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What is Mechatronics ?



Imagine a world where machines aren’t just metal and wires, they think, move, and react! 

Mechatronics is the fusion of mechanical systems, electronics, and programming, all working 
together to make machines smarter. It’s like giving machines a brain and senses so they can 

move, sense, and respond on their own. Cool, right?

learnings



In this assignment, we learned that too much current can fuse an LED. Ours did too, as the 
resistor we chose didn’t limit the current enough, causing the LED to burn out. This emphasized 

the need for the right resistor to protect components.

learnings



In this assignment, we learned how an NPN transistor acts as a switch to control an LED 
with a push button, and the importance of using a resistor to limit current. Assembling the 
circuit on a vero board with soldering gave us hands-on experience in creating permanent, 

reliable connections and strengthened our troubleshooting and problem-solving skills.


Why Should Designers Care About Mechatronics?



For designers, mechatronics opens up a whole new dimension of creativity! It’s not just about 
how a product looks, but also about how it behaves. 


Imagine designing a toy that knows when you touch it, or a chair that adjusts based on your 
posture. With mechatronics, we can turn ideas into functional, interactive experiences. As 

designers, it’s our job to shape both form and function and mechatronics is the perfect tool for 
that!

UNDERSTANDING THE BASICS

Time to Light `Up an LED! 



You’ve got the basics down, now, let’s make an LED shine! With a simple button press, 
you’ll bring your circuit to life. Let’s light it up and see the magic happen!

In this assignment, we connected an NPN transistor to control the LED using a push 
button. The resistor is placed to limit the current flowing through the LED and transistor, 

ensuring they are not damaged. When the button is pressed, the transistor allows current 
to flow through the LED, making it light up. The NPN transistor acts as a switch, turning 
the LED on or off based on the button press. This setup showed us how transistors can 

control higher currents while the resistor protects the components.

"Controlling an LED with an NPN Transistor, 
Push Button, and Resistor"

"Blinking Lights with IC 555 Timer: 
Understanding Timing Circuits"

"controlling led with potentiometer"

Prototyping: From Tinkercad to Breadboard



We started by prototyping our circuit in Tinkercad, which allowed us to virtually design and test 
everything before building it. Once we were happy with the digital setup, we transferred the design 
to a physical breadboard to see it come to life. This two-step process helped us troubleshoot and 

refine the circuit, ensuring everything worked as planned!

Power Supply:

Voltage & Current:

Resistor:

Ohm’s Law: 

Breadboard:

LED: 

Capacitor: 

Potentiometer:

 The Circuit's Fuel 

The power supply is your circuit’s energy drink—whether it's a battery, 
USB, or lab DC, it keeps everything running!



 The Flow Control 

Voltage = Water Pressure, Current = Water Flow. Too much or too little, 
and things won’t work right!



 The Traffic Light 

Resistors slow down electricity flow, like a traffic light, preventing 
components from getting overloaded. Think of it as a speed bump for 
electricity!



The Magic Formula 

V = I × R. Voltage is the pressure, Current is the flow, and Resistance is 
the obstacle. Balance them right!



 The Circuit Playground 

Breadboards are like Legos for electronics , no soldering needed, just 
plug in and play!



The Glow-Up Lightbulb 

An LED lights up when current flows the right way. Long leg = positive, 
short leg = negative. It’s a mini lightbulb that only shines when treated 
right!



The Tiny Battery 

Capacitors store and release energy like a water tank. Think of it as a 
backup power source for your circuits!



 The Volume Knob 

A potentiometer is a variable resistor with a knob to control things like 
brightness or speed—just like adjusting volume!

“Next Phase: Arduino and Sensor 
Applications”

Arduino UNO 


PIR Motion Sensor


MQ Gas Sensor


DHT11 Sensor


Soil Moisture Sensor


Buzzer


LCD Display (16x2) 


Servo Motor (SG90)


Ultrasonic Sensor (HC-SR04)


A microcontroller board used to control and connect all the sensors and 
components in your project. It acts as the “brain” of the system




Detects movement of people or animals by sensing changes in infrared 
heat. Often used in security and automatic lighting systems




Detects gases like smoke, LPG, methane, or carbon monoxide in the air.




Measures temperature and humidity for environmental monitoring




Measures water content in soil. Used in gardening and agriculture 
automation.




Produces sound alerts or notifications in a project.




Shows data such as sensor readings or messages from the Arduino.




A small motor that moves to a specific angle, used for precise 
positioning in robotics and mechanisms.




Measures distance by sending and receiving sound waves. Useful for 
obstacle detection and ranging

We used a 1kΩ resistor to limit the current and protect the 
LED from excess power. It worked well, allowing the LED to 
light up without overloading, ensuring safe operation.

The 5V adapter provided stable, consistent 
power, while jumper wires made the 
connections easy and flexible, ensuring 
reliable communication between 
components

We couldn’t resist, so we took it a step further and 
connected the  This setup allowed both LEDs 
to glow simultaneously, 

 It added a cool effect and showed 
how components can work together in a parallel circuit.

LEDs in parallel!
each receiving the same voltage 

while sharing the current.

NPN Transistor

An NPN transistor is a type of bipolar junction transistor (BJT) used as a 
switch or amplifier in a circuit. It has three parts: the emitter, base, and 
collector.


When a small current flows from the base to the emitter, it allows a 
much larger current to flow from the collector to the emitter.

In this case, when the push button is pressed, it allows current to flow 
into the base of the transistor, which in turn lets the current flow from 
the collector to the LED (through the emitter), turning the LED on.

Push Button

A push button is a simple switch used to control the flow of current in a 
circuit. When you press the button, it creates a connection (closed 
circuit) allowing current to flow; when you release it, the connection is 
broken (open circuit), stopping the current. It acts as the input device that 
triggers the circuit's response, such as turning on an LED or activating a 
transistor.

In this part of the project, we used the IC 555 timer in astable mode to create a flashing LED 
circuit. The 555 timer controls the timing intervals of the LED, allowing it to blink at a 

consistent rate. By adjusting the resistor and capacitor values, we can control the frequency 
of the flashing. This circuit helped us understand how timing circuits work and how we can 
use the 555 timer in real-world applications like flashers, alarms, and other timing-related 

projects.

Lesson Learned: Proper Handling of the IC 555 Timer



In this assignment, we spent time building three circuits, thinking our connections were 
the issue, only to realize later that the IC 555 timer was defective. The root cause turned 
out to be our initial mistake of mounting the 555 timer directly onto the vero board, which 
damaged the component. This was a key realization: we should always solder the holder 
first and then insert the 555 timer to prevent damage. It's an important point to keep in 

mind when working with sensitive components—proper handling and mounting can make all 
the difference in the success of your circuit.

In a series connection, the same current flows through all components, but 
the voltage is divided among them

Lesson Learned



You learn how changing resistance in series with the LED changes the current flowing.

More resistance → less current → LED glows dimmer.

Less resistance → more current → LED glows brighter.

A potentiometer (often called a pot) is a three-terminal 
variable resistor that can be used to adjust voltage or 
resistance in a circuit.



potentiometer usually has 3 pins:



Pin 1 – one end of the resistive track.

Pin 2 (Wiper) – the adjustable middle contact.

Pin 3 – the other end of the resistive track.

Bill of Materials (BOM)



1 × LED (any color) 

1 × Potentiometer 

1 × Resistor (i.e. 1KΩ) 

Jumper wires 

Breadbox

 9V Battery/Power supply

"controlling rgb led with potentiometer"

In a series connection, the same current flows through all components, but 
the voltage is divided among them.

Lesson Learned



Through this assignment, we learned how potentiometers can be used as analog inputs to 
control the brightness of RGB LED channels. This helped us understand voltage division, 

PWM control, and additive color mixing, enabling us to generate different colors by varying 
resistor values.

A potentiometer (often called a pot) is a three-terminal 
variable resistor that can be used to adjust voltage or 
resistance in a circuit.



potentiometer usually has 3 pins:



Pin 1 – one end of the resistive track.

Pin 2 (Wiper) – the adjustable middle contact.

Pin 3 – the other end of the resistive track.

Bill of Materials (BOM)



1 × RGB LED  

3 × Potentiometer

 3 × Resistor (i.e. 1KΩ) 

Jumper wires 

Breadbox

 9V Battery/Power supply

"Using NPN Transistor as a Switch"

An NPN transistor acts as a switch by allowing current to flow from collector 
to emitter when a small base current is applied.

Lesson Learned



By using an NPN transistor as a switch, we learned how a small base current can control a 
larger current flow through the load. This demonstrated transistor switching action, ON/

OFF states, and its practical use in controlling devices from low-power signals.

push button is a simple mechanical switch that connects 
or disconnects two contacts when pressed.



PNP transistor is a type of bipolar junction transistor 
(BJT) where the current flows from emitter (positive) to 
collector (negative) when the base is pulled low.



Terminals: Emitter (E), Base (B), Collector (C).

Bill of Materials (BOM)



1 × LED (any color) 

1 × PNP Transistor (i.e. BC547)

1 × Push Button 

2 × Resistor (i.e. 1KΩ and 220ΩΩ) 

Jumper wires 

Breadbox 

9V Battery/Power supply

"introduction to arduino uno"

An Arduino UNO controls an LED using a push button, with resistors for 
current limiting and input stabilization, connected via jumper wires.

Lesson Learned



By building this circuit, we learned how to interface a push button and LED with Arduino, 
apply resistors for stability and protection, and program digital input/output interactions.

Bill of Materials (BOM)



 1 × Arduino UNO  

1 × Type A USB cable 

1 × LED 1 × Push Button 

1 × Resistors (i.e. 1KΩ and 1MΩ) 

Jumper wires

Lesson Learned



By building this circuit, we learned how to interface a push button and LED with Arduino, 
apply resistors for stability and protection, and program digital input/output interactions.

“Arduino reads the potentiometer’s analog input and adjusts the LED 
brightness using PWM output.”

Lesson Learned



We learned how analog input from a potentiometer can be mapped to PWM output on 
Arduino to control LED brightness.

Bill of Materials (BOM)



 1 × Arduino UNO  

1 × Type A USB cable 

1 × LED 1 × Potentiometer 

1 × Resistors (i.e. 1KΩ) 

Jumper wires

"Controlling LED with Potentiometer"

Arduino sends digital control signals to the Neopixel, which uses a single data 
line to drive multiple RGB LEDs with individually addressable colors and 

brightness.

Lesson Learned



We learned how analog input from a potentiometer can be mapped to PWM output on 
Arduino to control LED brightness.

Bill of Materials (BOM)



 1 × Arduino UNO  

1 × Type A USB cable 

1 × Neopixel strips 

Jumper wires

"Connecting Neopixel with Arduino"

Arduino reads the potentiometer’s analog value and maps it to control the angle 
of a microservo motor, allowing manual position adjustment by rotating the knob.

Lesson Learned



We learned how to use a potentiometer as an analog input to control the position of a 
servo motor through Arduino, understanding signal mapping and motor angle control.

Bill of Materials (BOM)



1 × Arduino UNO  

1 × Type A USB cable

1 × Microserver Motor 

1 × Potentiometer 

1 × Resistors (i.e. 1KΩ) 

Jumper wires

"Controlling  Microserver Motor 
with Potentiometer"

The Arduino reads distance from the ultrasonic sensor and drives the microservo 
motor, moving it based on detected object distance.

Lesson Learned



We learned how sensor data from an ultrasonic module can be used to control a servo 
motor with Arduino, linking real-world distance measurement to mechanical movement.

Bill of Materials (BOM)



1 × Arduino UNO  

1 × Type A USB cable 

1 × Microserver Motor 

1 × Ultrasonic sensor 

Jumper wires

"Exploring Microserver Motor with 
Ultrasonic Sensor"

Arduino triggers the HC-SR04 ultrasonic sensor, reads the echo to compute 
distance, and sends the value via I²C to a 16×2 LCD for display.

Lesson Learned



This helped us understand sensor data processing, real-time visualization, and how 
multiple components can be integrated into a practical system for applications like 

obstacle detection or distance measurement.”

Bill of Materials (BOM)



1 × Arduino UNO  

1 × Type A USB cable

1 × Ultrasonic sensor 

1 × LCD I2C Display 

Jumper wires

"Listing Ultrasonic Sensor Data 
Through LCD Display"

The Arduino reads distance from the ultrasonic sensor and uses that data to 
control the Neopixel strip through a single data pin, changing the LED colors or 

patterns based on object proximity.

Lesson Learned



We learned how to link sensor input with visual output by using ultrasonic distance data 
to control Neopixel colors and patterns through Arduino.

Bill of Materials (BOM)



1 × Arduino UNO  

1 × Type A USB cable 

1 × Ultrasonic sensor 

1 × Neopixel strip 

Jumper wires

" Experimenting with Neopixel light 
via Ultrasonic Sensor"

The PIR sensor detects motion and sends a HIGH signal to Arduino (or directly to 
the buzzer circuit), which then activates the buzzer to produce sound.

Lesson Learned



Through this circuit, we learned how a PIR sensor detects motion using infrared signals 
and how its output can be used to trigger a buzzer. This helped us understand the 

interaction between sensors and actuators, as well as practical applications in security 
alarms, motion detectors, and automatic alert systems.

Bill of Materials (BOM)



1 × Arduino UNO  

1 × Type A USB cable 

1 × Buzzer 

1 × PIR Sensor 

Jumper wires

"Connecting Buzzer with PIR Sensor"

The MQ-series gas sensor reads gas concentration and sends an analog value to 
the Arduino; the Arduino displays the measured value (or gas level) on a 16×2 I²C 

LCD and activates a buzzer when the reading exceeds a threshold.

This circuit demonstrates how an ESP32 (38-pin) can communicate with an OLED 
display via I²C to show real-time data such as sensor readings or messages.

In this setup, the ESP32 reads environmental data from a temperature and humidity 
sensor (such as the DHT11 or DHT22) and outputs the information to an OLED display 

via I²C. This teaches the flow of input (sensor) → processing (ESP32) → output 
(display), along with the basics of I²C communication and digital data handling.

In this setup, the ESP32 connects to a local Wi-Fi network and communicates with the MIT 
App Inventor app via HTTP or Bluetooth. The app sends a command (like “ON” or “OFF”), 
which the ESP32 processes to control the LED through its GPIO pin. This project teaches 

how to integrate hardware with a custom mobile app for real-time wireless control.

The DHT sensor measures temperature and humidity and sends the readings to the ESP32. 
The ESP32 processes this data and, via Wi-Fi, transmits it to a mobile app built with MIT 
App Inventor. This process introduces beginners to wireless communication, IoT concepts, 

and real-time data visualization.

The ESP32 connects to a NeoPixel LED strip through a single data pin. Using the MIT App 
Inventor app, commands are sent over Wi-Fi (or Bluetooth) to control the LED colors and 

animations. This teaches the relationship between inputs (mobile app), processing (ESP32), 
and outputs (NeoPixel LEDs).

In this project, I designed a circuit using a soil moisture sensor, a DHT11 temperature and 
humidity sensor, and a gas sensor to monitor environmental conditions. By integrating these 

sensors with a microcontroller, I learned how to measure soil moisture levels, detect gas 
presence, and record temperature and humidity data simultaneously. This hands-on 

experiment helped me understand how multiple sensors can work together in real-time 
applications such as smart agriculture, environmental monitoring, and safety systems.

MIT App Inventor is a free, web-based platform created by the Massachusetts Institute of 
Technology that lets you build Android (and some iOS) apps without writing traditional code.

Instead of typing code, you use a drag-and-drop interface with colored blocks that represent 
different functions—similar to puzzle pieces that fit together. This makes it beginner-friendly, 

especially for people new to programming.

The ESP32 (38-pin) is a Wi-Fi and Bluetooth-enabled microcontroller used for IoT, 
automation, and sensor-based projects. Its extra pins allow more devices and 
sensors to be connected, making it ideal for complex, wireless applications.

Lesson Learned



By building this circuit we learned how a gas sensor’s analog output is read and 
interpreted by Arduino, how to present real-time sensor data on an I²C LCD, and how to 
trigger an actuator (buzzer) when a safety threshold is reached — integrating sensing, 

processing, visualization and alerting into a practical safety system.

Lesson Learned



1.Understood how to connect an OLED display to the ESP32 using I²C communication.

2.Learned the role of SDA and SCL lines in serial data transfer.

3.Practiced writing code to display text and graphics on an OLED screen.

4.Gained experience in handling 3.3V logic devices.

5.Learned how to structure and update information dynamically on a display

Lesson Learned



1.Understood how to interface an ESP32 with a digital temperature and humidity sensor.

2.Learned to use I²C communication for connecting an OLED display.

3. sending real-time sensor data to a visual display.

4.Gained experience with the ESP32’s GPIO pin mapping and 3.3V logic requirements.

5.Strengthened skills in coding for sensor data acquisition and display formatting.

Lesson Learned



1.Understood how to program the ESP32 for Wi-Fi connectivity.

2.Learned to design a basic mobile app using MIT App Inventor.

3.Gained experience in sending commands from a smartphone to control hardware.

4.Practiced integrating wireless communication with simple electronics.

5.Understood the role of GPIO pins in controlling outputs like LEDs.

6.Improved skills in combining software UI with physical device control.

Lesson Learned



1.Learned how to connect and program the ESP32 to read data from a DHT sensor.

2.Understood how to set up Wi-Fi communication in the ESP32 for IoT applications.

3.Created a custom mobile app using MIT App Inventor to display real-time sensor data.

4.Practiced integrating hardware (ESP32 + DHT) with software (MIT App) over a network.

5.Gained experience in formatting and sending data from a microcontroller to a mobile device.

Lesson Learned



Learn how to wire and power multiple sensors with the ESP32.

Configure and program the ESP32 in Arduino IDE.

Read and process both analog and digital sensor data.

Connect the ESP32 to Wi-Fi for IoT applications.

Send real-time data to ThingSpeak for cloud storage and visualization.

Create a basic mobile app in MIT App Inventor to display live readings.

Troubleshoot hardware and software issues effectively.

Understand the full workflow from sensing to wireless data visualization.

Lesson Learned



Learn how to wire and power multiple sensors with the ESP32.

Configure and program the ESP32 in Arduino IDE.

Read and process both analog and digital sensor data.

Connect the ESP32 to Wi-Fi for IoT applications.

Send real-time data to ThingSpeak for cloud storage and visualization.

Create a basic mobile app in MIT App Inventor to display live readings.

Troubleshoot hardware and software issues effectively.

Understand the full workflow from sensing to wireless data visualization.

Bill of Materials (BOM)



 1 × Arduino UNO  

1 × Gas Sensor 

1 × Type A USB cable 

1 × Buzzer 

1 × LCD I2C Display 

3 × Resistor (i.e. 1KΩ) 

2 × LED (i.e. red and green) 

Jumper wires 

Breadbox

Bill of Materials (BOM)



1 x ESP32 (38-pin) development board

1 x OLED display module (I²C type, e.g., SSD1306)

Breadboard

Jumper wires

USB cable for power and programming

Bill of Materials (BOM)



1 x ESP32 (38-pin development board)

1 x Temperature & Humidity Sensor (e.g., DHT11 or DHT22)

1 x OLED Display (I²C interface)

Breadboard

Jumper wires

USB cable or power source

Bill of Materials (BOM)



1 x ESP32 (38-pin) development board

1 x LED (any color)

1 x 220Ω resistor

Breadboard

Jumper wires

USB cable for programming

Smartphone with MIT App Inventor app installed

Bill of Materials (BOM)



1 x ESP32 (38-pin development board)

1 x DHT11 or DHT22 Temperature & Humidity Sensor

Jumper wires

Breadboard

1 x USB cable for ESP32 programming and power

Mobile device with MIT App Inventor app installed

Wi-Fi connection

Bill of Materials (BOM)



1 x ESP32 Development Board (38-pin)

1 x NeoPixel LED strip (WS2812B)

470Ω Resistor (for data pin protection)

1000µF Capacitor (for power stabilization)

Breadboard

Jumper wires

USB cable or 5V power supply

Bill of Materials (BOM)



1 x ESP32 Dev Kit (38-pin)

1 x MQ-series Gas Sensor (e.g., MQ-2, MQ-135)

1 x DHT11 Sensor

1 x YL-69 Soil Moisture Sensor with LM393 Module

Breadboard 

Jumper wires

USB cable for programming

Bill of Materials (BOM)



555  Timer IC × 1

Capacitor (1µF) × 1

1kΩ Resistor × 2

470kΩ Resistor × 1

LED × 1

Jumper Wires × As needed

Breadboard × 1

9V Battery × 1

For this assignment, we built the 
circuit on a vero board using 
soldering techniques, rather than 
a breadboard. This allowed us to 
create a more permanent and 
stable connection between the 
components.

Bill of Materials (BOM)



NPN Transistor × 1

Push Button × 1

LED × 1

1kΩ Resistor × 1

Jumper Wires × As needed

Breadboard × 1

Power Supply (5V Adapter or Battery) × 1

The 555 Timer IC is an 8-pin integrated circuit that 
operates in three basic modes:



Functions as an oscillator, producing 
continuous square wave output, commonly used for 
applications like blinking LEDs or tone generation.


 Generates a single output pulse 
when triggered, useful for applications requiring 
timers or delays.


Operates as a flip-flop, providing two 
stable states (ON/OFF), ideal for ON/OFF control 
circuits.

A stable Mode: 

Monostable Mode:

Bistable Mode: 

Bill of Materials (BOM)



LED × 2

1kΩ Resistor × 1

Jumper Wires × As needed

5V Adapter × 1

Breadboard × 1

Power Supply (Battery or DC) × 1

"Creating circuit of Gas sensor via 
LCD and Buzzer"

"ESP 32 to OLED display"

"ESP 32 to humidity & temperature 
sensor and OLED display"

"ESP 32 connected to MIT App for LED 
to ON/OFF"

"ESP 32 connected to DHT monitor and 
MIT App"

"ESP 32 connected to neo pixel and 
MIT App"

"3 sensors together: exploring DHT-11, 
Soil moisture sensor, Gas sensor"

"MAKING SAME CIRCUIT IN COPPER CLAD"

"THANK YOU"

"Understanding how to use MIT App 
Inventor "

"Understanding about ESP 32"

thingspeak


