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e Air pollution is the contamination of the environment by any biological, physical, or
chemical means that modify the characteristics of the atmosphere.

e Chronic exposure to particulates has been associated with increased rates of
bronchitis and other respiratory ailments, loss of lung function, and increased risk of
lung cancer.

e Therefore, air quality measuring equipment must be installed to reduce air pollution
at traffic intersections and industrial areas.

e This study compares the accuracy of low-cost sensors in measuring PM2.5 levels at
two locations.

e The study also explores the relationship between PM2.5 and air temperature,
humidity, cloud types, and cloud cover percentage using the GLOBE Observer: Cloud

App.



GOALS AND OBJECTIVES

Calculating the PM2.5 dust
concentration in the province
of Krabi.

To evaluate the self-produced loT
sensors' quality.

To compare the PM2.5 dust data obtained
by Censor Davis Erling with the PM2.5
dust values from our own IOT sensors.




RESEARCH QUESTIONS:

How does air temperature and
relative humidity affect PM 2.5?

How does cloud types, and amounts of
clouds relate to the increase or
decrease of the amounts of PM2.5 in the

air?

Is the Low-cost |oT dust sensor PM30003

able to detect PM 2.5 data accurately as
compared to Davis Airlink PM 2.5 sensor?




where do PM 2.5 come from

1.0pen Burning rf‘
2.Industry T

~

WHAT IS PM 2.5

e particles that are 2.5 microns or less in 3.Transportation

i diameter (PM2.5).

4 Power plants

5.Accommodation




STUDY SITES

- Areas with little traffic
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MATERIALS AND METHODS
(C.  MATERIALS

2.Jump wires 3.Jump wire 4.PM 2.5 sensor
(Male-Female) (Female-Female) (PMS3003)

1.Arduino IDE



8.Notebook or 9.Arduino IDE
Computer

6.Breadboard 7.Micro-USB




MATERIALS AND METHODS

O\ PM 2.5 Iot Sensor Construction and Operation

Place the NodeMCU on the Connect the jumper wire to the PM Connect the Micro-USB to the

breadboard. 2.5 sensor. The second pin of the MCU and PM 2.5 sensor and
DHT 22 should connect to D2, D3 on connect it to the computer.

the MCU, 3v3, or Vin on the MCU.
The last pin of the PM 2.5 sensor
should be connected to a ground
(GND).




Open ARDUINO IDE software
and set up the SoftwareSerial
library.

"TVOWalailak2021™: //9owifiTsanas SHwI
"TVOwifi@007™; //password

33id

oSt char?

omst char? pasaword

onat int analogInPin = 4A0;

nt sen3scrValue = 0O:

DHTPIN D4
DHTTYPE DHT2Z2

HT dhc{(DHIPIN, DHTTYPE):

boftwareSerial mySerial (D2,D3); // RX, TX
msigned int pml = 07

mmsigned int pm2 5 = 0O}
msigned int pmld-= 05

Serial .begin(9600) ;
while (!Serial) ;
Grintln(F("1oT AT Module ' 1.07) )

Serial .println{F({"CoE for Ecoinformatics, Walailak Universit
Serial.println{F{™(c) 2023 Krisanade] Computing™)):
serial.printin{E({"DHTxx testt i

Lerial.

Open the Arduino IDE and use
the following codes. (Figure 2):

Connect the Micro-USB to the
MCU and PM 2.5 sensor and
connect it to the notebook.

Figure 3. PM Sensor
Data Generated from
the Server
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{"T":"{2023,11,27,00,06,46}", Temp™:"26.20", "Humid":"76.00","CO":"218","TimeStamp"; "6420522", "PM1™;"1", "PM25";"4","PM10":"5"},
["T":"{2023,11,27,00,16,56}", "Temp™:"26.30", "Humid":"75.30","CO":"214", "TimeStamp": "7030695","PM1™:"1","PM25":"7" "PM10™"7"},
{"T":"{2023,11,27,00,27,07}","Temp":"26.10", "Humid":"76.40","CO":"211", "TimeStamp":"7640865","PM1":"1" "PM25":"5" "PM10":"7"},
"T":"{2023,11,27,00,32,12}","Temp™:"26.10","Humid":"76.90","CO":"192" "TimeStamp":"7946025","PM1":"0", "PM25":"7" "PM10":"7"},
{*T""{2023,11,27,00,37,17}"," Temp":"26.10","Humid":"76.80","CO":" 188", "TimeStamp":"8251193","PM1":"1" "PM25":"10" "PM10":"10"},
{"T":"{2023,11,27,00,42,22}","Temp™;"26.20","Humid";"76. 10", "CO":"208","TimeStamp":"8556 360", "PM1";"1","PM25":"7","PM10";"8"},
{"T""{2023,11,27,00,47,27}","Temp":"26.10","Humid"-"75.80","CO":"204", "TimeStamp":"8861519","PM1":"1" "PM25":"8" "PM10":"8"},
{"T":"{2023,11,27,00,52,32}", "Temp™:"26.20","Humid";"75.70","CO™:" 199" "TimeStamp"; "9166687","PM1":"1","PM25":"7","PM10";" 7"},
{"T"-{2023,11,27,00,57,38}","Temp":"26.20","Humid"-"76.50","CO":"207", "TimeStamp":"9471848" "PM1%:"4" "PM25":"11" "PM10":"11"},
{"T":"{2023,11,27,01,02,43}", Temp™:"26.20","Humid":"76.90" "CO":"205" "TimeStamp”:"9777105","PM1":"0", "PM25":"4" "PM10":"5"},
{"T":"{2023,11,27,01,07,48}","Temp":"26.20", "Humid":"77.10" "CO": "204","TimeStamp™"10082270","PM1":"4" "PM25":"7" "PM10":"8"},
{"T":"{2023,11,27,01,12,53}", "Temp":"26.20", "Humid":"76.60","CO":"196" "TimeStamp":"10387511" "PM1":"0" "PM25":"5" "PM10":"5"},
{"T":"(2023,11,27,01,17,58}", "Temp":"26.10", "Humid":"76.10","CO":"201", "TimeStamp": " 106926 73","PM1":"5" "PM25":"11" "PM10":"13"},
{"T":"{2023,11,27,01,23,04}","Temp™:"26.20","Humid":"75.90","CO":"199" "TimeStamp":"10997841" "PM1":"1" "PM25":"7", "PM10":"8"},
{"T":"{2023,11,27,01,28,00}", "Temp™:"26, 10", "Humid";"76.60","CO":"199","TimeStamp™:"11303008","PM1";"0","PM25":"2", "PM10":"2",
{*T"{2023,11,27,01,33,14}", "Temp™"26.30", "Humid":"77.20","CO":"200", "TimeStamp":"1 1608167","PM1":"0","PM25™:"4" "PM10":"4"},
{"T":"{2023,11,27,01,38,19}", " Temp";"26.20", "Humid":"77.40","CO";"197", "TimeStamp";"11913333","PM1":"1","PM25™"5" "PM10":"7"},
{T""{2023,11,27,01,43,24}", Temp™:"26.10", "Humid":"76.80","CO":"195" “TimeStamp":"12218494" "PM1":"1" "PM25":"4" "PM10":"5"},
{"T":"{2023,11,27,01,48,29}", "Temp™:"26,20", "Humid":"76.20","CO":"189" "TimeStamp":"12523648", "PM1":"1" "PM25":"7" "PM10":"7"},
{"T":"{2023,11,27,01,58,40}","Temp™"26.10", "Humid":"76.30","CO":" 105", "TimeStamp": "13133895","PM1":"0","PM25":"4", "PM10":"5"},
{"T":"{2023,11,27,02,03,45}", "Temp™:"26.10", "Humid":"77.40","CO":"189", "TimeStamp":"13439063","PM1":"0","PM25":"5" "PM10":"7"},
"T":"{2023,11,27,02,08,50}", " Temp™:"26. 10", "Humid":"77.60","CO":"188", "TimeStamp": "13744225","PM1":"0","PM25™:"4","PM10";"5"},
{*T""{2023,11,27,02,24,05}","Temp™:"26.20", "Humid":"76.40" "CO":" 192", “TimeStamp": "14650558" “PM1":"0" "PM25":"5" "PM10":"5"},
{"T":"{2023,11,27,02,29,11}", " Temp™:"26.20", "Humid";"77.60","CO";"186", "TimeStamp":"14964733","PM1":"0","PM25":"8", "PM10":"8"},
{"T"{2023,11,27,02,34,16}", " Temp™:"26.10", "Humid":"77.90","CO":"189", "TimeStamp":"15270160","PM1":"2" "PM25™:"7" "PM10":"7"},
{"T":"{2023,11,27,02,39,21}", "Temp™;"26.10", "Humid":"77.30","CO";: "188", "TimeStamp":"15575323" "PM1":"0","PM25™:"4" "PM10";"5"},
{"T":"{2023,11,27,02,44,26}", " Temp™:"26.10","Humid":"76.70","CO™:" 185", "TimeStamp":"15880485","PM1™:"0", "PM25":"5" "PM10™:"5"},
{"T""{2023,11,27,02,49,31}", "Temp™:"26.10", "Humid":"76.40","CO":"185","TimeStamp":"16185657","PM1":"1" "PM25":"11","PM10":"13"},
{"T""{2023,11,27,02,59,42}", Temp™:"26.20", "Humid":"77.90","CO"™; "183", "TimeStamp":"16795903","PM1":"0","PM25™:"4" "PM10":"4"},
{"T":"{2023,11,27,03,04,47}","Temp™:"26.10","Humid":"78. 10", "CO":"185","TimeStamp": "17101070","PM1":"2" "PM25":"8" "PM10":"8"},
{"T":"{2023,11,27,03,00,52}", Temp™:"26.10", "Humid":"77.50","CO":"181", "TimeStamp":"17406272","PM1":"5","PM25":"11" "PM10":"11"},
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Construction of Low-cost
loT PM sensors

Device Calibration of loT
PM sensor

Compare Data Collection
of loT PM Sensor and
Davis Airlink

Field Installation of
lot PM sensor and
Davis Airlink

Data collection and
Analysis
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Choose type of clouds

& THE GLOBE PROGRAM metharyu@gmail.com ﬁ.

@D GLOBE
¢/ Observer

Choose your protocol:

Use 2 fingers to move map
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March 1st 2024, 12:36:00 pm

My Observations



4 Choose Mode

If you are comfortable identifying
clouds by type at different heights,

vc}se Manual Cloud Identif{atiﬂn.
Manual Cloud Identification

+ Guided Cloud Identification

& Wizard

graphy in that area —\

ky and geo

Q Choose type of clouds i s

Choose the number of contrail types
seen:

Short Lived



Photos Observation Complete

Take pictures of the sky? Thank you, your data has been stored
uccessfully on your device and is
rahdy to send to GLOBE.

Take Pictures Send All Cloud Data Now

Add Pictures Manually
Review/Edit Observations

New Cloud Observation

My Observations
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Interpolated FM 1 (ug/m™

Interpolated PM 2.5 (ugim?)
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@ FPM1 INTERPOLATION 0787+ 00138 R==0.899
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Amount of PM 1 (palm®)

loT 03 vs Davis Airlink 3 Intrinsic Correlation

@® FM2.5 Interpolate 0.669" + 9.34 R== 0.67
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FEERE S

Amount of PM 2.5 (ua/m?)

Interpolated PM 10 (uagfm™

Sensor 03
At Hotel

loT 03 vs Davis Airlink 3 Intrinsic Correlation

FM10 Interpolate 0.766" + 9.58 R==0.686

20 30

Amount of PM 10 {dgim™




T 02 vs Davis Airlink 2 Intrinsic Correlation

@ FM 1 Interpolate 0.637"x+B5R*=0.588

Sensor 02
At Chaofa Pier

loT 02 vs Davis Airlink 2 Intrinsic Correlation

FM10 Interpolate 0.682% + B.09 R==0.767
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olated PM 1 (pg/m?)
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30

Amount of PM 1 (po/m™

loT 02 vs Davis Airlink 2 Intrinsic Correlation

@ FM25 Interpolate 0.542*% + 103 R*=0.756

Interpolated PM 10 (pg/m™)
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60
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PM 1 vs Date and Time in loT Sensor 03

28/01/2024.

Sensor 03 day
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Date and Time

PM2.5 vs Date and Time in loT Sensor 03

Date and Time

BCCOvCOL
BCCOvcOl
BccOvc0L
BECOPCOL
e BECO0vPCO0L
Ll BCCOvPLOC
LM & BCCOvPCOL
ol s BccOvc0L
iy + BECOPCOL
BECO0vPCO0L
BCCOvPLOC
BCCOvPCOL
BccOvc0L
BECOPCOL
BECO0vPCO0L
BCCOvPLOC
BCCOvPCOL
BccOvc0L
BccOvcil
BECO0PCO0L
BCCOvPLOC
BCCOvPCOL
BccOvc0L
BccOvcil
BECO0PCO0L
BCCOvPLOC
BCCOvPCOL
BccOvc0L
BccOvcil
BECO0vC0C
BcCOvc0L
BCCOvPCOL
BccOvc0L

gccOvcic
—+— BEZC0YE0L

|

|

= =
e

|

|
=
-

(LBr) 57 W JounoLuUy

Date and Time



PM 1 vs Date and Time in loT Sensor 03

Sensor 03 day
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Amount of FM 1 (gg/m™
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PM 1 vs Date and Time in loT Sensor 02
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Sensor 02 day
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PM 10 vs Date and Time in loT Sensor 02

Amount of FM 1 (ug/m™)
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PM 1 vs Date and Time in loT Sensor 02
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Measured Date:

2024-03-02

Organization Thailand Citizen

Name: Science

Site ID: 340535

Site Name: 47PMJ909913

Latitude: 8.06333

Longitude: 98.917409

Elevation: 10.9m

Measured At: 2024-03-

02T02:41:00
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Conclusion

Based on the results, it could be concluded that Figure 7 (a-f) tells that the Low-cost IoT
PM sensor is accurate and reliable in measuring and gathering the PM concentration as
compared to the referenced instrument Davis Airlink in which the intrinsic correlation
showed almost near to 1 or at least more than 0.5. However, some calibration methods

could be suggested to reduce the error of the IoT device. Moreover, The IoT device was
able to record the daily concentrations of PM in both areas without much interruptions. It
was found out that PM concentrations in both areas are at the highest during the morning
due to active human activities like traveling, selling and cooking street foods and daily
household activities surrounding the area compared during night time. Furthermore,
cumulus types of clouds are mostly seen in the area during the cloud survey. During day
time, where PM is the highest, cumulus clouds are covering the sky.
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