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Based on Manifold Distance
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Abstract
proposed by using a novel manifold distance based dissimilarity measure which can measure the geodesic distance along the

In this study, a novel artificial immune system algorithm for unsupervised classification and recognition is

manifold. The new method formulizes the immune response as a quaternion AIR = (G, I, R, A), where G denotes exterior
stimulus or antigen, I denotes the set of valid antibodies, R denotes the set of reaction rules describing the interactions
between antibodies, and A denotes the dynamical algorithm describing how the reaction rules are applied to antibody
population. In order to solve unsupervised classification problems, the new method encodes each antibody as a sequence
of real integer numbers representing the cluster representatives, and searches the optimal cluster representatives from a
combinatorial optimization viewpoint using the dynamical algorithm A. Experimental results on six artificial datasets
with different manifold structures and the USPS handwritten digit datasets show that the novel algorithm has the ability
to identify complex non-convex clusters, compared with the K-means algorithm, a genetic algorithm-based clustering
proposed by Maulik, and an evolutionary clustering algorithm with the manifold distance.
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Fig.3 The typical implementation results on the artificial data sets obtained from AIR, DSEC, GAC and KM
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Table 1  Results of AIR, DSEC, GAC, and KM
on artificial datasets

Adjusted rand index
Hah e AIR DSEC GAC KM
Line-blobs 1 1 0.399 0.409
Sizeb 0.922 0.970 0.924 0.920
Spiral 1 1 0.034 0.033
Squared 0.962 0.835 0.937 0.816
Sticks 1 1 0.440 0.504
Three-circles 1 1 0.033 0.044
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Table 2  Results of AIR, DSEC, GAC, and KM on the
USPS handwritten digit datasets
Adjusted rand index
Bl AIR DSEC GAC KM
{0, 8} 0.912 0.907 0.821 0.6951
{3,5,8} 0.826 0.776 0.569 0.414
{3,8,9} 0.871 0.669 0.693 0.514
{1,2,3,4} 0.957 0.875 0.736 0.646
{0,2,4,8} 0.964 0.912 0.783 0.673
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Fig.4 Comparison of robustness of the four algorithms
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