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Genauigkeit thematischer Kartenwerke Lagegenauigkeit Beispiel Zusammenfassung

Thematische Genauigkeit

Elemente
Genauigkeit quantitativer Attribute
Richtigkeit nichtquantitativer
Attribute
Richtigkeit der Klassifikation
Vergleich der den Objekten oder
ihren Attributen zugewiesenen
Klassen mit einer allgemein
anerkannten Aussage oder mit
einem Referenzdatenbestand

ISO 19138 (2006).

Geographic information: Data Quality Measures.
Technical report, International Organization for Standardization,
Geneve, Switzerland.

PAS 1071 (2007).

Qualitätsmodell für die Beschreibung von Geodaten.
Technical report, DIN Deutsches Institut für Normung e.V., Berlin.

Konfusionsmatrix

extent of classes over a region (Czaplewski, 1992; Hay,

1988; Jupp, 1989; Prisley & Smith, 1987; Van Deusen,

1996; Yuan, 1997).

Many measures of classification accuracy may be

derived from a confusion matrix. One of the most popular

is the percentage of cases correctly allocated. This is an

easily interpretable guide to the overall accuracy of the

classification. If attention focuses on the accuracy of indi-

vidual classes, then the percentage of cases correctly allo-

cated may be derived from the confusion matrix by relating

the number of cases correctly allocated to the class to the

total number of cases of that class. This may be achieved

from two standpoints, giving rise to the somewhat awk-

wardly termed (Janssen & van der Wel, 1994) user’s and

producer’s accuracy, depending on whether the calculations

are based upon the matrix’s row or column marginals

(Campbell, 1996; Story & Congalton, 1986). The calcula-

tion of these, and some other major indices, is illustrated in

Fig. 1 for data obtained via simple random sampling. In the

derivation of these indices, a number of fundamental

assumptions are typically made. For example, it is generally

assumed implicitly that each case (e.g., pixel) to be clas-

sified belongs fully to one of the classes in an exhaustively

defined set of discrete and mutually exclusive classes

(Congalton et al., 1998; Congalton & Green, 1999; Lewis

& Brown, in press; Townsend, 2000).

Although informative, measures such as the percentage

of cases correctly classified have often been criticized. A

major problem for some users is that some cases may have

been allocated to the correct class purely by chance (Con-

galton, 1991; Pontius, 2000; Rosenfield & Fitzpatrick-Lins,

1986; Turk, 1979). To accommodate for the effects of

chance agreement, Cohen’s kappa coefficient has often been

used and some commentators argue that it should, in some

circumstances, be adopted as a standard measure of clas-

sification accuracy (Smits et al., 1999). The kappa coef-

ficient has many attractive features as an index of

classification accuracy. In particular, it makes some com-

pensation for chance agreement and a variance term may be

calculated for it enabling the statistical testing of the

significance of the difference between two coefficients

(Rosenfield & Fitzpatrick-Lins, 1986). This is often import-

ant, as frequently, there is a desire to compare different

classifications and so matrices. To further aid this compar-

ison, some have called for the normalization of the con-

fusion matrix such that each row and column sums to unity

(Congalton, 1991; Smits et al., 1999).

Accuracy assessment has been a topic of considerable

debate and research in remote sensing for many years. This

is in part because the promoted standard methods such as

the kappa coefficient are not always appropriate. Moreover,

there is nothing unique about the kappa coefficient in

compensating for chance agreement or in allowing the

significance of differences in accuracy to be evaluated as

these are features shared with other accuracy metrics. As a

topic, however, accuracy assessment has matured to such an

extent that many have called for a standardization of both

the method of assessment and style of reporting, often with

target accuracy thresholds specified (e.g., Congalton, Green,

& Teply, 1993; Smits et al., 1999; Thomlinson, Bolstad, &

Cohen, 1999). These target accuracies often tend to be based

upon the influential work of Anderson, Hardy, Roach, and

Witmer (1976). Typically, the specified requirements take

the form of a minimum level of overall accuracy, expressed

numerically by some index such as the percentage of cases

correctly allocated, and a desire for each class to be

classified to comparable accuracy. Thus, for example,

Thomlinson et al. (1999) set a target of an overall accuracy

of 85% with no class less than 70% accurate. Additional

features typically called for are the provision of more than

one measure of classification accuracy (Muller et al., 1998;

Stehman, 1997a), with associated confidence limits (Steh-

man, 1997a; Thomas & Allcock, 1984), together with the

confusion matrix (Stehman, 1997a), sometimes normalized

(Congalton, 1991; Smits et al., 1999). Thus, although there

is no set standard method, there is a fair degree of consensus

about the general format that accuracy assessment and

reporting should take, with some recommended techniques

seen as virtual standards and are widely adopted (Congal-

ton, 1994). Indeed, some regard the remote sensing com-

munity as being ripe for further standardization in regard to

accuracy assessment and reporting (Smits et al., 1999).

Fig. 1. The confusion matrix and some common measures of classification accuracy that may be derived from it. The highlighted elements represent the main

diagonal of the matrix that contains the cases where the class labels depicted in the image classification and ground data set agree, whereas the off-diagonal

elements contain those cases where there is a disagreement in the labels. In the example shown, the number of classes, q, is 5. Note that simple random

sampling has been assumed; alternative formulae exist for matrices based on different sampling designs.

G.M. Foody / Remote Sensing of Environment 80 (2002) 185–201188

Die grau hervorgehobenen Elemente der Hauptdiagonalen
repräsentieren die Fälle, wo Referenz und Klassifikations-
ergebnis inhaltlich übereinstimmen. Die übrigen Fälle außerhalb
der Diagonalen enthalten dagegen die Fälle, wo Referenz und
Klassifikationsergebnis keine Übereinstimmung aufweisen.

Foody, G.M. (2002).

Status of land cover classification accuracy
assessment.
Remote Sensing of Environment, 80, 185 – 201.
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Thematische Genauigkeit

Thematische Genauigkeitsmaße

Information measures, including average mutual information
and its normalized forms, have been used in the assessment of
classification accuracy by some researchers, e.g., Finn (1993),
Forbes (1995) and Kew (1996). Though Smits et al. (1999)
thought this approach is less appropriate in relation to the map
end-user, Foody (2002) and Couto (2003) showed interest in it
since a broader range of problems can be tackled by using this
approach and different weightings can be incorporated to show
different importance for different errors.

There is no agreement on a standard approach to thematic
map accuracy assessment and the remote sensing community
does not universally adopt the approaches that are often
recommended to it (Foody, 2002). Each accuracy measure
may be more relevant than others for a particular objective since
different accuracy measures incorporate different information
about the error matrix. The use of different accuracy measures
may result in different, possibly conflicting, interpretations and
conclusions (Stehman, 1997; Foody, 2002).

While Rosenfield and Fitzpatrick-Lins (1986) and Stehman
(1997) described the main characteristics and the relationships

between some of the common accuracy measures, there has
been no research that reports on the consistency between the
existing measures when they rank category or map accuracy.
The aim of this study was to investigate the consistency of both
category-level and map-level accuracy measures through
statistical correlation analysis.

2. Methods

2.1. Data

A total of 595 error matrices compiled from refereed
publications and online sources were used in this study (e.g.
Congalton & Mead, 1983; Congalton et al., 1983; Rosenfield &
Fitzpatrick-Lins, 1986; Congalton, 1991; Stehman, 1992;
Fitzgerald & Lees, 1994; Foody, 2004, and the journal Re-
mote Sensing of Environment volume 84–99). We selected
matrices that met all of the following criteria: an equal number
of rows and columns; all marginal totals must be a positive
number (to permit the calculation of producer's and user's
accuracies); at least three rows/columns (to permit the
calculation of Türk's (1979) GT index); some positive non-
diagonal elements (to permit the calculation of Türk's (1979)
GT index). The number of categories in the matrices ranged
from 3 to 32, however, the majority of matrices had between 3
and 7 categories (Fig. 1). Since the aim of this study was to
evaluate various accuracy measures and not specific classifica-
tion studies, the quality of these error matrices was considered
irrelevant for this study. Therefore, we assumed each error
matrix was representative of the entire mapping domain for each
individual map, a critical assumption for classification accuracy

Fig. 1. The frequencies of the number of categories for the error matrices used in
this study.

Table 2
Category-level accuracy measures (derived from the error matrix in Table 1)

No. Name Formula References

1. User's accuracy uai=pii /pi+ Story and Congalton (1986)
2. Producer's accuracy pai=pii /p+i Story and Congalton (1986)
3. Average of user's and producer's accuracy aupi = (uai+pai) / 2
4. Individual classification success index ICSIi=uai+pai−1 Koukoulas and Blackburn

(2001), Türk (2002)
5. Hellden's mean accuracy mahi=2 / (1 /uai+1/pai)=2pii / ( pi++p+i) Hellden (1980), Rosenfield

and Fitzpatrick-Lins (1986)
6. Short's mapping accuracy masi=pii / ( pi++p+i−pii) Short (1982), Rosenfield

and Fitzpatrick-Lins (1986)
7. Conditional kappa (user's) ckui=(uai−p+i) / (1−p+i)= ( pii−pi+p+i) / ( pi+−pi+p+i) Rosenfield and

Fitzpatrick-Lins (1986)
8. Conditional kappa (producer's) ckpi=( pai−pi+) / (1−pi+)=( pii−pi+p+i) / ( p+i−pi+p+i) Rosenfield and

Fitzpatrick-Lins (1986)
9. Modified conditional kappa (user's) mckui=(uai−1 /m) / (1−1 /m) Stehman (1997)
10. Modified conditional kappa (producer's) mckpi=( pai−1 /m) / (1−1 /m) Stehman (1997)
11. Category-level normalized accuracy cnmai (Normalizing error matrix by forcing the marginal

total of individual category to 1)
Congalton (1991)

12. Ground truth index GTi=( pii−Ri) / (1−Ri) where Ri is lucky guesses (chance agreement),
which can be calculated using Türk's (1979) algorithm.

Türk (1979), Rosenfield
and Fitzpatrick-Lins (1986)

13. Relative change of entropy given a category on map ecnui=(H(A)−H(A|bi)) /H(A) where,

HðAÞ ¼ −
Pm
j¼1

pþjlogðpþjÞ;HðAjbiÞ ¼ −
Pm
j¼1

pij
piþ

log
pij
piþ

� � Finn (1993)

14. Relative change of entropy given a category on
ground truthing

ecnpj=(H(B)−H(B|aj)) /H(B)

where, HðBÞ ¼ −
Pm
i¼1

piþlogðpiþÞ;HðBjajÞ ¼ −
Pm
i¼1

pij
pþj

log
pij
pþj

� � Finn (1993)

608 C. Liu et al. / Remote Sensing of Environment 107 (2007) 606–616

Liu, C., Frazier, P. & Kumar, L. (2007).

Comparative assessment of the measures of thematic classification accuracy.
Remote Sensing of Environment, 107, 606 – 616.
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Positionsgenauigkeit

Elemente
Relative Genauigkeit
Rasterdatengenauigkeit
Absolute Genauigkeit
Maß der Übereinstimmung des
festgestellten Koordinatenwertes
mit dem wahren oder als wahr
angenommenen Koordinatenwert

ISO 19138 (2006).

Geographic information: Data Quality Measures.
Technical report, International Organization for Standardization,
Geneve, Switzerland.

PAS 1071 (2007).

Qualitätsmodell für die Beschreibung von Geodaten.
Technical report, DIN Deutsches Institut für Normung e.V., Berlin.

Wang, Z., Jensen, J.R. & Im, J. (2010).

An automatic region-based image segmentation algorithm for
remote sensing applications.
Environmental Modelling & Software, 25, 1149 – 1165.
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Lagegenauigkeit
Absolute Positionsgenauigkeit von
zweidimensionalen flächenhaften
Objekten

Flächenübereinstimmung
Positionsübereinstimmung
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Genauigkeit thematischer Kartenwerke Lagegenauigkeit Beispiel Zusammenfassung

“The problem of matching objects”

Übereinstimmungsgrad (orange) von geometrischen Prüf- (grün) und
Referenzobjekten (blau)

Prinzipien
Integrative Betrachtung von Positions- und Flächendifferenzen
Hierarchischer und zweiseitiger Vergleich von Prüf- und
Referenzobjekten

Zhan, Q., Molenaar, M., Tempfli & K., Shi, W. (2005).

Quality assessment for geo-spatial objects derived from remotely sensed data.
International Journal Remote Sensing, 26, 2953–2974.
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Möller, M., Lymburner, L. & Volk, M. (2007).

The comparison index: A tool for assessing the accuracy of image
segmentation.
International Journal of Applied Earth Observation and
Geoinformation, 9, 311 – 321.
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Clinton, N., Holt, A., Scarborough, J., Yan, L. Gong, P. (2010).

Accuracy assessment measures for object-based image segmentation goodness.
Photogrammetric Engineering & Remote Sensing, 76, 289 - 299.
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Untersuchungsgebiet

Herne Deutschland
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Untersuchungsgebiet

Herne DeCover 2
(www.decover.info)

Aktualisierungskartierung
Klasse Ackerland
Basisdatensatz: RapidEye vom
24.05.2009 | 31.08.2008 |
15.10.2009
88 Referenzstichproben
Thematische Gesamtgenauigkeit
70 %
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Genauigkeit thematischer Kartenwerke Lagegenauigkeit Beispiel Zusammenfassung

Ergebnisse

Herne Klassifikation (Prüfobjekt)

Referenzobjekt
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Genauigkeit thematischer Kartenwerke Lagegenauigkeit Beispiel Zusammenfassung

Ergebnisse

Verschneidung

RAR = 0,60 RAP = 0,94
RPR = 0,85 RPP = 0,93
RLG = 0,73 PLG = 0,94

GLG = 0,83

Klassifikation (Prüfobjekt)

Referenzobjekt
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Ergebnisse

Visualisierung

Toleranzen: GLGmin = 0,5 (52/88)
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Ergebnisse

Visualisierung

Toleranzen: GLGmin = 0,5 | GLGV ± 0,1 (35/88)
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Ergebnisse

Visualisierung

Toleranzen: GLGmin = 0,5 | GLGV ± 0,2 (45/88)
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Genauigkeit thematischer Kartenwerke Lagegenauigkeit Beispiel Zusammenfassung

ISO- und DIN-Richtlinien
Im Zusammenhang mit den Bestrebungen zur Harmonisierung
von Geodaten ergeben sich erhöhte Anforderungen an die
Qualität von thematischen Kartenwerken.
Während für die Kennzeichnung seit Jahrzehnten allgemein
anerkannte Qualitätsstandards der thematischen Qualität
bestehen, existieren keine Standardmaße zur Beschreibung der
geometrischen Qualität von flächenhaften Landnutzungs- bzw.
Landbedeckungsobjekten.
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Lagegenauigkeit
Absolute Positionsgenauigkeit von zweidimensionalen
flächenhaften Objekten
Zweiseitiger Vergleich von Prüf- und Referenzobjeken
⇒ Hierarchische Qualitätsmaße

Flächenübereinstimmungsgrad
Positionsübereinstimmungsgrad

Tiefenprüfung der thematischen Validierung

Ausblick
Objektausrichtung
Toleranzmaße
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