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Abstract

This paper presents a comprehensive system arthéewhich adopts a multi-layer approach and ietamn the
web-based platform for environmental monitoringedatanagement, ranging from data collection to appéins. This
architecture is designed in a modular and flexiaghion. As an example of practicality, the secphdse Taiwan Air
Quality Monitoring Network (TAQMN-2) has been impiented using the proposed system architecturestifyjuts
feasibility. The overall structure of TAQMN-2 isstzibed, and two major subsystems, data collectianager (DCM)
and data access manager (DAM), are illustrate@taild Taiwan EPA benefited greatly from the fesaf TAQMN-2,
not only in terms of streamlining the air qualigtd management but also in upgrading work perfocman improving
the air quality in Taiwan. The usage of proposeathigecture is not restricted to air quality datanagement; it is also
suitable for other domains of environmental scienith limited tuning, adjustments, or augmentation.

1. Introduction

Environmental monitoring data is the foundationdoderstanding and managing our living planetldb
plays an important role in supporting environmendtision-making. The tasks of collecting, manggin
and accessing a large volume of diverse monitatatgsets has become ever more challenging due to th
expansion of various newly available instrumentsasurements, as well as diverse and complicated dat
storage systems. Over the past few years, a nunhistndies and efforts have been made on the Esue
data management for environmental monitoring; véesms to be lacking, however, is a comprehensive
and integrated system architecture that can sthearahd consolidate the data management proceasses f
environmental monitoring. The processes shoultlidecthe data collection, data computation, daia st
rage, as well as data dissemination and application

This paper presents a comprehensive system archigeavhich adopts multi-layer approach and is
based on the web-based platform for monitoring detaagement, ranging from data collection to appli-
cations. Our purpose is to consider the streangiih data management processes for environmental
quality monitoring. As an example of practicalitie second phase Taiwan Air Quality Monitoring Net-
work (TAQMN-2) has been implemented using the pegubsystem architecture to justify its feasibility.

The following section describes the overall chaastic and features of a multi-layer system archi-
tecture mainly for environmental monitoring datan@gement. Based on the proposed architecture, sectio
3 will illustrate the details of the TAQMN-2 projedncluding the overall structures and two majome
ponents, data collection manager and data accesagera A number of concrete results produced by
TAQMN-2 are given in section 4. We will concludethvdiscussion on the future work in section 5.

2.  System Architecture

As shown in Figure 2.1, the system architecturgptada multi-layer approach to facilitate seamless i
teraction from the data collection to data appitat of environmental monitoring. Each layer isneo
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prised of several components which interact withimlayer and communicate with other layers. We ex
plain the roles and functionalities of each layefalows:

¢ Collection layer: comprises a number of apparatuses such as semsbirsstruments responsible for

measuring environmental quality. These apparatasesonnected to a programmable logic con-
troller (PLC) and form the front line for monitorirtata collection and gathering. The PLC uses a
standard interface to adapt digital/analogy sigmalsing from the apparatuses and convert the
signals to numerical data. There is an on-sitalzese dedicated to storing these data, converting
them into XML format files, and then transmittirigetn to the transmission layer. Unlike traditional
data acquisition systems (DAS) which usually useppetary formats and protocols, our system
adopts a series of open standards such as HTTPGIRHP for connecting monitoring apparatuses
and IT devices, making the collection layer arinét-based application.

e Transmission layer: (i) apply virtual private network (VPN) technologyhich integrates with the
comprehensive firewall and router features. It sufgpconnection for a secure data transmission
over the Internet. (ii) use Microsoft Message QuguUiMSMQ) technology as a data transmission
platform that bridges the collection layer and rpatation layer. The MSMQ provides guaranteed
messaging, priority-based messaging and enabld&ajmms running at different times to com-
municate across networks that may be temporarilinef

« Manipulation layer: performs several procedures for data pre-procgssithen data is gathered
from the monitoring sites, it moves through thestg server along with an intermediary store. The
staging server is the place where all collected itndng data is put together and prepared for
loading into the database. It is like an assemldnt or a construction area. In this area, we ex-
amine collected data, perform the various functifansdata quality assurance and resolve incon-
sistencies. Once the data is finally preparedli/litemporarily reside in the intermediary datarsis
waiting to be loaded into the monitoring database.

« Storagelayer: mainly consists of a commercial database managesgstem (DBMS) along with a
set of toolkits that may construct and maintainrttetadata for underlying monitoring data. As the
monitoring data increases with different formatthbin syntax and semantics, the metadata acts like
a nerve centre in the storage layer. Furthermorerder to provide data services more efficiently
and widely, this layer may also aggregate datafandtionalities from other sources such as the
meteorological offices which may provide data oniemmental resources in particular weather
forecast information.

« Application layer: provides a number of applications and serviceddta retrieval, analysis, as well
as data disseminations. Since the system useb-baged as a standard user interface, a variety of
advanced applications such as data mining andviiatalization can also be attached as part of the
systems. This makes our system more flexible aaldkle than client-server architecture. The user
interface for most applications uses Web standa#fML and CSS are used for presentation;
JavaScript and ASP.NET are used to handle useragiten. In addition, Web Services related
standards and technologies such as SOAP, WSDLA3AAX are adopted to deal with the com-
munication and integration issues with other emvinental data resources.
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Figure 2.1: System architecture for environmentahitoring data management — ranging from data
collection to data applications

Our approach can be easily applied to differenjexité of environmental monitoring such as watetitua
monitoring and hazardous waste monitoring. We allgeve that our solutions are applicable to other
domains of environmental science. For exampledtta management problems for ecology and natural
resource observation may also be applied to thpgsed system architecture with limited tuning, ad-
justments, or augmentation.

3.  TAQMN-2 Project

Air quality and water quality are the primary taigef Taiwan’s environmental monitoring efforts. €v
the last ten years, Taiwan has developed divets@nged monitoring systems. These systems not only
provide residents with an abundant source of infdimn on environmental quality, but also provide op
portunities for international technology exchangd anvironmental cooperation.

The Taiwan EPA began monitoring air quality in 1980 the beginning there were nineteen stations
situated in Taiwan’s major cities. In 1993, the gmment developed the Taiwan Air Quality Monitoring
Network, abbreviated TAQMN. The scope was to imsiplto 66 air quality monitoring stations, two
mobile vans equipped with monitoring facilities eoquality assurance laboratory, and a data manageme
centre. This network has been operating since Beyaie1993. In recent years, aside from replengstiia
network with more sophisticated equipment and egjosns we have also been dedicated to converting the
former standalone systems into a more flexible@mdigurable environmental information system.oum
vision, the new age of environmental monitoringteys need not only provide qualitative and instanta
neous records, they need to be useful analytieaty able to forecast more accurately. Many aitityua
control measures have to be based on the outcdmesnitoring processes.

TAQMN-2 was a four-year project from 2002 to 200@&hhance the capability of air quality monitoring
in Taiwan, adopting the proposed system architecfar the whole spectrum of data management.
TAQMN-2 successfully demonstrates the applicabidityour approach and verifies the expected benefits
by describing a compelling case in the domain efrenment data management.

TAQMN-2 has led the establishment of 76 monitostations in different regions of the country. The
pollutants monitored in TAQMN-2 stations include P4, carbon monoxide, sulfur dioxide, nitrogen
dioxide, and ozone. The meteorological instrumgmtxluce parameters, such as wind direction, wind
speed, temperature, dew point and precipitatiogiwtan make the air quality forecasting more aaigur
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Some sophisticated equipment has been added liettimeorder to measure acid rain, hydrocarbohs; B
ultraviolet-type B, etc.
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Figure 3.1: TAQMN-2 overall structures

3.1 Overall structures

Figure 3.1 depicts the overall structures of TAQMNFirst, we implement a subsystem called data col-
lection manager (DCM) to collect the data from esizttion. The stations feed the measurements ieto th
DCM, which also collects data from other monitorfagilities such as the web-cam images (for security
consideration) and the power system monitoring.d#ttier the DCM receives hourly measurements, it
deposits them into a collective on-site databaseuaes MSMQ technology to transmit the data. Sdgpnd
in the manipulation layer, there are software mesltb validate measurements, tools to check amthtio
maintenance. Thirdly, by using the data accessagem(DAM) in the storage layer, different applicas

can access the data accordingly. In the applicégiper, there are web applications to provide théire
statistics and provide information for air qualityecast. For data dissemination, TAQMN-2 can tiens
the statistics and forecast data via web pagedreel phones, TV, radios, and newspapers.

To keep TAQMN-2 as an open and flexible architeztwhich allows different types of hardware and
software work together seamlessly, we employ thetrsommon standards and the most widely used
products. Table 3.1 summarizes the implementaionronment of TAQMN-2, ranging from hardware
platform to software development tools. Althougbsisystem software such as operating systems and
DBMS are commercial products, it is easy to migtatea free software environment like Linux and
MySQL if the scale of monitoring systems is of abie size.
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Table 3.1: TAQMN-2 implementation environment

Data collection manger (DCM) Data access managaMpD
athering and communication
g . g . middle server database server
collecting and processing
Xeon MP HP RX-5670

H/W Soft-PLC Xeon (DP) 2.4GHZ 15GHZ HP MSA-1000
os Build-in Kernel Win2000 Server Win2000 Server  YA0AO Server
Data storage Text Files Oracle 9i DMBS Oracle 9i DMBSOracle 9i DMBS
Development Ladder, Java and MS .Net and MS .Net, Java MS .Net, Java
tools C language Java language and SQL and SQL

3.2 Data collection manager (DCM)

As shown in Figure 3.1(a), the DCM is comprised veithumber of mentoring facilities, equipments and
software modules. For collecting monitoring date,a@nnect most of the air quality sensors and aaedy

to a SoftPLC. The SoftPLC has three modules, digitalt (DI), analog input (Al) and high level larage
(HLL), that adopt different methods to collect datal convert the data into a text file, then stbesfile in

the built-in memory of SoftPLC ready to be accedsethe data communication and process server. Some
specific devices such as web-cams, UPS, and dadroflers are connected to data communication and
process servers directly since their interfaceeatively simple and ready to connect to the Ether

Data communication and processing are the maircssrin the DCM. The DCM gathers all monitoring
data, computes hourly average values for each maasat, and uses SQL procedures to store therdata i
an on-site database. For ensuring the correctriesgch analyzer, the DCM periodically issues a sesfe
collaboration commands to trigger the SoftPLC andesponding monitoring analyzers to perform col-
laboration procedures. In general, the collaboratftmation is sent and the results of collabaradi are
collected in XML format. Therefore, they can eabi¢yintegrated into the on-site database and Iseipted
on web pages.

The DCM also generates web pages allowing userscesa the row data, the status of equipment, as
well as collaboration records and the web-cam imagered in the on-site database by a common web
browser. However, this access can be done onlihei& PN within TEPA for security considerations.

On the top right of Figure 3.1(a), the data transfedule is in charge of sending the measuremeat da
to the DAM for further processing. The data trenshodule adopts Microsoft Message Queuing (MSMQ)
technology as the mechanism of data transmissiinis mechanism can deal with the re-transmission
process appropriately when the system confronedwark disconnect problem. Therefore, we will rostd
any data from the DCM.

3.3 Data access manager (DAM)

The DAM can be divided into two subsystems, middever and database server, based on the function-
alities of services. The design concept of the teiderver is to overcome the difficulties when imgt
mass data (like time series data) into a datalsases it might slow down the performance of whols-s
tems. The middle server plays the role of stagargess in the manipulation layer described in $&c8.

The database server is dedicated to storing deétailta and is responsible to the application deveénts.
Thus, it can be viewed as an reflection of theagjerdayer and application layer described in Se@io
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As shown on the left of Figure 3.1(b), the dateeidng module accepts data from the DCM, and tri-
ggers the Level-1 data validation procedures, winctude data effectiveness checking and thresholds
checking. All the validation rules are stored pradefined profile. The inspected data are theredtim the
middle database. The middle server is also resplenfir the configuration management of each moni-
toring station. A set of software tools in the malderver are dedicated to performing managemet fu
tions remotely. For example, users with certaivilgges can issue commands to reset the parameters
stored in an on-site database.

Once the data passes Level-1 validation and aredsin middle database, we adopt a “read-only ma-
terialized view replication” process to maintairtalaonsistency between the middle server and dsgaba
server Then, we perform Level-2 validation in tlaadbase server to ensure other data quality fastmfs
as data completeness, consistency and credibility.

The Environmental Monitoring Centre System (EMC-V&) shown on the top middle of Figure 3.1(b),
operates at the heart of the TAQMN-2. EMC-V2 suggpthe user with a robust interface for performing
a number of specialized functions. The principle€MC-V2 are to provide a generic mechanism for
accessing air quality data and serving as a famial fior data application developments. A set dfvgare
tools have been implemented and operated sucdgdsiutlata maintenance, data services and apjaicat
developments. We will demonstrate some of the @iagesults in Section 4.
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4. Results and lesson learned

Figure 4.1 shows some results produced by the TA@MNThe country map shown in Figure 2 displays
the current PSI value of each region. The datgéated hourly. The user can select a regionew vi
detailed data. For example, when the region of viu@hiayi-Tainan is selected for viewing, all detail
measurements of the stations in the region ardagisg as shown on the left side of Figure 2. This r
sembles the results of a data query or a repaufnezgent. When user selects a specific monitoriatjos),
the past 24 hours of data will be displayed usidg\a-based graphic interface. In addition, thatlon of
each station and the images for the surroundirigsstan also be displayed using a GIS-based toolkit
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Figure 4.2 Examples of the data services and edjins

A JAVA-based GIS application has been implementesupport the decision-making of air quality fore-
casting. As shown in Figure 4.2(a), we integraee@®S maps with measured meteorological data ssich a
wind direction and wind speed to visualize the Wweatonditions in different areas. This is verypiiel for
the daily work of air quality forecasting.

Since all time series data are stored in the databarver and managed by the EMC-V2, by using the
interface shown in Figure 4.2(b), data can be agesl over time, either by specifying a definedqukor
by using time related grouping functions such asitimyg, weekly and so on. Moreover, data can be se-
lected or filtered according to a specified comdit{measured value, time period, as well as cea®@as
and districts). The results for a specified regmient can be shown on screen, printed out as a r@po
downloaded by users in EXCEL file or text file fornagepending on user requirements. These capacities
make TAQMN-2 a very flexible and robust system,athian satisfy the requirements of a variety ofsjse
ranging from professional to the general public.

5. Conclusions

This paper presented TAQMN-2, a web-based air tyualonitoring system designed and implemented
nationwide in Taiwan, with functions ranging froratd collection to data retrieval. TAQMN-2 has been
implemented based on the proposed multi-layer gactuire for environmental monitoring data manage-
ment.

2 For details, please vidittp://www.epa.gov.tw/tagmn-2 http://210.69.101.141/emce/
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The main advantages of our approach are that it:

— replaces conventional DAS with an open standardshbesed server attached with a PLC system
making monitoring work more flexible

— provides a platform for automatically tracking diteeage while monitoring workflow execution

— supports tasks to systematically collect diversaitoang data

— requires minimal modifications to migrate existimgnitoring systems

— improves the scalability of environmental monitgriprojects, in terms of both ease of adding and
modifying components in each layer

Environmental data management, analysis, commuaicand evaluation are essential components of
environmental characterization and decision makifigand related technologies such as DBMS, the In-
ternet, and associated Web technologies have beanimeegrating force for these components. lariut
developments, we will adopt XML and related teclogigs such as Web Services SOAP, and UDDI, based
on the concept of multi-layer architecture, to ¢ons a loosely couple platform for integrating dvet
geneous environmental monitoring data. In addjtmme of the data mining methods are considerbd to
associated with our platform for shaping environtakdata to be more useful to support the envirartaie
decision-making.
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