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Research Title: A study and development of UAV air pollution monitoring for smart city and risk area environment

Researcher: Dr. Sarun Duangsuwan
Faculty: Prince of Chumphon Campus
Department: Information Engineering

ABSTRACT

An uncommand aerial vehicle (UAV) or drone has been applied in the environmental work for the surveying
of the higher area point of view. Nevertheless, there is no point out that applying on air pollution monitoring. In
particular, poor accessibility such as gas leakage in the factory, fire forest area or high particulate matter area. Air
pollution is a risk dramatically to human health such as small particulate matter in the city, fire smoke from the forest
burn or the bad smell from the wastewater discharge plate, etc. All of these situations are being the problem in the
current. The objective of this project is to resolve the air pollution monitoring in poor accessibility and risk areas,
anywhere, anytime. We developed a quadcopter drone that called drone real-time air pollution monitoring (Dr-
TAPM) to monitor the air pollutants, the sensor box was developed to equip on the drone that includes ozone (O,),
nitrogen dioxides (NO,), carbon dioxides (CO), particular matter (PM,,) and (PM, ) and sulfur dioxides (SO,)

respectively. Experimentally, the results of air pollutant can monitor online via mobile application as the real-time.

Keyworks: Dr-TAPM, Smart city, Risk area, Mobile sensing
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Anstrart—The problem of xir pollotant bas be impreae
wrpendly, in particular, approach 1o smari cty in 2024
of Thailand 4% This paper presents a develepment of
smurt sensers of wir pollution 10 meniter the sir quality
in smart city. Ye propese the smart seossrs thal consist
of the parficulate mabier {FMgs) e dust sensor, carben
memenide (C0, carbon diozide (OO, noise level (dB),
and sxome () respectively. These sensors are solution
of a low power wide arca setnork (LFWAN) In the
experiment. the mesurement has been investizated in
Banrkek metropolitan. and tbe results show sir quality
index {AQI) via Nerrowband Inbernet of Thinrs (5EB-
laTL The ascd of this tr can help 1he le
know the rmpﬁmr amir qu:]i.l_rsl I+T asa |I:ni|.1plmll:I

Kewerde Air polfavisn; swant seweers: NS-leT;
smart citers LPHAA

1.
In Thailand, air pofluton was risking 1o the people
diead as to the thind levels in the world, in particular,
Bangkok cuiy 1hat inoreasing of the crizens rapidly,
which leading 1o the demanding of mific =
mordinade. Mo anly the increasing of the dense city,
bt also the prowing up of industrials reaching ta the
demands of marketing. Thailand 4.0 has become a
siraicgic policy that 1o drve the coomomy based an
digital ransformation, where the development people
guality and raising the indusiry seciors. Smar city s a
part of the developing of people guality based on [T
trencls. Mewadays, the rescarch challenges on smar
city are of smarl metering, smarl water. air guality
manitoring, health monitoring, and sooan [1].

lerroamocTooes

From a reporiing of pollstion controd department,
Ministry of Natural Rescurce and Environment in
2016 found that the ar pollution in Hangkok city has
bcen risked from the particulate matier of dust (P30
and azane [sh. Figure | shows the point of view i
the Bangkok ervironment as a suffering from the aic
poltution [2].

In the surveillance of sman city, a sustainable air
guality monilorng is very importand o measure the

STH-D-53 B0 E-W DRS00 G 201K JEEE

palfuitan levels. There are many rescarch micresis e
siudy and develop the innovalive technologics i
sman cily. Smart sensor is a selution that B can be
applied by using wircless sensar metwork (WSM).
Lilerature work on a smart vehicle monitoring system
for air pollulson detection 3] show that 1he wsing of
WSEN plays am inxportant role in the application of
cnvironmemal momitoring. The sensors were mounted
ta the vekicle which kas more 20t mabile nodes. then
the sensar sends dai o the smari phone m order o
monitor the bumedity, ternperature, Ca, and NO-,
respectively. Ino this sofution, the result sill be
simulaied. Inieresting work oo air quality monfioring
in [4], cleanW'iFi concepl was presenicd by using the
wireless network. The cleanWiFi retwark constantly
muonitors the air pollidtion fases, uses that the
information to feed inde big sensor dam. and wses the
mame data for sulomatic conlipuraiian of the WiFi
retwork. This way it raises the public awarernezs abowt
the sate of air pallwion and alarm  suddendy.
However, the cost of big sensor dai and WiFi service
charge is still being high. Recently, the new W3N
appreach 1o use for the air pollution monilering has
been presenied [5], which dhe spatial data cluster
techmique. Unlike as im [4] thal they propased aims bo

Az poluton in Barghkok city mvzonmact

Figwe L.
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fine the optimal sensors and =nks localions in cnder o
cnsure the air pollwion coverage and network
connectivity. [n additior (ke air palluion analysis
using enhanced K-means clusiering algorithm in [6] i
suitable for real time sensor dala. This methad
crplos meore data poimt or sensor node o several
kacations, (hher the imeresting wodk, the using of baw
cosl sensor via mobile phone o monitor the air quality
is presemied in [7]. However, the sensor size has been
factored enainly 1o build in mobile: 1oT is a solstion of
the smart sensor iechnology. In [8], the proposed TaT
ensing  environment  for smart  city has  been
presenied. The sensors implemenied that consists of
temperature, humidsty, and O sensor sends the daia
ta loT network. Meanwhile, there are several
applications i a last fzw years as described therein
[#]-[12] thal 1o imierest the air polhstion contral and
manioring in smart ity

This paper presents i air pollution moriloring by
using =mart sensors up o five sensor broads, where
the particulale matier (PMg) or dust =ensor, carban
monexide (CO. carben dipxede (O0k), nodse level
(&), and eeome () is implemernted as respectively.
Wi claim that our proposed sends the data via NB-laT
network hased oo the low power wide area netwark
(LPWANY. The beneliis of MB-loT dhat iz kow
complexily  n tramsceiver  design,  lower  power
consumpison, lower cost of a radie chip. and coverage
enhancement.. The spectrum sensing of NWE-laT
showed in the subsecisan I1. [n this paper, we have
experimenicd the nesults as an air quality index (A
from 1be measuring arca of Bangkok city.

The rest of the paper is described as follows: The
zzctian [I breef presemiz the descriptions of KB-loT,
LPWAN, and the propozed of smart sensors air
paliution. Then, we menfion i the experimentall etup
as showed the map localton of the measarement aic
polhnican, and discusses the resulis of AQL Finalby,
the concluded of 1his paper is drawn

II. Descermms

A. ANB-feT

The stale of the art overview of the specinmm
sensing of NB-[oT as shown in Fig. 2. the downlmk is
baszed on orthogonal freguency division mulimplexme
access [OFOMAY with 15 kHz subcarrier spacing as
LTE. 5kot, subframe, and frame duration are 0.5 ms. |
ms, and 10 ms, respectively. Fudhermare, slot format
n fcrms of cyclic prefix (CF] duraison and momber of
(FFIA symbaals per shat is alsoe identical o those
LTE. In fact. NB-[oT carrier uses ane LTE in the
frequency domain, b2 15 kHr subcarriers for a total
of 150 EHz. Reusing the same OFDOM rumerology as
LTE ensures the corxisienoe performance with LTE in
the downlink. Fig. 2 shows the deployment of NB-loT
dawnlink specirum with a 10 AMHz LTE bandwidth.
The PRA right above the OC subcarrier, ic., FRE 15,
s cenlered a1 97.5 kHr {i.e. spacing of 6.5 arhearriers)
abeve the DN suhearrier. Since the LTE DN subcarrier
s placed on the 100 kHz mster. the center of PRHEAZS
i 2.5 kEHz from the nearest DO kHx gnd. A gpacing
beetween the cenlers of 2 neighboring a

LT Iw"
Uimrren
I b bl
LTT. & e b
FAILLTE

Figure 2. Crplovmemni of %B8- 0T dewnlak specirum waika 10
58Hz LTE bandwidh.

PRRBs above the DT subcamer s 180 kHee Thes, PER
30, 35, 40, and 45 are all centered at 2.5 EHx from the
meearest 100 kHz grid. It can be shown that for LTE
camicrs of 10 MHz and 20 MHe, there exisis a sclof
PRB indexes that are all cendered at 2.5 kHz from the
rzarest 10} EHz prid, whereas for LTE carriers of 3
MHz, 5 MHz, and |5 MHz bandwidih, the FRRB
indexes are cenlered at least 7.5 kHer away from the
I EHz raster. Further, an BB-loT anchor camier
should not be any af the middle & PREs of ke LTE
carrier {e.g. PRH 215 of 10 MHz LTE althouch its
center is 2.5 kM froms the nearcst 100 kHz rasterd.
This is due 1o that LTE synchronization and broadcast
channels ocoupying many resource elemends in the
middle & PRBs, makimg it difficult to usc these PRHs
for NE-laT [13}

. LAY

From the description therein of the literaime [14],
JEEE 2802154k is stamdard of LPWAN techmology,
which depleved do the air guality menilering. [n [15].
they describe that LFWAN evolved the machine-io-
machine (M2M} communicate in the 50 networke The
applicatbon is mainkly v=ed for smarl melering or
relaled applications. The LPWAN technologics are
promising for the intemet of low power, and bow
throughput things. A vory Jong range of LEWAN
enables device to spread and move aver lirge areas.
The 1aT and M2M devices cornected by LPWA can
bz nsed at anywhere and anyiime ta sense and interact
with their environmem instandy, The research in [15]
descrthed 1hat the applications of LPWAN can apply
ta be an air guality meonitorieg in neal-lime based an
kong range (LoRa) wireless commmunicatiom The
advamtages are long distance. and high coverage area.

Figura & The (ve iypes ol enan smeer mr pollubon.
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O St Sensors

Fig 3 showx the five bypes of the smart sensars as
follow: Firstly, oeone sensor (Oh). The specification of
product consisis of size was 12 mm = X2 mm = M
mmy aperating voltage & DC 5 Y, and the main chip s
bazed on A1) za detection probe. Scoondly,
shows nowsc senzor (dBY Thes semsor deiccls ihe
miensily of ambienl sound that it cam be used in the
city, 10 momilor the sound level parameicrs. The
raximum level defecis as 30 po 100 dH. Thirdly, in
the Fig.d shows the carbon dicxide (O0:) sensor
module, size as 32 mm % 22 mm = 3% mm, the
working valtage I 6 %, and the main chip is based
on 1M39% pax sensing probe. The maximum
sensitivity of O0b sensor module is range 0t HHEED
ppe Fourthly. the particulate matier (Phs) or des
zensor is showm, where it is effeciive bo detect very
fine particle dust in the air This model =
GPFIY1010ALDE ikar provides by e=ing the optical
zensing sysiem. Finally, fifth, we present the carban
monexids (O0) sersor module. This model s
CIMCLLE] | nltra-loaw peaver digital gas sensar which
micgrales a metal oxide (MOX) gas seosor ba detcct o
wide range of Volatik Organic Campound (YOC) for
mdoor air quality monitoring with 2 micrecontroller
uwnit (MCLU), which incledes an anmalop too dipgital
converter (ADC ard FC inlerface. All the propesed
sman scnzors, the mmerfaces of daia tansmission =
controlbad by wsing Linkil smart Toé#8 microcontroller.

M1, Exrexmosras Semor aso Besvors

Fig.d shows a block diagram of air pollnion smar
sensors LPWAN via NB-IoT sysiem. The propoesed
zensor system is controlled by using Linkd Sman
TaRE microcomiroller. We wsed ihe power supply as
IR0 5%/ 1A o ircat the onbroad circus. Then, the dala
post processing sent bo the WH-10T metwork via the
LTE techmology. As the resulis, the users can manior
by smartphome in the existing of our websile.

The measuremend locaion is shown in Fig. 5,
where P1 is the locaison of the Bangkok Yai district,
and P2 is in of Patbuzmwan district, im Bangkok

Block dagram of ax poluson smart smecom LPWARN via NE- 16T ivelem
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The AQI is calculated by the pollutand with the
highest index [2]]6]

The measurement data were shown from (. 7 o
(et 13, 2017 bodh bocations and we just show the
cxample measured data of Ocl 13 in Table 1. We
clam that the A scale is ranpe O o 200 that is
unhealiby for the people. The range 0= 50 is pood air
guality, 51 = L8 is medivm, and sbove is imhealthy.
In the results, the graph level is shown in Fig. 6 - 7.
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Fip. 6 shows the A resulis al the curve kevel in
cach day. 'We can zee that the maximem AQD is i
1%, X017, where the level on Okt [] & bowesi The
A s medum oo Oct. 8, Oci. 10, and Okt 12
respeciively. These air guality 1otally of the Pl zone
that there is pood amr guality. In addition, the AQT of
P2 rome as shown in Fig. 7. The cakoulation of A1 m
cach day is similar mdex the location FlL. Even
through the curve is alnwost the same, bud the AQT of
(het. 11 amed Ot 13 are slighily differenl. We nate tha
the measurement data was conducted @ the aftemoom
om these days. However, the measurcment dala from
the proposed smant senzars were also calthrated with
the siandard instrument.

.

To praiect the ar quality from the pollution, the
sman sensor i pecessary io detect the pollulant index,
in pariicular, in Bargkok Thailand smant city 4.00 [n
this paper. we have proposed the developmem of
smart sensars LPWAN, in order b momilor the aic
pollution morilering data via ¥B-IaT network for the
smar city. The proposed of scnsors thal mcledes the
particulate matier (FM ), cartbon moroxide (00),
carbon dicxide (C0:1, noise kevel (dBL and ozone
(M), respectively. Experimental Fesult, we can shaw
that the AQI level is not above 1, which is zecured
of location xone for the people.
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Abriract—Carrently, air pollution is 8 hip problem for people
Bealih in cities that suffered from ibe more factors sach as the
traffic, indostrial, or forest Gre or polluted skies. This paper
presents o developnwnt of air pollution defection sensors and
monitoring for smar cily, Thailand 4.0 The dovelopment is
desipned by using five slandard sensors mach as carbon dioxide:
C0}, eeone: €, particulate matber: P, midropen dioxide: 505,
and sulfor dinxider 500 respeclively, and web monitor shows
the graph of the air quality index (AQM) To momitor tbe adr
guality. ibe data processing is computed by using Arduno MEGA
2360 and Respherri Pi 3 to conmect with Narmowhand Isternet
of Thimps {NB-IoT) nsedule network. Experimental setmp, the
meazuremend location i examined a1 Sai Mai Dixtrict, Bangkok.
As the resalt, we found that the AQ level of mrasured location
iz pood air quality. YWe emphasize that the momitoring of air
pellation in smart cilies is very imporiant.

Imdex Terms—Air pollution, smart sensors, 5E-IoT, smard city.

I IsTRODUCTION

Im 20X air pollution is risking to the psople bealthy
in paricular, Bamgkok city that the ciirens are increxsing
rapidly. Nol anly the increasing of ihe dense city, but also
the growing up of indusirials reaching to the demands of
markeding. Thatlard 4.0 has become a strategic policy that 1o
drive the economy based on digital iraesformation, where the
development people guality and raising the imlustry ssciors.
Smart city is a part of the developing of people qualily based
on [oT network. Preseptly, the research challeoges on smart
cily are 1o smarl metering. smart water, air guality monfdoring.
bezzlth monitering, and so on [1]. From a repodting of pollution
contred department [2), Ministry of Naowral Resource and
Environment in 2018 found that the air pollution in Bangkok
cily and Chiang Mai cily has been very risked from the
particulale motter (FM2.) amd ozone (0%). Figure | shows
the reporiing news in the Bangkek ciy and smoke area in
Chiang Mai cily that suffering from the aic pelluticn.

According 1o the [oT paradigm, everylhing and everyone
can be connected |3]-[6]. Nowadays, LTE Release 13 has
been lunched a stamdardization of new radie access network

(RAN} lechnology that so-called NB-IoT |7)-[10] which has
a frequency 21 200 kHz carmier. Essentially, NB-IoT has been
provided for long batlery Life. low cost, long coverage. and

978 -5386-R458.-0¢ [ B52].00 ©201 8 IEEE
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Fig. 2: Deployment of NB-1oT downlink specimam sensing.

suppart i @ larpe mumber of devices. The stale of the an
averview of the spectrum sensing usape of NB-IoT i shown
in Fig. 2.

The existing services for which air quality is focusing in
a sman city for monitering the stremgth of living, weather
memitoring, waste managemend, Iraffic management. noise
mwmitoring, parking management, encrgy consumption, man-
apemend. and alse air guality menitoring is very important.
There are several research focusing oo the development of
sensor lechnobogies in smart city. Literalure work on @ sman
vehicle moniloring syslem For air polltion detection is shown
in | L1] by using of wireless sensor netwark { WS for applica-
tion of enviroommental monitoring. The sensors were mounbed
i ihe vehicle which has more 20 mehile medes, where the

113
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Fig. 3: Block dizgram of design and implementation of air pollution detection sensors.

sensors are connechsd boothe smart phone in order o monitor
the humidity, temperature, OO, amd MO, The lominesity
sensor {LIDR) and medse sensor (dB) has been presented in
[12]. inlerestingly. However. a solution of [aT iz foousing oo
a lower power wide area network {LPWAN), where the desicn
ard implemeniziion of LPWAN for air quality moeoiloring is
presenled in [ 13), the architectore of the LPWAN based air
guality monitering is therein 25 Fig.l. With an area range of
a few i teos of kilometers [14] and baltery life of loog time.
LFWA solutions are developing for the [oT, low-cost, ow-
power. and lew-throaghput. A very loag range of LPWA based
om smarl chip enables devices to move and spread over large
kocation areas. Normally. the air pellution moaitecing station
is high cost. Maost of researchers have been focused on design
ard implementation for sman city. The portable sensor in low
cost has been presented in | 15), evaluating is emphasize. Whils
the forecasting model based on machine learming algorithm
is very interesting [16]. HazeEst is a platform of machioe
learning tovestimade air pollution bath fixed and mobile station
as described in |17]. As well-known that the development of
air pollution delection sensor is designed by using 'W5SN o=
described in [ 18]-]27].

In thiz paper, we present a development of the air pallo-
tion detection sensecs based on NE-1oT for smart cities in
Thailamil. Whilks the sensors such as carbon monoxide: T
orane: (¥, particulale matierz PM . mirogen dioxide: N0,
ard sulfur dioxide: 50 is presented in this paper.

The rest of the paper is described as folloas: The section
11 presemis the descriplions of design and implememtation
Section 111 menlions 1o the experimental resull. map location.
measurement resull and AC} evaluated. Finally, tbe concluded
of this paper is drawmn.

1. Desion asn IrLEsEsTATION

A Sensors Descriplion

Figure 3 shows the Gve lypes of the air pollution sensars
as fellowing: Firstly, orone sensor (0,1, The specification of
product size was 32 mm 22 mm 30 mm, operating valtage

21 [ 5 % and the resclution of sensor is | ppm to 50 ppm,
and inlerfaced wilth amalog circuil. Secondly. carbon monoxide:
0 and nilrogen dioxide: MOy sensor. The resolution of OO
sensor is I ppm to 1000 ppm under DC 5 % and i 0005 ppm Lo
10 ppen for %0k, sensar by using [°C inlerface. Thirdly, salfur
dioxide: 50 semsor module, size as 32 mm 22 mm 33 mum,
the working volizge [KC 5 %, and the main chip is based on
LM393 gas semsing probe with the reselution is 10 ppb 1o ]
prm. Founhly, the particulse malier or dust sensor (P,
{FA; =0 and (PN ) The resoluticn of sensor is O pg/m? 1o
110 rjg,l'rn.']' and inlerfaced by using RE232.

B Microcormiler

In Fig.3 shows the double mocrocomtroller belween Arduna
MEGA 2500 and Respherri P8 3. The data processing of all
sensors are compaled by using Andume MEGA 2560 where
arone sensor {05} is connected to A, carbon monoxide: OO
and mitregen dioxide: MOy sensor are connecied to SCL 21
and 5CL 2. particulale matler (P ) sensor is connecled Lo
TX L8 apnd TX |9, and sulfur dioxide: 505 sensor is connected
i Al After the dats processing. the measured resulis send Lo
the Respherri Pi 3 for connecling with NE-1oT module.

. Website

In arder o display the air pollution parameiers, we design
the web service for the user monitoring as shoan in Fig.
3. The weh porial shows a user-inlerfzcoe, all sensors siatus,
and analytic resuli. As the resull, the server siores the real-
time= data in the google fircbase on could-computing. uns the
analysis models, generates a graph for estimated data. and
processing via APIs 1o real-lime applications. The aser on side
can access a web portal form everywhere that allows users 1o
enter check, AQI where selected with ihe query resull, and
other paramelers. The AQ] graph evaluated is geperaled on
visualizalion, choose for easily 1o check, standand as tbe same
with the pollution control department (PCD). The user can use
slandard HTML of web iechnologies, based on Javascripd. and
alsa applies the power of asynchroooos JavaSoript and XML

a4
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Fig. 5: Measurement localien in Bangkok.

with PHP server which a scripting to support the maximum
data collecting apd visualizalion capabililies.

1. ExremmeesTaTion

TAELE L: Thailand’s Air Qruality Index {AQD

A alus | Desmplon | Coors | Level of Heallh Concem
— —
-3 Thoisd s b e halih ok
LE-Liki Slodomaio Clrean e haalih ok
= —
| (i) =R Unhaslihy el Avodd podoor anancisa.
e B L] wvery Linkaaliby _nr:.qju Raszici ouldosr axomes
Sal] - S{wh Hxrank=us Had Should miay exdoaws.

Fellutkm Corml Dopasimen: 2]

A Measurement Sedup

In Fig. 4 shows the platform developing of air pollution
detection sensors, where there are four parts such as power
supply, micrecomroller, sensors, and MNB-IoT module is inte-
grated in box set. The measurement lecation is shown in Fig.
5 where ihe area under lest is Sai hai Disirict, Bangkok. The
measurement is around B hour per day since April 8. 2018 1o
April 17, 2018 in summer season of Thailand, we confirm that
the mezsurement seiup was conducied as follow the standand

of the pollulica contral depariment.

B, Besiwlis and Dircursion

Iy Oceme 4, senser: O is a nalural gas composed of three
soms of oxygen. Normally, gpoed O ocouars naturally in the
upper & miles from the eanh. In Fig. & {2) shows the air quality
mxnitoring of ozone sensor Oy on April B, 2008 o Aprl 17,
2015 As the resulis, we observe that the minimum of Qs
is approximale 9 pphb level on April 16, DS, However, O
increases o 13 ppb on Agpeal 17, 2008, We discuss ihai this
level is no effect for healiby, and the ¢ on these days is good
level of manitoring.

24 Carfson dicvde O sepsor: 0 s a poisonous, cobar-
less. odorless, and tasteless gas. Alibough it has oo delectable
ailar, 00 is oficn mixed with ather gases that do have an adaor.
Chur the resuli monitoring of C0F sensor is shawn in Fig. 6 (b).
We Foond that the OF level varies between 4 ppm i 7 ppm
where the lower than 5 ppm on April 10, 2008, however, il is
higher than 5 ppm oo the olther days. The OO0 level monitors
a5 good air gquality in this experiment.

A Sedfier diomide 563, sensor: 503, is gas sensor with a
caborless. This sensor is a liquid when under pressure. and it
diszolves in water very easily. 50 in the air comes normally
fram activities such as oil a1 power planis or from copper
smeliing and the buming of coal. In nature, 503 can be
released to the air from voleanic eruptions. Im Fig. 6 (¢l
illustrates the 50; pas sensor in measurement lecation 2 5ai
Mai Dastrict, Bangkok. We chserve thal 50 level has a lower
than |5 ppb oo Aprl 11, 2008 w April 12, 2018 and up 1o
43 ppb on April 5, 2008,

b Nitrepen dioxide Nib, sensae: MO, is one of a group of
highly reactive gases known as oxides of nilrogen. Nk is an
important air pedlulant because W contributes o the formalion
af phoiochemical smoeg. which can have significant impacis
an human bealthe In Fig. 6 (d} illusirates ibe MOy level of air
qualiy monitoring. I can be seen that the maximom of MOz
level is up o 168 pph oo April &, 2018, which is close to high
the slamdard of NOp level, Nevenibeless, # has no effect for
healiby.

5} Particulate matter PMy, sentors PM|, is patticulaie
mziber 10 micrometers or kess in diameter. The Fig, 6 (el
shaws the graph of Phlj, air pollution monitoting on April
&, JME to Aprl 17, Z01E. It can be seen that the resull of
P&y remains as o effect for bealthy, but we found that i is
higher than 50 ppm on April 16, 2008, On the same way, the
mexsurement result of PA ), is oo effect for healthy level

Gf A A is calculated for measuring the concentralion
af pollulants in the air. The increase in ACY increases severe
adverse health effects 1o ihe large percentage of populsion.
The level zone of AQL can be divided by 5 levels that the
detzil as shawn in Table 1.

The calculation of AQ1 is writken as

Taigh — 1) .
AT = M % [Cugh = Clon] + T A1
Chigh — Clow

where [ is the maximum AQI instantancously and [, is
the minimum AQI instantaneously. The O, is maximum
pellutznt of each sensor and Ol is minimum respectively.

s
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Fiz. &: The results of air pollmion

In Fig. 6 {f) illustrates the AQ from the experimental result
sensors. We can see that the air quality of the lest days are
good level thal it has oo effect of the air pollution for the
people healthy. However, the ACH can be declared in Table 2.

IV, Comncousps

Air quality is an important problem that direcily affects ho-
man healib. In this paper. we have presented the development
of air pollution deteciion sensars based on the NB-IoT netwark
for smart cities. The system development consists of the air

i Mg

nrex ar quakpy ol AlF

0 akg

0 A

measured curves in each sensors.

detection sensors. micrecontroller, NB-IeT module, database
and web monitoring. The real-time data are monitored such as
the carhon dioxide: 0, omone: O, particulde matier: PR,
nitrogen dioxide: Nk, and sulfur dioxide: 50 in Sai Mai
District, Bangkok, Thailund. These sensors coosumes little
power and are very accurate. Addilioaally, the dala processing
is sent via NBE-IoT module for air interface with LTE metwork.
For the data processing, the microcontroller is used both
Arduno MEGA 2560 and Bespberri Fi 3 in order 1o sample
the daia oo web of moniloring. Experimental results show that

G
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TABLE II: Summary of AQI kevels.

Thate of Test Air Follelion Smsor Tipes
18 baurs per dav| [ [K1] SIF; 1L L] [T Levels

Ageil B, 218 lopph | Bppm | 37T ppe | 0ok ppe | 00 et [E]
Ageil %, 2ilE lopph | Sppm | b pps | 022 pps | 07 et [
e inpph | appm | sipps | 122 ppe | 82 jgent T
Apnl 11, MLk Iippbh | % ppm 14 ppi= 132 ppis | 82 jegien b i
Apnl 12, 00K Tiepb | Sppm | 12 ppe | 123 ppe | 21 pigiett ]
Apnl 13, 2018 Ipph | Sppm | 12 ppe | 128 pps | 20 jogeeat [
Al 13, 20LR Inpph | bppm | 28 pps | dob ppe | 24 ggeeat EE]
Aprl 1h, LR F b b ppm Sl ppe ¥ ppb Ll Ilj.'\rlll'

Al 17, 2008 1pph | Tepm | 34 ppe | doo ppe | 20 ggent IK

Mg thal e dais masuremeni on Aprad |2 D00E.

the air quality index (AQL of the measurement location, is
good guality for healiby, We realize that (be problem of air
pollulion in smart cities is very imporanl, therefore, the smart
multi-sensers delectson via ME-1oT network for real-time air
pollulion monioring has been developed in this paper.
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MINATIUAZIN 1 (N30 Without smoke AN 5 11A)

JTHUZN AQI
nal
(m) (PM,) | (PM,)) (CO) (0, (NO,) (SO,
8:03:01 2 1 5 40 8 11 5
8:03:39 4 2 6 40 8 14 3
8:03:45 6 2 7 41 8 15 3
8:03:49 8 2 8 39 8 16 3
8:03:57 10 2 8 40 8 15 3
8:04:03 12 2 10 4] 8 15 4
8:04:07 14 2 10 41 8 16 4
8:04:13 16 2 10 41 8 15 4
8:04:19 18 ) 10 41 8 15 3
8:04:29 20 2 10 40 8 17 3
ms‘nmam%’eﬁ 2 (N3 Without smoke AIINEY 5 11AT)
EFAIFA (RN AQI
A
(m) PM,y) | (PM,y | (CO) (O] (NO,) (SO,
8:12:21 2 2 7 40 9 14 6
8:12:55 4 1 7 40 9 18 2
8:13:01 6 1 8 40 8 20 2
8:13:05 8 1 8 41 9 20 2
8:13:11 10 1 9 40 8 21 3
8:13:13 12 1 8 41 9 19 3
8:13:15 14 1 9 41 8 21 2
8:13:21 16 1 10 40 8 20 2
8:13:22 18 1 10 42 8 21 2
8:13:25 20 1 11 39 8 22 2
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MINATIUAZIN 3 (N30 Without smoke AIINFI 5 11A)

FTHINN AQI
al
(m) (PM,) | (PM,) | (CO) (0, (NO,) (S0,
8:13:41 2 1 11 40 9 20 6
8:13:45 4 1 10 41 9 21 3
8:13:47 6 1 11 41 8 21 3
8:13:49 8 1 11 40 9 21 2
8:13:51 10 1 11 41 8 22 3
8:13:53 12 1 11 4] 8 21 3
8:13:57 14 1 11 41 8 21 3
8:13:59 16 1 11 41 8 22 4
8:14:02 18 1 11 41 8 23 5
8:14:07 20 1 10 40 8 22 5
msmaam%’aﬁ 4 (ﬂiti Without smoke ﬂﬂﬂJ’gﬁ 5114619)
AR IS AQI
3an
(m) (PM,) | (PM,y | (CO) 0, (NO,) (SO,
8:23:44 2 1 7 40 8 29 2
8:23:46 4 1 7 40 8 31 2
8:23:50 6 1 [ 40 8 30 3
8:23:52 8 1 " 41 8 32 3
8:23:54 10 1 7 40 8 32 3
8:23:58 12 1 7 42 8 33 3
8:24:02 14 1 7 41 8 32 3
8:24:04 16 1 7 41 8 32 3
8:24:06 18 1 7 42 8 35 3
8:24:11 20 1 7 42 8 33 3




73

MINATIUAZIN 5 (N30 Without smoke AIINFI 5 11A3)

AQI
gy | 3EEEMS
m | ®My | @MY | €O | ©) | ™No) | (s0)
8:24:22 2 1 7 41 8 32 4
8:24:24 4 1 8 41 8 34 4
8:24:26 6 1 7 41 8 34 4
8:24:28 8 1 9 41 8 33 4
8:24:30 10 1 10 41 8 32 4
8:24:32 12 1 9 41 8 33 3
8:24:34 14 1 10 41 8 30 3
8:24:36 16 1 7 41 8 22 3
8:24:40 18 1 6 41 8 23 3
8:24:42 20 1 10 42 8 25 3
masnaaeunsaii 1 (158 Without smoke ANNGI 10 1WAT)
STUTMY AQI
A
(m) (PM,,) (PM,5) | (CO) (0, (NO,) (SO,
8:31:40 2 0 9 41 8 32 3
8:31:43 4 0 3 41 8 35 2
8:31:46 6 0 2 41 8 34 2
8:31:48 8 0 2 41 8 35 2
8:31:53 10 0 4 40 8 37 3
8:31:56 12 0 5 39 8 35 2
8:31:58 14 0 5 40 8 38 2
8:31:58 16 0 5 40 8 38 2
8:32:01 18 0 3 40 8 38 2
8:32:04 20 1 6 41 8 38 2
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MINATIUATIN 2 (N30 Without smoke AINFI 10 11A3)

FTHTNY AQI
al
(m) (PM,,) (PM, ) (CO) (0,) (NO,) (SO,
8:32:14 2 1 8 41 8 39 2
8:32:16 4 1 6 41 8 41 3
8:32:22 6 1 8 41 8 40 3
8:32:24 8 1 8 42 8 37 4
8:32:26 10 1 7 41 8 40 4
8:32:28 12 1 7 41 8 39 3
8:32:30 14 1 7 41 8 39 3
8:32:32 16 1 7 41 8 41 3
8:32:34 18 1 7 40 8 41 3
8:32:38 20 1 . 40 8 44 3
mﬁ‘nﬂﬁﬂﬂﬂ%&ﬁ 3 (ﬂiti Without smoke mmqq 10 14919)
EEAI A (AN AQI
a1
(m) (PM,,) (PM,.) (Co) (0,) (NO,) (S0,
8:32:52 2 1 8 41 8 41 3
8:32:55 4 1 10 41 8 39 3
8:32:58 6 1 11 42 8 34 3
8:33:00 8 1 12 41 8 39 3
8:33:02 10 1 8 42 8 41 3
8:33:06 12 1 8 41 8 41 3
8:33:08 14 1 8 41 8 42 3
8:33:12 16 1 10 41 8 43 3
8:33:14 18 1 8 40 8 43 4
8:33:16 20 1 7 41 8 43 3
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MINATIUATIN 4 (N30 Without smoke AINGI 10 11A3)

NINAaOUAII

ITUSNN AQI
al
(m) PM,) | (PM,) | (CO) (0, (NO,) (SO,
8:33:28 2 1 8 41 8 39 4
8:33:30 4 1 7 41 8 39 3
8:33:32 6 1 8 41 8 41 3
8:33:34 8 1 8 42 8 41 3
8:33:36 10 1 8 42 8 43 4
8:33:40 12 1 8 41 8 42 4
8:33:44 14 1 10 42 8 45 3
8:33:45 16 1 8 42 8 40 3
8:33:47 18 1 8 42 8 41 3
8:33:49 20 1 8 42 8 42 3
Z4fi 5 (P39 Without smoke AF1MG 10 11A3)
FTULNN AQI
al
(m) (PM,) | (PM,.) (CO) (0, (NO,) (SO,
8:33:59 2 1 10 41 8 42 3
8:34:01 4 1 11 40 8 43 3
8:34:03 6 1 10 41 8 43 3
8:34:07 8 1 12 41 8 39 3
8:34:09 10 1 8 40 8 40 3
8:34:11 12 1 10 41 8 41 4
8:34:13 14 1 10 42 8 41 4
8:34:21 16 1 11 41 8 38 3
8:34:25 18 1 12 42 8 41 4
8:34:31 20 1 14 41 8 44 3
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MINATIUAZIN 1 (N30 With smoke AIINFI 5 1)

FTHTNN AQI
M

(m) PM,) | PM,y) | (CO) (0, (NO,) (SO,

9:45:36 2 2 4 42 7 22 5

9:45:38 4 2 5 42 7 22 5

9:45:40 6 10 35 41 7 22 4

9:45:42 8 321 221 46 7 22 5

9:45:48 10 390 238 44 7 23 5

9:45:50 12 231 246 41 7 23 5

9:45:52 14 109 50 44 7 22 6

9:45:54 16 197 15 42 7 23 6

9:45:56 18 97 9 42 7 23 6

9:46:02 20 13 8 41 7 24 8

manageuniat 2 (N381 With smoke A9INGI 5 10A3)
FZHZMA AQI
M
(m) (PM,,) [ (PM,) | (CO) (05) (NO,) (SO,

9:52:03 2 3 8 34 8 4 15
9:52:05 4 7 9 32 7 4 16
9:52:07 6 26 8 34 8 4 18
9:52:09 8 99 19 34 8 4 19
9:52:11 10 143 19 34 8 4 20
9:52:13 12 126 67 34 8 4 20
9:52:15 14 64 67 34 7 4 20
9:53:09 16 126 76 65 8 4 17
9:53:21 18 367 234 67 8 4 16
9:53:25 20 48 253 36 8 4 16
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MINATOUAZIN 3 (N30 With smoke AIINFI 5 11A3)

AR (AN AQI
al
(m) (PM,) | (PM,) | (CO) (0,) (NO,) (SO,
9:54:57 2 23 13 34 8 4 19
9:54:59 4 80 570 35 8 4 20
9:55:01 6 131 50 35 7 4 20
9:55:03 8 64 51 35 8 4 21
9:55:05 10 28 100 36 8 4 20
9:55:25 12 43 50 35 8 4 20
9:55:27 14 155 51 49 8 4 19
9:55:33 16 272 384 51 8 4 16
9:55:37 18 229 284 36 8 4 16
9:55:41 20 33 319 36 8 4 15
mi‘nﬂﬁﬂﬂﬂ%ﬁﬁ 4 (ﬂiti With smoke ﬂ’JﬁJQ’Q 5 14619)
ITHTNY AQI
a1
(m) (PM,,) | (PM,)) (CO) (0, (NO,) (SO,)
10:04:37 5 1 5 39 7 35 5
10:04:39 4 109 216 40 7 35 5
10:04:44 6 384 289 40 7 36 9
10:04:45 8 82 289 40 7 37 11
10:04:47 10 95 7 45 7 37 13
10:04:49 12 485 8 31 7 37 15
10:04:51 14 300 5 31 8 42 14
10:04:53 16 214 7 26 8 44 13
10:04:57 18 31 8 29 8 45 11
10:04:59 20 21 8 29 8 42 10
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MINATIUAZIN 5 (N30 With smoke AIINFI 5 11A)

ITYSNN AQI
I
(m) (PM,) | (PM,) | (CO) 0y (NO,) (80,
10:05:07 2 2 289 26 7 39 12
10:05:09 4 2 289 31 7 40 12
10:05:11 6 2 7 31 7 43 11
10:05:13 8 2 6 30 7 40 9
10:05:15 10 2 6 31 7 43 9
10:05:17 12 2 6 26 7 48 10
10:05:21 14 1 6 32 7 43 9
10:05:23 16 1 6 32 7 44 9
10:05:27 18 1 6 34 7 44 10
10:05:29 20 1 6 34 7 43 11
ms‘nmam%&ﬁ 1 (N3l With smoke 211G 10 (1A3)
YN AQI
(PLo}!
(m) (PM,y) (PM, ) (CO) Oy (NOy (50,
10.10.40 2 1 4 30 6 45 4
10.10.44 4 1 5 31 6 47 3
10.10.46 6 1 232 31 7 50 3
10.10.50 8 1 240 31 7 48 3
10.10.54 10 1 240 31 7 48 3
10.10.54 12 215 240 110 6 45 3
10.10.56 14 685 129 86 7 34 9
10.10.58 16 711 195 45 7 27 9
10.11.00 18 510 269 34 7 27 9
10.11.02 20 215 260 32 7 31 10
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MINATIUATIN 2 (N30 With smoke AIINFI 10 11A3)

FTHINY AQI
al
(m) (PM,,) (PM, ) (CO) (0, (NO,) (SO,
10.11.36 2 235 240 36 7 35 13
10.11.38 4 416 129 35 7 37 14
10.11.40 6 406 195 32 7 35 15
10.11.42 8 297 269 34 7 35 17
10.11.44 10 219 260 32 7 38 19
10.11.47 12 161 773 40 7 36 22
10.11.49 14 91 636 35 7 37 22
10.11.51 16 29 84 35 7 37 22
10.11.54 18 13 159 32 7 39 21
10.11.55 20 19 180 34 7 37 21
mﬁ‘nﬂﬁﬂﬂﬂ%ﬂﬁ 3 (ﬂ'itil With smoke mmqa 10 14919)
EAIEA (BN AQI
3a1
(m) (PM,,) (PM, ) (CO) (0, (NO,) (SO,
10.12.18 2 25 159 44 7 31 20
10.12.20 4 59 458 39 7 29 21
10.12.23 6 141 505 36 7 28 22
10.12.25 8 245 201 35 7 30 22
10.12.27 10 200 76 32 7 35 23
10.12.30 12 168 11 34 7 33 23
10.12.32 14 108 4 34 7 33 22
10.12.35 16 48 4 32 7 35 22
10.12.38 18 43 6 32 7 35 20
10.12.39 20 215 6 32 7 35 21
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MISNATOUA3IN 4 (N30 With smoke AIINGA 10 1UAT)

ITUENN AQI
Ian
(m) (PM,,) (PM,5) (CO) (0, (NO,) (S0,
10.12.58 2 25 84 34 7 38 18
10.13.1 4 59 159 35 7 37 16
10.13.3 6 141 458 42 7 36 18
10.13.4 8 245 500 37 7 35 18
10.13.6 10 200 201 35 7 35 19
10.13.8 12 168 76 35 7 33 19
10.13.11 14 108 11 34 7 35 19
10.13.13 16 48 6 34 7 32 22
10.13.16 18 43 8 32 7 36 24
10.13.19 20 215 8 30 7 31 28
ﬂ1§‘ﬂﬂﬁi’)ﬂﬂ%ﬂﬁ 5 (ﬂitﬁ With smoke mmqq 10 1499)
ITUETNNN AQI
an
(m) (PM,,) (PM, ) (CO) (0, (NO,) (S0,
10.13.32 2 4 240 29 7 32 26
10.13.35 4 3 238 31 6 32 26
10.13.38 6 2 129 31 7 33 25
10.13.41 8 2 230 32 7 31 27
10.13.43 10 2 269 32 7 31 27
10.13.46 12 2 268 34 7 31 26
10.13.48 14 2 260 32 7 31 25
10.13.50 16 2 131 31 7 31 24
10.13.52 18 2 646 32 7 31 23
10.13.54 20 2 665 31 7 31 22
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