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Abstract
Sine workflow technology can be used to manage and control complex GIS applications, workflow management in geo-processing applications has gained increasing attention recently. Complex spatial information processes are always involved in E-government spatial information service. A well-defined spatial process helps to complete the implementation of spatial application for E-government to archive more effective plans and managements. Comparing with the general information processes, there are at least four main characteristics for E-government spatial processes as follows:1)Spatial processes are spatial data-centered.2)Comparing with non-spatial processes, spatial processes are usually more complex, and need to be supported by complex calculation.3)Different processes are close related.4)Processes and their operation parameters need to be integrated.
By analyzing the main characteristics, the formalized definition and the model of spatial process for E-government spatial information service are given in this paper. In this paper, some core technologies of workflow management in E-government spatial information service such as abstraction of basic operations, spatial process control and monitoring, and management of process data are also studied. The authors also propose the system architecture and work mechanism of the process control engine to manage process data. Finally, a geo-processing experiment of E-government spatial information service is introduced to illustrate and justify our proposed solution.
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1. Preface

E-government involves many aspects including various data which has the following characters: many data types, great data volume, complicated contacts and more hierarchy. Undoubtedly, it is a great challenge for E-government officials to use such great spatial data with complicated structure. Meanwhile, the data must also be integrated with other types and sources of data and information according to different topic operations of E-government. In the E-government environment, organizing and dispose of various information are close linking up with operations. It has been impartible to the information, which users concern, and its operations. Users need directly acquire the data and corresponding operations oriented to various E-government topics from the system. And resource, information and corresponding operations have shown an integrative and process trend.

GIS itself can provide elementary spatial operation functions and spatial analysis models due to the complexity of spatial information. However, it lack the efficient management to the process of complex spatial information disposal. Large-sized GIS applications often become difficult to control because of the change of data and models, in particular, which will get more complicated when there are large numbers of manual participation. In the field of E-government, it is especially important to adopt workflow technique to make modeling to the process of spatial information disposal, and simplify spatial information application and realize data and operations due to a mass of users lack professional knowledge of complicated spatial information disposal.

GIS operators have seen the application value in the realm of spatial information due to the successful applications of workflow technique in the fields of enterprise management, office automatization and scientific compute. Weske and other scholars presented the concept of Geo-Workflow in 1998,and brought forward a comparatively perfect academic framework in the field of spatial information disposal based on workflow technique（Weske,1998）. In 1995, Alonso designed the Geo-Opera system specially to manage spatial analysis and information disposal models by using the basal platform of open workflow Opera(Alonso,1995). There are analogous prototype systems such as GOOSE, WOODSS, and so on（Seffino,1999）.It has made GIS application extraordinary sense in virtue of the above-mentioned work, which can get GIS to manage professional models better, and boost up the functions of GIS by a long way, and extend the application range of professional analysis, and accelerate the development process of professional application models.

2. The spatial information service of E-government

Apply spatial information to E-government and form the application field of spatial information service of E-government, which needs to satisfy the following conditions: 

1)Adopt Internet/Intranet technical system.

2)Dynamic interchange and update of data so as to ensure the dynamic renewal of various authoritative data.

3)Meet the needs of interaction. Besides ecumenical information issuance, interactive processing should be made according to the requirements of different users.
4) Integrated function requirements. Besides inquiry and retrieval, E-government system should have the ability of strong integrated analysis and assistant decision making to different information.

5) The system must have upper response speed, and support the ability of processing and complicated spatial analysis to vast spatial data. It is a great challenge for E-government spatial information service to be realized in the environment of Web.
6) Ensure the run in the safety platform and application platform and support the uniform management and authorization access to the data resource.

The process of E-government spatial information service is a special course, which aims at spatial analysis application, and takes spatial application logic as the organizing method, and forms a series of spatial active collection of using spatial data as disposal objects. The characteristics, which this disposal process differs from other ecumenical operation process, can be depicted as follows:

1)The process of spatial information disposal is a data dense application in which spatial data is centered. The form and logic of the process are directly determined by the characteristics of the spatial data and data disposal methods. 

2)Usually, spatial disposal activity has the following characters: complicated arithmetic, large numbers of calculation, long compute time, rigorous definition of input and output parameters, better changeability of the amount and types of the parameters according to different operating environments.

3) The activity is highly restricted by different conditions. There are consanguineous contacts between fore and subsequent activity. The input of the former is the output of the latter. The matching between input and output should meet the restriction of corresponding patterns.

4)Data, process activity, active parameters and executing logic are all spatial correlative, which are restricted by spatial semantics.
3.The spatial information service system framework of E-government based on workflow

Based on the reference model of workflow management system presented by WfMC, rebuild existing Government GIS by utilizing Web service technique, this paper brings forward a Government GIS framework oriented to workflow. Figure 1 depicts the system framework of this model. The basic modules involve government gateway website, government office application client, spatial information service driving engine, spatial information service register center, message bus, spatial information service, modeling tools and workflow management supervise tools, etc. The models can be vertically divided into three parts according to different nets attributes of each one. Each part can be depicted as follows:
1)Spatial information service layer: encapsulate the diversified functions of data processing, spatial analysis, data management of the Government GIS by using the web service technique. Other E-government information systems can also encapsulate the functions to the external issuance by using the web service. Finally, these functions can be provided to workflow management system through spatial information enrollment service center.

2)Workflow management layer: the core of application management. Under the support of spatial information service, it can complete the modeling, definition, issuance and performance of workflow. It includes the driving engine and register center of spatial information service, workflow engine, workflow modeling tools and workflow management and supervise tools, etc.

3)Information issuance and office application: the uniform gateway of government departments to issue information to external, which can provide “one stage service”.
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Figure 1. E-government workflow system framework

4.The abstraction and definition of the workflow nodes of spatial information service
Due to the special demands of spatial information processing, the workflow nodes of spatial information service, based on ecumenical workflow models, should be extended including human computer interaction class, spatial information processing class, spatial data management class and spatial data conversion class.

4.1. Human computer interaction class

Provide the interface of manual orientation, browse, spatial data management and the interface of edit, display, inquiry and analysis aiming to the map data as the main manual task nodes.

4.2 Spatial information processing class

Realization of the workflow processing nodes of spatial information:
1)Spatial relationship inquiry.

2)Measurement service.

3)Buffer analysis.
4)Overlay analysis.

5)Network analysis.

6)Raster statistics.

7)Statistical analysis.

Take spatial relationship inquiry as an example, several kinds of basic spatial relationship inquiry, such as comprisal, traversing, adjacency, can be encapsulated by using one service, which can be distinguished from the operating modes of different parameters.

Input: original geographic entity collection, operating methods(comprisal, traversing, adjacency), inquiry parameter information (map library code, layer number and entity type).

Output: entity collection which can accord with the relationships.

4.3 Spatial data management class

This class can offer the functions of spatial data management, which make spatial analysis service acquire the spatial data with the characters of being distributed in physics and multiform formats, and carry out spatial analysis favorably. Besides, the diversification of data transfer of spatial analysis nodes can be realized according to spatial data management nodes, such as dataflow, data file, data links, etc.

1) Meta information service: acquire elementary information of the spatial data, such as layering, sheet, classification, maximal extent, coordinates and accuracy, etc.

2) Matching from the non-spatial information to spatial entity: acquire spatial entity ID according to suited information.

3) Inquire non-spatial information according to spatial entity: acquire elementary attribute information of the spatial entity according to spatial entity ID, and then, match relevant information from non-spatial information table via suited conditions.

4) Spatial data service: read relevant spatial dataflow according to appointed data requirement information.

4.4 Spatial data conversion class

Spatial data format and reference frame are various, which require spatial conversion service to be able to transform between different data formats so as to make the spatial analysis go along favorably.

1)The service of spatial data format conversion: converting the spatial data with different formats to the needed formats in the following process.

2)The service of spatial coordinates conversion: converting the original coordinates of spatial data so as to meet the subsequent needs.

5.The experimentation of spatial information service based on workflow technique

The experimental system takes jBPM, a system of open source workflow, as the workflow management engine, and re-utilizes preexisting workflow model modules to support flexible workflow modeling. The authors of this paper mainly make some corresponding extension based on the preceding process so as to support the workflow of spatial information disposal. Besides, some spatial analysis nodes graphics models correlative to GIS, such as network analysis, buffer analysis and overlay analysis, have been increased in order to make the existing workflow modeling tools able to model the flow of spatial information disposal.

These spatial information nodes can fulfill a vicegerent function, accept spatial information parameters, transfer practical spatial information service, and dispose properly the analysis results to make the subsequent analysis nodes be accepted as the input data.

In order to realize the functions of idiographic spatial information disposal and analysis, the authors have also developed a series of spatial information services and realized the services of network analysis, buffer analysis, overlay analysis to be transferred by the workflow engine.

The system, which is developed based on J2EE by using JAVA, can support multiform databases via a middle data layer, such as Oracle, SQL Server, MySQL, etc. Besides, it can integrate data source such as local files and web services, etc.
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      Figure 2. Issued flow list                    Figure 3. Information of flow run monitor
For the sake of testing feasibility of the spatial information workflow, take an experiment in a simple sequence spatial analysis. The experiment is mainly composed of several steps: selection of overlay analysis data (here, this segment uses a embranchment structure to express for the need of two layer data), overlay analysis, buffer analysis.
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6. Conclusion
E-government spatial information service is a special process. By using the workflow technique to manage the complicated geographical spatial analysis, professional analysis model and office flow of E-government, it may enhance the ability of spatial data disposal, predigest the process of geographical spatial analysis and improve the agility of constructing application system. Therefore, spatial information service based on workflow has favorable application future.

The E-government spatial information service system framework based on workflow in this paper can appoint the relationships among the following three aspects, namely, spatial information service, workflow management, information issuance and office application. And on this condition, it can epurate abstractly the workflow nodes of spatial information service to meet different requirements of E-government spatial information service. At last, it can be proved from the experiments that the workflow nodes can be independent each other and come true with different techniques besides being distributed easily in different servers.
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Figure5. Political region and road overlay result





Figure 6. Re-buffer to overlay result





Figure 4. Demonstration workflow
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