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I\/Iultimodal Signal Processing on Manifolds
A Problem setup

Multimodal data:

C U pairs ofsamples (data points):
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A Problem setup

Multimodal data:

C U pairs of samples (data points):
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C The data points are aligned
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\Multimodal Signal Processing.on Manifolds
A Problem setup

Different sources:

¢ Common

C Modality specific




Multimodal Signal Processing on Manifolds

A Example sound source activity detection
C Given audio visual signals:
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A Example sound source activity detection

C Given audio visual signals:

C Speciatase: voice activity detection
C Challenge: structured modallgpecific interferences
A Head movements (we do no preprocessing) o ehe

, o | 3 S YA
A Acoustic noises and transients




C Any type of modality
C Possibly, multiple modalities (more than two)
C Unsupervised setting no labels

C Thesignals is the data

A No external training datasets

C Online/batch
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 Multimodal Signal Processing on Manifolds
A Problem setup contd
Goal:

C Data fusion

C Unifiedrepresentation{ }* N T
{o oix h: ‘el }o - ®

C Reducehe effect ofstructured interferences
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A Related open questions

C Limited availability of sensors over time
o refu O - O
A Do | need the data from all of the modalities?

C Multi-modal correspondence

A 6Correlatiorg
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A Manifold learning

We take the kernel based geometric

approach
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Vultimodal Signal Processing on Manifolds
Background the single modal case

C Geometric assumption: low dimensional structure

C Goal:a representation that respects the geometric structure

C Preserve local affinities
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Manifold learning the single modal case
Diffusion MapsCoifman& Lafon0o6):

C Construct an affinity matrix~ s 20 ¢hx A Q(E) ® §)
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Manifold learning the single modal case

Multimodal Signal Processing on Manifolds

Graph interpretation [Keller et dl0]

C Eachpoint is a vertex

C The weights of the edges:

O (&F0) AQ(E)”O ° “)

C Anedgeexists betweersimilarpoints
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Manifold learning the single modal case
Graph interpretation Coifman& Lafon06, Keller et alLOJ

C Assumptiona single geometristructure

C A necessargondition: aconnected graph

C In particular: b

A eachpoint isconnected

(to atleast one other point)




Kernel Based Multimodal Signal Processing

Manifold learning the single modal case

C The tradeoff in kerndbandwidth { ) selectiontrade-off
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Too small kernel bandwidth Too large kernel bandwidth

Disconnected graph Wrong affinities




Multimodal Signal Processing on Manifolds *

Manifold learning the single modal case

Diffusion MapsCoifman& Lafon06):

C Row Normalize ko 1 L

C Eigenvector decomposition of I I I

C~ isthegthrow:




Multimodal Signal Processing on Manifolds
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A Related studieg multimodal case

Kernel based approaches:

C Constructan affinity kernell v g ¢

0 (%) AQ)(D I TO ”)

C Combine the data:
L gl plk )

[Wangl2QL indenbaunet al. 15QMichaeli et al16Q Vestner et al 7
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 Multimodal Signal Processing on Manifolds
A Related studieg multimodal case

C Fusion by the product of kernels:
Al |

1" Rl normalized versions (row stochastic) lbfhlt

C Analysis'n [Lederman &ralmonl6QTalmon& Wu 18Q.

A Representation according to common factors:
('l tehe A1 [@f» )0~ (@)

A Alternating diffusion
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A Limitations of the analysis

C What is the roll of the affinity kernel in the fusion proces

O (2F0) AQ(D”O ° ”)

C How to select the kernel bandwidths,] ?

C How the intensities obhohd (6SNR) effects thefusion?
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Multimodal Signal Processing on Manifolds |
A Main contributions

C Graph theoretianalysis of thg@roduct of kernels:
Al |

C Improvedfusionvia properselection of the kernel

bandwidth o @) Aglp!—)

C Address the task of sound source activity detection
C Onlinesetting and missing data

C The problem of multimodal correspondence

A Audio localization in video
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A Proposed graph interpretatiog multi-modal case

C Thekernel product defines eulti-modalgraph

C Pointst andd are connected il ;T
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Modality 1 Modality 2 Multi-modal
Graph Graph Graph
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A Proposedgraph interpretationc multi-modal case

Propositionl [Dov, Talmon, and Cohen IEEE TSP 164:
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C Apoint in themulti-modalgraph is connectedf it is

connected at least In one of thmodalities
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Vultimodal Signal Processing on Manifolds
A Proposedgraph interpretationc multi-modal case

C The multtmodal graph may be connected even if the single

+

modal graphs are disconnected

C Previous studies require the same connectivity as in the single

modal case

Gl The kernebbanawidthmay-be;significanmiguced
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Proposed analysis of kern@andwidth selection

C We relate between:

A The kernel bandwidth

A Average number of connections to each point

*
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A Proposed analysisf kernel bandwidth selection

C Assume a statistical model:

A The connectivity between a pair of points:

e P x8PaY
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A lID

A Crossmodality independence
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A Proposed analysisf kernel bandwidth selection

C We study the relation between the average number of

connections Iin the single & multnodal graphs

C Define the average number of connections:
A Y - modality 1
A"Y -modality2

A"Y -multi-modal

Proposition 2 [Dov, Talmon, and Cohen IEEE TSP 164:
the average number of connections in the multi-modal
case: Y—> Y'Y
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The tradeoff

C The tradeoff in kerndbandwidth { ) selectiontrade-off
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VMultimodal Signal Processing on Manifolds
A Proposed algorithm fokernel bandwidthselection

Algorithm outline:

C Select the kernel bandwidfh as in the singlenodal case

C Estimate the average number of connectipns "Y:

AT (G pnHu =B B 0 ()

C Reduce the kernel bandwidth until:
1ty

via an iterative search
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A Sound source activity detection
C Given audio visual signals:

. {p nens=

|




Multimodal Signal Processing on Manifolds _

A Proposed algorithm for sound source activity detection

Proposed algorithm outline:

C Construct themprovedaffinity kernelsd AT A
C Fuse thenodalities:! 4 1

C Use the leadingigenvector N Y

C Activity indicator:
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Multimodal Signal Processing on Manifolds
A Experimental Results

C Voice activity detectionlTransient type:

hammering .




