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Abstract

Generating maps from data organized in a GIS requires a chain of technically complex processing tasks, regardless of the end product being needed in a planning department, placed on an organization’s home page, or sold in a bookstore to a customer. Operating costs can be reduced if production is organized within a suitably designed processing environment: the aim is to have a systematic, standardized work flow, consisting of effective methods and tools in all production phases from database organization all the way through product finishing.

This paper describes a production scheme and toolkit that have been developed for efficiently converting GIS source data into cartographic products at scales between approximately 1 : 200,000 and 1 : 5 Mill. The procedures encompass all major production activities, such as database and product editing, data verification, map preparation, product generation, and updating, plus a set of general process handling functions. Whereas a full inventory of the tools is beyond the limit of this paper, an overview of the organization of the toolkit is provided, together with some of the representative functions. In conclusion, a summary of the experiences in working with the system is given. 

Introduction

Like any other sector of the publishing industry, map producers need to respond to customers’ demands that have been growing constantly over the years. These demands, among factors such as topicality and an appealing graphic presentation, include that the map is available at a price as low as possible. For the publisher, this means that his presence on the market depends on technically efficient production methods.

Two of the preconditions imperative for generating high quality cartographic products on a commercial basis are

· a thoroughly devised production framework tailored to the organization’s product range
· a collection of tools covering the required processing functions, optimized and in tune with each other

Modern GIS software packages provide a large number and variety of functions, ranging from very general to highly specific. Obviously, it is not possible for software vendors to anticipate the exact range of needs of everyone of their prospective customers, and functions tend to cover tasks of limited magnitude such as generating a polygon buffer, positioning text next to a feature, or adding an item to a table in a database. Most packages offer the capability for automating sequences of recurring tasks by generating pre-fabricated command sequences, or macros, in a programming language supported by the system (currently, object oriented languages is the favoured technology). This way, complex procedures may be implemented and, in theory, entire production chains may be automated. The drawback of such an approach is an unacceptably inflexible production environment. A compromise needs to be found between the two extremes. 

Such a compromise makes use of the functions provided by the base software and the relevant programming language as the basic constituents and arrange them in modules, or tools, of appropriate size and function range: the aim is minimizing the number of modules and, at the same time, providing for the highest possible flexibility with regard to the range of products to which they can be applied. In other words, the modules need to be big enough to combine frequently used command sequences in one tool, and small enough to ensure modularity (i.e. evading the need for command sequences to be part of more than one tool). The degree to which this is possible is largely determined by the degree of systematic structure in the production process itself: in a scheme such as the one outlined above, extremely powerful processing tools may be implemented. Furthermore, the modules may be synchronized in such a way that data generated as output by a particular tool is used as input in a tool further along the production chain.

From the cartographer’s point of view, the modules are the smallest available working units, and, provided the system is well designed, represent the optimum both in flexibility and in ease of operation. In the simplest case, this means just pushing a button, selecting from a menu, or typing a command – in others, a set of parameters must be specified in order to provide for flexibility in the execution of the procedures.

This paper introduces a framework encompassing all major phases of map generation that has been developed by the author and that has, for the most part, been used in a commercial map publishing environment for the production of world atlases and other cartographic products. The framework, in turn, provides the grounds for a set of tools that are optimized for directing work flow within this framework. The system has been developed for specifically facilitating the production of medium to small scale cartographic products (scales from approximately 1 : 200,000) from a global database and, in making use of predefined interfaces and work flow rules, provide an optimum in processing instruments in the various phases of map production. The tools have been implemented as a response to processing needs not covered by the base software. 

The Production Framework

In a typical production environment, the database is organized in a layer structure, the individual layers representing themes such as administrative boundaries at various levels, river networks, towns and settlements, roads, railways and other infrastructure features, plus a range of details specific to the publisher’s area of business (e.g. information on travel and tourism). There is no need for the source data to be organized in one seamless database – in practice, it is more common that data are brought together from various sources, the individual components showing different types of detail, structure, or projection.

Products, at the other end, may include country and road maps, atlas pages, maps published in travel guides, or maps of any other purpose at the relevant scale range. The type of projection used may differ and so may the format, size, pages layout, symbolization, and many other properties. 

Products are organized - logically as well as technically - in a hierarchical structure as illustrated in Figure 1. Logically, this reflects the usual approach which is from the generic to the specific. Technically, this supports a systematic framework of data flow, with the side effect that work performed during processing of a particular product may be, totally or partially, re-utilized for related products, thus keeping the amount of duplication of tasks to a minimum. This is a direct consequence of the fact that, with the exception of the upper level which is of purely organisational significance, the levels correspond to major production steps in the process of product generation or revision, each resulting in a set of intermediate products or deliverables. It should be noted that there is no need to keep a complete set of data in each of the levels - only the details modified in the various preparation steps and the information needed to control the process are permanently stored. The levels are explained in the following in more detail.
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Figure 1.  Organisational chart of map product hierarchy.

Level 1 - Product Group.  These are major product families such as atlases, road maps, or maps specifically created for publication in travel guide series
Level 2 - Product Type.  Within a group, products are further differentiated. Product types may differ in style, format, or volume or may be associated with brand names. They are normally referenced by internal product titles. This is the uppermost level in which product specific items are stored (such as the arrangement of pages for a particular atlas, style sets, or tables from which information needed in a product will be derived)

Level 3 - Page.  This refers to the physical page and comprises both the map(s) graphics and all details on the margin. A page contains one or more maps (or frames). There is a n-to-n relationship between Levels 2 and 3: an atlas consists of many pages, and a particular page may be used in various atlas types (typically with variations in scale, layout, or symbolization properties)

Level 4 - Map (Frame).  The map frame is the uppermost level affected by changes in the database. It is also the level in which tasks related to product refinement are performed (e.g. edge-cleaning). Data transfer from the database to the product usually involves transformations such as change in projection, rotation, scaling, etc. A page may consist of several frames, and a particular frame may be used in pages of several products

Level 5 - Variant. By definition, variants of a frame all cover the same area. Variants may differ in one or more of the following: compaction of features or text, reduction of features or text, inclusion of additional themes, map text in a different language, variation in scale, or a major change in the symbolization of features. There is a 1-to-n relationship between Levels 4 and 5

Level 6 - Version (Edition).  This is the level reserved for recording the activities around the updating process, and its elements represent successive versions of the same product. The objective is to maintain the state of preparation from the previous edition.

Toolkit Development 

Tools are needed in every of the phases in the production chain (Table 1). With a stable production scheme in place such as the one described above, tools can be designed to cover long task sequences, enabling a maximum degree of automation. A number of technical issues such as the design of the data model or mechanisms for assuring data quality may further contribute to the level of effectiveness by which the system can be operated.

1. Preparatory work (such as the preparation of map frames)

2. Data collection

3. Database updating and validation

4. Data transfer from database to product

5. Refinement of product data

6. Preparation of frame details

7. Product validation and final corrections

8. Generation of printfiles

Table 1.  Main Production Phases
As already indicated, the initial motivation for the development of own tools were serious shortcomings in the base software. An example will point this out:

With the area of interest being the entire globe, data are kept in a multitude of different projections and need to be converted frequently from one projection to another. The base software could principally handle any of the projections involved but was insufficient in two critical aspects: first, all projection failed when regions near the poles or near the 180th degree of longitude were to be projected. While this is not of major concern to the most users, in a world atlas every region of the globe need to be shown. Even more critical was the fact that the system did not re-orient point symbols in the projection process (possibly the programmers of the system were not aware of the fact that point symbols on maps are rarely perfect circles). These and other problems made it necessary to look for workarounds and start programming - finally, more than a hundred tools had been added to the standard software kit. At the end, hardly any of the functions of the base software was used in their original form. 

Within the framework of this paper, it is not possible to present a full inventory of the tools that have been developed, nor would it be realistic to discuss the set of parameters controlling it. Instead, an overview of the organization of the toolkit and comments on some of the typical functions are provided (Table 2). More detailed information may be obtained by contacting the author.

Table 2: Overview of toolkit
_______________________________________________________________________________

PROCESS CONTROL 

Data Transfer
Besides fully automating data transfer from the database to the product space, this includes assembling main and add-on maps. Putting together data kept in different sections of the database is part of the process. Both vector and raster data (relief / hill shading) are handled by these modules

Page Handling
Comprises tools for initial frame preparation and placement. Functions in the Data Visualizing toolset are applied for displaying background images in the required projection. Other core functions are those for temporarily collecting from and distributing data to individual pages in multi-page products

Product Updating 
Handles the algorithms developed for updating existing products without the need for duplicating the work performed in preceding editions. Essentially, this covers processing the Version level in the product hierarchy chart (Figure 1)

_______________________________________________________________________________

FEATURE PREPARATION

Derived Features
Contains the functionality for generating features derived from original map features, such as buffers of various types and complexity, or line courses that are to be shown in a modified geometry

Feature Marking
Includes a variety of tools for preparing objects derived from attributes. Typical examples are boxes around feature names, point symbols placed next to features (as used, for example, for drawing attention to tourist attractions), or labels to be attached to selected features indicating some property of the feature (e.g. road classification numbers)

Frame Preparation
Covers tools for automatically preparing frame details. Several sub-categories are distinguished: items related to map grids (e.g. numerals of geographic and index grids), items related to proper map features (e.g. destination indicators), items to be fetched from data tables (such as map titles in various languages or page numbers), and items not directly related to features in the map (scale bars, north arrows, and the like). For multi-page products, a specialized tool has been implemented for automatically positioning references to adjoining pages

_______________________________________________________________________________

PREPARING GRAPHICS
Symbol Preparation
Modifying symbols in bulk is generally poorly covered by standard packages. This toolset provides the functionality for modifying parameters to groups of symbols (e.g. jointly widening the casings of all highway symbols without altering the total dimensions of the symbols). Also, effective methods for creating variants of symbol coloring, shading, and dimming have been implemented 

Data Visualization
Contains an extendable set of tools for visualizing data (or aspects of data) in modes required for specific purpose processing. Frequently needed, for instance, are simplified backdrop images, links made visible between feature and label text, or product-specific highlighting of features according to some criteria of interest. Specifically in connection with proofreading, a set of tools was needed to visualize placeholder characters (which is, for instance, needed if the same map will be printed in variants showing text in different languages (i.e. making provision for a varying number of characters in geographic names)

Printing
This includes 2 categories of tools: menu driven front end tools for generating final graphics in a variety of formats, and modules accessed by other tools in the plotting process and producing graphics of individual map themes and text classes. Programs can be used in a mode that integrates pre-plotting quality checks – that way, potential errors are detected before any output is generated

_______________________________________________________________________________

DATA EDITING

Display Modes
Editing can be extremely time-consuming - consequently, it pays off to spend time on the development of graphic environments optimized to handling complex editing situations. Wysiwyg graphics is available as well as a mode keeping dimensions but optimizing performance, and plain vector display (plus a combination of the latter two). Also, various modes exist for visually distinguishing between features at various stages of processing

Feature Positioning
In principle, anything that can be expressed by mathematical formula can be converted into a tool – in practice, however, tool development is restricted to editing situations that occur reasonably frequent. The toolkit in this category is still fairly large - a few typical items are: positioning of features in regular patterns, placement of features (individually or in combination) at constant distances to other features, or automatically deriving anchor point and rotation angle of features (e.g. placing distance markers at road intersections). One particularly frequent used group of tools orients selected point features according to prominent lines such as geographic parallels. Tools relating to the geographic grid have been implemented for database as well as for product editing (by taking into account the relevant transformation parameters)

Text Positioning
Again, this is one of the toolsets containing a sizeable number of tools. One of the sub-categories covers the handling of individual characters in spaced text. Automatic placement of regularly spaces text for single- and multi-line names is supported as well as the relative positioning of characters in groups (e.g. representing words in composite geographic names). Similar to point features, texts (both simple and spaced) can be aligned along geographic parallels 

Real-time Checks
In order to develop its potential to the full, the system requires a high degree of consistency in the database. Errors caused by editing are effectively prevented from occurring by automated consistency checks being active during the edit session. Both attribute values and spatial properties are verified, and the range of checks is extendable to include individual products` particular characteristics 

Worklist Functions
Provides a set of tools for scanning through selected features in succession and performing edits on the individual features and texts. The type of actions that are available vary from feature to feature and may be applied in any meaningful combination

_______________________________________________________________________________

DATA MAINTENANCE 


Database Structure
Operations such as harmonizing data tables and attributes among datasets can be extremely time-consuming with standard software. A separate set of tools for optimizing such operations was needed, in particular for matching source data with tables in products. Also, functions related to documenting the state of the database and its features are included in this category

Data Quality
Provides tools for ensuring that datasets are free of errors. Subject to testing are spatial properties as well as attributes, plus a variety of more specific aspects related to topology, tolerances, or feature positioning. Tools in the latter group, for instance, verify whether features are positioned at correct distances to other features, or whether they are oriented appropriately (e.g. parallel to the geographic grid). Many of the routines can be used in a pre-plotting mode as part of printfile generation (see Printing)

Topology
Although topology functions are offered by most GIS packages, it is normally far from straightforward to apply them without the risk of introducing errors and inconsistencies. In this category, topology functions available have been customized to be applied in a controlled data environment

Feature Cataloguing 
Feature attributes include items needed in a wide spectrum of functions. Maintaining unique identifiers for relevant features is an integral part of the system, and specific tools have been developed for this purpose. The tools make provision for further processing the information - for example, a large portion of the map text will eventually appear in the index of many products. Preparing map indexes is beyond the scope of this discussion

_______________________________________________________________________________

Conclusion
Although there has not been a systematic evaluation that allows quantification of performance, some trends could be observed in the course of expanding and fine-tuning the functionality of the system.

Most importantly, there is a high correlation between the degree of work flow standardization and overall performance. Problems tended to increase whenever spontaneous solutions were added focussing on the needs of a particular product type or product. Tools should be implemented in a form as generic as possible, even if the benefit of doing so is not immediately apparent. Also, a top-down approach in the design is preferable to a bottom-up strategy that puts too much emphasis on specific details. Provision should also be made for every conceivable extension in the definition of system components such as variables, parameters, and value domains.

One feature that has proved to be extremely useful is the consistent separation of the various levels as described in the ‘Production Framework’ section and illustrated in Figure 1. The structure offers decisive advantages with respect to controlling and optimizing data flow, and, in the end, provides the ground for tools to be manageable and powerful at the same time.

As far as the data model is concerned, it was found of advantage to keep attribute tables slim and accessing additional information by relating other tables when needed. Organizing themes and attributes in a way that considers aspects of data editing (rather than purely applying semantic rules) also proved to be contributing positively to the overall performance. In editing, finally, Wysiwyg symbolization is desirable – however, in complex maps this inevirably means serious drawbacks in performance. A ‘light’ version of Wysiwyg, retaining dimensions of symbols but with less complex symbolization and without masking out particular features proved to be the better option (this is not a big problem as long as selective masking, for instance, is reliably dealt with during printfile generation). In many cases it makes sense to work on the plain vectors instead with full symbology; for this reason, a toggling mechanism between symbol and vector modes has been implemented. In order to easily distinguish between ‘active’ and background features, a set of display modes displaying some of the details in subdued colors or in grey was found useful. 

As a matter of fact, the main concern in a commercial production environment is related to cost benefit considerations, and a trade-off needs to be found between time spent on program development and manually working on tasks not covered by customized procedures. As could be expected, the highest rates of savings are achieved in products consisting of a large number of individual maps (such as atlases), product series using the same base data with additional themes in varying combinations (which is common in maps on travel and tourism), and in products that are to be updated frequently.
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