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A Manifold Learning Algorithm Based on Biharmonic
Spline Interpolation Technique
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(1. School of Electronics and Information Engineering, Foshan University, Foshan 528000, China;
2. School of Information Science and Technology, Sun Yat-sen University, Guangzhou 510006, China)

Abstract; As an effective non-linear dimension reduction method, manifold learning has attracted wide-
spread attention and made great progress. But when sample points are not dense, these algorithms often
become worse or even failed just because the points in some neighborhoods do not meet the requirement of
local homeomorphism. An effective solution to this question is to increase some new interpolation points.
Unfortunately, the points selected by existing interpolation methods nowadays are all linear with the origi-
nal sample points. From the theory of linear algebra, the subspace spanned by the interpolation points
and the original neighbors is the same as the subspace spanned by the original ones; therefore, the inter-
polation points will not improve the linear approximation error either. Moreover, the interpolation points
have no consideration to the native structure and characteristics of the manifold, which deviates from the
purpose of data dimensionality reduction. To this end, a new manifold learning algorithm based on a non-
linear interpolation method called Biharmonic is proposed. Experimental results demonstrate the improve-
ment of the neighborhood structure. The effectiveness and stability of this algorithm are further confirmed
by applying it to the classical manifold learning algorithms.
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Table 2 Comparison of running time with different

interpolation points

Bk dGfERT A =500 A=1000 A=1500 A=2000
ISOMap 0.405 4 4.5526 33.717 2 149.533 3 329. 667 4
LLE 0.0883 0.9534 2.6722 11.2593 22.2532
LTSA 0.0848 0.4788 0.9812 2.4646 5.3107
HLLE 0.2650 1.8259 11.8417 48.8461 140.1155
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