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PARTICULATE MATTER MONITORING EQUIPMENT

By MS. Varindhra Maneephong

Degree Bachelor of Engineering

Program Chemical Engineering

Year 2016

Advisor Dr. Narisara Thongboonchoo
ABSTRACT

The objective of this project is to develop a cost-efficient particulate matter
monitoring equipment. A compact optical dust sensor model GP2Y1010AUOF from
Sharp was chosen from its performance and cost. The temperature and humidity
sensors were also added to an equipment. The output voltage of the dust sensor was
preliminary converted to dust density using correlation from manufacturer through a
microcontroller. Prototype of the equipment was then tested in a laboratory and a
field. A laboratory testing was conducted in a testing chamber using two dust types,
i.e., talcum powder and soot from incense for function operation of the machine. The
dust density data from prototype were calibrated with PMig data from handheld PM
analyzer. For a field test, the unit was deployed at Dindang and Bangna air quality
monitoring of Pollution Control Department as a representative of roadside and
ambient station for calibration with PMyo data from the US-EPA approved instrument
at the station. The results from calibration in a laboratory revealed that PMig could be
represented in a term of cubic polynomial of dust concentration with R-squared of
0.81. The results from field test revealed that the prototype could be used to monitor
dust in the ambient. The equipment could catch the variation of dust concentration
at roadside station due to light and heavy traffic and daytime and nighttime variation
at ambient station. The field test in both station is also revealed the limitation of
prototype. It could be used to monitor dust concentration from 40-450 microgram per
cubic meter. The results from calibration of dust concentration from prototype with
PMio from approved instrument revealed that linear regression equation was not
appropriated. The multiple regression with temperature and relative humidity yield a

better result with R-squared of 0.79.
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23 o 1 0‘: 1 6‘) g o 1 .l: a A =l
wanurunsasisaRIusuN e mingInveuayeeniua [5] dnvazuaaniasile
[y <
WaAIPIFUN 2.6

Ul 2.6 1AdpsTnduarveasszuulalalna [13]



10
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) luswdl 270 aer seuvasmatiena aealdiieglsinunenisivaveseine
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an01Uu398 National Institute of Water and Atmospheric Research (NIWA) % ® 4
Usemadaduaud [15] IinisWamngunsaisiausendn iiteldiiihge Ssaanmennia
Taiamerduazossludnurlaseneuiteithss Tinnnmena #i3enin The Outdoor Dust
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34 GP2Y1010AUOF aquwaﬂmﬁmuavaaamLuaa (Optical air quality sensor ) lawnns
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Dust Sensor

Solar Panel

Microcontroll

Temperature + RH
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=
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Real Time Clock

JU# 2.9 MsfAensgunsalifisuiuinsesilentnsgiu [16]
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léun Aduagassiawhnisusuud gamgdl auty emenuduiusiasnisutadoya
panidu 2 191381 Ao nanetu (9:00 u. - 18:00 u.) wazna1eAu (19:00 U. - 8:00 u.)
[lsnndesmsiaszitadennsaniouine duq fidsmairildainnisnsaatadaen
doyayradlwiinfivalsaingunsal ODIN Audeyarduaressiiliniaiasiionnsgiunads
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Dust,,, g AEuazeoInauiINIsUTuLn
Temperature,,,, fio gumglitinldaingunsal ODIN
Rl Ao mw%uﬁim‘lﬁmﬂqﬂnsfﬁ ODIN
A,B,Cuaz D AB AILUTAINTD Regression
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Tiuwuwes gunseiisnuagnaerululasaoulnsiaes Arduino Ju UNO R3 iieUsvana
foyavwuweiangg wasuanariuae LCD Tnsdoyavismumazgniuiinidumeuiiadly
minAmd Muandluzui 3.1 gunsisenuuuliauselinssuansendeldlnaingunsal
waslanguensu Port USB amuanssuniiiuavsudrewesgunsaluanfagui 3.2
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iwuwesinduazent
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JUT 3.2 Mumhuazsudesgunsalnsainduazesssassudn

1 L
£l =

Wesnngunsaltiaudu Tinisderesidansedndiululasroulnsiaosussiam

. = a - ad o €1 -~ [
Arduino FsdaeinmsileulUsinsuiiosuAianauLesingg auszaiana wazuansteya
' = al . o aaa =l [ [
N1UAD LCD tasanwlglunisideulusunsy Ae nwn C Arduino §9335n151 08 uaans iy
w1 C Wugu

o o = ;o v ca
sUwuuAduansluguin 3.3 Tasdaun 1 uamnisulasdayaanwuigesinduaron

d o o= < o 1A s a oA & v °
Wetuiinluniinn1udl iWesaindifsuainwuigesivwn 10 On fe 0 - 1023 Jasearh
Y v v 1 ¢ o o W Ao vy A s
mauvasiarliduiiarlumielag domunstpnumndliihfialidiowueesnig
wuiuageailaevhmsifeumanuandndngleveaguisasainusenguan @udl 2 uans
aun1silflunisaeuifisulnsuuase output voltage Wuarudiduresduazens Taeld
as et | 1 [ as 3 o o =
AmduiusTEvIsaImuLuvesiuiuauedndfandlusuin 3.4

€D _600112_Led_Co2_dust_T_h_fu | Arduino 1.8.1

File Edit Sketch Tools Help

_600112_Lcd_Co2_dust. T_h_fu§
7 veid R_D_CQ)

digitalWrite {ledPower, LCW): // power on the LED
delayMicroseconds (samplingTime)

wvoMeasured = analogRead (measurePin): /7 read the dust value

delayM conds (deltalime)
digat te (ledPower, HIGH):; // turn the LED off

oseccnds (sleepTime) >

delay

f/ 0 - SV mapped to 8 - 1023 integer values
// recover voltage

calcVeoltage = voMeasured * (5.0 / 1024.0):
dust_voltage_sum += calcVoltage;

S/ linear egaution taken from [ p: /S www . howmuchsnow. com/arduino/airguality/

// dust equation

HustDensity = 0.17 * calcVoltage - 0.1: (2)

Dus += dustDensicty;

h = dht.readHumidicy({):
Tt = dht.readTemperature();

=i o o o = 3
U 3.3 suuuAdsildlunisilisulusunsu Arduino

(1)
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\iosanArmnududurasduazessitinldangunsaininsgrududeyasedalug
Fedesinisiadsaaingunsaliunuudunediluaietundieudsuiy Wosanannd
uwiuaandflegluvinansugaionineldlfegiuouu Vinumududuresuitinld
Fehniitandiuung WeRasannnnsmvesgunsaiinasgiunud sdiuldedieaaud
annsautans i 2 929 Aeseninedudl 5 - 6 wouniAu 2560 FeAUiauazesIg
10 lunseu (PMio) aglumae 25.65 - 84.73 ug/m’ wazszwinadudl 7 - 12 wauaiau 2560
Famuituduves PMio andrasegraiiuldtn Tnodaeglutissening 10.19 - 47.32 ug/m’
\osnnifudasifiduan Jaslofarsandeyansiwangunsalfuuvufnuirfidnuus
i 2 Praudertu Ae 9197uil 5 - 6 wquaey filmstuasvesnsiduieatunsam
ngunsalmsgy uAndsniui 6 nqumen asmfidnuazaailifinstuasaune
FamaininaziAnnnuiunaduazesduusssimaitdminiladinasiieuge fanmnsa
Tolg

INHANIIATIVTARINAIIIAA NI TRda UTIBUAT A NLTNT UYDSH uaY DR
1ngunsalfuLuuazgUnsalinasguliiies 2 Ju Fudleviimamannisonnesidadu
iemanuduiusserinedeaya 2 99 wui anunsavauduiusdfsaunisit .2

y=12.58+0.788x (4.2)
log y Ao Amnududuluazeinnaunsniunigiu
) 1 LT 7 &
X Ao AIAAUNTNRINEUNSAIRLLUY

a1 R2 =0.64 Gafleaniay Sahnstnseiiaiusemedanisanassdaduuuy
Wy (Multiple linear regression) Tntntadsduy laud gungd wazAuTuSuTng
1NN

Feaasamanduiusle sewansluaunisi 4.3 Taesian R® wiiu 0.79

Dust,,,,..,=—215+5.854+2.53B+2.891C—0.01564C> —0.09294B  (4.3)
g 4 Ae gouugiindalavingunsaliuuuy
B Ao enududuivsnialaainaunsaliwmnunauy
C  fa Aenududuaressvesgunsaliuwuy

Feaziaudndan R* wWiuduain 0.6410u 0.79 Wethraunisdananluuiuuiag
USinauanududuvesduasailaainnaunsalsiuiuy A1ves PMye lainaunsaliuuuuay
fenulndifisariu PMio Niguldaingunaaiuiasgiuuniu dwuansduzuil 4.5
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dsuNan1sAliuuLazYalEuaLUS

5.1 d5unanisaniuau

suATedAnwnsitaugUnsainsninduazessraissnda neldisumes Sharp fu
GP2Y1010AUOF tiiensiainiuasessiifivunmdnnin 10 luaseu (PMio) Tuussenna Tagld
vansasutiisuluiesufudnag wazninauiuiianiingaainquaineniAves
nsumuALLafY NamsAnyauTaasUlFw

1) nmsneaeuluiaaujuRnis nsasuiieunu PM Analyzer 181501 UdUNLS
sewindeyans 2 ga ladsaunis

y=2x10"°x" —0.002x> +1.0689x +5.995

3

oy y AD AIMINTUTUE LAY DRIRINATEY PM Analyzer

3

X Ag Aenudituvedtiuazesnngunsalduwuy
Ineiin R* =0.81

2) nmisvageuluniraun nan1svagauluninausLandiiiudl gunsalaiuisn
anvinnuAsuulasesmnududuresiuludinatdngld uianunsoasuiiieuy
gunsalunasgruitaandursunleiies 2 fu manismaunisoanssidenyiuiugumgiiua
AL asnsameLduRuSIF A

Dust, 0 =—215+5.854+2.53B+2.891C - 0.01564C> —0.09294B  (4.3)

ca

i adu y v ¢ v
g 4 Ao gaumgindaldaingUnsalduuuy
B Aa anuguduinsnialdaingunsaliiaiundu

C  fa Aenududuazesivesgunsalfiunuy
lngfidn R* =0.782

Faaunisdiananravirlydiudranunuiuturedudiulusunsy Arduino
fauandludind 3.1 Weldausuuiueesduitinlddarugndosndsiy

3) aansandalunmeauiunuitgunsaiannsaindulaidedndialunisidaulag
BUANUDLIUTENIN 40 — 540 pg/m’
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5.2 YDLEUDLUY

o

1) mseenuwuvaunsaliiuiAulvaiusadanisdvduluusseaniadudunuifiafdu
gunsalliild lnganvszuiullaenisidsuauinasinay wseldnisindevarslesiuie
Ladlvinusnfala

2) Todnfinvenguiwesiinly fie fdntsnsniafianududuluazesgdludiesening
40 - 540 pg/m’ TamsAansananudutuluaresdluwsazuinuiowinisinnigunsal
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