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Abstract

Geographic information provides the basis for many types of decisions ranging from simple path finding, to the
sustainable management of environmental conditions. Producing such information is a time consuming and costly
endeavor. Data sharing on the web is an avenue to increase the efficiency of the practices. This paper scientifically
examines the new emerging technologies namely, internet, geographic markup language (GML), and observation and
measurement models, to construct an interoperable repository for air quality sensors measurements. The paper also
elaborates on the design and implementation of a web-based air quality information system (AQIS) for the city of
Tehran. In-situ sensors measure ozone (Os), carbon monoxide (CO), sulfur dioxide (SOz2), nitrogen dioxide (NO2) and
particulate matters (PM) in polluted metropolitans. Providing real-time air quality information can improve the decisions
of the pertinent environmental organizations. Using GML for encoding sensors observations makes it possible to build
an interoperable repository that is independent of platforms and vendors. Providing query possibilities based on
monitoring stations, sensor names (pollutants), date and time intervals, and spatial query on the AQIS interfaces are the
major functions of this system. Although standardized, it was concluded that the use of GML as data format increases
the size of GML document. In addition, the developed system provides no map based results for the clients. Therefore,
it is required to be improved by adding more GIS functions.
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Introduction

The ever-increasing population growth in urban
areas amplifies certain problems, which directly or
indirectly affects human daily life. Air pollution is
one of the most important urban problems caused
by heavy traffic, and emissions of factories that
threatens human health. One of the applied solutions
for mitigation and control of this problem is the use
of communications, Internet and especially sensor
technologies such as sensor web enablement (SWE)
supported by open GIS consortium (OGC). The
above-mentioned technologies provide facilities to
collect, transfer, process, evaluate, and disseminate
air quality condition, real-time.

In a routine scenario, the use of these
technologies begins with identification of the polluted
area (monitoring stations) in order to deploy in-situ
sensors that are capable of measuring air pollutants.
The most important air pollutants are: O,, CO, PM,
SO, and NO,. In the next step, air quality data
measured by in-situ sensors are communicated to a
central station where data processing is completed.
Then the extracted air quality status and related

information is disseminated through internet. The
results can then be used by public and involved
organizations responsible for the control of air quality.

The crucial issue discussed in this paper is the
determination of a data format for encoding in-situ
sensors observations in a standard and interoperable
method. Data interoperability plays an important role
in the Internet GIS. Encoding, storing and
transferring the collected in-situ sensors
observations using interoperable data format will
insure data sharing and reusability in the future. The
most important method to achieve interoperability is
the use of standards. The leading standards in
interoperability for GIS data is OGC that is supported
by software vendors (GIS, database, data
visualization), system integrators, computer vendors,
telecommunications companies, universities,
information providers, and federal agencies (De By,
et al., 2001). They have joined the consortium to
participate in creating software specifications and
data transfer strategies, which will assist in solving
the non-interoperability problems of GIS data and
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software (Charvat, et al., 1998). OGC has

introduced several initiatives for sensor web context.

Observations and measurement model (O&M) is a

general model utilizing extensible markup language

(XML) for encoding sensor observations (Cox, et

al., 2002).

Two sub-models of observation and measurement
model are observation and value models.
Observation model describes “observation” as a
feature, which is the basic item in the OGC model
for geographic information, and then determines
relevant properties for that observation. These
models have been implemented using XML and GML
(Cox et al., 2002).

GML is written in XML format for the modeling,
transport and storage of geographic information
including spatial and non-spatial properties of
geographic features (Percival, 2002). GML is
developed as a data exchange interface standard to
achieve data interoperability between different
systems and is considered as the standardized means
of geographic information exchange in XML
encoded files. XML and American standard code
for information interchange (ASCII) based format
uses descriptive tags to store data independent from
any proprietary vendor specific formats (Prins,
2003). In general, GML-based data repositories
containing in-situ sensors observations have the
following advantages to the other alternatives:

* GML has been standardized and accepted by the
major GIS software vendors, academia, private
and governmental organizations as web data
format that can meet all the interoperability needs
of the GIS community.

* GML is open and non-proprietary, thus, it can be
easily shared. In order to establish data sharing
among the data repositories, a data conversion
processes is required, which in many cases limits
the users.

* GML is based on XML, supported by world wide
web consortium (W3C), and inherits all XML
characteristics. XML is extensible, flexible and self-
describing language. The self-describing feature
can solve problems of complex data transferring
between software applications, in particular over
the web.

* The number of softwares and products supporting
the GML are increasing. Hence, creating data
repositories based on GML will insure the success
of data interoperability.

* XML (and thus GML) is a simple text format and
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for dealing with GML data repositories, a simple
text editor is adequate. This characteristic makes
XML platform-independent, since text format can
be understood by all platforms.

* GML encoded data can be easily integrated and
distributed with other data.

* GML enables the user to take part in the spatial
web; otherwise our communication with the world
will be blocked.

The following is a case study on building a web-
based AQIS and interoperable data repository for
air quality in-situ sensors observations using GML
technology.

Materials and Methods

Tehran, the capital of Iran, has become one of
the most polluted cities in the world. Mobile sources
are responsible for more than 70% of Tehran’s air
pollution. Moreover, 37 % of country’s industrial units
are located at the metropolitan area or its vicinity.
Reports indicate that more than 4,500 people are
dying every year in Tehran due to air pollution
(AQCC, 2005). Efforts are being made, but at best,
they may only succeed in holding pollution at current
levels.

This research is a step taken towards providing
a standard based information system that allows the
authorities to tackle the air pollution. The aim is to
use the latest technologies and standards for creating
an interoperable data repository. At present, the
major organization involved is the (AQCC) of
Tehran. This company was founded in 1993 by
Municipality of Tehran.

In order to improve, control and manage the air
pollution in Tehran, AQCC has taken benefits of
eleven monitoring stations (Figure 1). These stations
cover the areas that are more prone to air pollution.
Every station has been equipped with in-situ sensors
that measure the amount of O,, PM, CO, NO,, and
SO, pollutants hourly. After measuring the amount
of air pollutants, the data is transferred to a central
station in Tehran for further processes. Central
station checks the data for errors, and by computing
air guality index (AQI) specifies the air condition.
AQI is an environmental index that is used to report
on air pollution status.

The latest information provided via related in-
situ sensors and data encoding and processing steps
are done through binary and proprietary software.

For these cases, this paper intends to provide
and improve present functionalities of AQCC by



introducing the development of a system that utilizes
GML technology and observation and measurement
models which are supported by OGC. In addition, it
is desired to develop a system that makes use of
document object model (DOM), active sever page
(ASP) with VVBScript providing dynamic web pages
and possibilities for doing query based on in-situ
sensors observations encoded in GML. It is believed
that the system would facilitate data analysis,
interpretation and management of the air pollution.
It is obvious that providing a system that is based on
Internet, communication and sensor technologies
with near real-time information on air condition can
be instrumental in tackling air pollution problem.

The following elaborates on the design and
implementation phases of this system.The AQI is a
composite index computed from ambient levels of
CO, SO,, NO,, PM and O, (USEPA, 2005) which
need to develop for Tehran air conditions. In the
final step, the air condition based on AQI scales
(good, moderate, unhealthful, very unhealthful or
hazardous) is reported to the public and decision
makers. At present, AQCC makes use of an
exclusive website (www.aqcc.org) in order to
publish air quality related information via Internet.
This web site takes benefit of static web pages
containing tables and charts that show the air status
based on Figure 1.

AQCC's Monitoring Staations

1-Bazar

2- Fatemi
3- Agdasieh
4-Mehrabad

DOE's Monitoring Stations
1- Bahman
2- Azadi
3- Pardisan
4- Vila
5- Station 5
6- Tagrish
7- Hesar
Meteorological Towers
1- Tehransar Tower
2- Resalat Tower
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Information model

Information model defines model elements and
their relationships. Here, the main aim is to develop
an information model based on the need analysis,
rules and terms defined in observation and
measurement models introduced by OGC. This
model is developed in a way that meets AQCC
requirements, although it can be used for other
conditions and required changes. Figures 2 and 3
show the developed information model using unified
modeling language (UML) for supporting AQCC
requirements. As the diagram shows this model
makes use of observation collection as the root
element. Observation collection element is used to
record heterogeneous observations measured by
multiple kinds of sensors. Observation collection
consisting of ordered, homogeneously typed
observations is an observation array (Cox, et al.,
2002). Target property in this model is used to
describe stations. Here the station location is meant
as sensor location and the relevant result. Based on
this model, location element carries sub-element
called “point” that contains coordinates element and
reference system attribute to record location of
monitoring stations. Observable is defined as
phenomenon that is subject to observation (Cox, et
al., 2002). In this model, an observation is defined to
have a result to record the values of measurements,
and a time stamp property for recording time and
date of measurements.

Figure 1: Tehran map and air pollution monitoring stations distribution
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Figure 2: The developed UML class diagram showing AQIS information model
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Figure 3: The legend of class diagram

GML document creation

The first step in creation any kind of GML
document is the schema document creation. Rich
observation schema (introduced by OGC) is the main
schema used, which contains all the components to
construct GML document elements to record
observations and measurements of sensor-based
applications. Therefore, GML document of interest
is based on aforementioned standard schema
supporting the application. The main task to create
GML document of AQIS is to identify and use
elements required in recording of AQIS observations
and measurements based on the model shown in
UML diagrams and using rich observation schema.

In this phase XMLSPY software was employed
to create the GML schema, and finally GML
document. XMLSPY provides easy to use solution.
Figure 4 shows the developed GML document for
AQIS. The developed document is used to enter
the collected in-situ sensors observations.

System architecture
In this section, the design and implementation of
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an internet based system that will provide facilities
to disseminate air quality information encoded in
GML are elaborated. The client-server architecture
is selected for implementation. Client-server
architecture is a common form of distributed
systems where the software is split between client
and server tasks (Groot, et al., 2000). In a distributed
system, a user does not see which computer is
performing, and which one functions. Based on this
architecture, a client is a process or computer that
requests the services of another computer or process
(server) using some rules (protocol). The server
processes the request and sends the result back to
the client. The exchange of information is done
through message exchange according to the protocol
(Groot, et al., 2000). Figures 5 and 6 show the
developed UML class diagram containing client-side
and server-side components for AQIS.

Based on Figure 5, server-side class contains
functions supporting the client-side requests. The
main functions include:

* |nitiate DOM document function, which is used
to initialize DOM object that enables system
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Figure 4: XMLSPY grid view showing the developed GML document of AQIS using standard schemas

applications access and manipulate GML
document.

* Do spatial query function, which is used to do
search sensors located in a specified area for a
certain date.

¢ Compute AQI function, which is used to determine
AQI and assessment of air quality.

* Do advance search function, which is used to do
search based on station, pollutant, date and hour.

As the diagram shows, the server-side search
script makes use of air quality data encoded in GML
to locate the client request. The, server-side script
employs DOM programming techniques to
manipulate the GML data. Here, XML parser
includes MSXML that is in the Microsoft’s Internet

Explorer.

In this process, client-side class provides clients
facilities to make request and submit it to server-
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side scripts to further process. As the diagram
shows, three pages (interfaces) have been dedicated
to do so (spatial query page, AQI page and advanced
search page).

Implementation and user interfaces

ASP with VBScript language, and DOM
programming techniques are used to implement the
system. In order to support the user regquirements
different kinds of interfaces are developed. Figure

7 shows the developed main page of AQIS and its

options.

Options of the main page of AQIS provide the
following facilities for the users:

1. Search by station, pollutant, date and time option, which
can be used to obtain air quality information based
on the combination of station and pollutant at
different dates and hours.
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Figure 5: The developed UML class diagram for air quality information system
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Figure 6: The legend of UML class diagram

11. Air quality index (AQI) option, which can be used
to get information about air condition. AQI is an
environmental index which is computed based on
the amount of SO,, NO,, PM, and O, pollutants.

111. Spatial query option, which provides facilities to
users to get air information within a specified area.
This area is defined by using relevant coordinates
in universal transverse mercator (UTM) map
projection.

Figure 8 includes two combo boxes for selecting
station and pollutant, two fields to determine the start
and end date, and finally two fields to specify time
intervals in terms of hour. Providing information for
these fields and submitting information to server side
script results in further process and sending response
page towards the client. Figure 9 contains a text field
to specify the date of interest and a combo box for
entering the name of station that the user is interested
to get information about air status based on AQI.

Figure 10 provides two text fields for specifying
date interval and the coordinates of an area based
on UTM map projection. Submitting this page
towards the server will produce available air quality
sensors information that is located within the
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specified area.To provide a better view of the system
functionalities, the following result pages (Figures
11 to 13) are created based on information specified
in Figures 8 and 9.

Discussion and Conclusion

The objective of this paper was to discuss the
interoperability issue and most importantly, OGC
initiatives namely sensor web enablement (SWE)
and GML technologies providing interoperability in
the network. An application for GML, through the
design and implementation of (AQIS) was presented.
The main advantage of this system is the use of
GML as a data format to encode air quality in-situ
sensors observations and measurements. The use
of GML makes our system repository, most
importantly, interoperable, platform independent, and
vendor neutral. These characteristics are the most
important criteria in the development of the web-
based systems in today’s web world.

Despite of all the advantages of GML, it is worth
mentioning that it still is in its infancy, and one can
hardly find GML-based system on the web.
However, it holds promise to provide interoperability
between heterogeneous systems on the web. Based
on the obtained experience during this research, it
was realized that GML needs advanced knowledge
in XML and related topics. working with XML has
its own difficulties too. The advantages of applying
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Figure 11: System output based on Figure 8 user entry
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Figure 12: System output based on Figure 9 user entry

XML and its derivatives such as GML are for greater.
Moreover, GML documents contain relevant
metadata about data. This feature results in
increasing file size of GML considerably in
comparison with other formats, but this issue may
produce some challenges for web-based systems
and requires for more attention.
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