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Abstract : An IoT-based particulate matter (PM2.5) sensing device (PSD) is developed. The PSD consists of a PM2.5 sensor, signal
processing circuit, and wi-fi enabled-microprocessor along with temperature and humidity sensors. The PSD estimates PM2.5 density by
measuring light scattered by PM2.5. To gauge performance of the PSD, PM2.5 density of open air was measured with the PSD and compared
with that of the collocated-government-certified measuring station. Measurements were taken at a sampling frequency of 100 Hz and
moving-averaged to remove measurement noise. When compared to the result of the measuring station, average percentile error of PM2.5
density from the PSD is found to be 31%. A correlation coefficient is found to be 0.72 which indicates a strong correlation. Instantaneous
variation, however, may far exceed average etrors, leading to a conclusion that the PSD is more suitable for estimating average trend of PM2.5
density variations than estimating instantaneous PM2.5 density.
Key Waords : internet of things, PM2.5, sensor network, CC3200 micro-processor, moving-average
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Table 1. Worldwide PM2,5 regulations and guidelines

Standard [ug/m’]
Institution
Daily Annually
World health organization(WHO) <25 <15
Environmental protection agency(USA) <35 <15
Europe union NA <25
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Fig. 1. Photo of loT PM2.,5 sensing device (PSD) (dimension :
80X80X200 mm).
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Fig. 2. Functional block diagram of loT PMS,
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Fig. 3. Cloud connection of loT PMS to server,
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Fig. 4. Working principle of Sharp PM2.5 sensor module,

Table 2. Technical specification of Sharp PM2.5 sensor?

Size 53 x 40 x 51 mm
Weight S3g+xTg
Sensing range 25 ~ 500 pg/m’
Sensitivity 1 volt/100 ng
Power consumption 1.1 watt
Noise 38 dB
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Fig. 5. Flow—chart of PM2.5 sensing algorithm,
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Fig. 7. Comparison of the measured results of loT—based PSD
developed with those of Dylos DC1100 PRO,

24

3.2 PSDe| X

A} HRA) O] Zu|HHA] SAEAL Zu|A|H ]|
o skg FAs] fls BAo] WEA] Bashy &
A zu WA sEo] AUrl WA 7|FEo] Aux
9]}_{5}1;]_ HHLE] =3 11-1]4 HAL AHH
A0 224 AWNE 7)Este] st
B 331 2gaofe) A2l 700 melsict
A= A7 A2 o) 1A7E nhe 3¢l 23
Lol Al Bl 4 glom] T e)(web querry)S

2

e b

o

o

_[l)]l —{
ol:} ox ojl
AN o

"
oHn e N

O il ox 10 ox 2

AT EJO|FOZ do|E =22 =35I Tt 1104]
7 B9k 2% AR 29 24 Ao HaAs
H

& s AAs Table
33} Fig. 8o UeEhIth A& F4
Dylos DC1100 PROS}2] Al A= Fig. 901] L}E}lﬂ

9tk Dyloseh 7ursel =)o) 27 whale 2paber 4]
olehe ol HE LA ARAH 24 walof glof
d H oﬂ

L= (;‘ -

Kt Hol7} Stk Dylos 27 hale Fakek w
sl ZulMHA] YA} A4
ko] 2717k F stk 7V sholl Za A
2 24T, ofefat AlR-Hel 24 e] i} Fig
$3} 99] A} FfolZ Lehd R0 peker)

AukA] o 2 AFkkA| Al S(coefficient of determination,
R%) 0.7 oJAk9] A$ =& A WA= Brishy A
g ZuAEA) 29 A0k g el Sgeke] A

WAL 012 2o AT BAS 2hdn 94 4
sick
Table 3. Coefficients of determination(R?)
RZ
Sharp PM2.5 sensor 0.72
Dylos DC1100 PRO 0.65
45
40 o
E 35 L e
?0 o .-
= 30 * e
c L °
'g 25 ‘ ° './'/ °
S )\
?D 20 oo 0Q° o/",»' °®
£ % o
Rt D 1 _
3 10 ®% m- o °y=05077x+ 1.2461
= b T R?=0.721
5 ° ° oo
L .”.
0
0 10 20 30 40 50 60 70

Sharp PM2.5 sensor [mv]

Fig. 8. Correlation between the measured results of loT-based
PSD developed and those of government measuring station,
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Table 4. Measurement error of loT—based PSD (no, of sample
1 107, GSM : government certified measurement, PSDM : PSD
measurement)

measurement error (%) average

(GSM - PSDM) / 100 31 %
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Fig. 10. Comparison of the measured results of loT—-based PSD
with government—certified data, Measuring Station(E): Government—
certified data, Humidity uncorrected: data without humidity
correction, Humidity corrected: data corrected according to
Sharp PM2.5 sensor technical manual,

A B BAS B3 Qe AT Akl 2]
AR 22k DA 20E Bl 24 24X
o} vlisto] Table 4} Fig. 100] Leblgick. = glo]
go] AAH Wak AT FABY 54 A0 S
HAHA] S Wekk A 40 pgntE e =K ¢
of AR 24 JrholA 2 exprt BTk ey
ol 10774 That Bl ZAte) 717] 55 57
WEL oA W 31%S ehick

3.3 &zo @a
ZoEA] B2 24 A 2] F auk 2040

ok

FRORE 3| x|, X322 A12, 20174

) FEE 2771 Aol Utk Shmp EX R
ARA 7|42 e SE 1By Aol AnE )

W) Wtk Sog Holg ¥ %}@ S Q9
(Fig. 10 F=719] AA = %)

lo

BRG] 2R 23 FAL A dlo]
HE Aoz Ao ugow g & ek A
o] qlek. et W@l Matape] opd 54 Ao
ZUAEA S5 290 FUEE 037} A Ay
& 7Ps Aol gtk & AT AT F FASHE SH
o] HlmE ww oh AZE 2R 1077 Sggte] %
F 9AH 3%l B4 Aol exte B o
g 27 Jots ASE A% BAT 5 Uik v

efo] At HAo] MAor ofEjith 7Y dubA
QWA B 7EgE YA o) HEA B
A = ax + b, where a : slope, x: input, y: output, b:
offenT 7PgEIo] BATHE Wolet A 2
APAAS gl uPel Bls] g Holn]
A7) 283 5 Qleke Aol glot AuEE A
Hoz vk A3, WAy BAWA B 24 Az
S7tel we B, S APEAH Ff HAd
A4le) 718719} T (offsen®] Sz E(drify w4
o] F@sitt 7AL A8 ST g ZulA|dA &
Ao mEARst 2R gonz ZHuAols o
HhEel ERAR BA WS 285 oy 19
U mse] ZnRA SE Aus o) A7 2ol
E] 3ZE(portal) (http://openapi.airkorea.or.kr)S F3f ©]
87kso0] o] Ang zZoAUA BEAR Ju2 U

ZulAwA] 24 YR YAwE FFPL

N

_IIN

8 4= otk B ATl AL zelAHASE A
Kae g8 FE 9uol $44 5 s 257 9o
o} Ael(web quemy)E Bl A% 9l HAHS £
SR 5 9k

S. 28

BAWYAY Foig oA E5Y71S AL
Ak AREIEY &0l golgt AH Y 4%9] Texas
Instrument AF2] CC3200 ufo| &2 XA A2} Sharp AF
o] PM2.5A14(DN7C3CA006)2 7|5to g #2214

25



Sfick. ZulARA FUASHL ZHAE 7F0R B
A3 Bt 2R 3% AR GOt £71 R
ARA) 27 A3 FASHAE BE Mol S veh
ok B2l ZoAUA B Bk 20404
zo] Bt S FE 4 F ohet g2
4 AEste] wg A o =24 4%}% A2
A9l A% WIS ZHT 5 = P Baye
g Ao wekE.

A 10T ZulAeA) 24719 A A ALl

I} ohoFet Al F=7F BolAdS AR dAdol ZulAH
A 23 YEYIOZ A=Y A 7ofd A
2 oAtEt B3 SEeE AHE §3 SAYe 1E1
o] AXZF BHYEY 75 2 dojguo|A A% 7]
2 A @A 2uMEA] AP E % gpel 9 B4
TS 28 4= & AR oAHTH

AR 2 & At st At X
A o

References

1) M. Bell et al., “Spatial and Temporal Variation in PM2. 5
Chemical Composition in the United States for Health
Effects Studies”,
Pp.989-995, 2007.

2) M. Budde et al., “Enabling Low-cost Particulate Matter
Measurement for Participatory Sensing Scenarios”

Environmental Health Perspectives

Proceedings of the 12th International Conference on Mobile
and Ubiquitous Multimedia, pp.19, 2013.

3) R Gong, Rose and W. Keryn, “A Light Scattering Method
to Measure Real-time Particulate Emissions”, Australasian
Transport Research Forum (ATRF), 26TH, 2003.

26

5)

6)

7)

8)

9

H. Grimm and D. J. Eatough, “Aerosol Measurement: the
use of Optical Light Scattering for the Determination of
Particulate Size Distribution, and Particulate Mass,
Including the Semi-volatile Fraction”, Journal of the Air &
Waste Management Association, Vol. 59, Issue 1,
p-101-107, 2009.

A. Morpurgo et al, “A Low-cost Istrument for
Environmental Particulate Analysis Based on Optical
Scattering”, Instrumentation and Measurement Technology
Conference (I2MTC), 2012 IEEE International. IEEE, 2012.
J. Somei, “Device Specification for Sharp PM2.5 Sensor
Module (model no.: DN7C3CA006)”, http://media.digikey.
com/pdf/Data%20Sheets/Sharp%20PDFs/DN7C3CA006
_Spec.pdf, 2014.

Texas Instrument, “PM2.4/PM10 Particle Sensor Analog
Front-end for Air Quality Monitoring Design”, http://www.
ti.com/lit/ug/tidub65c/tidub65c.pdf, 2016.

K. Weekly et al., “Low-cost Coarse Airborne Particulate
Matter Sensing for Indoor Occupancy Detection”, IEEE
International Conference on Automation Science and
Engineering (CASE), pp. 32-37, 2013.

M. Gao et. al., “A Distributed Network of Low-cost
Continuous Reading Sensors to Measure Spatiotemporal

Variations of PM2.5 in Xi'an, China”, Environmental
Pollution, pp.56-65, 2015.
10) D. Palle, Divyavani and K. Aruna, R., “Design and

Development of CC3200-based CloudloT for Measuring
Humidity and Temperature”, International Conference on
Electrical, Electronics,
(ICEEOT)-2016.

and Optimization Techniques

J. Korean Soc. Saf., Vol. 32, No. 1, 2017



