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For a longer time intervalFor a longer time interval::

The speech signal (The speech signal (multicomponentmulticomponent))::
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Based on the AMBased on the AM--FM modelFM model::
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Dynamic SystemDynamic System, , for eachfor each componentcomponent::
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The measurement equationThe measurement equation::
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For each componentFor each component::

Signal Noise (WGN)

Bandpass
Filtering & 
Demodulation 
Algorithm (ESA)
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îv

Kalman
Filter

ˆ iy

,i if bw



IInstantaneous nstantaneous FFrequency & requency & AAmplitude mplitude 
EEstimation stimation –– (IFAE)(IFAE)

s(k) : s(k) : multicomponentmulticomponent AFM signalAFM signal

Windowing Gabor
Filter

s(k)

ESA
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State EquationsState Equations::
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Measurement EquationMeasurement Equation::
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State EquationsState Equations::
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The signalThe signal::
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Effect of NoiseEffect of Noise
Effect of the AM indexEffect of the AM index
Effect of the FM indexEffect of the FM index



Effect of NoiseEffect of Noise
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Effect of the AM indexEffect of the AM index
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Effect of the FM indexEffect of the FM index
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Speech AnalysisSpeech Analysis
–– Demodulation of the separate Demodulation of the separate 

componentscomponents
–– PhonemePhoneme //eeee// in the wordin the word

m/m/eeee/ting/ting
–– Signal ReconstructionSignal Reconstruction

FormantFormant TrackingTracking
–– Voiced SentenceVoiced Sentence

“Where were you while we were “Where were you while we were 
away?”away?”

--Signal ReconstructionSignal Reconstruction
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Reconstructed SignalReconstructed Signal
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Original Signal:



Enhancement by means of energy Enhancement by means of energy 
estimationestimation
–– Inclusion of noiseInclusion of noise
–– MultibandMultiband signal processingsignal processing
–– Better DemodulationBetter Demodulation
–– Natural backgroundNatural background

Comparing with Comparing with KalmanKalman--MBDAMBDA

Further ResearchFurther Research
Application to SpeechApplication to Speech
–– FormantFormant Evolution ModelingEvolution Modeling
–– Bandwidth ModelingBandwidth Modeling

Theoretical ResearchTheoretical Research
–– System IdentificationSystem Identification
–– Better EstimationBetter Estimation

Complexity ReductionComplexity Reduction
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