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1. Introduction

Numerical map generalization is a hard problem in cartography.  When done by hand, it requires skill and experience, and still is a time-consuming process lacking precise and objective evaluation criteria.


The existing computer software packages to assist in map generalization give cartographers the means to speedup and automate this process.  One notable such package is the Intergraph's MGE Map Generalizer, incorporating the idea of amplified intelligence (R. Weibel 1991).  It contains eleven generalization operators, according to the generalization model of McMaster and Shea (1992), each with a number of options and parameters. 

The authors of this paper are working on a project to combine artificial intelligence techniques with MGE Map Generalizer to further automate the process of generalizing maps.  The goal of this project is to create maps at 1:10000 scale from 1:1000 scale basic maps.

The CAD-oriented approach of MGE cannot be easily combined with knowledge-based techniques.  A much better paradigm for a system explicitly reasoning about the contents of maps is the object-oriented approach.  We have therefore augmented the basic generalization process with a number of auxiliary procedures.  Specifically, five subtasks are recognized in the process: project setup, object map creation, generalization, generating draft final maps based on graphics definition, and final editing of maps.  The MGE Map Generalizer uses the CAD-oriented DGN format, while other tasks operate on the object representation of map data and include format conversions.  One of the tools indicated there, and used throughout the project, is the MapaSystem
, a package for digital map data acquisition of MGE project creation.  Figure 1 presents these tasks as well as software packages useful at each step.
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Figure 1. Five tasks involved in large scale map generalization

2. Tasks in automatic generalization

Project setup

Project setup involves, in particular, definition of the classes of objects to be found in the maps at both scales.  Some objects may not change between the two map scales.  Some other objects are not present in the maps at the lower scale, while still other object are created and some have their definition changed.  The relations occurring between these objects make up for a hierarchical structure.  For example, this is the definition of the fireproof building, written in CLIPS
:

(defclass SpatialObject (is-a USER)

  (role abstract)

  (slot id (create-accessor read-write) (access initialize-only))

  (multislot Points (create-accessor read-write) (access read-write))

  (slot parent-process-id (create-accessor read-write) (access read-write))

  (slot child-process-id (create-accessor read-write) (access read-write)))

(defclass 0D (is-a SpatialObject))

(defclass 1D (is-a SpatialObject))

(defclass 2D (is-a SpatialObject))

(defclass BZO

  "fireproof building"

  (is-a 2D)

  (role concrete)

  (pattern-match reactive)

  (slot building_function (create-accessor read-write) (access read-write))

  (slot special_function (create-accessor read-write) (access read-write))

  (slot numer_of_stories (create-accessor read-write) (access read-write))

  (slot adress_number (create-accessor read-write) (access read-write)))
Data acquisition 


The object database is created from the existing paper and numerical maps as well as from direct measurements of the set of objects according to the class system defined in the project setup.  Following is an example of some objects from the above BZO class:


(MS51 of BZO (id 412)



(building_function "g")



(number_of_stories 1)



(Points 1959 1962 1967 59M 1655M 1959)) 


(MS52 of BZO (id 413)



(building_function "m")



(number_of_stories 2)



(adress_number "16A")



(Points 1791 50M 1428 1427 1426 1425 1781 1782 1791)) 


(MS53 of BZO (id 414)



(building_function "i")



(special_function "storage")



(number_of_stories 1)



(adress_number "20")



(Points 1685 1687 1703 1684 1683 1861 1864 1685)) 

The `Points' list contains the (unique) identifiers of the building outline points.

Generalization

This is the most difficult step.  An expert system, called AAI (Amplified “Amplified Intelligence”) and further described below, has been written by the authors for this purpose.  As the result of its actions the objects of the map at scale 1: 1000 are transformed into objects of the map at scale 1: 10000.

Data visualization
In order to visualize data it is necessary to define the methods of graphical presentation of all the specific objects. The class hierarchy defined during project setup contains methods for the visualization of various kinds of objects, at different scales and for different purpose maps.

Final editing

The generalization step is never perfect, due to the complexity of the task, but also because of the adopted constraints, like using MGE Map Generalizer.  Likewise, the process of map generation from the object model is also difficult and may require adjustments, like label placement.  In general, the target map needs manual inspection and final editing, which includes error correction and appearance fixes.

3. The AAI expert system 
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The structure of the system is depicted in figure 2.  The map generalization process can be viewed as a sequence of transformations of the collection of objects from the source map into another collection forming the target map.  There are intermediate forms of the map along the way.  The main transformation step is the execution of some generalization operator on a selected section of a map, or even on a single object or a group of objects.  The auxiliary transformation process is conflict detection and correction.  Conflicts occur during generalization when an object or some objects after generalization violate an important relation to other objects.

Figure 2. The structure of the AAI expert system

The main module is the GC (Generalization Control) knowledge base.  It selects some objects which require generalization.  The module also matches the object(s) with the type of generalization process and determines the Map Generalizer operator, its version and algorithm, if appropriate, and the values for its parameters.  

The GM module performs the actual generalization.  It contains both procedures written by the authors directly in CLIPS as well as an ability to call the functions available in MGE.  To do this, GM creates a graphics description of some objects (in a DGN file) and then calls out MGE in batch (non-interactive) mode to execute some generalization operator. GM then analyzes the contents of the results obtained, and converts them back to objects.  This reverse conversion involves, among other things, complexing line pieces into polygons and identifying instances of MapaSystem classes.  It is necessarily a heuristic process, since there is not a 1:1 correspondence between objects of the input map and those in the output map.  However, since the input map often contains single objects, or a few objects of the same class, the class of the resulting object(s) is usually correctly recognized.

The objects thus obtained are written into the MM (main map) database.  At the same time the parameters of the generalization step are registered in the HL (history list) database, for reference.

The CD (conflict detection) knowledge base is able to detect various conflicts between the objects in the MM database.  When such conflict is detected, it is passed to another module, the CR (conflict resolution) knowledge base.  A conflict can be resolved by repeating some generalization step, e.g. with different parameters.  For this purpose the CR knowledge base consult the HL (history list) data base. In some cases the knowledge contained in the CR knowledge base is not able to resolve a conflict, possibly after a few tries.  In such a case it can order the backtracking module BM to recover the MM database to an earlier state effectively backtracking from some performed generalization.  However, only a minimal set of changes are backtracked.

This is possible by maintaining in the HL (history list) database a record of logical dependencies between the objects of the MM database and the processes that created them.  The knowledge bases of the AAI system are sets of rules constructed according to the following scheme:

        (IF) condition --> (THEN) action

The IF part contains conditions which must be satisfied before a rule can be activated.  When it is, the THEN part, which contains some action descriptions, is executed.  Executing actions may involve invoking some map generalization operation, or other transformations. Following are two examples of generalization rules. The first one directly eliminates small objects. The second one invokes the MGE Map Generalizer dual to single line collapse operator, which invokes creating new objects ( a representation of a road by its axis, instead of edges).

(defrule delete_edge_of_road

 ?o1<-(object (is-a EOR) (Punkty $?lp))

      (test (< (length $?lp) 10))

   =>

      (generalize elimination ?o1))

(defrule collapse_road

 ?o1<-(object (is-a EOR) (Punkty $?lp1))

 ?o2<-(object (is-a EOR) (Punkty $?lp2))

      (test (neq ?o1 ?o2))

      (test (< (parallel_lines $?lp1 $?lp2) 8))

   =>

      (MGE_generalize collapse_dual_to_single_line 0.2 0.0 10.0 ?o1 ?o2)

      (make_new_object AOR))

4. Results

The system described here is an ongoing project.  The prototype AAI expert system was originally designed to generalize 1:1000 scale basic maps into the 1:10000 scale.  It has been tested on the basic map of an excavation brown coal mine.  It is currently able to solve only a part of all the generalization tasks involved in this process.  The authors are working on extending the system’s knowledge bases to cover more cases for generalization and more conflict situations. An inherent difficulty is backtracking some generalization steps, and then trying generalization again, which in some cases can lead to looping. The MGE Map Generalizer is very helpful in performing the generalization steps, but offers no assistance in resolving conflicts. It would be an important improvement, for example, if additional conditions could be built into the generalization algorithms as “invariants”, to ensure that some relation between some objects be preserved. 
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� � MapaSystem is a program designed in one of the largest mapping and surveying companies in Poland, the PGK OPGK Wrocław by A. Iwaniak.  It is currently in use at a number of other Polish companies for the purpose of digital map creation and data acquisition for GIS.


� CLIPS is a language developed by U.S. NASA for the creation of rule-based as well as object-oriented systems.  The AAI expert system has been implemented primarily in CLIPS.
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