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‘ General Overview I @

C The major objective in mulimodal fusion is to integrate multiple sources of information in order to
infer knowledge that could not have been supplied by any single modality alone.

C Information is acquired via some type of sensory devices that have their own interpretation of the
sensed environment and thus provides a particularly distinctive set of properties.

C Here we will address parallel implementations of multidal fusion method in Grid environment,
using latest IT technologies

C Major goals in this approach are the interpretation of the scene/environment using parallel
algorithms capable of integration/fusing information and in assessment of existing middleware and
current implementation for Grid computing.
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‘ Data Fusion MethodI

Our objective is to fuse information M, provided by one knowledge source S, with information
M, provided by a second source S,

We assume M, and M, are continuous in x-y space, registered and correlated to some extent.

The fused result can be written as a function of the two inputs as an expansion of converging
Taylor series in terms of the powers of the inputs as:

M (%, y) = H[M, (% Y M, (x y)] = & & ¢, M. (x y)M (x y)

i=0 j=0

A first order approximation for the normalized M(x,y) can be obtained using normalized M1 and
M2 and using coefficients cij to normalize M(x,y) as follows:

) ) a= ClO/(ClO + C01)
M norm(x’ y) =da Clvll(x’ y) +o M Z(X’ y) b= COll(Clo + C01)

a+b=1
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‘ Data Fusion MethodI

We use two principles to integrate multi-modal information:

The Knowledge Source Aggregation is an accumulation process which tends to maximize
the final belief in a given proposition if either the knowledge sources supports the occurrence of this
proposition. This enables the sources to corroborate and to ensure that the given feature from either
knowledge sources to be represented at the output. Elimination must also be confirmed by the other
source, so a feature not detected by one sensor but detected by the other will still be present at the
output.

The Belief Enhancement/Withdrawal principle adjusts the belief in the second knowledge
source by maximizing the similarities between the two. If there is a feature present, then one source
of knowledge should validate the existence of that feature which was given by the other knowledge
source.

The two analytically formulated constraints are the foundation to the fusion technique which
shall increase the ability to interpret information available
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‘ Data Fusion MethodI

Using the two principles, a regularized formulation of the fusion problem can be put in the
following form, using Lagrange multiplier technique:

b’a+A@,+B@&,+C@ =D

The solution to the first order approximation is obtained solving the partial differential equation.
The fusion result can then be calculated from :

M porm(X, ¥) = a(x, y) M, (x y) + (1- a(x, y)) O, (x.y)

Note:

1. Efficient solution cannot be achieved using exact solution for equation.
2. lterative methods are the correct choice in terms of computational efficiency.
3. Important speed-ups can be achieved using preconditioning techniques to enable faster

convergence rate.

a4 <« p b

Grid2T, April 2008, Timisoara



‘ Data Fusion Algorithm I

In order to use a CG algorithm, we reformulate the objective function as a system with N?
equations and N? unknowns like :

A\ V)

C C C C C
m=b*a+Aa, +Ba,+Ca- D=0
We minimize this objective function by finding an & which gives the closest value to

zero for

Finally (using (k) for (x,y)) the objective function can be expressed as:

Y(65=glni=

2
1%}

“

N2 » Ak

.. Bk
a 'ak—1+ak+1+ak—N +ak+N - 4ak)+?(ak+N - ak—N)+?(ak+1_ ak—1)+Ckak -D
k=1
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‘ Data Fusion Algorithm I O
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‘ Data Fusion Algorithm I
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‘ Data Fusion Algorithm I

Implementation of the algorithm making use of high performance computing facilities must
be based on an optimum balance between two concepts:

Algorithm parallelization, based on efficient implementation of the CG method on
parallel computers;

Domain decomposition, based on efficient input data division among existing
computational resources based on graph partitioning methods.

Grid environment is able to provide all requested resources for an efficient solution for
data fusion, both in terms of costs and reliability.
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‘ Data Fusion Algorithm I
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