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ABSTRACT:

Service-oriented architecture supports data and model sharing and interoperability. The concept of such a service-oriented and
distributed architecture is applied to build and integrate web-based service models of ecological resources quantitative measurement.
The paper is to develop and integrate a GI web service by using an algorithm that calculates net primary productivity of terrestrial
vegetation (NPP) of low spatial resolution satellite images. The system employs ArcGIS Server, which is a mature business platform,
as the geographic information server to offer basic service functions of GIS and construct NPP web service. To achieve the overall
result, two separate web services are developed by using the geographic information services specification for reference: a) A web
map services, which handles the acquisition and manipulation of the satellite images. b) Service which implements NPP calculation
algorithm using results form the first web service. The prototype which is developed by using ArcGIS Server is to integrate NPP

model web services and publish NPP final results.

1. INTRODUCTION

Service-oriented architecture supports data and model sharing
and interoperability (J.Horak, et al, 2007). Service providers,
service agents and service requestor are three roles in the
service-oriented architecture. Service providers register their
web services and services description information. According to
their business needs, the services requestors need to find the
appropriate services in the service agent. By authorizing from
service agent the requestors can bind these services and use
them. Service agent manages the registration centre, publics
these services that have been registered and provides search
services for requestors to find the necessary services easily
(J.Bustos et al, 2003). In the application of geographic
information system, it is necessary to integrate heterogeneous
data and models of the existing algorithms to build professional
models. Adopting service-oriented architecture is for the
greatest degree of interoperability and share. The GIS web
services initiative is mainly driven by the Open GIS Consortium
(OGC) (OGC, 2004).ALL of these service-oriented concepts
have been adopted by OGC. OGC has provided specifications
for many web based applications like the OpenGIS Web Map
Server and data descriptions like GML (Geography Markup
Language). [4] (J.Horak, et al, 2007)

In some areas of application, there are many sophisticated
models and algorithms, to format the corresponding spatial
information model it requires a combination of geographic
information, such as CA and its combination of remote sensing
to study of urban land use change, distributed hydrological
model and so on (Chunyang He, et al, 2005; Chunyang He, et al,
2005; Jin Chen, et al, 2002; Freeze R A, et al, 2007; ). These
spatial information models require distributed computing,
packaging, distribution and sharing. GI web services provide a
simple but powerful way for addressing this task (Kotzinos D,
et al, 2003). In a service-oriented architecture environment,
these services can not only be a combination of individual
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services, but also can be used alone. At the same time, in order
to resolve the complex issues or parts of a complex problem, it
can be consummated by a shared network services and it can
also be used in a separate stand-alone environment. The
advantage of GI web services is that it can be remote invocated
by multi-requestors concurrently in the non-interference
circumstances and by using the service, a complex task can be
distributed to a number of nodes in order to reduce the strength
of computer calculations(N. R. Brisaboal, et al, 2007) .
Service-oriented architecture can integrate data and model
through loosely coupled approach. When the remote model
services have been updated, the client does not need to update,
thus reducing the burden of frequent updates, making updating
and maintenance easily. When the complex operation, only the
server computing needs, every step of calculating the data do
not spread to the client, thus reducing the pressure on the
network bandwidth (N. R. Brisaboal, et al, 2007) .

Using GIS and remote sensing for ecological resources
quantitative measurement, the most important is to obtain NPP
data, which will involve a multi-source data and complex
computing model, as required by the model parameters, all
kinds of input data and complex data grid computing
process(Wenquan Zhu, et al, 2004) . On the one hand, the need
for the massive data management, sharing and integration; On
the other hand, data is updated quickly, and NPP model is
relatively stable, this will require data and model of loosely
coupled, rather than tightly coupled, such a conducive to
development of software reuse and sharing. The paper used a
service-oriented architecture to integrate NPP model as an
example, to achieve the quantitative measurement of ecological
resources of the web-based GIS.

The remaining sections of this paper are organized as follows.
Section 2 introduces NPP model algorithms and data
pre-processing workflow. Section 3 designs the architecture of
distributed geographic information system for integrating the
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NPP model and the heterogeneous data based on ArcGIS server.
The prototype and its initial applications are stated in Section 4.
Conclusions and directions for future work are given in Section
5.

2. THE NPP MODEL

All within the study area of green vegetation in one year, NPP is
one of the key indicators of using remote sensing technology for
ecological resources quantitative measurement. NPP is a key
component of the terrestrial carbon cycle which can reflect the
condition of ecological resources in the study regions. By using
multi-temporal remote sensing data, meteorological data related
to vegetation and the ecological statistics, NPP estimation
model has been improved and constructed by Dr. Zhu. This
NPP estimation model has been improved from three areas: 1)
the impact of NPP estimation by vegetation cover classification
accuracy. 2) The use of meteorological data, combined with the
existing regional evapotranspiration model to achieve water
stress factor estimates, 3) According to the measured data, to
simulate the largest solar energy utilization of various types of
vegetation. (Wenquan Zhu, et al, 2004; ZHU Wen-quan, et al,
2004; PAN Yaozhong, et al, 2005; Yu Deyong, et al, 2007;
ZHU WenQuan, et al, 2007 )

2.1 THE NPP ESTIMATION MODEL ALGORITHM

The NPP estimation model algorithm has been described as
shown in Figure 1. The key point is to calculate the pixel unit of
the NPP value, and then calculated by multiplying the total area
of the region. By this way we can estimate the region's NPP. In
the model the estimation of NPP can be expressed by the two
factors which are plant absorbed photosynthetic ally active
radiation (APAR) and the actual utilization of solar energy (g).
Its estimates formula as follows:

NPP(x,t) = APAR(X, D) x (X,t) (1)

In the Eq.(1), APAR(x,t) express absorbed photosynthetic ally
active radiation of pixel x in the month t.( Units: MJ-m™); &(x,t)
express the actual utilization of solar energy of pixel x in the
month t.(Units: gC-MJT™).
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Figure 1 the NPP estimation model algorithm

According to APAR, temperature stress factor, water stress
factor, the largest solar energy utilization rate the model can
estimates NPP. The comprehensive algorithm of this model has
been described in the literature (Wenquan Zhu, et al, 2004;

ZHU Wen-quan, et al, 2004; PAN Yaozhong, et al, 2005; Yu
Deyong, et al, 2007; ZHU WenQuan, et al, 2007; ).

Although the calculation model has been able to achieve
through IDL, the input data of this model is demanding and data
preprocessing is tedious, such as the weather site of discrete
points need to be interpolated by Kriging method and generate
the meteorological factors raster data which is consistent with
NDVI data. In the data pretreatment process, the different
software is needed to complete different task. This process
requires a number of operators in the computer environment to
work together, and all the calculation should be distributed,
asynchronous and remote sharing.

2.2 DATA-PROCESSING WORKFLOW

The input parameters of this model include a large number of
remote sensing data, weather data and vegetation physiological
and ecological data. The accuracy of these parameters directly
affects the NPP estimates. In order to get precise model input
data and parameters, it need to define a precise data-processing
workflow for reduce the minimum to a common mistake.
(Wenquan Zhu, et al, 2004; ZHU Wen-quan, et al, 2004; ZHU
WenQuan, et al, 2007; ).

Data-processing workflow includes four different tasks that are
data collection, data pre-processing, data accuracy test and
NDVI computing (N. R. Brisaboal, et al, 2007).

1) The data collection main task is to obtain long series of
remote sensing images, such as the NOAA/AVHRR, and the
classification of vegetation data. The meteorological sites data
also need, that weather attribute information includes the
monthly average temperature, the monthly total solar radiation,
the monthly rainfall. The meteorological sites data should also
include longitude, latitude and altitude of the geographic
information. Some other necessary basic geographic data, such
as 1:400 million of China's administrative boundaries, land use
are needed too.

2) The Data pre-processing tasks mainly is to preprocess remote
sensing image data, such as atmosphere correction, cloud
inspection. To achieve request model, the vegetation
classification data is need to consolidation and re-record.

3) The main task of testing the accuracy of data is to test all
generated data to see whether or not to meet the requirements.
4) NDVI computing tasks are mainly based NDVI algorithm to
generated NDVI data by using images.

3. ARCHITECTURE OF DISTRIBUTED INFORMATION
SYSTEM

3.1 SYSTEM ARCHITECTURE

The distributed service-oriented architecture is a multi-layered,
distributed and cross-platform interoperability of systems. Its
architecture is shown in Figure 2. It is mainly composed of three
parts, namely, the client application, registration services and
application services, with the corresponding the services
requestor, service agents and service providers in the
architecture of web Service. Its implementation process as:
through the service agents the service providers register their
application web service in registration center and the requestors
find appropriate services to bundled and consume them.
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Figure 2 The overall system architecture

The client can be a Web browser, mobile users and ArcGIS
Desktop, and so on. The users include decision makers,
professional, ordinary users. Authorized users can implement
various kinds of data operations and maintenance. It can direct
remote access to data and services model, and register all the
business web services as well to achieve sharing and
interoperability.

The GI web service registration centre is the hub of the whole
system. In this centre through geographical metadata it manages
distributed geospatial data effectively. At the same time through
the web services metadata it can manage distributed services
resources. System administrators and authorized users can use
various web services in this centre, such as query, retrieval, and
maintenance.

The application services mainly include GI web services and all
other related business services. The GI web services include the
geographic data services and GI processing services that defined
by OGC. The main ecological resources measurement GI web
services model is the NPP application model services.

3.2 Analysis of key technologies

The application server analysis: The application server uses
ArcGIS Server9.2 (ESRI, 2004), with the help of web servers
communicates with client for handling service requests by the
end customers. The application services are existed in the form
of remote components, which offer web application service
interface (WS-API) to interact with the application server.

The analysis of data server: all data which include NDVI data,
meteorological data and so on are stored in the form of product
data in the database. The product data is the monthly NPP data,
the vegetation coverage data and the NPP per year. The system
can use ArcCatalog to manage and update all of these spatial
data and can also remotely access data services.

4. PROTOTYPE SYSTEM AND RUDIMENTARY
APPLICATION

4.1 THE PROTOTYPE SYSTEM

The reasons using ArcGIS Server as the application server are
the main consideration of convenience and more mature
platform to integrated models. Here is the main model to
achieve NPP estimation model to generate NPP eventually
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products. First of all images web services are created and NPP
model can bind these remote images web services to complete
the model calculation and publish final NPP results. The whole
process is related to publication, discovery, combination and
binding of web services, which is actually a chaining of web
services.

Using the map web services which offer by ArcGIS Server, the
parameters required by NPP model have been established and
published. The operator can not only easily select the required
data, but also provides a default data, such as static parameters
and all of image data by default.

According to the NPP model algorithms, the system can remote
access image data by the image web services. The NPP model
algorithm services interface is to access to these data and
calculate, then produce a series of temporary images. All the
calculations are completed in the distributed server-side, which
can reduce the necessary time to download image data and
reduce network bandwidth to minimize. In addition, to
understand the practical significance of image, the image
describe information is needed. Metadata can be used here to
describe. The desirable approach is to use semantic information
to describe these images because the semantic ambiguity can be
eliminated (Kotzinos, et al, 2003; F. Fonseca, et al, 2002).

4.2 CLIENT APPLICATION

ArcGIS Server provides an ADF framework for the
development (ESRI, 2004), which can be easily integrated web
services. The prototype system provides a web-based
development application. By wusing ADF development
framework, it not only can quickly build and development web
applications, but can also focus on the realization of model
integration. We have adopted .NET framework to development
web applications, and eventually realizes the interface as shown
in Figure 3.
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Figure 3 The map browser of NPP

5. CONCLUSIONS AND FURTHERWORK

The web service supports the development of web-based on
applications. The ADF provided by ArcGIS Server can facilitate
integrate the web services. The service-oriented architecture
supports single model application, and also supports a
complicated combination that consists of multiple services. This
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paper introduced the NPP web service as the case. The process
of model services is the combination of a series of simple
services, which substantially represents a service chain.

The next step of this research focuses on some functions of web
service such as auto-description, release and auto-discovery.
Meanwhile, the implement scheme of integrated workflow, the
interoperability of prototype and other systems are about to be
completed in the future work.
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