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Let                                           be the observed   process

Define          local models  by  a   model   distance functional: 

Examples

• Geometrical clustering:                   - cluster centers

Model Distance Functional



Let                                           be the observed   process

Define          local models  by  a   model   distance functional: 

Examples

• Geometrical clustering:                   - cluster centers

• Gaussian clustering:                          - Gaussian parameters 

Model Distance Functional



What is “clustering“?

Find                                                     such that for each       :

subjected to constraints:

Clustering Problem: definition



Find                                                     such that for each       :

subjected to constraints:

Numerical Method: Subspace Iteration (splitting scheme)

No global convergence (non-convex optimization, simulated annealing) 

Averaged Clustering Functional



K-Means clustering: problems



K-Means clustering: Toy Example I



K-Means clustering: Toy Example I



Distribution 2Distribution 1
Switching between

the distributions

K-Means-Algorithm

K-Means clustering: Toy Example II



colouring from 
geometrical clustering

K-Means-Algorithm

K-Means clustering: Toy Example II

Problems:
1. Euclidean distance may be not appropriate
2. geometrical clustering gets no use of temporal information



Manifold Clustering (H.06-07)
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Manifold Clustering (H.06-07)

μ

T

x
t

Idea: Essential manifold
can be appproximated by 

linear attractive manifolds+switching
i=1

i=2

H./Schmidt-Ehrenberg/Schütte 06
H. 07

Problem 1:

m << n



Fuzzy C-Means Algorithm



Fuzzy C-Means Algorithm



Fuzzy C-Means Algorithm



Fuzzy C-Means Algorithm



Fuzzy C-Means Algorithm

Just to “fuzzify“ is not enough!



=

Incorporation of Temporal Information

identification of “persistent states“

Let                  on                                                  be differentiable and 

, i. e. :

Problem 2:

Number Of Jumps
Time Interval

=



Tikhonov-type Regularization

incorporation of temporal information

Let                  on                                                  be differentiable and 

, i. e. : 

subjected to

Regularized clustering functional: 

Problem 2:

(H. 08,  to appear in SISC)



FEM: Regularized Clustering Functional

Regularized clustering functional: (H. 08,  to appear in SISC)



FEM: Regularized Clustering Functional

Regularized clustering functional:

Galerkin-Ansatz :

where                                              ,    and    

(H. 08,  to appear in SISC)



FEM-Discretized Clustering Functional

subjected  to

where

is a vector of FEM-discretized model distances and                 is     

a mass-matrix of the FEM-basis

Iterative S
ubspace M

inim
ization:

sparse Q
P

can be used
(H. 08,  to appear in SISC)



Algorithm: monotony conditions

Convergence to a local optimum only!

(coupling to some global opimizer necessary)



Toy Example I



Toy Example I



Toy Example I



Toy Example I

How to determine the optimal K: probabilistic model assumptions
a posteriory



Toy Example I

How to determine the optimal ε: standard L-Curve approach
from Tikhonov-regularized linear least-squares problems
(Cullum(79), Hansen(99)) 
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