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Abstract

The increased availability and improved quality of new sensing technologies have catalyzed a growing body of re-
search to evaluate and leverage these tools in order to quantify and describe urban environments. Air quality, in
particular, has received greater attention because of the well-established links to serious respiratory illnesses and the
unprecedented levels of air pollution in developed and developing countries and cities around the world. Though
numerous laboratory and field evaluation studies have begun to explore the use and potential of low-cost air quality
monitoring devices, the performance and stability of these tools has not been adequately evaluated in complex urban
environments, and further research is needed. In this study, we present the design of a low-cost air quality monitoring
platform based on the Shinyei PPD42 aerosol monitor and examine the suitability of the sensor for deployment in
a dense heterogeneous urban environment. We assess the sensor’s performance during a field calibration campaign
from February 7th to March 25th 2017 with a reference instrument in New York City, and present a novel calibration
approach using a machine learning method that incorporates publicly available meteorological data in order to im-
prove overall sensor performance. We find that while the PPD42 performs well in relation to the reference instrument
using linear regression (R2=0.36-0.51), a gradient boosting regression tree model can significantly improve device
calibration (R2=0.68-0.76). We discuss the sensor’s performance and reliability when deployed in a dense, heteroge-
neous urban environment during a period of significant variation in weather conditions, and important considerations
when using machine learning techniques to improve the performance of low-cost air quality monitors.
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1. Introduction1

Air quality is an important quality of life concern2

with well-established links to serious respiratory ill-3

nesses, cardiovascular disease, and increased mortality4

rates (Pope III and Dockery, 2006). Cities in particular5

often experience high levels of fine particulate matter6

(PM2.5), especially in developing countries where in-7

dustrial expansion has created unprecedented levels of8

poor air quality (Cheng et al., 2016). In order to mon-9

itor and evaluate levels of PM2.5, government agen-10

cies often operate air quality monitoring stations that11

provide ambient PM2.5 concentration measurements.12

These networks, however, often fail to capture the gran-13

ular spatiotemporal variations in PM2.5 levels that can14

occur over short distances (<1km) (Castell et al., 2017).15

Urban environments, in particular, contain widely vary-16

ing mixing ratios with diverse and complex emission17

sources that require high resolution spatial and tempo-18

ral monitoring networks to adequately quantify and de-19

scribe air quality (Mead et al., 2013).20

The proliferation of low-cost sensor technologies of-21

fers new opportunities to monitor and study air qual-22

ity in urban environments. A growing body of research23

has begun to use low-cost aerosol monitors to provide24

high resolution spatiotemporal measurements by creat-25

ing dense spatial networks that can inform local and26

regional emission sources’ contribution to total pollu-27

tion levels, as well as increase the ability to identify28

pollution hot-spots (Heimann et al., 2015; Jerrett et al.,29

2005; Shusterman et al., 2016; Manikonda et al., 2016;30

Moltchanov et al., 2015). Furthermore, these low-cost31

technologies are often compact, low-powered, and easy32

to operate, thus offering the ability to establish and facil-33

itate participatory networks(Jovašević-Stojanović et al.,34

2015; Snyder et al., 2013). High density air qual-35
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