ESP 8266 tutorial

PIT Plzen, duben 2017



Pristupové udaje

o Wifi:
o Login: 3v57
o Heslo: KeusgstyR
e download:
o http://home.zcu.cz/~borik/PIT
o prezentace
o drivery USB-serial
o datascheets



http://home.zcu.cz/~borik/PIT
http://home.zcu.cz/~borik/PIT

Komunitni HW

Arduino, Raspberry Pi, ESP8266

e zaklad uspéchu
o funkéni navrh HW
o pouzitelné multiplatformni IDE
o GPIO
o podpora protokoll (SPI, 1wire, ...)

Dulezita je komunita kolem projektu:

e adafruit, github, instructables a dalSi desitky konkrétné zamérenych webu se
spoustou navodu



Zakladni vlastnosti ESP8266

e 3.3V napajeni
e low power 32bit procesor 80-160 MHz
e Flash 512 kB-16MB
e protokol 802.11 b/g/n (2.4 GHz)
e 17 GPIO vcetné sériové linky a podpory rtznych protokolu
e 1A/D (GND on large
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Prehled modulu ESP8266

Kompletni seznam:
http://www.esp8266.com/wiki/doku.php?id=esp8266-module-family
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http://www.esp8266.com/wiki/doku.php?id=esp8266-module-family
http://www.esp8266.com/wiki/doku.php?id=esp8266-module-family

ESP12-E a NodeMCU DEVKIT V1.0

ESP-12-E Saries, ESP-12-DVESP-12-0Q J2Mbit Al-THINKER

Pin Configuration and Functions
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* Can only be used on ESP12-D.




ESP piny
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Da(GPI016) can only be used as gpio read/write, no interrupt supported, no pwm/i2c/ow supported.



Firmware

e AT command interface https://github.com/esp8266/at-command-set

e ESP Easy- web based multifunction sensor device
http://www.esp8266.nu/index.php/ESPEasy

e MicroPython
https://github.com/micropython/micropython/tree/master/esp8266

e Espruino JavaScript for Microcontrollers http://www.espruino.com/

e Nodelua https://nodelua.org/

e NodeMCU http://www.nodemcu.com/index_en.html

e Arduino https://github.com/esp8266/Arduino

o firmware se nahrava pfi kazdém uploadu
m jednodusSsi prace
m delSi doba nahravani



https://github.com/esp8266/at-command-set
http://www.esp8266.nu/index.php/ESPEasy
http://www.esp8266.nu/index.php/ESPEasy
https://github.com/micropython/micropython/tree/master/esp8266
https://github.com/micropython/micropython/tree/master/esp8266
http://www.espruino.com/
https://nodelua.org/
http://www.nodemcu.com/index_en.html
https://github.com/esp8266/Arduino

Arduino IDE a ESP - priprava

e Iinstalace IDE
o https://www.arduino.cc/en/Main/Software Download the Arduino IDE
e definice ESP pro Arduino Board Manager
o https://github.com/esp8266/Arduino#installing-with-boards-manager
m Start Arduino and open Preferences window.
m Enter http://arduino.esp8266.com/stable/package esp8266com_index.json into
Additional Board Manager URLSs field. You can add multiple URLs, separating them with
commas.
m  Open Boards Manager from Tools > Board menu and install esp8266 platform

e vybrat ESP12E board
e vybrat USB/serial port (Win=com5?)



https://www.arduino.cc/en/Main/Software
https://www.arduino.cc/en/Main/Software
https://github.com/esp8266/Arduino#installing-with-boards-manager
https://github.com/esp8266/Arduino#installing-with-boards-manager

Prvni

program - blik a pip

e Soubor/Priklady/01.Basics/Blink

(@)

ulozit jako

e struktura Arduino programu

(@)

O O O O

C kod
procedura setup
procedura loop
zmeény:
definice vestavéné LED
m #define LED_BUILTIN D4 // interni LED na seriovém portu
vypneme WiFi AP
m #include "ESP8266WiFi.h"
m do sekce setup: WiFi.mode(WIFI_STA);
kompilace

pfipojit pipak na GND a D3
vlozit tone(D3, 500, 50); port, frekvence, trvani



GPIO piny

rezimy

o pinMode(pin, mode)
OUTPUT mode
o maximum drive capability 12 mA
o digitalWrite(pin, value) LOW/HIGH
o analogWrite(pin, value) 0-1023 (PWM)
o ukazky - blik, pip, pwm
INPUT nebo INPUT_ PULEUP mode
o digitalRead(pin)
o  pull-up nebo pull-down rezistory
o pfiklad DigitallnputPullup
LED GPIO13=D7
tlaCitko GP102=D4

+3.3V
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(i=0; i<1024;
{ analogWrite (D5,1i);
delay (1) ;
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Analogovy vstup

e pouze jeden vstup ADCO
e prevodnik 10 bitu
e Vref 3,3V (hodnota az 1024!)

Ukol: zapojte déli¢ s fotorezistorem
nebo termistorem a mérte napéti
stfredniho vyvodu.

Nastroje/Seriovy monitor

void setup () {
Serial.begin (9600) ;

}

void loop () {

Serial.println (analogRead (A0)) ;

delay (500) ;
}

ADCO

-~




Destovy senzor - Raindrops Detection Sensor

e méri odpor mezi dvéma elektrodami
e nastaveni citlivosti trimrem
e analogovy i digitalni vystup

Ukol: otestujte senzor - analogovy i digitalni vystup

Power LED

GND
Do

GND

VLT




VIhkost a teplota 12C: Si7021

http://www.esp8266learning.com/esp8266-si7021-temperature-sensor-example.php

#include <Wire.h>

Wire.beginTransmission (si7021Addr) ;
//Send humidity measurement command
Wire.write (0xXFD5) ;
Wire.endTransmission () ;

delay (500) ;

// Request 2 bytes of data
Wire.requestFrom(si7021Addr, 2);


http://www.esp8266learning.com/esp8266-si7021-temperature-sensor-example.php
http://www.esp8266learning.com/esp8266-si7021-temperature-sensor-example.php

BH1750FVI: 12C digital Ambient Light Sensor

e http://www.esp8266-projects.com/2016/07/mailbag-bh1750fvi-i2c-light-sensor.

html

e knihovna https://github.com/claws/BH1750 plus instalace odpovidajici
knihovny do IDE

e https://blog.venca-x.cz/arduino-mereni-svetelne-intenzity-s-bh1750/

Logic —{1 SCL
+



http://www.esp8266-projects.com/2016/07/mailbag-bh1750fvi-i2c-light-sensor.html
http://www.esp8266-projects.com/2016/07/mailbag-bh1750fvi-i2c-light-sensor.html
http://www.esp8266-projects.com/2016/07/mailbag-bh1750fvi-i2c-light-sensor.html
https://github.com/claws/BH1750
https://blog.venca-x.cz/arduino-mereni-svetelne-intenzity-s-bh1750/
https://blog.venca-x.cz/arduino-mereni-svetelne-intenzity-s-bh1750/

Teplota 1-wire: DS18B20

e program:
http://randomnerdtutorials.com/esp8266-ds18b20-temperature-sensor-web-se
rver-with-arduino-ide/

e pridat knihovny
o OneWire a DallasTemperature #include <OneWire.h>
#include <DallasTemperature.h>

DS18B20.requestTemperatures () ;

temp =
DS18B20.getTempCByIndex (0) ;

Serial.print ("Temperature: ");
Serial.println (temp) ;



http://randomnerdtutorials.com/esp8266-ds18b20-temperature-sensor-web-server-with-arduino-ide/
http://randomnerdtutorials.com/esp8266-ds18b20-temperature-sensor-web-server-with-arduino-ide/
http://randomnerdtutorials.com/esp8266-ds18b20-temperature-sensor-web-server-with-arduino-ide/

WIiFi - scan siti

e Priklady: ESP8266WiFi WiFiScan

e dokumentace:
https://github.com/esp8266/Arduino/blob/master/doc/esp8266wifi/readme.md
#table-of-contents

e vystup scan:

o SSID

o encryptionType WiFi.mode (WIFI STA) ;

o BSSID WiFi.disconnect () ;

o BSSIDstr S

o channel int n = WiFi.scanNetworks () ;

o isHidden T . . .
Serial.print (WiFi.SSID (1)),

o getNetworklInfo

o


https://github.com/esp8266/Arduino/blob/master/doc/esp8266wifi/readme.md#table-of-contents
https://github.com/esp8266/Arduino/blob/master/doc/esp8266wifi/readme.md#table-of-contents
https://github.com/esp8266/Arduino/blob/master/doc/esp8266wifi/readme.md#table-of-contents

WIFi - pripojeni do sité (rezim STA)

e ESP se pripojuje do existujici site
e Priklady: ESP8266WiFi WiFiClient

e nastavit:
o  ssid,
o password,
o host (tfeba home.zcu.cz)

e chyba WiFi knihovny: pred prvnim pouzitim WiFi je nutné nastauvit:
WiFi.persistent(false);



Data do cloudu - priklady

e dweet.io
o trivialné bez zabezpeceni
o zapis: https://dweet.io/dweet/for/PIT-ESP-tutorial ?text=aaa&cislo=11
o ¢teni hodnot: https://dweet.io/get/dweets/for/PIT-ESP-tutorial
e ThingSpeak
o http://www.arduinesp.com/thingspeak
o  http://navody.arduino-shop.cz/navody-k-produktum/esp8266-a-thingspeak.html
o registrace, ziskani APl Key, update:
o https://api.thingspeak.com/update.json?api_key=XXXXXXX&field1=58&field2=23
Google Sheets
o vytvoreni tabulky, pfistupovych kli€u pro dané zafizeni...
o https://www.hackster.io/detox/transmit-esp8266-data-to-google-sheets-8fc617
e data.sparkfun.com

o http://data.sparkfun.com/input/'YOUR PUBLIC KEY?private key=YOUR PRIVATE KEY&te
mp=82.04&hum=53.10&hidx=83.29#sthash.7X0vcQbW.dpuf
o http://www.esp8266.com/viewtopic.php?f=11&t=3569

a desitky a stovky dalSich...


https://dweet.io/dweet/for/PIT-ESP-tutorial?text=aaa&cislo=11
https://dweet.io/get/dweets/for/PIT-ESP-tutorial
http://www.arduinesp.com/thingspeak
http://www.arduinesp.com/thingspeak
http://navody.arduino-shop.cz/navody-k-produktum/esp8266-a-thingspeak.html
http://navody.arduino-shop.cz/navody-k-produktum/esp8266-a-thingspeak.html
https://api.thingspeak.com/update.json?api_key=XXXXXXXXXXXXXX&field1=58&field2=23
https://api.thingspeak.com/update.json?api_key=XXXXXXXXXXXXXX&field1=58&field2=23
https://www.hackster.io/detox/transmit-esp8266-data-to-google-sheets-8fc617
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http://data.sparkfun.com/input/YOUR_PUBLIC_KEY?private_key=YOUR_PRIVATE_KEY&temp=82.04&hum=53.10&hidx=83.29#sthash.7X0vcQbW.dpuf
http://data.sparkfun.com/input/YOUR_PUBLIC_KEY?private_key=YOUR_PRIVATE_KEY&temp=82.04&hum=53.10&hidx=83.29#sthash.7X0vcQbW.dpuf
http://www.esp8266.com/viewtopic.php?f=11&t=3569
http://www.esp8266.com/viewtopic.php?f=11&t=3569

WIFi - vytvoreni vlastni site (rezim soft-AP)

e ESP vytvari vlastni sit (vhodné i pro trivialni nesitové ulohy jako nahrada
klavesnice a displeje pro nastaveni parametru)

e Priklady: ESP8266WiFi WiFiAccessPoint

e zmeénit SSID a kanal (kolize s ostatnimi)

dokumentace:
https://github.com/esp8266/Arduino/tree/master/doc/esp8266wifittsoft-access-poin
t

Ovladani LED:

e server.on("/", handleRoot);
e server.on("/LED1", handleLEDon);
e server.on("/LED2", handleLEDoff);

Podobné web server v STA modu - pfiklad WiFiWebServer


https://github.com/esp8266/Arduino/tree/master/doc/esp8266wifi#soft-access-point
https://github.com/esp8266/Arduino/tree/master/doc/esp8266wifi#soft-access-point
https://github.com/esp8266/Arduino/tree/master/doc/esp8266wifi#soft-access-point

Autonomni napajeni

pouzitelny rozsah napajeni:

e cca23-4.7V
e ovéreno experimentalné, dokumentace tyto
udaje neuvadi

http://forum.makehackvoid.com/t/esp8266-operating-voltage-ra

nge-and-sleep-current/286

mozné napajeci zdroje:

vySSi napéti a stabilizator = 3.3V
2*alkaline 1.5V = 3V (2.6 - 3.0V)
2*NiCd 1.2V =2.4V (2.2 - 2.6V)
3*NiCd 1.2V = 3.6V (3.3 - 3.9V)
Li-lon = 3.7V (3.2 - 4.2V)

usporné provozni rezimy:

e modem sleep
e light sleep - CPU suspended
e deep sleep - CPU off a CitaC aktivuje reset

proudovy odbér:

wifi v akci: 60-200 mA
modem sleep: 15 mA
light sleep: 0.5 mA
deep_sleep: 10 pA

http://bbs.espressif.com/viewtopic.php?t=133
http://www.esp8266.com/wiki/doku.php?id=esp8266 power

usage


http://forum.makehackvoid.com/t/esp8266-operating-voltage-range-and-sleep-current/286
http://forum.makehackvoid.com/t/esp8266-operating-voltage-range-and-sleep-current/286
http://forum.makehackvoid.com/t/esp8266-operating-voltage-range-and-sleep-current/286
http://bbs.espressif.com/viewtopic.php?t=133
http://bbs.espressif.com/viewtopic.php?t=133
http://bbs.espressif.com/viewtopic.php?t=133

Kde nakoupit

e v Ciné a okoli
nejlepSi ceny (polovina a méné nez CZ)
proménna kvalita
doprava v cené nebo pfimérena
pomeérné velky vybér
variabilni dodaci Ihuty (1 tyden az 2 mésice)
reklamace obvykle funguji
garance e-shopu (chyba dodavatele nebo pokus o
podvod)
e tradiCni e-shopy
o ebay.com
o dx.com
o aliexpress.com
o pchub.com
o dhgate.com
o alibaba.com
o adalsi...
e
O
O

o O O O O O O

o tSi dodavka=vetsi problemy

clo a DPH
nedostatecny pocet dilt (?)
e riziko zavislosti :-)




Dotazy, komentare, volna zabava...

RozsSifujici prakticka témata:

RGB LED - michani barev
destovy senzor
senzor osvétleni 12C BH1750FVI
senzor teploty 1-wire DS18B20
prenos dat do cloudu
ovladani LED pres wifi
pohyb

o DC motory a H muUstek

o krokové motory
o serva

Jifi Borik, borik@civ.zcu.cz



Priloha - doplnkové tema: AKCni Cleny

e Akcni Cleny
o PWM
o DC motor
o  krokovy motor
o serva
e Prezentace obsahuje odkazy na reSeni Raspberry Pi, ale pro ESP platformu

existuji obdobnée knihovny, vsechny akcni Cleny Ize ovladat.



Pulse Width Modulation

Rizeni vykonu
e linearne=ztraty
e pulzné=ruseni

PWM
e Sirkova modulace W W W
e konstantni
kmitocet =
e promeénna sirka outy Cyee 50% | .
e duty 0-100% L L L




Impementace PWM

SW (GPIO)
DMA - RPIO.PWM (https://pythonhosted.org/RPIO)

HW PWM - GPIO18 - Pin12 (http://wiringpi.com/)
PWM/Servo Driver - 12C interface - PCA9685

http://raspberrypi.stackexchange.com/questions/298/can-i-use-the-gpio-for-puls
e-width-modulation-pwm
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https://pythonhosted.org/RPIO
http://wiringpi.com/
http://www.adafruit.com/products/815
http://www.adafruit.com/products/815
http://raspberrypi.stackexchange.com/questions/298/can-i-use-the-gpio-for-pulse-width-modulation-pwm
http://raspberrypi.stackexchange.com/questions/298/can-i-use-the-gpio-for-pulse-width-modulation-pwm
http://raspberrypi.stackexchange.com/questions/298/can-i-use-the-gpio-for-pulse-width-modulation-pwm

GPIO.PWM programovani

pwm = GPIO.PWM (pin, freq)
pwm.start (dc)
pwm.ChangeDutyCycle (dc)

pwm.ChangeFrequency (freq)

pwm.stop ()
ukoly:
LED RGB dioda
e plynule rozsvitit e rotace barev

e namichat bilou



Napajeni vétSich spotrebicu

e VvétSi proudové odbéry z RPI - omezeni:
o $Spicky, ruseni
o proudova ochrana na desce RPI,
(reliable PTC fuse 0,75A)

e feSeni: T
o filtrace (kondenzatory) @ +5v @ 642y BxUF4007

o oddélené napajeni, dva napajeci zdroje mOn-[ s = I100n
a spoleCna zem ¢ 4 -|_-
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DC motor

stejnosmerné napajeni

smer otaceni rotoru urcuje polarita
otacky zaviseji na napajecim napéeti
pri zatezi otacky klesaji

obtizna regulace pri malych
otaCckach

e pro rizeni otacek se prevazne
pouziva PWM (malé ztraty)




H-mustek - princip
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H-mustek - priklady obvoda &

e full bridge L9110

O
O

napajeni 2.5-12 'V,
max 800 mA na vystup

e dual full bridge L298

O
O
O

vystup do 46V,

max 2A na vystup,
vstupni logika 5V (3.3V
funguje, hladina 1.5V)

1
DP )ik YL 4 (DIP8)

Multiwatti15



H-mustek - moduly

Vce Vss
+5V +6-42V 8 x UF4007
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H-mustek - Fizeni

e plynule vpred:
o vstup A= PWM dle vykonu
o vstup B=0
e plynule vzad:
o vstup A=0
o vstup B= PWM dle vykonu

priklad reSeni: pwm-semtam.py

+5V +6-42V 8 x UF4007
100n = <
&




Krokovy motor - princip

Princip:

e zuby statoru a rotoru se pritahuji a
nastavuji se do pozice s nejmensim
magnetickym odporem,

e po sepnuti dalSi statorové civky se

magneticky obvod posouva k dalsim, 4
posunutym zubdm.

Vlastnosti:

e vysoka uhlova presnost
mensi rychlosti
velky moment i pfi nulové rychlosti
trvaly odbér
chybi zpétna vazba
o mozny preskok
o nastaveni pocCateCni pozice




Krokovy motor - rizeni

Ctyrftakt s magnetizaci jedné faze, dvou fazi, osmitakt, mikrokrokovani

Unipolar motor o o




Krokovy motor - ridici modul

ULN2003

e /7 kanalovy spinacC

e vstup TTL, CMOS

e vystup az 50V, 0.5A
e relé, krokové motory

Modul

e 4*vstup

e 4*vystupsLED
e napajeni 5-12V




Krokovy motor - program

stepper1.py

ukoly:

e vyzkouSejte rizné zpusoby
rizeni

e zjistete maximalni pouzitelnou
rychlost rizeni

e zjistéte pocet kroku na jednu
otaCku 360°




Servomotor

e Nastavuje a drzi
presne polohu

e Maximalni rychlost
pohybu zavisi na
konstrukci a velikosti




Modelarské servo - konstrukce

e Konstrukce:
o motor (DC) s prfevodovkou
o shnimac polohy (potenciometr)
o Tidici obvod

e Pfipojeni
o napajeci napéti (hnéda,
cervena)
o TFidici signal polohy (oranzova) Output Spline\ Dikis Gears

Servo Case
Control Circuit



Modelarskeé servo - rizeni

nastaveni uhlu odpovida

délce pulzu =
stredni poloha 1.5 ms ﬂ

1-2 ms pro rozsah 90°
1| I | p—

pozor na dorazy

0.5-2.5 ms pro rozsah 180°
povel opakovat kazdych m .

20ms = 50Hz




Software pro servo - PWM

ridici kmitocet 50 Hz
20ms =100%, 2 ms =10%, 1 ms = 5%
servo lze ridit PWM 50 Hz v rozsahu 5-10%

servo1.py, servo2.py,

roboticke ruce

nedostatek: nestabilni PWM, servo kmita
lépe RPIO.PWM s vyuzitim DMA kanalu:
https://pythonhosted.org/RP1O/pwm_py.html



https://pythonhosted.org/RPIO/pwm_py.html
https://pythonhosted.org/RPIO/pwm_py.html

