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Generalization—
Traditional Way
and Modern
Technology

Review of Digita
Generdization
Research and
Activities

Automation of Map
Generalization—the Cutting-
Edge Technology

Digital generalization, rooted from conventional cartography, has become an
increasing concern in both geographic information system (GIS) and
mapping fields. This paper isintended to briefly review the state of the art
of the new technology and to help understand the needs and plans for the
implementation of digital generalization capability for Environmental
Systems Research Institute, Inc. (ESRI), products.

Generalization is an essential component in mapmaking. The process of generalization
extracts and reduces information from reality or source maps and portraysit to represent a
specific theme and/or at a smaller scale, while meeting cartographic specifications and
maintaining the representative integrity of the mapped area. Manual generalization, asthe
traditional means, is extremely subjective and time consuming. Cartographers draw a
reduced map by hand. They eliminate unimportant features, smplify lines and
boundaries, combine area features, and resolve conflicts asthey draw. Theresult is, no
doubt, operator-dependent.

As geographical databases are constantly built, the request for automation of
generalization capability for multi-purpose output isin demand. Thefield of
generalization has extended to include GIS applications. Noticeable efforts have been
made by researchers and some Gl S/mapping software vendors to define digital
generalization problems and to develop solutions. However, none of the existing
GIS/mapping systems has provided a set of tools that fully satisfies digital generalization
needs.

Although principles and guidelines of generalization can be found in cartographic
literature and among mapping organizations, there has not existed a set of universal rules
that explicitly defines how generalization should be performed. Manual generalization
depends on operator's experience and judgment and therefore produces inconsi stent results.
The lack of fully understanding the process and the lack of technical means that mimic
human analysis, decision-making, and actions make the automation of generalization a
difficult task. However, the evolution of developing digital generalization technology has
gone on for decades. Major efforts and achievementsin this field are summarized below:

B Inthe 1960s and 1970s, isolated research was attempted to develop simple techniques
that reduce data complexity. Examples of the few named algorithms are Douglas-
Peucker's (Douglas and Peucker, 1973) and Lang's (Lang, 1966) line simplification
algorithms; and Brophy's (Brophy, 1972) and Chaiken's (Chaiken, 1974) line
smoothing routines.
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B Evaluations of existing algorithms have been carried on since the early 1980s
(McMaster, 1983; Visvalingam and Whyatt, 1990; Beard, 1991). More
comprehensive techniques for automated generalization were continuously explored;
modeling and rule-based generalization became an increasing interest in the late 1980s
(Nickerson and Freeman, 1986; McMaster and Shea, 1988, and so on).

B Significant progress in digital generalization has been made worldwide in the 1990s.
A number of international organizations have been established (see below) to
coordinate digital generalization research projects and special meetings. The main
focusisto formalize digital generalization in theory and practice it in reality. The
availability of more comprehensive generalization systems has provided cartographers
with experimental environments.

In order to stimulate and formalize the research activities on digital generalization, the
following organizations and working groups have been established:

B The Working Group on Map Generalization under the International Cartographic
Association (ICA), as part of the Commission on Advanced Technology, was formed
at the fifteenth International Cartographic Conference (ICC) in Bournemouth, United
Kingdom, in 1991. It has played an important role in providing a forum for
exchanging ideas, supporting a network communication among people and
institutions in map generalization, and coordinating activities with other research
groups. The most recent significant activity was the three-day workshop on Progress
in Automated Map Generalization held prior to the seventeenth ICC in Barcelona,
Spain, in 1995. More than thirty active researchers and users presented their work
and discussed the short- and long-term research directions and focuses. Another
workshop was planned to be held in conjunction with the eighteenth ICC in
Stockholm, Sweden, in 1997.

B The Working Group on Automatic Generalization under the Organization Europeenne
des Etudes en Photogrammetrie Experimentale (OEEPE) is largely connected to
national mapping agencies (NMA). Their research focusisto find solutions for
practical problems. Theinitial project of this group concentrates on developing
criteriafor the evaluation of the quality of generalization results and on evaluation of
commercial generalization software.

B The European Science Foundation has organized a research program called
GISDATA. Part of the GISDATA activitiesis the creation of various task forces
that are responsible for the organization of specialist meetings on various issues
related to GIS. One of the task forces is on the topic of generalization. A specialist
meeting was held in Compiegne, France, in December 1993. Asaresult of this
meeting, a book (edited by Muller, et al., 1995) was published as a collection of
articles that represent and describe the state of the art of digital map generalization.

B TheU.S National Center for Geographic Information Analysis (NCGIA) held the
Symposium on Map Generalization at Syracuse University in mid-April 1990,
funded jointly by Syracuse University. One of NCGIA'sresearch initiativesis
"Formalizing Cartographic Knowledge." A specialist meeting was held in October
1993, addressing generalization and other digital cartographic issues.
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Generdization
Operators

Generalization involves a great deal of human analysis of the geographic data and
decisions on what to generalize, how to generalize, and how to resolve symbol conflicts.
It would be very difficult to fully automate this process due to the subjective nature of it
and the lack of well-defined rules to guide the decision making. The aternativeisto
automate the computational work as much as possible and leave the decision making to
the users, that is the computer-assisted solution.

In order to develop the computer-assisted solution, it is necessary to understand what
exactly happens when a cartographer generalizes a map, and to make the operations
explicitly defined for digital implementation. A complicated generalization process can be
decomposed into the following operation categories, which are described in digital
generalization terminology:

Pr esel ection—Selecting certain feature classes from a master database for the inclusion
in the final map. What to be selected depends on the target map scale and purpose. The
preselected features will participate further generalization operations.

Heavy-duty road Heavy-duty road
Medium-duty road Medium-duty road
Trail School
Footbridge Buildings
School River
Buildings | =—/—/—m™@—" | ...

Output

Elimination—Selectively eliminating features that are too small, too short, and too
insignificant to be presented in the final map; for example, small islands, short roads,
little villages, and so on.
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Simplification—Removing unnecessary detail, such as extraneous bends and
fluctuations, from aline or an area boundary without destroying its essential shape.
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Aggr egation—Combining features in close proximity or adjacent features into a new
areafeature; for example, forming a built-up area from a cluster of buildings or joining
patches of crop fields into alarge agricultural area.
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Collapse—Reducing a feature dimension or the representation of its spatial extent; for
instance, changing an area feature to alinear or point feature, changing a multiple-line
feature to asingle-line feature, and so on.
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Typification—Reducing feature density and the level of detail while maintaining the
representative distribution pattern and visual impression of the original feature group; for
example, reducing the amount of detail in a drainage network without losing the
impression of its structure.
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Exagger ation—Increasing the spatial extent of a feature representation for the purpose
of emphasis and legibility; for example, enlarging the size of an island, whichis
otherwise small enough to be removed, to include it for its significance as a navigational
point of reference.
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Classification and Symbolization—Grouping features sharing similar geographic
attributes into a new, higher-level feature class and representing it with anew symbol.
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Conflict Resolution (Displacement)—Detecting feature conflicts and then
repositioning the less important conflicting features or adjusting feature extents to satisfy
the threshold of separation and other cartographic specifications.

S

Refinement—Altering and adjusting a feature's geometry or appearance to improve its
aesthetic (visual) impression and to ensure its agreement with reality. Some examples are
smoothing a line, squaring a corner, changing the orientation and alignment of a point
symbol, correcting the intersecting angles of a contour and ariver, and so on.
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Based on the above definitions, a set of generalization operators are to be created to
automatically perform these operations and produce desired results. For example, under
the category Collapse, one of the operators should collapse an area feature to a point
feature, if the area size is smaller than a tolerance; under Aggregation, one of the operators
should combine a cluster of point features into an area feature when space no longer
permits point features to be presented individually.

To enhance ESRI's Gl S/mapping software solutions such that the users can produce
multiple-scale and multiple-subject output more efficiently, digital geographic data
generalization must be addressed. There are two major areas where generalization should
take place when manipulating geographic data. One isto generate thematic data sets for
multiple-level, comprehensive GIS analysis; the other is to produce cartographic output.
Both require the extraction of a subset of data from a GIS database and the reduction of the
amount of detail to meet desired output specifications. Digital generalization tools are to
help automate this process as much as possible and bring long-term efficiency and
savings in Gl SYmapping database maintenance and applications.

Building generalization capability into the ESRI product environment will be a
challenging task. The preliminary design of generalization functions and a demonstration
of currently available generalization operators, including a new line generalization
operator, will be presented at the ESRI User Conference in 1996.

Focus our research on careful design and selection of the most practical approaches for the
most needed generalization operators such as the following:

Feature elimination by size, length, and other criteria

Simplification of building or other man-made feature outlines

Collapse of dual-lineto single-line and area featuresto linear or point features
Aggregation of areal or point features into areal features

Basic feature conflict detection and resolutions

Implement a generalization function library and build a user-friendly interface that enables
GIS users and cartographersto easily access this library and efficiently perform
generalization sessions on their data or to customize the interface according to their needs.

Gain feedback from customers quickly and acquire knowledge and experience for further
long-term development.

B Integrate an advanced, comprehensive system for digital generalization into ESRI
products.

B Providefully operational generalization solutions for efficient production of multiple-
purpose output.

Aswe progress, ESRI will participate in major conferences and worldwide activities with
presentations and demonstrations. We encourage users to send us requirements and
suggestions.

May 1996 6



Automation of Map Generalization

37266

Point of Contact
at ESRI

Refer ences

Dan Lee (Danielle)

380 New York Street

Redlands, CA 92373-8100

Office phone: (909) 793-2853, ext. 1022
Fax: (909) 793-5953

E-mail: dlee@esri.com

Beard, M.K., 1991, Theory of the Cartographic Line Revisited/Implications for
Automated Generalization, Cartographica, Vol. 28, No. 4, pp. 32-58.

Brophy, David M., 1972, Automated Linear Generalization in Thematic Cartography;,
Master's Thesis, Department of Geography, University of Wisconsin.

Chaikin, George M., 1974, Short Note: An Algorithm for High-Speed Curve Generation,
Computer Graphics & Image Processing, Vol. 3, pp. 346-349.

Douglas, David H. and Thomas K. Peucker, 1973, Algorithms for the Reduction of the
Number of Points Required to Represent a Digitized Line or Its Caricature The Canadian
Cartographer, Vol. 10, No. 2, pp. 112-122.

Lang, T., 1969, Rules for the Robot Draughtsmen, The Geographical Magazine, 42(1),
pp. 50-51.

McMaster, R.B. and K.S. Shea, 1988, Cartographic Generalization in a Digital
Environment: A Framework for Implementation in a Geographic Information System,
Proceedings GIS/LIS '88, pp. 240-249.

Nickerson, B.G. and H. Freeman, 1986, Devel opment of a Rule-Based System for
Automatic Map Generalization, Proceedings, Second International Symposium on Spatial
Data Handling, pp. 537-556.

Visvalingam, M. and J.D. Whyatt, 1990, The Douglas-Peucker Algorithm for Line
Smplification: Re-evaluation through Visualization, Computer Graphics Forum 9,
pp. 213-228.

GlSand Generalization, edited by Jean-Claude Muller, Jean-Philippe Lagrange, and
Robert Weibel, 1995, Taylor & Francis Ltd.

ESRI White Paper 7



ESRI GIS AND MAPPING SOLUTIONS

For more than 25 years ESRI has been helping people manage and analyze
geographic information. Our solutions range from desktop mapping to
enterprisewide GIS.

ArcView®—Easy-to-use GIS for Windows™, Macintosh, and a variety of UNIX
platforms. ArcView software integrates spatial, tabular, and image data and is
customizable and extensible.

ARC/INFO®—The World’s GIS: automate, modify, manage, analyze, and
display geographic information.

Spatial Database Engine™ (SDE™)—High-performance spatial database:
true client/server architecture that performs fast, efficient, spatial operations and
manages large, shared geographic data sets.

MapObjects™—An OLE Control and a collection of OLE automation objects
that allow application developers to add mapping and GIS capabilities to their
applications.

ArcCAD®—Brings the unmatched functionality of ARC/INFO software to
AutoCAD®, the world’s leading CAD software.

PC ARC/INFO®—Full-featured GIS for Windows and DOS-based PCs:
comprehensive set of geoprocessing and cartography tools.

Data Automation Kit"—Geodata creation software: topological data
creation and editing, data conversion, and map projection capabilities.

BusinessMAP™—Database mapping software that converts database records
with ZIP Code fields to symbols on a United States map.

For more information, call
1-800-447-9778 (1-800-GIS-XPRT)
Send E-mail inquiries to info@esri.com
Visit ESRI on the World Wide Web at www.esri.com
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ESRI

380 New York Street
Redlands, California
92373-8100 USA
Telephone: 909-793-2853
Fax: 909-793-5953
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Minneapolis
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Olympia
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Philadelphia
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San Antonio
Telephone: 210-340-5762

St. Louis
Telephone: 314-949-6620

Washington, D.C.
Telephone: 703-506-9515

INTERNATIONAL OFFICES

ESRI-Australia
Telephone: 61-9-242-1005

ESRI-Canada
Telephone: 416-441-6035

ESRI-France
Telephone: 33-1-46-23-6060

ESRI-Germany
Telephone: 49-8166-380

ESRI-Italia
Telephone: 39-6-406-961

ESRI-South Asia
Telephone: 65-735-8755
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Telephone: 34-1-559-4375
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Telephone: 46-23-84094
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