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TECHNOLOGY FOR CREATION AND UPDATING OF AN INTEGRATED GIS-ENVIRONMENT
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Geographic information systems (GIS) and technologies are the essential tools to be applied for accepting a plurality of challenges, practically, in all spheres of human activity where the information on spatially referenced terrain objects related to the territory management is needed. An integrated GIS-environment is that of integrating basis for all other spatial multilayered (thematic) information and spatially-independent semantic information to be generated on. This defines an effective use of well-known GIS technologies to solve a variety of applied problems in territory management.

An integrated GIS-environment (IGIS-E) for a particular territory means a population of spatial objects in geometric, semantic and graphic form. Thereby, all information is shared according to the classified objects into the thematic layers.

The advantage of the technology being developed is its independence from a spatial quantity. Territorial spatial databases to be created by the technology offered are coupling together within the unified mathematical framework. The later allows spatially referenced features to be cartographically visualized and simultaneously manipulated from different data files. User multilayered data files have respect to the topographic objects in various scaling representation level.

An integrated GIS-environment can be structurally considered as a population of distributed databases of various assigning and content. This population is shaped as a geodatabase for a given territory.

The spatial databases are represented by the projects in compliance with thematic layers and spatial objects content, the immensity of their geometric description and territorial coverage. In its turn, the spatial databases are subdivided into topographic databases (topographic base maps according to scales) and user multilayered databases for various knowledge domains. 

For spatially referenced and semantic data manipulation integrating a GIS-environment the authors developed their own functional shells with all necessary flow functions for spatial and semantic data operations. “Sibgeoinform” Centre, Federal State Unitary Enterprise, has developed for these purposes the Multifunctional adaptable geoinformation system (MAGIS) used as the instrumental GIS shells. 

Some specific features related to the creation of an integrated GIS-environment are considered below.
1. The workflow for initial GIS-project development is composed of metadata shaping with information on the IGIS-E’s structure and content. As a result of this process a GIS-project for geodata input with the subsequent creation of an integrated GIS-environment has been developed.

2. The workflow for geoinformation entering into the GIS-project includes: spatially referenced data import from a digital topographic map, the surveillance of import results and spatial database structuring in teams of database project, in which the condition for object integrity has not met.

3. The workflow for surveillance and report of objects (features) consists of: operations for providing objects integrity. In this regard the initial information on digital topographic map sheet nomenclature is stored in a database to be used later.  After that the nomenclature partitioning does not break off the objects on sheet borders but can be used as the reference information for retrieval and analytical operations.

The MAGIS provides automatically a report of objects.  
The result of automatic objects reporting is given out to the output table with information on matched objects, due to which all associated objects can be viewed on the map.

4. The workflow for production of orthophotos using satellite images includes: processing of initial satellite images to generate orthophotos covering separate areas of the territory for their further updating. These orthophotos are oriented by map sheet corners or a survey control network in the national reference system to be later used in updating the IGIS-E.

The updating technology uses initial satellite imageries (photos, fragments) and orthophotos generated by satellite imageries, as well as those of a medium resolution carried out by IRS and MONITOR-E scanner systems.

The technology for orthophoto generation using satellite imageries (a central projection) has been developed and described in the manual for digital photogrammetric stations (DPSs) that are widely used in surveying enterprises (“PHOTOMOD” digital photogrammetric system by  CJSC “Rakurs”, Moscow; a digital photogrammetric station by TSNIIGAiK, Moscow;  and “Delta Geosystem” photogrammetric scanner, Ukraine, Vinnitsa).

The workflow for orthophoto generation consists of the following steps:

· Input of satellite images into the DPS software

· Horizontal and vertical control extension for satellite image fragments or the recognition of sharp contour points on the map

· Absolute orientation of the satellite image fragments

· Orthophptransformation and generation of digital photomaps 

· Identification and semantic coding of objects

· Export of orthophoto images to other formats.

The reference points of the national geodetic network, as well as the survey network points and field compilation survey, ground control points of aerotriangulation bridging, and well-recognized on the image contour points  with a required accuracy can be used as a horizontal and vertical control network for georeferencing of digital satellite image fragments.

If the old reference points are impossible to use or their quantity is not enough, then new ones should be determined with a positional accuracy in the map scale within 0.1 mm.

The registration of orthophotos in the GIS means their georeferencing to the chosen coordinate system. Since a digital photomap is a raster image, the exchange format files should include both the image information and its classified data together with coordinates of two or more image points in the designated reference frame (usually right upper and left-hand lower angles, or distinguished raster points). For georeferencing to the IGIS-E the coordinates should be represented in the National Geodetic Reference Frame (NGRF).

5. The workflow for spatial objects updating by orthophotos includes: orthophotos compliance and registration in the IGIS-E reference system, overlapping of raster and thematic layers superimposing on the raster, editing of spatial objects borders in case of their incongruity with a raster image, updating and adding spatial objects semantics according to the results of identification. The editing of spatial objects border includes the following: change of point position or cluster of points, delete of separate points or polygon legs, displacement, contour shape rotation, change of object localization type, object delete or its separate components, replace of object type (class), etc.
6. The workflow for semantic information and spatial objects coupling, that is: a provision of direct or indirect connection of semantic objects entries. As a result the coupled components of spatial and semantic data allow visualizing graphically the objects retrieval by tabulated DBMS query and tabulated data generation and visualization in spatial objects retrieving. 

7. The workflow for user multilayered spatially referenced databases connection to the GIS-project for various knowledge domains that includes: transformation of object coordinates from the user’s reference system into that of the IGIS-E, description of a new spatial database project, adding of new features for a given knowledge domain, and definition of new spatially referenced object types. As a result the new project is ready for data visualization and coprocessing alongside with other projects.

8. The workflow for the IGIS-E administration includes: registration of users according to the data access level, data reduction and copying from the projects, and database surveillance and restore.

9. The workflow for cartographic visualization of spatially referenced objects comprises the selection and cartographic representation of multilayered information, preparation of cartographic image layout, saving and further use, and printer output of prepared printer layout.

10. The workflow for data export to the external information systems includes the spatial and semantic data export from the individual GIS-project to the accepted formats of external systems.

