Creando una loT
Un tutorial con Thingspeak, Arduino y ESP32
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MINA - Facultad de Ingenieria - Udelar



Temario

Una Nube: thingspeak
Un microcontrolador: ESP32
Un firmware: Arduino
Programemos nuestro microcontrolador
Conectémonos a la nube
Enviemos datos

Exploremos nuestros datos en la nube
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Qué es una nube loT



thingspeak.com

DThingspeak“‘ Channels ~ Apps ~ Devices ~ Support ~

E]Thirlgspeak"‘ Channels ¥ Apps ~ Devices > Support Commercial Use How to Buy m

Public Channels

Wind Power Smart Monitor

Channel ID: 1785844

lsl Hiihnerhof Fisch~ Author: mwa0000022903516 This channel is used to monitor the wind speed and carry out analysis on the effect of all these
Access: Public parameters on wind turbine power generation
Channel ID: 624218 Channel ID: 1293177 W wind power, wind speed
Alther: griesu62 Author santiago mwa000002455... Export recent data % More Information O GitHub
Ultraschall-Wasser-Zahler San Diego, Cerro Largo, Uruguay Estacion etterdaten aus und um den Hiihnerstall
Meteorolégica Solar (Temp, Hum, Presion, / des Hiihnerhofs Fischer in HohegeiR

Lluvia, Viento). ESP8266, UNO R3, BME 680
Update Interval - 15 seg https://
clima.santiago.ovh/

e
a m Fperar\ Monitor

Wind Power Smart Monitor

W uwz, iot; water, pulse, I-bus, m-bus

Ll WeatherStation

W hiihnerhof fischer, hohegeiR, knust
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Wind Speed
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1545 16:00 1615 1630 164
Date Date
Channel Ip: 12397 - $s044 Channel In: 838448 o
Author: ewetjen27 Author: mwa000002290... Author: chrisyuk
MathWorks Weather Station, West Garage, This channel is used to monitor the wind DTT stream bitrate analysis
Natick, MA 01760, USA speed and carry out analysis on the effect of
all these parameters on wind turbine power Field 3 Chart 2 o Field 4 Chart Z o
generation
Wind Power Smart Monitor Wind Power Smart Monitor
I &
B
W mathworks weather station, weather, W wind power, wind speed W dvb-t, freeview, dvb, dtt B 200k if .
§ 2 oo Air Density (kg/*3):0.05054455020818259
mathworks e g Fii Mar 01 2024
H a 16:05:34 GMT-0300
H H
0k
i « . . 15:45 16:00 1615 1630 164¢ 1545 16:00 1615 16:30 164
Ll Wind and Solar Power... Ll Pianosa Teltonika *-=~~variables ... i %

Date Date

Thingspeak.com Thingspeak com
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Qué es un microcontrolador (MCU)



Microcontrolador ESP32-PICO-KIT-1

Velocidad de reloj: 80MHz / 160MHz ESP32-PICO-V3
RAM: 520KB |
Flash: 4MB

Alimentacién: USB (5V)

Voltaje de funcionamiento: 3.3V

WiFi integrada (802.11b/g/n),
Bluetooth (v4, BLE)

Precio: 4-5usd / 10-15usd ESP32-PICO-KIT-1
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ESP32: pines Lo que nos interesa
11 !

> GPIO*: pin digital 3 52
> ADC*: conversor Analégico-Digital

> 1: GPIO sdlo de entrada
> o: No usar [[RTC_GPIOO |[ADC1_CHO || GPIO3 |

g [GPI021 |[ VSPIHD |EMAC_TX_EN|
[[RTC_GPIO3 |[ADC1_CHa |[GPIO39 | gl [GPi022 | VSPWP || UorTS  |[EMAC_TXD1 |

[EmAC_RxD0 |[IRBAGEIN| [ RTC_GPIOG | [ADC2_CH8 || GPIo25 | L& e | [cPiotg|[CVSPI@ ][ uocTs |[EMAC_TXDO |
[Emac_rxo1 | [BAGIZN [RTC_GPIO7 | [ADCZ.CHa | [GPIOzs | sk J [(GPice |[SDDATAT][ UzcTs | [HSTIDATAT

[ES2KXP|| ToucHs |[ RTC_GPIO9 |[ADC1_CH4 |[GPio32 | [ SR S 3 [ GPIO7 |[SD_DATAO|[ U2RTS | [IHSTIDATADY

[IESERXNIN|| ToucHs |[[RTC_GPIOS | [ADC1_CH5|[GPIO33 | ™ 3% [FSTDATAR] FMAC_RX_CLH

[EMAC_RX_DV|[ ToucH7 |[RTC_GPIO17 |[ADC2_CH |[GPic27 | [} [cPioto |[I"SPIWP_|[[SD_DATAS | [IFSTIDATAS)) [U1TXD
[ISZIGIKN|| EMAC_TXD2 |[SD_CLK |[HSPICIK [ MTMS || TOUCH6 |[RTC_GPIO16 | ADCZ_Cﬂ (] a : |[SD_DATAZ | IHSTIBATAZY| [U1RXD
[FS2I5ATAZ|| emac TxD3 [§D DATAA[ HSPIQ || MTDI ][ TOuCHs |[RTC_GPIO15 |[ADC2 CHaj[cPioi2] [ W[ crios |[f uorxD |[cLk out2 |

|
[FSZIBATAS| EMAC_RX_ER|SD_DATAJ[ HSPID_ | MTCK || TOUCH4 |[RTC_GPIO14 | [ADC2_CHAll[ GPIO13 | | st

Y ;
[FSZICMB] | EMAC_RXD3 |[SD_CMD |[HSPICS0 | MTDO | TOUCH3 |[RTC_GPIO13 | [ADC2 CHall[ GPIO15 | | 8%

| |

o-DATAd P | SEIDATAR| Toucre | [rrc ooz ez o ez || 38

4 [ GPI034 | [ADC1_CH6 | [RTC_GPIO4 |
{ [GPI038 |[ \DC1_CH2 |[RTC_GPIO? |

plig BSK

36

[cLk_ouT1]EmAC_TX CLK|| TOuCH! |[RTC_GPIO11 |[ADC2 CHIT'GPIO0 ) B8 ™ [GPI037 |[ \DC1_CH1 |[RTC_GPIO1 |

o [EE

https://docs.espressif.com/projects/esp-idf/en/v4.4/esp32/hw-reference/esp32/get-started-pico-kit-1.html
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Como se programa un MCU



Arduino: agregar soporte para nuestro MCU

Seleccionar ESP32 PICO-D4
P

( ( sketch_feb23a | Arduino IDE 2.3.4 a6 @)
File Edit Sketch Tools Help File Edit Sketch Tools Help
¢ ESP32PICO-D4 - .

g ooeos Mucen sketch_feb23a.ino
espressif esp32 1 void se
2 // pu
Type: Al
B e * 3 . Select Other Board and Port
4
fﬂh esp32 by Espressif 3 ' Select both a Board and a Port if you want to upload a sketch.
Systems 6 void lo If you only select a Board you will be able to compile, but not to upload your sketch.
Boards included in this package: 7 // pu
@ ESP32 Dev Board, ESP32-52 Dev 8 BOARDS PORTS
Board, ESP32-53 Dev Board... 9 }
More info 10 esp32 picd x b

Q 313 v INSTALL

Adafruit QT Py ESP32 /devittyUSBO Serial Port (USB)
ESP32 PICO-D4

LOLIN S2 PICO

M5Stamp-Pico

UM TinyPICO

(O'show all ports
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Verificar (compilar)

Arduino Instalar (“flashear”)

sketch_mar2a | Arduino IDE 2.3.2 = = x|

Tools Help

Select Board

sketch_mar2a.
1 |101d setup() {

! \Invocar una vez al inicio

void Ioop() {

(SN NI W RN

=

Invocar continuamente

Consola serial

Ln1,Col1 X Noboard selected 0
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Arduino: estructura de un programa

void setup() { void setup() {
Serial.begin(115260) ; Serial.begin(115200) ;
Serial.println("Hello World!"); }
}
void loop() {
void loop() A Serial.println("Hello World!");
} }
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Hola mundo en MCU



Arduino: escribir en pin digital
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Arduino: escribir en pin digital
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Arduino: escribir en pin digital

#define LED_PIN 20

void setup() {
Serial.begin(115200);
pinMode(LED_PIN, OUTPUT); // LED pin as output.
Serial.println("\n\nLED pin: " + String(LED_PIN));

void loop() A
Serial.print("1 ");
digitalWrite(LED_PIN, HIGH);
delay(1000) ;
Serial.print("@ ");
digitalWrite(LED_PIN, LOW);
delay(1000) ;

}
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Como se lee un sensor analogico



Arduino: cablear una resistencia variable
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Sensores analogicos
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Arduino: conversor analdgico-digital (ADC)

#define R1_PIN 36
#define LED_PIN 20

int last_change = 0;
int led_state = 9;

void setup()
Serial.begin(115200);
pinMode (LED_PIN, OUTPUT);

void loop()

int now = millis();

int delay = analogRead(R1_PIN);

if (now - last_change > delay) {
last_change = now;
led_state = 1 - led_state;
Serial.println(String(delay));
digitalWrite(LED_PIN, led_state);

}
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Como se lee un sensor digital



Arduino: cablear un sensor digital

vce vce GPIO7
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Arduino: cablear un sensor digital
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Sensores digitales

@ Taller de Iniciacion a los Sistemas Ciber Fisicos / MINA - Facultad de Ingenieria - Udelar



Arduino: leer un sensor digital (polling)

const int buttonPin = 21;

void setup() {
Serial.begin(1152600);
pinMode (buttonPin, INPUT_PULLDOWN);

void loop() {
int buttonState = digitalRead(buttonPin);
if (buttonState == HIGH) {
Serial.println("on"
} else {
Serial.println("off");

const int buttonPin = 21;
int lastState = LOW;

void setup() {
Serial.begin(115200);
pinMode (buttonPin, INPUT_PULLDOWN) ;

void loop()
int buttonState = digitalRead(buttonPin);
if (lastState !'= buttonState) {
Serial.println(buttonState);
lastState = buttonState;
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Arduino: leer un sensor digital (interrupciones)

const int buttonPin = 21;
volatile byte clicked = @;

void setup() {
Serial.begin(115200);
pinMode (buttonPin, INPUT_PULLDOWN) ;
attachInterrupt(digitalPinToInterrupt(buttonPin), click, RISING);
}
void loop()
if (clicked == 1) {
Serial.println(millis());
clicked = 9;

ICACHE_RAM_ATTR void click() {
clicked = 1;
}
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Arduino: leer un sensor digital (interrupciones)

e Interrupciones en CHANGE / FALLING / RISING

e Los handlers de las interrupciones no reciben ni devuelven parametros
o Deben comunicarse con el resto del programa mediante variables globales

e |as variables globales que se actualizan en un handler deben ser declaradas
volatile.

e Los handlers deben ser declarados ICACHE_RAM_ATTR.

e Se pueden proteger secciones de cédigo con noInterrupts() /
interrupts(); Usar responsablemente.

e Una interrupcion no interrumpe a otra interrupcion
o Durante una interrupciéon “nada sucede”
m Eltiempo (millis()) no avanza
m El handler debe ser o mas corto y rapido posible
e Nousardelay()
e Enlo posible no usar el puerto serial, que incluye la consola
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Arduino: leer un sensor digital (interrupciones)

e Polling: facil, obtuso, tendencia a ineficiente y confuso.
e Interrupciones: elegantes, sutiles, eficientes, peligrosas.

interrupts

polling

0.1%
1Q scote
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Arduino: leer un sensor digital (debounce)

P >

e \ 7

/ \ / \
/ v / \
' l h \
' ' i '
h ' ' i
i ' i '
\ I ' '
\ ' \ h

\ / \ /

\ /

\‘ chattering phenomenon /
{ )
%rduinoGet .com

#define BOUNCE_TIME 50
static int lastDigitalOn = 9;

if( digitalRead(button) && (millis()-lastDigitalOn > BOUNCE_TIME) ) {
lastDigitalOn = millis();
// do something
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Como se lee un sensor basado en
un protocolo (ej: 1-wire)



Arduino: cablear un sensor 1-wire
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Sensores 1-wire, I°C, SPI...
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Arduino: agregar y usar la biblioteca de un sensor

LIBRARY MANAGER sketch_mar2a.ino
dht11 1 Include the DHT11l 1i
2  #include <DHT11l.h>
Type: All v 3
Topic: Al v 4 o
i) » dht11(2)
Edulntro by Arduino LLC 3 DHTLL dhtdl(2);
Library used for super-fast 8 void setup() {
introduction workshops Is 9 Serial.begin(9600);
intended to be used with... } : 4
More info 10
11
0.0.16 v INSTALL 12 void loop() {
13 int temperature = 0;
14 int humidity = 0;
15
DHT11 by Dhruba Saha 16 int result = dhtll.readTemperatureHumidity(temperature, humidity);
2.1.0 instalied 17
if (result == 0
An Arduino library for the A (S I_:.J LG i(i t yis
DHT11 temperature and 19 ctia .p_}n erl]gerf urels
humidity sensor. This library... 20 Serial.println("°C ");
More info 21 Serial.print(humidity);
22 Serial.println("%");
210 v REMOVE 23 } else {
24 Print err essaqe 3sed on t er
25 Serial.println(DHT1l::getErrorString(result));
. 26 3
Bonezegei DHT11 by 27 delay(1000);
Bonezegei (Jofel Batutay) 28 }
DHT11 Temperature and
Humidity Sensor Library
More info
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Arduino: leer sensor DHT 11

#include <DHT11.h> // Include the DHT11 library.
DHT11 dht11(D4); // Connect the sensor to GPIO2 (D4)

void setup() {
Serial.begin(115200) ;

void loop() {
int temperature = 0;
int humidity = 0;

int result = dht11.readTemperatureHumidity(temperature, humidity);

if (result == 0) {
Serial.print(temperature); Serial.print("°C ");
Serial.print(humidity); Serial.println("%");

} else {
Serial.println(DHT11::getErrorString(result));

}

delay(1000) ;

}

Taller de Iniciacion a los Sistemas Ciber Fisicos / MINA - Facultad de Ingenieria - Udelar



Como se controla un servo-motor



Arduino: cablear un servo-motor
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Arduino: controlar un servo-motor

#include <Servo.h>
Servo servol;

void setup() {
Serial.begin(115200);
servol.attach(25); // servo attached to GPIO25 pin

void loop()
Serial.println(9);
servol.write(9);
delay(1000) ;

Serial.println(180);
servol.write(180);
delay(1000);

}
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COmo se envian datos a la nube



Creemos un canal

[ "ThingSpeak™

Channels ¥ Apps ~ Devices ~

My Channels

New Channel

[« ThingSpeak™

New Channel

Name Mi sensor
Description

Field 1 rssi

Field 2 analdgico

Field 3

Search by tag

Channels ¥ Apps ~ Devices ~

A

I ThingSpeak™

Channels ~ Apps ~ Devices ~

Support ~

Mi sensor

Channel ID: 2454031
Author: mwa0000033127655
Access: Private

Private View Public View Channel Settings Sharing

Write API Key

Key TQYPX39RABNLVJR3

4 Generate New Write APl Key

@ Taller de Iniciacion a los Sistemas Ciber Fisicos / MINA - Facultad de Ingenieria - Udelar

API Keys

Data Impo



Publiguemos en thingspeak

sketch_mar17a | Arduino IDE 2.3.4

File Edit Sketch Tools Help

coonETTm

LIBRARY MANAGER sketch_mar17a.ino
thingspeak 1 #include <WiFi.h>
2  #include "ThingSpeak.h"
Type: Al v 3
Topic:  All v 4 unsigned long myChannelNumber = 2454031;
| [[lh 5 const char * myWriteAPIKey = "XXXXXXXXXXXXXXXX";
ThingSpeak by MathWorks . o T s
<support@thingspeak.com> 7 const char* ssid = w1f1ng ; your network SSIL =
R g const char* password = "wifing-pub"; your network password

ThingSpeak Communication Library for Arduino,

ESP8266 & EPS32 ThingSpeak ( 16 WiFiClient client;

https://www.thingspeak.com ) is an analytic loT... 11 .
More info 12 void setup() {
13 Serial.begin(115200); Initialize serial
201 v REMOVE 14 delay(lOO;
15 WiFi.mode(WIFI_STA);
16
17 ThingSpeak.begin(client); Initialize ThingSpeak
ThingSpeak_asukiaaa by Asuki Kono 18

An APl manager for ThingSpeak It writes field
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Publiguemos en thingspeak (1 campo)

#include "ThingSpeak.h" void loop()
unsigned long myChannel = 2454031; if (WiFi.status() !'= WL_CONNECTED) {
const char* writeAPIKey = "7QYPX39RABNLVJR3"; Serial.print("Attempting to connect to Wifi...");
while (WiFi.status() !'= WL_CONNECTED) {
#include <WiFi.h> WiFi.begin(ssid, pass);
char ssid[] = "wifing"; delay(5000) ;
char pass[] = "wifing-pub"; }
WiFiClient client; }
void setup() { long rssi = WiFi.RSSI();
Serial.begin(115200); int httpCode = ThingSpeak.writeField(myChannel, 1, rssi, writeAPIKey);
delay(100); if (httpCode == 200) {
WiFi.mode(WIFI_STA); Serial.println("Channel write successful.");
ThingSpeak.begin(client); } else {
} Serial.println("HTTP error code " + String(httpCode));
}
delay(20000) ;
}

@ Taller de Iniciacion a los Sistemas Ciber Fisicos / MINA - Facultad de Ingenieria - Udelar



Publiguemos en thingspeak (varios campos)

void loop()
if (WiFi.status() != WL_CONNECTED) {
while (WiFi.status() !'= WL_CONNECTED) {
WiFi.begin(ssid, pass);
delay(5000);

long rssi = WiFi.RSSI();

int valueA® = analogRead(A®);
ThingSpeak.setField(1, rssi);
ThingSpeak.setField(2, valueA®);

int httpCode = ThingSpeak.writeFields(myChannel, myWriteAPIKey);
if (httpCode == 200) {
Serial.println("Channel write successful.");
} else {
Serial.println("Problem writing to channel. HTTP error code " + String(httpCode));
}
delay(20000) ;
}
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