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Abstract—Rapid urbanisation and infrastructure shortcom-
ings leading to heavy traffic, heavy construction activities are ma-
jor contributors to emission of particulate matter into the ambient
atmosphere. This is especially true in developing countries, such
as India and China. There have been numerous attempts from
government authorities and civic agencies to curtail pollution,
but these efforts have been in vain. Cities like Beijing, New
Delhi suffer from extremely unhealthy air quality during multiple
months of the year. Hence, the onus of keeping oneself safe
from extreme affects of air pollution falls on the individual. The
following study presents a method and framework to measure
particulate matter (PM2.5) concentration using low cost sensors,
and infer patterns from the data collected. The study uses a
SDS011 high precision laser PM2.5 detector module combined
with a raspberry pi, which communicates the measurements
through message queueing telemetry transport (MQTT) protocol
to a ponte server which inturn persists the data into a MongoDB,
which can be consumed by algorithms for further analysis.
For example, the data obtained from the sensors can be fused
with data from measurement stations and geographical land use
information to estimate dense spatio-temporal pollution maps
which is the basis for computing individual exposure to pollutants.

Keywords—Air pollution; low cost sensor; optical dust sensors;
particulate matter; MQTT; ponte

I. INTRODUCTION

Particulate matter is a major source of air pollution across
the world. Exposure to particulate matter can cause a multitude
of problems to individuals including higher risk of hyper-
tension Prabhakaran et al. [1], lung cancer Ciabattini et al.
[2], cardio-vascular disease Jaafari et al. [3]. The affects of
pollution are more prominent in the most vulnerable subset of
population such as pregnant women Tapia et al., Zhu et al.
[4, 5], infants Zhou et al., Rivera et al. [6, 7], and the elderly
Wang et al., Han et al. [8, 9].

Recently, there have been major strides in quantifying the
exposure of individuals to pollutants. Government agencies
report air quality in the form of Air Quality Index (AQI), which
signifies short term effects of pollutants in the atmosphere.
Additionally, there have been numerous studies exploring the
use of low cost and mobile sensors to measure individual
exposure in an efficient manner. Karagulian et al. [10] provides
a comprehensive review of various studies for measurement of
different pollutants using low cost sensors.
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There have been a few studies where the sensors are
mounted on a moving vehicle, and pollution mapping is done
along the path of the vehicle. DeSouza et al. [11] mounted
Alphasense OPC-N2 sensors on garbage trucks to map out air
quality in Cambridge, MA. The study used the collected data
to identify clusters signifying pollutant hotspots, and explored
techniques to generalise the measurements across the entire
traversed route.

Low cost sensors are an efficient way for measuring
individual exposure to pollutants. Mahajan and Kumar [12]
explored the usage of low cost sensors to quantify individual
exposure. The study used a PMS5003 sensor which published
data using an ESP8255 wifi module. Similar to this study,
calibration of the PMS5003 sensor was performed by the
colocation technique with a GRIMM EDM 107 dust monitor.
Motlagh et al. [13] provide a vision for the use of low cost
sensors for dense air quality monitoring and the study also
documents an example implementation in the city of Helsinki,
Finland.

Chen et al. [14] used a SDL-607 to measure school
students’ exposure to PM2.5. The sensor measures particulate
matter concentration by means of laser scattering using the
principle of nephelometry. The data was stored in internal
memory and manually transferred to a computer. Candia et al.
[15] propose a system and framework for using low cost sensor
networks for air quality monitoring. The study used Nova
SDS011, SDS021, and SHINYEI PPD42 sensors connected
to an Arduino Mega, with an ESP8266 wifi module and a
LoRaWAN module in the absence of a wifi network.

Most of these studies concentrate on the efficacy of the
sensors, but there are not many studies which propose a
comprehensive framework for acquisition and management of
pollution data effectively. There are some platforms available
which have been used, for example Schneider et al. [16] used
AQMesh (AQMesh [17]) platform to map out urban pollution
in Oslo, Norway. AQMesh provides a proprietary solution for
data management which includes web, API and other modes of
access. Lim et al. [18] used AirCasting (HabitatMap [19]), an
opensource data visualisation platform, to map out pollution
in Seoul, South Korea.

In the following sections, a detailed description of the
proposed framework is provided. Firstly, the sensors utilized
and their internal components are described. Section II-B
describes the calibration process for the sensors to avoid drift
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and inaccuracies in the reading. Finally, Section II-C describes
the overall data acquisition process, including the edge devices,
protocol and server infrastructure involved.

II. MEASUREMENT FRAMEWORK
A. Sensors

During the study, two sensors were evaluated viz., a Sharp
GP2Y1010AUOF optical sensor and a SDSO11 laser sensor.
Both the GP2Y1010AUOF and the SDSO11 sensors use light
scattering principle to count the number of particles in the
air sample. While the Sharp sensor uses infra-red light, the
SDSO011 sensor uses laser scattering. Fig. 4 shows the circuit
diagram used to connect the sensor to an Arduino Uno in order
to get the particulate matter concentration. The SDS011 sensor
is easier to use. It has a UART connector that can be directly
connected to raspberry Pi using a USB connection. Another
advantage of the SDSO11 sensor is that it has an inbuilt fan,
in order to ensure uniform distribution of the particles in the
measurement air sample.

SDSO011 is a dust sensor developed by Nova fitness, which
uses laser diffraction principle to measure the concentration
of particulate matter in the air sample. 1a shows a schematic
diagram of the internal components of the SDSO11 sensor. It
has a sensor output frequency of 1Hz, with a sensitivity range
of 0 —999.9ugm 3. The sensor has an inbuilt fan and is the
most accurate for the size with a relative error of 10%. The
se%sor has a working range in 0-70% humidity and —20 —
50°C.

The SHARP GP2Y1010AUOF is an optical dust sensor
similar to the SDSO11. b shows the inner circuit diagram of
the sensor (Fig. 1). It uses an IR LED and phototransistor
to measure the amount of dust in the air sample. One of
the salient features of the sensor is that it can detect dust
from a single pulse, hence works at much higher frequency
of upto 100Hz. The sensor measurements are read as voltage
which is proportional to the density of particulate matter in
the air sample. The sensitivity of the sensor ranges from
0.35 — 0.65V/(0.1ugm~3). The main drawback of the sensor
is that it does not have an inbuilt fan, hence it needs to be
housed in a mixing chamber with a fan in order to get reliable
readings. However, when mounted on a moving vehicle, proper
placement can eliminate the need for a mixing chamber.

B. Sensor Calibration

Low cost sensors are very capable of detecting pollu-
tant concentrations effectively. With proper maintenance and
calibration, they are suitable for long term usage too. Liu
et al. [20] studied the performance of a Plantower PMS1003
sensor for PM2.5 measurement at two locations in Australia
and China, over a period of 13 months. Zusman et al. [21]
provide a comprehensive guide to calibrating low cost sensors
using multiple techniques. In this study, sensor calibration was
performed by co-location method.

The calibration for the SHARP GP2Y1010AUOF sensor
was done by colocation technique. The sensor was colo-
cated near Jayanagar air quality monitoring station main-
tained by Karnataka state pollution control board (KSPCB)
located at 12.920984 LAT, 77.584908 LONG. Simultaneous

Vol. 12, No. 12, 2021

Particle
inflow

| Laser Diode

Low noise
amplifier

N/

Particle
outflow

(a) SDSO11 Sensor

1. V-LED
—0 3.LED

—0 2. LED-GND

’740 6. Vee

Dust or smoke particle A"+~
ND
\ { Amplifier Circuit o 5.Vo
Rs for
sssss tivity —0 4.5-GND
adjustment
case

(b) GP2Y1010AUOF Sensor

Fig. 1. The SDSO011 and GP2Y1010AUOF Sensors.

readings were taken for a duration of two weeks. Fig. 2
shows the outputs of the two sensors. Pearson correlation
between the SHARP sensor measurements vs reference sensor
is 0.9121332.

C. Data Acquisition Infrastructure

The data measured from the sensors is published through
MQTT to ponte server which provides a MQTT broker. The
data is persisted in MongoDB, which is used for offline and
realtime data analysis. Fig. 3 shows a Schematic representation
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Fig. 2. SHARP Sensor Measurements VS Reference Sensor

of the overall data acquisition and persistence framework.

1) Message Queueing Telemetry Transport: MQTT is a
publish-subscribe type messaging protocol which is widely
used in IoT (Internet of Things) applications. One of the
major advantages of MQTT is that the client applications
are very light weight, making it ideal for deployment in
small embedded systems such as low power micro-controllers.
Additionally, the protocol is scalable, potentially capable of
incorporating millions of devices.

Fig. 5 shows an example of an IoT system using MQTT.
There are mainly three types of nodes in a MQTT network,
viz., the publisher, the subscriber and the MQTT broker. A
node can take the role of a subscriber or publisher or both
simultaneously. The broker is part of the infrastructure and
resides in a server machine. The publisher node publishes
data using a specific fopic, while subscriber nodes which have
subscribed for the specific topic, will recieve the message with
the data.
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Fig. 4. Circuit Diagram to Connect the Sensors to an Arduino Uno.

MQTT also provides an option for the broker to store
messages when a subscriber is down, so that the messages are
delivered when the client comes up. Another advantage of a
publish/subscriber model over a traditional client servers is that
the publisher does not need to be aware of the nature or number
of subscribers. Although, the subscribers need to be aware
of the message format and the topic of the publisher. MQTT
and publish/subscribe model for communication is an efficient
model for low power sensor networks such as the one used
in the study. It also supports OAUTH based authentication,
so that the data is protected from unauthorised access. It also
provides for TLS/SSL data encryption.

In this study, each edge node containing an Arduino Uno
is assigned a MDS5 hash, which acts as an identifier string,
and each node publishes the measured PM2.5 concentration,
temperature and humidity using a topic which includes the
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identifier. For example, 84474b87cafa5f22d8aa2a5b990bfe98
is the identifier for the node which was colocated with
the Jayanagar 5th Block monitoring station, and the
sensor measurements from the node is published using a
topic  strings  84474b87cafa5f22d8aa2a5b990bfe98_dhtl1,
84474b87cafa5f22d8aa2a5b990bfe98_gp2y, and,
84474b87cafa5f22d8aa2a5b990bfe98_sds011 for the
temperature and humidity values from the DHT11 sensors,
PM2.5 concentrations from the SHARP GP2Y1010AUOF and
the Nova SDSO011 sensors respectively in the form of a JSON
object.

2) Server Infrastructure: The data published by the edge
nodes need a MQTT broker to route the messages to the
subscribers. Also, there is a need for a scalable database where
the data can be persisted for future analysis. Additionally, a
HTTP server interface is helpful for a web based dashboard
with visualization and realtime data showcasing. In this study,
eclipse ponte is used, to accomplish the above requirements.
Ponte provides a seamless integration with MongoDB for
persisting the data as well as sessions. Additionally, it provides
HTTP and CoAP services with REST like APIs.

Fig. 6 shows the schematic architecture of Ponte, with
interfaces for MQTT, HTTP and CoAP (Constrained Applica-
tion Protocol) protocols. The figure also shows the persistence
module which connects to MongoDB which not only stores the
published data, but also the session information for facilitating
seamless communication even in fickle networks.

On the server, different analysis and visualisation applica-
tions can provide good insights into the individuals exposure
to pollutants. Additionally, a cumulative exposure index (C')
can be calculated based on pollutant concentrations exposed
to and the amount of time spent. It can be computed as an
integral over time, or a simplified summation (C”) for discrete
readings as shown in equation 1 and 2.

t
C' = Zdt )
t

where d; is the pollutant concentration at time ¢. The measure-
ments, d; can be geographically distributed across the city.

III. DISCUSSION

Low cost sensors and their efficacy in measuring pollutant
concentrations is the subject of multiple studies, hence this
study does not go into the details of these factors. However,
there are only a few studies which elaborate on the framework
and infrastructure involved in collecting the measurements in
a database and the interfaces required for analysing the data.
This study provides a comprehensive guide to the processes,
system and framework necessary for measurement, persistence
and analysis of pollution data.

Sensors used in the current study require periodic calibra-
tion. Chain calibration technique, where a correctly calibrated
low cost sensor co-located with the deployed sensors can be
used to avoid sensor drift and other errors in the measurements.
Additionally, temperature and humidity play a major role in
the accuracy of the measurements. Hojaiji et al. [23] provide a
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way to calibrate the SHARP sensor to compensate the effects
of temperature and humidity. The SDS011 sensor is relatively
robust to temperature and humidity variations. In the current
study, we smooth the variations caused due to temperature and
relative humidity for the SHARP sensor. The study also ignores
readings from both sensors when the humidity level rises
beyond 70%. Spatial and temporal regression techniques can
be used to interpolate the measurements from the monitoring
stations. In a future work, a combination of long short term
memory (LSTM) networks and land use regression (LUR)
in order to build a dense spatio-temporal pollution map is
evaluated.

MQTT is a robust transmission protocol which supports
the necessary data distribution, encryption and authentication
features. Publish/subscribe model of communication is also
a very efficient mode for medium scale networks which is
necessary for pollutant modeling for a city. However, MQTT
transmit cycles are not well equipped for large networks, CoAP
could be a feasible alternative when designing a network larger
than 250 measurement nodes. Ponte server, used in the study,
supports publishing data through CoAP using a simple REST
API. This would be the focus of a future study to augment the
findings presented in this article.

The framework presented above, is capable of being ex-
tendible to different types of sensors, different and more
efficient protocols, more stringent and effective security mea-
sures, and different persistence technologies. The framework
presented above serves as an outline for a more complex and
feature rich system implementation.

A. Conclusion and Future Scope

In this paper, a system and framework for measurement,
persistence and analysis of pollution data using low cost sen-
sors was proposed. A SHARP GP2Y1010AUOF and a SDSO11
dust sensors were used to measure the PM2.5 concentration in
ambient atmosphere and the data was sent to a server running
ponte using MQTT. The data was persisted in MongoDB which
is used for further analysis on the server. Additionally, in
order to compensate for the effect of temperature and relative
humidity, a DHT11 sensor provided the necessary readings.

The above work is the first step towards a comprehensive
estimation and prediction of individual exposure to pollutants
and it’s deposition in the human lungs. In the future, as
a progression of this work, the authors intend to estimate
dense spatio-temporal pollution maps with the fusion of data
measured using these low cost sensors, and from measurement
stations and provide a predictive methodology to quantify lung
deposition of these pollutants for an individual.
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