explain working or characteristics
Add diagram or comparison table
Mention electrical/loT application

Typical Questions:

Explain MQTT protocol with neat diagram.

Explain Wi-Fi and BLE with comparison.

Explain sensor network topologies used in [oT.

Compare IoT communication protocols based on speed, range, and power.

¢ Application / Logical Thinking Questions — Logic + Concept + Justification

What examiners expect:

Correct protocol selection
Logical reasoning
Clear justification

% How to answer:

Describe application requirement
Select suitable protocol
Justify selection based on power, range, speed, cost




Typical Questions:
e Which protocol is suitable for smart energy monitoring and why?

o Justify the use of MQTT in smart grid applications.
o Select suitable topology for a large sensor network and justify.

Scoring Insight:

Students who explain “WHY a protocol is chosen” along with “WHAT it is” always score
higher marks.

OBE Alignment (Quick Mapping) — Unit-4
@ Course Outcome Mapping

CO4: Compare and select suitable IoT communication protocols

Unit-4 Topics CO0O4 Contribution
Importance of IoT communication

MQTT (publish/subscribe)
Wi-Fi protocol

BLE protocol

Sensor network topologies

ANANIENENENEN

Comparative study of protocols

Unit-4 directly supports CO4
& Cognitive Levels Covered (RBT Alignment)

¢ Remember & Understand

e Definitions of MQTT, BLE, Wi-Fi
e Protocol features
o Types of network topologies

B Exam Examples:
e Define BLE.

o State features of MQTT.
o List types of IoT topologies.

¢ Apply & Analyze
e Protocol selection for applications
o Comparison of protocols

e Network design decisions

B Exam Examples:




e Compare MQTT and HTTP for IoT.
o Select suitable protocol for smart irrigation and justify.
e Analyze topology suitable for large-area sensor network.

> Examiner’s Final Advice for Unit-4

v Always write comparison tables where possible

v Draw simple protocol / topology diagrams

v Link protocol features to electrical IoT applications
v Use keywords: low power, range, bandwidth, latency
v Avoid memorized answers without justification

© Golden Rule for Unit-4:

Protocol name + working + why selected = distinction marks




1.1 Topic-wise Detailed Study Plan (Well-Structured Format)-UNIT-05

Sr. Topic Lecture Exam Practical
No. Hours Importance Relevance
1 LED / Buzzer Control 0.75 hr High
2 LDR Interfacing 0.75 hr High
3 Temp & Humidity Monitor  (|1.0 hr Very High
4 Voltage Monitoring System ||1.0 hr Very High
5 Icoc;l'r;frzsled Smart Light 1.0hr Excellent
6 Smart Irrigation System 1.0 hr Excellent
7 Smart Parking System 1.0 hr High
8 Case Study Preparation 0.5 hr Excellent
‘Total H H7 Hours H H |

1.2 Topic—1: Control LED / Buzzer as per Delay Time Set by User (Using
Arduino)

£} Hook / Introduction (= 5 minutes)

Imagine you enter a smart room where lights blink slowly during normal operation, but in an

emergency, a buzzer sounds rapidly to alert everyone. s
Question for you: How does a small controller decide when to turn ON or OFF a device and
for how long?

This is exactly what we will learn today using Arduino, LEDs, and buzzers. You already know
basic digital electronics—HIGH means ON, LOW means OFF. Today, we extend this idea by
controlling time, which is the heart of automation and loT-based systems.

Fun Fact
The first blinking LED programs are called “Hello World” of embedded systems—because
they introduce timing, logic, and hardware control together.

EJ Core Concepts (= 40 minutes)

2.2.1 Various output control technique using arduino
¢ A. Digital Output using Arduino
Arduino digital pins work like electrical switches:

« HIGH (5V) > LED/Buzzer ON
« LOW (0V) - LED/Buzzer OFF




Hardware setup (describe for drawing):

e Draw Arduino UNO.

e From digital pin 8, connect a resistor (220Q), then to LED anode.
e LED cathode goes to GND.

e For buzzer: connect positive to pin 9, negative to GND.

Set Delay Time

USER INTERFACE

DELAY TIME: 5s

t [<:s] I

Control Signal

0oo

oo
oo
ood

<0d

et

CODE LOGIC
1. READ Delay Time:
2. WAIT for Delay
3. ACTIVATE LED/Buzzer

LEGEND

{®r => [-» Ej—)

Arduino User Interface LED Switter

This shows how Arduino controls external devices safely.

¢ B. ON/OFF with Fixed Delay
First, we control LED/Buzzer using a fixed delay.
Logic explanation (no code yet):

Set pin as OUTPUT

Turn device ON

Wait for fixed time (example: 1000 ms = 1 second)
Turn device OFF

Wait again

Repeat

ok wWwNE

Analogy:
Think of a traffic signal that stays green for exactly 30 seconds every time—no change, no
control.

This helps students understand:
¢ Timing control

¢ Sequential execution
e Delay in milliseconds




¢ C. Replacing Fixed Delay with User-Controlled Variable

Now we move one step closer to loT thinking.
Instead of writing:

e delay(1000);
We use:

e delay(variable_time);
Where does variable_time come from?

o Serial Monitor (user enters value)

e Potentiometer (analog input)

e Mobile app / loT dashboard (advanced stage)
Conceptual Flow (for flowchart drawing):

e Start

e Read user delay value

e Turn LED/Buzzer ON
o Wait for user-defined time

e Turn OFF
e Repeat
Simple LED/Buzzer Timer Flow
Initialization Activation Dreactivation
Begin the tirmer Activate the LED Switch off the LED
seqguence andyor buzzer andyor buzzer

@

Delay Period
Get the desired Pause for the
delay time from the specifed duratiocn

UseEr

Return to the start
to begin again

This introduces:

e Variables
e Userinteraction
e Flexible automation




Key learning:
Same hardware, smarter control.

E) Real-World / Industry Applications (= 10 minutes)
This simple concept is used everywhere:
¢ Alarm Systems
e Buzzer ON time changes based on threat level
¢ Smart Lighting
e LED blink rate changes for notifications
¢ Industrial Panels

e Status LEDs blink differently for fault, warning, or normal mode

¢ loT-based Alerts
e Delay controlled remotely via mobile or cloud

In factories, engineers don’t change wiring every time—they change logic and timing, just
like we did.

) summary & Q&A (= 5 minutes)

Key Takeaways

e Arduino digital pins control LED/Buzzer as OUTPUT
¢ Fixed delay = basic automation

e Variable delay = smart, user-controlled system

¢ Timing control is the foundation of loT applications

? Common Student Doubts

e Why resistor with LED? - To limit current and protect LED
e Why milliseconds? - Arduino delay works in ms for precision
e Can delay come from mobile? - Yes, using loT platforms later

© Mentorship Note (Career Tip)

Mastering LED/Buzzer control with variable delay may look simple—but this is the base of
real loT projects like smart homes, industrial automation, and safety systems.

Students who understand timing, logic, and user control find it much easier to learn ensors,
relays, cloud dashboards, and PLCs later.




1.3 Topic-02: Interfacing LDR Sensor with Arduino to Measure Light Intensity

-
¥
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DIGITAL (PWM~)

ED Hook / Introduction (= 5 minutes)

Have you noticed how street lights automatically turn ON in the evening and switch OFF in

the morning? .~
Question to think: How does a system “sense” light and decide what to do?

The answer lies in a simple yet powerful sensor called LDR - Light Dependent Resistor. Today,
we will learn how to interface an LDR with Arduino and measure light intensity in real time.
This experiment is a foundation block for smart lighting, energy-saving systems, and loT
automation.

Fun Fact . :
LDRs were widely used even before digital sensors—early camera light meters worked on
this same principle!

EJ Core Concepts (= 40 minutes)

2.3.1 Understanding working of LDR and connection with Arduino

© A. What is an LDR?
An LDR is a resistor whose resistance changes with light:

e Bright light - Low resistance
e Dark condition - High resistance

Simple analogy:

Think of LDR as a tap—more light means more current can “flow,” less light means
restricted flow.

© B. Why Analog Input?




Light intensity is not just ON or OFF—it varies continuously.
Hence, LDR output is connected to an analog pin (A0) of Arduino.

Arduino converts analog voltage into a digital value using ADC (Analog to Digital Converter):

e Range: 0to 1023
e 00V
e 102355V

© C. Circuit Connection (Explain for Drawing)
Voltage Divider Concept (very important):

e Draw LDR in series with a fixed resistor (10kQ).
e One end connected to 5V.

e Other end connected to GND.

e Middle point goes to Analog pin AO.

This converts resistance change into voltage change, which Arduino can read.
Diagram description for students:

e Arduino UNO on left

e Breadboard on right

e LDR + resistor in series

e A0 connected to junction point

© D. Observing Light Variation on Serial Monitor
Working logic explained step-by-step:

1. Arduino reads analog value from AO
2. Value is sent to Serial Monitor
3. Student changes light level by:

o Covering LDR with hand

o Using torch/mobile flashlight 4
4. Value increases or decreases instantly

Typical observation:
e Bright light - value around 800-1023
¢ Dim light - value around 200-400

e Darkness = value below 100

This real-time response excites students and builds confidence in sensor interfacing.

© E. Flowchart Description




Smart Light Intensity Monitoring System

The LDR sensor is The Arduino reads the The Arduino interprets The light intensity is
connected to the analog input from the the sensor readings to displayed on a screen
Arduino board. LDR sensor. determine light for real-time
intensity. monitoring.

Users can analyze the
environmental lighting
conditions based on
the displayed data.

For easy exam drawing:

e Start

e Read Analog Value (AO)

e Display value on Serial Monitor
e Delay (small)

e Repeat

E) Real-World / Industry Applications (= 10 minutes)
This simple experiment is used in many systems:
¢ Automatic Street Light Control

e Light-based ON/OFF decision

*

Solar Tracking Systems

e Panels adjust direction using light intensity

*

Smart Homes

e Automatic curtain or lamp control

L 2

Industrial Safety

e Detect light failure in machines

*

Energy Management Systems
e Reduce power consumption using ambient light data

In loT, LDR data can be sent to cloud dashboards for analysis and automation.




3 summary & Q&A (= 5 minutes)

Key Takeaways

e LDR senses light by changing resistance

e Connected to Arduino as analog input

e Voltage divider converts resistance to voltage
o Serial Monitor shows real-time light intensity

? Common Student Doubts

e  Why not connect LDR directly? - Needs voltage divider
o Why values change continuously? - Light is analog
e Can this control devices? = Yes, using conditions

© Mentorship Note (Career Tip)

Understanding LDR interfacing builds your sensor fundamentals, which are essential for loT,
automation, PLC systems, smart grids, and renewable energy projects. Many diploma
students start their final-year projects with LDR-based automation—and industry loves
engineers who understand sensors + logic, not just theory.

1.4 Topic—3: Smart Temperature & Humidity Monitor using Arduino and
DHT11

£} Hook / Introduction (= 5 minutes)

Have vyou ever checked the weather app before leaving home? ¢
It tells you temperature and humidity, helping you decide what to wear or whether rain is
possible.

Think about this:
How does a machine actually measure temperature and humidity?
Can we build our own mini weather station?

Today’s topic answers these questions using Arduino and a popular sensor called DHT11. This
experiment is a big step from simple sensors toward smart monitoring systems used in real
loT applications.

Fun Fact @ :
Humidity measurement is so important that data centers and hospitals spend lakhs of
rupees just to control it accurately!

3 Core Concepts (= 40 minutes)
2.4.1 Temperature & Humidity Monitor and control using Arduino.

O A. What is Temperature & Humidity?

e Temperature - How hot or cold the environment is (°C)




e Humidity > Amount of water vapor present in air (%)

High humidity + high temperature = discomfort and equipment damage.

© B. Introduction to DHT11 Sensor
The DHT11 is a digital sensor that measures:

e Temperature (0°C to 50°C)
e Humidity (20% to 90%)

Inside DHT11:

o Thermistor - measures temperature
e Capacitive humidity sensor - measures moisture
e Built-in IC = converts data to digital signal

Key advantage:
No need for analog-to-digital conversion like LDR.

O C. Pin Configuration (Explain for Diagram)
DHT11 has 3 or 4 pins (depending on module):

1. VCC-> 5V
2. DATA - Digital pin (e.g., D2)
3. GND - Ground

Diagram description for students:

¢ Draw Arduino UNO

e DHT11 module on right

¢ VCCto5V, GND to GND

o DATA wire to digital pin D2

This simple wiring makes it ideal for beginners.

© D. Working Principle with Arduino
Step-by-step explanation:

Arduino sends a request signal to DHT11
DHT11 measures temperature & humidity
Sensor sends digital data back

Arduino processes data

Values are displayed on Serial Monitor

uhwWwNE

Observation on Serial Monitor:




e Temperature: e.g., 28°C
e Humidity: e.g., 65%

If you breathe near the sensor or hold it tightly, humidity value rises—students love this live

demo & .

© E. Flowchart Description (For Exam Use)

g % Arduino Platform

DHT11 Sensor

Smart

Temperature &
Humidity Monitor = Real-Time
Innovative project « Monitoring

Integration

e Start
e Initialize DHT11 sensor
¢ Read temperature & humidity
¢ Display on Serial Monitor
e Delay
e Repeat
EJ Real-World / Industry Applications (= 10 minutes)
This concept is widely used in industry and daily life:
¢ Weather Monitoring Stations
e Local climate data collection
¢ Smart Agriculture
e Crop irrigation & greenhouse control
¢ Cold Storage & Warehouses

e Prevent food spoilage

¢ HVAC Systems




e Automatic AC & ventilation control
¢ loT Dashboards
e Data uploaded to cloud for analysis
In industries, such monitoring avoids equipment failure, product loss, and safety hazards.

3 summary & Q&A (= 5 minutes)

Key Takeaways

e DHT11 measures both temperature & humidity
e Uses digital communication, not analog

e Easy to interface with Arduino

o Serial Monitor shows real-time data

? Common Student Doubts

e Why DHT11 over analog sensor? - Easy & digital
e Isitvery accurate? —» Suitable for basic loT projects
e Can data be sent online? - Yes, using Wi-Fi modules

© Mentorship Note (Career Tip)

Temperature and humidity monitoring is a core concept in 10T, smart cities, renewable
energy, data centers, and automation industries. Students who master sensors like DHT11
can easily move to advanced sensors (DHT22, BMP280) and build real-world projects for
internships and jobs.

1.5 Topic—4: Interfacing Voltage Sensor with Arduino for Monitoring
Supply Voltage (ZMPT101B)

£} Hook / Introduction (= 5 minutes)

Have you ever noticed voltage fluctuations at home—fans slowing down, lights dimming, or
machines tripping?

Question to think: How does an electrical system continuously monitor voltage to protect
equipment?

As electrical engineers, voltage is our lifeline parameter. Today, we will learn how to measure
and monitor supply voltage safely using Arduino and a special voltage sensor module called
ZMPT101B, and finally display the real voltage value on an LCD.

Fun Fact

In industries, voltage monitoring systems run 24x7—even a small fluctuation can cause lakhs
of rupees in losses!




E3 Core Concepts (= 40 minutes)

2.5.1 Voltage Sensor connection with Arduino for measurement and display of voltage

© A. Why We Cannot Measure High Voltage Directly
Arduino works at 0-5V, while supply voltage may be:

e 230V AC (domestic)
e 110V / 415V (industrial)

Direct connection = damage + danger
So, we use voltage sensors for:
e Electrical isolation

¢ Voltage scaling
o Safety

Integrating ZMPT101B Sensor

developments with the sensor.

- =
Q_,—a Connect Sensor
=2 Wire the ZMPT101B sensor to the
Arduino
|
C_\ Read Voltage
@ Use Arduino code to read voltage
data from the sensor.
|
Monitor Data
M Analyze the voltage data for
insights and trends
| B
éiU:Z Enhance Functionality
| J Use voltage data to improve
Arduino project features.
=
=) Experiment
&-—ﬂ\ Explore new applications and

© B. Introduction to ZMPT101B Voltage Sensor
The ZMPT101B is an AC voltage sensor module based on a precision voltage transformer.
Key features:
e Measures AC voltage safely
e Provides isolated low-voltage output

e Output is analog (0-5V)
e Onboard potentiometer for calibration




Analogy:
Think of ZMPT101B as a step-down transformer + safety guard for Arduino.

© C. Connecting ZMPT101B to Arduino (Analog Input)
Wiring description (for neat diagram):

e ZMPT101B VCC - Arduino 5V

e GND - Arduino GND

e OUT - Arduino Analog pin A0

e AC supply connected to sensor input terminals (via proper precautions)

Emphasize: Always use low regulated AC voltage in lab demos.
© D. Observing Voltage Variation on Serial Monitor
Working steps:
Arduino reads analog value from AO
Value ranges from 0 to 1023

Regulate AC voltage using variac / regulated source
Observe change in analog readings on Serial Monitor

PwnNE

Student observation:

e Low voltage - small analog value
e Higher voltage - larger analog value

This confirms voltage-to-analog conversion.

¢ E. Scaling Analog Value to Real Voltage
Raw ADC values are not real voltage. We apply scaling:
Concept explanation (no heavy math):

e Sensor output o actual AC voltage
e Calibration factor converts ADC value to real voltage

Example idea:
If 230V corresponds to a specific ADC value, we calculate voltage proportionally.

This step converts electronics into engineering measurement.
© F. Displaying Voltage on LCD
To make the system user-friendly, voltage is shown on an LCD (16x2).

Block diagram (describe):




e AC Supply - ZMPT101B Sensor
e Sensor Output - Arduino
e Arduino - LCD Display

LCD display example:

Voltage:
228.5V

This is how smart meters and panels work.
E) Real-World / Industry Applications (= 10 minutes)
This concept is widely used in:

Smart Energy Meters

Industrial Control Panels

Solar Inverter Monitoring

Power Quality Analysis Systems
loT-based Remote Voltage Monitoring

® & o6 o o
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In loT, voltage data is sent to the cloud for fault detection and alerts.

3 summary & Q&A (= 5 minutes)

Key Takeaways

¢ High voltage cannot be measured directly by Arduino
e ZMPT101B provides safe, isolated voltage sensing




¢ Analog input reads scaled voltage
e Calibration converts ADC value to real voltage
e LCD makes system practical and readable

? Common Student Doubts

e Is ZMPT101B for DC? > No, AC only
e Why isolation needed? - Safety & protection
e Can this be loT-enabled? - Yes, easily

@© Mentorship Note (Career Tip)

Voltage monitoring is a core industrial skill in power systems, renewable energy,
automation, and loT-based smart grids. Students who understand sensors like ZMPT101B
can confidently work on energy meters, inverter systems, EV charging stations, and
protection systems.

1.6 Topic—5: IoT-Based Smart Light Control using Arduino, Relay &
ESP8266

ED Hook / Introduction (= 5 minutes)

An

Imagine you are lying on your bed and suddenly realize the hall light is still ON. &
Instead of getting up, you open your mobile and switch it OFF in one tap.

Question for students:
How does a bulb in your home listen to your mobile phone?

This is the power of 10T (Internet of Things). Today we will learn how to build a Smart Light
Control System using Arduino, a relay module, and ESP8266 to control a home bulb through
Wi-Fi.

Fun Fact

Smart lighting is one of the first commercial loT products, because lighting consumes a major
share of household electricity.

EJ Core Concepts (= 40 minutes)

2.6.1 10T Project-Smart Light Control using Arduino, Relay & ESP8266
© A. What is loT-Based Light Control?
loT-based light control means:
e Bulbis connected to the internet

e User sends command from mobile / web
e System responds in real time




This converts a simple electrical load into a smart device.

© B. Main Components and Their Role

1. Arduino
o Acts as the controller (brain)
o Processes ON/OFF commands
2. ESP8266 Wi-Fi Module
o Connects system to Wi-Fi network
o Receives commands from mobile/web
3. Relay Module
o Works as an electrically operated switch
o Separates low-voltage control and high-voltage AC load
4. ACBulb
o Output device (load)

Analogy:
Think of ESP8266 as a messenger, Arduino as the decision maker, and relay as the muscle
that switches the bulb.

O C. Block Diagram Description (For Drawing)
Explain students to draw step-by-step:

e Mobile App / Web Page
L (Wi-Fi)
e ESP8266 Module
J (Serial / GPIO)
e Arduino
J (Digital Output)
e Relay Module
N2
e ACBulb

This block diagram is very important for exams and project viva.




Smart Home Appliance Control System Workflow

Mobile App / ESP8266
Web Page Wi-Fi Module Arduino AC Bulb

)) ) ) ) B)) B )T)sTl) )

User Input Wi-Fi Receiver
User interacts with ESP8266 receives Relay module
app to control command and switches AC power
appliance Wireless forwards to Arduino Microcontroller to appliance Appliance
Communication Logic Activation
App sends Arduino processes AC bulb turns on or
command to command and off based on
ESP8266 via Wi-Fi activates relay command

© D. Circuit & Working Principle (Conceptual)
Relay Connection Explanation:

e Arduino digital pin - Relay IN
e Relay COM & NO connected in series with bulb and AC supply

Working Steps:

User presses ON/OFF on mobile app
Command goes through Wi-Fi router
ESP8266 receives command

Arduino reads command

Arduino activates relay

Bulb turns ON or OFF

ounkwnE

This entire process takes milliseconds.

¢ E. Flowchart Explanation




Smart Home Appliance Control

P [ ]
ESP8266
Module

Mobile App /
Web Page

e Mobile App /
Web Page

For easy understanding:

e Start

e Connect ESP8266 to Wi-Fi

e Wait for user command

e If command = ON - Relay ON

e If command = OFF - Relay OFF

e Repeat
This shows decision-based control, a key loT concept.
EJ Real-World / Industry Applications (= 10 minutes)
This same logic is used in:

¢ Smart Homes

e Lights, fans, appliances

*

Energy Saving Systems

e Automatic light scheduling

*

Hotels & Offices

e Centralized light control

*

Smart Cities

e Street light automation

*

Industrial Automation




¢ Remote control of loads
In industry, such systems reduce power consumption, manpower, and faults.

) summary & Q&A (= 5 minutes)

Key Takeaways

e |oT enables remote control via internet

o ESP8266 provides Wi-Fi connectivity

e Relay safely controls high-voltage loads

e Arduino processes logic

e Mobile/web interface makes system user-friendly

? Common Student Doubts

e Isrelay compulsory? - Yes, for AC load safety
e Can ESP8266 work alone? - Yes, but Arduino simplifies learning
e Is this safe for home use? = Yes, with proper insulation

© Mentorship Note (Career Tip)

loT-based smart light control is a core mini-project for diploma students. Mastering this topic
opens doors to smart home systems, industrial loT, energy management, automation, and
embedded careers. Many companies look for engineers who can combine electrical
knowledge + networking + control.

1.7 Topic—6: IoT-Based Smart Irrigation System

£} Hook / Introduction (= 5 minutes)

Think about Indian agriculture ; .
Sometimes crops don’t get enough water, and sometimes too much water is wasted.
Farmers often irrigate fields based on experience, not real data.

Question for students:
What if plants themselves could tell us when they need water?

That is exactly what a Smart Irrigation System does. Using Arduino, sensors, and loT, we can
automatically control a water pump and even monitor everything on a mobile phone. This
topic beautifully connects electrical engineering, sensors, control systems, and loT.

Fun Fact &% :
Smart irrigation systems can save up to 40-50% water, which is why governments and agri-
tech companies are heavily investing in them.

3 Core Concepts (= 40 minutes)

2.7.1 10T based smart irrigation using humidity sensors and Arduino




O A. What is a Smart Irrigation System?
A smart irrigation system:

e Measures soil moisture

o Decides automatically whether water is required
e Turns pump ON/OFF

e Sends live status to mobile using Wi-Fi

This replaces manual irrigation with data-based automation.

© B. Main Components and Their Role

1. Soil Moisture Sensor

o Measures water content in soil

o Output is analog value

o Dry soil - High value / Low moisture

o Wet soil > Low value / High moisture
2. Arduino

o Acts as the brain

o Reads sensor value

o Compares with threshold

o Controls relay
3. Relay Module

o Works as an electrical switch

o Safely controls water pump (AC load)
4. Water Pump

o Supplies water to crops
5. ESP8266 Wi-Fi Module

o Sends live data to mobile app / web dashboard

o Allows remote monitoring and control




Analogy:

Soil sensor = sense, Arduino = think, relay + pump = act, ESP8266 = communicate.

© C. Block Diagram Description (For Drawing)

Explain students to draw clearly:

¢ Soil Moisture Sensor

N2

e Arduino
N2

e Relay Module
N2

e Water Pump

Side connection:

e Arduino ¢ ESP8266 <> Mobile App (Wi-Fi)

Measures the moisture
level in the soil

Relay Module

Switches the water
pump on and off based
on Arduino signals

Soil Moisture System Components

Microcontroller that
reads sensor data and
controls the pump.

Water Pump

Pumps water to the
plants when needed.

This block diagram is very important for exam answers and project explanation.

© D. Working Principle (Step-by-Step)

oA wWwNRE

ESP8266 sends:

o Soil moisture value

Soil moisture sensor measures soil condition
Arduino reads analog value

Arduino compares value with preset threshold
If soil is dry - Relay ON - Pump ON

If soil is wet - Relay OFF - Pump OFF

o Pump status (ON/OFF)
to mobile phone in real time

This makes irrigation automatic + smart.




© E. Flowchart Explanation
For easy understanding:

o Start
e Read soil moisture value
e Issoil dry?
o Yes - Pump ON
o No - Pump OFF
¢ Send data to mobile
e Repeat

E) Real-World / Industry Applications (= 10 minutes)
This system is used in:

Smart Agriculture & Precision Farming
Greenhouses & Nurseries
Water-saving irrigation projects
Remote farms with minimal manpower

® & o6 o o

Government smart farming schemes

In loT-based agriculture, data from many farms is analyzed to improve crop yield and
reduce water waste.

) summary & Q&A (= 5 minutes)

Key Takeaways

¢ Soil moisture sensor gives real-time soil condition
¢ Arduino makes automatic decisions

¢ Relay safely controls pump

e ESP8266 enables |oT monitoring

¢ System saves water, time, and energy

? Common Student Doubts

e Is threshold fixed? - No, it can be adjusted
e Can manual control be added? - Yes, via mobile app
e [s this safe for farms? - Yes, with proper wiring & insulation

© Mentorship Note (Career Tip)

Smart irrigation is one of the most demanded loT applications in India today. Students who
master this topic can work in agri-tech startups, renewable energy projects, smart city
missions, automation companies, and government loT initiatives. This is also an excellent
final-year diploma project.




1.8 Topic—7: Smart Parking System using Arduino & Ultrasonic Sensor
ED Hook / Introduction (= 5 minutes)

Think about busy places like shopping malls, hospitals, railway stations, or colleges @ % .
Most of the time, drivers waste fuel and time searching for an empty parking space.

Question for students:
What if a system could automatically tell us whether parking is available or full—before
we enter?

This is exactly what a Smart Parking System does. Using Arduino, an ultrasonic sensor, and a
simple display with buzzer, we can detect vehicle presence and show parking availability in
real time. This topic is a perfect example of loT thinking applied to daily-life problems.

Fun Fact @ :

Studies show that nearly 30% of city traffic congestion is caused by vehicles searching for
parking!

E3 core Concepts (= 40 minutes)

2.8.1 Smart Parking System using IOT system

O A. What is a Smart Parking System?
A smart parking system:
o Detects whether a parking slot is occupied or free
e Updates status on a display board outside
e Gives alerts using a buzzer

e Reduces traffic congestion and fuel waste

In our model, we focus on one parking slot, but the same logic is extended to multiple slots.




© B. Main Components and Their Function

1. Ultrasonic Sensor (HC-SR04)
o Works on echo principle
o Sends ultrasonic sound waves
o Measures distance based on reflected signal
2. Arduino
o Acts as the controller (brain)
o Calculates distance
o Decides whether slot is occupied or free
3. Buzzer
o Gives audio alert
o Useful for entry warning or confirmation
4. Display (LED/LCD)
o Shows “Parking Available” or “Parking Full”

Simple analogy:
Ultrasonic sensor is like a bat . —it sends sound and listens to echo to know distance.

© C. Ultrasonic Sensor Working Principle
The ultrasonic sensor has:

e TRIG pin = Sends sound pulse
e ECHO pin - Receives reflected wave

Distance calculation concept (no heavy math):




e Sound travels = hits vehicle > comes back
e Time taken is measured
e Distance = based on time delay

If distance is less than a fixed threshold, it means:
Vehicle is present - Parking occupied

© D. Circuit & Diagram Description (For Drawing)
Explain students to draw clearly:

e Arduino UNO at center
¢ Ultrasonic sensor in front of parking slot
o VCC—>5V
o GND - GND
o TRIG & ECHO - Digital pins
e Buzzer connected to another digital pin
e Display connected to Arduino

This diagram is very important for exam answers and viva.
© E. Working Logic (Step-by-Step)

1. Ultrasonic sensor continuously measures distance
2. Arduino reads distance value
3. If distance < threshold:
o Parking = Occupied
o Display shows “FULL”
o Buzzer ON (optional)
4. If distance > threshold:
o Parking = Available
o Display shows “AVAILABLE”
o Buzzer OFF

This loop runs continuously, giving real-time parking status.

© F. Flowchart Explanation




Smart Parking System Flowchart

[D% Start ]

L

Trigger
@-:-} ultrasonic
sensor

L

mg,_, Measure
distance

Is distance <
threshold?

[Sﬂ glé::tupled] [ \E Slot Free]

Update

@ display &
buzzer

[Q R;peat ]

For exams, describe:

Start
Trigger ultrasonic sensor
Measure distance
Is distance < threshold?
o Yes - Slot Occupied
o No - Slot Free
Update display & buzzer
Repeat




E) Real-World / Industry Applications (= 10 minutes)
Smart parking systems are used in:

Shopping Malls & Multiplexes
Airports & Railway Stations
Smart Cities Projects

Office Campuses & IT Parks
Residential Complexes
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Advanced systems connect parking data to mobile apps and cloud servers, guiding drivers
to free slots.

3 summary & Q&A (= 5 minutes)

Key Takeaways

e Ultrasonic sensor detects vehicle presence
e Arduino processes distance data

e Display shows parking status

e Buzzer provides alert

e System saves time, fuel, and reduces traffic

? Common Student Doubts

e Why ultrasonic sensor? - Non-contact & accurate
e Can multiple slots be monitored? = Yes, using multiple sensors
e Can this be loT-enabled? - Yes, with Wi-Fi modules

© Mentorship Note (Career Tip)

Smart parking is a key module in smart city and loT infrastructure projects. By mastering this
topic, students gain skills in sensors, automation logic, embedded systems, and real-world
problem solving. This project is highly valued in interviews, internships, and diploma final-
year projects.

1.9 Topic—8: Case Studies on IoT Applications (1 to 7)

£} Hook / Introduction (= 5 minutes)

Till now, you have studied 7 different loT-based applications—from blinking LEDs to smart
irrigation and parking systems.
Question to reflect:

How do this small classroom experiments convert into real engineering solutions?

Today’s lecture brings everything together through case studies. A case study helps you
understand why a sensor was chosen, how it was connected, what the code does, and what




benefits the system provides. This is exactly how engineers work in real projects and
industries using Arduino.

Fun Fact | :
In engineering interviews, recruiters often ask “Explain your project as a case study”—not
just theory.

E3 Core Concepts — Case Studies (= 40 minutes)

O Case Study 1: LED/Buzzer Control with User Delay

e« Hardware & Sensors: Arduino, LED/Buzzer, resistor

e Connection Layout: LED connected to digital pin via resistor; buzzer to another
digital pin

e Pin Mapping: D8 - LED, D9 - Buzzer

e Code Logic: Digital HIGH/LOW with delay variable

e Result: User controls ON/OFF timing

¢ Benefit: Base for alarms, indicators, automation logic

© Case Study 2: LDR-Based Light Intensity Measurement

e« Hardware: LDR, 10kQ resistor, Arduino

e Sensor Selection: LDR chosen for low cost & simplicity
o Connection: Voltage divider to Analog pin AO

e Code: analogRead() and Serial Monitor output

e Result: Light variation shown in real time

o Benefit: Automatic lighting & energy saving systems

© Case Study 3: Smart Temperature & Humidity Monitor

e Sensor: DHT11 (digital sensor)

e Connection: DATA - D2, VCC - 5V

¢ Code Concept: Sensor library reads temp & humidity
e Output: Values on Serial Monitor

e Result: Real-time environmental monitoring

« Benefit: HVAC, weather stations, data centers

o Case Study 4: Voltage Monitoring using ZMPT101B

e Sensor Selection: ZMPT101B for AC isolation & safety
e Connection: Sensor OUT - A0

e Pin Mapping: A0 - Voltage input

e Code: ADC reading + scaling + LCD display

e Result: Actual AC voltage displayed

e Benefit: Smart meters, power protection systems

© Case Study 5: loT-Based Smart Light Control

e Hardware: Arduino, ESP8266, Relay, Bulb




¢ Connection Layout: Arduino - Relay = Bulb

e Pin Mapping: D7 - Relay control

e Code: Wi-Fi command decoding + digital output
e Result: Light controlled via mobile/web

e Benefit: Smart homes, energy management

© Case Study 6: Smart Irrigation System

e Sensors: Soil moisture sensor

e Actuator: Relay + Water pump

e Pin Mapping: A0 - Sensor, D8 - Relay

e Code: Threshold comparison logic

e Result: Automatic pump ON/OFF + mobile status
o Benefit: Water saving & smart agriculture

¢ Case Study 7: Smart Parking System

¢ Sensor: Ultrasonic sensor

e Connection: TRIG & ECHO - Digital pins

e Code: Distance calculation + condition check
¢ Result: Parking availability shown on display
¢ Benefit: Reduced congestion & smart cities

E) Real-World / Industry Perspective (= 10 minutes)
Industries follow the same structure:

e Sensor selection based on accuracy & cost
o Safe interfacing with controllers

e Logical programming

o Data display or cloud upload

These 7 applications directly relate to smart homes, agriculture, power systems, smart
cities, and industrial automation.

) summary & Q&A (= 5 minutes)

Key Takeaways

e Case studies connect theory + hardware + code
e Proper sensor selection is critical

e Arduino pin mapping simplifies debugging

e Results must always link to real benefits

? Typical Student Doubts
e Is coding compulsory? - Yes, logic matters

e Can these be final-year projects? - Absolutely
e Are these industry-relevant? - 100% yes




1.10 @ Mentorship Note (Career Tip)

If you can explain any one of these projects as a clear case study, you are already thinking
like an engineer. Industries want diploma engineers who can build, explain, and improve
systems, not just memorize notes.

@ A. Low-Level Prompts (Remember & Understand)
(10 prompts — for basics, definitions, and clarity)

1. “Explain the concept of loT applications in very simple words as if | am a Diploma
Engineering student.”

2. “List the major application areas of loT and explain each in 2—3 simple points.”

“Define loT-based systems and explain why they are important in modern

engineering.”

“Explain how data is used in loT applications with a simple real-life example.”

“Write short notes on different types of loT applications commonly asked in exams.”

“Explain the working principle of an loT application step-by-step in easy language.”

“Give a simple summary of Unit—5: Applications of 10T for last-day exam revision.”

“Explain the role of sensors and devices in loT applications at a basic level.”

“What are the benefits of 10T applications? Explain in simple bullet points.”

10. “Explain loT applications using a daily-life analogy that is easy to remember in
exams.”
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B. Moderate-Level Prompts (Apply & Analyze)
(10 prompts — for understanding use, comparison, and analysis)

11. “Explain how loT applications are used in different sectors and compare any two
applications.”

12. “Analyze an loT application and explain its input, process, and output clearly.”

13. “Explain how loT applications help in automation and monitoring with examples.”

14. “Differentiate between traditional systems and loT-based applications in a
comparison table.”

15. “Explain a real-world problem and how an loT application can solve it.”

16. “Discuss advantages and limitations of loT applications from an engineering exam
point of view.”

17. “Explain the flow of information in an loT application using a simple block diagram
explanation.”

18. “Why are loT applications important for electrical engineering students? Explain
logically.”

19. “Explain how loT applications improve efficiency, safety, or energy management.”

20. “Analyze an loT application and write a 6-8 mark answer suitable for diploma
exams.”

%’ C.High-Level Prompts (Design & Create)

(5 prompts — for design thinking and distinction-level answers)




21.

22.

23.
24,

25.

“Design a basic loT application system and explain its working in a structured exam
answer format.”

“Create a step-by-step workflow of an loT application from data collection to final
action.”

“Identify a real-life engineering problem and design an loT-based solution for it.”
“Develop a case-study style explanation of an loT application including objectives,
working, and benefits.”

“Frame a complete long-answer (10-12 marks) on an loT application with diagram
description, advantages, and conclusion.”

How Students Should Use This Toolkit

Use A-level prompts for quick understanding & revision
Use B-level prompts for 5-8 mark answers
Ue C-level prompts for case studies, design questions & distinctio

1.11 MASTER CHECK
£} Key Definitions / Glossary

(Top 15 frequently used technical terms — simple, one-line definitions)

12.

13.
14.

15.

Internet of Things (loT) — A system where physical objects are connected to the
internet to collect and share data.

loT Application — Practical use of loT technology to solve real-world problems like
monitoring or automation.

Sensor — A device that detects physical quantities such as temperature, light, or
motion.

Actuator — A device that performs an action based on received control signals.
Data Acquisition — The process of collecting data from sensors or devices.
Remote Monitoring — Observing system conditions from a distant location using
internet connectivity.

Automation — Automatic operation of a system with minimal human intervention.
Smart System — A system that can sense, analyze, and respond intelligently.
Real-Time Data — Data that is collected and processed instantly without delay.

. Cloud Platform — An online space used to store, process, and analyze loT data.
. Connectivity — The ability of devices to communicate with each other over a

network.

Embedded System — A dedicated computing system designed for a specific control
function.

User Interface — The medium through which a user interacts with an loT system.
Data Analytics — The process of analyzing collected data to extract useful
information.

Energy Efficiency — Optimal use of energy to reduce wastage in loT-based systems.

) FAQ & Assessment Section

A. Multiple Choice Questions (MCQs)




(20 MCQs — conceptual + basic application)

1. The main purpose of loT applications is to
A) Increase manual work

B) Reduce data usage

C) Enable smart decision-making

D) Eliminate sensors

2. Which component is responsible for sensing physical parameters?
A) Actuator

B) Sensor

C) Controller

D) Interface

3. loT applications mainly rely on which type of data?
A) Static data

B) Random data

C) Real-time data

D) Paper-based data

4. Remote monitoring means

A) Local system control

B) Manual data collection

C) Monitoring from a distant location
D) Offline operation

5. Which feature makes an loT system “smart”?
A) High cost

B) Internet usage only

C) Ability to sense and respond

D) Large size

6. Automation in loT reduces
A) System accuracy

B) Human effort

C) Data speed

D) Sensor usage

7. Which stage comes first in an loT application workflow?
A) Action

B) Data analysis

C) Data collection

D) Data storage

8. Cloud platforms are mainly used for
A) Power generation

B) Data storage and processing

C) Signal conversion

D) Hardware protection




9. loT applications are best suited for systems that require
A) No monitoring

B) Manual control only

C) Continuous observation

D) No data

10. Actuators are used to
A) Sense data

B) Store data

C) Perform physical actions
D) Analyze data

11. Which is NOT a benefit of loT applications?
A) Improved efficiency

B) Better monitoring

C) Increased human dependency

D) Automation

12. Real-time data helps in
A) Delayed response

B) Instant decision-making
C) Manual reporting

D) Data loss

13. Connectivity in loT enables
A) Device isolation

B) Device communication

C) Power control

D) Hardware design

14. A smart system mainly focuses on
A) Repetition

B) Intelligence and response

C) Manual input

D) Fixed output

15. Data analytics is used to
A) Collect signals

B) Perform actions

C) Extract useful information
D) Supply power

16. loT applications help mainly in
A) Reducing system intelligence
B) Increasing response time

C) Improving system control

D) Eliminating data




17. User interface in loT is meant for
A) Sensor operation

B) User interaction

C) Data storage

D) Network creation

18. Energy efficiency in IoT systems leads to
A) Power wastage

B) Higher consumption

C) Optimized energy use

D) System failure

19. Which factor is most important for remote loT applications?
A) Size

B) Connectivity

C) Weight

D) Color

20. IoT applications are mainly designed to be
A) Standalone

B) Isolated

C) Intelligent and connected

D) Mechanical only

Answer Key (MCQs)

1-C, 2-B, 3-C, 4-C, 5-C,

6-B, 7-C, 8-B, 9-C, 10-C,
11-C, 12-B, 13-B, 14-B, 15-C,
16-C, 17-B, 18-C, 19-B, 20-C

B. Short Answer / Viva Questions
(10 questions — reasoning & understanding focused)

What is meant by an loT application? Explain in brief.

Why are sensors important in loT-based systems?

Explain the need for remote monitoring in loT applications.
What role does automation play in loT systems?

How does real-time data improve system performance?
Explain the importance of cloud platforms in loT applications.
What is the difference between a sensor and an actuator?
Why are loT applications considered energy efficient?
Explain the basic workflow of an loT application.

10 How do loT applications help in smart decision-making?
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1.12 DIGITAL RESOURCE LIBRARY
2.12.1 AI Tools & Digital Learning Tools

(For visualization, simulation, practice, and concept clarity)
¢ 1. Al Chat Assistants (ChatGPT / Gemini / Copilot)
Purpose / Use-case:
e Generate explanations, summaries, examples, and exam-oriented answers

How it helps in this unit:

Simplifies loT application concepts
Helps write short notes, long answers, and case-study explanations
Useful for last-day revision and viva preparation

¢ 2. Virtual Lab Platforms (Remote / Online Labs)
Purpose / Use-case:
¢ Simulate real-world system behavior in a virtual environment

How it helps in this unit:

Visualizes how loT-based applications work
Helps understand system flow: input = process - output
Builds confidence before practical exams

¢ 3. Block Diagram & Flowchart Tools (Online Diagram Makers)
Purpose / Use-case:
e Create block diagrams, workflows, and system architecture

How it helps in this unit:

Helps students draw neat loT application diagrams for exams
Improves understanding of data flow and control logic
Useful for 6-10 mark descriptive answers

¢ 4. Concept Visualization Tools (Interactive Learning Apps)
Purpose / Use-case:
e Visual learning using animations and step-by-step explanations

How it helps in this unit:




Beneficial for slow and average learners
e Improves concept retention

¢ 5. Online Quiz & Self-Test Platforms
Purpose / Use-case:
e Practice MCQs, short questions, and concept checks
How it helps in this unit:
e Strengthens exam readiness
o Identifies weak areas in loT applications
e Supports outcome-based self-assessment
2.12.2 Video Learning Repository

(Recommended, exam-oriented, Diploma-level resources)

Platforms used: YouTube, SWAYAM, NPTEL

Makes abstract loT application concepts easy to understand

Recommended Channel / Course
/ Lecturer Name

Topic Name

Search Keywords

Introduction to loT NPTEL — Introduction to loT

“NPTEL loT applications

Applications diploma”
Smart Applications SWAYAM — loT Fundamentals “SWAYAM loT
Overview applications basics”

Industrial & Real-Life loT
Use-Cases

Gate Smashers / Engineering
Explained

“loT applications
explained simple”

loT Application
Workflow

Last Moment Tuitions

“loT system working
block diagram”

Monitoring &
Automation Concepts

Easy Engineering Classes

“loT automation
monitoring lecture”

Smart Systems &
Decision Making

Knowledge Gate

“Smart loT applications
engineering”

Exam-Oriented loT
Revision

Diploma Engineering Channels

“loT applications diploma
exam”

Case Studies on loT
Applications

NPTEL Case Study Modules

“loT case study NPTEL”

@ How Students Should Use This Library

¢ Before lecture: Watch 1 short video for concept preview

o After lecture: Use Al tools to simplify and summarize

e Before exams:

o Draw diagrams using diagram tools
o Attempt quizzes for self-check
o Watch revision-focused videos




1.13 PREDICTED QUESTION BANK (Theory Examination)
£} Most Repeated / High-Probability Questions

(Frequently asked — very high exam probability)

@ A. Core Definition-Based Questions (2—3 marks)

NV AEWNPRE

Define loT application.

What is meant by remote monitoring in loT systems?
Define automation with reference to loT applications.
What is a smart system?

Define real-time data and state its importance.

What is data acquisition in loT applications?

Define cloud platform used in loT.

What is the role of connectivity in loT applications?

¢ B. Short Explanatory Questions (4—6 marks)

0.

10.
11.
12.
13.
14.
15.
16.

Explain the basic working principle of an loT application with a neat block diagram.
Explain the importance of loT applications in modern engineering systems.
Describe the general architecture of an loT-based application.

Explain the role of sensors and actuators in loT applications.

Explain how loT applications help in automation and monitoring.

Write a short note on real-time data usage in loT applications.

Explain the advantages of loT applications.

Describe the flow of data in an loT application system.

¢ C.Long Answer / Diagram-Oriented Questions (8—12 marks)

(Very important for main exams)

17.
18.
19.
20.
21.
22.

Explain the working of an loT application with a neat labeled block diagram.
Discuss various application areas of loT with suitable explanation.

Explain monitoring-based loT applications and their benefits.

Explain automation-based loT applications with system workflow.

Write a detailed note on smart loT applications and their advantages.
Explain the importance of loT applications in energy-efficient systems.

Exam Tip:
Questions 17-21 are very high probability for 8-12 marks.

1.14 Application & Logical Thinking Questions

(5 questions — differentiate average vs distinction answers)




An industry requires continuous monitoring of system parameters from a distant
location.

Explain how an loT-based application can solve this requirement.

Explain how real-time data improves decision-making in loT applications compared
to traditional systems.

A manual system is replaced by an loT-based automated system.

Analyze the changes in efficiency, response time, and control.

Explain the complete workflow of an loT application starting from data sensing to
final action, with proper reasoning.

A smart system must reduce energy consumption while improving performance.
Justify how loT applications help achieve this objective.




