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Abstract
Land reserve and land transaction are governmental act to control the demand of all kinds of land for city construction and reinvigorate the land market. LIS is a computer system constructed for decision-making, which gathers, manages, manipulates, analyzes, simulates and displays data associated with land and provides all kinds of spatial and dynamic land information timely. It is used widely in many institutions. So, It is especially senseful to apply LIS in land reserve and trade institutions, realizing digital management fro land information, and providing an efficient and practical information platform for land reservation and trading work. Taking the Wuhan City for example, this paper is aimed to introduce the GIS technology, such as spatial index, spatial overlay analysis, Multimedia GIS technology, to realize a information system about land reservation and trading. The study stands out the characteristics of the work, and acquires some breakthrough.
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0. Introduction
Government get the land by reclaiming, buying, replacing or expropriation according to legal proceedings, market mechanism, overall planning of land uses and city planning, and then provide land after carrying through pre-exploitation and reserve by means of advertised bidding or auction so as to control the demand of all kinds of land for construction and reinvigorate the land market. The core of the management of land reserve and land trade is the management of parcel and fund.

LIS is a computer system based on land spatial database serving for decision-making. Under the support of software and hardware of computer, it can gather, manage, analyzes, simulate and display data associated with land and offer many kinds of spatial and dynamic land information timely. LIS is on its embryonic stage in the 1960s and 1970s. The set up of LIS in 
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Canada signs the naissance of LIS technology while most of the practical system did not run for long. As the rapid advancement of computer technology, correlation technique of LIS become practical after1980s and the LIS makes a great breakthrough and approach mature in theory ,means and technology. After 1990s, the development of LIS enters the age of user, and it becomes a necessary work system for many institutions. It has been used widely in the fields of land cadastre and Real Estate, agriculture, land and water resource planning, forestry, resources survey, environmental protection. On the stage, the fuse of LIS and 3S technology, space-time LIS, LIS application modal, the integration of internet and LIS, LIS and artificial intelligence are keystones for current research on LIS.  
The work of land reserve and land trade is comparatively lagged behind somewhat because of complexity of operation flow, diversity of data and security of information. There are little researches on LIS applied in land reserve and land trade and do not extrude the characteristic of land reserve and land trade. as the development of city and economy, land reserve and land trade market is becoming more and more active, how to gather, transmit, dispose and manage land reserve and land trade information with new technology and method, querying the spatial and attribute information in time, making the statistical analysis of land reserve and land trade information convenient and serving for the governmental decision-making become one of the important tasks currently. 
1. Study area and data source

Wuhan located in the center of hinterland in China, is a big city and an important traffic hinge, the economy, education and culture center of Middle China and middle reaches of Yangtse. Its total area reaches 8549sq.km and total population reaches 7810000. Yangtse and Hanjiang pass the city vertically and horizontally and form the tripartite confrontation pattern of Wuchang, Hankou and Hanyang. Wuhan land reserve center and land trade center are appointed separately to exert function of land reserve and land trade in 2004. In the construction of LIS, Digital Wuhan—spatial geography information platform has already been set up, which implements centralized management of the basic geographic data, data of land planning and land resource management. However, LIS has not been used in current work of land reserve and land trade yet, there are 3 problems—having not set up land reserve and land trade database to implement integrative management of spatial and attribute data; having not integrated existing basic data, planning data and data of land management sufficiently; can not satisfy the current operation demand-- in traditional management manner.
The goal of this paper is to conformity land reserve and land trade information, city planning and each kind of basic geographic data, integrate data of operational examination and approval by technology of GIS, internet and database based on the existing Digital Wuhan—spatial geography information platform, and finally realize the digital, network and visualization management of land reserve and land trade of Wuhan and offers a high efficiency, practical information system for land reserve and land trade institution.
Digital Wuhan—spatial geography information platform and all the city planning, each kind of basic geographic data and data of operational examination and approval in this paper were provided by wuhan Land and Resources Bureau. The data of land reserve and land trade were provided by each department of Wuhan land reserve center and land trade center.
2. System Design
2.1 Work flow design

Land reserve and land trade follow normative operation flows, so we must firstly understand their work flows before devising the information system. Land reserve and land trade begin in trading center’s window, which receives all transaction drops from the market. Those transaction drops are then transferred to reserve center’s window and afterwards they are divided into two categories through advisory reports and expert discussion. Some are determined definitely to be reserved and others are returned back to trading center’s planning department as external acceptance types. Parcels from planning department in reserve center are shifted to reserve department. After re-development and improvement, they are then transferred to trading center’s planning department. With the appraisal of area and price in the phase of trade, all parcels that belong to trade planning are officially supplied to the market and dealt of in the way of public bidding, auction or listing. Figure 1 illustrates the data flow of land reserve and trade.

2.2 Structure design

Our system is developed with the popular component technology. Its foreground is developed with Visual Basic 6.0 based on the controls of MapObjects 2.3 and ActiveBar 2.1. Its
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background regulates spatial data with Oracle and regulates attribute data with SqlSever 2000. Besides, we adopt ArcSDE as spatial data engine to retrieve data and use Microsoft Office software for data export.

The system structure consists of three layers, application layer, medium layer and data layer. Application layer provides an interactive interface for system and users; Medium layer supplies a communication channel for application layer and data layer; Data layer is in the bottom and its main function is data management, including spatial data and attribute data. Figure 2 represents system’s structure.
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Fig.2.system structure design

2.3 Database design

With the development of information technology and people’s increased attention paid to it, many information platforms of different variety come forth in the work of National land resource administration. Therefore, the key problem is how to visit information via different operational platforms and we make a useful exploration in this aspect. The system is on basis of present “Digital Wuhan Spatial Geographic Information Platform”, with the integration of land reserve and land trade information, urban planning data, basic geographic data of national land resource and data of operational examination and approval. Database can be divided into basic geographic database and operational database in general. The former one covers basic geographic data of all information platforms and it helps to acquire information of parcel’s administrative region, block, terrain, physiognomy and aerial image when user locates to an objective parcel. The latter one consists of outer and inner ones. The outer operational database is a collection of databases of other information systems, including planning administrative and land administrative databases. The work of land reserve and land trade is not independent and closed. In addition to its own operational information, it refers to information of parcels, seizure and mortgage frequently. Thereby the outer database empowers user to have access to the objective parcel along with information of planning, parcels, land prices, seizure and mortgage in surrounding areas. The inner operational database covers land reserve and land trade, which exist in the operational database as sub-databases like other outer ones. The general database design is illustrated in figure 3.
Databases of land reserve and land trade constitute system’s inner database. Take land reserve database for example, which involves two parts——layers and attribute tables. According to operational flow and department setting in reserve center, the system organizes data in three layers——planning layer, reserve layer and supply layer. They have relation to one another in time sequence, but shape of the parcel in different phase s (the same parcel in different layers) changes continuously. For instance, a large parcel from planning phase may be divided into several smaller ones to be reserved and improved, and then some of them may be again combined to a big one to be supplied. Therefore, the three layers don’t have regulative relation. They are stored in Oracle in the form of Shape files, with their dbf files recording basic information of parcels such as parcel number, location, and original land user. Detailed information for the fields is kept in attribute tables in SqlServer. Parcel number, which is the primary key, links the layer and its attribute table. Land trade is similar to land reserve, so the system adopts three operational layers, which involve acceptance layer, planning layer and dealing layer. Those layers have inheritance in time sequence and revelation in space, too.
2.4 Function design

The system focuses mainly on functionality and reflects operational flow as much as possible.

Fig.3.general database design

There are six main functions as basic function, operation management, general query, relevant information query, map export and authority management. They are illustrated in Figure 4.
Basic function module includes layer control, region location and measure sub-modules. Layer control sub-module can not only add, delete or navigate the layer, but also automatically control detail degree of map display with scale; Region location sub-module provides multiple ways for site (place name, map number and administration) location; Measure sub-module has a function for length and area measuring.

Operation management is a key module to the system. Considering the phases of land reserve and land trade, we design eight interfaces, with each one representing a phase, to satisfy the need of different operation. Each interface provides such function as graphic and attribute data input, data editing and save, query, site location, relevant analysis, statistics, exporting and printing. Graphic data input sub-module offers three ways to us, including coordinate file reading, source layer import and screen input; Attribute data input
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sub-module has both ways for manual input and source database import; Relevant analysis sub-module shows spatial formation and attribute information of objective parcel in different phases by overlay analysis and helps user grasp parcel’s trace; Statistics sub-module is mainly for statistics and analysis by the field of region, area, money and so on; Exporting and printing sub-module makes use of the results of query or statistics and exports them in standard report forms or in Microsoft Excel format.
General query is a universal module for land reserve and land trade, including information browsing, topological query and attribute condition query. Information browsing sub-module adopts multi-media GIS technology, which focuses the parcel and attaches corresponding attribute information, accessories like advisory reports and transaction notices, parcel map and video materials to help user navigate its information conveniently; Topological query sub-module includes point query, polygon query and buffer query.

Relevant information query module provides information on parcel, mortgage and seizure by visiting other outer operational sub-databases like cadastral database etc.

Authority management module is designed to secure confidential information of land reserve and land trade. There are total four roles in the system. They are outer user, department user, center administrator and super user. The outer user can only access information of land reserve and land trade with read-only authority, and is not permitted to visit some sensitive information like money; the department user has all authority for its own operational information and is empowered only to read information of other departments; the center user in reserve center or trade center, who has all authority in local center and can only read information of other center, maintains user names and corresponding passwords of all departments in local center; the super user’s authority covers all the other users’. 
3. Discussion
This system has the following special features:

1．Add topographic map and image map by spatial index 

In the work of land reserve and land trade, users usually want to know the terrains and general configuration and planning information around the objective plot, so it is necessary to add topographic map and image map to goal area. However, the data volume of topographic map and image map are so great that make the system paralysis unless adopt some strategy. In the management of data, topographic map and image map of great area are stored by framing and organized according to pyramid configuration, so is the adding layer strategy of the system. The detail strategy as shown in Figure5:
.

Fig.5. frame diagram of topographic map strategy 
2． Supervise the “life track” of plot by spatial overlay analysis
In this paper, the bringing into reserve or trade plan of a plot means its birth, and dies by concluding a deal. Its “life track” is the spatial state and attribute information of each phase. According to the data stream, there are two kinds of “life track”, one is reserve plan—reserve—provide—trade plan— trade— clinch a deal, while the other one is exterior accept—trade plan—trade—clinch a deal. To give a visual representation of the evolution process, the system provides the function of “associate analysis” and “supervise in the whole trip” . There are two implementation strategies, one get the “life track” with the index number by the relationship of the map number in each phase. However, the number rule of each department is different, no law in them, and the plot is divided and fused continuously. Which made it is difficult to show the change by spot number. The other method is doing spatial overlay analysis directly between current plot and the other operation layers to get the plots covered by in each phase. The spatial state and attribute information of the plots gotten will be shown in the interface. This method may get some insignificant polygons for the limitation of coordinate precision. We can resolve this problem by set area proportion threshold.
3．Implement the full extent of objective plot by multimedia-GIS technique 
The system see each plot as a object with 7 members just like Plot={Key code, Shape, Attribute, Accessory, Map, Video}.accessory document and image resource are stored in the accessory table of SQL Under the field of image as the form of binary system. Users can browse the attribute information of the plots located , visit the accessory information in the database by other interface provided by interface and express by transfer relevant application. In addition, the attached drawings are not saved as picture format in database but as cadastral map format generated automatically according to plot spot covered by topographic map, which make the zoom and wandering of the attached drawing more convenient than scanning pictures.
4．Quick and convenient function of map export
It is usually necessary to export a lot of sketch map or picture in the work of land reserve and land trade for future use or postproduction. The module of map export in this system provides two kinds of output manner, which are grid picture format and vector map format. User can choose the picture format and resolution when in picture output manner, while in the map format export manner user can customize and overall arrange compass, title, cartographic unit, map time, annotation and many other map elements, and implement preview print finally. This function implements based mainly on geometric module and map export module of Mapobjects control.
5. Conclusion
It is significant to import GIS and computer technology to the management of land to realize the OA, informationization and network. The Design and Implementation of land reservation and trading System of Wuhan just about carry out the important thought. In the future research, how to import decision-making support technology to provide guidance advice in the aspect of whether reserve or not and trade price evaluation for user is the research keystone of next step.
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