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What is ESP32?

• Microcontroller?

• SoC System on Chip

• Far complex than general 

purpose microcontroller

• Meant for IoT Applications

• Developed by expressif 

systems



Applications?

Home Automation

Smart Agriculture

Smart Building / lightening 

Healthcare

Toys / wearable electronics



ESP32 Chip and Modules

• Various modules makes it easier to use esp32 chip



Which Modules to use?

• Lots of different modules available

• Different manufacturers, different pinouts

• Issue in learning is common ground

• We’re going to use Adafruit Huzzah32 Feather Module

• Universal, available across globe



ESP32 Huzzah



Pinout of Adafruit Huzzah32 → Power Pins



Pinout of Adafruit Huzzah32 → GPIO



Bottom Row

• RST , 3v, GND

• A0 - this is an analog input A0 and also an analog output DAC2. It can also be used as a GPIO #26. It uses ADC #2

• A1 - this is an analog input A1 and also an analog output DAC1. It can also be used as a GPIO #25. It uses ADC #2

• A2 - this is an analog input A2 and also GPI #34. Note it is not an output-capable pin! It uses ADC #1

• A3 - this is an analog input A3 and also GPI #39. Note it is not an output-capable pin! It uses ADC #1

• A4 - this is an analog input A4 and also GPI #36. Note it is not an output-capable pin! It uses ADC #1

• A5 - this is an analog input A5 and also GPIO #4. It uses ADC #2

• SCK, MO, MI – SPI Pins

• RX, Tx – Uart Pins

• 21 - General purpose IO pin #21



Top Row

13 - This is GPIO #13 and also an analog input A12 on ADC #2. It's also connected to the red LED next to the USB 
port

12 - This is GPIO #12 and also an analog input A11 on ADC #2. This pin has a pull-down resistor built into it, we 
recommend using it as an output only, or making sure that the pull-down is not affected during boot.

27 - This is GPIO #27 and also an analog input A10 on ADC #2

33 - This is GPIO #33 and also an analog input A9 on ADC #1. It can also be used to connect a 32 KHz crystal.

15 - This is GPIO #15 and also an analog input A8 on ADC #2

32 - This is GPIO #32 and also an analog input A7 on ADC #1. It can also be used to connect a 32 KHz crystal.

14 - This is GPIO #14 and also an analog input A6 on ADC #2

SCL, SDA – I2C Pins



Important Note

• Note you can only read analog inputs on ADC #2 once WiFi

has started as it is shared with the WiFi module.



``



Peripherals Needed for This Course

• Micro USB Cable x 1

• Adafruit Huzzah32 Feather Board x 1

• Bread board x 1

• Few LEDs

• Tactile button / switches

• Relay Module

• DHT22 Temperature and Humidity Sensor

• HC-SR04 Ultrasonic Distance Sensor

• A digital Multi meter

• Connecting Wires



How to add Adafruit Huzzah32 to Arduino

• https://learn.adafruit.com/adafruit-huzzah32-esp32-

feather/using-with-arduino-ide

• Install Arduino from Arduino.cc

• https://docs.espressif.com/projects/arduino-

esp32/en/latest/installing.html

https://learn.adafruit.com/adafruit-huzzah32-esp32-feather/using-with-arduino-ide
https://docs.espressif.com/projects/arduino-esp32/en/latest/installing.html


Add below link to preferences of Arduino

• https://raw.githubusercontent.com/espressif/arduino-

esp32/gh-pages/package_esp32_index.json



Search for Board

• Open Boards Manager from Tools > Board menu and install 

esp32 platform (and do not forget to select your ESP32 

board from Tools > Board menu after installation).



Serial Communication
Between esp32 and Computer



Why?

• Easiest output device

• Can print text of any length

• Gives a quick way to print data

• Simple to use



Basics of Serial Communication



Serial Communication Library in Arduino

• begin ()

• write ()

• print ()

• println ()

• available()

• read()



Blink Code

• pinMode

• digitalWrite





Interfacing of 
4 x LEDs with 
ESP32 
Huzzah Boad



Accepting digital Input on ESP32



Pull Up Resistor



Pull Down Resistor





Tasks Based on Switch

• Up Down Counter using switch

• LED Control using switch

• 2 LEDs and 2 switches. When one switch is pressed, both 
ON and when other switch is pressed both OFF

• 2 LEDs and 2 switches. When one switch is pressed, LED2 
OFF and LED1 ON when another switch is pressed LED1 
OFF and LED2 ON



Switching Circuits
With esp32



Transistorized Switching



Relay Interfacing
With esp32



Output 



Relay Switching Circuit



Touch Input on ESP32
Adafruit Huzzah32 Board



How to accept capacitive touch on esp32 
Feather Board (touchread)

• 14

• 32

• 15

• 33

• 27

• 12

• 13

• 4



Sensors 
Interfacing

To esp32



Types of Sensors

• Analog Sensors

• Give a specified 0-X volt dc output

• Need adc to use

• Digital Sensors

• Either give a straight 1/0 output

• Gives digital data over some protocol

• Onewire / spi / i2c



Why no Analog?

• ESp32 analog input pins are non-linear

• Lot of confusion in documentation about the usability

• No fixed reference voltage

• If you want to use analog sensors, use an external ADC Chip



DHT22 

Interfacing with ESP32



DHT22

• -40 to 80 ºC

• 0 to 100% Humidity

• 3 – 6 V DC Operating voltage

• Resolution : Humidity: 0.1%, 

Temperature: 0.1ºC



DHT22 Pinout

• Pin 1 → 3.3v

• Pin 2 → GPIO with 10k Pullup

• Pin 3 → NC

• Pin 4 → GND





Library needed

• Open your Arduino IDE and go to Sketch > Include Library 

> Manage Libraries. The Library Manager should open.

• DHT Sensor Library by Adafruit

• Adafruit Unified Sensor Library



Lets test ☺



Wifi Device Control
Using esp32



Concept

ESP32
(as server)

Relay + 
Switching 

Circuit

Phone / Laptop

Home Wifi
Router

Browser



Wifi Device Control

• Esp32 acts as a mini http server

• Serves a small web page

• You can take actions in this page

• Relay / LED Control



Schematic for this Experiment



Required Libraries

• AsyncTCP – – Download here

• ESPAsyncWebserver -- Download here

• Extract the library and copy the folder into 

• Program files → Arduino (x86) → Libraries

https://github.com/me-no-dev/AsyncTCP/archive/master.zip
https://github.com/me-no-dev/ESPAsyncWebServer


Test the Code

• Insert your Wifi Credentials

• Upload the Code

• Open Serial Terminal with baud rate of 9600

• Reset The ESP32

• Check IP Address assigned to esp32

• Open that IP Address on Phone / computer browser



Weather 
Monitoring

Using ESP32 and DHT22 in LAN



Concept

ESP32
(as server)

DHT22

Phone / Laptop

Home Wifi
Router

Browser



Required Libraries

• AsyncTCP – – Download here

• ESPAsyncWebserver -- Download here

• DHT Sensor Library by Adafruit

• Adafruit Unified Sensor Library

• Program files → Arduino (x86) → Libraries

https://github.com/me-no-dev/AsyncTCP/archive/master.zip
https://github.com/me-no-dev/ESPAsyncWebServer




Internet of Things

Introduction







Inputs 
Sensors

Controller
Network 
Interface

Output
Devices

Software

Internet





Applications

• Consumer

• Industrial

• Commercial

• infrastructure



IoT 
Architecture 
Requiremen
ts 

Handle proper hardware and software heterogeneity.

Reliability

Scale

Data latency.

Be secure by design

Lower barriers to entry: evaluate -> prototype -> deploy

Manufacturable



Technologies Involved

Programming in 
C / C++

Python

Web development (all web 
tech)

Machine Learning

Cloud software

Data analysis

App development

Protocols
Data sending from device to 
Cloud

HTTP

MQTT

Hardware
Microcontroller

Sensors

Devices

12/09/2018-IoT



Choice of 
Cloud Service

1. Custom Design with 
Major Cloud Providers

2. Using existing service 
Providers optimized for IoT



Ready 
Service 
Providers

Thingworx

Everythng

Sensorcloud

Device Cloud

ThingSpeak

Numerex





Protocols used in IoT

• AMQP stands for Advanced Message Queueing Protocol and is 
an open standard application layer protocol.

• MQTT stands for Message Queuing Telemetry Transport 
machine-to-machine connectivity protocol designed as a 
lightweight publish/subscribe messaging transport, which makes 
it very suitable for use with IoT

• HTTP stands for Hypertext Transfer Protocol is an application 
protocol for distributed, collaborative, and hypermedia 
information systems



Project 1 : Temperature and 
Humidity Logging in Cloud



Thingspeak

• Free for up to 8 fields

• 15 second refresh time

• Lots of online apps can be developed for analytics



Thingspeak and HTTP

• You can send requests to thingspeak server via http 

requests

• Easiest to create IoT Application

• Thingspeak account + write API Key + esp32

• Thingspeak adafruit library

• DHT22 connected to esp32 board



Project 1 : Temperature and 
Humidity Logging in Cloud



Required Libraries

• DHT Sensor Library by Adafruit



Thingspeak analytics

• Goto profile, copy alert API key

• Matlab Analysis Code

• Goto apps →Matlab analysis → New → Paste the code → Save

• Goto apps → React

• Used as A rection for something



Matlab Code (Alert api key needs replacement)

alert_body = 'This is the text that will be emailed';

alert_subject = 'This will be the subject of the email';

alert_api_key = 'TAK5Q7V3N5EEH07FXD658';

alert_url= "https://api.thingspeak.com/alerts/send";

jsonmessage = sprintf(['{"subject": "%s", "body": "%s"}'], alert_subject,alert_body);

options = weboptions("HeaderFields", {'Thingspeak-Alerts-API-Key', alert_api_key; 'Content-Type','application/json'});

result = webwrite(alert_url, jsonmessage, options);



What is MQTT



Adafruit IO



MQTT Fundamentals

• Broker address

• Username and pwd

• Mqtt topic name



Adafruit IO

• Io.adafruit.com

• Account creation

• Creation of and understanding Feeds

• Creation of Dashboard

• Adafruit MQTT Library

• Free Account supports 5 different fields (or topics)

• Trial Code



Adafruit IO MQTT Example (feeds)

• Temperature

• Humidity

• Relay



Circuit Wiring : DHT22 and Relay



Alexa 
Controlled 
Home Lamp



Things you’ll need

• Alexa echo or alexa app

• IFTTT account

• Adafruit IO Account and the Same last Arduino Code



Flow

• Alexa sends command to IFTTT Server

• IFTTT Will send command to adafruit broker

• Adafruit Broker will update the value of relay feed

• Esp32 is subscribed to relay feed to it receives it

• ESP32 turns on/off relay


