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: : Cross-platform Robotics
Extension Unit 2 :
- and Advanced Robotics
Concepts
Chapter 1: Wi-Fi Technology

In Extension Unit 1, we mentioned wireless communication for data transmission in the
communication interface of robots, i.e. communication with electromagnetic waves of a specific
frequency. Inthe exercise of that unit, we practised using Bluetooth technology to create interaction
between a mobile phone and an Arduino robot. In this unit, we will introduce another
communication interface technology — Wi-Fi.

I. What is Wi-Fi?

Wi-Fi is the technology for wireless network communication based on the IEEE 802.11 standards.
The 802.11 standards are a set of specifications that defines exactly what methods this technology
uses to implement data transmission.  The layers to be defined mainly include the physical layer, the
media access control (MAC) layer and the data link layer.

IEEE 802.11 Standards

MAC Carrier-sense multiple access with
collision avoidance (CSMA/CA)

802.1 802.11a 802.11b
Physical | 2.4 GHz 5 GHz 2.4 GHz
2 Mbps 54 Mbps 11 Mbps

We can start exploring the 802.11 standards  implies, suggests that signals are transmitted by
from the bottom layer. The physical layer  broadcasting with avoidance in collision with
specifies the frequencies of radio waves and the  other radio waves during transmission. The top
transmission speeds of data. Taking 802.11 as layer, the data link layer, is responsible for data
an example, the physical layer of 802.11  transmission and verification of the Wi-Fi
specifies the frequency of the radio waves to be network environment. A Wi-Fi network
2.4 GHz with the fastest data transmission rate  environment usually consists of two types of
of 2 Mbps.  The middle layer, the media access devices: access points (APs) and stations (STAS).
control  (MAC) layer, specifies the A wireless AP allows other wireless devices to
communication methods between hardware to connect to and provides wireless connectivity to
achieve good communication quality. The  the network. For example, a wireless network
carrier-sense multiple access with collision base station at home or in a public area is a
avoidance (CSMA/CA) method, as its name  wireless AP. A public place that provides
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wireless Internet access is also known as a Wi-  such as a computer and a mobile phone. The
Fi hotspot. A wireless STA is a device that  following figure shows the relationship between
connects to a wireless AP, generally referringto  a wireless AP and a wireless STA.

a product that can wirelessly access the Internet,

() q P
(@) e

Wireless AP Wireless STA

The mobile phone (a wireless STA) communicates with the router (a wireless AP) at a frequency of
2.4 GHz. Simply speaking, the user controls the data link layer because the choice to which AP to
connect is determined by the user.

I1. Wi-Fi and Bluetooth

Both Bluetooth and Wi-Fi are network communication technology. To determine which technology
is to be used when making a robot, we need to take into account the functions of the robot, such as
signal environment, signal strength and the need to penetrate walls. The following is a comparison
table for Bluetooth and Wi-Fi.

Bluetooth Wi-Fi
Frequency 2.4 GHz 2.4 GHz, 5 GHz
Module cost Low High
Founded by Bluetooth Special Interest Institute of Electrical and Electronics
Group (Bluetooth SIG) Engineers (IEEE)
General usage Mobile phones, mice, Notebook computers, desktop computers,

keyboards, office and industrial | servers, televisions, smartphones
automation equipment

Hardware requirement Bluetooth adapter Wi-Fi adapter

Range About 5-30 m 802.11: about 7 m maximum
802.11a: about 7-23 m
802.11h: about 46 m maximum

Energy consumption Low (about 2 milliwatts of High (about 80 milliwatts of energy is
energy is required for 100 bits required for 100 bits per second via Wi-
per second via Bluetooth) Fi)

Penetrating power Low High
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111.ESP8266 Wi-Fi module and NodeMCU

Arduino has a Wi-Fi module, which uses an
ESP8266 chip. In the previous section about
data transmission control, we mentioned the
relationship between wireless APs and wireless
STAs. The ESP8266 Wi-Fi module operates as

MODEL ESP8266MOD
VENDOR AI-THINKER

ISM 2.4GHz
PA +25dBm
802.11b/g/n |

pppEEE
@ scrial Uifi vie

The ceramic antenna on the ESP8266 Wi-Fi
module is capable of transmitting and receiving
radio waves and analysing signals. The metal
box in the middle contains a microprocessor and
4 MB of flash memory, allowing us to store data
and programs for controlling the module. In
addition, the ESP8266 module has four pins.
Pin 1 and pin 2 are TX pin and RX pin,
respectively, which are responsible for
transmitting and receiving signals through the
antenna. The power and ground pins in the
lower part are responsible for providing the
power.

However, the ESP8266 Wi-Fi module has some
limitations. For example, the module has very
strict voltage control, which requires a 3.3V
voltage. Excessive or insufficient voltage will
cause the module to work improperly.

Antenna
Microprocessor and flash memory

a wireless STA. Smartphones can connect to
the ESP8266 module and the ESP8266 module
can connect to wireless APs in schools or homes.
The figure below shows the structure of the
module.

However, most power supply units provide a 5V
voltage, which makes it more difficult to use the
module. Moreover, the module does not have
additional pins for us to connect various input or
output devices.

In view of this, we choose to use a module that
has been modified by manufacturers. Some
manufactures have added a power slot, a USB
serial port chip and a processing core to the
module, in order to make the module more
suitable to be used as the control board for
developing robots with specific software added.
This control board is known as NodeMCU.
Simply provide the power with a computer or a
power supply unit through a USB cable, and then
we can start developing robot applications.
The figure below shows the control board and its
structure.
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After modification, the NodeMCU control board
has 16 general-purpose input/output (GPIO) pins
and an analogue input pin.  When writing
programs for the control board, we use the GPIO
pin numbers, rather than the combinations of
letter and number marked on the control board.
Therefore, we need a detailed data sheet of the
NodeMCU control board to assist robot

oflefefefofofefe

GND

3.3V

__EN |
_RST ]
GND

We can find the 16 GPIO pin numbers from the data sheet.

is that each pin can have two to three functions.
TXD2 and HCS.
programming the robot.

Antenna
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Microprocessor
and flash memory

The NodeMCU control board

programming.
also has a voltage regulator that accepts a 5V

supply and a processor core. We can use the
NodeMCU control board as an independent
control board to control a robot through
programming. The following figure shows the
data sheet of the control board.

GPI016/—{ USER }-{ WAKE |
 GPIOS |

[ GP1O4 |

 GPI00 | -{FLASH

(Gp102 | TXD1 |

3.3V

AARARRARARRRAR"

S¢ ON9 EAE hd EC 24 14

GND

GP1014]
[GP1012]

[HSCLK ]

[HMISO]
GP1013}-{ RXD2 }-{HMOSI|
GP1015}~ TXD2 }-{ HCs |
(GP103 | RXDO |
(GPI01 J{ TXDO |

GND

The special feature of this control board
Taking pin D8 as an example, pin D8 is GPIO15,

We need the GPIO pin numbers on the data sheet to define the pins when
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IV. Do it yourself — Set up the NodeMCU

The first task in this chapter is very simple — we will use the NodeMCU control board to control the
LED onit. Due to the complexity of the setup of the control board, students should pay attention to
the details. First we need to download a driver that lets the computer connect to the control board
and install the ESP8266 module library in the Arduino IDE.

1.  Since the Wi-Fi module used here is a special one, we need to download a driver that lets the
computer connect to the control board and communicate with it. We can download the CP210
driver via the hyperlink: https://www.silabs.com/products/development-tools/software/usb-to-
uart-bridge-vcp-drivers. **Note: Some variations of NodeMCU may need other drivers, such
as CH340 or CH341. Pay attention to the instructions at the back of the control board or the
user quide, and download the corresponding drivers from the hyperlink:
https://github.com/himalayanelixir/Arduino_USB_Drivers.

2. Connect the NodeMCU control board to the power supply.

3. Open Arduino IDE. Press Arduino and open the Preferences dialogue box.

@ Arduino 2% EE BB TA M
u About Arduino NodeMCU_LED_Blink | Arduino 1.8.5

Preferences.. 3,
[~ |

Services >

Hide Arduino #H
T TP code here, to run once:

Show All

Quit Arduino ®Q

4. In the Preferences dialogue box, enter the information: http://arduino.esp8266.com/stable/
package_esp8266com_index.json next to Additional Boards Manager URLSs and press OK.

° BFRE
WA (IR
R
WWEBEE - RiGmaR & (WE@ARE Arduino)
WERFTAN: 16
N EMERE BE % (MEHEMHE Arduino)
RN L i
RRBES = B
LB -
BB TR B IhEE
LSEMERn
R/ aRsRERE
BRERNEREOEO
BMETREHREN
FEENEERROBRE (pde -> .ino)
VR AL SR ]
BRI RER AL =]

Additional Boards Manager URLs
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5. Next we need to download the library to the Arduino IDE. Under Sketch, select Include

Library, and then press Manage Libraries.

MR &= SEE IR R

Arduino

e R

IS S EEE ...
EHER|EMOTEMR T8S DIA.ZIPREE. ..

‘ FRRERBERRR 8K

IANEXE >
IIAKER...

Bridge
Esplora
Ethernet

Include Library

Manage Libraries

6. Download the library — esp8266 by ESP8266 Community 2.3.0.

Type All

Arduino AVR Boards by Arduino version 1.6.20 INSTALLED
Boards included in this package:

v lesp

Arduino L do Ethernet, Arduino/! Micro, Arduino Esplora, Arduino Mini, Arduino Ethernet, Arduino Fio, Arduino BT, Arduino LilyPadusSB,
Arduino Lilypad, Arduino Pro, Arduino ATMegaNG, Arduino Robot Control, Arduino Robot Motor, Arduino Gemma, Adafruit Circuit Playground, Arduino
YGn Mini, Arduino Industrial 101, Linino One.

Online help

More info

Arduino Yin, Arduino/Genuino Uno, Arduino Uno WIFi, Arduino Diecimila, Arduino Nano, Arduino/Genuino Mega, Arduino MegaADK, Arduino Leonardo,

esp8266 by ESP8266 Community version 2.3.0 INSTALLED

Boards included in this package:

Generic ESP8266 Module, Olimex MOD-WIFI-ESP8266(-DEV), NodeMCU 0.9 (ESP-12 Module), NodeMCU 1.0 (ESP-12E Module), Adafruit HUZZAH
ESP8266 (ESP-12), ESPresso Lite 1.0, ESPresso Lite 2.0, Phoenix 1.0, Phoenix 2.0, SparkFun Thing, SweetPea ESP-210, WeMos D1, WeMos D1 mini,
ESPino (ESP-12 Module), ESPino (WROOM-02 Module), WifInfo, ESPDuino, 4D Systems gend IoD Range, DigiStump Oak.

Online help

More info
Select version

v | Install Remove

Update

~

7. In the Tools menu, look for the Board options.
Module).

Tools ORL  prdinoEspiora
Board: “NodeMCU 1.0 (ESP-12E Module)” [
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8. In the Tools menu, look for Port and select /dev/cu.SLAB_USBtoUART to download the
channel for the program.

SEILr 38 link | Arduino 1.8.5

Tools 51| 2 BE 42 4R B (38

0 are Update run once:

FSER ode 0 P odule

);
O Qo Q0
D ® @

Port: “/dev/cu.SLAB_USBtoUART” ; O

9.  When students complete the above settings, it is basically ready to program with the NodeMCU
control board. First we need to test whether the control board is working properly. The first
program is the LED blink in the fourth chapter of the Basic Unit 1. In the blink program, we
need to define the position of the LED in setup() and define the current strength in loop(). The
following shows the blink program. When the input is complete, press Verify and upload it to
the control board.

lavoid setup() {

2 pinMode(LED_BUILTIN, OUTPUT);
3

4}

5

bevoid loop() {

7 digitalWrite(LED_BUILTIN, HIGH);
8 delay(1000);

9  digitalWrite(LED_BUILTIN, LOW);
10 delay(100@);

1 }

10. If the program is uploaded successfully, you will see the following changes happening on the
NodeMCU control board.

After 1 second

After 1 second
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V. Do it yourself — Control the on and off of the LED on the
control board through IP address connection

The second task of this chapter is relatively
difficult. In this section, we are also
controlling the on and off of the LED on the
NodeMCU control board. However, this time,
we need to register a Wi-Fi client for the
NodeMCU control board, and also set up a Wi-
Fi server with a specific IP address so that we
can put the Wi-Fi client content on the link. By
inputting a specific URL to send a signal, the

NodeMCU control board will execute the
command after receiving the signal via Wi-Fi.
Therefore, when we complete the hardware
connection and programming, we will control
the NodeMCU board by entering different URLs
in the browser. The following is the entire
program. We will analyse and explain the
program in detail step-by-step.
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The complete prog ontrolling the LED through IP address connection.
_url_control_led.

#include <ESP8266W1F1.h>

const char* wifi_name = ""; Include the library
const char* wifi_password = ""; and define the

variable
WiFiServer server(8@);
vold setup() §
pinMode(LED_BUILTIN, OUTPUT);

1
2
3
4
5
6

11  Serial.begin(115268@);

12 Serial.print("Connecting to ");

13 Serial.println{wifi_name);

14 WiFi.begin{wifi_name, wifi_password);

15

16 Serial.print("Loading™);

17 while (WiFi.status() 1= WL_CONNECTED) { Open the serial
18 delay(500); communication
19 Serial.print("."); channel and

20 1

21 Serial.println(); co_nn_ect to the
22 Serial.println("WiF1 connected”); Wi-Fi

23

24 server.begin();

25 Serial.println("Server started");

26 String local_ip = WiFi.localIP{).to5tring();

27 Serial.println("You can turn on builtin led by wvisiting” + local_ip + "/gpio/@");

28 Serial.println("You can turn off builtin led by wvisiting” + lecal_ip + “"/gpic/1");

29 Serial.println();

30}

37— ———————— R R R R R R R R
32 void loop() {

33 WiFiClient client = server.availoble();

¥ ifCiclient) { Register a Wi-Fi

35 return; .

31 client for the

37 Serial.println{"new client™); NodeMCU control
38 while(lclient.available()) [ board and check if
32 . delay(1); it is connected

o

41

42 5tring req = client.readStringUntil("e');

43 client.flush();

]
45 1int val;

46 5tring html;

47 if(req.index0f("/gpic/@™) 1= -1) {

48 val = @;

43 html = "<html=<body=<hl=Built-in LED is ONl</hl=</body=</html=";
50 Serial.println("NodeMCU received an "On' Signal™);

51 Serial.println();

52 1} else if(req.index0f("/gpio/1") I= -1) {

53 val = 1;

54 html = "<html=<body=<hl=Built-in LED 1s OFFl</hls</body=</html=";
53 Serial.println("NodeMCU received an "Off' 51ignal”);

56 Serial.printlnQ; Set the series of
57 1else{ actions when an
58 Serial.println("Waiting for New Requestin"); URL is entered
59 client.stop();

60 return;

61 3

62

63 digitalWrite(LED_BUILTIN, wal);
64 client.flush();

65

66 client.printChtml);

67 delay(l);

68 }
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Program content explanation

1.

Include the library and define the variables
#include <ESP8266WiFi.h>

L g

const char® wifi_name = "";
4 const chor* wifi_password = "";

6 WiFiServer server(8@);

In the first part, we include the ESP8266
library and define the Wi-Fi name and
password. We can find the Wi-Fi name
and password from the Wi-Fi settings of a
communication device such as a
smartphone, and then put them down in the
double quotes of the variables wifi_name

and wifi_password, respectively.  Note
that in the above program, the data type we
use to define the Wi-Fi name and password
is ‘const char*'.  When this data type is
used, it means that we are defining a
variable whose content cannot be
changed. That is, although we cannot do
anything to change the Wi-Fi name and
password in the program, we can use the
variables to execute the program, such as
connecting to the Wi-Fi. The last line
aims to turn on the Wi-Fi server and add the
port 80.

Open the serial communication channel and connect to the Wi-Fi

3 wold setup() {
9 pinMode(LED_BUILTIN, OUTPUT);

11 Serial.begin{115204);

12 Serial.print{"Connecting to ");

13 Serial.println{wifi_name};

14 WiFi.begin{wifi_naome, wifi_password);

16 Serial.print("Loading”);

17 while (WiFi.status() != WL_CONNECTED) {
13 delay(508);

19 Serial.print(".");

28}
21 Serial.println();

22 Serial.println("WiFi connected");

24 server.begin(};
25 Serial.println{"Server started");

26 5tring local_ip = WiFi.localIP().to5tring();
27 Serial.println{"You can turn on builtin led by wisiting” + local_ip + "/gpioc/0");
g2 Serial.println("You can turn off builtin led by visiting” + local_ip + "/gpic/1");

Serial.println(};

In the second part, we define the tools we
need in setup(), such as opening the serial
communication channel and connecting to
the Wi-Fi. The baud rate of the serial
communication channel is set as 115200,
which means that the NodeMCU control
board can transmit 115,200 bits of data per
second. Since we need to connect to the
Wi-Fi and receive data from the IP address
this time, we define a serial communication
channel with a higher baud rate to increase
the update rate. In the beginning, we
define the LED pin on the control board.
We open the serial communication channel
in lines 11 to 14 and display ‘Connecting to'

Wi-Fi name there.  The function 'Wi-
Fi.begin()' is used in line 14 to connect to
the Wi-Fi. We continue to print 'Loading’
on the serial monitor window in lines 16 to
20. The while loop in the middle prints a
period every 0.5 second when Wi-Fi is
being connected. Finally, in lines 24 to 32,
we start the Wi-Fi server and type the word
"WiFi.locallP()'. Since IP address
connection is used to control the on and off
of the LED in this task, we use the Wi-Fi
library to extract the IP address and print it
to the serial communication channel (serial
monitor), so that we can acquire the link
conveniently.
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3. Register a Wi-Fi client for the NodeMCU control board, and check if it is connected and updated

4.

32 void loop() £

33 WiFiClient client = server.avoilable();
34 ifllclient) {

35 return;

i 1
7 Serial.println{"new client");
38 while{!client.available()) {
39 delay(1);

4 1

2 String req = client.readStringUntil("re');
43 client.flush();

In the third part, we assume that the Wi-Fi
server has started. Next, we need to
register a Wi-Fi client for the NodeMCU
control board. If the registration is
successful, 'new client’ will be printed to
the serial communication channel. The
meaning of the while loop is that if the

client fails to register successfully, wait for
0.5 second. When we register the Wi-Fi
client, we will get a string from the server,
whose contents include the IP address, you
are using HTTP, etc. We will get the last
sentence of this string for use in
programming later.

Set the series of actions when a specific URL is entered and change the content of the URL

45| int val;

46| String html;

47 if(req.index0f("/gpio/@") 1= -1) {
48 val = @;

49 html = "<html=<body><hl=Built-in LED is ONl</hl=</body=</html=";

5 Serial.println("NodeMCU received an "On" Signal™);
51 Serial.println(};

52 1} else 1f(req.index0f("/gplo/1™) 1= -1) {

53 val = 1;

54 html = "<html=<body=<h1=Built-1n LED 1s OFFl</hl></body=</html=";
55 Serial.println("NodeMCU received an "Off' Signal™);
56 Serial.println();

57 %} else {

58 Serial.println{"Waiting for New Requestn");

59 client.stop();

60 return;

61 1

63 digitolWrite(LED_BUILTIN, wval);
64 client.flush(};

b client.printChtml);
67| delay(l);

In the last part, we use the resulting string
obtained from the third part to determine the
URL. Then we use the specific URL to
assign the appropriate content: control the
LED and the HTML content of the link, and
finally print the above series of actions to
the serial communication channel. First,
we define the variables val and html.
Since HTTPClient uses the IP address of the
computer to open a separate page to control

the NodeMCU, the first half of the URL is
the IP address. The second half of the
URL defines the part of the NodeMCU that
we will use. As we need to set one of the
GPIOs as high, the URL is 'IP
address/gpio/0’.  The IP address is a
number tag showing that the device is using
the network. We can find our own IP
address by going to
www.howtofindmyipaddress.com.
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@ ® Y HowToFind My IP Address

< C' 1t @ www.howtofindmyipaddress.com

Your IP Address Is:

How To Find My IP Address

A web site that telfs you how fo find your IP address, on a Mac, PC, or Linux. In the past, when you would be on the phone with customer
support and they needed to know your IP address to fix a problem, the first words out of your mouth were probably: How do | find my IP
address? The aim of our site is to make it so you no longer find yourself asking "how to find my IP address?,” and instead have you say "I
can find my IP address!"

42.98.208.131

Your web browser announces your IP address to any web site, so our website can find your IP
address simply by listening for this announcement... So one very quick way how to find your
IP address is to paint your browser to howtofindmyipaddress.com.

When the IP address is found, we can input
the URL in the browser to perform the
checking and operation. If the URL
entered is 'IP address/gpio/0’, set val to O
and html to 'Built-in LED is ON!'. The
LED of the NodeMCU control board will
light up and the webpage will show the

corresponding html content. If the URL
entered is 'IP address/gpio/1’, set val to 1
and html to 'Built-in LED is OFF!". The
LED of the NodeMCU control board will
not light up and the webpage will show the
corresponding html content. Finally,
update the client link constantly.

A x \Q
¢ C O [ 4298.208131/gpio/0

Built-in LED is 'ON'!

® 0 /[ xas

< C ¢ [ 42.98.208.131/gpio/1

Built-in LED is 'OFF'!
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5. Upload the program to the NodeMCU control board and test the content when the programming
part is completed. If the test is successful, you will get the following results.

When 'IP address/gpio/1' O — S48 useioun
iS Input SConnecting to Wi-Fi name

Loading. .

Wi-Fi Connected

Server started

You can turn on builtin led by visiting IP address/gpio/@
You can turn off builtin led by visiting IP address/gpio/1

new client
NodeMCU receive 'Off' Signal

new client
Waiting For New Request

When 'IP address/gpio/0' —
is input =

“Connecting to Wi-Fi name

Loading. .

Wi-Fi Connected

Server started

You can turn on builtin led by visiting IP address /gpio/@
You can turn off builtin led by visiting IP address/gpio/1

new client
NodeMCU receive 'On' Signal

|new client
|Wwaiting For New Request
|

V1. Review questions

Can you answer the following questions after completing this chapter?

What is Wi-Fi?

What standards has Wi-Fi used?

What do the Wi-Fi standards include?

Can you differentiate between a wireless access point (AP) and a wireless station (STA)?
Can you point out the differences between Wi-Fi and Bluetooth?

If we want the Arduino to use Wi-Fi, what module can we use?

What is the difference between the ESP8266 module and the NodeMCU module?

How can you set up the ESP8266 and the NodeMCU by yourself?

How can you turn on and off the LED of the control board through IP address connection?

© 00N U RE
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Chapter 2: IFTTT Integrated Network Services Platform

With the practice in Chapter 1, we have officially entered the area to explore the Internet and use
hyperlinks to control the modules. In this chapter, we will introduce a powerful network platform,
IFTTT, which allows us to use different software to develop robots with even more functions. For
instance, your robot can remind you to bring an umbrella when leaving home tomorrow because it
knows that it is going to rain.

I. Whatis IFTTT?

IFTTT is the abbreviation of 'IF This Then That'. It provides a service for developing a condition of
a task, i.e. if XXX performs the YYY behaviour, execute ZZZ. This is an integrated platform of
network services that determines whether to execute the preset commands by going through the
conditions of different platforms. The following figure shows the entire setup process. The user
needs to create an 'Applet’, and define the Trigger and the Action.

o o
'
iIf this then that

The following are some automation applications of IFTTT in daily life.

If you have a new picture, then send
the new picture to the mailbox via
email

if 3then [

If you are about to arrive at the
destination, then post a twitter
message to notify the others
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Il. HTTP request methods and status codes

When using Wi-Fi, we often use HTTP requests.
In programming, these request methods and the
codes of the status at the time when the requests
are received are very important.  Through some
request method and status code examples as a
brief introduction in this section, we hope
students can use this knowledge when writing
programs for robots in the future.

Let's begin with the request methods. When
making an HTTP request, it is equivalent to
visiting a hyperlink. In this section, we will
introduce the GET method and the POST
method. Both the GET method and the POST
method can visit a hyperlink and transfer data.
The GET method is like sending a postcard.
Anyone who sees the postcard on the way it is

GET

/7~

Data

A
POST @

being sent can know its specific content. The
POST method can also be used to transfer data,
but it is transferred in the form of a letter.
People can only see the envelope and the actual
content can be obtained only when the hyperlink
request is completed. To further explain, the
GET method is to input an URL to make the
HTTP request. When using this method to
transfer data, we must include the name and
value of the information in the URL. When we
use the POST method, we can define an HTTP
header that includes the name and value of the
information, and make the HTTP request with
both the header and the URL. When using
IFTTT, since the IFTTT platform will look for
information in the HTTP header, we need to use
the POST method to transfer data.

HTTP hyperlink

HTTP response status codes indicate whether a specific HTTP request has been successfully

completed.
redirects, client errors and server errors.
fully listed here.

Responses are grouped into five classes: informational responses, successful responses,
Due to the large number of status codes, they cannot be
When necessary, students can visit https://developer.mozilla.org/en-US/docs/

Web/HTTP/Status to get the complete list of status codes.

Information 100: This interim response indicates that everything so far is OK and that the
responses client should continue with the request or ignore it if it is already finished.
Successful 200: The request has succeeded. The meaning of a success varies depending
responses on the HTTP method:
GET: The resource has been fetched and is transmitted in the message body.
POST: The resource describing the result of the action is transmitted.
Redirects 301: This response code means that the URL of the requested resource has
been changed. Probably, the new URL would be given in the response.
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Client errors 400: This response means that server could not understand the request due
to invalid syntax.

Server errors 500: The server has encountered a situation it does not know how to handle.

I11.Do it yourself — Set up IFTTT

The first task of this chapter is to do some set-up at ifttt.com so as to use the service WebHooks to
send yourself an email when an HTTP request is received. In this example, a Google account will
be used to do the setting.

1. Go to www.ifttt.com to do the setting. Press Continue with Google.

IFTTT Signin m

A world that v

works for you w g
g =
riind
IFTTT is the free way to get all your apps and devices talking to each hidl i
other. Not everything on the internet plays nice, so we're on a mission to
build a more connected world.
pizza party o0

Enter your email Get started
R

2. Choose Use another account.  Enter the email and press Next, and enter the password and press
Next again.
::usreanaccounl o gle o g‘e
“““““““ Signin Hi E:;E ,
1o continue to IFTTT . igmail.com
To continue, first verify it's you
- . |

3. Now we have logged in IFTTT. Press My Applets to do the setting.

IFTTT © Discover Q Search [ MyApplets = Activity

18 Applets for Android

m

4. Press New Applet.

IFTTT © Discover Q Search = MyApplets = Activity ERE v
Applets Services

AT

New Applet )

N —
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5. Now we have created a new Applet. Press the word circled with the red box ('this’).

IFTTT © Discover Q Search [ MyApplets = Activity

New Applet

if Ethis'then that

6. Firstselect the service. Enter 'WebHooks' in the input box and select the following WebHooks

icon.

IFTTT © Discover Q Search [ MyApplets = Activity

< Back

Choose a service

Step 1of 6

(G )

&S

Webhooks

7. Press Connect.

IFTTT © Discover Q Search [ MyApplets = Activity

< Back

P Connect Webhooks

8. Press Receive a web request.

IFTTT © Discover Q Search [ MyApplets

< Back

Receive a web request

you
and then th:
(web) or tap yo!
(mobile)
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9. Then we can set the trigger. First enter the event name (NodeMCU_Button).
cannot add a space to the name because the same name will be used in the hyperlink later and a
space will cause the hyperlink to fail to work. Press the button circled with the red box in step

2 when finish inputting.

IFTTT © Discover Q Search [ MyApplets

Note that we

< Back

& Complete trigger fields

Step 2 of 6

Receive a web request

This trigger fires every time the Maker service
receives a web request to notify it of an event.
For information on triggering events, go to
your Maker service settings and then the
listed URL (web) or tap your username
(mobile)

Event Name
NodeMCU_Button

The name of the event, like "button_pressed” or
*front_door_opened"

10. In this way, we have completed the THIS part. Then we will set the THAT part. Press the

word circled with the red box (‘that').

IFTTT © Discover Q Search [ MyApplets

< Back

if I then|Ethat|

11. Choose the action service. Enter 'Gmail' in the input box and select the following Gmail icon.

IFTTT © Discover Q Search [E MyApplets = Activity

< Back

Choose action service

(GG )

12. Press Connect.
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IFTTT © Discover Q Search [ MyApplets = Activity

< Back

13. Choose Use another account.  Enter the email and press Next, and enter the password and press
Next again. Finally press Allow.

Google Google
Choose an account . .
o continve 0 IFTTT Signin

to continue to IFTTT

» [ Email or phone ]

Forgot email?

Hemep

Google

Hi A& :, SEEH
@ fEME@gmail.com omeloom

Google

IFTTT wants to

M Read, send,deete,and manageyour amad
To continue, first verify it's you Bl Vi aliaatages i cekiigs o
Enter your password M View snd modity but ot deeteyour emad ()
) e O
@ insert mailinto your maibox (6]
©  Manage mailbox labeis (6]
Forgot password?
Allow IFTTT to do this?
i

14. Press Send yourself an email.

IFTTT © Discover Q Search [ MyApplets = Activity

< Back

Send an email

15. The following shows the settings of the subject and body of the email. The items highlighted
in white are variables, including the event name, sending time, and values 1, 2, and 3, which have
been defined previously. We just need to make some simple settings now and then we can press
Create action without making any changes.
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IFTTT @ Discover Q Search [ MyApplets = Activity

< Back

= Complete action fields

Send yourself an email

Subject

The event named "(EYITTTTS

“ occurred on the Maker

Webhooks service
Add ingredient

Body

i EventName (CTeg
LWLTUH OccurredAt HTEd
SUCIT Valuel ¥ Value2

[ Value3 }

Attachment URL

—Md ingredient

16. Press Finish.

IFTTT © Discover Q Search [ MyApplets = Activity

< Back

Review and finish

Step 6of &

&S

If maker Event
"NodeMCU_Button", then
send yourself an email from
{EAE@gmail.com
84/140
by #mE

works with

Receive notifications N
when this Applet runs (J
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17. The set-up is done. Press Search.

My Applets > Webhooks

IFTTT (o] Discovu@ My Applets = Activity

&S

£

If maker Event
"NodeMCU_B

utton", then

send yourself
an email from

{EAE@gmail

.com

by @ ERE

fERE v

18. When programming, we need to find the codes that belong to our own account.
"WebHooks' in the input box and select the WebHooks icon.

IFTTT © Discover O Search [ MyApplets = Activity

| Q (Webhooks )

Services

&S

Webhooks

Applets

fERE v

19. Press Documentation.

IFTTT © Discover Q Search [ MyApplets
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20. Webhooks will generate a unique key. Everyone has a different key. In the following
program codes, you need to enter your unique key inwh_key. Now copy the URL in the second
red circle to make an HTTP request.

Your key is(d4pjpv76wSZaUsS5871PZQ6 ) Wh_key

Back to service

To trigger an Event

Make a POST or GET web request to:

[https://maker.ifttt.com/trigger/ {event} /with/key/d4pjpv76wSZalUS5871PZ06 ]

With an optional JSON body of:
{ "valuel : w, wyalue2t : v ", yaluest : v Iy

The data is completely optional, and you can also pass valuel, value?, and value3 as query parameters or form variables. This content will be
passed on to the Action in your Recipe.

You can also try it with curl from a command line.

curl -X POST https://maker.ifttt.com/trigger/{event}/with/key/d4pipv76wSZalUS5871PZQ6

21. With the completion of the above 20 steps, you have basically set up the IFTTT. In fact, there
are a lot more different platforms, such as Google Drive, Evernote and Skype. Students can
explore and create new Applets on their own.
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IV.Execute the IFTTT function with a GET request

The third task of this chapter is relatively difficult.

Although we are only using the IFTTT function

to trigger an action with a GET request, we need to process the HTTP status code for the GET request.
The following is the entire program. We will analyse and explain it in detail step-by-step in the

following.

The complete program codes of the IFTTT GET request. Referto file4 2 1 ifttt get req,

1 #include <ESP8266W1F1.h-

2 #include <ESPEZ2BEHTTPClient.h= Include the library
3 .

4 const char* wif name = ""; anc! define the

5 const char* wifi_password = ""; variables

7 HTTPClient http_client;
) -
9 veid IFTTTO £

18 http_client.begin("maker.ifttt.com/trigger/NodeMCU_Button/with/key wh_key");

11 int http_code = http_client.GET();
12 1f (http_code = @) {

13 Serial.printlnChttp_code); Send a GET

14 if (http_code == 200) { request with a
15 String recelved_request_message = http_client.getString(); hyperlink and
16 Serial.println{received_request_message); extract the

17 1 received request
18| 1 else { message

19 Serial.println{"HTTP connection ERROR!I™D;

20 1

211

27 -
23 wvoid setup() {

24 Serial.begin(115208);

25 WiFi.begin{wifi_nome, wifi_password);

260 Serial.println(”"); .
27 Serial.print("Loading™); Open the serial
28 while (WiFi.status() != WL_CONNECTED) { communication
g delay(500); channel, connect
30 Serial.print("."); to the Wi-Fi and
31 % execute the IFTTT
32| Serial.println(); function

33 Serial.println("WiFi is ready...");

34 IFTTTC;

331

30— ——— - - -

37 wvoid loop() 3
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Program content explanation

1.

Include the library and define the variables

#include <ESP8266WiF1.h>
#include <ESPB2GOHTTPClient.h=

R S R

const char® wifi_name = "";
5 const chor* wifi_password = "";

7 HTTPClient http_client;

In the first part, we include the
ESP8266WiFi library and the
ESP8266HTTPClient library, and define
the Wi-Fi name and password. The data
type used to define the Wi-Fi name and
password is ‘const char*', meaning that we
are defining a variable whose content

cannot be changed. That is, although we
cannot do anything to change the Wi-Fi
name and password in the program, we can
use the variables to execute the program,
such as connecting to the Wi-Fi. The last
line defines the HTTPClient so that we can
make the HTTP request in the Arduino IDE.

Send a GET request with a hyperlink and extract the received request message

9 woid IFTTTO

18 http_client.begin("maker.ifttt.com/trigger/NodeMCU_Button/with/key/ wh_key");

11 1int http_code = http_client.GET();
12 1f (http_code = @) {

13 Serial.println(http_code);
14 if Chttp_code == 200) {

17 1

18 ¥ else {

}

M Pl =

11

In the second part, we send a GET request
in IFTTT() and extract the received request
message. In the beginning, we use the
function 'http_client.begin()' to connect to
the hyperlink.  You need to find your own
Webhooks key and change the wh_key in
the URL of the function 'http_client.begin()'
to your Webhooks key. In line 11, we use

Serial.println{"HTTP connection ERROR!");

1: String received_request_messoge = http_client.getString();
16 Serial.println{received_request_message);

the function 'http_client. GET()' to send the
GET request. In lines 12 to 18, the first If
loop checks whether an HTTP status code
is returned, and the second If loop checks
whether the HTTP status code 200 is
returned. When the request is successful,
extract the received request message and
show it to us.
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3. Open the serial communication channel, connect to the Wi-Fi and execute the IFTTT function

23 wold setup() {

24 Serial.begin(115208);

25  WiFi.begin(wifi_name, wifi_password);

26 Serial.println("");

27 Serial.print("Loading”);

while (WiFi.stotus() = WL_CONNECTED) {
delay (5087 ;
Serial.print(”.");

(A=)

g pd Pd

311

32 Serial.println();

E Serial.println{"WiFi is ready...");
34 IFTTTOn:

353

In the third part, we define the required tools
in setup(), for example, opening the serial
communication channel and connecting to
the Wi-Fi. In the beginning we define the
pin for the LED of the control board. In
line 27, we open the serial communication
channel and display 'Loading' there. In
line 25, we use the function 'WiFi.begin()' to

connect to the Wi-Fi. The While loop in
lines 28 to 31 prints a period every 0.5
second when Wi-Fi is being connected.
Then in line 33, we open the serial
communication channel and print 'Wi-Fi
ready...". Finally, execute the IFTTT
function.

4. When the programming part is completed, we can upload the program to the NodeMCU control
board and test the content.  The following figure shows the result of a successful test. We will
receive an email reminder on the mobile device, with the word 'NodeMCU_Button' included in
the email. 'Congratulations! You’ve fired the NodeMCU _ Button' will be shown on the serial
communication channel. If the test is successful, you will see the following result on the serial

communication channel and receive an email.

o0 e Jdev/cu.SLAB_USBtoUART
Wiz
¥
Loading. ..
WiFi ready...
200
Congratulations! You've fired the NodeMCU_Button event
& B
10:21 (16 i) ] [l
:Jh'r‘:lt MNodeMCLU_Bution
Evn ...
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If there is a problem connecting to the Wi-Fi, the following result will be shown on the serial

communication channel.

/dev/cu.usbmodem1421 (Arduino/Genuino Uno)

500
HTTP connection ERROR!

Loading..........ccveeeeea....

V. Execute the IFTTT function with a POST request

The fourth task of this chapter is also relatively
difficult.  Although we are only using the
IFTTT function to trigger an action with a POST
request, we need to process the JSON push for
the POST request. In this task, we are going to
push the data we define in the Arduino IDE with
a JSON object. JSON is a file format used to
store data that is widely used for network

communication. In the program codes of this
chapter, we need to transfer two pieces of data:
the variable 'valuel' that stores the value 22 and
the variable 'value2' that stores the value 56.
By defining the header as JSON format in the
program, the browser will be able to identify the
data. The following shows the result of putting
the JSON formatted object in a browser.

{
'valuel': 22;
'value2': 56;

}

&« C { Q data.json
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The following is the entire program. We will analyse and explain it in detail step-by-step in the
following.

The complete program codes of the IFTTT POST request. Refertofile4 2 2 ifttt_post req.

1 #include <ESPE2EEWiF1.he-

2 #include <ESPB26EHTTPClient. e

2

4 const char® wifi_name = ™7;

5 const chor* wifi_password = ™"; Include the library and define
& the variables

const byte button_pin = 8;

const byte led_pin = 2;

9 unsigned long previcus_millis = @;

12 const long pressed_period = 68088,

11

12 HTTPClient http_client;

e e e b
14 woid IFTTITO) {

15 http_client.beging "maker.ifttt. contrigger/NodeMCU_Button/with/key wh_key™);
16 http_client.addHeader{"Content-Type™, "applicationsjson™);

17 int http_code = hitp_client.POSTC" Dwaluels™:22, “wvalue2n™:56177);

18 if (http_code = @) {

[==]

19 Serial.println{http_code); .

8 if (http_code — 208) { Send a. POST request with a .

21 Etrlrg puy]_Dud = http_c]_]_en—t_getgtrlrg(); hyper|lnk and extract the I’ECEIVEd
22 Serial.println{payload); request message

23 1

24| I} else {

25 Serial.println{"HTTP connecticn ERRORI™);

e 1

27 |}

75 s o o o e e

29 wvoid setup() {

38| Serial.begin{l152887;

31 WiFi.begin{wifi_name, wifi_password);

32| Serial.print("Loading™); Open the serial communication
33 Serial.printlng™™); channel and connect to the Wi-Fi
34 while (WiFi.status() != WL_CONNECTED) I

35 delay(588);

36 Serial.print{™.");

71

38 Serial.println{"WiFi ready...™];

39}

A S S
41 |void loop() {

42 unsigned long current_millis = millis();

43 boolean button_state = digitalRead(button_pin);

A4

if (button_state — LOW) {

45 digital®rite(led_pin, LOW);

46 if ((previcus_millis = @) {ourrent_millis - previocus_millis) == pressed_pericd) [
47 previcus_millis = current_millis;

fE IFTTTCD; Detect the potential change of
- ¥ the button and determine

52 1 oelse [

51 digitalWrite(led_pin, HKIGH); whether or not to execute the
520 1 IFTTT function

3

¥
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Program content explanation

1.

Include the library and define the variables

1 #include <ESPB26EWiFi. e
2 | #include <ESPB2eEHTTPClient. e

const char® wifi_name = ™";
const char® wifi_password = ™7

o] o L e L

const byte button_pin = @;
8 const byte led_pin = 2;
9 lunsigned long previcus_millis = @;

18 const long pressed_period = CO208,;

12 HTTPClient http_client;

In the first part, we include the ESP8266WiFi
library and the ESP8266HTTPClient library,
and define the Wi-Fi name and password.
The data type used to define the Wi-Fi name
and password is ‘const char*', meaning that
we are defining a variable whose content
cannot be changed. That is, although we
cannot do anything to change the Wi-Fi name
and password in the program, we can use the
variables to execute the program, such as
connecting to the Wi-Fi. In addition, we

also define the pins for the button and the
LED. We define the pin for the button as 0,
which means that we are controlling the
FLASH button on the NodeMCU control
board. ‘pressed_period' is a time value, and
'previous_millis' is zero, representing the
status when the button is not pressed. The
last line defines the HTTPClient so that we
can make the HTTP request in the Arduino
IDE.

Send a POST request with a hyperlink and extract the received request message

void IFTTTEY {

18 if Chttp_code = 8) I

15 Serial.println{http_code);

28 if (http_code == 2887 {

21 5tring payload = hittp_client.getString();
22 Serial.println{payload);

23 t

24| } else {

25 Serial.println{"HTTP connecticn ERRORI™);
26| 1}

27 |}

In the second part, we send a POST request
in IFTTT() and extract the received request
message. In the beginning, we use the
function 'http_client.begin()' to connect to the
hyperlink. In line 16, we add a header in
JSON format for the Wi-Fi client request.
In line 17, we use the function

5 http_client.begin{"maker.ifttt. com trigger/NodeMCU_Button/with/key wh_key™);
16 http_client.addHeader"Content-Type™, "applicaticn/json™);

imt http_code = Wttp_client. POSTC" DVvaluelh": 22, Wvalue2v":56177);

‘http_client.POST()' to send the POST
request. In lines 18 to 25, the first If loop
checks whether an HTTP status code is
returned, and the second If loop checks
whether the HTTP status code 200 is returned.
When the request is successful, extract the
received request message and show it to us.
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3. Open the serial communication channel and connect to the Wi-Fi

29 void setup() {
38 Serial.begin{ll52e8];
31 WiFi.begin{wifi_name, wifi_password);

32| Serial.print{”Looding™);

3 Serial.println{™"]);

4 while (WiFi.status{) != WL_CONNECTED) {
35 delay (5880 ;

36 Serial.print{™.");

37|

Seriagl.println{"WiFi ready...™);

In the third part, we define the required tools
in setup(), for example, opening the serial
communication channel and connecting to
the Wi-Fi. In line 32, we open the serial
communication channel and display
'‘Loading' there. In line 31, we use the

function "WiFi.begin()' to connect to the Wi-
Fi. The While loop in lines 34 to 37 prints
a period every 0.5 second when Wi-Fi is
being connected. Then in line 38, we open
the serial communication channel and print
'Wi-Fi ready...".

4. Detect the potential change of the button based on the time and execute the IFTTT function if it is

detected that the button is pressed

41 wvoid loop() {

42 unsigned long current_millis = millis();
43 boolean button_state = digitalRead{button_pin);
£ if (button_stote = LOW) {

45 digitalWrite{led_pin, LOW);

4k if {((previcus_millis = @)

E previcus_millis = current_millis;

48 IFTTTC);

49 1

58 } else {

51 digitalWrite(led_pin, HIGH);

52 %

53 %

In the fourth part, we define the variable
‘current_millis' and the boolean 'button_state’
to detect the potential change of the button in
the beginning. In this case, we use the timer
function of the IDE. At the beginning of the
program, the timer will start to detect the
potential change of the button.  If the button
IS not pressed, the variable ‘current_millis'

{current_millis - previcus_millis) == pressed_period) [

will always be 0; but if the button is pressed,
the variable 'previous_millis' defined in the
first part will detect a potential change in the
button and the variable ‘current_millis" will
be stored. The 'if' condition in the program
will note that there is a change in the variable
‘current_millis' and the IFTTT function will
be executed.
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5. When the programming part is completed, we can upload the program to the NodeMCU control

board and test the content.

The following figure shows the result of a successful test.

T

Loading. ..
WiFi ready...
200

‘What ModeMCLU_Bution
Wihar

Extra Dot 22, 56, ,

Congratulations! You've fired the NodeMCU_Button event

fdevfcu.SLAB_USBtoUART

Wiz

]

1020 (16 5 ) b [l

V1. Execute the IFTTT function using the DHT11 with a POST

request

The final task of this chapter is more difficult
In this task, we are also
using the IFTTT function to trigger an action
However, in this task, we

than the previous ones.

with a POST request.

need to take the readings of the temperature and
humidity sensor at the time we press the button,
and send the POST request with a JSON push.

@ &

ARRRRRRAR"®

e
<10
z1
2
Do |
e
el
1

Extension Unit 2: Cross-platform robotics and advanced robotics concepts 32



The following is the entire program. We will analyse and explain it in detail step-by-step in the
following.

codes of the IFTTT POST request with the temperature and humidity

ofile4 2 3 ifttt post dhtll value req.

#include =ESPEZEOWL1FL.h=
#include =ESPEZEEHTTPClient. h=
#include "DHT.h"

#define DHTPIN 1
#define DHTTYPE DHT11
DHT dht{DHTPIN, DHTTYPE);

ot I =T B S WY Y )

[L=Ry1

const char® wifi_name = "7; i
18 const char® wifi_password = ""; Include the library and

11 define the variables

12 const byte button_pin = @;

13 |const byte led pin = 2;

14 wnsigned long previous_millis = @;

15 const long pressed_pericd = oB0aE;

16

17 HTTPClient http_client;

15 | o o o o o o o o o
19 void setup(d f

28 Serial.begin{1152087;

21 dht.begin);

272 WiFi.begin({wifi_name, wifi_password); Open the serial

23 Serial.print{"Loading™); communication

24 while (WiFi.stotus() '= WL_CONNECTED) {

25 delay(50e); channel and connect

26 Serial.print(™."); to the Wi-Fi
273

28 Serial.println{"WiFi ready...™);

281

e """’ "“’/UrU9UU/UU"“'rTr'T’'“'T’é'"“'’é'hmh'''f'T$Tmrmrmdmbrb

31 woid loop) [

32 floot humidity = dht.readHumidity(d;

33 floot temperature = dht. readTemperature();

34 if (isnan{humidity) isnanitemperature)) { .

35 Serial.println{"Failed to read from DHT sensorl™); Take the readings Ofthe.
I return; temperature and humidity
ETI sensor

38 String str_temp = String(temperature];

39 String str_humidity = String(humidity?;

A —————————————— -
41 unsigned long current_millis = millis();

42 boolean button_stote = digitolRead({button_pind;

43 if (button_state = LOW) [

44 digitalWrite(led_pin, LOW);

45 if {{previcus_millis = &) {ourrent_millis - previcus_millis) == pressed_period) {

46 previcus_millis = current_millis;

47 hittp_client.begind"maker.ifttt. com/trigger/NodeMCU_Button/with/key/wh_key™);

48 http_client.addHeader{ "Content-Type”, "applicatiocn/json™);

49 imt http_code = http_client. POSTC" WVwaluel™™:™ + str_temp =", “value2Z":" <+ str_humidity +"}7);
58 if (http_code = @) {

5l Serial.printlnhttp_codel;

Ei Lfc("?-'tp—c“df{; zmh?__t{ g String) Detect the potential change
53 String pay = p_client.getString(); .

-~ Serial.println(payload); of the button, determine
55 1 whether or not to send the
56 1 oelse { POST request with the

57 i Jal " i [EH .

;q ) Serial.println{"HTTP connecticn ERRORI™); hyperlink and extract the
g 1 received request message
@ 3} else I

&l digitalWrite(led_pin, HIGH);

2| 1

63 1
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Program content explanation

Include the library and define the variables

1 #include <ESPEZEGEWiFL. e
2 #include <ESPB2EEHTTPClient.h=
3 |#include "DHT.h"

define DHTPIN 1

jefine
define

G DHTTYPE DHT11
DHT dht(DHTPIN, DHTTYPE);

9 const char® wifi_nome = "7,
2 const char® wifi_password = ™7;

12 const byte button_pin = @;

= ite led pin = 2;

1 i long previcus_millis = @;
5 const long pressed_period = BOBO;

HTTPClient hitp_client;

In the first part, we include the ESP8266WiFi
library and the ESP8266HTTPClient library,
and define the Wi-Fi name and password.
‘#define' is another syntax for defining
constants.  As the part that needs to be
defined this time is the string of 'DHT11, it
is more convenient and easier to understand
by using '#define'. Taking the example of
defining the 'led_pin' as pin 13, the syntax is
usually ‘'int led_pin = 13;". If '#define' is to
be used, the syntax will become ‘#define
led_pin 13. Note that when using the

‘#define' syntax, the # symbol must appear in
front of 'define’ and no semicolon should be
added. Therefore, the codes above mean
that 'DHTPIN' is defined as pin 1 and
'DHTTYPE' is defined as 'DHT11'
Moreover, we also set the pins for the button
and the LED. ‘'pressed period' is a time
value, and ‘previous_millis' is zero,
representing the status when the button is not
pressed. The last line defines the
HTTPClient so that we can make the HTTP
request in the Arduino IDE.

Open the serial communication channel, turn on the temperature and humidity sensor and connect

to the Wi-Fi

L}
(wifi_name, wifi_password);

z print{"Loading™);

24 while (WiFi.stotus() 1= WL_CONNECTED) {
25 delay (5087 ;

26 Serial.print{™.™);

a7 1

28 Serial.printlng"WiFi ready...™);

221

In the second part, we define the required
tools in setup(), for example, opening the
serial communication channel, turning on the
temperature and humidity sensor and
connecting to the Wi-Fi.  In line 21, we turn
on the temperature and humidity sensor. In
line 23, we open the serial communication

channel and display 'Loading' there. In line
22, we use the function 'WiFi.begin()' to
connect to the Wi-Fi. The While loop in
lines 24 to 27 prints a period every 0.5 second
when Wi-Fi is being connected. Then in
line 28, we open the serial communication
channel and print "Wi-Fi ready...".
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Begin the loop and take the temperature and humidity sensor readings
31 void loop() {

32 floot humidity = dht. readfumidity);

33 float temperature = dht.readTemperature();

= if {isnan{humidity) isnan{temperature)) {

35 Serial.println{"Failed toc read from DHT senscorl™);

36 return;

ErRI

38 S5tring str_temp = String(temperature);

39 String str_humidity = String(humidity);

In the third part, we take the temperature and humidity sensor readings in loop(). If the sensor
cannot get any readings, the serial communication channel will print 'Failed to read from DHT
sensor!’; if readings are obtained, the temperature and humidity readings will be converted into
strings, facilitating the data transfer in the following part of the program.

4. Detect the potential change of the button based on the time

unsigned long current_millis = millis{);
boolean button_state = digitolRead(button_pin);
if (button_state = LOW) [
digitalWrite({led_pin, LOW);
if {(previcus_millis = @) (current_millis - previocus_millis) == pressed_period) {
previous_millis = curremt_millis;

In the fourth part, we define the variable 'current_millis' and the boolean 'button_state’ to detect the
potential change of the button.

[ A A
P TR T ST Ly

5. Send a POST request with a hyperlink

47 http_client.begin"maker.ifttt. com trigger./NodeM{U_Button/with/key/ wh_key™);
43 http_client.addHeader " Content-Type™, "applicaticn/json™);
49 int http_code = hitp_client. POSTC" W valuelh™:" = str_temp =", “'valueZ\":" + str_humidity +"1™);

In the fifth part, we send a POST request in IFTTT(). In the beginning, we use the function
‘http_client.begin()' to connect to the hyperlink. In line 48, we add a header in JSON format for
the Wi-Fi client request. In line 49, we use the function 'http_client.POST()' to send the POST

request.

6. Extract the received request message

if (http_code = @) {
Serial.println{http_code);
if (http_code — 208870 {

TR ]

3 String paylead = http_client.getString();
4 Serial.printlnpayload);

5 1

B 1 else [

7 Serial.println{"HTTP connection ERROR!™);

H
H

In the sixth part, the first If loop checks whether an HTTP status code is returned, and the second
If loop checks whether the HTTP status code 200 is returned. When the request is successful,
extract the received request message and show it to us.

7. Debug

[ T R R RN RN RN RV R ]

W ooa

2 T oelse {
digitalWrite(led_pin, HIGH);

In the seventh part, we set the potential of the button as high, i.e. light up the LED when the button
is not pressed, making it easier for us to observe the result. Finally, end the loop.
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8. When the programming part is completed, we can upload the program to the NodeMCU control
board and test the content.  The following figure shows the result of a successful test.

[ JON jdevfcu.SLAB_USBtoUART
®ix
)
Loading. ..
WiFi ready...
200
Congratulations! You've fired the NodeMCU_Button event

10:21 (16 5 ) |-

What: NodeMCU_Bution
e

Extra Datai: , .,

VIl.Review questions

Can you answer the following questions after completing this chapter?

1. Whatis IFTTT?

What is an HTTP request method and what is an HTTP status code?
Can you give some examples of HTTP request methods?

Can you give some examples of HTTP status codes?

How can you set up IFTTT yourself?

How can you make a GET request with IFTTT?

How can you make a POST request with IFTTT?

How can you send sensor readings with IFTTT?

O N ks WD
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Chapter 3: Unit Project — Elderly Care Robot

As a family member, we should care about the
needs of the elderly. As we grow older, our
body immunity will weaken and the chance of
getting sick will increase. We need to always
keep an eye on the status of the elderly.
However, while adults need to go to work and
students need to go to school, it seems difficult
to always monitor the status. Therefore, we

Stage / step

ot Relevant knowledge

engineering
design

Understand the needs of the
problem elderly and take care of them
(confirm the | with love, making it possible for
requirements | them to contact us whenever

Define the

Investigation and design

would like to try to solve the problem from the
perspective of a robot.

This project is relatively difficult.  Although
we are only using ThingSpeak to make a GET
request to trigger an action, we need to process
the linkage of data for the GET request.

Applying the relevant
knowledge and investigation
results on the engineering
design

considerations

Clearly set the design
requirements and limitations

distance of various wireless
connection

- What tasks need to be
completed when caring for the
elderly

- What sensors can learn about
the situation of the
environment where the elderly
are in

- What platform

and necessary.
limitations)
Research - Performance and transmission Choose a handling method (if

conducted in class, one or
more options can be chosen,
depending on the teaching
objectives, lesson time and
material restrictions)

Design Research data show that Wi-Fi
consideration | transmission has the highest
efficiency when operating in
long distances

Test the operation of the
sensor and the robot with
simple programs first

Test the
model

Connect the NodeMCU with

to send the readings of the

How to effectively speed
ThingSpeak and add the DHT11 | up the receiving of the
needs of the elderly

sensor to the Internet according
to the environment of the user
instantly. Family members
can browse the custom
ThingSpeak channel and note

Fair test:

Find the fastest way for a
robot to access the Internet

- Independent variable:

the change of the environment .
various ways

around the elderly.
- Dependent variable:

length of time
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- Control variables:
venue, sensing
environment, voltage of
the battery, etc.

temperature and humidity
sensor, multiple different

the robot with an inertial
measurement unit (IMU)

Solve The program must allow | Take these findings as the
problems the action robot to necessary procedures of this
encountered successfully send the valid | engineering design
during the information (sensor
design / readings) to their family
production / members via email
testing
processes
Analyse and Using sensors and Based on the analysis and
evaluate test programs to allow the evaluation results, find out
results and robot to send the valid ways to improve the design
problems information (sensor
occurred readings) to their family

members via email
Improve In addition to installing a single | Improve the efficiency of | Explore together how an

elderly care robot is made
today with the current

sensors can be installed to help technology
the robots act quickly and
effectively
1 Preparing the circuit of the robot
o o
e <z g .cx
2@ 2z
z D e
o .
‘o o
in &
g DR e oz
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1. First, connect the temperature and humidity
sensor to the NodeMCU.

2. Find a suitable material for the wristband for

mounting the electronic components

2 What is ThingSpeak

ThingSpeak is a platform that can be used to set
up Internet of Things. The principle is to use
the GET method of HTTP request to add the data
name and value to the URL, and transfer the data
to the unique channel of the user. The

0-Th

NJU=2PON

ThingSpeak platform supports real-time data
updates and will generate a line graph of the data
received based on the average update time,
allowing users to draw data trends from the
graphs.

1. Open the browser and enter the URL: www.thingspeak.com.

DThingSpeak" Channels - Apps~  Community  Support »

HowtoBuy  Account ~  SignOut

Understand Your Things

The open loT platform with MATLABianalytics.

Channels

Ll Collect

Send sensor data privately to the cloud,

Analyze

Analyze and visualize your data with MATLAB.

Learn More |

" Act

Trigger a reaction.
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http://www.thingspeak.com/

2. Press Channels on the top of the webpage.

CJThingSpeak™ chonneis-  Apps=  Community  Support - HowtoBuy Account -  SignOut

My Channels Help

Collect data in 3 ThingSpeak channel from a device,
from another channel, or from the web.

Click New Channel o create 3 new ThingSpeak
channel

Click on the column headers of the table to sort by the
entries in that column

Learn to create channels, explone and transform
data.

Learn more about ThingSpeak Channets.

3. Enter the name of the graph and the measurement units of graph 1 and graph 2 in Name of graph,
Graph 1 and Graph 2, respectively. When completed, check the boxes next to Graph 1 and Graph
2.

[JThingSpeak™ channeis -  Apps~  Community  Support = HowtoBuy  Account~  SignOut

New Channel Help

N ame Of g ra p h I Name Environment Monitoring System — NodeMCU I Channels store all the data that a ThingSpeak application collects. Each channel includes
eight fields that can hold any type of data, plus three fields for location data and one for
status data, Once you collect data in a channel, you can use ThingSpeak apps to analyze and
Description visualize it,

Thannel Settings

G ra p h 1| Fear Vempature 9 = |Measure mQ\RIu,M Enter a unique name for the ThingSpeak channel

G ra p h 2| ried2 Humidity (%) un it « Description: Enter a description of the ThingSpeak channel.
* Field#: Check the box to enable the field, and enter a field name. Each ThingSpeak
Field 3 channel can have up to §felds.

4. Press APl Keys in Channels.

LJThingSpeak™ channels-  Apps~  Community  Support = MowtoBuy Account-  SignOut

Environment Monitoring System --- NodeMCU

Channel ID;
Author.
Access: Private

Private View Public View Channel Settings Sharing Data Import / Export

0 Add Visualizations 8 Dota Export

Channel Stats

Created: less than a minute ago
Updated: less than a minute ago
Entries: 0

Fleld 1 Chart [Z =T A Field 2 Chart - A ]

Environment Monitoring System === Environment Monitoring System ---
NodeMCU NodeMCU

Extension Unit 2: Cross-platform robotics and advanced robotics concepts 40



5. Copy your unique 'Write API Key' for use in the programming part.

CJThingSpeak™ chonnels - Apps~  Community

Support ~ How to Buy Account ~ Sign Out

Environment Monitoring System --- NodeMCU

Channel ID:
Author:
Access: Private

PrivateView  PublicView  ChannelSettings  Sha

aring API Keys Data Import / Export
Write API Key Help
AP keys enable you to write data to a channel or read data from a private channel. APt
keys are auto-generated when you create a new channel.
Key  QFK4YNEFRV5D4HLO

API| Keys Settings

* Write API Key: Use this key to write data to a channel. If you feel your key has
been compromised, click Generate New Write API Key.

« Read AP! Keys: Use this key to allow other people to view your private channel
feeds and charts. Click Generate New Read AP! Key to generate an additional

read key for the channel,
Read API Keys  Note: Use this field to enter information about channel read keys. For example,
add notes to keep track of users with access to your channel.
Key  2ZBY4RNW969]Y77H

AP| Requests

Update a Channel Feed
Note

GET https://api.thingspeak.com/update?api_key=0FK4YNEFRVSDAHLO

Get a Channel Feed

GET https://api.thingspeak.com/channels/442195/feeds. json2api_

We need to send an HTTP GET request to the website

api.thingspeak.com/update?api_key={Change this to\vour API Key |
&fieldl={temperature reading}&field2={humidity reading}
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3 Program content explanation

The complete program codes of the elderly care robot. Refer to file 4 3 elderly caring_robot.

1
3
4
5
&

#include <ESPBZGEWiFL. e
#include <ESPBZGEHTTPCLient. he-

#include "DHT.h" Include the library and

idefine DHTPIN 1 define the variables

. #define DHTTYPE DHT11
DHT dht(DHTPIN, DHTTYPE);

[X=0 ]

const char® wifi_name =
18 const char* wifi_password = ™";

12 HTTP{lient http_client;

13

14 \void setup() I Start the DHT11 sensor, open the
13| Serial.begin(115208); serial communication channel
16 WiFi.bpegin{wifi_name, wifi_password); h L.

17 dht.begingd; and connect to the Wi-Fi

18 Serial.println{™5erial monitor testing™);

12 while (WiFi.status() '= WL_CONNECTED) {

28 delay(5087;

21 Serial.print{™.™);

22| 3}
23 Serial.println{"WiFi ready™);
241

25 o S N S SN BN SN SN BN NN BN BN BN BN BN BN BN BN BN BN NN BN BN BN BN SN BN NN S BN BN BN B BN BN B B BN .

26 void loop() {
27 floot humidity = dht.readHumidity();
:E ﬂ:"”." tEIpEFﬂ‘FurE = dht_.r'e:ld emperature(]; Use the DHT11 sensor to
29 if (isnan{humidity?) isnan{temperature)) { .
Serial.println{“Failed to read from DHT1l senscr™); take the readings and
rEturn; convert them into strings
1
5tring strTemp = String{temperature);
5tring strhHumidity = String(humidity);
http_client.hegin("upi..thingspeuk.cm-“updute?upi._key:[l&ﬁELdl:" = strTemp + "&fieldZ=" + strHumidity);
int http_code = http_client.GET);
if (http_code = @) {
Serial.println{http_code]);
if (http_code =— 28@) { Send ThingSpeak API link
5tring paylood = http_client.getStringl;
Serial.println{payload);
1
3} else {
Serial.println{"HTTP connecticn error™);
¥
http_client.end();

delay(19808] ; Take the readings and send the link
every 10 seconds

~] £ LN e L =

fro LAl LA LA LD LA LA LU L L LA

e
LU P RO 0O

[ T
D 0 =) o Ln

[V, I

b
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Program content explanation

1. Include the library and define the variables
1 #include <ESP32GEWiFi.he-

2 #include <ESPB2GEHTTPClient.he

3 #include "DHT.h"

5 #define DHTPIN 1

& #define DHTTYPE DHT11

7 DHT dht{DHTPIN, DHTTYPE);

9 const char® wifi_name = ™7;

@ const char® wifi_password = "7;

12 HTTPClient http_client;

In the first part, we include the
ESP8266WiFi library, the
ESP8266HTTPClient library and the DHT
library, and define the Wi-Fi name and
password. The data type used to define the
Wi-Fi name and password is ‘const char*',
meaning that we are defining a variable
whose content cannot be changed. That is,
although we cannot do anything to change
the Wi-Fi name and password in the
program, we can use the variables to execute

the program, such as connecting to the Wi-
Fi. ‘#define' is another syntax for defining
constants.  As the part that needs to be
defined this time is the string of 'DHT11', it
IS more convenient and easier to understand
by using ‘#define'. Therefore, the codes
above mean that 'DHTPIN' is defined as pin
1 and 'DHTTYPE' is defined as 'DHT11".
The last line defines the HTTPClient so that
we can make the HTTP request in the
Arduino IDE.

2. Start the temperature and humidity sensor, open the serial communication channel and connect to

the Wi-Fi
vold setup() {
Serial.beginf1152887,
in{wifi_name, wifi_password);
dht. begin(J;
Serial.printlng"Serial monitor testing™);
while (WiFi.stotus() != WL_CONMECTED)
delay (5087,
Serial.print(™.™);
i
Serial.println"WiFi ready™);

In the second part, we define a serial
communication channel with a baud rate of
115200 and start the DHT11 temperature and

humidity sensor in setup(). In the
beginning, we use the  function
‘Serial.begin()’ to define the serial

communication channel. Inline 17, we use

the function 'dht.begin()’ to initiate the
DHT11 temperature and humidity sensor.
In line 15, we open the serial communication
channel and display 'Serial monitor testing'
in line 18. In line 16, we use the words
'‘WiFi.begin(wifi_name, wifi_password);" to
connect to the Wi-Fi.
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3. Begin the loop and take the readings of the temperature and humidity sensor

26 vold loop() [

27 floot humidity = dht.readbumidity();

28 floot temperature = dht.reodTemperature]);

29 if (isnan{humidity) isnan(temperature)) I

38 Serial.println{"Failed to read from DHT1l senscr™);
31 return;

32 %
33 5tring strTemp = String(temperature);
22 String striumidity = StringChumidity);

In the third part, we use the temperature and
humidity sensor to get the readings in loop().
In the If conditional statement, the function
‘isnan()" will return ‘true’ if the variable is
empty. So the whole line means that if the
temperature and humidity sensor does not

4. Transfer the data to ThingSpeak.

have a reading, print 'Failed to read from
DHT11 sensor’ on the serial communication
channel. If there is a reading, convert the
temperature and humidity readings into
strings, facilitating the data transfer in the
following part of the program.

36 http_client.:egi"('npi.trirgspsnk.cc“!bpcnts?npi_ksy%ZZ]&Fislcl:' + strTemp = "&fieldZ2=" + strHumidity);

7 int http_code = hitp_client.GET();
38 if (http_code = @)
39 S5erial.println{http_codel;
- if (http_code == 208 {
41 String paylead = http_client.getString(d);
42 Serial.println{payload];
43 1
44 1 elze [
45 Serial.println"HTTP connection error™);
LF

1
http_client.end{7;

In the fourth part, we define the HTTPClient
and send the data to a specific URL. We
use the function 'http.begin()' to send the
URL. You need to enter your APl Key in
the yellow box in the codes. As with the
previous codes for making HTTP requests,
we need to use the If conditional statement
to determine what HTTP status code should
be printed to the serial communication

5. Update the data automatically

49 delay(10088);
5@ |1

T—{ Enter your APl Key here

channel. If the HTTP status code is 200,
the serial communication channel shows the
message that the ThingSpeak request is
successful; if the HTTP status code is
anything other than 200, such as 500, print
'HTTP connection error' and the HTTP
status code to the serial communication
channel, so as to help us debug later.

In the fifth part, we use the function 'delay(10000)' for the program to update the readings of the
temperature and humidity sensor and send the URL every 10 seconds.
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6. When the programming is completed, we can upload the program to the NodeMCU and go to the
ThingSpeak website to see the results.

D ThingSpeak ™ Channels~  Apps~ Community  Support ~

HowtoBuy  Account ~ Sign Out

Access: Private

Private View Public View Channel Settings Sharing AP Keys Data Import / Export

‘ Data Export MATLAB Analysis MATLAB Visualization

Add Visualizations

Channel Stats

Created: 2maonths.age
Updated: ahout 3 bours.aga
Lastentry: about3hours.age
Entries: 470

Field 1 Chart & o s x Rl Field 2 Chart T o s =
Temperature (°C) Humidity (%)
25 65
Q 24
g Z 625
o 1
g 5
4 » T &0
K
o 12:30 12:35 12:40 12:45 12:50 R 12:30 12:35 12:40 12:45 12:50
Date Date

ThingSpeak. com ThingSpeak.com

Extension Unit 2: Cross-platform robotics and advanced robotics concepts 45



