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Introductions



What all do we plan to cover today?
Introduction to Microcontrollers
• Tiny computers that can be programmed to control electronic devices

• A self contained system with its own processor, memory, IO peripherals, all 
integrated on one chip

Microprocessor vs Microcontroller
• Microprocessor - It is only a processor, so memory and I/O components 

need to be connected externally

• Microcontroller - Micro Controller has a processor along with internal 
memory and I/O components

ESP32 + Arduino IDE
• ESP32 is a microcontroller that combines Wi-Fi and Bluetooth capabilities.

•  Arduino IDE is special software running on your system that allows you to 
write program for different Arduino boards
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Microcontroller vs 
Microprocessor
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ESP32
The Microcontroller



What is ESP32?

•  A low-cost, low-power Microcontroller with an integrated Wi-Fi and Bluetooth

GPIO

• General Purpose Input Output

• Signal pin on an integrated circuit or board 
that can be used to perform digital input or 
output functions

• Standard interface used to connect microcontrollers 
to other electronic devices
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Arduino IDE



Why IDE and What is an IDE?

• To program your boards, you need an IDE (Integrated Development Environment) 
to write your code

• Software tool that provides a comprehensive environment for writing, compiling, 
and debugging code in a single interface

• C and C++ like syntax

• The program or code written in the Arduino IDE is often called as sketching





Serial Printer

• A separate window that acts as a terminal that communicates by receiving and 
sending Serial Data

• Can be used as a debugging tool, testing out concepts or to communicate directly 
with the board

Serial Plotter

• Takes incoming serial data and displays them in a plot, giving us the ability to 
visualize the data in a plot that is updated in real time

Baud Rate

• Number of signal changes to the signal occurs per second when it passes 
through a transmission medium

• The higher a baud rate is the faster the data is sent/received
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Connecting ESP32 & Testing



Installing Driver

• If you are unable to connect to the port, then follow the below steps:

1. Go to  
https://www.silabs.com/developers/usb-to-uart-bridge-vcp-drivers?tab=downlo
ads 

2. Download CP210x Universal Windows Driver and extract the folder

3. Go to Device Manager (hint - use search bar)

4. Right click and select update driver

5. Choose manual Update. Locate the folder

6. Click on Update



Test Code



Umm, Thank You, I Guess?

See you in the next session!
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Break Time
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Test Code



pinMode()

•  Configures the specified pin to behave either as an input, or an output

delay()

• This number represents the time (measured in milliseconds). 

• The program should wait until moving on to the next line of code when it 
encounters this function

digitalWrite()

• Sets the pin to an high or low value that remains at exactly that value until 
digitalWrite is called for that pin again.
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Quick Recap - Breadboard



Breadboard

• A breadboard is a rectangular plastic board with a bunch of tiny holes in it. 

• These holes let you easily insert electronic components to prototype, without having to 
solder each component
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External LED Blink
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Push button



Push button

• A mechanical device used to control an electrical circuit in which the operator manually 
presses a button to activate an internal switching mechanism

Working Principle

• There is an electromagnet adsorption device inside the button. 

• When the button is pressed down, the electromagnet 
is energized to generate magnetism, and
 the circuit is connected or disconnected 
by the adsorption device to realize functions 
such as remote control circuit.
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Toggle LED
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Traffic Light



Problem Statement

Given 3 LED and 1 push button, make a traffic light system which changes the color 
everytime a push button is pressed.
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Morse Code









What is morse code?

• Morse code is a method of communication that uses a series of dots and dashes 
to represent letters, numbers, and other characters.

• Each combination is unique.
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What is morse code?

• Morse code is a method of communication that uses a series of dots and dashes 
to represent letters, numbers, and other characters.

• Each combination is unique.

Morse Code and LED?

• To transmit Morse code, you can use various methods, such as a telegraph key 
or a flashlight.

• Morse code is a binary code – ON or OFF – like an LED

Activity

• Given an input letter (A-Z, a-z) or number (0-9), blink the LED in its morse 
code pattern



International Morse Code

• The length of dot is one unit
• The length of dash is three units
• The space between parts of same 

letter is one unit
• The space between two letters is 

three units
• The space between two words is 

seven units













Umm, Thank You, I Guess?

See you in the next session!
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Break Time
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Potentiometer



What are potentiometers?

• “A potentiometer is a three-terminal resistor with a sliding or rotating contact that 
forms an adjustable voltage divider. ” - Wikipedia



But what are potentiometers actually !? 
(I am bored of this theory)

• In short: Most Common Variable Resistor (more in electronics class)
• The three terminals: The end two terminals have fixed resistance

○ The terminal in between (in relation to other) provide variable resistance

https://docs.google.com/file/d/1cdvGLkBcyhaG67ArvmzW7Ntr0r5teBbc/preview


65

Potentiometer & ESP32



Potentiometers and ESP32 

• The ESP32 will take the input from Potentiometer

○ Print the discrete values on Serial Monitor
○ Plot a graph using the Serial Plotter
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Potentiometer & LEDs



Potentiometers and ESP32 

• Remember this circuit?
○ Now add a LED in series to it.
○ You can use it to control the brightness of the LED.
○ Build Your Own Circuit!
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LCDs
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LCDs
But Before that - Theory



LCD (JHD162A) with ESP32 Dev Module

There are two ways to do this:

1. Directly with ESP32

2. Using I2C Adapter*

* we will talk about I2C before we move into the second method



LCD with ESP32
(Directly)

Circuit Diagram

Diagram Ref: https://rb.gy/3cyrt 

https://rb.gy/3cyrt


UART

• UART stands for Universal Asynchronous Receiver/Transmitter. 

• It’s not a communication protocol like SPI and I2C, but a physical circuit in a microcontroller, 
or a stand-alone IC. 

• UART’s main purpose is to transmit and receive serial data.



About I2C (Inter-Integrated Circuit)

A communication protocol used to communicate with each other using just two wires: a 
serial data line (SDA) and a serial clock line (SCL), connected in a bus configuration.
Design involves a master device, which initiates and controls the communication, and 
slave devices, which respond to commands and provide data.



About I2C Adapter

Using I2C Adapter, we can use this protocol in our circuit.

Due to the Master-Slave relationship and the bus 
configuration, the process of connecting and 
communicating with multiple devices is simplified by using a 
minimal number of wires.

It also makes it easier if in future we want to add more 
devices to the circuit. 

Hence, in the case of the LCD, we will use this more often.



LCD with ESP32
(using I2C adapter)

Circuit Diagram
SDA -> 21
SCL -> 22

Diagram Ref: https://rb.gy/3cyrt 

https://rb.gy/3cyrt
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https://rb.gy/41oeg
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Umm, Thank You, I Guess?

See you in the next session!



85

Break Time
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Distance & Sound



Some Facts

• Speed of sound in air is 340 m/s

• Audible range of human hearing is at 20 kHz. Sounds in the range higher than this are 
called ultrasonic

• Distance = Time * Speed
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Ultrasonic Sensor



Ultrasonic

• Ultrasonic sensors can measure distance and detect the presence of an object without 
making physical contact.

• HC-SR04 can read from 2cm to 400cm with an accuracy of 0.3cm
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ESP32 + WiFi + Server



“Tell Me Why?” 
- I Want It That Way, Backstreet Boys (1999)

• In many IoT applications, the sensors send their data to a localized server.
○ For example, a sensor monitoring forest fires sending location and alerts to server.

• It is important to understand how this data is sent over a network
○ This includes various data transmission protocols:

■ HTTP, TCP, UDP, etc.

• We will go briefly go over UDP and Sockets.



UDP: User Datagram Protocol

• Sends packets of data - good for unidirectional dataflow

• UDP does not check for errors in the packets, bidirectional communication is eliminated as 
compared to TCP (transmission control protocol)

• UDP is all about speed

UDP
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Connecting your ESP32 to WiFi
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Checking your IP Address
- Open Command Prompt
- Type: ipconfig
- Under ‘Wireless LAN adapter Wi-Fi:’

- Copy ‘IPv4 Address’ 
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Server



Sockets

• An interface that allows an application to transmit information through a network.

• A socket is implemented along with a protocol. UDP in our case



But what is a Socket!!??

• The Internet is all “cables”

• Sockets are a way to tap into the “cables”

• More technically: A network is a “cable” where 
information flows and socket is how you 
connect to it.

This is Kevin.
Kevin believes sockets belong only on walls.
Don’t be Kevin.
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Umm, Thank You, I Guess?

See you in the projects!
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Done with microcontrollers?


