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In the Russian Federation there are hundreds and thousands sheets of topographic maps of localities in different scales needed to be updated and monitored. This process requires a lot of time, financial resources, and hard work. Traditional technologies of mapping do not allow solving this problem on a real-time basis, which is especially essential nowadays.

“Sibgeoinform” Centre, Federal State Unitary Enterprise, on order of “Roskartographia” (the Federal Service of Geodesy and Cartography of Russia) is engaged in development of fundamentally different technology of mapping that includes the procedures of automated objects conversion of digital topographic maps (DTMs) and plans in large scale (a basic digital map) used to generate DTMs in smaller scale (derived). In combination with some of existing technological processes, so called “manual”, this technology was named as automated generalization technology (further “Technology”).

The technology is a complex of production processes, mathematical techniques, software and hardware, and organizational support. The performance criterions of the technology are: the cost reduction of DTM production in derived scales when compared to the traditional mapping technologies, the increase in labour productivity, in other words, the cost and time reduction to produce a unit of output.

The development of technology has challenged to solve a number of scientific and engineering problems, such as: DTM matching for base scales; algorithm elaboration; choice of mathematical techniques; hardware; formats; census formalization, and others needed for conversion of DTMs in base scales into the derived ones in accordance to scope and requirements of the Codes for a final product comply with regulatory in force.  

One of the key problems of automated generalization is the formalization of cartographic generalization process (generation of model in a derived scale). That is not the automation of a cartographer-compiler’s individual operations, but the elimination of his operations from generalization process, which, as a rule, belong to a human factor.

For these purposes a model of automated digital topographic maps generalization has been developed. This model included both DTMs and procedures for automated generalization.

Another problem of automated generalization is that of data structure formalization of  basic DTM, since its structure, as a rule, does not include all information necessary for automated generalization, but represented in form of a sequential usually not structured list of objects.

To formalize the structure of basic DTM, a subsystem for data structure recognition is used. The function of this subsystem is to identify DTM objects or their sets, spatial relationships (definition of topological relationships), and determination of priorities. The process of structure recognition is influenced by the following control parameters: a map in derived scale, the features of the territory, etc.

The function formalization of automated generalization consists in type definition of generalization processes to obtain the information structures in terms of control parameters. Five general types of processes are defined as: classification of cartographic objects, generalization of quantitative characteristics and integration of qualitative characteristics, geometric generalization, and replacement of separate objects by their aggregative values. These processes form the function library and define specific for them a set of formal parameters. 

The generalization rule and census library keeps the prescribed rules and censuses using formalized structures of several types to describe these data. For example, the structure, realizing the selection and deletion process is based on the following principle: the object code – a formalized record of selection criteria, analysis and their application conditions – parameters of selection criteria (generalization).

The subsystem of decision-making is an information structure having the interface to allow:

· estimating the certainty of one or another statement, recorded in formalized form in the library of rules and censuses;

· coming to a decision whether the object will be represented on the derived DTM (selection and deletion function).

· defining the modification type of geometric part of object description, choosing a required function from the library of automated generalization functions and determining a new type of formalized description of object semantics.

The technology has been developed in accordance to scope and requirements of the Codes for creation and updating of topographic maps comply with “Roskartographia” regulatory and legislation in force, and includes:

· dataware;

· software;

· software and design documentation package.

The dataware for automated generalization technology uses the industry regulatory documents (guidelines, instructions, and conventional signs), topographic and cartographic information classifiers, rules for digital description of objects, and the tables of censuses by selection of topographic objects for scales 1:2000 – 1:200 000. 

The technology includes the following technological stages:

· preliminary works with basic DTMs (initial check, initial data editing, matching, etc);

· automated generalization;

· interactive completion;

· checking and editing of the results of generalization;

· output of digital terrain models or final manuscript.

The automated generalization is carried out separately by the groups of objects with common semantics and type of localization within the classification layer. At the same time the concurrent mutual matching of the objects to be processed with belonging to other classification layers is performed. A separate generalization of DTM’s contour objects and relief features is used.

The processing of each object and their groups is carried out on the basis of formalized rules and censuses prepared in advance. They specify the handling procedure for the objects using for these purposes predefined and specially developed procedures and functions.  

In the process of validation through elaboration of technology some peculiarities were revealed. During automated analysis of initial data and its conversion, algorithm elaboration and procedures for automated selection of objects and interactive editing of digital topographic maps and plans created after automated generalization, it is necessary to have specified tables of visualization censuses for any topographic object on maps and plans for the whole scale range.

 “Sibgeoinform” Centre, Federal State Unitary Enterprise, on order of “Roskartographia" (the Federal Service of Geodesy and Cartography of Russia) developed “Tables of censuses by object selection in compiling the maps at scales corresponding those of automated generalization” for maps and plans at scales 1:500 - 1:200000 (further “Table of censuses”). Tables of censuses are included in technology documents for all scales and contain specific numerical censuses for visualization of any topographic object of a map and plan.

The interface for regulation of formalized rules and censuses depending on editorial notes and relief features of DTM to be compiled was developed on the basis of the tables of censuses.

The DTM’s initial digital topographic data conversion is carried out from the following external systems of data acquisition:

· digital photogrammetric workstation (“TSNIIGAiK”, Federal State Unitary Enterprise, Moscow); in DMF format;

· GIS “Panorama” (“KB Panorama” CJSC, Moscow); in SXF format.

The results of installation and checkout phase have shown the efficiency of the technology, the cost and time reduction that is expected to be more effective after corresponding improvements.

At the same time new scientific and engineering problems of mapping were revealed:

· the necessity of more  stiff formalization of censuses;

· revise the requirements to topographic conventional signs with regard to the automation of mapping;

· format unification.

Nowadays dataware, software and software and design documentation package have been finally developed. The following technologies are now under the testing: the generation of derived DTMs by basic scales 1:2000 - 1:500 and 1:1000, 1:10000 - 1:5000, 1:25000 - 1:10000, 1:50000 - 1:25000; and the development of technology for generation of derived DTMs in scale 1:100000 will have been completed in 2007.

At present the testing of automated generalization technology for generation of DTMs in scales 1:50000 on the basis of DTM in scale 1:25 000 in a digital photogrammetric workstation’s software environment have carried out.  Within the framework of preparation the technology to be installed, the training and technology testing were held using the materials of the following surveying businesses: “Sibgeoinform” Centre, Federal State Unitary Enterprise (Novosibirsk); “Inzhgeodesia” Production Association, Federal State Unitary Enterprise (Novosibirsk); “East-Siberian AGP”, Federal State Unitary Enterprise (Krasnoyarsk); “Krasnoyarskoe AGP”, Federal State Unitary Enterprise (Irkutsk).

According to the preliminary results, when carrying the installation and checkout of the technology and at the complexity of basic DTMs up to 3-3.5, the degree of automation was approximately 50 %. 

The degree of automation in this case is considered to mean the labor expenditures relationship between completely “manual” (on-line) generation of DTMs in derived scale and automated generalization.

In the latter case, only those of objects that were ambiguously identified by the subsystem of DTM formation (with respect to the algorithms of automated generalization) are on-line undergone treatment.

The degree of automated generalization according to the individual information layers amounted to:

1. Reference stations - 80 – 90 %;

2. Relief                     - about 80 %;

3. Hydrography         - 60 – 79 %;

4. Localities               - 30 – 40 %;

5. Industrial and agricultural objects 

                                    - 70 – 80 %;

6. Highways               - 60 – 70 %;

7. Railways                - about 70 %;

8. Vegetation and soils - 30 – 40 %.

Based on the results obtained, there is reason to hope that the technology of automated generalization developed by “Sibgeoinform” Centre will be implemented at the surveying businesses of “Roskartographia” and other agencies in case of its further development.

