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Preliminary research for low-cost particulate
matter sensor network
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Abstract. Low-cost particulate matte(PM) sensors may be suitable for
indicative air quality measurements thanks to their small dimensions and
high spatial resolutionThree differentsensortypes were selected for
investigation in this studwith specific focus on a HoneywdPMA115S0
sensoto find outits usability at outdoorperformload andong-term tests.
The load test showed that the sensor calculates Béded on measured
PMzsvalues. The analysis showsreakLQ FDOFXODWLRQ3PHWKRG DW
PMzs, and the calculation methdokr PMio YDULHYV |1URBy around P

— B. Parallel test performed wittifferentsensor types lsshown that
the protectiveeoverformed by lamellar exterior does not affect the accuracy
of the sensors, no accumulation or loss of sensitivity ocdiosgterm
measurements have shown that the concentration values measured by the
Honeywell sensor during outdoor measurements require humidity
compensation, over 90% relative humid{fgH) the Pearsoncorrelation
coefficient (R) between the reference arsgnsor PMs concentrations
decreasety 0.3.

1 Introduction

PM concentration is one of the most important indicator of ambient air quality due to its
impact on human healffi], visibility [2] and climatg3, 4]. From a health point of view, the
negative health effects of elevated PM concentrations include arrhythmia, heart disease, lung
cancer and mortalit}p]. Because of these serious consequences, the ambient concentrations
of PMipand PM sare regulated by The United States Environmental Protection Agency (US
EPA [6]), the European Union (AiQuality Directive 2008/50/EC, AQD7]) and the
HungarianLegislation (306/2010 (XII 23.) Government Decree on Air Proted@by but

the World Health Organization (WH[9]) also makes recommendations to that. Compliance
with the regulations is checked Mlye environmental authorities in accordance with the
Federal Reference Methods (FRID]) or the Air Quality Directive (AQO7]). According

to the standards, the appropriate size of dust is collected kseperating and filtering, and

the daily and annual average concentrations of PM are calculated by gravimetric method,
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based on EN12341:201tasdard11]. Beside FRM, there are smlled FederaEquivalent
Methods (FEM 10Q]) approved by EPA, which can provide hourly, quarter hourly and even
minutely data for measuring PM concentratifh?]. FEM-specific methods operate
according to a measurement principle different from the gravimetric method of the FRM and
EN12341:2014, such as optical detecfibf], betaray absorptiof14] or Tapered Element
Oscillating Microbalance (TEOM)L5]), complying with strict requirements.

FEM devicexostalmost the same as the FRM devices, but they are easier to handle and
more practical for continuous monitoring. There are laboratory calibrated desktop and
handheld devices (Calibrated Portable Devices, CPD) on the market which aree Suitabl
detecting PM, and the price is one order of magnitude lower than the previous ones, but the
results are not accepted in official procedutesy Cost Sensors (LC3re available with
significantly lower price(<$50), some of which are calibrated, bhir calibration is not
well documented and unreliablg. 1 shows the classification of PM measurement devices.

X .

Federal Federal Calibrated Low
Reference Equivalent Portable Cost
Method Method Devices Sensors

Fig. 1. Classification of PM measurement devices

AQD gives the opportunity to use complementary techniques such as air quality models
and indicative measurements. L@ast dust sensors may be suitable for such indicative
measurementsThe legal and procedural background is currently being developed by
EU Delegated Working Groups (CEN/TC 264/WJ48]). Despite many studies, there are
still many unanswered questions about the accuracy, reliabitibnsistency and
reproducibility of theesensorg17 23] and he environmental impacts are not fully clear.
For examplehumidity is an important parameter in the analysis of sensor values, as FEM
and FRM devices provideM concentration values at constant 5894 [19 £1].

According to the AQDindicative measurements are measurements which fulfill less
strict data quality objectives compared to fixed measurement methG8selong to the
group of indicative measurements, because they operateaudgtiracy oflO5% under
ideal conditions. In@dition, the meteorological characteristinayfurtherincreaseheerror
of measurement; howeveindicative measurements can be carried out with them.
Commercially available loveost sensorprovide concentration values for RMPM; s and
even PM. According to our previous reseatdan-mounted sensors were preferred during
tests, because the amount of air sucked in is less influenced by the weatheyawrdmnore
reliable.Similar conclusion was reportdyy Canu et alf24]. The main goal of this paper is
to test three different types of sensors from various aspects inclegirggucibility, design
variations, sensors comparison and humidity influence.
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2 Materials and methods

Three sensors were selected for investigation in this studymdia parametersare
summarized in Table 1. Plantower can measure more than one particle size at a time,
providingdata on the number of particles lelsart 0.3, 0.5, 1,2.5,5,and 36 P LQ D YROXPF
of 0.1 liters, plus concentrations of RMPMz5 and PMo L Q -2 JWRisen gives PV

PM_sand PMjg, while Honeywellgives PM.sand PMo L Q —2 Pl&htowe shows exteme

humidity range oD ©9% RH, but norcondensingonditions areequired for allthe tree

sensor types. The upper RH limit of Honeywell is 95% $mrestudiesrevealthat the

humidity impacts the readingsom 60%][25], 70 5% [26, 27] and 85895%]28, 29].

Table 1. Main parameters of sensors selected for investigation

Brand, Name Plantower Winsen Honeywell
Type PMS7003 ZH03 HPMA115S0
PM1 X X -
PM2s X X X
PMaio X X X
Light source laser laser laser
Flow provider fan fan fan
Limitof GHWHFWLRQ 0,3 0,3 -
OHDVXUHPHQWlUD(Q 04000 04000 04000
Working Humidity [%RH] 009 085 095
:RUNLQJ 7HPSHUDV -1060 -1050 -1050

An earlier study found that the firmware of Nova SDSO&hich is another type of
PM..sand PMo sensor, calculates the RiMoncentration from Pk values by an unknown
interpolation [43]. So, based on the datasheets, it is not clear yet that in what range makes the
sensor real measurement and how much it relies on calcglalibe PM;o calculaion
method was determined in case of Honeywell seimstite full measurement ranga test
wascarried out with two Honeywell type sensors in a cigarette smoky-apemvironment.
7KH WA\SLFDO SDUWLFOH VL]H RI FL otheéymHMEMIrEls WePedRnitH LV EH
VLIQLILFDQW 7KH DYHUDJH WHPSH | &WWXUHWIXH) UGID DA HYW
ZDV 2.1%. The results of the two Honeywell sensor cigarette smoke tests were averaged
to reduce sensor uncertaintgspired bymeteorological stations a lamellar protective cover
was madein which the individual types of sensor can be fixed in a convertible maforer.
comparability, two of the three types of PM sensors were operated by two
STM32 microcontrollers. Temperature damrelative humidity data were collected by
BME280 sensor, which is also an LCS. Data from sensasrecorded by a Raspberry
Pl 3 B + microcontroller in every 6 seconds. Measurements were made on the 1st floor
EDOFRQ\ DW OLVNROF T7tiaDHuNding, AbduT 50 Dnbltéts fidivihe@idiQroad.
In this area, air pollutants typically originate from the main road and from the surrounding
household fires, the latter is more significant during heating season. A seriestofuwne
period measurementgere conductedavith different sensors to investigate the influence of
coveras well

Comparative measurements were carried out without a calibrated reference device, so the
measurement without the protective cover serves as a refefdrceloneywell typesensor
ZLWK WKH WHVWHG SURWHFWLYH FRYHU ZDV LQVWDOC
OpU KiOy]DW 1DWLRQDO DLU SROOXWLRQ PHDVXUHPHQW
VWDWLRQ RI 0LSt{rBeRTDd seids0r lWwas@laced the same height as thdet of
the installed monitoring stations GRIMMDEBM 180, which was the referendeEM PM
device durig the 13 days long measurement.
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3 Results and discussion

To determine the effect of the protective cover, changes im#asured values dfi¢ same

type of sensors durinbourly serieswere compared. A total af2 measurements were
performed Fig. 2a shows the differences of Honeywell sensors in full range, so outliers are
displayed-24. J ¥and-61. J ¥
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Fig. 2. Differences ofPMzs concentrations between Honeywell sensors with cover and without cover
(a) in full range and (b) in constricted range
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Fig. 3. Differences ofPMz.5 concentrations between (a) Plantower and (b) Winsen sensors with cover
and without cover

The outlierswere recorded during the measurements as none of the Honeywell sensors
were under protgive cover (no cover). Fig. 2o not shows the outliers, the differences can
EH VHHQ EHW ZHai® J3P PHVXOWLQ Jrdnge. Withth@outliers
WKLV UD QJH:IEM. 3 (a) shbwR the Plantower results, the measured difference range
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ZDV 3. JFiB. 3bshows the Winsen results, the measured difference range was
J 3POutliers were not found during Plamter and Winsen tests and the concentration

reading differences between the sensors are small. The results show that the protective cover
does not affect the sensitivity of the sensors. Further analysis was carried out to determine
the probability density unctions of the normal distribution of the differences (Fig. 5).
Compared the measurements made with cover to the measurements with no cover, significant
difference can be seen onlythre case of Honeywell (Fig. hawhich is caused by the outlier
values(Fig. 2g. If we ignore functions with the outliers the cover and no cover functions are
near to each other expect the long term no covered function, which means that the outlier
values occur in long term too. All functions of the Plantower and Winseonrsea® shifted
a little under 0 J P but still inside the range ofl545 J P (Fig. 5b and 5c The
Honeywell is less reliable and consistence than Plantower or Winsen.

The recorded Plsvalues were averaged to minutely and hourly concentratiomgesi
moving average. Fi@ (a) illustrates the change in humidity and minutely.B&k a function
of time. RH changes between &% based on the measurement of OLM station. The
RH was95% or higher duringt2% of thesampling periodFig. 6 shows minutky (b) and
hourly (c)PM. s values of Honeywell and OLM device. It can be observed on6Rigat in
case of low humidity the concentration values of the seaoclose tdhe OLM values,
while in case of high humidity it differs significantly in positive direction. The Honeywell
sensor does not compensate for the change in humidity, either hardware or software, which
greatly affects the size and reflective capacity of PM.

Table 3 contains the correlation coefficients between thePMoncentrations of
Honeywell sensor and OLM device. The hourly values are correlating better than minutely
values because of the data aggregation. Correlation coefficients of values under @0éo R

8 KLIKHU WKDQ RYHU 5+
Table 3. Correlation between Honeywell sensor and OLM device in full time, under and over 90%
RH.
Correlation coefficient R R (RH < 90%) R (RH > 90%)
Minutely PMa.s 0.48 0.58 0.35
Hourly PMes 0.58 0.80 0.45
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Fig. 6. lllustration of (a) Honeywell Pis concentratiosand RH values(b) comparisorof minutely
PMz s values of Honeywell and OLM devicg) comparisorof hourly PMz s values of Honeywell
and OLM device

4 Conclusion

Three different types of sensors from various aspects includipgpducibility, design
variations sensors comparison and humiditfluence werdested The effect of a lamellate
protective cover is negligible. The difference between the Honeywell sensors with and
without the protective cover shows some outliers that were caused by the sensoiTfaéure.
Plantower and Winsen are neorconsisten Long-term measurement shewhat the
Honeywellsensotis correlating wellto theconcentration valuesf the OLM statiorin case

of low humidity. Futureresearctwill be focusedon theeffect ofenvironmentaparameters

to the LCSOur goal § to develop an artificial intelligence basedfibed calibration method
that allows us taonsiderall environmental conditions, time of day, season, heating and
non-heating periods. Thave enough data for deep learning technajueasneyearlong
measurementeededrom the examined area

6XSSRUWHG EI18WIKMHE/ZIINGw National Excellence Program of the Ministry of Human
Capacities
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