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ABSTRACT: A framework for automated land-cover classification based on a concept of a classification model was de
veloped and tested. The framework employs a user-specified rule base to describe a classification model, defined as 
the series of spatial data operations and decisions used in landcover classification.' Both evidential and hierarchical 
inference are supported utilizing a set of spatial data operators. . 

The concept was tested through the development and application of a set of computer progran;ts whiCh ~~pp_ort 
classification models. A rule base, thematic spatial data, and satellite image data were then used to define a classificatio~ 
model for conditions in northeastern Wisconsin. The test model incorporated Landsat Thematic Mapper data, soil 
texture data, and topographic position data. Classification accuracies and efficiencies using the developed system were 
then compared to those for supervised maximum-likelihood classifications. The classification model approach resulted 
in statistically significant, 15 percent improvements in classification accuracy when averaged across different analysts, 
geographic areas, and years. 

INTRODUCTION 

SUPERVISED, PER-PIXEL, MAXIMUM-LIKELIHOOD SPECTRAL clas
sifiers are the most commonly applied automated land-cover 

classification techniques due in part to a well developed theo
retical base, ease in automation, and proven track record (Swain 
and Davis, 1978; Richards, 1986; Lillesand and Kiefer, 1987). 
Unfortunately, when used with satellite image data, these tech
nologies often yield unacceptable accuracies for many applica
tions. For example forest management agencies often require 
landcover classification at the Anderson et al., (1976) level Il/III 
with at least 95 percent accuracy, while automated classification 
of satellite data generally result in accuracies well below this 
level (e.g., Nelson et al., 1984; Moore and Bauer, 1990). 

Spatial data in a GIS have been shown to improve classifica
tion accuracy and aid in the extraction of information from re
motely sensed imagery (Strahler et al., 1978; Likens and Maw, 
1981; Marble and Peuquet, 1983). Methods include incorpora
tion before, during, or after a maximum-likelihood classification 
(Hutchinson, 1982; Richards et al., 1982). However, current 
technologies do not allow easy automated integration of non
image spatial data (such as digital thematic maps and associated 
attributes) in image classification. In most instances spatial data 
are used in manual pre- or post-classification manipulations 
(Gaydos and Newland, 1978; Hutchinson, 1982). The integra
tion of non-image data during classification often involves rel
atively inflexible hard-coded classifiers (Fleming and Hoffer, 1979; 
Hoffer et al., 1978), or "logical channels" (Strahler et al., 1978; 
Strahler et al., 1980) which violate distributional conditions. 

Artificial Intelligence (AI) and expert systems techniques have 
been investigated to improve land-cover classification (Ferrante 
et al., 1984; Wharton, 1987; Argialas and Harlow, 1990), and 
show promise in the integration of non- image spatial data (Ma
son et al., 1988), because of their flexibility, generality, and in
tuitive appeaL Both evidential and hierarchical approaches have 
been investigated. Evidential approaches rely on obtaining 
ll'leasures of the relative "mass" of evidence in support of al
ternative hypotheses (Duda et al., 1979; Goldberg et al., 1985; 
Lee et al., 1987), and select the hypothesis (land-cover class 
assignment) with the greatest evidence mass. Hierarchical ap-
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proaches, such as the "decision tree" techniques described by 
Swain and Hauska, (1977), eliminate competing hypotheses from 
consideration during inference until only one hypothesis re
mains. Conceptually, land-cover classes are considered leaves 
of bi- or multinary trees, with decision criteria applied at each 
node to eliminate or select the decision path (Swain et al., 1977; 
Duda et al., 1978; Ferrante et al., 1984). 

Strictly hierarchical approaches are computationally more ef
ficient, but do not recover from decision errors; conversely, 
methods which strictly accumulate evidence incur high com
putational loads. Thus, there is a tradeoff between flexibility 
and run-time efficiency. Systems may be inflexible in that land
cover classification can be difficult with satellite systems (e.g., 
SPOT versus Thematic Mapper), feature types, or areas different 
from those on which the systems were developed (Ferrante et 
al., 1984; Wang and Newkirk, 1984; Goldberg et al., 1985). Al
though principles apply, changed conditions entail significant 
recoding. Those systems that do incorporate easily modifiable 
rule-based strategies result in classification times an order of 
magrritude or more slower than the "standard" maximum-like
lihood approach (Wharton, 1987; Mason et al., 1988; Civco, 1989). 
This efficiency/flexibility trade-off results from the applicative 
approach adopted by rule-based systems (Mehldau and Schow
engerdt, 1990) in that software for system development is de
signed for quick construction and prototyping, but provides 
unacceptable performance with large data volumes Gackson, 
1985). Thus, a combination of hierarchical and evidential ap
proaches is often adopted (Shortliffe, 1976; McDermott, 1982; 
Jackson, 1986). This paper describes a land- cover classification 
approach controlling RS/GIS integration through an easily mod
ifiable rule base, and which also provides rapid throughout. 

DESIGN PHILOSOPHY 

The adopted approach is based on a concept of a classification 
modeL Classification models are defined as an automated se
quence of operations applied to image and non-image spatial 
data which results in a land-cover classification. Classification 
models rnay be considered analogous to cartographic models 
defined for geographic information systems (Tomlin and Berry, 
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