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introduction to e implementation of

Air Quality IoT AQM (2/5)
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PART 1

*+ World air pollution issues

*» What is particulate matter and PM2.5? How do we monitor
Air pollution worldwide?

< Whatis IoT?
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World air pollution iIssues
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Risk: Low (1-3) Moderate (4-68) High {7-10) Very high (above 10)

AQI Monitor 1item

0; (ppb) O; (ppb) PMy 5 (Hg/m?) PMyg (ug/m®) CO (ppm) $0; (ppb) NO; (ppb) AQl AQil

Ciow - Chigh (av8) | Ciow - Chign (ava) | Ciow~ Chign (a¥8) | Ciow - Chign (@va) | Ciow - Chigh (avg) | Ciow - Chigh (aV8) | Ciow - Chign (3va) | liow - nign | Category

0-54 (8-hr) ] 0.0-12.0 (24-hr) | 0-54 (24-hr) 0.0-44(8hr) | 0-35 (1-hr) 0-53 (1-hr) 0-50

5570 (8-hr) ] 121354 (24-hr) | 55-154 (24-hr) | 4594 (8-hr) | 36-75 (1-hn) 54-100 (1-hr) | 51-100
71-85 (8-hr) 125-164 (1-hr) | 35.5-55.4 (24-hr) | 155-254 (24-hr) | 9.5-12.4 (8-hr) | 76-185 (1-hr) | 101-360 (1-hr) | 101-150

86-105 (8-hr) | 165-204 (1-hr) | 555.150 4 (24-hr) | 255-354 (24-hr) | 12.5-154 (8-hr) | 186-304 (1-hr) | 361-649 (1-hr) | 151200 UL

106-200 (8-hr) | 205-404 (1-hr) | 150.5-250.4 (24-hr) | 355-424 (24-hr) | 15.5-30.4 (S-hr) | 305-604 (24-hr) | 650-1249 (1-hr) | 201-300 RNANRII

] 405-504 (1-hr) | 250 5-350 4 (24-hr) | 425-504 (24-hr) | 30.5-40 4 (8-hr) | 605-804 (24-hr) | 1250-1649 (1-hr) | 301-400 _

] 505-604 (1-hr) | 350.5-500.4 (24-hr) | 505-604 (24-hr) | 40.5-50.4 (8-hr) | 805-1004 (24-hr) | 1650-2049 (1-hr) | 401-500 rlazardous
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Air pollution data worldwide

Omapbox

Population size
of the city



https://air.plumelabs.com/en/
https://air.plumelabs.com/en/
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How do we monitor air pollution worldwide?
What is I0oT?

loT = Internet of thing RFID in retail Monitor water pressure

‘1‘!‘&@'@ D%
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PART 2

»» Basic introduction to Air Quality Monitor.

STEAMUP
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¢ Introduction to AQM composite.

» 10T AQM function defined: 1. monitor PM2.5, 2. monitor
temperature 3. humidity

* Function MAP of loT AQM.
»» Basic parts introduction to loT AQM.
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152 40 ug-/m3
;:’gac H253% | '

Monitor PM2.5

Monitor Temperature & humidity

Uploaded date above to server

LCD show data

RGB LED indicator

10
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PM2.5: 25 ug-m3 '
T:25C H:E1%

RGB LED indicator

1

LCD

Arduino UNO &
Extend board

Air quality sensor

4

11



Wi-Fi module

Send data to cloud

Air quality sensor Arduino UNO & RGB LED indicator
Extend board

Sensed all air

quality data Microprocessor

Show color which
correspond to air
guality index

LCD

Show data in real time

BLOCK DIAGRAM of IoT air quality monitor

12
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Datasheet : Datasheet : 3\ Datasheet :
PMS5003T G5 PM2.5 Arduino UNO ESP8266

e Q

Google and check datasheet before

2. 0=11 Pli=11

=31 Heci o | you use any new device for more

understanding

Datasheet :
12C LCD1602

Arduino UNO Wi-F1 module RGB LED indicator

Datasheet :
N/A

13
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Pop Quiz — Please complete in Corelab

Question (1)
What is the key component of Air quality monitor
mention in Lession3 to achieve data sharing?

1. Air quality sensor
2. Wi-Fi module
3.LCD

4. RGB LED

14
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PART 3

% Study and implementation of loT AQM (1/5).
¢ Introduction to device protocol

¢ Connect air quality monitor (PMS5003T), LCD (12C
LCD1602), Wifi module(ESP8266), and RGE LED to
Arduino

15
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Introduction to device protocol

“Protocol” is a general name of Morse code like communication form between microprocessor and device, or
device to device

Morse code PERSON A a PERSON B

>

Device

Digital Protocol Arduino
12C

ACK/NACK Bit

Data Stays Stable During HIGH SCL Pulse
ACK/NACK Bit

7.81t Address READ/WRITE

Start Condition : B DATA BYTE Stop Condition
: SDA A /p7\/p6\/D5\ D4\ D3V D2\ D1\ DO\ A [
SDA (DATA pin) A7) PeXPs ) )< )G G G
SCL (CLOCK pin) scL | I | ’ ‘ ‘ | ‘ | | ’ ‘ ‘ ’ | I | \ l | ‘ ‘ l l ’ ’ ‘ ’
Data
Transmitter MASTER SLAVE MASTER SLAVEMASTER
[
[

& Google and check for more understanding
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eNp o D Digital 1/O pin
RESET Dlgltal I/O pin

T D11.D12 D10.D11 D9.D10 D3.D4 D2.D3

e @000 0000
@

P @ . L
r ..\\\
'—'ﬂ-ié STTAC P>

use [ 1 ““’

L___________d ‘ll!px

-

-
-
3
-
=3
3
-
-

ssnssse
93393933

SCL SDA 5U 6ND
3.3V 3,3V GND GND [ [® @ @]

ANALOG IN
ez d2te

5V.RES.3.3V.5V.GND.GND. VIN AO0.A1  AL1LA2 A2 A3 A3.A4 A4A5

power Analog 1/0O pin Analog I/O pin

& Arduino UNO R3 S4A 10 board

We will see what happened to pin and on next 2 page. Watch out!

17
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Connect air monitor, LCD, Wi-FI module, and RGB LED to Arduino

You can understand which pin you can use.
Protocol/

Device

S Function
e 12C LCD
. s L 03 | pes |
s B 2 == ]_ gg ];813/[
5V and GND »m = — —
— UART WIFI
= UART  WIFI
L Da/Rx | Pba | T = PWM RGB LED

t == PWM RGB LED
— PWM RGB LED
Pin MAP

For 12C protocol, you should use A4 as SDA, A5 as SCL

Last update: 17/06/2020

I cround B pigital Pin B Analog A MAXIMUM curren t per /0 VIN 6-20 V input to the board.
pin is 20mA
H rower ] Analog Pin B commun ication
A MAXIMUM curren tper +3.3V
B e | other Pin B timer pin is 50mA
. Internal Pin . Microcontroller’'s Port Interrupt

. SWD Pin Default D Sercom


https://content.arduino.cc/assets/Pinout-UNOrev3_latest.pdf
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Why use S4A board? How can S4A board help you? Which 4 pins composite as a RJ11 connector ?
Digital 1/0 pin

D11.D12 D10.D11 D9.D10 D3.D4

Example : connect to D2.D3

T \ port

W B = GND

) R = VCC (5V)
Rﬂ G =D3

BRGY \

B = GND

6P4C-RJ11 & 550

AO0.Al A1.A2 A2.A3 A3.A4 A4A5

Analog I/O pin Simplify way to connect device to Arduino.

S4A 10 board
19
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Why use S4A board? How can S4A board help you? Which 4 pins composite as a RJ11lconnector ?

T o

BRGY Hardware connection of 12C:

%/j SCL (CLOCK pin)

BRGY \ simplify way to connect 12C, VCC (POWER pin)
B =GND Or other 4 pin protocol GND (GROUND)

R = VCC (5V)

6P4C_RJ ]. 1 G = Signal (2)

Note: You need to define Signal (2) as SDA (A4)and Signal (1) as SCL (A5) first
before you start programming.

YES you can change different define in IDE. It also means you need to connect

the hardware pin in right way.

20
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Connect LCD to Arduino. I12C protocol

Note : A4/A5 is special design for I2C communication. A4=SDA, A5=SCL.

Download
Read P.2 for more understanding.

LCD to pin

12C protocol

GND (GROUND)
VCC (POWER pin)

SCL (CLOCK pin)

21


https://content.arduino.cc/assets/Pinout-UNOrev3_latest.pdf
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PMS5003T to

STEAM Up 2gether

Connect Air monitor sensor (PMS5003T). 12C protocol
pin

SCL (CLOCK pin)

VCC (POWER pin)
GND (GROUND)

Hardware connection of 12C:

22
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PMS5003T to

pin

Connect ESP8266 WiFi Module. UART protocol

Ground

Power

LED

Internal Pin

SWD Pin

B pigital Pin
Analog Pin
Other Pin
HMicrocontroller’'s Port

Default

Analog
Communication
Timer
Interrupt

Sercom

MAXIMUM current per /O VIN E-20 Vinput to the board

pin is 20mA

MAXIMUM current per 3.3V
pin is 50mA

g
H BB

E
|

| azr

D18/SDA
AREF

LED_BUILTIN

TX LED
RX_LED

Power

ADC[4] SDA

.

g

= 0C2A
CLKO/ICP1

@
s
%

0COA
0CeB/T1
TO/XCK

0C2B

= H
El

Last update: 17/06/2020

23
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Connect RGB LED indicator

)
&Why use to control LED color change?
RGB LED indicator to pin and
Only
mg
—— support
& function in
== = unc
=7 % Arduino UNO
KAy
08 ]
LA/
{06 ] | aznlol |
(£ A7
e ]
A7
g o B
&\ RGB: L4l =

V —VCC (5V)

B — D5

G- D10

A rl:n:l‘(sll:?’l‘.lrn:l‘ru“?'r per IO VIN 6-20Vinputtothe board,. [lestupdsediiezem

A MAXIMUM current per +3.3V
pin is 50mA

24
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Pop Quiz — Please complete in Corelab

Question (2)

What is the function digital pin can't do?
1. A/D converter

2. Generator PWM signal

3. To communication with digital protocol
4. Be the VCC or GND function.

Question (3)

What is the function analog pin can't do?
1. A/D converter

2. Light a LED at varying brightnesses.
3. Drive a motor at various speeds.

4. D/A converter

25
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Pop Quiz — Please complete in Corelab

Question (4) Question (5)

Which pin can use as UART digital Which pin can use as 12C digital
communication in Arduino UNO R3? communication in Arduino UNO R3?
1. DO, D1 1. D16, D17

2. D2, D3 2. D18, D19

3. A0, Al 3.Al16, Al7

4. A2, A3 4.A18, A19

20
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PART 4

*» Study and implementation of loT AQM (2/5)
¢ Introduction to develop environment
“ Explain loT AQM MotoBlockly code step by step (1)

\NY

27
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Compiler and upload code to Arduino

IDE = Integrated Development Environment

-

@ s  ch_sep0fa|Arduino 1.8.2 — O x
Ex, & ERE IE =H

sketch_sep09a §

wvoid setupf) -

{ o
pinMode{l3, OUTPUT);

You can check https://www.arduino.cc/ for further information

void loopf)
{

digitalWrite{13 HIGH); ki
delay(10007;
digitalWrite(13,L00);
delay(10007);

Learn about Arduino Response to the COVID-19 outbreak

Touch Less, Do More

Challenge

INTRODUCING
ARDUINO SIM



https://www.arduino.cc/
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Simplify develop way for beginner : “Blockly”’Build the code by using blocks

motoBlockly

. Clcick "MotoBlockly" icon on home page of https://www.motoduino.com/

& -~
IR - [T [ - o
// put your setup cods herse, TO run once:

Advanced I/0 = pinMode (13, OUTEUT):

\
& For Arduino/Motoduino/ESP8266 use only.

Logic )
Loops |

Math wvold loop{) {

I I_ digitalWrite (13, HIGH):

I Text . _ d=lay (1000);

I Array Main loop L— digitalWrite (13, LOW):

| colour DigitalVrite PIN# (KIS STAT (I delay (1000) ;

I Variables

| Functions DigitalWrite PIN# STAT i
I Time
1

» IN/OUT
EEPROM
Serial

o] NP,
- A “Y CLICK ME!
. LED Blin

MotoBlockly (Example

Arduino IDE

29


https://www.motoduino.com/
https://www.arduino.cc/
https://www.arduino.cc/
https://www.motoduino.com/
https://www.motoduino.com/
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Explain loT AQM MotoBlockly code step by step (1)
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Declare as [ Value [ [1)
" Declare as [AME Value | [1)
Declare as [EVES Value -ﬁ]
Declare as [ELES Value | [
=0 Y [Humidity - 5N long -~ RGITEREE O
Setup EZIEIES Speed to bps
 DigitaMWrite PIN# EEIS STAT (01163
| Set LCD1602

Variable set up and wifi set up

Define different variables so data from AQM can be storage.

Set up LCD 12C address

Set up LCD text show location.

setCursor Col .II] Row .m.
SUTEETT Motoduino Airbox B, Make LCD show text.

ESP8266 Terminal Begin

GG STATION -

ihcd 12 - )
RX# LIRS
S T motoduino-LTE £ Link to your WIFI to access internet

Password 41 motoS44123 L

30
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Explain loT AQM MotoBlockly code step by step (1)

o e Main loop: storage data from AQM to variable

repeat ) fimes

do | DigitaWrite PING [E3EE STAT (22 IER
delay | [ED)

Digitalrite PN EEIED STAT MR

‘Edijf L300 —
| =T - | O — . . : “ ”
]~ Get data from AQM and store in variable “IPmcf10
Print on new line | create text with ( PM1.0: BH =

delay | E)
set to 1 Air Quality Sensor{PMS5003T) Tx# EXS R># [IE Data Type [EIFEED

— (Get data from AQM and store in variable “IPmci25”

Frinton new line | |©| create text with | ¢ [[E1RE) »* -
Pmcii -

delay | [ =

set to | Air Quality SensorfPMS5003T) Tx#F EXES R ([EE Data Type [EIEFED

.. Store data in variable “IPmcf100”

Frint on new ling | create text with | €€ [FI50VEN

—
IPme100 - —
delay | (ELE)
set ta | Air Quality SensonPMS5003T) TX# EJE R EJE) Data Type IE0 RS

— Store data in variable “Temperature”

Print on new line | create text with ] Temperature: £ —
delay | 1)

LI A Cunky SeaseFASOHST) X6 €X RO D Ok Trve CIRERTED :|» Store data in variable “Humidity”

Print on new line | (o] create text with | &6 IR *?
l = dib n 3 1

delay | L)
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Explain loT AQM MotoBlockly code step by step (1)

Subroutine calls : RGB LED show different color as an indicator
[ — > PM2.5< 15

do | rgbLED with:
R

o ok : Risk: Low (1-3) Moderate (4-8) High {7-10) Very high (above 10)

> 15<PM25<35 \ Note: You can use this website to know how to hybrid
& the LED color by CODE.

> 35 < PM2.5 < 54

RGB Calculator

aaaaaaaaaaaaaa

> 54 < PM2.5 <150

\|/
> 150 < PM2.5 < 250 -‘ CLICK ME!

> 250 < PM2.5

32


https://www.w3schools.com/colors/colors_rgb.asp
https://www.w3schools.com/colors/colors_rgb.asp
https://www.w3schools.com/colors/colors_rgb.asp

' ST Week 2

Student of the Week Contest

Topic: Block Diagram / Creative loT Applications

Project Description Examplg of an interesting lot Application:
“Stephen installs a camera and a machine water gun
Make an interesting example of loT at his home front door. One day, Junaid come to
application, use BLOCK DIAGRAM to visit Stephen and stood in front of the door, Ste-
explain how and why it works which phen saw Junaid from the CCTV. Stephen pushed a
include all the connected components button to launch the water gun and Junaid got wet.

and devices.

Note: You can see the “Block Diagram” example in
Project Format Lesson 3 PPT slide p12 to create your own BLOCK
DIAGRAM. This PPT is free to use and can be down-

Block Diagram + Description + Hashtag loaded on Corelab

#STEAMup

#Studentoftheweek . .
3 Winner, 3 Prizes:

Air Quality Monitor
Deadline Box

July 23rd, 12:00PM

ZR&ET
! AirityMonitor
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Mittoduino lab

www.motoduino.com

Start your creative engine

ASTERIA Electronics Toys Co., Ltd Motoduino Lab. Inc.

www AACSXR. com www.motoduino.com
Email: samhlin@gmail.com
XR SHOOTING SPORT Tel: +886-932590459

Cross reality and NERF/RIVAL blaster

u https://pse.1s/TEX8W
https://pse.1s/UCQFJ

CLICK ME!
% N ~ s

‘

34
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Steam Up 2gether — Lesson 3
Getting Started with Arduino and IoT Applications

“ Thank You !

July 21st, 2020

Stephen Chen & Junaid




