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Digital topographic maps as distinguished from digital terrain models (DTM) assume the graphic display of topographic features and letterings to be provided for map clearness by existing conventional signs and subsequent graphic output.

Only those challenges being faced in algorithm developing for displaying map object geometry are taken here into account.

Comprehensive conventional signs including a number of depiction features are the most labor-intensive.  Among them are as follows. 

Conventional sign for the areal clift.
For depiction of this map feature, the drawing of clift should be partitioned into several components: 

· Area of northern clift slope and mountain scarps

· Area of lighted clift slope and mountain scarp

· Ridges of clifts and mountain scarps

· Vertical hachures of mountain scarp

· Horizontal hachures of mountain scarp

Thereafter, the algorithms are used to link the components into a unified complex, built-up and show a sign for the drawing of clift.  
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Just the same is expected to perform with a sign denoting the screes.  Similarly, it is necessary to partition its conventional image into components. There is given an example for depicting the hard formation screes, which should be divided as follows:

· Hard formation screes (an area of the whole object)

· A boundary of hard formation screes

· Vertical hachures of hard formation screes

· Separate screes stone

Further the algorithms are used to link the components into a unified complex, built-up and show a sign for the given drawing.
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There are quite a number of such complicated complex objects on the topographic maps which, depending on a shape, location, and a drawing, have its individual depiction, nevermore recurring.

To start this algorithm, labor-intensive tremendous manual preparatory activity for partitioning these objects into components to be done by operator is necessary. If we imagine the Altai Alpine zone consisting of massive rocks, it will be impossible to make time-consuming estimation for preparation of such a nomenclature sheet. 

The labor-intensive complex objects can be referred to the follows: 

· Ice steeps and cliffy coasts

· Glaciers and snow fields with a lot of scissures and moraines on their surface

· Ravines and rain rills
· Regions of karsts extending with the marked and indistinct in the map scale karst and cave-in thermokarst funnels

· Landslides

· Lava flows

· Tumuli and knobs (areal)

· Area of offshore beaches and sweeps

· Area of dangerous coasts

· Area of tidal flats (tidal streaks) of all types (oozy, sandy, sandy-stony, cailloutis

    gravel)

· Reefs (drying and subfluvial), closed-form or linear

· Knickpoints 

· Locks with gates

· Lagoons

· Waste and stock piles

· Open pits and coal strip mines  

· Industrial territories

· Hydroelectric power stations, state district power stations, and  power and heating 

   plants

· Flight landing strips

· Cult structures with dome enveloping of various symbolic depending on religion 

· National frontiers with frontier marks and delimitations.

These objects cannot be inserted into the automatic processing and mapmaking. All of them require interactive processing and further automatic (or semi-automatical) of a particular object or its part.

With the advent of new products, that is digital topographic maps and plans, it is desirable to revise the lists of signs and symbols and replace them by more simplified ones.

The same concerns the development of generalization algorithm. In this case it is necessary to consider traditional representation of many linear objects, which have “moved” from paper maps on digital ones, being depicted by lines of a particular width.  The line width of highways for a scale 1:50000 increased to 1 mm will correspond to 50 m in the map scale;   the motorway width increased to 1.4 mm corresponds to 25 m on the ground. Railways are shown with 0.5 mm thickness corresponding to 25 m on the ground. More often these roads follow along the embankments or ditch cuts and for their depiction a line with “jaggedness” is used. The width of “jaggedness” on the map is 0.5 mm corresponding to 25 m. As a rule, these roads (railways and motorways) are nearby, and in most cases the railway follows along the embankment or ditch cut as it is shown on the basic scale digital topographic map fragment (Fig. 3).
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A 1:50000 scale digital model fragment generated after automated map generalization is given below (Fig. 4). Besides railways and motorways, there are discrete structures disposed bilaterally along them. The spacing between these structures is 1.65 mm on the model or 82.5 m on the ground.
Let's analyze the structure displacement relative to each other upon depiction of this map fragment in respect to the existing conventional signs (Fig. 5). 


The total distance between structures is 3.85 mm (192.5 m) instead of 1.65 mm (82.5m), i.e. it has increased by 2.2 mm (110 m), see “Table of conventional sign sizing”.

According to”Guidelines for cartographic works and map publication, Part I – Topographic map compilation in 1:25000, 1:50000, 1:100000 scales and their reduction”, RIO VTS, M., 1978, P.5: “Mean positional errors for depicted on the map features and contours in regard to the nearest symbols for the reference stations and kilometer grid square lines should not exceed 0.5 mm“. It means that the allowable displacement for the given scale is 25 m, which is not suitable for cartographers by objective reasons.

Table of conventional sign sizing

	Name of conventional sign
	Thickness or conventional sign sizes
	Thickness or conventional sign spacing

	Railway
	0.5 mm (25 m)
	0.5 mm (25 m)

	Embankment
	0.5 mm (25 m)
	1 mm (50 м)

	Motorway 
	1 mm (50 m)
	1 mm (50 м)

	Discrete structures (one along the road, another along the width)  
	0.3 mm+0,45 mm (to the centre of conventional sign)

0.6х0.9 mm -  a size of conventional sign 
	0.75 mm (37.5 m)

	Spacing between conventional signs 
	0.2 m (10 m)
	0.6 mm (30 m)

	Spacing between structures
	
	3.85 mm (192.5 m)


Artificially extended linear highways objects with the filling or without can be substituted by light lines of a particular colour, owing to which the map readability is not impaired but the accuracy and reliability may benefit.

The map accuracy is failed too in depicting the hydrographic objects such as rivers and channels that not delineated by width in the map scale but shown by two lines. At a given length the linear rivers (channels) are artificially extended and shown by filling. The width of a conventional sign is 0.5 mm on the map (25 m for a scale 1:50000). Such apparent river expanding gives no information, except to the cartographers, who know well these censuses. The user is only interested in river description placed at a given spacing in compliance with regulatory documents.

In the case of location near the hydrographic features the embankments, dams, roads or structures, and more often there are the whole complex of these objects on a habitable and populated area, it is easy to determine their total displacement and map accuracy.

It is necessary to revise and delete such unreasonable extension of linear rivers and channels. 

The same principle is applied to the compartment lines with its own spacing that are distinguished depending on a map scale. Not any cartographer is able to remember all these censuses, and what is concerned the user, the marginal notes for standard topographic map symbols are not provided for. 

Most of all, the map is significantly detailed on the urban built-up areas and other localities. It is unlikely that somebody estimated the total constrained displacement of objects to depict their conditioned shapes.

When being passed from one scale on other in automated or interactive generalization, there is a need to update the fonts (font size varies) sizes of which are used for:

· Graduation of localities by a number of inhabitants;

· Object significance;

· Navigability, etc.

The font shows:

· Type of locality (city/towns, townships, villages, industrial communities, settlements near the railway stations and wharfs, etc.);

· Political-administrative significance of localities (capitals, district, territorial, regional, and republic centers); 

· Primary or secondary names of objects.

These variations with font sizes have been necessary for the production print. The advent of digital products has completely made them unnecessary and now all object features can be introduced into its semantic description. The graduation of localities by a number of inhabitants is not also urgent if the population is placed alongside the locality name. The fonts should be generally and especially overviewed as well as their amount while passing from one scale to other, which makes the operation more complicated for automated and interactive map generalization. 

There are also semantics constraints for printing hard copies through incapability to show them on the graphic map. These constraints should not be obligatory for digital topographic maps when passing from large scale to smaller (some properties are lost). For example, the essential features being of a particular value for the user may be kept on the digital map: a building address, fire resisting properties, availability of dwelling, administrative affiliation, etc.

Eliminating the building specifications (its availability - residential or nonresidential) from a 1:10000 scale digital topographic map or smaller, it would not be possible in building selection to take them into account, and it is not an easy to distinguish the residential building from nonresidential. Due to this fact a dwelling could be deleted but the nearest nonresidential building remain, because for the mentioned scales they have been already considered as dotted and of the same size.

The most detailed map is that of urban built-up territories and other localities. Any sign and its right to the depicted area should be studied more carefully in terms of plurality combinations and various situations. 

Earlier compiled maps at scales 1:25000 - 1:200000 using a traditional manual procedure included errors of blueprint montage reduced up to a derived scale and pasted on a hard base. The accuracy of montage on sharp outlines was 0.2 mm and 0.7 mm on vegetation and soils borders.

The map sheet division has been also handmade with the allowable error of 0.2 mm on sides and 0.3 mm on the diagonal. In this case the ground control points of the national geodetic network were plotted according to their coordinates. They were displaced horizontally from the actual positions, whereas other map elements were kept in-situ.

Accumulation of horizontal and planimetric errors was higher that the tolerance. This fact was revealed only in updating. It is impossible to make a horizontal referencing of fixed outlines with the accuracy required. The updating may perform using only information obtained by current computer technologies that not influenced by any cartographic changes, montage errors, sheet corner and grid partitioning, which are automatically carried out now and where the elimination of above mentioned map objects displacement requiring to be depicted by its symbols is not necessary.

This is only a few problems touched on here in the paper.

Analyzing the enforced object displacements when deriving their geometry in compliance with regulatory documents, we may come to the conclusion that the accuracy and reliability are lost on the digital topographic map and a lot of additional work and time consumption for the updating of object depiction arise.

Today there is a variety of new products (digital topographic maps and plans, digital terrain models, etc.) and, as a result, this necessitates revising the specifications for maps and objects depiction by signs. Within “Roskartographia” is offered to carry research-and-development activities (R and D) and to analyze the existing specifications and their modification in respect to digital products, as well as to revise the list of available conventional signs.

It should be also noted the fact related to the notation of digital terrain model and digital topographic map from the and how they are produced today.

Digital terrain models generated by digitizing the base maps can not be accepted as real ones, because in base maps compiling the generalization and mapmaking were carried out as in initial scale recognition as in creation of subsequent ones in derivative scales, all of which had both the listed above displacements to depict a required conventional sign and existing requirements. The product of this kind can be called only as “a digital model of smooth-delineation map” (according to GOST).

Today a digital terrain model can be generated using only the current aerial photographs or satellite images, which have not influenced by any cartographic modifications in compliance with specifications for the topographic objects.
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Figure 3. 1:25000 basic scale digital topographic map fragment 
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Figure 4.  1:50000 scale digital model fragment 
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Figure 5.  1:50000 derived scale digital topographic map fragment 
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