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Nowadays, technology and innovation began to play an essential role in various
fields. In this research, wireless sensor network technology will be applied to measure
the quantity of PM 2.5, carbon dioxide and nitrogen dioxide in the atmosphere, which
have long-term effects on the respiratory system. In order to prevent the health
problem, gas measurement is therefore essential. Moreover, this research also has
applications for the Internet of Things, which manage, control and validate air quality
in smart cities in order to get efficiency and accuracy results. The measured data from
the application will be sent to Cloud computing system and displayed via a
smartphone application. A microcontroller controls the transmission and display of
measurement results.

The research aims to develop the air quality monitoring system and air quality
notification application that helps track air pollution based on user location, including
- measuring air quality index by using a wireless sensor network. This system can be
used as a prototype for measuring air quality index at the smart cities that located in

Suranaree University. of Technology.
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daa3uy (Smart Grid) s¥Uuiiwesanludf (Smart Meter) S¥UuUAIUANNITITINTIARTEY 1TU

=] wa

fu nazdiaaudiidudlowiidulnsiuawindou tagdaasunisand Ui eyl

9

ausn¥nIneInsessu R liaunsoandavivaniizlaegnededu muideiidaiualulad
wsevedugesisasuldlunisnsiainusunnluazens PM 2.5 famisueulasenluduay

inglulasiaulaeenlys Wen1susmsdanisausnadnluaunisiiseTuagnsiaaauamnImn

[
a Ya v

91NARE Y NABIAILMENIVINTINB IATUTEANT A g ean wenniITedaiunalulad

Y

DUANTITATIVIALAY

Y

A
BunesLUnYeIaTINGS (Internet of Things, loT) wUseynaldlunisdad
Weulgadeyaannghuazess PM 2.5 faariusulasenleduasiwlulasiaulasenledly
A 9 Y v = ! k% A o ) [ a

dledlvglliidudnvuzvenasetieldaemhnusaen 24 Hilus MadiseiuazaTiaani

LUUIANRSSNUeS e RS iasuasiannaladuLuiiete WevieyRUSITEAUES



annsavhnmsinaulalunsuiladagmiistuldedudugwaziuraed

suideinaue dnsuszgndldiduines SPS30 Particulate Matter Sensor 7
aun30nsITusar IaUSINauvIAENGIEENNINITIUBLALaIeS (Laser scattering)
duwednsainfwaiueulasenles dududuweiifiniiligeieiwafueulaeenlud
vhuthilunsemeiauiinufeasueulaeenledlueinia uazdumeinirainaanin
o1 tnelasauiidumesnsatnguainernie uidilunisnsatausauing
lulnsaulaeonled fAeisaeadunafivnsenmaiauauasiinansenudessuumaiu
melamiloutfuuazens PM 2.5 Ssnmaiaimafeadenfisniiude

szuunsaindviinunimerna Insdadoyaiiiononunanisnsaniauuulias
annsaseTinsvaounaninsaialddisuennaiatuuugunsaliad oudifaszuy
Android wag i0S yhauls 24 $alas Fssansnsatadlfeziimnuusiuduiivuwinfugunsal

M539 3PN TFIU

1.2 IngUsradAvaInisidY

121 evmuiszuuninsadasviquninernia dmuanaiadsiaunm
91n1A USuauduazees PM 2.5 Maasvsulaesnleduasinglulasiaulasenlys lngld
wsetnedugeslians

122 iewawwenndiatusiusouninnnineinia Usunasuazess PM 2.5

A ]

[24 s L3 24 & o U L3
fingansueulaeenladuazinglulasiaulasenlandmivaunsalindou

v A

123 awnsalfilundadadidusuulunisnssianviinunimeinia Ysuiudu

q

a

a¥ea9 PM 2.5 Mapsuaulneanloawaziiglulasaulaesnlondinsuausnds

13 Y2UlUneUIY

131 sduadduiuussuueietnaduegesiaedmsunsnsiaiaduidamunn
91M1e Usinaueluazess PM 2.5 ingansusulaeenlesuasinglulasiaulasenled

132 anlun1sveaeuninsivinavilann1me e Usinarduagess PM 2.5 fing

msuaulaeanlenuazinglulasiaulaeenled o uninerdumaluladasuns

1.4 Uszlewdnandnagldsu
141 a1u15aa533dan¥lA A NeIn1A UTuiul uaress PM 25119

asvaulmeanlwawazinwlulasiaulaeaanlunte



142 @1115098NkUUTEUUAIUANNIATIIRGYEAMAINEINIA USHnauazees
PM 2.5 ingansusulaeenlenuazielulasaulaeenlenla

143 awsadnenvalulagnsoriedueslsarsuussendldiuauiiunis
aivindviamnimena Usinauazess PM 2.5 igaisueulaeenlenuasinglulasiay

loeanlanle

1.5  A5alun15738
151  WUINeNISALLUeaY

v A

1.5.1.1 Anwisruumsnsiaiadviaunineinia Usunauavess PM 2.5
fingensuaulaeenladuazinglulasiaulasenled

1.5.1.2 9enkuUsEUUAUANNINTIIndvinnnIneInA YTk uavens
PM 2.5 finamrsueulasenladuasinglulasiaulasenlys

1.5.1.3 vAgeUszuuNIATIvindiaun e nia Usinauruazess PM 2.5
fingensuaulaeenleduazinglulasiaulasenlen

1.5.1.4 davisnenuLuvaNysal

152  anuiinssssuunnainduiiaunineime

v A ]

1.5.2.1 szuussiadanvinunineinie ol 1 V@ﬁﬂﬁﬂﬁﬂ‘t‘ﬂ?jiﬁmﬁ 18

9

= =

1.5.2.2 S5UUATIYINATEAMAINEINA @089 2 91Asnalusiil

9

v A f-:l

1.5.2.3 S2UUASINIAGTUAUAINDINA @07 3 91ANSVUAT UNINYIR8

9
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unil 2 nanfiawadn noud enasuazauideiifvatestussuunsaindud
ANINEINAGIELAS OB US| Fane

undl 3 namdaisaunauniseenuuuaiaus seriuuaswenndinturessyuy

asaiadaiinauninerna lnensainmedueesiiae
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gunsalfuluuiansnsluunIngrdemaluladgsuisnamun 3 aandl wazn1siiveayadain
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nsvaassaUnIalf UL UL TIEme Ui Usehivg
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Uni 5 NA1RINTATUNEYRINTTITY TolausluzuAsININTRRILIAB LB WIAN

1.7 &yl

Jaymuazanudunvesidsed umideiiiedestumaluladinieigldane
wazinaluladduinedidnvesassnd ¢ v on19id enlostegaaniizu PM 2.5 f1w
Arsuaulaeenlaauaziiglulasiaulaeenlanludesdng ssuvarunsainisdiseiuas
ATIARANUTBYALUULIAATNULAT UG B3 LT aneuazuanndiaduy Fedglunisudly
Jaymewiaunimeiniaduazess PM 2.5 faanivsulaeenleduwazinglulasiaulaeenlyn
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N8 Lazuann1sineIves

2.1 UM

luuniagnanfmguiuasrannisiineitesivssuunmaindviaunineinienie

& a

=) 1 < 2/ o o YN &
Lﬂi@‘?ﬂ&lL%UL%QﬂiﬁﬂﬂﬂqﬁiUﬂuﬂiW%W @QG]E)I‘U'L!

o gUnsallduwasns1aiausuiul uazees PM 2.5 L4 ugesnIaaining

asueulaeanlyduasidutesnsiainnmnineIniea

° N1SAUINAYITANAINDINIA F9UTENBUAIY UATENIIDINA 6 BilA

'vié’ﬂmwﬁmméﬁ’ﬂjﬁ@mmwmmmazﬁaaéwmiﬁ'lmmﬁsuﬁ@mmwmmﬁ

s

o AnuvanetasUszianveslyyuseius

&3

° U39AII95 NI TULAZ LI NLNYITD

22  W@uwesnsavdausunudy SPS30
Sensirion Particulate Matter Premium PM2.5 Sensor (SPS30) Lﬁumdjuwja%fm‘ﬂu

n13nsIaduesunadulafud 0 81 1000 pg/m’ Ingvuineuniafinsiadulaae PML.0,

A & A

PM2.5, PM4 sz PM10 9u1naun1niianiiaannsiadulaae 0.3 tm a1u1sainlunsia

anmamangluviosaznieuenls NGlvuanseingn AuAIwgs Indnn1sviauiuy

[
=

laser scattering @1815b91uds 8 U Yuegiunisldaiu SPS30 1dlnidea 5 1aad aunsasie

Y

=

fu Tulasmaulnsatans ESP32 e 19n15@aa1swuy 12C %38 UART @aldganslunisiiousme

= ;% I 3
bNEY 5 LU U

JUT 2.1 Wuwesnyainusunaru SPS30



Pin | Name Description Comments
1| VDD Supply voltage 5V +10%
RX UART: Receij.eing pin for TTL 5V and
Pin 1 Pin 5 2 communication LVTTL 3.3V

SDA | I2C: Serial data input / output |~ compatible
UART: Transmitting pin for TTL 5V and

Hoocoooh 3 ™ communication LVTTL 3.3V
i —H SCL I2C: Serial clock input compatible
4 g a a 8L Lea\:e ﬂoL‘JagnRtho
select
4 SEL Interface select 0l o GND o
select 12C
5 | GND Ground

JUT 2.2 seaviBenanedyaavendueinsinindu SPS30
(137: https://www.sensirion.com/en/environmental-sensors/

particulate-matter-sensors-pm25/)

23  Wuwesnsladaftwarsuaulasanlayd (CO,)
MG-811 Carbon Dioxide Sensor Module @1%5UM5333UN19A1s usulaoantan

(CO,) kUU Metal Oxide Sensor Y9ABIRAIINSBUNFINIUDITEAUNITUA Aaen1sanglu

ilmAaleausou uazwening CO, sonaNe1NANI 9 I

U 2.3 Wuwesnsainfueniueulaeenlys
(Fa: https://www.analogread.com/product/957/

mg-811-carbon-dioxide-sensor-module)

AanRrendugesnIninfinsasuaulaeanled

1. 929119019235 350 - 10,000 ppm CO2


https://www.sensirion.com/en/environmental-sensors/particulate-matter-sensors-pm25/
https://www.analogread.com/product/957/

2.4

LIAIMBUANBIUBYNIN 60 TUN

Heater voltage Winfiu 6.0 1ad

HULLSATIAIAAMATNDINA

TAs9as19vestuiugesfnedanau Usznaumenalnlulasiaezinsuniiaiumiue

wagfrnunIuALTauniegiutunsITuauuL esrUsEnaunsIviningiueniuauyn

gnsadndmeiu Wuwesanunsansiaduledesasud Auideaingnavnssuuazn1sinuns

5]

U7 2.4 Wuwangainaunmenne
(F: https:.//www.myarduino.net/product/3470/

¢jmcu-mics-6814)

AALURTBATLYRATIVIAAMAINDINA

1.
2.
3.

Lugadneusasiu: DCA.9V ~ 5.1V
ANNUINRBNMTNNUTRUNYTUAYALTU: -30 ~ 85 83A1 5 ~ 95% RH

‘*Uu’]ﬂillﬂﬁ: 16.9 3. * 14.1 1y, * 3.2 44.

MFIVIUYIND

1.
2
3
a.
5
6

7.

AsUsULBUBNlER CO 1 - 1,000 ppm
Tulnsiaulaesnles NO2 0.05 - 10 ppm
\@nuea C2H50H 10 - 500 ppm
lglasiau H2 1 - 1,000 ppm

wonluiily NH3 1 - 500 ppm

1 CHA> 1,000 ppm

Iwstwu C3H8> 1,000 ppm


https://www.myarduino.net/product/3470/cjmcu-mics-

2.5  MsAUINATEAMAINEINIA (AQI)

Hunsrenudeyanuameinialusuuuuiiiedonnudlavesuszvmuialy
doweunsUszduiusliassumildfunsuisanunsauafivmsonidluusiasiu i
ogluseule finansznuseguamensfovield Fafuinanmernaiuguuuuanaildi
pg NI luraeUIEINA U ansgaiEn seamsidy &nlus unale wasUssmelne
Dudu

sudnanimernia 1 a1 T dudunumanuduvesarsuafivniseinia 6 viia laun
1. fnalolau (0,) Wuiwillifidviefdihseu fnduau avaneiilfidntios 1Antu
gislussduusssinmatuiigsainialan uwagssduduussenmatalandilndiudu felolsud
Huarsuafivnseniadefalelevluduusserniaialan iinanufAserseninedne
sonlysvadlulasiau uarasusznaudunsdssinedte lnefluawaadudaisaufizen d
HANTENUsRaUNIN lnenalilinnisseanaLAamLaysvAeiAaiossuunLAumelaLag
Hoysins 4 Anwanansalunmmihnuvesenanas wileeiss Tasanzluiin Auss wazay
fifulsntonisoss

2. finglulnsiaulaeanlasd (NO,) Wuiiwiliiduarnau azansurladniae fing

Mllusssund vieinannnisnseyivesayed 1y N5 nITenaRe 9 anamnssy
a & v & A | ] v = a a ) a

veviia Wudu Mediinadessuunisusamiuiasyideinsveuiinnse lsaigiiunaiu
mela

3. frarsuauuauaanles (CO) WuRiwnluild ndu wavsa tnnannsw sl

¢ & a da ¢ o, ¢ Y 1 | |
auysalvaaandsninueuluesdadseney Medauisoazaueglusrinmelalagazly
sruddudlulnaduluiadannnslafniteendiaulszains 200-250 win wWeovielagrluyia
Ttasintdazlluwgaduiudlulnaduluiden iaduaisuanddlulnadu (CoHb) ¥inlnns
ddeseandulugieadsing | vaisanmeantoeal dewalvsinieineInseeunie uag
lavnuntnIu

A I

4. fradamaslasanlad (SO,) \Hufwilifid wieenelidindessoun Isauwasnaud
sefuAIduduge iaanssmAuagnisulvdidemd s du (Fames) By
druszneu annsoazaneile’ ansonNsfuasuafivdundineduduoyniaiuuin
Aol Areiiinansemilasnsstegunm liAnnisseaeiiestaioym At uazszuy

a Yy [ o Y Y & o 1%
manumgla malasuidunaiuiu q agilidulsanasnaudniausesila



5. fluazessyunadnndt 10 luasau (PM,o) iuruiiflvuaidusnugudnandlaiiu
10 luaseu isannaslndideimds mswiluiilas nsguiunsgaamnasy n1sua msl
vidsem sl dunsannnisieaine dsmansgnusegunmidosanilevnsladiluannsoth
IWaraulussuumasumels

6. fuazansvurnliiiu 2.5 luaseu (PM2.5) \uduiitidusinugudnanslaiiiu 2.5
luaseu inannswnlndisanne uninug mawiagnsinens Tn wagnszuauns
gnamnssu awnsainlutgeanludenld Wunaviliialsaluszuumaiumela waglse
Yonsng q mnlasuludSmnannaviedunanuezasauludedousn vildnsmenuves

JamaauUsEansninas yinliviasnausn@u Je1n1suauin

NANNISAIUIU AQI
1. #91300A1ATHTUR Y PM 2.5 1AB9n15A Ui U599 1 uA1Adudy

Hu PM 2.5 Wiguiuaaviinanine1nie

AULAMAIWAINIA PM 2.5 (PM 2.5 AQI)

PM 2.5
AQI values Air Pollution Level Meaning
(ug/mn3)

' ] ' w
pailanIENUABRUAL AU nauaiiviazIn e

51-100 | 12.1-35.4 pumnluna | finnsandnafanIsunnaiinesdudanenaiivnia

BIN1A

. HNanNTzNUABFLANAD

'w
1 N L |win aqqmsgl.gazuﬂﬁavw?mﬁqgﬁl.ﬁuhnﬁ'ﬂﬁ]uax
101-150 | 35.5635) nauAuifidudalne

- ' 4”@%ﬁﬁ]ﬂ‘i‘i&luﬂzﬂ’]iaaﬂﬁ’ﬁdﬂ’]ﬂ
Y1aendlTat™

JUN 2.5 Aranandududy PM 2.5 iguiuadedaunimeiniaunsgiu

An3gelasn (ﬁu’l https://healthandsafetyinshanghai.com/china-
air-quality/ waghttps://www.greenpeace.org/thailand/story/
2094/agi-application-difference/)


https://healthandsafetyinshanghai.com/china-air-quality/
https://healthandsafetyinshanghai.com/china-air-quality/
https://www.greenpeace.org/thailand/story/2094/
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2. A1 AQI f9aunsh (1)

AQII = . X (Cl - Cmin ) + Imin (])

A 1

G B AAUTNTURWAZERY PM 2.5 fIagA1uin

'
o

Crnax » Crin8 ANEIEAKAEANAAYBIYNTUANUTHTUNATIN VAT TUT
AU
s i AD ANEASEAALAYAIEAYDIY N TUATINNSTINUAIAINULTNTY
U9 q

79LAUIN

f29819luN15AIUIAT AQ

aunfmudududuazeas PM 2.5 wiaiu 100 Pe/m ezl AQI wils

1. gastasduamndudusagdiinanimeinia 4161 100 Pe/m® Seegluzasiulagin
mtsdueaudutuluarens PM 2.5 ifleuifusdaianninennia

2. a5 eruAlasad C.. = 55.6 Hg/m”>, Coin = 150.4 KUg/m>, lnax = 200, i = 151

3. WNUANUANNISWAIANUIUAT AQI ANuANNTST (1)

AOI = (200 i 151) X (100 ; 55.6) + 151 2)
(2504 - 55.6)
AQI = 173.949

2.6  Ugyusehng (Artificial Intelligence)

JauanuseausiumanshuuaniauadineaansaaunimaswayIfnsy Mneveq

g7} ]

'
a =

fuTsnsilvireuiawesiamuaunsandeuyudvsoldeukuuNg AnssuLyee tneisuiinig
1lud 1956 wsilasuauiend@uludagtuidewieuSunudeyaiiudy §ane3iund

AnuiTviuasnsiauludnenmysinisiuakasnsinnuteys

s

Yyaruszivsonuuseandu 3 seaumINAINEINNTAN3oANRaA 1n8ainaIn

43 U

[

Auansalumsiivnna MawauazvinuaR Aol
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a s

1. Yeyy1UssAugidanau (Narrow Al) w30 Jgygyrusefuguuuaau (Weak Al) A9

Tayayusehvgnilanuanunsaaniznelanninuyed

<9

2. YyaUsshiugnaly (General Al) fis JgygnUssivgiiiinnnuaunsassauiieniu

P

(% &

¢ o | ¢ oW % a a 9 v

wywd aunsavimn qegranywdvilanaglaussansamnlnalAesivuyd

3. Yayayrsehuguuuidy (Strong Al) fie JayayruseRuvgiiianuanunsawiienyudly
nane qau

UagdumaluladtyauseAvgdiegluriasuiuveinisiauw wasiinisainiiasdu
gilanuanunsamilanywdluyie Strong Al laenisiazid sunulug ¥aedy 1a3 o9
TduseussuiisnisAnvesyudisluiumaiawaznszuiunisiniudeyaluaues Jauus
sanu 2 diudsil

a v a f . & | a v = 3
1. M3euivenn3es (Machine leaming) Luduignldnuaiiouduausves

'
a 6 =

Uavseivg Fadunmsasuliszuuaeuiamesvinnsiseusldlaenuedasnslddeyalu
= = Y] a e v Y o v v a vy o v :J
nsAnEuvsenisaeudanesidliseusvitanudilawazdndulalameiteaindeyandeu
T nsiseuivenniosaunsagnuuseendunisdeuile 2 wuulng 9 lown nsSeuiuuy

Qjﬁau (Supervised Learning) Wag msﬁauﬁl,wulajﬁﬁﬁau (Unsupervised Learning)

o N3 eusuuuliaeu (Supervised leaming) W udane3iuiidndudoald

Payaludiudmiulindu (training data) wagd1unSunduniieUsulse (feedback) 31N

1 v ]

¢ A A = b4 v o 6 £ 1Y t:ll
NH‘H‘EJLWEJ‘VI?]%Liﬂugﬂ’ﬂ‘&lﬁmW'L!ﬁi%WJ’NGUEJlIaVlﬂﬂﬂ@um'ﬂﬂq‘ﬂ@lﬂﬁm@@ﬂlﬂ

RV U

o nsseusiaglaliifyisasy (Unsupervised) Hu §ana3fiaaensiaaauanie
Poyandeuduintulagusaannislinadnsnaziiaty Wevhuenadnsanyndeya
Fuuanbeunnls ﬁfws‘?qLLammmaWMiduﬂﬁL?quz’lf‘z?aﬁﬂ (Deep Learning) 110
WINTIU
a Y a = . 193 a v d' = = o
2. N33YU3LT9EN (Deep Learning) LUUGUL@RYDINISITHUIVBUATOS TINTITEUS
deandumadalunisadisdygivszivsiasldlassussamiiisunistisnulszam
P Y o ¢ & = | =
Wenvangq JudsusuussuuaaUsvamluanosvasysd (Neural Network) #elasevneil

BunIn “TassneUseanuiisn” (Artificial Neural Networks - ANN)
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ARTIFICIAL INTELLIGENCE

Programs with the ability to
learn and reason like humans

MACHINE LEARNING
Algorithms with the ability to learn
without being explicitly programmed

DEEP LEARNING
Subset of machine learning
in which artificial neural
networks adaptand learn:
from vast amounts of data

JUN 2.6 lassaravesdyausedivg MaSouiveanionasn1sseuigedn
(#1311 https://cloud-ace.co.th/blog/o0v9a6-ai-machine-learning-

ml-ai-ml-goog)

2.6.1 lasevigdszamiien (Neural Networks)

TasweUszamiiion Aoszuuasuiinmosanlumanendinmansishass
msvhauessruuUszamluauesvesyed lassineussamiionamnsadouiiogihaud
ueUmNEINNIsREuSuieds Taslaseedszamiionyseneulusslvunuaziduidon
sewinlnua Tnsutstulunisvau 3 dudedl

1. Fudunm (nput Layer) fetunifudeyaitiunlulaseiedssam lngguild

v
&Y [J

Wemilaguwiduaziuulnueasiviiuinuiuaudnyae (Attribute) vaiyadaya
2. Yuteu (Hidden Layer) Aatufifudeyareunantudunaviedudeunauy

i Tngluduidnsihnudisuaiioudunsou; sduduilawnsaiduudundeuiula

wnNnImitls
3. Fue1dinm (Output Layer) Fatunadnsilnaindugeu uiuvedivualy
Uil Yuag fuTuuIndeyanfon1sIwun


https://cloud-ace.co.th/blog/o0v9a6-ai-machine-learning-ml-ai-ml-

13

Hidden
Input
Output

JUN 2.7 dregniiugiuvedlasseussaniney

- guopai.github.io/ml-blog14.html)

93U 2.7 uandliiiudsiednlasaisussamiiioniiangluiinindouseseming
fuths 3 sedufo %y’uﬁuwwﬁa%y’u 1w 3lnun Sudeuniedu S1unu 41Muml,az%jmmﬁwm
wiledu $1uau 2 Inue Felessdiietssamifienlusognedasdsune 3 Andralulassane
X(n) uazusiardunnazgnaadieaiimin (Weight) 9intuazgnunnsmuagdssileidu

(Transfer Function) anedng Seuandlanagy 2.8

Input Layer Hidden Layer Output Layer Prediction

JUN 2.8 feglasaingusyamiiieuvilamheuuuvagduns

(fian : guopai.github.io/ml-blog14.html)



14

2.6.2 Lwﬂﬁﬂmiﬁ%mnsz’faga (Classification)

Junflanaiiadmsunisduwuniszinnvesdoya fAenisdnuustoyalioglu

o

Ussaniimvuatvene (Target) 1WudnuwarvasAnou (Class) wseaua (Label) Ingagyi

i
msuUsyadeya (Dataset) oanilu 2 4a Aoyndoyad miun1sinny (Training Data) wazeys

[ o

TOYAFIMTUNIINAFBY (Testing Data) Iagilin1suuagnsdiudl 70 e 30 w30 80 fe 20

Tueg fuanumanzanvesyateya ntuiiyadeyadmiunisinludewd sy

Y 9

Uszamidigy welilaseingUssamiiisnyimaseu; nsadessuunseduundeyalunis

a b A

Seuionvasidenldusuneunasisan (Random Forest : RF) anntuwnsmageussuudun

¥ o o

Joyalaegadeyadinsunisneaeu Jadugadeyanuazyaivgatoydmsun sinnuy wazlu

Yy a ° = = U sav v av Ay a v a ° v 2
'1/|']EJ‘V]a‘ﬂﬂqﬂqiLﬂiﬁJULmﬁlUNﬁaWﬁmlﬂ I@EJIUQWU'J"\]EJUVLWLa@ﬂEL%LW@Uﬂﬂqiﬁ]’]LLUﬂﬂJ@yja Ao

wiatla LightGBM usenuliinsanaulaiiiunislasyavdegneiiuszansnw

Data

Residuals / | Residuals /

- = ow e - =
- =N ER =R Samples T -1 Samples
| L\ '

[ - |
Improved Model “m ~ 4= _J
- -0 -

U 2.9 sulsinnsindulanifiunislasssud
(7is : https://ichipro/th/kar-thakhwam-
kheaci-lightgbm-131033555708922)

LightGBM (Light Gradient Boosted Machine) Julaussiiieadianisviiau GBDT
(Gradient Boosted Decision Trees) lofilszansamdiatu @1 LightGBM Anindane3suuuy
fulifduq 1flosan LishtGBM arfuayunisidoudde GPU ddddmiremnudniesnituaz
Uszanawaliisinnnivheyadoyaditivunslue)

GBDT vi3edulsimsdndulafiiiunislasedud JuynvosunudsnisiSousvesdulsl

nsdndulaludiutuneunderanainiiiaduainuruisnisseusneuntlaggniiiudily


https://ichi.pro/th/kar-thakhwam-
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U 4.1 (n) Wuwesnsaainru SPS30 uaz (1) Xiaomi PM2.5 Air Quality Monitor

Nan1sUSgUiay

15199 4.1 MsSeuiisuaanududuresiuazens PM 2.5 91ndueesnsaaiadu SPS30

fiu Xiaomi PM2.5 Air Quality Monitor

A131n Xiaomi PM2.5 Air ANNLTULLDINTIVINHY
H Quality Monitor (Plg/m?) SPS30 (Mg/m”)
3:27 PM o 13.9
3:28 PM . 13.82
3:29 PM 24 13.6
3:30 PM 24 12.9
3:31 PM 24 12.44
3:32 PM 28 14.06
3:33 PM 24 12.11
3:34 PM 24 12.85
3:35 PM 23 12,5
3:36 PM 25 1291
3:37 PM 29 13.62
3:38 PM 24 12.78
3:39 PM 23 13.41
3:40 PM 24 12.86
3:41 PM 24 12.61
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15197 4.1 MaSeuiisumanududuresiuazess PM 2.5 91ndueesnsiaiadu SPS30

fiu Xiaomi PM2.5 Air Quality Monitor (¢19)

A131n Xiaomi PM2.5 Air

ANRNLTULLDINTIVINHY

1381
Quality Monitor (Mg/m?) SPS30 (Mg/m°)
3:42 PM 24 12.29
3:43 PM 30 12.46
3:44 PM 22 13.18
3:45 PM 24 12.78
3:46 PM 21 14.04
3:47 PM 21 12.88
3:48 PM 23 11.66
3:49 PM 21 11.69
3:50 PM 25 12.42
3:51 PM 21 12.72
3:52 PM 21 12.78
3:53 PM 22 11.87
3:54 PM 22 11.71
3:55 PM 21 12.07
3:56 PM 21 13.1
3:57 PM 21 12.09
3:58 PM 23 11.99
3:59 PM 22 11.95
4:00 PM 24 12.62
4:01 PM 23 12.22
4:02 PM 21 11.04
4:03 PM 21 12.18
4:04 PM 23 11.71
4:05 PM 21 11.56
4:06 PM 20 10.88
4:07 PM 20 12.13
4:08 PM 22 10.79
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15197 4.1 MaSeuiisumanududuresiuazess PM 2.5 91ndueesnsiaiadu SPS30

fiu Xiaomi PM2.5 Air Quality Monitor (¢19)

A131n Xiaomi PM2.5 Air

ANRNLTULLDINTIVINHY

1381
Quality Monitor (Mg/m?) SPS30 (Mg/m°)

4:09 PM 21 11.61
4:10 PM 21 11.53
4:11 PM 20 11.23
4:12 PM 23 11.51
4:13 PM 22 11.5
4:14 PM 20 11.86
4:15 PM 21 11.11
4:16 PM 22 10.98
4:17 PM 25 10.68
4:18 PM 19 11.34
4:19 PM 22 11.28
4:20 PM 20 11.21
4:21 PM 19 11.43
4:22 PM 22 9.89
4:23 PM 19 10.52
4:24 PM 17 10.33
4:25 PM 23 10.85
4:26 PM 19 10.2
4:27 PM 19 10.21
4:28 PM 20 9.6

4:29 PM 18 10.75
4:30 PM 26 10.74
4:31 PM 17 10.94
4:32 PM 17 10.69
4:33 PM 21 10.47
4:34 PM 17 10.64
4:35 PM 23 10.8
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15197 4.1 MaSeuiisumanududuresiuazess PM 2.5 91ndueesnsiaiadu SPS30

fiu Xiaomi PM2.5 Air Quality Monitor (¢19)

A131n Xiaomi PM2.5 Air

AR INLTULLDINTIVTAE U

1381
Quality Monitor (Mg/m?) SPS30 (Mg/m’)

4:36 PM 20 10.31
4:37 PM 18 10.61
4:38 PM 18 10.77
4:39 PM 18 10.04
4:40 PM 19 9.48
4:41 PM 25 9.52
4:42 PM 21 9.37
4:43 PM 16 10.27
4:44 pPM 20 10.15
4:45 PM 22 10.21
4:46 PM 18 10.22
4:47 PM 19 9.92
4:48 PM 17 10.48
4:49 PM 18 10.2
4:50 PM 24 10.09
4:51 PM 20 10.9
4:52 PM 21 11.01
4:53 PM 18 10.1
4:54 PM 23 10.26
4:55 PM 16 9.7

4:56 PM 17 10.52
4:57 PM 18 9.81
4:58 PM 18 10.51
4:59 PM 16 9.86
5:00 PM 19 9.95
5:01 PM 18 11.27
5:02 PM 19 11.48
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15197 4.1 MaSeuiisumanududuresiuazess PM 2.5 91ndueesnsiaiadu SPS30

fiu Xiaomi PM2.5 Air Quality Monitor (¢19)

A131n Xiaomi PM2.5 Air

AR INLTULLDINTIVTAE U

1381
Quality Monitor (Mg/m?) SPS30 (Mg/m’)
5:03 PM 22 11.12
5:04 PM 21 10.37
5:05 PM 19 10.92
5:06 PM 20 10.84
5:07 PM 19 10.28
5:08 PM 20 11.44
5:09 PM 21 10.7
5:10 PM 19 10.77
5:11 PM 22 10.45
5:12 PM 18 10.76
5:13 PM 20 10.42
5:14 PM 19 10.81
5:15 PM 19 10.36
5:16 PM val 9.76
5:17 PM 19 9.55
5:18 PM 21 10.55
5:19 PM 20 10.2
5:20 PM 19 9.14
5:21 PM 19 9.88
5:22 PM 18 11.01
5:23 PM 20 10.3
5:24 PM 17 10.62
5:25 PM 20 10.31
5:26 PM 19 10.13
5:27 PM 17 9.96
5:28 PM 16 11.28
5:29 PM 19 11.02
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15197 4.1 MaSeuiisumanududuresiuazess PM 2.5 91ndueesnsiaiadu SPS30

fiu Xiaomi PM2.5 Air Quality Monitor (¢19)

A131n Xiaomi PM2.5 Air

AR INLTULLDINTIVTAE U

1381
Quality Monitor (Mg/m?) SPS30 (Mg/m’)

5:30 PM 15 9.75
5:31 PM 18 9.5

5:32 PM 18 9.4

5:33 PM 22 9.36
5:34 PM 16 9.84
5:35 PM 19 9.75
5:36 PM 18 10.1
5:37 PM 18 10.25
5:38 PM 19 9.62
5:39 PM 18 9.7

5:40 PM 20 10.23
5:41 PM 15 9.33
5:42 PM 18 10

5:43 PM 16 10.1
5:44 PM 18 10

5:45 PM 19 9.55
5:46 PM 17 9.37
5:47 PM 17 9.41
5:48 PM 17 9.78
5:49 PM 20 9.69
5:50 PM 15 9.28
5:51 PM 14 9.06
5:52 PM 20 9.32
5:53 PM 18 9.36
5:54 PM 18 9
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M3 4.2 nMsSpuifisuAnududuvesiuazass PM 2.5 9niduieesnsiainru

SPS30 AUkdWWALATY Air Visual ad JuLdednu

e/ Aanuanndndu Air Visual | A1 GwweinsIaTaly
(Mg/m>) SPS30 (Mg/m’)
20/04/2562 45.5 20.77
23/04/2562 37.9 20.64
24/04/2562 38.3 33.30
25/04/2562 41.2 20.68
26/04/2562 44.9 22.21
27/04/2562 42.3 24.07
30/04/2562 32 9.28
1/05/2562 31.2 10.43
2/05/2562 34.8 10.27
3/05/2562 33.7 7.79
8/05/2562 32 24.48
9/05/2562 265 19.18
13/05/2562 24.4 8.99
14/05/2562 20.9 17.55
15/05/2562 25.2 23.14
16/05/2562 28.9 14.74
17/05/2562 36.4 21.25
18/05/2562 41.1 33.14
21/05/2562 29 31.43
31/05/2562 16.8 10.96
1/06/2562 17.1 20.44
3/06/2562 16.9 16.84
4/06/2562 18 21.57
5/06/2562 19 24.59
6/06/2562 20.1 4.02
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SPS30 NULBWWALATU Air Visual  Juwieniu (sie)

47

ANAINLLBNWALATY Air Visual

ANRNLTULLDINTIVINHY

u/fauAl
(Mg/m>) SPS30 (Jg/m°)

7/06/2562 16.8 8.96
10/06/2562 14.3 7.69
11/06/2562 16.6 7.12
12/06/2562 16.2 5.28
13/06/2562 17.3 7.11
17/06/2562 13.9 3.01
18/06/2562 16.2 5.95
19/06/2562 17.8 7.03
20/06/2562 21.3 8.42
27/06/2562 13.9 11.37
28/06/2562 15.1 2.87
30/06/2562 14.3 6.37
2/07/2562 T2 8.15
12/07/2562 19.9 8.08
13/07/2562 21.2 8.75
14/07/2562 16.4 5.01
15/07/2562 14.9 4.50
16/07/2562 14.8 3.72
17/07/2562 15.3 8.88
18/07/2562 16.5 11.20
19/07/2562 17.8 7.81
20/07/2562 14.4 6.34
21/07/2562 13.2 9.77
22/07/2562 13.1 3.90
23/07/2562 17.6 7.90
24/07/2562 15 3.10
25/07/2562 12.3 4.65
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15197 4.2 MaUSeuiiisuaanududuvesduazess PM 2.5 Mnidugesnsiaiadu

SPS30 AukannaATy Air Visual e JuLRednu (sa)

L. ANINUENNALATY Air Visual | A1nfuasniaaiadu
Ju/nau/Al ,
(Mg/m>) SPS30 (Mg/m”)
26/07/2562 14.2 4.04
27/07/2562 16.4 5.31
28/07/2562 18.3 10.23
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fAsANNAZINI A1AITNTUYRIuAzRRY PM 2.5 anniseulaglduenndinty

Air Visual gnsies (Juninsgnu) wanunsadiuainisenuamnnududuveaiuazess PM 2.5
nduwesnsaiadu SPS30 Taenndaatuarauiduduvesuazens PM 2.5 99nuen
waladu Air Visual I Tngnsunuatluaunisi (5) aglddinsnsrainanaduduve sy
avepd PM 2.5 fiinmsusuidieulifeugndesnniu dnsmituandusuil 4.11 uazasned

4.3 Faazmuldednstnauin ansasiainenududuluazesdialndlfesiuuniy

M13199 4.3 MIUTeuLiiguaAnNUiNTuYeuazees PM 2.5 annwanwaladu Air Visual

LazliuesnIaindu SPS30 MiHuNsUSUTIBULA?

ANRINLANNALAYY Air Visual

AN INLTULLDINTIVIAE

M/ deu/Al
(Mg/m>) SPS30 (Jg/m’)

20/04/2562 45.5 31.57
23/04/2562 37.9 31.37
24/04/2562 38.3 50.61
25/04/2562 41.2 31.44
26/04/2562 44.9 33.76
27/04/2562 42.3 36.58
30/04/2562 32 14.10
1/05/2562 31.2 15.85
2/05/2562 34.8 15.62
3/05/2562 33.7 11.84
8/05/2562 32 37.21
9/05/2562 26.5 29.16
13/05/2562 24.4 13.67
14/05/2562 20.9 26.68
15/05/2562 25.2 35.17
16/05/2562 28.9 22.40
17/05/2562 36.4 32.29
18/05/2562 41.1 50.38
21/05/2562 29 47.78
31/05/2562 16.8 16.66




M15791 4.3 nsiTeuiiiguAianudutuvesduazess PM 2.5 annuennaiadu Air Visual

LasidugesnTindu SPS30 NkunisUsuTisuLa(so)
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ANAINLLBNWALATY Air Visual

ARNLTULLDINTIVINHY

M/ fauAl
(Mg/m>) SPS30 (Mg/m’)

1/06/2562 17.1 31.07
3/06/2562 16.9 25.60
4/06/2562 18 32.79
5/06/2562 19 37.38
6/06/2562 20.1 6.11
7/06/2562 16.8 13.62
10/06/2562 143 11.69
11/06/2562 16.6 10.82
12/06/2562 16.2 8.03
13/06/2562 17.3 10.81
17/06/2562 13.9 4.58
18/06/2562 16.2 9.04
19/06/2562 17.8 10.69
20/06/2562 21.3 12.80
27/06/2562 13.9 17.28
28/06/2562 15.1 4.36
30/06/2562 14.3 9.68
2/07/2562 17.3 12.39
12/07/2562 19.9 12.28
13/07/2562 21.2 13.29
14/07/2562 16.4 7.61
15/07/2562 14.9 6.85
16/07/2562 14.8 5.65
17/07/2562 15.3 13.50
18/07/2562 16.5 17.02
19/07/2562 17.8 11.88
20/07/2562 14.4 9.63
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M3199 4.3 MIIeuiiguatANiNtuvesiuazeas PM 2.5 annwennaadu Air Visual

LasidugesnTindu SPS30 Akun1sUTuTiBuLaY (Ae)

gl Aranuanwaladu Air Visual | A1NI@uasnsangu
(Mg/m?) SPS30 (Mg/m°)
21/07/2562 13.2 14.85
22/07/2562 13.1 593
23/07/2562 17.6 12.01
24/07/2562 15 471
25/07/2562 12.3 7.07
26/07/2562 16.2 6.14
27/07/2562 16.4 8.07
28/07/2562 18.3 15.55
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wazidurosnTaindu SPS30

M591 4.4 nswIeuiiigueviiaunimeiniasyrinawenwaladu Air Visual
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ANANLLANNALATY Air

ANRNLTULLDINTIVINHY

u/fauAl
Visual (g/m’) SPS30 (Mg/m°)

20/04/2562 126 69
23/04/2562 107 69
24/04/2562 108 96
25/04/2562 115 69
26/04/2562 124 72
27/04/2562 118 76
30/04/2562 93 38
1/05/2562 91 43
2/05/2562 99 43
3/05/2562 96 32
8/05/2562 93 77
9/05/2562 81 66
13/05/2562 /4 37
14/05/2562 69 62
15/05/2562 78 74
16/05/2562 86 56
17/05/2562 103 70
18/05/2562 115 95
21/05/2562 86 92
31/05/2562 61 45
1/06/2562 61 68
3/06/2562 61 61
4/06/2562 63 71
5/06/2562 65 77
6/06/2562 68 17
7/06/2562 61 37
10/06/2562 56 32




wasidugesnTaindu SPS30 (se)

M591 4.4 nswIeuiiigueviiaunimeiniasyrinawenwaladu Air Visual
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ANANLLANNALATY Air

ANRNLTULLDINTIVINHY

MW/ iauAl
Visual (lg/m’) SPS30 (Mg/m°)

11/06/2562 60 30
12/06/2562 60 22
13/06/2562 62 30
17/06/2562 55 13
18/06/2562 60 25
19/06/2562 63 29
20/06/2562 70 35
27/06/2562 55 a7
28/06/2562 57 12
30/06/2562 56 26
2/07/2562 62 34
12/07/2562 67 33
13/07/2562 70 36
14/07/2562 60 21
15/07/2562 57 19
16/07/2562 57 15
17/07/2562 58 37
18/07/2562 60 a7
19/07/2562 63 33
20/07/2562 56 26
21/07/2562 53 40
22/07/2562 53 16
23/07/2562 63 33
24/07/2562 57 13
25/07/2562 51 19
26/07/2562 55 17
27/07/2562 60 22
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M591 4.4 nswIeuiiigueviiaunimeiniasyrinawenwaladu Air Visual

wazlduLesnT9Indu SPS30 (se)

o A ANRNUBNNALATY Air ANRNLTULLDINTIVINHY

T/ dhauAl , 5
Visual (Ug/m”~) SPS30 (Mg/m™)

28/07/2562 64 43
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Usuifieulidianugndeannntu dansmituansluzuil 4.14 uazansnad 4.5 Jaaziuliegng

Faaudn mnsesiviadiaunimeinialalndifigaiuaniu

M5791 4.5 nsiIguifiguaneiinunneIn1AInnInsITRmBLenaLAdUY Air Visual

LazliuesnTI9indu SPS30 MINuN1sUSUBULEY

ANANLDNWALATY Air AN ULYDINTIINEIY
Ju/\dau/l . X s
Visual (Mg/m~) SPS30 (Mg/m™)

20/04/2562 126 99.36
23/04/2562 107 99.36
24/04/2562 108 138.24
25/04/2562 115 99.36
26/04/2562 124 103.68
27/04/2562 118 109.44
30/04/2562 93 54.72
1/05/2562 91 61.92
2/05/2562 99 61.92
3/05/2562 96 46.08
8/05/2562 93 110.88
9/05/2562 81 95.04
13/05/2562 I 53.28
14/05/2562 69 89.28
15/05/2562 78 106.56
16/05/2562 86 80.64
17/05/2562 103 100.8
18/05/2562 115 136.8
21/05/2562 86 132.48
31/05/2562 61 64.8
1/06/2562 61 97.92
3/06/2562 61 87.84
4/06/2562 63 102.24
5/06/2562 65 110.88




M591 4.5 nsilIguiiiguaneiinunneIn1AInnesIIRmgLenaLAdUY Air Visual

wasiduosnTaindu SPS30 AikunisUsuTiauwd) (sia)
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ANANLDNNALATY Air

AN INLTULLDINTIV TN

M/ fauAl
Visual (Jg/m”) SPS30 (Mg/m’)

6/06/2562 68 24.48
7/06/2562 61 53.28
10/06/2562 56 46.08
11/06/2562 60 432
12/06/2562 60 31.68
13/06/2562 62 432
17/06/2562 55 18.72
18/06/2562 60 36
19/06/2562 63 41.76
20/06/2562 70 50.4
27/06/2562 55 67.68
28/06/2562 57 17.28
30/06/2562 56 37.44
2/07/2562 62 48.96
12/07/2562 67 47.52
13/07/2562 70 51.84
14/07/2562 60 30.24
15/07/2562 57 27.36
16/07/2562 57 21.6
17/07/2562 58 53.28
18/07/2562 60 67.68
19/07/2562 63 47.52
20/07/2562 56 37.44
21/07/2562 53 57.6
22/07/2562 53 23.04
23/07/2562 63 47.52
24/07/2562 57 18.72
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M591 4.5 nsilIguiiiguaneiinunneIn1AInnesIIRmgLenaLAdUY Air Visual

wazldumeingd9indu SPS30 MkunsUsuTiauwd) (sie)

o A ANNUBNWALATU Air AN INLTULLDINTIV TN
T/ dhauAl X \
Visual (Lg/m~) SPS30 (Mg/m”)
25/07/2562 51 27.36
26/07/2562 55 24.48
27/07/2562 60 31.68
28/07/2562 64 61.92
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4.4  nsvedeuuwasasIannududuvesiuazeas PM 2.5 d@andin 2
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ngUszeeA
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v A

Y
wag wawnaiadu Air Visual s Juidgaiu laensiaindu PM 2.5 uay AQ

Nan1siUSeuaU

15799 4.6 MsSeuiisumanududuresiuazess PM 2.5 91nduwesnsiaiadu SPS30

AULANWNALATY Air Visual a4 JuLReIny

SR AranuanwaAgy Air Visual | A1N@uTeinTIdndu
(Hg/m>) SPS30 (g/m”)
9/5/2019 26.5 12.24
13/5/2019 24.4 17.98
16/5/2019 28.9 15.08
17/5/2019 36.4 20.11
18/5/2019 41.1 22.48
21/5/2019 29 12.67
22/5/2019 20.5 8.43
24/5/2019 20.8 7.28
25/5/2019 24.2 14.26
26/5/2019 28.5 15.2
27/5/2019 20.3 11.63
28/5/2019 16.2 9.33
29/5/2019 16.3 4.96
30/5/2019 16.5 4.62
31/5/2019 16.8 8.62
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15197 4.6 MaSeuiisumanududuresiuazess PM 2.5 91nduwesnsiaiadu SPS30

AULBNWAATY Air Visual a4 Judednu (sia)

gl Aranuanwaadu Air Visual | AMN@UTEInTI TRl
(Mg/m>) SPS30 (g/m”)
1/6/2019 17.1 8.12
2/6/2019 14.9 8.2
10/6/2019 14.3 2.44
30/6/2019 14.3 4.21
1/7/2019 16.5 4.61
2/7/2019 17.3 5.43
3/7/2019 12 3.46
6/7/2019 15.7 5.59
7/7/2019 17.4 4.87
8/7/2019 15.2 4.6
9/7/2019 172 4.66
10/7/2019 20 5.31
12/7/2019 19.9 6.86
13/7/2019 21.2 7.25
14/7/2019 16.4 4.2
15/7/2019 14.9 3.72
16/7/2019 14.8 3.23
17/7/2019 15.3 4.61
18/7/2019 16.5 6.37
19/7/2019 17.8 6.44
20/7/2019 14.4 4.89
21/7/2019 13.2 5.09
22/7/2019 13.1 2.95
23/7/2019 17.6 7.11
24/7/2019 15 3.96
26/7/2019 14.2 3.96
27/7/2019 16.4 4.56
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M591 4.7 nsweuiiiguaviiaunimeinimainmsnniainslguenndiadu Air Visual

nasidugesnT9indu SPS30 NikunisUsuTiauuan
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ANAINLLDNNALATY Air

ANRNLTULLDINTIVINHY

u/fauA
Visual (g/m’) SPS30 (Mg/m°)
9/5/2019 81 51
13/5/2019 77 63
16/5/2019 86 57
17/5/2019 103 68
18/5/2019 115 73
21/5/2019 86 52
22/5/2019 69 35
24/5/2019 69 30
25/5/2019 76 55
26/5/2019 85 58
27/5/2019 68 48
28/5/2019 60 39
29/5/2019 60 20
30/5/2019 60 19
31/5/2019 61 36
1/6/2019 61 34
2/6/2019 57 34
10/6/2019 56 10
30/6/2019 56 18
1/7/2019 60 19
2/7/2019 62 23
3/7/2019 50 14
6/7/2019 59 23
7/7/2019 62 20
8/7/2019 57 19
9/7/2019 62 19
10/7/2019 68 22
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M591 4.7 nsweuiiiguaiviiaunimeinimainmsnniainslguenndiadu Air Visual

LasidugesnTaindu SPS30 Akun1sUTuTiBuLaY (Ae)

ANRNLDWNALATY Air AN UIYDIATAINEY
u/\houAl ’
Visual (Jlg/m’) SPS30 (Mg/m’)
12/7/2019 67 28
13/7/2019 70 30
14/7/2019 60 18
15/7/2019 57 15
16/7/2019 57 13
17/7/2019 58 19
18/7/2019 60 26
19/7/2019 63 27
20/7/2019 56 20
21/7/2019 53 21
22/7/2019 53 12
23/7/2019 63 30
24/7/2019 57 16
26/7/2019 55 16
27/7/2019 60 19
28/7/2019 64 25
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15197 4.8 MaNuRanIsnTIinUinauazens PM 2.5 famsusulaeenlas

waringlulnsiaulaeanlyn

AAMTNTUVDY | AN NTUYRY AAMULTNTUVDY
W/ Ul Huazaaq arsuaulaaanlan lulasaulaeanlen
(Mg/mA3) (ppm) (ppm)
27/01/2564 32.71 333.09 4.34
28/01/2564 18.02 305.09 5.87
29/01/2564 18.75 307.30 7.31
30/01/2564 25.56 341.39 8.04
31/01/2564 25.64 433.89 8.07
1/02/2564 16.62 232.96 8.30
2/02/2564 21.83 400.10 8.58
3/02/2564 22.65 395.45 9.12
4/02/2564 19.56 350.02 8.94
5/02/2564 15.79 352.55 8.58
6/02/2564 22.79 358.37 8.54
7/02/2564 24.61 340.28 8.71
8/02/2564 35.02 345.83 8.75
10/02/2564 14.16 364.40 7.95
11/02/2564 17.71 365.39 8.66
12/02/2564 24.03 480.18 9.19
13/02/2564 26.85 370.98 9.17
14/02/2564 28.35 497.37 9.18
15/02/2564 35.03 353.35 9.48
16/02/2564 48.85 351.26 8.68
17/02/2564 32.24 359.86 8.00
18/02/2564 22.44 374.03 8.66
19/02/2564 17.73 341.99 9.32
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15197 4.8 MaNuranIseTIinUsnauazens PM 2.5 famsusulaeenlas

wazinalulasiaulaeenlas (sa)

AAMTNTUVDY | AN NTUYRY AAMULTNTUVDS

W/ wpuAl Huazaaq arsuaulaeanlan lulasaulaoanlen
(Mg/mA3) (ppm) (ppm)

20/02/2564 25.72 334.24 9.36
21/02/2564 31.23 339.73 9.54
22/02/2564 39.56 344.63 9.47
23/02/2564 43.03 366.19 9.11
24/02/2564 49.64 363.13 8.89
25/02/2564 57.10 397.06 1.72
26/02/2564 45.03 290.00 9.82
27/02/2564 46.48 349.41 9.17
28/02/2564 43.14 331.67 9.15
1/03/2564 33.72 346.67 9.30
2/03/2564 26.43 348.96 8.76
3/03/2564 15.92 500.20 9.04
4/03/2564 18.39 363.89 9.25
5/03/2564 17.38 344.32 8.25
6/03/2564 25.27 355.92 9.26

IMNAVTNHANITATIVTAUT WU wazees PM 2.5 vl A un1neInIe A1

< ¢ o < o w & & 2
asuaulneenlenuazinvlulasiaulasenled aansadeyanmuauindendunivuans
ANUANRUSVRIAIAIITNTUYRI UageR PM 2.5 Agarsuaulaeenled Awlulasiau
sonludlanagun 4.21 4.22 uay 4.23 Fadunanisiiudoyavesaniiiil 2 ermsmalusid

W Ingaemalulagasuns



nauaaramaNUTNIuveIuazens PM 2.5
60.00
50.00
40.00
30.00

20.00

PM 2.5 (ug/m”3)

10.00

0.00

27/01/2564 3/02/2564 10/02/2564 17/02/2564 24/02/2564 3/03/2564

[

U

JUN 4.21 nsMuanIHaA1AINTUYBRUAZRDY PM 2.5 i @nllil 2 21ansmalusiil

' v Y o ¢ ¢
ﬂiTNLlﬁﬂﬁWﬁ?ﬂﬂ’ﬂﬂlelllsllusll@\iﬂ'l“]fﬂ']ﬁﬂ@uulﬂ@@ﬂllsﬁﬂ

600.00

s
12

500.00

Tavon T

400.00

300.00

4

200.00

(7]
ANUUUUVHUDINIBATTUDU
(ppm)

100.00

9

0.00

9

27/01/2564  3/02/2564  10/02/2564  17/02/2564  24/02/2564  3/03/2564

[

U

JUN 4.22 nsmuanssarauiduduvesinganiveulaoenlas

~ A )~
U @01UN 2 'E]']ﬂ'ﬁL‘VlﬂIuﬁ']u




73

1 Y 9 2] J
ﬂTW‘ILlﬁ@\?Waﬂ']ﬂ'l']lllqlil"llu"l]@\iﬂ']clflluiﬂﬁmullﬂ’ﬂ@ﬂulcﬁﬂ

12.00
&
=
p 10.00
@
&
< 8.00
=
= 6.00
&
0;‘: /-E\ 4.00
= &
36
< 2.00
@
F
ag 0.00
=
R 27/1/2564 3/2/2564 10/2/2564 17/2/2564 24/2/2564 2/3/2564
= .
e U

JUN 4.23 nyvluansradAudintuvesiwlulasiaulasenlys

A ~
Al @0UN 2 E]']ﬂ']iL‘V]ﬂIUﬁ’]u

INFUN 4.21 4.22 uay 4.23 LAAIANNAUITUSVDIAIANUTUTUIDIN UALDBY PM

2.5 a1 AQI Awansusulaeenlarmwazfslulasiavssnles Feaziiulaiunltuvesrianing

[y

WUIUUDINg 4 Wluhamafenulukmas iy Bu18auI o USRAUNUIAIAULTNTY PM

= 2

2.5 110 APt IAsrtiaunIn Aea1suaulaeanleduasinglulasiausanlyniay

9

(% (%
o

funiuiu enadeintisiutiurdenaiu Vnaindssuunsetadiaunimernad
grumuzdusuviednmehianssy w uinadfege vl udurietisnaniudidina
N ueIA1ANdNTUYR I uazeed PM 2.5 A1gasusulnoanlyduazitvlulasiau
20N lwAuIN

9INM1519NAUNEN1SATIVTRENTaIAIAL TNt uTI uazeDY PM 2.5 uana

Juanswiinaunineinielanmissi 4.9
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A ULdNTUYDIE U
TW/idauAl | ARYNAMAINEINA
aza93 (Ug/mA3)
27/01/2564 32.71 95.47
28/01/2564 18.02 61.58
29/01/2564 18.75 64.98
30/01/2564 25.56 79.73
31/01/2564 25.64 79.73
1/02/2564 16.62 59.38
2/02/2564 21.83 70.03
3/02/2564 22.65 73.21
4/02/2564 19.56 66.70
5/02/2564 15.79 55.26
6/02/2564 22.79 73.54
7/02/2564 24.61 77.54
8/02/2564 35.02 100.55
10/02/2564 14.16 50.85
11/02/2564 17.71 58.89
12/02/2564 24.03 76.04
13/02/2564 26.85 82.28
14/02/2564 28.35 85.70
15/02/2564 35.03 101.39
16/02/2564 48.85 130.49
17/02/2564 32.24 94.24
18/02/2564 22.44 94.24
19/02/2564 17.73 62.83
20/02/2564 25.72 79.95
21/02/2564 31.23 92.55
22/02/2564 39.56 110.59
23/02/2564 43.03 119.27
24/02/2564 49.64 132.04
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A ULdNTUYDIE U
TW/idauAl | ARYNAMAINEINA
aza93 (Ug/mA3)
25/02/2564 57.10 143.61
26/02/2564 45.03 123.08
27/02/2564 46.48 123.53
28/02/2564 43.14 117.53
1/03/2564 33.72 97.43
2/03/2564 26.43 81.23
3/03/2564 15.92 55.40
4/03/2564 18.39 64.14
5/03/2564 17.38 60.98
6/03/2564 25.27 79.15
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ynnansiuteyaraududuresiuazons PM 2.5 Adudaunineiniauaz e
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USEPA wazid3elaldanfinmsndaninuassvdun wansinised 10

(i ; https://agicn.org/)

M1391 4.10 MsSpuiiguamanudtuvesiuazesd PM 2.5 A1A3iAmA NN ALALAY
anuutululpsiaulasenleaiilaainnisssuussainduiaunimieinia

waztulednmnIneInA agicn

o o Wulednsiainqauninenna
FTUUNTIVINABLAMNINAINA
aqgicn
, AAY , ANANU
o ey | L L, ey | | L,
WwheeuAdl |, Aell | Wuduwes |, Al | iuduvsg
Wudiuvas udiuvas
, A | lulasiau | | AN | lulasiau
Wuazaas . | Huazoas .
2 me | leeenlan 29md | leeanlua
(Kg/mA3) (Mg/mA3)
(ppm) (ppm)
27/01/2564 32.71 95.47 4.34 111 179.64 15
28/01/2564 18.02 61.58 5.87 119 183.77 7
29/01/2564 18.75 64.98 7.31 81 164.13 9
30/01/2564 25.56 79.73 8.04 107 177.57 12
31/01/2564 25.64 ) 8.07 113 180.67 14
1/02/2564 16.62 59.38 8.30 113 180.67 9
2/02/2564 21.83 70.03 8.58 88 167.75 7
3/02/2564 22.65 73.21 9.12 104 176.02 11
4/02/2564 19.56 66.70 8.94 96 171.88 13
5/02/2564 15.79 55.26 8.58 94 170.85 15
6/02/2564 22.79 73.54 8.54 104 176.02 11
7/02/2564 24.61 77.54 8.71 105 176.53 15
8/02/2564 35.02 100.55 8.75 127 187.91 10
10/02/2564 14.16 50.85 7.95 60 153.27 14
11/02/2564 17.71 58.89 8.66 89 168.26 12
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anuudululasiaulneanlenilaannnisszuunsItn
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UAUNINDINTALAL A

AYUAUNTINIBINA

q

oo 4 Wuledasiainqaunineina
FTUUNTIVINAVUAMININDINA
aqgicn
, AR , AR
oo many | L L L, ey | |,
Wwheeudl |, Al | Wuduves |, Al | iduduves
udiuves idudiuves
, A | lulesau | | A | lulasiau
APEERRE . | Huazoey .
1A | lasanlya 29d | leoanlys
(Kg/mA3) (Kg/mA3)
(ppm) (ppm)
12/02/2564 24.03 76.04 9.19 104 176.02 14
13/02/2564 26.85 82.28 9.17 113 180.67 13
14/02/2564 28.35 85.70 9.18 119 183.77 16
15/02/2564 35.03 101.39 9.48 125 186.87 14
16/02/2564 48.85 130.49 8.68 145 197.21 11
17/02/2564 32.24 94.24 8.00 141 195.14 6
18/02/2564 22.44 94.24 8.66 94 170.85 8
19/02/2564 17.73 62.83 9.32 92 169.81 10
20/02/2564 2572 79.95 9.36 93 170.33 17
21/02/2564 31.23 92.55 9.54 127 187.91 22
22/02/2564 39.56 110.59 9.47 141 195.14 19
23/02/2564 43.03 119.27 9.11 145 197.21 17
24/02/2564 49.64 132.04 8.89 154 204.47 15
25/02/2564 57.10 143.61 1.72 150 199.79 16
26/02/2564 45.03 123.08 9.82 142 195.66 6
27/02/2564 46.48 123.53 9.17 154 204.47 8.5
28/02/2564 43.14 117.53 9.15 143 196.18 9
1/03/2564 33.72 97.43 9.30 132 190.49 10
2/03/2564 26.43 81.23 8.76 111 179.64 8
3/03/2564 15.92 55.40 9.04 97 172.40 7
4/03/2564 18.39 64.14 9.25 73 159.99 13
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UAUNINDINTALAL A

UAUNTINIBINA

o o A Wuledasiainqaunineina
FTUUNTIVINAVUAMININDINA
aqgicn
, AR , AR
oo AN R ey | |,
WwieeuAd |, Anadl | Wuduves | , Al | uduvag
[uduves [uduveg
, aan | lulesiau | | A | lulnsiau
Wuazeas | ° | Huazoas | )
21me | laoenlyn 21 | lmeanlun
(Kg/mA3) (Kg/mA3)
(ppm) (ppm)
5/03/2564 17.38 60.98 8.25 92 169.81 10
6/03/2564 25.27 79.15 9.26 91 169.30 10
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mdtuuad ArAULTNTUYDY AAULdNTUYDY

/Ul . arsuaulnoanlyn lulnsiaulaeanlan
829949 (lg/mA3)
(ppm) (ppm)

25/01/2564 24.71 240.78 2.32
27/01/2564 26.78 382.53 5.49
28/01/2564 15.37 211.93 5.97
29/01/2564 19.73 26.55 5.68
30/01/2564 26.62 304.07 7.36
31/01/2564 24.04 126.81 6.99
1/02/2564 15.20 87.61 6.73
2/02/2564 18.06 13.77 6.63
3/02/2564 20.04 480.08 7.55
4/02/2564 16.05 573.18 8.06
5/02/2564 14.18 267.03 7.82
6/02/2564 18.62 55.52 7.62
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82994 (Mg/mA3)
(ppm) (ppm)
7/02/2564 22.61 14.53 7.35
8/02/2564 29.69 269.50 6.50
9/02/2564 9.91 183.88 6.54
10/02/2564 14.19 183.87 7.62
11/02/2564 16.03 150.95 7.69
12/02/2564 20.99 81.55 8.04
13/02/2564 22.68 705.24 7.85
14/02/2564 23.54 640.25 7.45
15/02/2564 29.20 466.19 8.23
16/02/2564 42.22 78.91 8.48
17/02/2564 32.57 166.54 7.86
18/02/2564 18.93 166.80 9.19
19/02/2564 15.81 439.46 9.33
20/02/2564 22.38 579.91 8.97
21/02/2564 23.28 63.90 8.45
22/02/2564 34.24 282.53 8.84
23/02/2564 37.16 262295 8.49
24/02/2564 41.67 179.55 8.69
25/02/2564 46.75 160.64 9.12
26/02/2564 36.97 138.64 8.03
27/02/2564 38.47 137.68 8.61
28/02/2564 33.84 177.36 8.46
1/03/2564 27.30 187.06 8.53
2/03/2564 22.23 329.16 8.90
3/03/2564 17.56 381.07 9.60
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M5 4.12 AdiamninernianlaannnisAueiaiiiuresEuazesd PM 2.5

AMAMULTUT UV DU
T/ nou/Al " ANYLAMNINEINA
82994 (Ug/mA3)

25/01/2564 24.71 78.03
27/01/2564 26.78 81.88
28/01/2564 15.37 55.32
29/01/2564 19.73 67.05
30/01/2564 26.62 81.69
31/01/2564 24.04 76.23
1/02/2564 15.20 55.55
2/02/2564 18.06 61
3/02/2564 20.04 67.35
4/02/2564 16.05 58.53
5/02/2564 14.18 50.85
6/02/2564 18.62 64.11
7/02/2564 22.61 73.21
8/02/2564 29.69 88.2
9/02/2564 9.91 36.46
10/02/2564 14.19 49.92
11/02/2564 16.03 54.33
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M5 4.12 AiiaaninetnianlaannisAuiadutuesuazess PM 2.5 (de)

AAIUTNTUVDIH U
TW/idauAl | ARYNAMAINEINA
82994 (Mg/mA3)

12/02/2564 20.99 69.38
13/02/2564 22.68 12.76
14/02/2564 23.54 75.11
15/02/2564 29.20 87.86
16/02/2564 42.22 117.64
17/02/2564 32.57 93.42
18/02/2564 18.93 65.38
19/02/2564 15.81 58.8
20/02/2564 22.38 72.69
21/02/2564 23.28 74.92
22/02/2564 34.24 99.7
23/02/2564 37.16 105.76
24/02/2564 41.67 116.32
25/02/2564 46.75 124.22
26/02/2564 36.97 105.1
27/02/2564 38.47 109.55
28/02/2564 33.84 98.35
1/03/2564 27.30 83.33
2/03/2564 22.23 72.04
3/03/2564 17.56 59.36
4/03/2564 16.79 59.47
5/03/2564 16.78 59.45
6/03/2021 20.54 68.56
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AYUAUNINIBINA

q

oo 4 vulednsiainnanineinia
FTUUNTIVINABUAMININDINA
aqgicn
, AR , AR
VoA ey | L L L, ey | L L,
Wwhdeudl |, Al | uduwes |, Al | iduduves
\uduves idudiuves
, A | lulasau | | A | lulasiau
APRERRE .| Huazeas .
21d | leoanlya 29d | lenoanlya
(Kg/mA3) (Kg/mA3)
(ppm) (ppm)
25/01/2564 24.71 78.03 2.32 152 202.49 17
27/01/2564 26.78 81.88 5.49 111 179.64 15
28/01/2564 15.37 55.32 5.97 119 183.77 7
29/01/2564 19.73 67.05 5.68 81 164.13 9
30/01/2564 26.62 81.69 7.36 107 177.57 12
31/01/2564 24.04 76.23 6.99 113 180.67 14
1/02/2564 15.20 59,55 6.73 113 180.67 9
2/02/2564 18.06 61 6.63 88 167.75 7
3/02/2564 20.04 67.35 7.55 104 176.02 11
4/02/2564 16.05 58.53 8.06 96 171.88 13
5/02/2564 14.18 50.85 7.82 94 170.85 15
6/02/2564 18.62 64.11 7.62 104 176.02 11
7/02/2564 22.61 73.21 7.35 105 176.53 15
8/02/2564 29.69 88.2 6.50 127 187.91 10
9/02/2564 9.91 36.46 6.514 83 165.16 10
10/02/2564 14.19 49.92 7.62 60 153.27 14
11/02/2564 16.03 54.33 7.69 89 168.26 12
12/02/2564 20.99 69.38 8.04 104 176.02 14
13/02/2564 22.68 72.76 7.85 113 180.67 13
14/02/2564 23.54 75.11 7.45 119 183.77 16
15/02/2564 29.20 87.86 8.23 125 186.87 14
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M15°99 4.13 NSUSEUWEUAIA MU TUTRIHWAEERY PM 2.5 AMRYHAMAINDINIALAZAN

audntululasiaulaeenleanliainnisseuunsiaindviinuninieinie

wasuleingaainnnnmeInie agicn (o)

oo 4 vulednsiainnanineinia
FTUUNTIVINABUAMININDINA
aqgicn
, AR , AR
VoA ey | L L L, ey | L L,
Wwhdeudl |, Al | uduwes |, Al | iduduves
\uduves idudiuves
, A | lulasau | | A | lulasiau
APRERRE .| Huazeas .
21d | leoanlya 29d | lenoanlya
(Kg/mA3) (Kg/mA3)
(ppm) (ppm)
16/02/2564 42.22 117.64 8.48 145 197.21 11
17/02/2564 32.57 93.42 7.86 141 195.14 6
18/02/2564 18.93 65.38 9.19 94 170.85 8
19/02/2564 15.81 58.8 9.33 92 169.81 10
20/02/2564 22.38 72.69 8.97 93 170.33 17
21/02/2564 23.28 74.92 8.45 127 187.91 22
22/02/2564 34.24 99.7 8.84 141 195.14 19
23/02/2564 37.16 105.76 8.49 145 197.21 17
24/02/2564 41.67 116.32 8.69 154 204.47 15
25/02/2564 46.75 124.22 9.12 150 199.79 16
26/02/2564 36.97 105.1 8.03 142 195.66 6
27/02/2564 38.47 109.55 8.61 154 204.47 8.5
28/02/2564 33.84 98.35 8.46 143 196.18 9
1/03/2564 27.30 83.33 8.53 132 190.49 10
2/03/2564 22.23 72.04 8.90 111 179.64 8
3/03/2564 17.56 59.36 9.60 97 172.40 7
4/03/2564 16.79 59.47 9.23 73 159.99 13
5/03/2564 16.78 59.45 9.90 92 169.81 10
6/3/2021 20.54 68.56 9.62 91 169.30 10
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4.7.1  n1smsaasziaelygyiUszhivg Inelusunsa Jupyter Notebook

[y

lumsliessiiazyinuenateyan1saaeuszuuivinanmeInie luna

q

LightGBM lun1siasziiuasyinunedeya laeaglulimassuidoyaidugn antuiugn

tagautlulilunanumudeyain i uAULINEIgNADIvRIToYaYAlY HANIT

IAskasUsLanalaRIn519se LU T

M13NT 4.14 HaNTIATIEALAEYITUNEVRLAYRIANNTN 2

i’ UayaRvlAMAININIARINATTIIUNY
2/1/2021 59.37951
2/1/2021 59.37951
2/1/2021 59.37951
3/1/2021 97.42843
3/1/2021 97.42843
3/1/2021 97.42843
27/1/2021 95.47186
28/1/2021 61.57579
28/1/2021 61.57579
28/1/2021 61.57579
29/1/2021 64.98435
29/1/2021 64.98435
29/1/2021 64.98435
30/1/2021 79.73353
31/1/2021 79.72864
31/1/2021 79.72864
2/2/2021 70.02500
2/2/2021 70.02500
2/2/2021 70.02500
3/2/2021 81.23179
13/2/2021 82.27850
13/2/2021 82.27850
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v v

M magawu@mmwa"m'lﬂmnn'ﬁﬁwu'm
13/2/2021 82.27850
13/2/2021 82.27850
13/2/2021 82.27850
13/2/2021 82.27850
14/2/2021 85.70416
16/2/2021 130.49153
16/2/2021 130.49153
16/2/2021 130.49153
16/2/2021 130.49153
17/2/2021 94.23968
17/2/2021 94.23968
18/2/2021 12.79277
18/2/2021 1279277
18/2/2021 72.19277
19/2/2021 62.83056
19/2/2021 62.83056
19/2/2021 62.83056
20/2/2021 79.94702
20/2/2021 79.94702
20/2/2021 79.94702
21/2/2021 92.55073
21/2/2021 92.55073
21/2/2021 92.55073
22/2/2021 110.58797
22/2/2021 110.58797
22/2/2021 110.58797
23/2/2021 119.26719
23/2/2021 119.26719
23/2/2021 119.26719
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v v

M magawu@mmwa"m'lﬂmnn'ﬁﬁwu'm
24/2/2021 132.03938
24/2/2021 132.03938
24/2/2021 132.03938
25/2/2021 143.61391
25/2/2021 143.61391
26/2/2021 123.07531
21/2/2021 123.52688
27/2/2021 123.52688
21/2/2021 123.52688
27/2/2021 123.52688
28/2/2021 117.53060
28/2/2021 117.53060
3/3/2021 55.39539
3/3/2021 55.39539
3/3/2021 55.39539
3/3/2021 55.39539
3/3/2021 55.39539
2/4/2021 66.69665
2/4/2021 66.69665
2/4/2021 66.69665
2/4/2021 66.69665
2/4/2021 66.69665
3/4/2021 64.13694
3/4/2021 64.13694
3/4/2021 64.13694
2/5/2021 55.26468
2/5/2021 55.26468
2/5/2021 55.26468
2/5/2021 55.26468
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M3NN 4.14 HanTIATIEazyIUNevayavesaniin 2 (de)

T JayanviinnnmaINIAIINNITVITUNY
2/6/2021 73.54346
2/6/2021 73.54346
2/6/2021 73.54346
2/7/2021 77.54300
2/1/2021 77.54300
2/7/2021 77.54300
2/7/2021 77.54300
2/8/2021 100.54621
2/8/2021 100.54621
2/8/2021 100.54621
2/8/2021 100.54621
2/8/2021 100.54621
2/10/2021 50.85111
2/12/2021 76.03890
2/12/2021 76.03890

'
= v =
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JUN 4.50 N3 ARIHANTIATIERAEYIUNENaToYaYRsAnN TN 2

a a ¢ ° v A
M990 4.15 Naﬂ’li'ﬂLﬂi’]%'ﬂLLa%‘VﬂuqEJGUEJQJuaGUENﬁOWUVI 3

e UaUaATIANNINIINIAIINNTVIIUNY
2/1/2021 55.55277
2/1/2021 55.552717
3/1/2021 8 AU
3/1/2021 83.32751
3/1/2021 83.32751
3/1/2021 83.32751

25/1/2021 78.03032
27/1/2021 81.87917
27/1/2021 81.87917
27/1/2021 81.87917
28/1/2021 55.32115
28/1/2021 55.32115
28/1/2021 55.32115
28/1/2021 55.32115




M13NN 4.15 Han1TIATIEkazyIUnevayavesaniln 3 (de)

114

v v

M magawu@mmwa"m'lﬂmnn'ﬁﬁwu'm
29/1/2021 67.05016
29/1/2021 67.05016
29/1/2021 67.05016
30/1/2021 81.68927
31/1/2021 76.23039
31/1/2021 76.23039
3/2/2021 72.04008
3/2/2021 72.04008
3/2/2021 72.04008
13/2/2021 72.7592
13/2/2021 72.71592
13/2/2021 72.7592
13/2/2021 72.7592
15/2/2021 87.85964
15/2/2021 87.85964
16/2/2021 117.6386
16/2/2021 117.6386
17/2/2021 93.41959
17/2/2021 93.41959
17/2/2021 93.41959
18/2/2021 65.38016
19/2/2021 58.8012
19/2/2021 58.8012
20/2/2021 72.69068
20/2/2021 72.69068
21/2/2021 74.91042
21/2/2021 74.91042
21/2/2021 74.91042
21/2/2021 74.91042
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v v

M magawu@mmwa"m'lﬂmnn'ﬁﬁwu'm
21/2/2021 74.91042
21/2/2021 74.91042
22/2/2021 99.70632
22/2/2021 99.70632
22/2/2021 99.70632
22/2/2021 99.70632
23/2/2021 105.7595
23/2/2021 105.7595
23/2/2021 105.7595
24/2/2021 116.3189
24/2/2021 116.3189
24/2/2021 116.3189
25/2/2021 124.2182
25/2/2021 124.2182
26/2/2021 105.0998
26/2/2021 105.0998
26/2/2021 105.0998
26/2/2021 105.0998
27/2/2021 109.5485
27/2/2021 109.5485
28/2/2021 98.34963
28/2/2021 98.34963
28/2/2021 98.34963
28/2/2021 98.34963
2/3/2021 67.34704
2/3/2021 67.34704
3/3/2021 59.36393
3/3/2021 59.36393
3/3/2021 59.36393
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v v

M magawu@mmwa"m'lﬂmnn'ﬁﬁwu'm
2/4/2021 58.53095
2/4/2021 58.53095
2/4/2021 58.53095
2/4/2021 58.53095
2/4/2021 58.53095
3/4/2021 59.46921
3/4/2021 59.46921
3/4/2021 59.46921
2/5/2021 50.8516
2/5/2021 50.8516
2/6/2021 64.11063
2/6/2021 64.11063
2/6/2021 64.11063
2/6/2021 64.11063
2/6/2021 64.11063
3/6/2021 68.55982
3/6/2021 68.55982
2/7/2021 73.20992
2/8/2021 88.19935
2/9/2021 36.46137
2/10/2021 49.92079
2/11/2021 54.33048
2/11/2021 54.33048
2/11/2021 54.33048
2/11/2021 54.33048
2/11/2021 54.33048
2/12/2021 69.37982
2/12/2021 69.37982




117

IINANTMAAIANTOYATN LAINAITITEUS HIUNITABURAENIINAFRUVILULAS
LightGBM amsi3euiasduioyatias 1 dududiuiu 200 50U uazuaniieenu 10% o1
uuteyanun lngdeyavesanilf 3 Ivmua 1000 Teyanse 25 Yateya waila

Wiy 100 deyaanunsandesdunsnlinguil 4.51

Suranaree University of Technology AQI

actual
predict_X_train
120 predict_X_test

100

§' B0

40

2021-01 2021-03 2021-05 2021-07 2021-09 2021-11

JUN 4.51 neMuaniiansInTeiiasynunegnateyavesanin 3

9N3UT 4.50 wazgui 4.51 Wunsmuansanuduiusvostoyandliiusouduas

Joyafinunisseuiantunands Jadudoyanliannisupdeussuunsiadaiinunin o

a v

~a ] d' | a Y} = A o
adnun 2 @qﬂqiLWﬂIUﬁquLLagﬁﬂquw S E]"I?I'ﬁsUanllVT]WEJ']aEJLV]@IUI@EJ?:I?UWi VBUANUIUN

Y

Ieswiiaryineulunatufetayardriinnn e Anmun Kanlivestoyaiitiu

nsseuilaensaoUkarnadauTatlualirfvinmn na AR lnaLALiuAITIlAAN

o 2V

Joyanaunsiseuinlieg vinlilamanuudugignaesy

Y Y

4.7.2 mMsnadEaUANNLLUgIvBIlULAA

I

Wudunaun1svaaaulasd InAuulugualinaniani R-Square (R?)

Woe R-Square AAlna 1 3o 100% azlansfsnuiugvaslunaianuuiluginn lag

¥

A5NAEBUANULNUEITALTEIT score 989 scikit-learn TUNNSAIIEDU TINAKEAIAIAINY

[

wilugvadlumalanad




118

° a0717 2 91A15Alus T Tun1saRUiAIYINAU 99.99% HazAIAINNLIUEN

Tunsnaaauilaninnu 99.99%

o a01ilf 3 e1AsvudwrIngrdemalulagagsuns lunisaou deiidu
99.99% wagA1ANLLuETluNITNAEaRU AUNIAY 99.99% FearTnaaaulaiarun e

Thawdes 100 % wansdelaunaiinisyinaundaukdugazaiunsaeausuls

4.8 &yl

1. kanImegeunsnuvendumesnsiaindu sPs30 lngldgunsal Xiaomi PM
2.5 Air Quality Monitor {ugnasgiunisusuiisuniseruainnududuvesiuazess PM
2.5 Tnganusamuialaan R-Square 393n15MAdeU U@ eI AT TR NTUT DI/ U
a¥e93 PM 2.5 1ilgUAU Xiaomi PM 2.5 Air Quality Monitor A 1t%18U 0.99 wazns1u

U v s ! ¥ ¥ 1 gj ¢ a1 Y a U

ANNENTUSURIAAUTNTUYR I UaZRRY Pm 2.5 vawiassunsal danltnalAesiu

2. HaN1INAFeULIULERsATII TR TUTeuaveRs PM 2.5 @il 1 newn
Unfnwgsiliog 18 Weuiuwennaadu Air Visual A1y 0.84 A1 R-Square ¥83A1 AQI
fANM1AY 0.88 wazns A NFUNUSYBIAIANUINTUTDIN UareDY PM 2.5 UBa1ivdes

€ A 1 Y a U

gunsal denlnalAesiiv

3. pMsvede U UasATITInANUdTuTeUazeRs PM 2.5 @allfl 2 enansinaly
571 WigUAULONNALATY Air Visual HANMIAU 0.92 A1 R-Square 9891 AQI ALY
0.89 waznIMAMUFUNUTVIAIAMUTNTUYRI{UALDDY PM 2.5 903vivansgunsal dan
Indfeeiu WalflguA1ANUTNTUTRIH UAZRDIVRINY 3 NTNAGRUNUTT IANRANGIATY
‘ﬁl 1 d‘ o a2 U a ‘NIQ 5 a a2 ! ! s o Y1 ! ! U
\eannsvanuiiukarUSinaduusnunfaasivsinaliviiu iivldaiesnunlavingu
WAFLNRINAT R-Square NANWIAAAINITAUIYBNNITHINUVBITEUUATIVIAUT UM Y
avoed PM 2.5 Wumnasgiunianunsosensuls Welsuivaunsaiuazwenndindungideld
[
WunInIgIu

4. HaN1INAEBUSEUUATIITRAYHAMAINeINA a0nTlil 2 enmsinalusliieuiv
Aulernsnianunine1nie agicn Inean R-Square vasAnududuros|uazesd PM 2.5
wag AQI dAvAU 0.96 A1 R-Square ¥asAANLINTUIRIA gl ulasaulnoonlys dAn
Wiy 0.91 waznsmANFuiusvesAIANdNTuvesuageas PM 2.5 nsmlaauduius

v A

YDIANRFLAUAINDINIALAZNTINAMUFUNUSVIANANUTNTUYDIA 1 WTpsaulaeanlys

q

A (% a [ [ & [ . a1 Y (%
LlIEJ‘UTUL‘V]EJ‘Uﬂ‘UL?Ul%ﬁﬁi?%?ﬂ@ﬂﬂﬁwa’m’]ﬂ agicn danlnalAeeiuy



119

5. namsnageuszUUATIaInsvdannInerna an1dil 3 enAsvudsming1ds
walula8asunsiisuiuivlednsainnuninenia agicn laeaAn R-Square 384A1A1Y
WnTuYasuareas PM 2.5 uaz AQl deniniu 0.96 A1 R-Square YeIAIANULTNTUYDI NG
lulasiaulagenled dewvindu 0.88 uaznsmanuduiusvesA1nudutuve s uazeas

)=

PM 2.5, n51AnUdunus vasA1nwdamn1ne1nIAwa NS INANUEUNUS UDIAIANLLT WD

9

vosiglulnsiaulaeenleddeusuiisuiuivlednsainnunineinia agicn danlndifes

AU
6. NaN1SN1SUSUMIBUANANULTNTUYBaR1aA1sUaLlneanlan a @anilil 2 wazandl

3lauA1 R-Square AANYINAU 0.70 LagATIWAMNEUNUS VOIAIAIULTUTUVDIA 1%

(%
& o

13 oA v A U oA ) =
Asusulasenleas 2 annfidleuSuiisuiuidelndifseiuanniu
7. Han1sATIEkagyuIedeyalaelusunsy Jupyter Notebook lun1snaaeu
ANLLINEYREnINN 2 eimsalusuavaniidn 3 e1ansvudwninerdemalulagas
= = Y o = = = o o
W13 TUNMIABULARNINAABU KANTSSUSHANYNiU 99.99% Tauansdslnaaiinisinauidl

mmLLﬁ,JueTﬂgﬂéTmLLazmmmaam%’ﬂéf



uni 5

A3UN1533uazuININISHAI lua AR

51 aguilewiinendinus

Tutagtuusunas]uazead PM 2.5 wasinsuaiiysig 9 Lﬂuﬁmymﬁﬁfymﬁu
desniuansgnudoauamaesussrsulusseren didudsdnmsiumaluladinieds
WwweslSarsunldlunisnsaiausuad uazeas PM 2.5 fngasueulaeanlyduazing
lulnsiaulasenled ion1susmsdanisaunindiludunindiss Tuagnsaaounmnin
9171 FEUUANN50YIN19LE 58 TIMAEATINAAMILNANITNTIIALALUULIANATHIWAT BT
Huweslfmouazuonwiieduuugunsniedouniugiliannsadadulalunisuilatiom
duazens PM 2.5 uasfneiiaesldegtsusuduagiuviaed wamsidoannsnaguldssd

1. szuunsiadadudnanineiniafiiiaue dn15Uszgndldiduines sPS30
Particulate Matter Sensor fia3nsansaaduLazinuinnr uruiaidnsnanniinszide
YBIALALYDS (Laser scattering) #3u@m1snvin1sUsuLiisunan1snsiaiaiugunsal
Xiaomi PM2.5 Air Quality Monitor, uaUn@wndu Air Visual waztiulednsiainnaninainie
agicn loegegnaadlndifssiu ldduwesnsniadsuunisveulasenledlunisnsiaia

USinaufirgansusulasenled 3ad3devinisusuiisuseninaesanniinfnnsgunsalduuuy

wazgavingldiduesnsiainnunineinidlumsasaiauiinaiglulasaulasenles s

N

FWehnsusudiunanisasaiatunailanniuledasiaingunimeinia agicn leegns

e

andadlndiAseiy eiilefunistuduigunsnlidugesildtauuigluninsauas
annsaimsUiuiisunanmsnsainfulesedio Tauuumnsgu

2. fldnuansalisgimsiaasunanisnsiadalasguenndinduvugunsal
\AouiTigISefauTuitluszuy Android warssuy I0S TavladissuulszaanakuUngy
w2l (Cloud Computing) 1umsﬁﬂsaﬁayjaLﬁamﬁmwﬁﬁﬁayjaé’awé’q

3. szuuannsovhenldnasa 24 Faludlaslindsenliiinanumsdeafisaduasd
msdrsemdsnliinllutumneiiflensldnulunanaisiu annsahluUszgndliidu

nandausiduwuulunisasiainduinauninernedmsuausndsladuegned



121

4. spuunsIadanviaunIneInImd ol 1un1TIATIT kAL YUY Tasluina
LightGBM uulusunsy Jupyter Notebook @131130i38U3 bAALAZKAAINANIT T EUTNLAIY

wluggnaeuaseauiula

5.2 YalduauusuazLuInIglunIsHauIsely
NAMINARBUTTUUATIT TRdalannTNe N AR M UANER duuamaniswauily
ouAnGl
1. Warwrszuugend i Iwaiuisaldausiuduasiedigldans wielieuided

UsgANSNnungalukas i iaunsayinauasmniu g9y

a

2. Wanszuvgenawsludiuveslygusefvglilinuaunsndwy iWetutuneu

IS

PATAUALYINNEHANINTIVIENLN SR UUEEAIN TIATILATENAY AEUNINETY

3. WAlWBNNARTUlaRsUkara1unsa g ulaiUseansnnkazasanunngadu

Palusguu Android warszuu i0S



1811591994

ngui] ANnA1ud. (2560). n1sauAuLULlATIYIBEULYes IS aed Ui yas

udugluFaumzdgn. Ineniinug (ae.a.) PnansaluvInede.

s a

Infdvs auvdad. (2562). nMswmursruvduiimesanludfatiuayunisianisiniidulaeg
THwmalulag LoRaWAN. Iegninus (3r.4.) aansalumIng ae.

uresns9dalu SPS30 L1Udalaan https://www.sensirion.com/en/environmental-
sensors/particulate-matter-sensors-pmz25/

g U 6

T F995aNTNG. N1TPBARUUITZTUUAIT IRUIMNBUUULN UG 8 TzUUaNDINAHIA 2.

a

INLNUS (3.3 agmaﬂﬂsaiwﬁwmé’a, 2561.

@ AnS119dna. (2558). nMsnauduwuuluauasdudeuszaulusunsulszgndginsy

ND

nuesaeduwesiiany. Inendinus (3e.u.) Pransalinivedy.,
asTad gzl (2562). szuuaruaulniuasadnsauudaasezlagldnisdeaisuuy
1A3UN8. InNelnug (3e.4.) IRINTIUNINENEE.

15501 ¥19@ze19. (2557) N1SIAEUNIULHLFIUVDINTTUTUUULERULSIT LS WA AN
o v ' < % - 12 - o
Fuvaadunishulassieduwesifaenenisussandldlunisiisunngnnnde.
WIS (3A.3.) PNANTINMINAL.

ilaanIweIna PM 2.5 (PM 2.5 AQI) 1diielaan
https://www.healthandsafetyinshanghai.com/china-air-quality.html g
https://www.greenpeace.org/thailand/story/2094/aqi-application-difference/
su1d wauudl. (2559). AFn13AUANNIslFIud anatsuuuUsEndanasaugmsy
a f < = 1 v ¥ a a 4 ¢
duasilalnsinaealuinTeuredasuilians. Inerlnus (3ru.) Iwansal
UMY,

a

swive) Wllngludnids. (2560). tTavnefansazuuulianeugys-lilwinaldingungl

U

AMUBULBTAMUTUUE. TN TNUT (3A.3.) PNAINTAUNTINGIFE.
USEM Sadiisu touuesd 91an. Taf19garsuaulasanlad. (918 laan
http://www.easternenergy.net/product-en-507685-Carbon+Dioxide.html (191899

Lﬁa 29 Wweu 2564).


https://www.sensirion.com/en/environmental-sensors/particulate-matter-sensors-pm25/
https://www.sensirion.com/en/environmental-sensors/particulate-matter-sensors-pm25/
https://www.healthandsafetyinshanghai.com/china-air-quality.html
https://www.greenpeace.org/thailand/story/2094/aqi-application-difference/

123

uusln Tuasysn. (2556). n1sUszgnildlassvsidulwesliaeninuinsgiu
ZigBee/IEEEB02.15.4 dawfuszuuiuniasal. Tnendnus (a.1) 9unasnsal
UMINYNAE.

A3unf anauia. ssdusznauarfusuluusseanianaluluidasngunwaniuasusion
PANTAUNINGTY. Ineinus (IA.4) PNaINTAINVINGNEY, 2555.

Air Visual 10189laa7n https://www.airvisual.com/

Kumar, A., Kumar, A. and Singh, A. (2017). "Energy efficient and low cost air quality
sensor for smart buildings," 2017 3rd International Conference on
Computational Intelligence & Communication Technology (CICT). pp. 1-4.

Mary, M. C. V. S., Devaraj, G. P., Theepak, T. A., Pushparaj, D. J. and Esther, J. M. (2018).
"Intelligent Energy Efficient Street Light Controlling System based on loT for
Smart City," 2018 International Conference on Smart Systems and Inventive
Technology (ICSSIT). pp. 551-554.

Jaime, J., Sousa, ., Queluz, M. P. and Rodrigues, A. (2018). "Planning a Smart City Sensor
Network Based on LoRaWAN Technolosgy," 2018 21st International Symposium
on Wireless Personal Multimedia Communications (WPMC). pp. 35-40.

Taha, M. et al. (2018). “Wireless Technologies for 10T in Smart Cities.” 118 4l 210
https://www.researchgate.net/publication/324460686 Wireless Technologies
for_loT in_Smart_Cities

Sikder, A. K. et al. (2018). “loT-enabled smart lighting systems for smart cities.” 19 194
19910 https://ieeexplore.ieee.org/document/8301744

Qin, X. et al. (2019). “Micro Quartz Tuning Fork-Based PM, s Sensor for Personal
Exposure Monitoring. "1 9784laa1n
https://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=8576635

Theepak, T. A. et al. (2018). “Intelligent Energy Efficient Street Light Controlling
System based on loT for Smart City.” i1dslaain
https://ieeexplore.ieee.org/document/8748324

Walsh, J. et al. (2018). “Application of gradient boosted trees to gender prediction
based on motivations of masters athletes.” Model Assisted Statistics and

Applications. pp. 235-252.


https://www.airvisual.com/
https://www.researchgate.net/publication/324460686_Wireless_Technologies_for_IoT_in_Smart_Cities
https://www.researchgate.net/publication/324460686_Wireless_Technologies_for_IoT_in_Smart_Cities
https://ieeexplore.ieee.org/document/8301744
https://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=8576635
https://ieeexplore.ieee.org/document/8748324

ANANUIN N

UNAUIBINITNLASUNITANUWLHNELLNS LU EUINNITANED



o a an yo a a -1 1 1 =
i"l‘c’J“lI’e']U‘VIﬂ’l’]%J’)‘lﬂﬂ']iVllﬂﬁUﬂ’]iﬂWNWLN‘c’JLLWﬂUiS‘W’)’NﬂﬂH’I

P. Kumsawat, N. Sawangsawai, W. Pathonsuwan, T. Hoprasertwong, K. Attakitmongcol,
and A. Srikaew, “PM 2.5 Monitoring System Using Wireless Sensor Networks
for Smart City”, Proc. Of The SUT International Virtual Conference on Science
and Technology (IVCST 2020), pp. 123-128., August 28, 2020, Suranaree
University of Technology, Nakhon Ratchasima, Thailand.

P. Kumsawat, W. Pathonsuwan, N. Sawangsawai, T. Hoprasertwong, K. Attakitmongcol,
and A. Srikaew, “Design of the RF Measuring Sensor Network for Low — power
Radio Frequency Transceiver Detection System”, Proc. Of The SUT
International Virtual Conference on Science and Technology (IVCST 2020), pp.
109-115., Ausgust 28, 2020, Suranaree University of Technology, Nakhon
Ratchasima, Thailand.

P. Kumsawat, T. Hoprasertwong, W. Pathonsuwan, N. Sawangsawai, K. Attakitmongcol,
and A. Srikaew, “Comparative Study of Machine Learning Models for
Important Feature Selection in the LEDs Intensity Detection”, Proc. Of The
SUT International Virtual Conference on Science and Technology (IVCST 2020),
pp. 116-122., August 28, 2020, Suranaree University of Technology, Nakhon
Ratchasima, Thailand.

P. Kumsawat, W. Pathonsuwan, N. Sawangsawai, T. Hoprasertwong, A. Srikaew, and K.
Attakitmongcol, “PM 2.5 Monitoring System Using Wireless Sensor Networks
for Smart City”, Suranaree J. of Science and Technology (SJST), June 18, 2021
(Accepted), Suranaree University of Technology, Nakhon Ratchasima, Thailand.

(In the process of publication



126

SUT International Virtual Conference on Science and Technology
Nakhon-Ratchasima, Thailand "% IVCST

28" August 2020 & EDED

EAT0022

PM 2.5 Monitoring System using Wireless Sensor
Networks for Smart City

P Kumsawat"’, N Sawangsawai', W Pathonsuwan', T Hoprasertwong',
K Attakitmongcol” and A Srikaew?

! School of Telecommunication Engineering, Institute of Engineering, Suranaree
University of Technology, 111 University Avenue, Nakhon Ratchasima,
Thailand.

2 School of Electrical Engineering, Institute of Engineering, Suranaree University
of Technology, 111 University Avenue, Nakhon Ratchasima, Thailand.

* Corresponding Author: prayoth@sut.ac.th

Abstract. Air pollution caused by fine particulate matter 2.5 (PM 2.5) is
a leading health crisis for people around the world including Thailand. This
paper proposes a low-cost and real-time PM 2.5 monitoring system using
wireless sensor network and the Internet of Things (IoT). The system is designed
to monitor PM 2.5 via Blynk application on smart phone and via LCD monitor
by showing the detection results in the Air Quality Index (AQI) which is easy
to understand. Furthermore, our system is calibrated with the standard
instrument to ensure accuracy and reliability. The results show that our low-cost
system is able to provide a reliable real-time monitoring of the PM 2.5 condition.

Keywords: Air quality index, particulate matter 2.5, wireless sensor network,
smart city

1. Introduction

PM 2.5 (particulate matter less than 2. 5 micrometers in diameter) is a harmful air pollutant
which is one of the major environmental risk to health. The sources of PM 2.5 are from, for
example, engine combustion of vehicles, open burning, industry and power plants. It can be
related to the cause of lung cancer, ischemic heart disease, stroke, asthma and other problems
in respiratory system. Therefore, it is urgent to look for ways to monitor the PM 2.5 pollution
in order to protect oneself by wearing specific mask or avoiding the area where PM 2.5
concentration exceeds the guideline.

In this paper, a real-time PM 2.5 monitoring system is developed by using particulate
matter sensor (SPS 30 sensor) [1] which is a high quality sensor. It uses laser scattering
technique to radiate suspending particle in the air. Since there have been many studies on the
Internet of Thing (IoT) and the wireless sensor network (WSN) for smart cities [2-5], we have
applied both of them to our system for monitoring and recording the PM 2. 5 information and
also for creating a medium to share it. We use a powerful microcontroller ESP32 with built-in
Wi-fi and Bluetooth to implement the IoT. It will share the information received from the
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WSN by using air card to the LCD display and the Blynk application on smart phone. The
result of PM 2.5 concentration will be shown in the Air Quality Index (AQI) and color code
which is easy to interpret. Our system can run on solar power and batteries which can operate
24 hours a day.

The paper is structured as follows. In section 2, we describe the methodology of the design
of our PM 2.5 monitoring system. The experimental results of the system from testing and
actual recording are given and explained in section 3. Finally, the conclusion will be discussed
in section 4.

2. The Proposed Methods

In this section, we explain the module of our proposed PM 2.5 monitoring system. Our system
is equipped with a 40W solar pancl as a power source and a 12 V battery as a power storage.
There is also a component called solar charger which is connected between solar panel and
battery in order to avoid overcharging which can cause permanent battery damage and loss of
functionality over time. Then, there is a 5V 3A voltage regulator board which will supply
constant 5 V to all other devices including air card and microcontroller ESP32. Air card is a
wireless adapter for transmitting and receiving data in a cellular network to microcontroller
ESP32. The microcontroller ESP32 was applied to control the operation of SPS30 sensor and
control the wireless data transmission. SPS30 is the main sensor which is used to measure the
concentration of PM 2. 5. It is a compact, high quality, optical particle sensor. The detection
result will also be shown on the LCD display. The hardware connection of the proposed system
is given in Figure. 1. and Figure 2(a).

"

@‘ harger 10A

== ap |

_-. ._‘ 5V 3A Voltage Regulator

Air card

Battery 12V

Q | Microcontroller ESP32

SPS30 Seasor | LeD Display
L o !

Figure 1. Diagram for hardware connection of PM 2.5 Monitoring System.

Figure 2(b) shows our PM 2.5 monitoring setup at the station 1. In our experiment, there
will be total of 3 stations. The system can transmit PM 2.5 information to the ThingSpeak
cloud computing. By using the smart phone and Blynk application, anyone can see the PM 2.5
monitoring results of all 3 stations.

3. Experimental Results

In this section, we show the result of PM 2.5 monitoring. Figure 3 gives a result PM 2.5
concentration at Station 1 in ug/m?. The results from our system with SPS30 sensor are also
compared with the ones from Air Visual application [6] which has become one of the most
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reliable sources of air quality data. The solid and the dashed lines represent the PM 2.5 dust
concentration by the SPS30 sensor of PM 2.5 monitoring system and Air Visual application,
respectively. From the result, we found that the data obtained by the SPS30 sensor and Air
Visual application is related. The relationship can be written by

¥ =dH2x 0]

R =084 @
where y is the PM 2.5 dust concentration by Air Visual application and x is the PM 2.5 dust
concentration by SPS30 sensor of PM 2.5 monitoring system. The R? (R-square) is 0.84 or

84%. The values of x can be calibrated by using Equation (1). Figure 4 shows the comparison
between both data after calibration.

5V 3A Voltage solarec | it
enso

Regulator LCD Display Dhcm«mu\»llcr ESP32

Air card

3GHG Solar Charger 10A

(a) (b)

135 7 91113151719212325272931333537394143 454749 51/53 55
Date

semee Air Visual  ==s—Sensor SPS30

Figure 3. Comparison of PM 2.5 dust concentration from Air Visual and SPS30 sensor.

In Figure 5, the comparison is made in Air Quality Index (AQI). The concentration of PM
2.5 in Figure | can be converted to the Air Quality Index by using the following Equation [7]

n min

[AQI],={[%X(Q —Cmm)]+lmin} ©)
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where AQI; is the Air Quality Index. C; is the PM 2.5 concentration from the sensor. Cpq, and
Cpnin are the maximum and minimum of PM 2.5 dust concentration range. l,qy and Iy, are
the maximum and minimum values of Air Quality Index corresponding to Cyp gy and Cpyip,
respectively. The PM 2.5 concentration in Air Quality Index from both sources are also found
to be related. The relationship can be described by

y = 1.44x 4)
R* = 0.88 ®)
where y is the PM 2.5 dust concentration by Air Visual application and x is the PM 2.5 dust

concentration by SPS30 sensor in Air Quality Index. The R? (R-square) is 0.88 or 88%. Figure
6 shows the comparison between both data after the value of x is calibrated.

»
S

PM 2.5 (ug/m"3)

1 357 9111315171921 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55
Date

«+#ee Air Visual == Sensor SPS30

Figure 4. Comparison of PM 2.5 dust concentration from Air Visual and SPS30 sensor after
calibration.
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Figure 5. Comparison of Air Quality Index from Air Visual and SPS30 sensor.

In Figure 6, it can be seen that the Air Quality Index from the Air Visual is slightly higher
than the one from the SPS30 sensor. This might be because the two sensors are not exactly
installed at the same place. The location of the Air Visual sensor is closer to the center of the
city where there is more traffic than the one of the SPS30 sensor.
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Figure 6. Comparison of Air Quality Index from Air Visual and SPS30 sensor after
calibration.
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Figure 7. (a) PM 2.5 of station 1, station 2 and station 3 and (b) PM 2.5 and AQI of station 1,
station 2 and station 3 on Blynk application.

4. Conclusions

We propose a method for PM 2.5 monitoring system by using wireless sensor networks and
the SPS30 sensor which can detect small particles using laser scattering technique. The
microcontroller ESP32 was applied to control the operation of SPS30 sensor and control the
wireless data communication. It also shares the information received from the WSN to the
LCD display and the Blynk application on smart phone. The system can operate 24 hours by
using electrical power from solar cells and battery. Our results have been compared and
calibrated with the ones from Air Visual application to ensure reliability. The results show that
our proposed low-cost system is able to provide a reliable real-time monitoring of the PM 2.5
condition. Thus, it can be used as a prototype of PM 2.5 monitoring product for smart cities.
For suggestion, in order to reduce the error of AQI between Air visual application and our PM
2.5 monitoring system, one might try to move the SPS30 sensor closer to the position where
the sensor of Air visual is installed.
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Abstract. This paper presents a design and development of the RF measuring
sensor network for low-power RF transceiver detection system. The proposed
system uses an active directional antenna and spectrum analyzer to detect
interfering frequencies and power spectrum of the wireless signals. Furthermore,
we apply microcontroller to control the RF switch in order to select detection
methods whether using a spectrum analyser or service set identifiers using a
WIFI receiver module. The microcontroller module is connected to the GPS and
digital compass modules mounted on the active directional antenna for
determining the position and direction of the antenna. This method is able to
accurately measure the power of signal, triangulate the source of interference,
and identify WIFI access points.

Keywords: Low-power detection system, RF measuring sensor
network, radio frequency interference.

1. Introduction

Nowadays, the trend of using wireless devices in various areas is increasing rapidly and
consequence, there is a great chance of radio frequency interference. This problem can cause
a severe impact on the operation of neighboring communication devices to the point that it
cannot be used. For example, the radio frequency radiation from the mobile base station
interferes with the operation of the BTS train control in Bangkok. This causes the train delay
and affects a lot of passengers. Therefore, having a highly accurate interference detector will
help us to fix the problems quickly and efficiently. In Thailand, the National Broadcasting and
Telecommunication Commission (NBTC) has a duty under the law to manage the frequency
spectrum and to ensure the efficient use of the frequency spectrum in order to prevents severe
frequency interference. The Office of the NBTC is responsible for monitoring and supervising
the frequency usage to support all spectrum management information in Thailand. The
frequency allocation can be divided into 2 types which are the frequency that must be licensed
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and frequency bands that do not need a license. However, the non-licensed frequency band
requires a low transmission power and does not cover any interference that may occur. If a
frequency that does not require a license is requested to be inspected, the Office of NBTC
needs to know the location of the frequency interference source exactly to effectively monitor
the use of the frequency. However, in the event that an interference occurs and the location of
the WIFI access point is unclear or they want to check the distribution of the WIFI usage in
one area, it will take a long time to solve these problems.

This paper presents a design and development of the RF measuring sensor network
(RFMSN) for low- power RF transceivers. This is to enable the Office of NBTC to have an
effective inspection system in the future. In this work, the RF measuring sensor network based
on 3G/4G mobile phone network and Lora WAN technology have been implemented. The
proposed network can monitor the usage of low-power RF transceivers in the inspection areas.
Furthermore, we have developed a smart tracking scheme using GPS module and digital
compass. The software coding of the implementation was accomplished by using C/C++ and
Python.

This paper is organized as follows. In Section 2, the literature review of tracking system
and the RF measuring sensor network are given and discussed. The design and development
of our radio frequency detection system for low-power RF transceivers is described in Section 3.
In Section 4, the experimental results are shown. Finally, the conclusions are presented in Section 5.

2. Literature Review

Inrecent years, GPS and GSM modules are widely used in the field of vehicle tracking because
of its high efficiency and easy realization [1-3]. For instance, [1] presented a vehicle tracking
system with high performance GPS/GPRS. This system also has LPG gas leakage sensor and
temperature sensor. If there is a problem of the LPG gas leak, it will send a warning message
to mobile phone of the vehicle owners using SIM908 module. Thengal ef al. proposed an
efficient vehicle tracking system using the GPS and the GSM modules [2]. The information of
vehicle location is displayed in the form of a map on a web server. Hattarge ef al. proposed a
GPS tracking on Lorawan technology combined with an Android application for a smart
transport system [3]. This system can be implemented in a real-life environment. Lora is a type
of communication technology that focuses on the long-range communication and low power.
Zourmand et al. presented a Lora technology and applied it to the Internet of Things (IoT) [4].
Lora is responsible for testable quality and efficiency of the Lora network. Yang proposed a
detection and control of machine operation in various environmental condition using Lora
technology [5]. National instruments presented an introduction to wireless LAN measurement
[6]. For wireless LAN communication, the spectrum measurements can characterize the
performance of the transmitters.

3. Proposed Method

This section presents the design of the RF measuring sensor network (RFMSN) which consists
of the RF measuring sensor node and the RF measuring sensor gateway for installation in
mobile vehicles. The main devices of the RFMSN node system include active directional
antenna, spectrum analyzer, WIFI transceiver, RF switch, GPS module, and digital compass
module. The RFMSN gateway is equipped with a raspberry Pi microprocessor module and a
Lora module. The RFMSN gateway also has a 3G/4G mobile communication module
connected to its interface board, allowing TCP/IP, USB or RS232 serial communication with
the cloud computing. Furthermore, we have used a dedicated LAN connection for connecting
the RFMSN gateway to laptop computer.
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In our proposed system, an active directional antenna and spectrum analyser are applied to
determine the type and frequency of interfering signal, especially for narrow band interference.
Furthermore, GPS and digital compass mounted on that antenna are used to triangulate the
source of the signal interference. Therefore, the designed system is able to precisely detect the
source of interference signal.

The RF measuring sensor network can be used to detect frequency interferences in any
areas that have been requested for inspection. If there is a 3G/4G mobile network in the
inspection area, the system will send all the captured data to the Google Firebase database via
the 3G/4G mobile network, which is considered as the main datalink of the proposed system.
The block diagram of the communication system in this case is shown in Figure 1.

If there is no 3G/4G mobile network in the inspection area, the data transmitted from the
signal detector will be sent outside that area via the supported datalink Lorawan to the RFEMSN
gateway that has access to the 3G/4G mobile phone network. Then, the RFMSN gateway will
upload the relevant information to the Google Firebase database. In our proposed system, the
range of Lorawan to achieve wireless communication is up to 3 km with a maximum data rate
of 256 kbps. The block diagram of the communication system in this case is shown in Figure
2. Experimental setup and device connection are presented in Figure 3.

[ | A L

Figurel. Block diagram of the communication system with 3G/4G mobile phone network.
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Figure 3. (a) Experimental setup and device connection, (b) control box and (c) RF Switch.
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4. Experimental Results and Discussion

In this section, some experimental results are given to demonstrate the effectiveness of the
proposed wireless signal detection system. The experimental results and discussion are as
follows:

4.1. Testing the signal received from the WIFI transmitter

Firstly, we performed a preliminary study to see how the type of antenna would affect the
performance of the detection system. The test was performed by sending the WIFI signal at
the 2.4 GHz Channel 11 (2.451-2.473 GHz) using the original monopole antenna that came
with the WIFI transmitter WAVLINK AC600 model, and using the Hyper LOG active
directional antenna as a receiving antenna. Then, we change the transmitting antenna to
Vivaldi antenna, and perform testing with the distance between the transmitter and receiver
varying from 5 m to 200 m. In addition, the antenna is sent and received with horizontal
polarization. The signal levels received from spectrum analyzer are shown in Table 1. From
Table 1, changing the transmitting antenna from the monopole antenna to the Vivaldi antenna
yields higher power level about 5 dBm

Table 1. Measuring result of the receiving signal from WIFI transmitter.

Received power (dBm) Effective Radiated Power (dBm)
Distance (m) Monopole Vivaldi Monopole Vivaldi
Antenna Antenna Antenna Antenna
5 3.5 4.0 12.5 13.0
25 -3.0 1.0 20.0 24.0
50 -10.0 -3.0 19.0 26.0
100 -23.0 -14.0 12.0 21.0
150 -28.0 -23.0 10.6 15.2
200 -31.0 -26.0 10.1 15.1

By measuring the value of received power, we can calculate the value of effective radiated
power (ERP). To check if the ERP of the WIFI transmitters found meets the requirement by
law, ERP was calculated using the Equation (1), where P, is the power that can be received in
front of the antenna, R is the distance between the WIFI receiver and the WIFI transmitter, G,
is gain of the receiver antenna (The antenna tested has gain 45 dBi) and A is the wavelength.

ERP(dBm) = F.(dBm) —Gr(dBi)+2010g10{$) (1)

4.2. Testing the RF switch controller

In our proposed system, the RF switch is installed in the RF measuring sensor network. It
is used as an optional connection of the active directional antenna to the spectrum analyzer or
to the WIFTI transceiver. Therefore, the RF switch is controlled by a microcontroller to select
the detection methods, whether to take the signal received from the antenna to analyze the
frequency spectrum and signal strength or to find the SSID of the WIFI transmitter. Figure
3(c) shows the RF switch model EVIHMCS8038LP4C. In this work, an RF signal received
from active directional antenna is applied to the incoming transmission line of the RF switch.
The Signal Vu- PC software provides users ability to analyze RF and vector signals.
Furthermore, we have used WIFI analyzer software to identify nearby WIFI access points. To
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validate the RF switch performance, several tests were conducted with the focus on WIFI
signal strength and frequency spectrum of the wireless signal. The test results of the RF Switch
are as follows:

In case of the RF switch “ON”, the received signal is pass through the spectrum analyzer.
The proposed detection system can measure the magnitude of an input signal versus frequency.
Figure 4 presents the spectral results of the wireless signal detection using spectrum analyzer.
From the Figure 4(a), the spectrum displaying on the Signal Vu-PC program will appear and
the magnitude spectrum of the signal will be higher. On the other hand, in case of the RF
switch “OFF” | the received signal is pass through the WIFI transceiver. The proposed
detection system cloud finds all the SSID of the WIFI access point from that signal. Figure 4
(b) presents the wireless signal detection system using WIFI transceiver. In this case, spectrum
measurement results have not changed since the spectrum analyzer is not used. The results
confirm that the RF switch can actually select the desired path of signal.

-14.17 dBm ‘
2.462 GHz

Amplitude (dBm) Amplitude (dBm)

H|  Frequency: 2.442 - 2.482 GHz Frequency Frequency: 2.442 - 2.482 GHz Frequency
(Hz) (Hz)

(@) (b)
Figure 4. Spectral of the signal in question, (a) RF switch “ON” and (b) RF switch “OFF”.

4.3 Testing GPS and digital compass

GPS and digital compass serve to determine the location of the antenna, the direction of
the antenna and the orientation of the antenna in three axes. In this work, GPS and digital
compass are connected to the microcontroller for reading the relevant information and sending
the data to the Fires base, a cloud computing database. The results of the GPS module
positioning are compared with the portable satellite receiver (Garmin eTrex 10 GPS). In
comparison of the coordinates of the position, there is an average error of 2.5 m which is within
the acceptable range. A cloud computing database is shown in Figure 5.
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L Longitude: 182 01568
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@ Datastore ©- Data store : ©- Data store
- - Location } = Location | = Location
Azimuth: 211 Azimuth: 54 + Azimuth: 348
Latitude: 14.879 |- Lotitude: 14.87524 L Latitude: 1487507

Longitude: 102,016

- RF_Switch =~ RF_Switch - RF_Switch
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Switch: “RF1 . Switch: *RF2 Switch: "RF2

Figure 5. A cloud computing database.
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Figure 7. Radio frequency detection system GUIL.

4.4 Testing the radio firequency detection system for low-power RF transceivers.

The test scenario began with the installation of a high-power WIFI access point device in
the building. The WIFI access point is assumed as one of the interfering sources. Then, we
have used the proposed system to detect the interfering source. In this work, the active
directional antenna and real-time spectrum analyzer can rapidly identify most interference
sources and signal strength. Furthermore, GPS and digital compass mounted on the antenna
are used to determine the position and direction of the antenna. From the principles of
triangulation, it can calculate the intersection of the antenna direction to determine the location
of the interfering source. Figure 6 presents the location of the WIFI access point device on the
Google map. Radio frequency detection system GUI and display are also presented in Figure
7. With the user-friendly GUI of our software, this mapping allows bearing lines to be marked
on the map to triangulate the source of the signal interference on the Google map. Therefore,
the proposed system can enable interference hunting and easily triangulate the interfering
source.

Conclusion

This article presents a design and development of the RF measuring sensor network for low-
power RF transceivers detection system. In the proposed network, an active directional antenna
and spectrum analyzer were applied to determine the type and frequency of interfering signal.
The microcontroller was connected to GPS and digital compass modules for determining the
position and direction of the active directional antenna. Furthermore, GPS and digital compass
mounted on the active directional antenna were used to triangulate the source of the signal
interference. The data communication between sensor node and gateway is based on
technology used in the 3G/4G mobile phone network and LoRaWAN technology. Therefore,
this method is able to accurately measure the power of wireless signal, triangulate the source
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of interference, and identify user groups. The experimental results show that the designed
system can precisely detect the sources of the interfering signal.
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Abstract: Detection of LEDs light intensity is an important part of the
automated greenhouse lighting control system. In order to precisely control the
LEDs light intensity, we have applied machine learning techniques to implement
important feature selection for the LEDs light intensity detection. The most
suitable machine learning model can provide the most accurate LEDs light
intensity detection results. In this work, we have compared 3 machine learning
models which are SVM with Gaussian kernel model, decision tree model, and
random forest model. Then, we proposed a feature selection method using the
Sequential Backward Selection algorithm with our data to find the best model.
In this work, we have used digital cameras to capture images to detect LEDs
light intensity in different light intensity conditions. Experimental results show
that the proposed process provides high accuracy in the detection of LEDs light
intensity.

Keywords: Machine learning, regression model, sequential backward selection
algorithm.

1. Introduction

Weather condition plays an important role in determining the pace of plant growth. Extreme
weather has frustrated many vegetable gardeners and farmers. However, the need of healthy
food such as vegetables and fruits has increased dramatically. Thus, various methods were
invented to help with this matter. One way to work around these issues is the development of
LED:s artificial lighting equipment in the greenhouse. The cultivation in greenhouse allows us
to control the environment, resulting in maximum resource efficiency.There are some previous
researches about the effects of LED to plant growth [1], the method to increase production
efficiency with LED [2], and LED improvement to increase efficiency [3]. In order to precisely
control the LEDs light intensity, we have used machine learning (ML) techniques to control
the LEDs artificial light intensity. To the best of our knowledge, most of the practical machine
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learning techniques use supervised learning. However, the supervised learning requires feature
extraction process for real world data and then converts it to a dataset for use during training
and testing. Therefore, we must verify that the feature extraction is effective enough for the
machine learning models.

The procedure of choosing the suitable machine learning model is as follows. First, pictures
of LEDs are obtained by using the digital camera for LEDs light intensity detection. Next,
we extracted the outstanding feature using our method. Then, we got and assigned our dataset
to class label. Our dataset is divided into 2 types which are input dataset and target dataset. We
have chosen 3 models for comparison which are the Support Vector Machine with Gaussian
kernel model [4], Decision tree model [5] and Random forest model [6]. Each model will be
applied to the Sequential Backward Selection (SBS) algorithm [7]. Finally, the model which
gives the best feature selection is the most suitable model for our work. In this paper, we
propose a comparison study of machine learning models for importance feature selection in
LEDs intensity detection. The feature extraction must be effective enough for the machine
learning algorithm.

This paper is organized as follows. In Section 2, the proposed method for feature
importance selection in the LEDs intensity detection, dataset collection and preparation are
given and discussed. In Section 3, the experimental results are shown. Finally, the conclusions
are presented in Section 4.

2. Proposed Methods

This section presents the details of comparative study of machine learning models for
importance feature selection in LEDs intensity detection. The details of the proposed method
can be characterized into 4 steps as: data collection, data preparation, applying learning curves
and feature selections. The block diagram of the proposed method is shown in Figure 1.

First, we collect data and define a data class which consists of input classes and target
classes. The data preparation is applied to use with the machine learning model from Scikit-
learn [8] which is accomplished by standardizing data. Next, we employ the standardized data
as the input to machine learning model and plot the learning curve to analyze and prove the
accuracy and suitability of our data. Then, we use the machine learning model to cooperate
with SBS algorithm. At this process, we can distinguish the differences in the quality of our
data and the machine learning model. Finally, we have a suitable and efficient machine
learning model. Then, we plot the classification accuracy to analyze feature importance. These
results will be applied to the light control system for the greenhouse.

Our experiment was performed on a laptop computer with AMD Ryzen 5 2500U central
processing unit and Radeon Vega mobile graphic processing unit. We have used Python as our
creative platform and Sublime text 3 as a code creator. In data preparation process, we have
stored dataset with a proper format and defined input class and target class for stored dataset.
Figure 1 shows the block diagram of our proposed method.
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defining data Standardization to ML algorithm

l

Choose the most

accuracy ML model

from SBS algorithm
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|e—
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Observe the
performance of ML
algorithm using
Learning Curves

Figure 1. Block diagram of the proposed method.
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2.1 Data Collection

To train the model for performing various actions, we simulate various events with red and
blue color channels. We snap pictures of LED from simulation using Logitech C310 HD
Webcam. Next, we convert the images from RGB to HSV color spaces using image processing
algorithm in MATLAB R2018b [9]. Then, we define a rectangular box to extract HSV sub-
image from the original HSV image. This process is based on RGB color channel intensity.
Then, we calculate the average values of the intensity and store them in a table which will be
later used as a condition with the light measurement using the Photosynthesis Photon Flux
Density (PPFD) [10]. Figure 2 shows data collection process of the proposed method.
Subfigures (1)-(4) show input image from Logitech C310 HD Webcam, converted image from
RGB to HSV image, rectangular box to extract HSV sub-image and HSV sub-image with
intensity extraction in each pixel, respectively. Subfigures (5)-(7) show the red, green, blue
color intensity of each pixel for each sub-image, average values of the color intensity for each
sub-image and average values of the color intensity with PPFD values, respectively.
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Figure 2. Data collection process of the proposed method.

(7)

2.2 Data Preparation

Since each machine learning model has different performance characteristics, to choose
the most accurate model, we have to make comparison and decide which one is the most
appropriate. The class labels are encoded as integer values.

We have prepared dataset and divided it into 2 types are as follows [11].

1.) Input data from feature extraction, consisting of red, blue, green color channels
(intensity) and PPFD measurement.

2.) Target data from circumstance consisting of red intensity of 25%, 50%, 75%, 100%
blue intensity 25%, 50%, 75%, and 100%.
Next, we perform encoding on this data. Obviously, the input data is an integer, but the target
data is still a string. Hence, we converted it from a string to an integer, which will get 8 labels.
Labels 1-4 are 25% - 100% red intensity and labels 5-8 are 25% - 100% blue intensity. To
simplify and enhance training, we have used standardization technique proposed in [12]. The
equation of feature scaling technique is given in Equation (1).

()
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where Fg;; represents the new data, F is input data, pp is the sample mean of a particular
feature, and oy is the standard deviation.

2.3 Applying Learning Curves

Learning curves are a diagnostic tool in machine learning. It is created by plotting the
model learning performance over experience. In this Sub-Section, we have used Equation (1)
to prepare the data and applied it to 3 various models. Figure 3(a)-3(c) show the learning
curves using SVM with Gaussian kernel model, Decision tree model, and Random forest
model, respectively. The learning curves and validation curves cultivate the performance of a
learning algorithm.

Furthermore, the vertical axis represents the accuracy of the training and validation sections
in term of probability from 0-1 which is equivalent to accuracy from 0-100%. The horizontal
axis is the number of training examples from 0-400. We have used learning curves to
distinguish whether a learning algorithm has a riddle. From Figure 3, the learning curves of 3
models have the same trend where the blue line (training accuracy) in the Y axis equals
1(100%) as desired accuracy. However, all 3 curves in green line (Validation accuracy) have
different trend. We have analyzed these differences and found that the accuracy at the starting
point of 3 green curves are different. Figure 3(a) is at 0.312 while Figure 3(b) is at 0.481 and
Figure 3(c) is at 0.49 accuracy. All 3 methods are performed using the same number of training
examples at 75. By comparing the results at the beginning of the Validation accuracy curve,
The SVM with Gaussian kernel model in Figure 3(a) seems to be the lowest, followed by the
Decision tree model shown in Figure 3(b). The best model is the Random forest model which
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Figure 3. Plot of the learning curves. (a) SVM with Gaussian kernel model, (b) Decision tree

model, and (c) Random forest model.
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2.4 Feature Selection

Feature selection is the process of selecting a subset of relevant features for use in the
machine learning model construction. It is also called variable selection or attribute selection.
In this work, we have used the Sequential Backward Selection as a feature selection algorithm.
By comparison of the number of features per feature, high accuracy can be achieved. First, we
took the information from previous sub-sections for training through the relevant model. Then,
we apply SBS which is effective in selecting the important features. The results of
classification accuracy are shown in Figure 4. In case when the number of features equals 1,
the SVM model has an accuracy of 0.3, while the Decision tree model and the random forest
have an accuracy of 0.88 and 0.95, respectively. From Figure 4, the vertical axis represents
the classification accuracy in term of probability from 0-1 which is equivalent to accuracy
from 0-100%. The horizontal axis is the number of features from 1 to 4 as red, green, blue, and
PPFD measurement. the result shows that the optimal performance is the random forest model.
Next, we identify the highest accuracy of each models. The results show that the SVM,
Decision tree and random forest models have accuracy of 0.975, 1.0 and 1.0, respectively.
Finally, we perform the analysis of the number of features that affects the classification
accuracy. When we compare the number of features that has the highest accuracy among 3
cases, the results are as follows: In Figure 4(a) for SVM, the number of features that has the
highest accuracy equals 2 including the red color channel and the PPFD measurement.
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Figure 4. Plots of the classification accuracy. (a) SVM with Gaussian kernel model,
(b) Decision tree model, and (¢) Random forest model.
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In Figure 4(b) for Decision tree, the number equals 3 including Red color channel, Green
color channel and PPFD measurement. Finally, in Figure 4(c) for Random forest, there are
two numbers of features that give the same highest accuracy which are 2 and 3. We choose
numbers of features 2 including Red color channel and PPFD measurement. For a fair
comparison, we have compared the accuracy at the number of features which is equal to 2
among all 3 models. From the results, we are able to choose the appropriate method for feature
importance selection. The main conclusion here is that the Random forest model is the best
model.

3. Experimental results
In our experiment, we apply the Sequential Backward Selection (SBS) algorithm for features
selection to Support Vector Machine with Gaussian kernel model (SVM — Radial Basis
Function), Decision tree model, and Random forest model. The experimental results and
discussion are as follows:

We compare 3 machine learning models to find the optimal model for specifying feature
importance values. The results we obtained show that the Random Forest model is the best
algorithm for selecting features importance in our dataset. Figure 5 shows a plot that ranks the
feature importance in horizontal bar. From Figure 5, 4 features in our comparison consist of
“Red intensity”, “Green intensity”, “Blue intensity”, and “PPFD measurement”. We choose
Random forest model from our comparative study to assess feature importance. We also
considered the classification accuracy by plotting the accuracy vs the number of training
examples as in the Figure 4. From experimental results, we can conclude from assessing
feature importance with the Random Forest model that PPFD measurement, Red intensity are
the most classification extraction features in the LEDs intensity dataset. From Figure 5, the
feature importance values of PPFD measurement and Red intensity are 0.300619 and
0.299217, respectively. They are the most feature significations. If we define the threshold
value of the classification accuracy with a value of 0.5, both features are extremely important
in setting a feature label to classification, prediction, and system enhancement.

Feature importances

ppfd measurement

0.00 0.05 0.10 045 0.20 025 020

Figure 5. Plot of the different features in the LEDs intensity datasets.

4. Conclusion

In this work, we evaluated feature signification based on Sequential Backward Selection
algorithm. First, we have compared 3 machine learning models: SVM with Gaussian kernel
model, decision tree model, and random forest model to see which one is the most effective
and suitable model for our dataset. Then, we applied the Sequential Backward Selection
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algorithm to learn appropriate behaviour in both training and testing sections. Finally, we
found that the best model is random forest model. Thus, we applied this model to assess feature
importance and obtained a satisfied and highly reliable response to our LEDs light intensity.
The results of this work can be applied to implement automated greenhouse LEDs lighting
control system.
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Abstract

Air pollution caused by fine particulate matter 2.5 (PM 2.5) is a leading health
crisis for people around the world including Thailand. This paper proposes a
low- cost and real- time PM 2.5 monitoring system using wireless sensor
network and the Internet of Things (IoT). The system is designed to monitor
PM 2.5 via Blynk application on smart phone and via LCD monitor by showing
the detection results in the Air Quality Index ( AQI) which is easy to

understand. Furthermore, our system is calibrated with the standard
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instrument to ensure accuracy and reliability. The results show that our low-
cost system is able to provide a reliable real-time monitoring of the PM 2.5

condition.

Keywords: air quality index, particulate matter 2.5, wireless sensor network,

smart city

Introduction

PM 2.5 (particulate matter less than 2.5 micrometers in diameter) is a harmful air
pollutant which is one of the major environmental risk to health. The sources of PM
2.5 are from, for example, engine combustion of vehicles, open burning, industry
and power plants. It can be related to the cause of lung cancer, ischemic heart
disease, stroke, asthma and other problems in respiratory system. Therefore, it is
urgent to look for ways to monitor the PM 2.5 pollution in order to protect oneself
by wearing specific mask or avoiding the area where PM 2.5 concentration exceeds
the guideline.

In this paper, a real-time PM 2. 5 monitoring system is developed using
particulate matter sensor or SPS 30 sensor (Livio, 2019) which is a high quality
sensor. It uses laser scattering technique to radiate suspending particle in the air and
uses Sensirion's innovative anti-contamination technology. Thus, a sensor service
life can be last over eight years. This technology enables accurate measurements
from the device's first use, which comes with miniature and ultra-slim. Moreover,

the SPS30 sensor provides users with the estimated mass concertation and the
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number of particles of PM 1.0, PM 2.5, PM 4.0, and PM 10.0 which the mass
concentration range of the sensor is between 1 to 1000 ug/m”"3. Since there have
been many studies on the Internet of Thing (IoT) and the wireless sensor network
(WSN) for smart cities (Mary et al., 2018; Sikder et al., 2018; Taha et al., 2018;
Qin ef al., 2019), we have applied both of them to our system for monitoring and
recording the PM 2.5 information and also for creating a medium to share it. We
use a powerful microcontroller ESP32 with built- in Wi- fi and Bluetooth to
implement the IoT. It will share the information received from the WSN by using
air card to the LCD display and the Blynk application on smart phone. The result
of PM 2.5 concentration will be shown in the Air Quality Index (AQI) and color
code which is easy to interpret. Our system can run on solar power and batteries
which can operate 24 hour a day. The accurate results of the PM 2.5 monitoring
system are referred to and compared from the Air Visual application.

The paper is structured as follows. In section 2, we describe the
methodology of the design of our PM 2.5 monitoring system. The experimental
results of the system from testing and actual recording are given and explained in

section 3. Finally, the conclusion will be discussed in section 4.

The Proposed Methods

In this section, we explain the module of our proposed PM 2.5 monitoring system.
Our system is equipped with a 40 watt solar panel as a power source and a 12 volt
battery as a power storage. There is also a component called solar charger which is

connected between solar panel and battery in order to avoid overcharging which
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can cause permanent battery damage and loss of functionality over time. Then, there
is a 5 volt 3 amp voltage regulator board which will supply constant 5 volt to all
other devices including air card and microcontroller ESP32. Air card is a wireless
adapter for transmitting and receiving data in a cellular network to microcontroller
ESP32. The microcontroller ESP32 was applied to control the operation of SPS30
sensor and control the wireless data transmission. SPS30 sensor is the main sensor
which is used to measure the concentration of PM 2.5. It is a compact, high quality,
optical particle sensor. The detection result will also be shown on the LCD display.
The hardware connection of the proposed system is given in Figures 1 and 2(a). PM
2.5 concentration result from the monitor system is used to compare with two
standard PM 2.5 detection monitors. Firstly, the Xiaomi PM 2.5 Air Quality
Monitor, the standard equipment for PM 2.5 detection in real-time, uses light
scattering techniques to detect particles in the air and can offer accurate
information. Secondly, the Air Visual application which is widely used for detect
PM 2.5, AQI, temperature, weather and also direction and speed of wind in real-
time, supports both 10S and Android. Moreover, the application will show the color
level of air quality in the measured area and provides a graph of air pollution trends
for 24 hours retrospective that is free to use. One of the Air Visual detection system
station is located in Nakhon Ratchasima, this application is able to check the
backward data and forecast the air quality in a specific area of globalization.

In Figure 2(b) shows our PM 2.5 monitoring setup at the station 1. In our

experiment, there will be total of 3 stations. The system can transmit PM 2.5
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information to the ThingSpeak cloud computing. By using the smart phone and

Blynk application, anyone can see the PM 2.5 monitoring results of all 3 stations.

Experimental Setup

In this section, we show the results of PM 2.5 monitoring system and compare them
with the ones using Xiaomi PM 2.5 Air Quality Monitor with Air Visual application
that detecting simultaneously. Figure 3 and Figure 4 give the results of PM 2.5
concentration from SPS30 sensor in tg/m?. The results from our system with SPS30
sensor are also compared with the ones from Xiaomi PM 2.5 Air Quality Monitor.
The solid and the dashed lines represent the PM 2.5 dust concentration by the SPS30
sensor of PM 2.5 monitoring system and Xiaomi PM 2.5 Air Quality Monitor,
respectively. From the result, we found that the data obtained by the SPS30 sensor
and Xiaomi PM 2.5 Air Quality Monitor is related. The relationship can be written
by

y = 1.85x (1)

R’ =0.99 2)
where y is the PM 2.5 dust concentration by Air Visual application and x is the PM
2.5 dust concentration by SPS30 sensor of PM 2.5 monitoring system. The R? (R-
square) 1is 0.99 or 99%. The values of x can be calibrated by using Equation (1).
Figure 5 and Figure 6 show the comparison between both data after calibration.

The results from our system with SPS30 sensor are also compared with the
ones from Air Visual application (Air visual, 2019) which has become one of the

most reliable sources of air quality data show in Figure 7. The solid and the dashed
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lines represent the PM 2.5 dust concentration by the SPS30 sensor of PM 2.5
monitoring system and Air Visual application, respectively. From the result, we
found that the data obtained by the SPS30 sensor and Air Visual application is
related. The relationship can be written by

= 1.52x (3)
R’ =0.84 “)

where y is the PM 2.5 dust concentration by Air Visual application and x is the PM
2.5 dust concentration by SPS30 sensor of PM 2.5 monitoring system. The R? (R-
square) is 0.84 or 84%. The values of x can be calibrated by using Equation (3).
Figure 8 shows the comparison between both data after calibration.

In Figure 9, the comparison is made in Air Quality Index (AQI). The
concentration of PM 2. 5 in Figure 1 can be converted to the Air Quality Index by

using the following equation (Air Quality Index, 2019)

o {f=Eh e
where AQI; 1s the Air Quality Index. C; is the PM 2.5 concentration from the
sensor. Cpgr and  Cpip are the maximum and minimum of PM 2.5 dust
concentration range in the Table 1. I,,4, and I,,;, are the maximum and minimum
values of Air Quality Index corresponding to C,,,, and C,,;,,, respectively. The PM
2.5 concentration in Air Quality Index from both sources are also found to be

related. The relationship can be described by

y = 144x (6)
R’ =088 (7)
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where y is the PM 2.5 dust concentration by Air Visual application and x is the PM
2.5 dust concentration by SPS30 sensor in Air Quality Index. The R? (R-square) is
0.88 or 88%. Figure 10 shows the comparison between both data after the value of
X 1s calibrated

In Figure 10, it can be seen that the Air Quality Index from the Air Visual
is slightly higher than the one from the SPS30 sensor. This might be because the
two sensors are not exactly installed at the same place. The location of the Air
Visual sensor is closer to the center of the city where there is more traffic than the

one of the SPS30 sensor.

Conclusions

We propose a method for PM 2.5 monitoring system by using wireless sensor
networks and the SPS30 sensor which can detect small particles using laser
scattering technique. The microcontroller ESP32 was applied to control the
operation of SPS30 sensor and control the wireless data communication. It also
shares the information received from the WSN to the LCD display and the Blynk
application on smart phone shown in Figure 11. The system can operate 24 h by
using electrical power from solar cells and battery. Our results have been compared
and calibrated with the ones from Air Visual application to ensure reliability. The
results show that our proposed low-cost system is able to provide a reliable real-
time monitoring of the PM 2.5 condition. Thus, it can be used as a prototype of PM
2.5 monitoring product for smart cities. For suggestion, in order to reduce the error

of AQI between Air visual application and our PM 2.5 monitoring system, one
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might try to move the SPS30 sensor closer to the position where the sensor of Air

visual is installed.
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187  Table 1. Air Quality Index PM 2.5 (PM 2.5 AQI)

PM 2.5
AQI values Air Pollution Level Healthy Implication
(ug/m"3)
Air quality is considered satisfactory, and
0-50 0-12 Good

air pollution poses little or no risk.
Air quality is acceptable; however, for
some pollutants there may be a moderate

51-100 12.1-354 Moderate health concern fot a very small number of
people who are unusually sensitive to air
pollution.
Members of sensitive groups may

Unhealthy for
101-150 35.5-55.5 experience health effects. The general
Sensitive Groups

public is not likely to be affected.
Everyone may being to experience health

151-200 55.6-150.4 Unhealthy effects; member of sensitive groups may
experience more serious health effects.

™ [ | W | * Health @rnings of emergency conditions.

201-300 150.5-250.4 Very Unhealthy The entire population is more likely to be

affected.
n/ | | "~ Health alert; everyone may experience
300-500 250.5-500 Hazardous

188

189

more serious health effects.
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Figure 2. (a) Hardware Connection and (b) System setup of Station 1
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