
 

 

 

Abstract—The aim of this work is to design, develop and test the 
low-cost implementation of a particulate air pollution sensor system 
for continuous monitoring of outdoors and indoors particulate air 
pollution at a lower cost than existing instruments. In this study, 
measuring electrostatic charge of particles technique via high 
efficiency particulate-free air filter was carried out. The developed 
detector consists of a PM10 impactor, a particle charger, a Faraday 
cup electrometer, a flow meter and controller, a vacuum pump, a DC 
high voltage power supply and a data processing and control unit. It 
was reported that the developed detector was capable of measuring 
mass concentration of particulate ranging from 0 to 500 µg/m3, 
corresponding to number concentration of particulate ranging from 
106 to 1012 particles/m3 with measurement time less than 1 sec. The 
measurement data of the sensor connects to the internet through a 
GSM connection to a public cellular network. In this development, 
the apparatus was applied the energy by a 12 V, 7 A internal battery 
for continuous measurement of about 20 hours. Finally, the 
developed apparatus was found to be close agreement with the import 
standard instrument, portable and benefit for air pollution and 
particulate matter measurements. 
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I. INTRODUCTION 

IR pollution is harmful to the environment and human 
health, notably as the particulate matter (PM) in the 

fraction PM10. This fraction refers to particle sizes less than 
10 µm in aerodynamic diameters, respectively. Recently, 
concerns over particulate air pollution have emphasized 
monitoring and measuring these fractions of a particulate 
matter. The US Environmental Protection Agency (EPA) 
promulgated a new regulation for the mass concentrations of 
PM10. The standards were based on findings from recent 
health effect studies reporting that PM10 could penetrate the 
alveoli and bypass the upper respiratory tract because they 
were small enough to allow deposition in places where they 
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could do the most damage [1]. The hazard caused by PM10 
depends on the chemical composition of the particulate matter 
and on the site where they deposit within the human 
respiratory system [2]. In order to deal with this problem, 
PM10 needs to be counted and characterized. For this purpose, 
particulate air pollution sensors have been developed to 
monitor indoor and outdoor aerosols for pollution and to 
control the pollution processes in industry. 

Measurement of particulate matter both outdoors and 
indoors can be performed by a mass concentration method 
using a filtration method, a beta ray absorption method, a light 
scattering method, and an electrostatic method. Although the 
mass concentration method is ideal for studies requiring 
chemical composition, it has a low time-series resolution and 
requires an extended period of time for data collection. One 
key factor in particulate air quality missing from this suite is a 
real-time particulate matter sensor. Wireless sensor systems 
for measuring real-time particulate matter concentrations have 
been available and developed in the last decade [1-6]. 
However, these sensor systems tend to be relatively large units 
are not appropriate for integration within other compact 
devices, fairly expensive with typical starting prices greater 
than two thousand U.S. dollars. Because of the large number 
of measuring stations distributed in the region, a particulate air 
sensor system must have a low cost and continuously give fast 
response measurement of particulate matter in ambient air. It 
should also be compact and easy to use, and its maintenance 
must be possible by relatively low skilled laborers. The ease of 
moving a sensor should also be considered in measuring and 
monitoring particulate matter. 

In this study, we developed a low-cost implementation of a 
particulate air pollution sensor system for continuous 
monitoring of outdoors and indoors particulate air pollution at 
a lower cost than existing instruments. The novel instrument 
features real-time particulate air pollution monitoring and 
wireless sensor system functions. For evaluation, the 
developed sensor system and an existing commercial 
instrument were installed in the same place, and the developed 
system was calibrated using various statistical analyses. This 
study provides the reference data required for calibration when 
a new particulate air pollution system is developed to replace 
existing commercial instruments. 

II. PRINCIPLE OF WIRELESS PARTICULATE SENSOR SYSTEM 

A. Particulate Air Pollution Sensor 

Fig. 1 shows the schematic diagram of the electrostatic 
sensor developed in this study. The system consisted of 10 µm 
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Fig. 2 Wireless dust sensor system diagram 
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Fig. 3 Dust server communication diagram 
 

N $ID Time Tag DATA 1 ... CHECKDATA 2 DATA 12 Terminator

 
 

N $101 10.05 26305 ,x,x1.71, 0.09, 0.00, 0.00, 0.00, 0.00, 0.00, 32.88, 56.63 ,0.00, 0.00, 0.00

Header ID Time Tag DATA1 – DATA12 CRC Terminator  

Fig. 4 Message data frame 
 
time, date and level of particulate mass concentration. The 
module was used for the proposed system has an embedded 
communication protocol that supports Mechine-to-Mechine 
(M2M) intelligent wireless Transmission Control Protocol 
(TCP/IP) features. The GSM module supports an RS-232 
interface that allows serial TCP/IP socket tunneling. Fig. 3 
shows the dust server communication diagram. The dust 
server is an off-the-shelf personal computer with accessibility 
to the internet. Fig. 4 shows a message data frame. The dust 
server connects to the GSM module via TCP/IP through the 
internet and a public cellular network. Finally, the server 
connects to a database management system (MySQL) through 
a local area network (LAN). Fig. 5 shows the web Application 

of the particulate air pollution sensor. 

III. IMPLEMENTATION AND TESTING 

The performance of the developed wireless sensor system 
was evaluated simultaneously with a currently available the 
TEOM Monitor, Series 1400ab, Thermo Fisher Scientific Inc., 
at ambient condition measurements. The developed particulate 
air pollution sensor system would measure the same 
concentrations as the TEOM. Therefore, the measurement 
location was at Maemoe Power Plant, Lamphang, Thailand for 
about 24 hours during March 1 – 10, 2015. 
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