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Fuzzy Classification
Hard- versus soft-classifiers

Why use soft-classifiers?
– Sub-pixel classification
– Uncertainty of classification/scheme
– Incorporating ancillary data (hardeners)

Fuzzy Classification Steps

• Classification scheme
• (Fuzzy) signatures
• Fuzzy classifiers
• Hardener (defuzzification)
• Classification uncertainty
• Classification accuracy
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Fuzzy Classification Scheme

(Fuzzy) Signatures

• Training sites (homogeneous vs. fuzzy)
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Fuzzy Classifiers

• Bayesian Probability Theory (BAYCLASS)

• Dempster-Shafer Theory (BELCLASS)

• Fuzzy Set Theory (FUZCLASS)

• Linear Mixture Model (UNMIX)

BAYCLASS

• Based on the Bayesian prob. of the hypothesis 
being true given the evidence.

• Hard classification scheme and hard signatures

BAYCLASS and MAXLIKE:
• Maximum likelihood classifier (hard-classifier)
• BAYCLASS classifier (soft-classifier)
• MAXLIKE = Hardened BAYCLASS
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BELCLASS & Dempster-Shafer Theory

• Dempster-Shafer Theory: Dealing with decisions made under partial 
information (i.e., the presence of unknown classes).

• Belief: the degree to which evidence provides concrete support for 
an hypothesis

• Plausibility: the degree to which the evidence does not refute that 
hypothesis
PL(A) = 1 – BEL(Ā); where (Ā) is not (A)

• Belief interval = ABS( Belief – Plausibility)
– High uncertainty: Belief Interval -> 1
– Low uncertainty: Belief Interval -> 0

Fuzzy Set Theory Classifier
An image with m classes and n pixels, its fuzzy partition matrix is:

Fuzzy signature components: mean and covariance matrix
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Classification Uncertainty
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Fuzzy Accuracy Assessment (Green & Congalton 2003)

Fuzzy Error Matrix (Binaghi et al. 1999)

Hard Error Matrix Fuzzy Error Matrix


