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Abstract: This paper introduces a new real-time air pollution alert system using mobile devices. Through the location
awareness capability of mobile devices, Android- and iOS-based apps are developed to inform the public residing in the
vicinity of air pollution areas. The apps have shown to be working successfully sending push notifications as well as a re-
gional map to convey the air pollution information to users. The apps and real-time air pollution alert system can also be
extended for other natural environmental disasters such as hurricanes, flooding, and wildfires and man-made disasters such as

chemical spills.
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1. Introduction

American Lung Association (2011) has reported that
roughly half of the population (~154.5 millions) in the
United States live in the 366 counties is exposed to unheal-
thy levels of air pollution in the form of either ozone or
short-term or year-round levels of particles [3-5]. Air quality
forecasting has become a common practice for local and
state air quality management agencies to inform the public
of air pollution that may pose health risks. Air pollution
forecasts have been receiving increasing attention. Today,
about 300 cities nationwide issue air pollution alerts based
on predicted concentrations of known pollutants such as
ozone and particle pollution. Timely and effective air pollu-
tion alerts can provide people with information they need to
protect their health from the adverse effects of air pollution.
Air pollution alerts are currently delivered to the public in
three ways: 1) broadcasting through media; 2) internet
postings and 3) emails/text messages. One major issue for
these venues of report delivery is the efficacy of the infor-
mation delivery as who may reside or travel to the forecasted
pollution areas may not have access to internet or media.
The email/text message alerts require users to subscribe to
the air quality information and customize their location

information. However, people who receive the email alerts
may not be in the area for which they receive the report.
There is need to develop an air quality alert system which is
capable of incorporating the location information in
real-time and produce the necessary report to the user.

The steadily increasing number of smart phone users
makes it a promising venue to utilize them for alerting the
public about emergencies and disasters. The number of
smart-phones sold globally in 2010 was estimated to be
296.6 million. This number increased to 472 million in 2011
and the projected number for 2012 is 686 million.
Smart-phones with location-aware capabilities have a wide
range of applications, such as context-based advertising,
traffic planning, route predictions, early warning systems,
and pollution alert systems [8-12]. This new proposed air
pollution alert system identifies locations of smart-phone
users and delivers timely and effective air pollution alerts to
users pertinent to their location. The benefit of having such a
location-oriented and real time alert system is that the users
can be informed effectively and choose appropriate action.

Regional air quality modeling is widely used for numer-
ical air quality forecasting. Regional air quality models sit at
the core of air quality forecasting systems, which also in-
clude predicted meteorology and air pollutant emissions. Air
quality forecasting systems can be linked to population
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exposure evaluation and provide relevant support to urban
air quality management that protects the environment and
human health from the adverse effects of air pollution. In
this study, we have used, U.S. Environmental Protection
Agency (EPA)’s regional air quality modeling system,
Models-3 [1], for simulating air quality in the U.S. The
framework of numerical air quality forecasting is shown in
Figure 1 below.
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Figure 1. Framework of numerical air quality forecasting.
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The US EPA’s regional air quality modeling system,
Models-3, uses WRF, SMOKE and CMAQ models, for
simulating air quality in the U.S. WRF is a widely used
meso-scale meteorological model and CMAQ), as its name
implies, is a community based air quality model that is being
used by a growing population of scientists and planning
organizations for air quality studies. SMOKE is the emis-
sions processor which provides hourly gridded emission
inputs for the CMAQ modeling. The air quality forecasting
has been implemented on a high-performance computing
cluster located at the College of Engineering building at
Texas A&M University-Kingsville. The computing cluster
has 40 nodes, each having 4 processors running at 3GHz and
8 GBs of DDR2 DRAM.

End-users of the forecasted air quality information will be
groups susceptible to air pollution, outdoor workers, and the
general public. The end-users need air quality forecasting
information that is clear, easily understandable and consis-
tent. The U.S. EPA has developed several standardized me-
thods to easily communicate air pollution information to the
public. The Air Quality Index (AQI) provides a standardized
scale from 0 to 500 describing how clean or polluted the
outdoor air is in a specific location and what associated
health effects may result for the local population. The AQI is
calculated for four major air pollutants regulated by the
Clean Air Act [2]: ground-level ozone (O3), particle matter
(PM), carbon monoxide (CO), and sulfur dioxide (SO2).
AQI values, categories, and pollutant concentration thre-
sholds can be seen in Table 1. When AQI of the forecasted
air quality is above 100, it indicates that air quality is “Un-
healthy for sensitive groups”, “Unhealthy”, “Very unheal-
thy”, or “Hazardous”, and air pollution alerts will be sent to
the users of location-aware mobile devices residing in the
forecasted pollution areas.

Table 1. AQI values, categories, and pollutant concentration thresholds.
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In this study, mobile devices are used to improve the
current air pollution alert systems. Specifically, we took
advantage of the location-aware capabilities of mobile de-
vices and developed an air pollution alert system using Ap-
ple i0OS and Google Android platforms, as they constitute
the majority market share of smart-phones. The real-time air
pollution alert system identifies locations of smart phone
users and delivers timely and effective air pollution warning
to the subscribed users who are present in the forecasted
pollution areas.

2. Application Development

A smart phone is a mobile phone equipped with advanced
computing capabilities and applications. In recent years, the
demand for and the popularity of smart phones have been
increasing tremendously. Likewise, there has been a steep
increase of applications and services utilizing smart-phones.
Given the trend and practicality of the venue, we decided to
improve the efficacy of the traditional air pollution alert
systems. Through this proposed alert system, locations of
smart phone users are determined and timely and effective
air pollution alerts are sent to users in the forecasted pollu-
tion areas.

Locations of mobile users can be tracked using different
approaches [7]. In this study, we have utilized the
GPS-based location estimation technique as it provides
location information with a very high degree of accuracy.
Apple i0S and Google Android were used as main platforms
in this study. As a platform, iOS uses Mac's popular pro-
gramming language Objective C. XCodeSDK, Apple’s in-
tegrated development environment can be used to develop
applications for Mac, iPhone, and iPad. XCode also includes
an i0S simulator. The Android applications are developed
using Java and various integrated development environ-
ments can be used to develop Android applications.

The overall system layout is rather straightforward;
servers reading the outputs from the air quality forecasting
model constitute the backbone of the system. This model is
used to determine the air quality and based on the modeling
results, levels of pollution is determined. If the pollution
level is higher than the values deemed as safe warning
messages as well as a regional map showing the affected
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region are distributed to the general public via smart phone
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apps. Figure 2 shows the overall system layout.
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Figure 2. Integrated alert system using smart phones and air quality forecasting models.

There are three main tiers in the air pollution system: the
Air Pollution Information Center which belongs to the EPA,
the servers, and the smart-phones. Serves are of two kinds:
one server receives and stores temperature and air pollution
data from Air Pollution Information Center and servers and
other servers track users’ location and send alerts along with
maps. In our first implementation, we have used one server
to read data from the Air Pollution Information Center and
another server to track with users and send them alerts. The
alerts are text messages accompanied with map of the area of
interest in which users reside at the moment. In order to
receive the air pollution alerts, users need to register with the
subscription server.

Web server

Once the Application is downloaded by the user, the App
on smart phone provides the web server with the users’
location data as well as other user information. Color coding
has been used to denote air pollution levels; ranging from
blue to red where the red color represents the high air pol-
lution level. This approach can be modified and extended to
provide notices for environmental disaster alerts such as
severe weather conditions and or alerts pertinent to
man-made disasters such as chemical spills.

Server/smart-phone interactions are shown through the
interaction flow charts for the Android and Apple iOS plat-
forms seen in Figures 4 and 5, respectively.
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Figure 3. Web server/ smart phone jobs.
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Figure 4. Overall flowchart of the Air Pollution Alert System Programming for Android application.
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Figure 5. iPhone Air Alert Pollution Flowchart.

The design of the Alert system for both Android and Ap-
ple iOS platforms are very similar to one another.

i0S application icon named “Environment Alert System
(EAS) is shown in Figure 6below. Forecasted air pollution
data obtained from U.S. EPA’s AirNOW air pollution system
(http://airnow.gov/) [13] has been used to test the effec-
tiveness of the developed Apps.

Figure 6. iPhone app icon.

The system sends out the notifications to the users in the
contaminated region. The settings of the apps can be ecasily
customized by users at any time, as seen in Figure 7. The
distance filter allows users to adjust the distance range for
which they would like to receive notifications. Additionally,
location information and notifications log sheet is stored on
the server for the user to revisit historical data. This log file
is limited to 500 entries and entries will be removed on a first
in first out basis.
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Figure 7. Alert system setting page for the iPhone iOS app.

The snapshots from Android and Apple iOS Apps are
seen in Figures 8,9, and 10. As it can be seen on Figures 8
and 9, a warning message along with the map of the pollu-
tion area appears on the screen indicating the level of the
contamination.

Figure 8. The Android air pollution alert app.

«ii. ATET 35 =1

Last updated location —
27.527291,-97 873742, Colmbia
U DEte="0ENVZOTT T T
Time = 11:22 Ura
Cuoogle Bera

Figure 9. The iPhone iOS air pollution alert app.
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Figure 10. A snapshot of an air quality map on the smart phone screen.

The developed apps allow users monitor the Ozone and
Particle pollution (PM) levels on a map at any time. Selec-
tion button at the top right and top left are used to select
either one of them to monitor Different color codes are used
to indicate the intensity level; green is the lowest and the red
is the highest level of intensity. Additionally, the application
also shows the update/refresh time of the server and the
exact location of the smart phone user as well. Both standard
and satellite images can be seen through Google Maps.
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Figure 13. PM2.5 air quality map on iOS devices.
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Figure 12. Ozone .5 air quality map on Android devices.

San Angels o Toxsy
e San Antonio @
Chihuahua oo
o o : Negras &, Riteto
T Sabinase Laredo M
) monciov (it D
£y s
on Reynosa
asave Municipaiity Monterrey: - 79 o Matamoros S
Sattillo 7 LnZTes: s, Mexico
o - © Faman o
Seanlast Updates: R
B °
anensl FSOAY2012,, 5 Ciidaa
Zacatecas © Potosi Victoria
11:03:14 ° g UG
TR o le Leon Poza Rica M
()Guagau\; L Querdtare _dethidaige °

Tepatitiar o \

Figure 14. Ozone air quality map on iOS devices.

The server stores a history of warning messages sent to
each user. A log file contains user information and the
warning messages sent to the user along with time stamp of
warning messages. A user can see this history by pressing on
the ‘i’ icon located on the bottom right of the screen and
easily access the log sheet. Figure 15 shows an example of
browsing through the warnings received by a user. Figure 16
shows the actual log file.
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Figure 15. Example of Air Pollution warnings on Android devices.
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Figure 16. The log file of Android air pollution alert app applications
stored on the server.

3. Conclusions

We have successfully shown that Smart Phones can be
utilized to develop a real-time air quality alert system which
delivers timely and effective air quality information to users
through location-aware mobile devices. As a future work,
we plan to evaluate the effectiveness of the developed air
pollution alert system for multi-users (>1,000) environment,
and extend this technology for other disastrous scenarios
such as tornadoes, flooding, and earthquake.
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