Day 1: Introduction to Electronics & Components

This day was dedicated to establishing a solid foundation in basic electronics
by studying the key passive and active components essential for circuit design.

We began by analyzing resistors, which oppose current flow according to
Ohm’s Law (V =1IR), and learned to decode their resistance values through
standardized color codes. Next, we explored capacitors, components capable
of storing and releasing electrical energy, distinguishing between non-polarized
(ceramic) and polarized (electrolytic) types, and understanding their roles in
filtering, timing, and energy buffering.

The session continued with diodes, highlighting their unidirectional
conduction properties, and introducing special variants like LEDs and Zener
diodes. Transistors, specifically BJTs (NPN and PNP types), were presented as
fundamental building blocks for amplification and switching applications,
emphasizing their current-controlled nature.

In the practical segment, we conducted component identification
exercises and built basic circuits on the breadboard, such as an LED series
circuit with a current-limiting resistor. We also practiced essential multimeter
operations: measuring resistance, verifying diode polarity, and checking
voltage levels.

This introduction provided both theoretical understanding and practical
confidence, preparing us for the increasingly complex systems we would
encounter in the following days.



Day 2: Circuit Laws (Ohm'’s & Kirchhoff's Laws)

Today we deepened our understanding of fundamental circuit analysis
through the study of Ohm'’s Law and Kirchhoff's Laws, which form the basis
for analyzing any electrical network.

We reviewed Ohm'’s Law (V = IR) as the foundational relationship between
voltage, current, and resistance in individual components. Building on this, we
introduced Kirchhoff’'s Current Law (KCL) — stating that the algebraic sum of
currents entering and leaving a node is zero — and Kirchhoff's Voltage Law
(KVL) — asserting that the sum of all voltages around a closed loop equals zero.

Through theoretical exercises, we applied these laws to solve both simple
and complex circuits, involving series, parallel, and mixed resistor networks.
Special attention was given to techniques such as node voltage analysis and
mesh current analysis, which simplify solving multi-loop circuits.

In the practical session, we simulated circuits using Proteus and Multisim,
verifying theoretical calculations by measuring real-world voltages and currents
across components. Finally, we assembled equivalent resistor networks on
breadboards to observe how theory translates into measurable reality,
reinforcing the crucial link between analysis and application.



Day 3: Semiconductor Basics

Today we explored the world of semiconductors, which are essential for
controlling current in modern electronics. We focused on three key
components: diodes, BJTs (Bipolar Junction Transistors), and MOSFETs
(Metal-Oxide-Semiconductor Field-Effect Transistors).

We started with diodes, learning how they allow current to flow in only one
direction. They're often used for rectification—turning AC into DC—and for
protecting circuits from reverse voltage.

Next, we studied BJTs, which are current-controlled devices. By applying a
small current to the base, we can control a larger current between the collector
and emitter. This makes BJTs useful as switches and amplifiers.

Then we covered MOSFETSs, which are voltage-controlled. They're widely
used in digital electronics because they can switch very fast and use less power.
We discussed how n-channel and p-channel MOSFETs differ and how they
operate in circuits.

In the practical session, we used multimeters to test diodes and transistors.
For diodes, we used the diode test function to check forward and reverse bias
behavior. For BJTs and MOSFETSs, we checked pin configurations and confirmed
whether the components were functional.This session helped us understand
how semiconductors work internally and how to test and identify them correctly
—skills that are crucial for designing and repairing electronic circuits.



Day 4: Digital Electronics (Logic Gates)

Today we delved into the world of digital electronics, focusing on logic
gates, which are the building blocks of digital circuits and computing systems.

We started by learning the basic logic gates: AND, OR, NOT, NAND, and
NOR. Each gate performs a specific logical function:

e AND gate outputs true only if both inputs are true.

e OR gate outputs true if at least one input is true.

e NOT gate inverts the input (if input is true, output is false).

e NAND is the inverse of the AND gate (outputs false only if both inputs are
true).

e NOR s the inverse of the OR gate (outputs true only when both inputs
are false).

We studied the truth tables for each gate, which define their behavior, and
how these gates are used in more complex circuits to process binary
information.

For the practical part, we used TinkerCAD for simulations. This allowed us to
create digital circuits by connecting different gates and testing their behavior.
We also built circuits on a breadboard, implementing the same logic gates
using ICs (Integrated Circuits) and LEDs to visually display the outputs.

This session gave us hands-on experience with digital logic and reinforced
the importance of logic gates in modern electronics and computing.
Understanding how these gates work is essential for designing digital systems
like computers, microcontrollers, and more.



Day 5: Soldering & PCB Basics

Today we shifted our focus to soldering and the basics of Printed Circuit
Boards (PCBs)—key skills for building professional-quality electronic circuits.

We began with the theory behind PCB design, where we learned about the
workflow for creating a PCB from schematic design to the final physical board.
This includes using software like KiCad or Eagle to design the schematic, create
a PCB layout, and generate files for manufacturing. The importance of design



rules, such as trace width and component placement, was emphasized to
ensure that the circuit functions correctly and is manufacturable.

In the practical session, we learned the fundamentals of soldering, a crucial
skill for assembling components onto a PCB. We practiced soldering various
components, such as resistors, capacitors, and ICs, onto test boards. The goal
was to master techniques for clean, reliable solder joints—avoiding issues like
cold solder joints and bridges that can cause circuit failure.

Additionally, we were introduced to KiCad and Eagle through demos, where
we created basic PCB layouts and explored the software’s features. This gave us
an understanding of how to design and prepare PCBs for real-world projects.

By the end of the day, we had not only gained practical soldering experience
but also understood the full process of designing and building a PCB, from
conceptualization to physical assembly.

Day 6: Arduino/Raspberry Pi Intro

Today we started exploring the world of embedded systems with an
introduction to two popular platforms: Arduino and Raspberry Pi. These
platforms are widely used in both hobbyist and professional applications for
building embedded projects.

We began by understanding the basics of Arduino and Raspberry Pi.
Arduino is a microcontroller platform, great for simple control tasks, like
reading sensors or controlling actuators. Raspberry Pi, on the other hand, is a
single-board computer that runs a full operating system, making it more
powerful for tasks that require more processing power or connectivity.



For the practical part of the day, we wrote our first Arduino program—the
classic “Blink LED” program. This simple program turned an LED on and off,
demonstrating how to write basic code, use the Arduino IDE, and interact with
the hardware through digital pins. We connected an LED to the board,
uploaded the program, and observed the LED blink at a regular interval.

This hands-on activity helped us get comfortable with both the hardware
and the software side of embedded systems. We also discussed how to expand
on this basic program to control more complex devices and sensors, laying the
groundwork for future projects with Arduino and Raspberry Pi.

Day 7: Sensor Interfacing

Today we focused on sensor interfacing, learning how to connect and work
with various types of sensors in embedded systems projects. Sensors allow us
to interact with the physical world by detecting environmental changes, such as
light, distance, or motion.

We started with the LDR (Light Dependent Resistor), a simple sensor that
changes its resistance based on light intensity. We used it in a project to control
the brightness of an LED based on ambient light levels, demonstrating how to
read analog values and use them in decision-making within a program.

Next, we explored the ultrasonic sensor, which measures distance by
emitting sound waves and measuring the time it takes for the waves to return.
We created a project where the ultrasonic sensor measured distance and



displayed the result on a serial monitor, showing how to interface the sensor
with the microcontroller and interpret its output.

Lastly, we worked with an IR sensor to detect obstacles or motion. This
sensor was used in a simple proximity detection project, where the
microcontroller responded to changes in the IR sensor’s output by activating an
action, such as turning on a motor or triggering an alarm.

By the end of the day, we gained hands-on experience interfacing these
sensors with our microcontroller boards, learning how to read sensor data and
use it in real-world applications.

Day 8: Motor Control

Today we focused on motor control, an essential aspect of embedded
systems that enables us to control the movement of devices like wheels, arms,
and other actuators. We worked with two types of motors: DC motors and
servo motors, learning how to control their speed and position using
microcontrollers.

We started by learning how to control a DC motor using the L293D motor
driver IC. The L293D allows us to control the direction and speed of a DC motor
by sending signals to the IC, which then drives the motor's power. We
connected the motor to the L293D and used PWM (Pulse Width Modulation)
to control its speed by adjusting the duty cycle of the signal.

Next, we explored servo motors, which are widely used for precise
positioning, like in robotics. Unlike DC motors, which run continuously, servo
motors rotate to a specific angle based on the signal sent to them. We wrote



code to control the servo motor’s position, sending it different angles via PWM
signals.

In the practical session, we controlled both types of motors using the
Arduino platform, implementing simple projects where we could control motor
speed and position. This hands-on experience gave us a deeper understanding
of how motor control works and how it can be applied in various embedded
systems applications.

Day 9: Wireless Communication (IoT)**

Today we delved into the realm of wireless communication, a cornerstone
of modern IoT (Internet of Things) systems, and explored the practical
applications of the ESP8266, a popular microcontroller with built-in Wi-Fi
capabilities, and its interaction with Bluetooth devices.

We began with an overview of wireless communication protocols such as
Wi-Fi, Bluetooth, and LoRa, discussing their relevance, data transmission rates,
power consumption, and ideal use cases. Understanding frequency bands,
modulation techniques, and network architectures (star, mesh) provided a
foundational grasp of how IoT devices communicate over short and long
ranges.

In the practical session, we worked with the ESP8266, using its Wi-Fi
capabilities to establish a connection to a local network. We developed a simple



demo where the ESP8266 was used to send sensor data (e.g., temperature or
humidity readings) to a cloud platform for remote monitoring. We also explored
basic Bluetooth communication using the module's ability to pair with other
Bluetooth devices, creating a simple peer-to-peer communication system for
IoT applications like remote control.

This hands-on experience gave us valuable exposure to building connected
systems and integrating wireless protocols into IoT devices for real-time data
collection and remote control.

Day 10: Mini Project

Today focused on applying our knowledge in a collaborative group task,
where we worked on building a functional prototype. The project options were:

1. Obstacle-Avoidance Robot
a. Our team was tasked with designing and assembling a robot
capable of navigating its environment while avoiding obstacles.
Using sensors like ultrasonic and infrared, we implemented
algorithms to control the robot's movement in real-time, ensuring
it could respond to changes in its surroundings autonomously.
2. Smart Home Model
a. Alternatively, we created a smart home model where multiple
systems like lighting, temperature control, and security were
integrated using IoT devices. We employed microcontrollers (such
as Arduino or ESP8266) to wirelessly control home appliances and
monitored the systems using mobile applications.



The project required us to combine knowledge of sensors, actuators, and
wireless communication protocols while also improving problem-solving and
teamwork skills. The day concluded with group presentations, where we
demonstrated our prototypes and discussed the challenges and solutions we
encountered during development.

Day 11: Power Electronics

Today we explored the fundamental concepts of power electronics,
focusing on the conversion and regulation of electrical power in various
applications.

We began with the theory behind rectifiers, which convert alternating
current (AC) into direct current (DC). We covered the operation of half-wave
and full-wave rectifiers, discussing their key components (diodes, capacitors)
and the process of smoothing to reduce ripple.

The session continued with Switch Mode Power Supply (SMPS) circuits,
which are more efficient than traditional linear regulators. We studied the basic
operation of buck, boost, and buck-boost converters, explaining how they
control the voltage output by rapidly switching the input power on and off and
filtering the result with inductors and capacitors.

In the practical demonstration, we built and tested a basic rectifier circuit
to observe voltage conversion and ripple, followed by an SMPS circuit to
visualize its efficiency advantages in real-world applications.



Day 12: IoT & Industry 4.0

Today we explored the intersection of IoT (Internet of Things) and
Industry 4.0, focusing on the integration of smart devices in modern industrial
environments for enhanced automation and data-driven decision-making.

We examined the role of cloud data logging in IoT systems, understanding
how real-time data from sensors can be uploaded, stored, and analyzed
remotely. We explored ThingSpeak and Blynk, two popular platforms that
allow users to visualize sensor data and control devices via mobile applications.

In the case study, we built a system that collected environmental data (such
as temperature and humidity) from sensors connected to an Arduino or
ESP8266 and uploaded it to ThingSpeak. Using this platform, we created real-
time graphs and set up alerts for specific thresholds. We also interfaced with
Blynk to develop a mobile app for controlling IoT devices remotely, further
showcasing the potential of cloud integration in industrial IoT applications.

This session demonstrated how Industry 4.0 relies on smart, connected
devices to optimize processes, monitor performance, and enable predictive
maintenance.



Day 13: PCB Fabrication & Troubleshooting

Today, we focused on the process of PCB (Printed Circuit Board)
fabrication and essential troubleshooting techniques for electronic circuits.

We started by understanding the steps involved in designing and fabricating
a PCB, from creating the schematic and layout using software like KiCad or
Eagle, to printing the design onto a copper-clad board, etching it, and drilling
holes for component placement. We also discussed the various types of PCBs,
including single-sided, double-sided, and multi-layer boards, and their
specific applications.

If a lab visit was possible, we observed the actual PCB fabrication process,
gaining hands-on insights into the equipment and techniques used in
professional environments. This exposure allowed us to understand the
practical challenges and precision required during the manufacturing phase.

The practical part of the day was dedicated to soldering practice, where we
assembled components onto test PCBs. We learned to properly solder through-
hole and surface-mount components, emphasizing good technique to avoid
common issues like cold joints and bridging.

We also covered basic troubleshooting methods, identifying common
circuit issues such as broken connections, incorrect component placement,
or short circuits, and using tools like multimeters and oscilloscopes to
diagnose and fix problems.



Day 14: Guest Lecture

Today we had the privilege of attending a guest lecture by an industry
expert, providing valuable insights into current career trends in electronics,
embedded systems, and IoT.

The speaker discussed the rapid evolution of technologies such as 5G, Al,
and machine learning, emphasizing their impact on the electronics and
embedded systems sectors. We learned about emerging job roles in fields like
IoT development, hardware design, firmware engineering, and industrial
automation, and how the integration of cloud computing and data analytics
is shaping the future of embedded technologies.

The session also covered essential career advice, including the importance
of staying current with new technologies, the role of continuous learning, and
strategies for building a strong professional network. The expert shared
personal experiences, career pathways, and tips for success in the competitive
tech industry.

This lecture gave us a clear understanding of the career opportunities
available, highlighting how technological advancements open up new pathways
for innovation and professional growth in the field.



Day 15: Project Presentation

Today was the final day and was dedicated to the project presentation,
where students had the opportunity to showcase the work they had developed
throughout the program.

Each group presented their mini-projects, explaining the problem they
aimed to solve, the technologies they used, and the challenges they faced
during the implementation process. Presentations were followed by live
demonstrations of working prototypes, whether it was an obstacle-avoidance
robot, a smart home model, or an IoT-based monitoring system. This
allowed us to highlight our practical skills and understanding of electronics and
embedded systems.

At the end of the session, certificates were distributed to recognize the
hard work and accomplishments of all participants. This was a rewarding
moment, marking the completion of a challenging yet highly educational
experience.

The event concluded with a reflection on how the knowledge gained during
the course can be applied in future projects, as well as valuable networking
opportunities with instructors and peers.



