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PREFACE

The Internet of Things (IoT) is everything can communicate with each other via internet
at anywhere and anytime. A thing in loT can be person, sensor or other object able to
exchange the data through network. Moreover, an loT ecosystem consists embedded
system that categories with low power, low bandwidth, low cost and etc. The
embedded devices also call smart devices used to collect and share the data from the
sensor by connecting to an loT gateway. For this condition, loT deployment rapidly year
by year in multiple fields like smart home, smart farming and healthcare to improve
quality of life.

NodeMCU ESP8266 is a microcontroller that can access Wi-Fi network capable to
integrated with sensor and other application with minimal development up-front and
loading during runtime. Therefore, this module has a powerful to bring to life a wide
range of application scenarios using features like cloud connectivity, Wi-Fi security
support and low power operation.

This book focuses on step-by-step loT Tutorial using ESP8266 for beginner. It starts
with the Tutorial 1: introduction to NodeMCU ESP8266, sensor and actuator in Tutorial
2, continue with Tutorial 3: NodeMCU ESP8266 using HTTP Protocol, Tutorial 4:
NodeMCU ESP8266 using MQTT Protocol, Tutorial 5: Node-RED Flow & Node-RED.
Finally, Tutorial 6: loT Application Control Via Smartphone.

Hopefully, this book can benefit to teacher, student or anyone who is interesting in
learning loT ecosystem.
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STEP BY STEP: Internet of Things Experiment using ESP8266

Title: Introduction to NodeMCU ESP8266

OBJECTIVES

Upon completion of this tutorial, you should be able to:
¢ Install and configure Arduino IDE for ESP8266 board correctly.
e create a project file and write a simple code using Node MCU truly.

e Construct a simple hardware connection and perform compiling, uploading and testing
successfully.

EQUIPMENTS

e NodeMCU ESP8266

e Breadboard

e Jumper cables

e Arduino IDE

e Internet connection

e Resistor 220 Q (Red, Red, Brown, Gold)
e LED



STEP BY STEP: Internet of Things Experiment using ESP8266

THEORY

Node MCU (MicroController Unit) is an open-source software and ESP8266 is a embedded
devices (hardware) that build in System-on-a Chip (SoC) to run the firmware. The ESP8266 was
designed contain the elements of computer: Central Processing Unit (CPU), Random Access
Memory (RAM), Wi-Fi, modern operating system and a software development kit (SDK).
Meanwhile the Arduino Integrated Development Environment (Arduino IDE) is an open-source
software used to write and upload code to the NodeMCU development board. Therefore, it
become a cost effective and highly integrated MCU for Internet of Thing (loT) application.

PROCEDURE

PART A: SETTING UP THE ARDUINO IDE

1. Go to https://www.arduino.cc/en/software and download the latest Arduino IDE.

Arduino IDE 1.8.13

The open-source Arduino Software (IDE) makes it easy to write code
and upload it to the board. This software can be used with any

Arduino board.

Refer to the Getting Started page for Installation instructions.

SOURCE CODE

DOWNLOAD OPTIONS

Windows win 7 and newer
Windows zIpfile

Windows app win81or10 Get &

Linux ARM 32 bits
Linux ARM 64 bits

Mac OS X 10.10 or newer

Active development of the Arduino software is hosted by GitHub.
See the instructions for building the code. Latest release source
code archives are available here. The archives are PGP-signed so

Release Notes Ch

they can be verified using this gpg key.

2. Once downloaded, double-click the installer and follow the installation steps, until the
installation is completed and close the installation wizard.

Arduino Setup: License Agreement —

Please review the license agreement before installing Arduino, If you
o) accept all terms of the agreement, dick I Agree.

:SNU LESSER GENERAL PUBLIC LICENSE
Version 3, 29 June 2007
Copyright (C) 2007 Free Software Foundation, Inc. <http://fsf.ora/>

Everyone is permitted to copy and distribute verbatim copies of this license
document, but changing itis not allowed.

This version of the GNU Lesser General Public License incorporates the terms
and conditions of version 3 of the GNU General Public License, supplemented
by the additional permissions listed below,

Cancel 5 5 sted I Agree

@ Arduino Setup: Completed -

Completed
Om
Show details |
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3. Open the Arduino IDE by double-clicking the shortcut icon, which the shortcut icon is
available on the Windows Menu or on the Desktop.

5

RECYCIEIBIN

C

Location: arduino (C:\Program Files (x86)\Arduino)

4. Once Arduino IDE is launched, open the Preferences window. From menu, File >>
Preferences.

@ sketch_apri6a | Arduino 1.8.13 — [m] X
File Edit Sketch Tools Help

New Ctrl+N

Open... Ctrl+O

Open Recent >

Sketchbook > =

Examples >lhere, to run once:

Close Ctrl+W

Save Ctrl+S.

Save As... Ctrl+Shift+5

Page Setup  Ctrl+Shift+P  |cre, to run repeatedly:
Print Ctrl+P

Preferences . Ctrl+Comma

Quit Ctrl+Q

5. On the Preferences window, increase the Editor font size by 18 or best views, check Display
line numbers and Enable sketch Folding. Then click OK.

Preferences x

Settings  Metwork

Sketchbook location:

|c:\users\alham\DocumentstArduino | Browse

Editor language: ystengefault ~  (requires restart of Arduino)
Editor font size:

Interface scale: Aygafhatic (requires restart of Arduino)

Theme: (requires restart of Arduino)

Show verbose output during: [_] compilation [_] upload

Display line numbers

Enable Code Folding

e pload

Check for updates on startup Save when verifying or uploading
[] use accessibility features

Additional Boards Manager URLs: | |

More preferences can be edited directly in the file
Ci\Users\alham\AppData\Local\Arduino15\preferences.txt
(edit only when Arduino is not running)

(o ] [canost |
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6. Arduino IDE text editor is now bigger, with line numbers and sketch folding option.

@ sketch_apri6a | Arduino 1.8.13 — O X
File Edit Sketch Tools Help

sketch_apr16a

lapoid setup() {
// put your setup code here, to run once:

oid loop() {
// put your main code here, to run repeatedly:

Arduing Uno

7. Check the available development board options on Arduino IDE. From menu, Tools >>
Board: “name of development board” > “board selection”. From the list of development
board selection, only official Arduino boards are available.

@ sketch_apri6a | Arduino 1.8.13 _ [w] >
File Edit Sketch Tools Help

Auto Format Ctrl+T
Archive Sketch

sketch_apri6a Fix Encoding & Reload
15 . Manage Libraries... Ctrl+Shift+| o
Ve Serial Monitor Ctri+Shift+M
s Serial Plotter Ctrl+Shift«L [} Once:
WIFi101 / WiFiNINA Firmware Updater
1
Board: "Arduino Uno™” N Boards Manager.
Port El Arduino Yin
68 void Get Board Info ®  Arduino Uno
Yy Programmer: "AVRISP mKIl" d Arduino Duemilanove or Diecimila

Arduino Nano

Arduine Mega or Mega 2560
) Arduino Mega ADK
Arduino Leonardo
Arduino Leonardo ETH
Arduine Micro

Arduino Esplora
Arduino Mini

Arduino Ethernet
Arduino Fio

Arduino BT

LilyPad Arduino USE
LilyPad Arduino
Arduine Pro or Pro Mini
Arduina NG or alder
Arduino Robot Control

Burn Bootloader

8. Add ESP8266 development boards into Arduino IDE. Open the Preferences Window and
insert ESP8266 hardware library link below into Additional Boards Manager URL field. Then
click OK. https://arduino.esp8266.com/stable/package esp8266com index.json

Preferences X

Settings  Network

Sketchbook location:

C:\Users\alham\Documents\Arduino Browse
Editor language: System Default ~ | (requires restart of Arduino)

Editor font size: 18

Interface scale: [] Automatic | 100 % % (requires restart of Arduino)

Theme Default theme | (requires restart of Arduina)

Show verbose output during: [ ] compilation [ upload

Compiler warnings: None v

Display line numbers Enable Code Folding

[ Verify code after upload [ use external editor

Check for updates on startup Save when verifying or uploading

[ use accessibility features

Additional Boards Manager URLs: | https://arduino.esp8266. /package_esp8266com_index.json ﬁ
More preferences can be edited directly in the file Ik

C:\Users\alham\AppData\Local\Arduino15\preferences.bd

(edit only when Arduino is not running)

oK Cancel



https://arduino.esp8266.com/stable/package_esp8266com_index.json

STEP BY STEP: Internet of Things Experiment using ESP8266

9. Open Boards Manager window. From menu, Tools >> Board >> Boards Manager ...

@ sketch_apri6a | Arduino 1.8.13 - O x
File Edit Sketch Tools Help

Auto Format Ctrl+T
[~

Archive Sketch
sketch_aprisd  Fix Encoding & Reload

1elvoid Manage Libraries Ctrl+Shift+] -
VoL Serial Monitor Ctrl+Shift+M

2 r/ Serial Plotter Ctri+ShiftsL [ ONCe:

- WiFi101 / WIFININA Firmware Updater

4 |}

- Board: “Arduino Uno" > Boards Manager.. k.

2

’ Port % Arduino Yin

68void Get Board Info ®  Arduino Uno

7 ’ P ————— ,  Arduino Duemilanove or Diecimila

Arduino Nano
Arduino Mega or Mega 2560
e} Arduino Mega ADK

Arduino Leonardo

Arduino Leonardo ETH
Arduine Micro

Burn Bootloader

Arduino Esplora
Arduino Mini

Arduino Ethernet
Arduino Fio

Arduino BT

LilyPad Arduino USB
LilyPad Arduino
Arduino Pro or Pro Mini
Arduino NG or older
Arduino Robot Control

Uno

10. On the Boards Manager window, filter the list of development boards by typing ESP8266
into the field and click the Install button to install the ESP8266 development boards
hardware library on Arduino IDE.

@ Boards Manager X
Type Al ' v | |ESP8266| ’
esp8266 S — ~
by ESP8266 Community

Boards included in this package:
Generic ESP8266 Module, Generic ESP8285 Module, ESPDuino (ESP-13 Module), Adafruit Feather HUZZAH ESP8266, Invent One, XinaBox CWO1,
ESPresso Lite 1.0, ESPressa Lite 2.0, Phoenix 1.0, Phoenix 2.0, NodeMCU 0.9 (ESP-12 Madule), NodeMCU 1.0 (ESP-12E Module), Olimex
MOD-WIFI-ESP8266(-DEV), SparkFun ESP8266 Thing, SparkFun ESP8266 Thing Dev, SparkFun Blynk Board, SweetPea ESP-2107

D1 R2 & mini, LOLIN(WEMOS) D1 mini Pro, LOLIN(WEMOS) D1 mini Lite, WeMos D1 R1, ESPino (ESP-12 Module), ThaiEasyElec's ESPi
Arduine, 4D Systems gend IoD Range, Digistump Oak, WiFiduino, Amperka WiFi Slot, Seeed Wio Link, ESPectro Core, Schirmilabs Eduinly WiFi,
ITEAD Sonoff, DOIT ESP-Mx DevKit (ESP8285).
More Info

274 v

Close

11. Wait for the installation, which might take several minutes depending on the Internet
connection speed. Once successfully INSTALLED, click the Close button.

@ Boards Manager X

Type Al | ESP8266

esp8266
by ESP8266 Community version
Boards included in this package:
Generic ESP8266 Module, Generic ESP8285 Madule, ESPDuino (ESP-13 Module), Adafruit Feather HUZZAH ESP8266, Invent One, XinaBox CW01,
ESPresso Lite 1.0, ESPresso Lite 2.0, Phoenix 1.0, Phoenix 2.0, NodeMCU 0.9 (ESP-12 Module), NodeMCU 1.0 (ESP-12E Module), Olimex
MOD-WIFI-ESP8266(-DEV), SparkFun ESP8266 Thing, SparkFun ESP8266 Thing Dev, SparkFun Blynk Board, SweetPea ESP-210, LOLIN(WEMOS)
D1 R2 & mini, LOLIN(WEMOS) D1 mini Pro, LOLIN(WEMOS) D1 mini Lite, WeMos D1 R1, ESPino (ESP-12 Module), ThaiEasyElec’s ESPino, WifInfo,
Arduino, 4D Systems gend IoD Range, Digistump Oak, WiFiduino, Amperka WiFi Slot, Seeed Wio Link, ESPectro Core, Schirmilabs Eduina Wi,
ITEAD Seonoff, DOIT ESP-Mx DevKit (ESP&285).

Online Help

More Info

Select version v Install Remove

Close.
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12.The development board is NodeMCU 1.0, thus selecting the right board for development.
From menu, Tools >> Board: “name of development board” >> ESP8266 Board's (version)
>> NodeMCU 1.0 (ESP-12E Module)

© skatch apriGa | Arduing 1813
File Edit Sketch Tools Help

- o x
e - _

CarlaShiftel
Serial Monitor Ctrl+Shi
Serial Piotter Culsshitsl 1 ONCE:

Generic ESPA266 Module
Generic ESPE2SS Module
1

WIF01 / WIFININA Firmware Updater

Board: “Arduina Una™ 3 Boards Manager..

port * Arduino AVR Beards 3
o e e
ESPresso Lite 10
Programmer. "AVRISP midl” »| repeatedly: ESPressa Lite 20
Bum Bootioader Prcenix 10
} Phoenix 20

HodeMCU 09 (ESP-12 Madule)
NogeMC 1.0 (£5P-12E Module)
Ofimex MOD-WWAFI-ESPB265(-DEV)
SparkFun ESPB266 Thing
SparkFun ESP6266 Thing Dev
Sparkfun Blynk Board

SweetPea £5P-210
LOUNOWEMOS) D1 R2 & mini
LOUNIWEMOS) B1 mini Pro
LOUNGWEMQS) D1 mink Lite
Wehlos D1 R1

ESPina (ESP-12 Module)
ThaiEssyElecs ESPino

Wiflafo

Arcuine

4D Systems gend loD Range:
Digistump Calk

13. Now, we can see there are several available example sketches for ESP8266 on Arduino IDE.
From menu, File >> Examples >> Examples for NodeMCU 1.0 (ESP-12E Module)

© sketch_apri6a | Arduino 1.8.13
File Edit Sketch Tools Help

New CrrisN

Open... Ctrl+0

Open Recent >
>
]

Sketchbook
Examples A
Close Ctrl+W Built-in Examples P:
Save Cies e :
Save As..  CtrisShiftsS 02.Digital ’
03.Analog
Page Setup  Ctrl+Shift+P 04 Communication >
print Cisp 05 Control
Preferences  Ctri+Comma ErInm >htedly:
o7.Display >
Quit CuieQ 08Strings >
1 09.UsB
10 Starterkit_BasicKit
11.ArduinoiSP 2

Adatruit Circuit Playground

Bridge >
Ethernet

Firmata >
LiquidCrystal >
sD

Stepper >

Temboo >
RETIRED >
Examples for NodeMCU 1.0 (ESP-12E Module)

ArduinoOTA Le >
DNSServer »
EEPROM >

14. Connect the NodeMCU 1.0 to the computer using USB Cable Type A to Micro.

USB Cable

NodeMCU



STEP BY STEP: Internet of Things Experiment using ESP8266

15. Now check on the Device Manager which COM port number, the NodeMCU is assigned on
the computer. There are two ways to access Device Manager:
a. Right-click Windows icon and select Device Manager

| Bost match

s;_oﬂhw
" control panel

Search the web
Device Manager

L device manager - See web result

16. On the Device Manager window, expand Ports (COM & LPT), and look for Silicon Labs
CP210x USB to UART Bridge. Note the COM port number next to it and inside the bracket.
17.Select the port on Arduino IDE. From menu, 7ools >> Port >> COMx

A © sirtch apr16a | Arduino 1813

File Eot Skntcn Tools Help
F = - —

WE101 / WIFININA Firmware Updater

Board: “NodeMCU 10 (ESP-12€ Modulel"

coM10
CoM1Y
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18.Set the Upload Speed to 921600. From menu, 7Tools >> Upload Speed >> 921600

@ sketch_apri6a | Arduino 1813 - =] *

File Edit Sketch Tools Help

Auto Format Ctrl+T

Archive Sketch

Fix Encading & Reload

Manage Libraries. Cirl+Shift+1 )
Serial Monitor Ctrl+Shift+M

Serial Plotter Culsshiftsl 27

WiFi101 / WiFININA Firmware Updater

! Board: “NodeMCU 1.0 (ESP-12E Module]” >

Builtin Led: "2" >
oid Upload Speed: “921600" 3 115200
i CPU Frequency: “80 MHz" 3 57600
Flash Size: "AMB (FS:2MB OTA:~1019KB)" 3 256000
Debug port: “Disabled™ > 512000
4 Debug Level: “None” »[8] 921600
IWIP Variant: "2 Lower Memory 3 300000

VTables: "Flash™ >

Exceptions: “Legacy (new can return nullptr)* >

Erase Flash: “Only Sketch” B

S5L Support: “All S5L ciphers (mast compatible)™ >

Port: “COM" B

Get Board Info

Programmer B

Burn Bootloader

HodaMEL 1.0 (ESP-12E Moduls) o

19. Now, test to program the NodeMCU 1.0 by uploading Blink example sketch. From menu,
File >> Examples >> ESP8266 >> Blink. Then Arduino IDE will open up a new window.

© sketch apri6a | Arduino 1.8.13 - o x
File Edit Sketch Tools Help

New CirisN

Open_. Cti+0

Open Recent >

Sketchbook > .

Examples | a

Close: [ D i

Save Ctrl+S Stepper ’

Save As..  Ctri+ShiftsS I ’
RETIRED >

Page Setup  Ctri+Shift«P

e e Examples for NodeMCU 1.0 (ESP-12E Module
ArduinoOTA >

Preferences  Cti+Comma DNSSemver satedly:

_— — EEPROM >

} ESPB266 §  arduino_new

ESPA26GAVRISP > Blink
EsPR2B6HTTPClent 4 Binkpolledimeot
ESPA266hTpUpdate 3 BlinkWithoutDelay
ESPB266HTTPUpdateServer 3 CallSDKFunctions
ESPO266LLMNR 3 CheckFlashCanfig
ESPB266mDNS 3 CheckFlashCRC
ESPB26ENETBIOS 3 Configfile
ESPB2665dFat > HeapMetric
ESPB266SSDP 3 HelloCrypto
ESPB266WebServer 3 2Sinput
ESPB2GOWIFi > 2STransmit ~
ESPB266WiFiMesh 3 interactive
Ethernet{esp8266) L | LowPowerDemo
Hash 3 NTP-TZ-DST
LittleFS(esp8266) 3 RICUserMemory
SD(espB266) 3 SerialDetectBaudrate
Servo(esp8266) 3 SerialStress

20. New window with Blink example sketch. Without changing anything on sketch, click the
Upload button to upload the sketch to NodeMCU 1.0.

© Blink | Arduing 1813

File Edit Sketch Tools Help

inMode (LE BOTL M, ITPUT) ; // Initialize the LED BUILTIN pin as an c

and over again forever

. L // Turn the LED on (Note that LOW is level
LED is t is is because
n the 01)
v (1000) ; // Wait ond
igitalWrite (LED_BUILTIN, HIGH); // Turr off by making the voltage HIGH
vy (2000) ; // Wairt seconds (to monstrate the active low LED)
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21.Wait for Arduino IDE to compile the sketch, upload the sketch and done uploading the
sketch to NodeMCU 1.0.

NodeMCU 1.0 (ESP-12E a return nullpt), All SSL

NodeMCU 1.0 (ESP-12E Modl

NodeMEL 1,0 (ESP-12E Mod

22.Now we should see the on-board LED of NodeMCU 1.0 is blinking. The LED_BUILTIN LED is
interfaced to GPIO2 of ESP8266.

23. Now, change the Builtin LED to GPIO16 on the Arduino IDE. From menu, Tools >> Builtin
Led >> 16

© Bk Arcuina 1813 - o x|
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24.Upload the sketch and the different LED on-board LED on NodeMCU 1.0 is blinking, which
interfaced to GPIO16 of ESP8266.

25. Following is the sketch for LED blinking.

void setup() {
pinMode(LED_BUILTIN, OUTPUT);

}

void loop() {
digitalWrite(LED_BUILTIN, HIGH);
delay(1000);
digitalWrite(LED_BUILTIN, LOW);
delay(1000);

}

26. Change the delay() function value from 1000 to 2000 and upload the sketch. Observe,
what happens to the LED? Write the result in Table 1.
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PART C: WRITING A PROGRAM (PIN MODE & DIGITAL WRITE)

27. Construct the following circuit using the given kit as Figure C1.

mmmmmmmmmmmmmmmm U1
5283222282865863%33

2 9 99 9g

AN

FE

AARARAAA.

Figure C1

28.The red colour LED and 220Q resistor (Red, Red, Black, Black, Brown) is connected to the

Pin D1 of NodeMCU.
29. Change the word LED_BUILTIN to D1 in the sketch.

void setup() {
pinMode(D1, OUTPUT);
}

void loop() {
digitalWrite(D1, HIGH);
delay(1000);
digitalWrite(D1, LOW);
delay(1000);

}

30. Upload the sketch.
31. Observe and explain the result in Table 1.
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STEP BY STEP: Internet of Things Experiment using ESP8266

32. Create a new sketch file. There are 3 ways to create new file:

a. Keyboard shortcut key, Ctrl + N or
b. From menu, File >> New or

@ Blink | Arduino 1.8.13 - a X
File Edit Sketch Tools Help
New Ctrl+N
Open... Ctrl+O

Open Recent

c. Click New file icon.

@ Blink | Arduino 1.8.13 - O s
File Edit o Tools Help

33. Write the following sketch and upload to NodeMCU.

inti=0;

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

}

void loop() {
Serial.print("Time: ");
Serial.print(i);
Serial.printIn(" sec.");

delay(1000);
i=i+1;

}

34. Save the sketch. There are 3 ways to save the sketch:
a. Keyboard shortcut key, Ctrl + S or
b. From menu, File >> Save or

@ sketch_apri6b | Arduino 1.8.13 - O X
File Edit Sketch Tools Help

New Ctrl+N

Open... Ctrl+O

Open Recent >

Sketchbook > -

Examples >

Close Ctrl+W

Save Ctrl+S. 4}
Save As... Ctrl+Shift+: (9600) ;

c. Click New file icon.

@ sketch_apr16b | Arduino 1.8.13 — O X

File Edit Sketch Toglasielp

—

sketch_apr16b §
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35. The default folder to save an Arduino sketch is in Documents >> Arduino folder. Type the

name of the sketch and click the Save button.

v @# =@

Date modified
8/1/202111:07 AM
20/1/2021 12:44 PM
1/3/2021 433 PM
1/3/2021 436 PM
1/3/2021 3:33 PM
17/3/2021 11:39 AM

Type

File folder
File folder
File folder
File folder
File folder
File folder

|£| Save sketch folder as..
Savein: | Arduino
' Name -
AnalogReadSerialtest
Quick access libraries
r -
Timer
Desktop Titanic
- tulip_program
"
Libraries
=
This PC
Network
File name: Pragram Serial Monitor )
Save as type:

36. Once the file is saved, upload the sketch and open the Serial Monitor. There 3 ways to open

the Serial Monitor.

a. Keyboard shortcut key, Ctrl + Shift + M or

b. From menu, File >> Save or

@ Program_Serial_Monitor | Arduino 1.8.13
7File Edit Sketch Tools Help

Auto Format
Archive Sketch
Fix Encoding & Reload

Program_Serig

1l . l Manage Libraries...

L e, 1) Serial Monitor

2 Serial Plotter b

c. Click the Serial Monitor icon.

Ctrl+T

Ctrl+Shift+1
Ctrl+Shift+M
Ctrl+Shift+L

@ Program_Serial_Monitor | Arduino 1.8.13
File Edit Sketch Tools Help

Program_Serial_Monitor

Serial Monitor q

5

37.Make sure the Serial Monitor baud-rate is set to 9600 baud, the same as the program.

© come

Time: 1 sec
Time: 2 sec
Time: 3 sec
Time: 4 sec
Time: 5 sec
Time: & sec

Autoscroll [] Show timestamp

n} X

Send

Newline € ss00beud ) clear output

38. Press the RST (reset) button on the NodeMCU once. Observe the results on the Serial
Monitor. Print screen the result and paste it in Table 1.
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RESULT

Part B: Writing A Program (Delay)

Delay change from 1000 to 2000.What happen to the LED?

Part C: Writing A Program (Pin Mode & Digital Write)

LED_BUILTIN change to D1. What is the effect of changes?

Part C : Writing A Program (Serial Monitor)

Print screen the result here. What is the observation of the display at serial monitor?

DISCUSSION

1. Explain the function of the following coding
pinMode (pin, MODE)

delay ()

Serial.begin (baudrate)

digitalWrite ()

Serial.print ();

Serial.printin ();

I o

N

14
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STEP BY STEP: Internet of Things Experiment using ESP8266

TUTORIAL: 2

Title: Sensor and Actuator

OBIJECTIVES

Upon completion of this tutorial, you should be able to:
e Write code to read data from digital sensor
e Write code to read data from analogue sensor
e Write code to control actuator
e Construct hardware connection

EQUIPMENTS

. Node MCU ESP8266
LED

Breadboard

Push Button

Jumper cables
Transistor 2N2222
Resistor 220 Ohm
DC Motor

9. LDR

10. Arduino IDE
11.Resistor 10 K Ohm (brown, black, orange, gold)

0 NO G AWN =
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THEORY

Sensor are electronic devices that detect and respond to changes in an environment while an
actuator is a device that produces a motion by converting energy and signals going into the
system. The motion it produces can be either rotary or linear. An loT system consists of sensors
which “talk” to the cloud via some kind of connectivity. Once the data gets to the cloud, software
processes it and then might decide to perform an action, such as sending an alert or automatically
adjusting the actuator without the need for the user.

& S
& =
O W@

=
W2g,

Two types input of sensor there are analog input and digital input. In this practical work, the
pushbutton is use as a digital input where LED and DC Motor use as a digital output. Sensor LDR
use as an analog input and the serial monitors as an analog output.

PROCEDURE
PART A: DIGITAL INPUT (PUSHBUTTON) & DIGITAL OUTPUT (LED)

1. Construct the following circuit using the given kit as Figure A1.

TN
$282328¢82¢8¢882¢23
; .5 §
g s R2
<a
g% 10kQ
(=
SE3 2358 &5 3 ZE 8
BERGERRERESD
R1
220Q
AN
LED1
Red (633nm)
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Figure Al

2. Write the following sketch in Arduino IDE and upload the sketch to NodeMCU.

int led = 5; // LED Pin (D1)

int button = 16; // Pushbutton is connected to D@
int temp = @; // Temporary variable for reading the
button pin status

void setup() {
Serial.begin(9600);
pinMode(led,
OUTPUT);
pinMode(button,
INPUT);

void 100{() {
// declare LED as output
// declare push button as input
temp = digitalRead(button);

if (temp == HIGH) {
digitalWrite(led, HIGH);
Serial.println("LED Turned ON");
delay(1000);

else
digitalWrite(led, LOW);
Serial.println("LED Turned OFF");
delay(1000);

3. Press and release the pushbutton and write the result in Table A1.
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PART B: NODEMCU CONNECTED TO ACTUATOR (DC MOTOR)

4. Now change the digital output (LED) to a DC Motor interface to a Transistor 2N2222.
The circuit is shown in Figure B1.

TN
52323828:28883233
S1
<82. R2
;% ; 10kQ
<
w 9 2w
353233983 %53528828
FTTTTITTET iy
R1
2200

Figure B1

5. The connection of the Transistor 2N2222 which replaced the LED as follows:
a) Transistor 2N2222 Base is connected to 220Q resistor which interfaced to D1
NodeMCU.
b) The Transistor 2N2222 Collector is connected to the power source VIN of
NodeMCU.
c) The Transistor 2N2222 Emitter is connected to +ve terminal of DC motor, and -
ve terminal of DC motor is connected to GND.

6. Press & release the pushbutton and observe the result and write it in Table B1.

7. Observe that the motor will rotate if you press the pushbutton and it will stop if you
release the push button. This condition is known as Active High.

8. Now, modify the sketch so that the motor will rotate if you release the button and it will
stop if you push the button. Write the new sketch in discussion.
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PART C: ANALOG INPUT — LIGHT DEPENDENT RESISTOR (LDR)

9. Construct the following circuit using the given kit as Figure C1.

R3

AENEENNN NN
se823z88:z¢888¢8¢2¢8

=4

<5

°8

= R2
w 2 2w 10kQ
§5388 388853528828
EERRNEERNRRERR

Figure C1

10. Write the following sketch that will monitor the output voltage of the LDR through the

Serial Monitor

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

void loop() {
int sensorValue = analogRead(A®);

Serial.print("ADC Value:
")
Serial.print(sensorValue)
5
Serial.print("\tVoltage:
")
Serial.print(sensorVoltag
e); Serial.println(" V");

delay(1000);

float sensorVoltage = sensorValue * (3.3 / 1024.0);

11.Upload the sketch to the NodeMCU and open the Serial Monitor.

12. Observe the voltage reading on the Serial Monitor and write it down in Table C1 based

on the given scenarios.
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RESULT

PART A: DIGITAL INPUT (PUSHBUTTON) & DIGITAL OUTPUT (LED)

Action LED Condition

Press Push Button

Release Push Button

Table A1
PART B: NODEMCU CONNECTED TO ACTUATOR (DC MOTOR)

Action Motor Condition

Press Push Button

Release Push Button

Table B1
PART C: ANALOG INPUT — LIGHT DEPENDENT RESISTOR (LDR)

Action Vout Value

Exposed LDR to room light

Close the top surface of the LDR with your
finger

Torch a light from your handphone to
LDR

Turn Off the light of the room

Table C1

DISCUSSION

1. What is the different between analog and digital input/output?

2. Based on tutorial in Part B, if we want to change the direction of

motor rotation, what should we do? Discuss the answer.
3. Write the new coding for procedure Part B (5).

(3
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TUTORIAL: 3

Title: NodeMCU ESP8266 using HTTP Protocol

i

Web Client

Web Server

OBJECTIVES

Upon completion of this tutorial, you should be able to:
e Write codes to establish connection to internet
e To controls output from web browser
e Display data from sensor to web browser
o Display data from sensor to mobile application

EQUIPMENTS

e NodeMCU ESP8266

e Breadboard

e Jumper cables

e Resistor 220 Q (Red, Red, Brown, Gold)

e Arduino IDE

e Resistor 10 K Q (brown, black, orange, gold)
e LED

e DR

e Internet Connection

THEORY

HTTP stands for Hyper Text Transfer Protocol. This protocol is the fundamental client-server
model protocol used for the Web, and the one most compatible with existing network
infrastructure, used by the web developers on a daily basis. WWW is about communication
between web clients and servers Communication between client computers and web servers is
done by sending HTTP Requests and receiving HTTP Responses. Figure below show the protocol
step for request-response communication of machines in server-client mode.
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)

A client
(a browser)

The server The server The client (the
runs an returns an HTTP browser)
application response ' receives the

to process (output) to the response
the request browser

An web
server

request to the receives the
web request.

sends an HTTP

HTTP is widely used in IOT application like smart farming, healthcare, smart grid, smart home and
etc that can access to control the sensor over the internet.

PROCEDURE

ESP8266 Board Configuration

1. Open Arduino IDE platform.

2. From menu, Tools >> Board: “name of development board” >> ESP8266 Boards (version)
>> NodeMCU 1.0 (ESP-12E Module) and from menu, Tools >> Port >> COMx select the
correct Port depends on Ports (COM & LPT) as shown in Device Manager (Figure A1)

A © sketch_apri6a | Arduino 1.8.13
File Adion View Help file Edit Sketch Tools Help

e m BEm® pXxXG Auto Format CurtsT

Archive Sketch

X -
iR UPTOP.6F61347R siioh-gor® Fix Encoding & Reload

i Audio inputs and outputs

p Manage Libraries CtriShift+
@ Batteries e

Serial Monitor CtrisShift+M
#§ Biometric devices

Serial Plotter CtriShiftsL
O siuetooth

WiFI101 / WIFININA Firmware Updater

Board: "NodeMCU 1.0 (ESP-12E Module)”
Builtin Led: "2"

Upload Speed: “115200"

CPU Frequency: "80 MHz"

2 Imaging devices

=2 Keybosrds
@ Mice and other pointing devices
& Monitors

Flash Size: "AMB (FS2MB OTA~1019K8)"
Debug port: "Disabled”

Debug Level: "None"

1wIP Variant: *v2 Lower Memory”

I o

@ Network adapters VTables: “Flash™
~ @ Ports (COM &LPT)
W Silicon Labs CP210x USB to UART Bridge (COM%)
@ Standard Seial over Bluetooth link (COM10)
W Standard Serial over Bluetooth link (COM11)

Exceptions: “Legacy (new can return nullptr)”
Erase Flash "Only Sketch”
SSL Support "All SSL ciphers (most compatible)”

= Print queues Port ] eria
2 Printers loard Info COM10
0 Frocessors ~ N, | comn

7 Security devices
I software components
1 Software devices

Bumn Bootioader

§ Sound, video and game controllers

versal Serial Bus controllers

Figure A1

Hardware Connection

3. Construct the following circuit with 2x LEDs, 2x 220Q resistors which interfaced to
NodeMCU 1.0 as shown in Figure A2.
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Figure A2
Writing Arduino Sketch

4. Write a new sketch as in Appendix 1.

5. From the sketch replace the variable of ssid and password respectively, YOUR_SSID and
YOUR_PASSWORD with your network credentials as shown in Figure A3.

// Replace with your network credentials
const char* ssid = "YOUR_SSID";
const char* password = "YOUR_PASSWORD";

Figure A3
6. Click the “Upload Button” on the Arduino IDE and wait a few seconds until the “Done
uploading” message is shown in the bottom left corner.]\
7.  Observe if there are any errors while compiling and uploading.

Getting ESP8266 IP Address

8.  Open Arduino IDESerial Monitor and set the baud rate to 115200 baud as shown in Figure

A4.
@ comz - (=] X
| Send
Connected to HUAWEI-4234
[ IP address: 192.168.8.101 ]
DN =proraer—=tart
HTTP server started

[+/] Autoscroll Noline ending ~ 115200 baud ~  Clear output

Figure A4

9.  After a few seconds, your IP address should appear.
10. Write down the IP Address in Table 1 as a result.
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Connect to Web Server

11. Open any browser from your computer.
12. Type the IP address of NodeMCU 1.0 as in the Serial Monitor and click Enter.
13. Print screen the layout from the browser and paste in Table 1 as a result.

Control LEDs from Web Server

14. Click at Socket #1 ON/OFF to turn on or off LED1 and click Socket #2 ON/OFF to turn on
or off LED2.

15. Observe what happens to the LED when you click ON and OFF button at browser and write
down your observation as result in Table 1.

Setting Up ThingSpeak Account

16. Go to https://www.thingspeak.com and Sign Up / Sign In.
17. Under My Channels, click New Channel as in Figure B1.

DThingSpeak“‘ Channels - ~ Apps -~  Support=

My Channels

Figure B1

18. Give your channel a name, and enable one field(s) a Figure B2.

QThingSpeak"‘ Channels ~ = Apps~  Support~

New Channel

Name LDR_TEST
Description How intense the light
P
Field 1 Light
Figure B2

19. Click Save at the bottom of the page.

24
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20. Click the API Keys tab as shown in Figure B3.

QThingSpeak"‘ Channels ~ = Apps ~  Support~

LDR_TEST

Channel ID: 1371823 How intense the light
Author: mwa0000022313187
Access: Private

Private View Public View Channel Settings Sharing Data Import / Export

Export recent data ]

Add Visualizations ” Add Widgets ]

Channel Stats

Created: 3.minutesage
Entries: 0

Field 1 Chart Z o & x
LDR_TEST
£
=
E
Date
Figure B3

21. APl keys will appear as in Figure B4.

Private View Public View Channel Settings Sharing APl Keys

Write API Key

Key CXQBJOSEIKH3817M

Read API Keys
Key 9HNIABQC4PA2BU9D

Note

Figure B4

22. Write down your Channel ID and Write APl Key at Table 2 as a result.
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Hardware Installation
23. Construct the following circuit of light sensor (LDR) as shown in Figure B5.

R3
Lrrrdbrreerrntd

=z

<a

%

c R2
w9 o . 10kQ
SEJFB T I8 E5Es2ITLcee
EEEEEEEEEEREER

Figure B5

Install Thingspeak Library

24. From menu, Tools >> Manage Libraries...

25. Type ThingSpeak to filter the list of available libraries, then click Install as in Figure B6.

Type All E Topic | All a thingspeak(|

ThingSpeak

by MathWorks Version 2.0.1 INSTALLED

ThingSpeak Communication Library for Arduino, ESP8266 & EPS32 ThingSpeak ( https://www.thingspeak.com ) is an analytic IoT
platform service that allows you to aggregate, visualize and analyze live data streams in the cloud.

More info

Figure B6

Upload Sketch

26. Write a new sketch as in Appendix 2.
27. Replace the following variable in the sketch with your network information and
Thingspeak APl Key and channel number.

"Your SSID Here"; Your Network SSID
’ i = "Your Password Here"; Your Network Password
1 myChannelNumber = YYYYYY; Your Channel Number
Without Brackets
! * myWriteAPIKey = "XXOOO0C0XXXXX" ; 'Your Write API Key

28. Then verify and upload the sketch.
29. Now we can display the data from sensor to web browser.
30. Print screen the display as a result in Table 2.
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Install ThingSpeak App

31. Go to Google Play or App Store on your smartphone and install ThingView — ThingSpeak
viewer and open ThingView application.

1231 M BEY RN e

-
(&) ThingView

my sensor DHT11

https://thingspeak.com/channels/905742

Add all my channels °
Add channel °

Figure C1

32. Click + icon to Add channel as shown in Figure C1.
33. Insert the Channel ID and API Key. Then click the Search button.

1209 i ¥ W e 89 }

—
QV) Add new channel

https://thingspeak.com

Channel ID

Public O

API Key

Figure C2

34. Print screen the output and paste in Table 3 as result.

27
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RESULT
PART A: CONTROL OUTPUT FROM WEB BROWSER
Step 10 IP Address:
Step 13 Paste the layout from the browser
Step 15 Explain what happen when ON and OFF button in web browser is
clicked.

Table 1

PART B: DISPLAY DATA FROM SENSOR TO WEB BROWSER

Step 22 Channel ID:
Write API key:
Step 30 Print screen of displayed graph in Thingspeak web.

Table 2

PART C: DISPLAY DATA FROM SENSOR TO MOBILE APPS
Step 34 Print screen of displayed graph in ThingView App.

Table 3

DISCUSSION

If you want to change the web page interface as following, which part of the coding should be
change? Paste the new code below.

@ 1921684313 x +

<« C @ Notsecure | 192.168.43.13

ESP8266 Web Server

Lampu | BUKA || TUTUP

Kipas BUKA | TUTUP
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APPENDIX 1

#include <ESPB266WiFi.h>
#include <WiFiClient.h>
#include <ESP8266WebServer.h>
#include <ESP8266mDNS.h>

MDNSResponder mdns;

// Replace with your network credentials
const char* ssid = "YOUR_SSID";
const char* password = "YOUR_PASSWORD";

ESP8266WebServer server(80);

String webPage = "";
int gpio5_pin = 5;
int gpiod _pin = 4;

void setup(){
webPage += "<h1>ESPB266 Web Server</hl><p>Socket #1 <a
href=\"socket1On\"><button>ON</button></a>&nbsp;<a
href=\"socket10ff\"><button>OFF</button></a></p>";
webPage += "<p>Socket #2 <a
href=\"socket20n\"><button>ON</button></a>&nbsp;<a
href=\"socket20ff\"><button>0FF</button></a></p>";

// preparing GPIOs
pinMode(gpio5_pin, OUTPUT);
digitalWrite(gpioS_pin, LOW);
pinMode(gpiod_pin, OUTPUT);
digitalWrite(gpiod_pin, LOW);

delay(1000);
Serial.begin(115200);
WiFi.begin(ssid, password);
Serial.printin("");

// Wait for connection

while (WiFi.status() != WL_CONNECTED) {
delay(500);
Serial.print(“.");

}

Serial.println("™");
Serial.print(“Connected to ");
serial.printin(ssid);
Serial.print("IP address: ");
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Serial.println(WiFi.localIP());

if (mdns.begin("esp8266", WiFi.locallP())) {
Serial.println(“MONS responder started");

}

server.on("/", [10{
server.send(200, "text/html", webPage);

D;

server.on("/socketlOn”, []1(){
server.send(200, "text/html", webPage);
digitalWrite(gpioS_pin, HIGH);
delay(1000);

i

server.on("/socket10ff", []1(){
server.send(200, "text/html", webPage);
digitalWrite(gpioS_pin, LOW);
delay(1000);

i

server.on("/socket20n", [1(){
server.send(200, "text/html", webPage);
digitalWrite(gpiod_pin, HIGH);
delay(1000);

1

server.on("/socket20ff", [](){
server.send(200, “"text/html", webPage);
digitalWrite(gpiod_pin, LOW);
delay(1000);

D;

server.begin();
Serial.println("HTTP server started");

}

void loop(){
server.handleClient();

}
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APPENDIX 2

#include <ESP8266WiFi.h>;
#include <WiFiClient.h>;
#include <ThingSpeak.h>;

const char* ssid = "Your SSID Here"; //Your Network SSID
const char* password = "Your Password Here"; //Your Network Password

int val;
int LDRpin = A®; //LDR Pin Connected at A@ Pin

WiFiClient client;

unsigned long myChannelNumber = YYYYYY; //Your Channel Number (Without
Brackets)

const char * myWriteAPIKey = "XXXXXOOOXXXXXXX"; //Your Write API Key

void setup(){
Serial.begin(9600);
delay(10);

// Connect to WiFi network
WiFi.begin(ssid, password);
ThingSpeak.begin(client);

}

void loop(){
val = analogRead(LDRpin); //Read Analog values and Store in val variable
Serial.print(val); //Print on Serial Monitor
delay(1000);

ThingSpeak.writeField(myChannelNumber, 1, val, myWriteAPIKey); //Update
in ThingSpeak
delay(1e0);

}
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Title: NodeMCU ESP8266 using MQTT Protocol

OBJECTIVES

Upon completion of this tutorial, you should be able to:
¢ Install Node-RED (Flow-Based loT programming tools) locally
e Run Node-RED dashboard
e  MQTT connectivity using HiveMQ MQTT broker
e MQTT connectivity using loT MQTT Panel android application

EQUIPMENTS

e Internet Connection
e Laptop/Personal Computer
e Android Smartphone

THEORY

Message Queuing Telemetry Transport (MQTT) is used for data exchange between constrained
devices and server applications. Ideal for machine-to-machine (M2M) communication —
embedded devices. Furthermore, its low bandwidth, low memory, and low power.
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Sensor Node

MQTT

MQTT is widely used in loT applications systems alongside cloud platform like AWS, Alibaba,
Microsoft Azure etc.

PROCEDURE

PART A: INSTALL NODE-RED (FLOW-BASED IOT PROGRAMMING TOOLS)

Install Node-RED Locally

1. Node-RED requires NodelS. You need to install NodelS. Go to https://nodejs.org/en/ and
install the latest LTS (Long Term Support) version of NodelS as in Figure A1.

nede

¥

HOME ABOUT DOWNLOADS DOCS GET INVOLVED SECURITY CERTIFICATION NEWS

Node.js® is a JavaScript runtime built on Chrome's V8 JavaScript engine.

New security releases now available for 15.x, 14.x, 12.x and 10.x
release lines

Download for Windows (x64)

14.16.1 LTS 16.0.0 Current
Recommended For Most Users Latest Features

Other Downloads | Changelog | API Docs  Other Downloads | Changelog | API Docs

Figure A1
2. Once downloaded, double-click the installer and follow the installation steps by default

options, until the installation is completed and click Finish button to close the installation
wizard (Figure A2).


https://nodejs.org/en/
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ﬂ Nodejs Setup N — x ﬁ] Node,js Setup — x
Lo
. . Ready to install Node.js d 2
Welcome to the Node.js Setup Wizard v ! n .lf‘] c
Click Install to begin the installation. Click Back to review or change any of your installation
n . e The Setup Wizard will install Node.js on your computer. settings. Click Cancel to exit the wizard.
S

= o wo [T T] [ conce

ﬂ Node,js Setup - = ﬂ Node,js Setup - X

Installing Node.js ﬂ . d e
®

Please wait while the Setup Wizard installs Node.js.

Status: Copying new files

n Q
o@dc

Completed the Node.js Setup Wizard

Click the Finish button to exit the Setup Wizard.

Node.js has been successfully installed.

B 1w | e

ook Concel

Figure A2

3. NodelS runs as background processes in Windows OS. Therefore, to call NodelS, you need
to use Command Prompt as command line tools. Click the Windows icon and type cmd and

click Command Prompt.

Documents Web More ¥

-| Command Prompt

App
Apps
Command Prompt

B Node js command prompt > App
I Install Additional Tools for Node.js >
Search the web = Open
£ cmd - see web results > EO Run as administrator
£ cmder > i) Open file location

= o
L cmd commands > Pin to Start

<=2 Pin to taskbar
£ cmdb >
£ cmd linux >
L cmdd >
L2 cmd del >
£ cmd|

Figure A3
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4. To make sure NodelS is running on your computer. Type node --version and you should
receive the version of current NodeJS running on your computer. /f Command Prompt does
not return the version, try to Log Out from Windows OS and Log In again.

Command Prompt — O >

alham>

Figure A4

5. Install Node-RED using npm (NodelS Package Manager) from the command line on
Command Prompt. Type npm install -g node-red --unsafe-perm and Enter.

alham:npm install e-rec nsafte-perm

bcry .6 n .9.0 do not handle NUL in
properly

1 / fetchMetadata: m bcry

Figure A5

6. Wait until the install process is successful, where you will see the status of node-red
packages is added. Print screen the layout from your command prompt and paste in Table
1 as a result.

Command Prompt — O e

DEPENDENCY: bc ry 6 (node_module

AL DEPENDENCY: bcrypt@ 6 install: “no
-build”
0 DEPENDE
El : 3 de_module

s

) sl =l to-bald"
SKIPPING OPTIONAL DEPENDENCY: Exit status 1

from 279 contributors in

Figure A6
35
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Run Node-RED Locally

7. Type node-red and Enter to run Node-RED applications.

KIPPING OPTI( ) NDENCY: bcryp 9.8 install: "no
-fallback-t«
IPPING OPTIONAL DEPENDENCY: Exit status 1

from 279 contributors in

Figure A7

8. Wait until the execution process is done, where you will see the status of Server now

running at http://127.0.0.1:1880/. During execution for the first time, you will see Firewall

Windows Security Alert, click Allow access.

Windows Defender Firewall has blocked some features of Node.js: Server-side JavaScript on all
public and private networks,

) Name: Node.js: Server-side JavaScript
\ Publisher: Node.js
Path: C:\program files\nodejs\node.exe

Allow Node.js: Server-side JavaScript to communicate on these networks:
[[]Private networks, such as my home or work network

Public networks, such as those in airports and coffee shops (not recommended
because these networks often have little or no security)

node-red — ] >

st for a n, your ntials
ou will hav o delete i re-enter

y the next time

[info] S
[in

Figure A8
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9. Access Node-RED. Open your browser and type http://localhost: 1880 or

http://127.0.0.1:1880/ and Enter.

Mew Tab b d +

c @

http://localhost: 1880

Myduino—1i - http://localhost:1880

Q. http://localhost: 1880 - Google Search

New Tab X +
C @ hitp//127.0.0.1:1880]
Myduino-1 @ http://127.0.0.1:1880
Q  hittpy//127.0.0.1:1880 - Google Search
Figure A9

10. Node-RED interface as in your browser. The flow-based programming tools.

common

ingact

debug

Flow 1

Install Node-RED Dashboard

Figure A10

11. Click the Setting menu (3 horizontal bar icon) and Click Manage palette.

View

Import
Export

Search flows

Configuration nodes
Flows
Subflows

Groups

Manage palette ™

Settings

Keyboard shortcuts
Node-RED website
v1.3.4

Figure A11

37


http://localhost:1880/
http://127.0.0.1:1880/

STEP BY STEP: Internet of Things Experiment using ESP8266
——————

12. Click Install tab, type dashboard and click install button on node-red-dashboard.

Keyboard T2 Tson I ez | recent || 3

Q dashboard 45/3264 X

View ‘ Nodes ‘ Install ‘

Palette

¥ cn-dashboard-nodes
## Install

W 002 E 2years 10 months ago

@ node-red-dashboard =
A set of dashboard nodes for Node-RED
% 2290 B 1weekago

© feezal @&
Web Components based Dashboard Ul with WYSIWYG Editor

¥ 080 # 4months ago

@ node-red-contrib- ge-bars &
Calculate and display the average values of msg.payload in a bar chart.

S 006 8 2years, 9 months ago

© node-red-contrib-dashboard-bar-chart-data @
Transforms sensor measurements or meter readings to be displayed in dashboard-chart as

Figure A12

13. Click Install to confirm the installation of node-red-dashboard palette.

Installing 'node-red-dashboard’

Before Installing, please read the node's documentation. Some nodes
have dependencies that cannot be automatically resolved and can
require a restart of Node-RED.

e N

Figure A13

14. Wait until the installation process is done.

— 2 st 1 ez o || o)

Q dashboard 43/3284 X

Palette
© cn-dashboard-nodes &

## Install
® 002 8 2years, 10 months ago

[ [IH §

© feezal &
Web Components based Dashboard Ul with WYSIWYG Editor
¥ 080 B 4months ago

¥ node-red-contrib-dashboard-average-bars &
Calculate and display the average values of msg.payload in a bar chart.

™ 006 8 2years 0 months ago install

Figure A14
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15. Once the installation process is done, you will see added node-red-dashboard nodes added

to the palette.

Nodes added to palette:

« ui_base

- ui_butten

- ul_dropdown
ul_switch

« ul_slider

= ui_numeric

= ui_text_input

- ui_date picker
« ui_colour_picker

- ui_form

. ui_text

« ui_gauge

« ul_chart

= ul_audio

= ui_toast

= ui_ui_control
- ui_template

ort: | IF

recent 2

~ Flows
> B3 Flow 1
> Subflows

> Global Configuration Nodes

- ui_link
- ui_tab
Flow 1
« ui_group =
« ul_spacer Flow "47e55f4f.3e386"
tal
& node-red-contrib-dashboard-average-bars
Calculate and display the average values of msg.payload in a bar chart
% 006 fh 2years tall
Figure A15
16. Click the Close button.
User Settings i info il & | =]
o | :
~ Flows
Vi Nodes Install > 3 Flow 1
2| sort:| 15 recent | | o > Subflows
Keyboard > Global Configuration Nodes
@ dashboard 4 "

Palette
& cn-dashboard-nodes &
## Install
% 002 M 2years, 10months age

& node-red-dashboard
Aset of dashboard nodes for Node-RED

Figure A16

17.Scroll on the palette list, you will see added node-red-dashboard nodes, including button,

dropdown, switch, slider, etc.

BB node-RED

a Flow 1

~ dashboard

button
dropdown
switch
slidar
numeric
text input
date picker
colour picker

form

chart
audio out |

notification |

Figure A17
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PART B: MQTT CONNECTIVITY USING HIVEMQ MQTT BROKER
Connect to HiveMQ MQTT Broker

1. Open your browser and go to http://www.mqtt-dashboard.com/ (official information site for
HiveMQ MQTT broker).

@ MOTT Dashboar x|+ — o

ure | matt-dashboard.com

take alock at the MQTT Essentials which

HIVEMQ

traker A list of
QT Toolbox
A Home

at the MQTT I
ries for differe,

§ Legal

i Clients. [MQTT connection settings]
96256796 168336882 Host: tioker ’
Webm prt 7
@ !‘L‘”I“YEMO Subscriptions Retained Messages
e 14675 29740
(e Bytes Read Bytes Wiritten
91.61 GB 28.63 GB
Queusd Messages MQTT Sessions
7659 5809 3280
- et
Figure B1

2. Look for MQTT connection settings:
a. Host: broker.hivemg.com
b. TCP Port: 1883
c. Websocket Port: 8000

MQTT connectivity using HiveMQ Websocket Client

3. On the browser go to http://www.hivemg.com/demos/websocket-client/

- (m] X
8 MQTT Websocket Client x  +

C A Notsecure | hivemg.com/demos/websocket-client/ By O8@

@ H |V E M Q Websockets Client Showcase

ENTERPRISE MQTT BROKER

Connection ® R
Host Port ClientlD
broker. mqttdashboard.com m 8000 clientld-TPy4ddCBLf m
Username Password Keep Alive Clean Session
60 X
Last-Will Topic Last-Will QoS Last-Will Retain
0

Last-Will Messsage

Publish N Subscriptions

K«

Messages

«

Figure B2
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4. Replace the Host and the Port 8000 (for Websocket connection) as follows on Step 2,
where ClientID will be left auto-generated and click the Connect button.

Connection

Host

Port ClientiD

| | 8000 | clientld-TPy4ddCBLf m
Password Keep Alive

Clean Sesstormr
60 x

broker.hivemg.com

Username

Last-Will Topic Last-Will QoS Last-Will Retain
0
Last-Will Messsage

Figure B3

5. Wait until the connection is successful and you will see Connected status.

Connection @ connected L

Figure B4

K

6. On the Publish section, replace testtopic/1 to your own topic (for example: my-politeknik-
topic) and change QoS (Quality of Service) to 1.

Publish N
Topic Retain
| my-politeknik-topic | 1 W
Message

Figure B5

7. On the Subscriptions section, click on Add New Topic Subscription, replace testtopic/1 to

your own topic (same as in Step 6), change QoS to 1 and click Subscribe button. You will
see the topic is listed as a subscribed topic.

Color

-
- S

opi
my-politeknik-topic

N Subscriptions N
QoS Retain
; [ ruoven [ Ao Topc sobmcrivion |
I x
my-politeknik-topic
Le
<
Figure B6
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8. Publish a message, by adding a message (for example: Hello MQTT World!) into the
Message area and click the Publish button. You will receive the message on the
Messages section as in Figure B7. Print screen the layout from your WebSocket Client
Showcase and paste in Table 2 as a result.

Connection @ connected NA
Publish N Subscriptions N
Topic QoS Retain
Message M
Hello MQTT World! my-politeknik-topic
Ve
Messages R
I Hello MQTT World!

Figure B7

MQTT connectivity using Node-RED TCP Client

9. Under the network palette, click mqtt in node, drag and release it on the Node-RED

workspace.
T T
(o] delay (@]
L . L
0 trigger =]
4 L e

mqtt in
Connects to a MQTT broker and subscribes to
messages from the specified topic.

node-red : mqtt in |E| ‘E|

http in \JT'I

Iilhttp response ‘

M httn ramect (1
I'IL" rbe |J_;|
P AD
~ network matt 0
mgttin [
:L: mandi-ned |
Figure B8
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10. Double click the mqtt in node to change the settings and click the pencil icon to add

HiveMQ MQTT broker.

Edit mqtt in node

Delete

Cancel m
£+ Properties o« | B =
@ Server [ Add new mqtt-broker... ~ &
= Topic [ lej
@ QoS 2 ~
= Output auto-detect (string or buffer) ~
¥ Name

Figure B9

11. Add broker.hivemqg.com on Server field, Port default 1883 (for TCP connection), leave the
Client ID field for auto-generated client id and click the Add button.

Edit mqtt in node > Add new mqtt-broker config node

Cancel m
#+ Properties o B
¥ Name
Connection Security Messages
@ Server broker.hivemg.com Port 1883
[ UseTLS
#* Protocol MQTT V3.1.1 v
¥ Client ID

P Keep Alive 60

i Session

Use clean session

Figure B10

12. Add your MQTT topic (same as in Step 6) on the Topic field, change the QoS to 1 and click

the Done button.

Edit mqtt in node

Delete Cancel m
£+ Properties o B H

@ Server broker.hivemg.com: 1883 v | &

= Topic my-politeknik-tapic

# QoS 1 v

= Output auto-detect (string or buffer) v

% Name MQTT Amali 4

Figure B11
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13. Under the dashboard palette, click, drag and release gauge node into the Node-RED
workspace.

numeric (7

text input ¢\

( colour plcker¢\ MQTT Amali 4 [ ( (J’

( form ¢‘
U e
\:] gauge IE'

8 - =]

J
pe= BLLCN
& date picker &
P

J

Figure B12

14. Double click the gauge node. Click the pencil icon to set up the name of the Group.

Edit gauge node

Delete Cancel

£+ Properties o B H
BB Group Add new ui_group... v &

3] size auto @

= Type Gauge v

Figure B13

15. Change the default title of the Name field to Monitoring and click the pencil icon to set up
the name of the Tab.

Cancel Add
£ Properties L BENES
¥ Name Monitoring I
B Tab Add new ui_tab... v &
~— Width 6
Figure B14
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16. Change the default title of the Name field to Amali Internet of Things and click the Add

button.

Edit gauge node > Add new dashboard group config node > Add new dashboard tab config node

Cancel Add
£+ Properties L~ BENES]
¥ Name Amali Internet of Things 1 |
kS Icon dashboard
@ State @© Enabled
> Nav. Menu @ Visible
Figure B15

17. Continue to click the Add button. Then you will see the Group as [Amali Internet of Things]

Monitoring.

Edit gauge node > Add new dashboard group config node

Cancel qﬂ

* Properties o=
¥ Name Monitoring
B8 Tab Amali Internet of Things v | &
A Group [Amali Internet of Things] Monitoring ~ -
b 5 = P
Figure B16

18. Replace the Label field title as Suhu, the Units as °C, the max Range as 100 and the Name
of the gauge node is Gauge Suhu and click the Done button.

Edit gauge node

Delete Cancel m

#* Properties o B H
&4 Group [Amali Internet of Things] Monitoring v &

=] Size auto

= Type Gauge v

I Label | Suhu |

I Value format  {{value}}

I Units | °C |
Range min 0 max| 100

Colour gradient - -
Sectors 0 .. 100
¥ Name Gauge Suhu

Figure B17
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19. Connect the wires from mqtt in node [MQTT Amali 4] to gauge node [Gauge Suhul].

numeric

text input

date picker

colour picker

form

text

gauge

@]
MQTT Amali 4

—

Gauge Suhu

Figure B18

20. To execute the flows, click the Deploy button. Once the flow is successfully deployed, you
will see the notification and mqtt in node will show connected status.

Accessing the Node-RED Dashboard

21.0n the right sidebar, click the dropdown menu and click Dashboard.

i

\,

>

>

info i &

w0 =S

i Information

Flows & Help
> B9 Flow 1 ¥ Debug messages
Subflows L Configuration nodes

Global Configu & Context Data

il Dashboard

4N

Figure B20

i info i &8 x| [ S -
+ ||
MQTT Amali 4
@ connected Gauge Suhu
Figure B19
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22.0n the dashboard tab, click the icon to access the Node-RED Dashboard and you'll be
forwarded to the Node-RED Dashboard page, where you will see the name of the Tab
[Amali Internet of Things], the name of the Group [Monitoring] and the gauge.

Layout

linl dashboar¢ | 1

Site

Tabs & Links

> B Monitoring

Theme

# | ¥ | +tab

~ & Amali Internet of Things

+link

Amali Internet of Things

Figure B21

Publish Message/Payload using HiveMQ Websocket Client

23.0n HiveMQ Websocket Client, type any value (for example: 60) on the Message field, then
click the Publish button to publish the value.

&

HIVEMQ

ENTERPRISE MQTT BROKER

Websockets Client Showcas|

Topic

Message

Publish

Connection

my-politeknik-topic

Qos

Retain

60

Messages

IGO

I Hello MQTT World!

» _E »

@ connected

Subscriptions

T

I my-politeknik-topic

«

»

Figure B22

24.0nce the message is successfully published the Messages section will show the value and

on the Node-RED Dashboard the gauge [Suhu] animated the gauge meter based on the
received value.

Monitoring
Suhu
60
0 . 100
Figure B23
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25.Try changing the publish value (for example: 89) and observe the changes on the gauge

meter on the Node-RED Dashboard. Print screen the layout from your HiveMQ

Websocket Client and Node-RED Dashboard as in Figure B24. Paste it in Table 2 as a

result.

R Amali Internet of Things

Publish

Iml

Connection
® connectod

—

/

PART C: MQTT CONNECTIVITY USING IOT MQTT PANEL ANDROID APP

1. On your android smartphone, go to the Play Store, search “mqtt panel” and Install “loT

Figure B24

MQTT Panel” by Rahul Kundu.
2. Wait for the App installation to be done and open the App.

< maqtt panel

loT MQTT Panel

Figure C1

3. Tap on SETUP A CONNECTION button.

You do not have any connection to
communicate with MQTT broker. If you are
using this application for the first time we
highly recomend to go through User Guide at
Info Section.

I SETUP A CONNECTION

Figure C2
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4. Type any preferable title in the Connection name field (for example: HiveMQ), left blank
Client ID field for auto-generated client id, Type broker host address (for example:
broker.hivemq.com) in the Broker Web/IP address field, Type 1883 in the Port number field
and TCP for Network protocol. Then, tap on + icon beside Dashboard list to set up the
name of the Dashboard and click Add.

< Add Connection

Connection name *

HiveMQ (7)

Client ID (7)

Broker Web/IP address *

broker.hivemq.com (2) Add Dashboard
Dashboard name *

Port number * Network protocol . ’

1883 TcP - @ Amali Internet of Things

Dashboard list

(® sSet as connection home

Additional options >

CANCEL

Figure C3
5. Click the Create button.
€< Add Connection
Connection name *
HiveMQ (7)
Client ID (7)

Broker Web/IP address *

broker.hivemg.com (7)
Port number * Network protocol
1883 TCP * @

Dashboard list

& Amali Internet of Things { i)

Additional options
CANCEL CREATE

Figure C4
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6. Tap on the HiveMQ (Figure C5). Then Click the ADD PANEL button (Figure C6).

— Amali Internet of .
. —  Things =
Connections
HiveMQ S | Current dashboard does not have any panel
broker.hivemg.com
=

Figure C5 Figure C6

7. Scroll the list of available panels and tap on the Gauge panel.

Select panel type to add (%]

@® Radio Buttons

§  Vertical Meter

N« Gauge

Color Picker

®© © ©& ©9®

@®
(©  Time Picker

Figure C7

8. Insert the name of the panel (for example: Suhu) on Panel name field, insert the name of the

topic (for example: my-politeknik-topic), minimum and maximum value of payload (for
example: O and 100) on Payload min and Payload max field, symbol of unit (for example:
°C) on Unit field, QoS (for example: 1) and tap the Create button.

< Add a Gauge panel

Panel name *

Suhu

Topic*

my-politeknik-topic

Payload min * Payload max *

0 100

|:] Show received timestamp

Unit QoS
Ty 1 -

Color sectors

@ so00s0c | #faceoo @ #efs722

0 to to to 100

|:| Payload is JSON Data

CANCEL CREATE

Figure C8
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10. You will see the Gauge panel is available on the dashboard as below.

. Amalil f
— Amali nternet o PN ‘

Things

Figure C9

11.Click + icon at the bottom of the screen to add a Text Input panel.

Figure C10

12. Scroll the list of available panels and tap on the Text Input panel.

Select panel type to add (]

O Button (7)

me® Switch (?)

s+ Slider (2]

B Textinput (7)

=  TextLog (?)
Figure C11

13. Insert the name of the panel (Suhu) and Topic (same as Step 34), QoS (1) and other options
left default. Then, tap on the Create button.

< Add a Text Input panel

Panel name *

Suhu

Topic*

my-politeknik-topic

D Show sent timestamp

[] clear text on publish

QoS

D Retain 1 -

CANCEL CREATE

Figure C12
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14.You will see both Gauge and Text Input panel on the dashboard.

— Amali Internet of ‘
— Things o

Suhu
Pl
©

Suhu: my-politeknik-topic

Figure C13

15. Try insert any value (for example: 67) on the Text Input panel and tap on the Send button.
You will see the value will appear on the Gauge panel.

— Amali Internet of ‘
— Things ot

Suhu

7 A
Suhu: my-politeknik-topic

= o

Figure C14

16. Go to Node-RED Dashboard, you will also see the Gauge value is based on publish
value via the loT MQTT Panel app.

Monitoring

Suhu

Figure C15
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Add Graph Node to Node-RED Dashboard

17.Click, drag and release graph node into Node-RED workspace.

? date picker q:]

[ | MQTT Amali 4
1 colour pcker ® connecied

EEpEEsAECa

Figure C16

18. Double click the chart node. Type in the name of the Label (for example: Suhu), the
minimum and maximum value of the chart (for example: O and 100) and the Name of the
gauge node (for example: Chart Suhu). Then, click the Done button.

Edit chart node

Delete Cancel

£+ Properties B BHE

&8 Group [Amali Internet of Things] Monitoring v &

I size auto

1 Label Suhu

|+ Type |#* Line chart ~ (J enlarge points

X-axis last| 1 hours ~ OR 1000 points

X-axis Label v HH:mm:ss [J asUTC

Y-axis min| Q max | 100

Legend None ~| Interpolate | linear ~

Series Colours - -
] ]

7
Blank label display this text before valid data arrives
W Name Chart Suhu ¢

Figure C17
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19. Connect the wires from mqtt in node [MQTT Amali 4] to chart node [Chart Suhu].

MQTT Amali 4 \—
e e \: Gauge Suhy

Chart Suhu . )

20. Deploy the flow and observe the difference on the Node-RED Dashboard, which now has

the chart interface.

Figure C18

Monitoring
Suhu
Suhu
67
a - 100
Figure C19

21.Try publishing several values from the loT MQTT Panel app and observe the changes on

the Node-RED Dashboard. Print screen the layout from your loT MQTT Panel app and

Node-RED Dashboard. Paste it in Table 3 as a result.

Monitoring

Suhu
100

75
50
25

0
13:36:06 13:37:04

Suhu

Figure C20
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RESULT

Part A: Install Node-Red (Flow-Based loT Programming Tools)

Step 6 Status of node-red packages added
Step 17 Layout from your node-red-dashboard palette
Table 1

Part B: MQTT Connectivity Using Hivemq MQTT Broker

Step 8 Layout from Websockets Client Showcase
Step 25 Print screen of HiveMQ Websocket Client and Node-RED Dashboard
Table 2

Part C: MQTT Connectivity Using loT MQTT Panel Android App

Step 20 Print screen layout from your loT MQTT Panel app and Node-RED
Dashboard

Table 3

DISCUSSION

1. Discuss the connection between broker and client in MQTT protocol.
2. Explain Quality of Service (QoS) in MQTT. How does it work?
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TUTORIAL: 5

Title: Node-RED Flow & Node-RED Dashboard

OBJECTIVES

Upon completion of this tutorial, you should be able to:
e install Node-RED, Node-RED Dashboard & loT MQTT Panel

e construct, configure and deploy Node-RED flow and publish to Node-RED dashboard.

e construct and configure loT MQTT Panel (mobile apps)
[ ]

connect Node-RED dashboard and mobile apps using HiveMQ MQTT broker

EQUIPMENTS

e Internet Connection
e Laptop/Personal Computer
e Android Smartphone

THEORY

Node RED is a visual programming for building workflows for loT scenario. It offers an easiest
way for wiring together hardware devices, APls and online services. Node-RED provides a web
browser-based flow editor, which can be used to create JavaScript functions.
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3 - i e
€« CH & U oM =
= | . |
infect | ) =
| gt [~ Regster0 - P — peowg|
catch Bl
gt

Node-RED

PROCEDURE

PART A: NODE-RED DASHBOARD MOTOR CONTROL INTERFACE

Run Node-RED Locally

1.
Prompt.

All Documents Web

Apps

~Bestmatch

Open Command Prompt by clicking the Windows icon and type ecmd and click Command

More ¥

- Command Prompt

App
Apps
PP Command Prompt

B Node.js command prompt > App
B Install Additional Tools for Node.js >
Search the web I open
L cmd - See web results > EQ  Run as administrator
/O cmder > E Open file location

= o
£ cmd commands > Pin to Start

9 pin to taskbar
£ cmdb >
£ cmd linux >
£ cmad >
£ cmd del >
£ amd
g ® I m 9 © @

Figure A1
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2. Type node-red and Enter to run Node-RED applications.

node-red
- [info]

[info]

[info]

[info] Win

[info] Loading palette nodes

Figure A2

3. Wait until the execution process is done, where you will see the status of Server now
running at http://127.0.0.1:1880/.

15 - |[info] Server now running at http: 27.9.8.1:1880/
:15 - |[info] Starting flows

15 - |[info] Started flows

Figure A3

4. Access Node-RED. Open your browser and type http://localhost:1880 or
http://127.0.0.1:1880/ and Enter.

New Tab x + New Tab x +
C @ hitp//localhost: 1880 C @ http//127.00.1:1 ESC-‘
Mycuino -1l @ http://localhost:1880 Myduino -1l @ http://127.0.0.1:1880
Q  httpy//localhost:1880 - Google Search Q  httpy//127.0.0.1:1880 - Google Search
Figure A4

Button Node for Node-RED Dashboard

5. Under the dashboard palette, click button node, drag and release it on the Node-RED
workspace.

v dashboard
AQ®

j bUtton
button

dropdown

Figure A5
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6. Set the Group name to Monitoring and Tab name to Amali Internet of Things. Replace the
Label field title as Button Stop, the Payload as number O, check the emulate a button click
and the Name of the gauge node is Button Stop and click the Done button.

Edit button node

Delete

£+ Properties

&8 Group
Size
() Icon

1 Label

£4 When clicked

Cance‘ m

[Amali Internet of Things] Monitoring N 4

auto

Button Stop

, send:

Payload

« 9% 0

Topic

* msg. topic

= If msg arrives

on input, emulate a button click: I

¥ Name

Button Stop

7. Add 4 more buttons, respectively for 25%, 50%, 75% and 100% buttons as below.

v dashboard

button

dropdown ()

switch 0

numeric ()

Figure A6

( Button Stop
( Button 25%
( Button 50%

( Button 75%

Button 100%

Figure A7
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8. Each button’s Payload number is set as the following value in Step 7. 25% button payload
value is 25, same goes for 50% button payload value is 50, 75% button payload value is
75 and 100% button payload value is 100.

T Label Button 25%
O Tooltip optional tooltip
& Color optional text/icon color

& Background | optional background color

£ When clicked, send:
Payload - 0% 25
Topic v msg. topic
= If msg arrives on input, emulate a button click: ()

¥ Name Button 25%

Figure A8

9. Deploy the flow and open the Node-RED dashboard.

Amali Internet of Things

Monitoring

BUTTON STOP

BUTTON 25%

BUTTON 50%

BUTTON 75%

BUTTON 100%

Figure A9
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10. Add the slider node into the workspace and set the Label field title as Slider, the Range

max value to 100, the Output option as only on release and the Name of the slider node is

Slider % and click the Done button.

Edit slider node

Delete

# Properties

B Group
l. Button Stop [

& size
l. Button 25% ()
U Buton50% ILabel

Button 75% [ @ Tooltip

+~ Range

Button 100%

= If msg arrives on input, pass through to output:

£4 When changed, send:

[Amali Internet of Things] Monitoring

auto

Cancel

~

Slider

optional tooltip

min 0

max|

10

o

only on release

step 1

Payload Current value
Topic ~ msg. topic
% Name | Slider %
Figure A10

11. Deploy the flow and open the Node-RED dashboard.

Amali Internet of Things

Monitoring

Slider

BUTTON STOP

BUTTON 25%

BUTTON 50%

BUTTON 75%

BUTTON 100%

Figure A11
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12. Add the gauge node into the Node-RED workspace and set the gauge node Label as Motor
Speed, Units as RPM, Range max to 200 and Name of the gauge node as Motor Speed and
click the Done button.

Edit gauge node

[ oo | =1
‘ © Properties [el[B][m
& Group | [Amall Internet of Things] Monitoring | T|
1 Size | awo
= Type | Gauge ~
1 Label | Motor Speed ||

1 Value format | Hvaluel} |

1 Units I| RPM ||
Range min [0 ma

Sectors o .| optonal | | optional I .. 200

® Name || Motor Speed ||

Figure A12

13.Under the function palette, click the range node, drag and release it on the Node-RED
workspace, between the button’s node and the gauge node.

Figure A13

14.Double click the range node to set the input range from O to 100, to the target range from
0 to 200 and the Name of the node is Scale O to 200. Click the Done button.

Edit range node

Dokt | e - |
1+ Properties ‘ E| E E
= Property ‘ msg. payload |
@ Action ‘ Scale the message property V‘

=) Map the input range:

fmm:[o | to: ‘:100 }l
@ 1o the target range:
| fmm:lo | m:‘zou jl

[ Round result o the nearest integer?

¥ Name \ Scale 0-200

Figure A14
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15. Wires all the nodes as follows.

‘ Button Stop

‘ Button 25%

‘ Button 50%

‘ Button 75%

aOn aCn aCn aOn aCn

W

‘ Button 100%

Cé ‘ Slider %

Figure A15

16. Deploy the flows and go to the Node-RED Dashboard and test the range slider and
observe the value change on the gauge. Print screen the layout from your NodeRED
Dashboard. Paste it in Table 1as a result.

Amali Internet of Things
Monitoring

Slider

L

Motor Speed

BUTTON STOP
BUTTON 25%
BUTTON 50%

BUTTON 75%

BUTTON 100%

Figure A16
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MQTT connectivity

17.Under the network palette, click mqtt in node, drag and release it on the Node-RED
workspace. Set the Server as broker.hivemqg.com:1883, the MQTT topic my-politeknik-
topic/bs on the Topic field, change the QoS to 1, Name of the node as Button Stop and
click the Done button.

Flow 1 Edit mqtt in node
delay -
trigger
o # Properties o
exec
AD o @ Server \ broker.hivemg.com: 1883 4
rbe magtt Button Stop
L) == Topic | my-politeknik-topic/bs |
Button 25% \
~ network
(=] \ - -
LT 1 oS
matt in e
Button 75% " ® Output auto-detect (string or buffer) ~
maqtt out /
Button 100% ¥ Name | Button Stop ‘
http in ‘
hitp response Slider %

18. Add 5 more mqtt in node into the Node-RED workspace, respectively for 25% topic (my-
politeknik-topic/bs25), 50% (my-politeknik-topic/bs50), 75% (my-politeknik-topic/bs75),
100% (my-politeknik-topic/bs100) buttons and slider (my-politeknik-topic/bslider) as
below.

Edit mqtt in node

Delete Cance m

£+ Properties - AE R =t
@ Server broker.hivemg.com: 1883 v e
= Topic my-politeknik-topic/bs25
# QoS 1 v
@ Output auto-detect (string or buffer) v
¥ Name Button 25%
Figure A18

19. Connect each mqtt in the node to the respected button and slider node as below. Deploy

the flows.

Button Stop Button Stop

= .
Button 25% —C Button 25% —\

e
Button 50% —C Button 50%

Y . Scale 0-200 Motor Speed
Button 75% —_— Button 75%

= :
Button 100% —_ Button 100%

&
Slider ([ —— Slider %

el

Figure A19
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PART B: IOT MQTT PANEL MOTOR CONTROL INTERFACE

Connect to HiveMQ MQTT Broker

1. Open IOT MQTT Panel from your Android Smartphone.

Connections

2. Tap on HiveMQ.

| HiveMQ

broker.hivemq.com | ] K )

Figure B1

3. Click the ADD PANEL button.

__ Amali Internet of ‘
— Things ©

Current dashboard does not have any panel

CLONE A PANEL ADD PANEL

Figure B2

4. Scroll the list of available panels and tap on the Button panel.

Select panel type to add

[J Button

>

m@® Switch

ess Slider

© © © ©

B Textinput

Figure B3
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5. Insert the name of the panel (Button Stop) on Panel name field, insert the name of the topic
(my-politeknik-topic/bs), payload (O) on Payload field, Medium button size and fit to panel
width, QoS (1) and tap the Create button.

< Add a Button panel

Panel name *

Button Stop

Topic*
| my-politeknik-topic/bs |

Payload *

[:l No payload (7)

|:| Use icons for button

[ Payload is JSON Data

Button size

Medium - . Fit to panel width

[J show sent timestamp

|:| Confirm before publish

QoS
[ Retain 1 v
CANCEL CREATE
Figure B4

6. You will see the Button panel is available on the dashboard as below.

— Amali Internet of ‘
~— Things e

BUTTON STOP

Figure B5
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7. Add 4 more buttons, respectively for the topic: Button 25% topic (my-politeknik-
topic/bs25), Button 50% (my-politeknik-topic/bs50), Button 75% (my-politeknik-
topic/bs75) and Button 100% (my-politeknik-topic/bs100) buttons as below.

Amali Internet of
Thlngs

BUTTON STOP

BUTTON 25%

BUTTON 50%

BUTTON 75%

BUTTON 100%

Figure B6

8. Add a slider panel into the dashboard and the setting as below, where the topic is (my-
politeknik-topic/bslider) and tap the Create button.
Panel name *
Topic*
[ my-politeknik-topic/bslider

Subscribe Topic (7)

Payload min * Payload max *

Unit

Slider Orientation

Horizontal v

[ Payload is JSON Data
[J confirm before publish

[] show received timestamp

D Show sent timestamp

QoS

]:I Retain 1 >
Figure B7
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9. Try sliding the slider and tap the Button, you will see the result on the Node-RED
dashboard gauge changes. Print screen the layout from your loT MQTT Panel app and
Node-RED Dashboard. Paste it in Table 2 as a result.

— Amali Internet of o ‘

— Things

BUTTON STOP

BUTTON 25%

BUTTON 50%

BUTTON 75%

BUTTON 100%

Slider: 0

o

Figure B8

Amali Internet of Things

Manitoring

Slider i

Motor Speed

BUTTON STOP

BUTTON 25%

BUTTON 50%

BUTTON 75%

BUTTON 100%

Figure B9
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RESULT

PART A: Node-RED Dashboard Motor Control Interface

Step 16: Test the range slider and observe the value change on the gauge.

Button clicked/ Slider

Print screen the Node-RED Dashboard

Button STOP

Button 25%

Button 75%

Button 100%

Slider

Table 1

PART B: loT MQTT Panel Motor Control Interface

Step 9: Layout from your loT MQTT Panel app and Node-RED Dashboard

DISCUSSION

1. Explain the process of publish and subscribe in MQTT protocol.
2. Explain function for publishing and subscribing to MQTT broker

WELUDONE
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TUTORIAL: 6

Title: loT Application Control Via Smartphone

o
«<J

OBJECTIVES

Upon completion of this tutorial, you should be able to:

e Setup NodeMCU 8266 with circuit
e Write codes using Arduino.ide to established connection to internet

e Controlling DHT11 using Blynk App over internet

EQUIPMENTS

e NodeMCU ESp8266 Wi-Fi Dev. Board
Micro USB cable to upload Code
330r resistor, DHT11 Temperature Sensor
Android App (Blynk App)
Arduino IDE

Internet connection
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THEORY

Blynk was designed for the Internet of Things. It can control hardware remotely, it can
display sensor data, it can store data, visualize it and do many things. There are three
major components in the platform:

0 Blynk App - allows to you create amazing interfaces for your projects using various
widgets we provide.

0 Blynk Server - responsible for all the communications between the smartphone
and hardware. You can use our Blynk Cloud or run your private Blynk server locally.

0 Blynk Libraries - for all the popular hardware platforms - enable communication
with the server and process all the incoming and outcoming commands.

WIDGET JUSTIFICATION:

e Buttons: There are a couple of buttons: one to activate light bulb, and the other
one to activate the alarm buzzer, both are independent.

e LEDs: There are four LED widgets, indicating the status of each sensor, such as:
movement sensor (as M.S.), doorbell button (D.B.B.), door sensor (D.S.) and window
sensor (W.S.)

e Tabs: Enable optional tabs to organize the widgets better.

e Email: Enable email notifications

¢ Notifications: Enable smartphone notifications

e Slider: one slider to set the counter data value (O to 248 on this case) of the
CNT6/DLY6 in GP Design

¢ Gauge: One gauge to show the level of water of the home’s tank

e Graph: One graph to show the level of water of the home’s tank (same as gauge
widget).

e History Graph: to show data statistics of the water tank level through the time (from
hours to months of data storage)

n


https://docs.blynk.cc/#blynk-server
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PROCEDURE

PART A: ARDUINO LIBRARY INSTALLATION

Blynk

1. Open Arduino IDE.
2. Open Library Manager. From menu, select Tools > Manage Libraries...

3. On Library Manager, filter the list of libraries by typing blynk on Filter your search ...

sketch_jun07a | Arduino 1.8.15 - O X

File Edit Sketch Tools etp———————

Auto Format Ctrl+T
Archive Sketch
Eix Encoding & Reload

sketch_jun

) Manage Libraries... Ctrl+Shift+l
1void Serial Monitor T ShITtr ™
2 // Serial Plotter Ctrl+Shift+L
3 WiFi101 / WiFiNINA Firmware Updater
4}

ESP32 Sketch Data Upload

Figure A1

field,

then look for the name of library Blynk by Volodymyr Shymanskyy and click Install button to
install the library. Wait for the installation to be completed.

Library Manager

Type All ~ Topic All l blynk I

by Volodymyr Shymanskyy
Build a smartphone app for your project in minutes! It supports WiFi, BLE, Bluetooth, Ethernet, GSM, USB, Serial. Wo i any boards
like ESP8266, ESP32, Arduino UNO, Nano, Due, Mega, Zero, MKR100, Yun, Raspberry Pi, Particle, Energia, ARM mbed, Intel Edison/Gali Joule,
BBC micro:bit, DFRobot, RedBearlLab, Microduino, LinkIt ONE ...

More info

Version 1.0.0 Install |

r inese
by hznupeter giujiongtao@163.com

Build a smartphone app for your project in minutes! #/iiBlynk {*{:. /L Fizo LIS

Blynk_Async_ESP32_BT_WF

by Khoi Hoang

Simple WiFiManager for Blynk and ESP32 with or without SSL, configuration data saved in either SPIFFS or EEPROM. Enable
inclusion of both ESP32 Blynk BT/BLE and WiFi libraries. Then select one at reboot or run both. Eliminate hardcodmg your Wifi and
Blynk cr ials and iguration data saved in either LittleFS, SPIFFS or EEPROM. Using Asy ver il d of ver,
with WiFi networks ing for selection in Configuration Portal. By design, Blynk user can run ESP32 boards mth either WiFi or BT/BLE
by using different sketches, and have to upload / update firmware to change. This library enables user to include both Blynk BT / BLE and WiFi
libraries in one sketch, run both WiFi and BT/BLE simultaneously, or select one to use at runtime after reboot. This library also supports
(auto)connection to MultiWiFi and MultiBlynk, dynamic custom as well as static parameters in Config Portal. Eliminate hardcoding your Wifi and
Blynk credentials and configuration data saved in either LittleFS, SPIFFS or EEPROM. Optional default Credentials to be autoloaded into Config
Portal to use or change instead of manually input. Static STA IP and DHCP Hostname as well as Config Portal AP channel, IP, SSID, Password can
be configured. DoubleDetectDetector feature permits entering Config Portal as requested. Now with scanning of WiFi networks for selection in

Configuration Portal.

Close

Figure A2
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4. Library installed successfully with INSTALLED status on the list of the library.

@ Library Manager

Type Al ~ Topic All ~ blynk

by Volodymyr Shymanskyy Version 1.0.0 INSTALLED

Build a smartphone app for your project in minutes! It supports WiFi, BLE, Bluetooth, Ethernet, GSM, USB, Serial. Works with many beards
like ESPB266, ESP32, Arduino UNO, Nano, Due, Mega, Zero, MKR100, Yun, Raspberry Pi, Particle, Energia, ARM mbed, Intel Edison/Galileo/Joule,
BBC micro:bit, DFRobot, RedBearlLab, Microduino, LinkIt ONE ...

More info

Select version ~  Install

Blynk For Chinese

by hznupeter giujiongtao@163.com
Build a smartphone app for your project in minutes! 7|/1|Blynk {7, /Ll
More info

R (TN

Blynk_Async_ESP32_BT_WF

/ Khoi Hoang

ple WiFiManager for Blynk and ESP32 with or without S5SL, configuration data saved in either SPIFFS or EEPROM. Enable
inclusion of both ESP32 Blynk BT/BLE and WiFi libraries. Then select one at reboot or run both. Eliminate hardcoding your Wifi and
Blynk credentials and configuration data saved in either LittleFS, SPIFFS or EEPROM. Using AsyncWebServer instead of WebServer,
with WiFi networks scanning for selection in Configuration Portal. By design, Blynk user can run ESP32 boards with either WiFi or BT/BLE
by using different sketches, and have to upload / update firmware to change. This library enables user to include both Blynk BT / BLE and WiFi
libraries in one sketch, run both WiFi and BT/BLE simultaneously, or select one to use at runtime after reboot. This library also supports
(auto)connection to MultiWiFi and MultiBlynk, dynamic custom as well as static parameters in Config Portal. Eliminate hardcoding your Wifi and
Blynk credentials and configuration data saved in either LittleFS, SPIFFS or EEPROM. Optional default Credentials to be autcloaded into Config
Portal to use or change instead of manually input. Static STA IP and DHCP Hostname as well as Config Portal AP channel, IP, SSID, Password can
be configured. DoubleDetectDetector feature permits entering Config Portal as requested. Now with scanning of WiFi networks for selection in

Configuration Portal.
More info

Close

SimpleDHT

Figure A3

5. On Filter your search ... field, replace blynk to simpledht, then look for the name of library
SimpleDHT by Winlin and click Install button to install the library. Wait for the installation to

be completed.

@ Library Manager

Type All ~ Topic All v| sw’mpledhﬂl

SimpleDHT

by lin

Arduino Temp & Humidity Sensors for DHT11 and DHT22. Simple C++ code with lots of comments, strictly follow the standard DHT
protocol, supports 0.5HZ(DHT22) or 1HZ(DHT11) sampling rate.

More info

Versicn 1.0.14 ~ | Install

Close

Figure A4
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6. Library installed successfully with INSTALLED status on the list of the library.

@ Library Manager X
Type Al 1~ Topic All ~ simpledht

SimpleDHT

by Winlin Version 1.0.14 INSTALLED

Arduino Temp & Humidity Sensors for DHT11 and DHT22. Simple C++ code with lots of comments, strictly follow the standard DHT
protocol, supports 0.5HZ(DHT22) or 1HZ(DHT11) sampling rate.
More info

Close

PART B: ARDUINO BLYNK INTEGRATION

Blynk App Installation and Setup

1.

On your smartphone, go to Google Play or App Store. Search for blynk and install.

Latest information: Blynk has the newest version of the app, but this lab will follow

previous version usage of the app.

- blynk

Blynk (old)

Figure B1

2. Open the Blynk app on your smartphone.
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3. Register a Blynk account using your email account, by tapping on Create New Account.
Insert your email account the chosen password in the Email and Password field, for your

Blynk account and tap the Sign Up button as below.

Figure B2

4. Once the registration is done. Tap on + New Project to create a new project.

5. Type your project name on the Project Name field (example: Practical Work 6).

6. On the Choose Device section, tap on ES8266 to select the right board, which is
NodeMCU, then tap the OK button.

f
New Project

ESP8266

NanoPi

o0
A

Community
Onion Omega

Figure B3
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7. Optional to choose the theme colour of your Blynk project, either Dark or Light.
8. Tap the Create button and you will receive Auth Token on your email. Then, tap OK.

& Create New Pyj:j|-n

NodeM{el] L

Wi-F{ L

LIGHT

Don't show again

Cre:|:)

Figure B4

9. The Blynk project canvas is now empty, add Button widget from Widget Box. Tap on + icon
on the header, it will open the Widget Box.
10. Tap the Button from the Widget Box and the Button will appear on the project canvas.

Button

Styled Button
Slider

Vertical Slider

Timer

Joystick

« zeRGBa
StepH

Step V

Figure B5
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11.0n the project canvas, tap on the Button widget.
12. Insert widget name, change the PIN to D1, mode of PUSH to SWITCH and tap « icon.

Figure B6

13. Once the setting is done, the Button widget on the project canvas will look like below and
it is ready to control any LED interface to NodeMCU pin D1.

Figure B7
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14. Open your email on your computer’s browser, so we can copy the Auth Token to the
Arduino sketch.

15. Open the email from Blynk, where the subject stated Auth Token for ... as below and look
for Auth Token: in the email and copy the Auth Token.

G¥ Mail - Mohamad Ariffin Zulkifli - Outlook - Google Chrome.

& outlook.live.com,

9 Junk  Block

Auth Token for Arduino loT project and device Arduino loT

Blynk <dispatcher@blynk.io>
Thu 06/04/2020 5:37 PM

To: You
T Serial

Auth Token : nTSn1Eux76US7)pd4fYgXuzc1-epQQy6

< 6E6WL ~h>
<BlynkSimpleEsp5266.h>

Happy Blynking!

Getting Started Guide
Documentation -

Sketch generator 1d get Auth Token in the Blynk App.

Settings ut icon).
Latest Biynk library . y . - har " Eux76US7Jpd4£YgXuzcl-epQQy6"” s
Latest Blynk server -> htt,

twitter.com/blynk_app £ r ssid[] =
r pass([] =

Nadamicy 10

Figure B8

16. On the Arduino IDE, Open Blynk - NodeMCU example code. From menu select, File >
Examples > Blynk > Boards WiFi > NodeMCU.

@ sketch_jun07a | Arduino 1.8.15
File Edit Sketch Tools Help
New Ctrl+N
Open... Ctrl+O
Open Recent o
Sketchbook 2
Exaniples > Adafruit VLS3LOX
Close Ctrl+W : run once:
ArduinoJson
Save S ArduinoPCAP >
Save As... Ctrl+Shift+S AztireloTHUB S
Page Setup| Ctrl+Shift+P BareBoneSim800 i )
Print Ctrl+pP Blynk §  BlynkEdgent >\ Adafruit_Feather_MO_WiFi
e \cuoconms | UL STARSIS ot et e v
= = Arduino_MKR1010
Quit trl+Q DFRobot_ESP_PH_BY_GREENPONIK > Boards_GSM > Arduino_org_UNO_WiFi
9/} DFRobot_PH >|___Boards_USB_Serial ’ Arduino_WiFi_Shield
DHT sensor library > EEBonrd s WIE] ’ Arduino_WiFi_Shield_101
DS1307RTC > Boards_With_HTTP_API > Arduino_Yun
ESP Async WebServer > GettingStarted > CC3000
EspSoftwareSerial > More > Digistump_Oak
FavoriotHTTP 2 Widgets ? Energia_WiFi
HLW8012 7| tests > ESP32_WiFi
JPEGDecoder 2 ESP32_WiFi_SSL
LoRa 2 ESP8266_Shield
WERC522 2 ESP8266_Standalone
MPU6Q50 ) ESP8266_Standalone_Manual_IP
MPUG05Byight 2 ESP8266_Standalone_SmartConfig
MQtT 2 ESP8266_Standalone_SSL
Nextion 2 Fishino
OneWire > Intel_Edison_WiFi
osc LinkItONF
RadioHead ? NodeMCU
RF24 & RedBear_Duo_Wiri
RF24Ethernet > RN_XV_WiFly
d acros for IRAM/PROGMEM, 4MB (H RF24Mesh - llbled, None, Only Sketch, 115200 g Sparkfun_Blynk_Board

Figure B9
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17.0n the sketch, there are 3 variable you need to replace, to the right information:

a. YourAuthToken
b. YourNetworkName
c. YourPassword

NodeMCU | Arduino 1.8.15 — |
File Edit Sketch Tools Help

NodeMCU

44 #include <ESP8266WiFi.h>

45 #include <BlynkSimpleEsp8266.h>

46

47 // You should get Auth Token in the Blynk App.
48 // Go to the Project Settings (nut icon).

49 char auth[] = "'|YourAuthToken|':;

50

51 // Your WiFi credentials.

52 // Set password to "" for open networks.

53 char ssid[] = |"YourNetworkName";

54 char pass/|] "YourPassword";

55

Figure B10

18. Replace YourAuthToken by pasting the Auth Token which you have copied from the email.

19. Replace the network name and its password.

Hardware Installation

20. Construct the following circuit using the given kit as Figure B11.

—
O

0Qs =
anw

1a

za

€

ASH

P RN EEER L
5z 9 S E & 2 o o e Cceeee eveee eeeee eseee
... L L L '..'\

ano

0’ TA
w—tcnge  NDWIPON
“oe
.
.
P
1
.
.
.
-
.
.
..
.
.

- ca
e

—

— 7]

| SSsssiRsecs
o 2 | IRSREEsssseces

LED1
Red(633nm) = | ‘e e e ss s e ses sssss sssse seses

Figure B11

21.The red color LED and 220Q resistor (Red, Red, Black, Black, Brown) is connected to the

Pin D1 of NodeMCU.
22.Now, upload the sketch from Step 12.
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23. Open the Serial Monitor and observe the action until you see the Ready status on the Serial
Monitor, showing that the NodeMCU is now connected to the Blynk cloud and ready on the
Blynk App.

& comz0 - [m] X
Send

99 nkzSS0%0& & &S0TS0yI0xSAJa [26] Connecting to Ariffin2.4Ghz@unifi

[4644] Connected to WiFi

[4644] 1P: 192.168.1.14

[4644]

YA .
/I N
/L IN I

/ / v1.0.0 on ESP32

/7

[4717] Connecting to blynk-cloud.com:80

[5065] (ping: 177ms) .

[ Autoscroll [ ] Show timestamp Both NL&CR  ~ 9600 baud ~ | Clear output

Figure B12

24.Now, on the Blynk App, tap the (»] button on the header. If the connection is successfully
established, now you can control the LED using the widget Button.

Figure B13

25. Observe on the header, now the [E] button has changed to the @ button and there is
device icon on its left. /f the device icon has a red dot as below, it means the device is
still not connected to the cloud, please check your NodeMCU to WiFi connectivity.

Figure B14

8o
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PART C: INCLUDE DHT SENSOR ON BLYNK

1.

w

Construct the following circuit using the given kit as Figure C1.

wwwww = Ul

KY-015

0'IA

DHT11

>>>>>

Figure C1

The DHT11 S label pin is connected to D4 on NodeMCU. + label of DHT11 pin connected
to 3V3 on NodeMCU and - label of DHT11 pin connected to GND on NodeMCU.
Write a sketch as in Appendix 1 below.

Replace the variable of auth[], ssid[] and pass[] below to the correct information.

char auth[] = "YourAuthToken";
char ssid[] = "YourNetworkName";
char pass[] = "YourPassword";

© 0N owv

Upload the sketch.

Open the Serial Monitor and make sure the connection status is ready.

On the Blynk App, tap the @ button (if there is not (] button)

Add 2 Gauge widget from the Widget Box.

Tap the 1st Gauge widget, insert widget name as Temperature, change the PIN to VO,
maximum value replace from 1023 to 100, the label has the degree celcius (°C) symbol as
below and tap « icon.
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@D :3.100

Value Display
Labeled Value
Temperature
LED
Gauge
LCD
SuperChart
Terminal

Video Streaming

Level H

10. Tap the 2nd Gauge widget and the setting is the same as above, but change the PIN to
V1, and the label has a percentage (%) symbol.
11.Now, on the project canvas, you should have both Gauges as below.

12.Tap on the (»] button on the header. If the connection is successfully established, now
you can see the value of temperature and humidity are displayed real-time on the Gauges
widget, as well as you control the LED using the widget Button.




STEP BY STEP: Internet of Things Experiment using ESP8266

DISCUSSION

1. Write your discussion about Home Automation using BLYNK App.
2. Find FOUR (4) examples from internet what Blynk app can do other than exercises an above.

APPENDIX 1

#define BLYNK_PRINT Serial

#include <ESP8266WiFi.h>
#include <BlynkSimpleEsp8266.h>
#include <SimpleDHT.h>

char auth[] "YourAuthToken";
char ssid[] "YourNetworkName" ;
char pass[] = "YourPassword";

SimpleDHT11 dht11(D4);

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

Blynk.begin(auth, ssid, pass);
}

void loop() {
Blynk.run();

byte temperature = 0;
byte humidity = 0;

int err = SimpleDHTErrSuccess;
if ((err = dhtll.read(&temperature, &humidity, NULL)) !=
SimpleDHTErrSuccess) {
return;

}

Blynk.virtualWrite(Ve, temperature);
Blynk.virtualWrite(Vl, humidity);
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