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Overview of single-channel NR algorithm
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Previous Lecture:
What kind of processing?

For example power spectral subtraction

Power spectral subtraction is very simple, but
• It is rather heuristic (although it can be shown to follow as a ML 

estimate).
• It does not optimize a specific distortion measure.
• Quality of the noise reduced speech is not great.
• Noise reduced speech contains a lot of musical noise.
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Today:

• More advanced estimators that are 
• Mathematically more solid
• Derived under distributional assumptions 

that match distribution of speech DFT 
coefficients.

• An alternative way to the Bartlett estimate for speech 
PSD estimation that reduces musical noise and 
increases quality.



Wiener Smoother - Time Domain



Wiener Smoother - Time Domain



Wiener Smoother - Time Domain

Cross-correlation auto-correlation



Wiener Smoother - Time Domain
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Compact notation: h = R�1
Y Y rSY ! ŝ = hTy



The Wiener Smoother - Freq. Domain

Taking Fourier Transform (and assume long frames).
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The Wiener Smoother - Freq. Domain
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The Wiener Smoother - Freq. Domain
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The Wiener Smoother - Freq. Domain

h = R�1
Y Y rSY = R�1

Y Y rSS
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The Wiener Smoother - Freq. Domain
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The Wiener Smoother - Freq. Domain
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The Wiener Smoother - Freq. Domain
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MMSE and Conditional Mean
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MMSE and Conditional Mean



1/3/2010 22

MMSE and Conditional Mean
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MMSE and Conditional Mean
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MMSE and Conditional Mean
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MMSE and Conditional Mean
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MMSE and Conditional Mean

pY,Z(y, z)
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MMSE and Conditional Mean

pY,Z(y, z)
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MMSE Estimation for Noise Reduction
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MMSE Estimation for Noise Reduction
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MMSE Estimation for Noise Reduction
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MMSE Estimation for Noise Reduction
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The distribution of DFT coefficients 
and the Central Limit Theorem
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The distribution of DFT coefficients 
and the Central Limit Theorem
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Speech DFT coefficients:
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Noise DFT coefficients:
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Histograms of Noise DFT coefficients:

Taken from: T. Lotter and P. Vary, “Speech enhancement by MAP spectral amplitude estimation using a 
super-Gaussian speech model”. Eurasip Journal on applied signal processing 2005:7, 1110-1126
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Distributional Assumptions
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MMSE Estimation for Noise Reduction
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Are Real and imaginary parts of DFT 
coefficients independent?
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Distribution of speech DFTs
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Distribution of speech DFTs

Conclusion:
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Distribution of speech DFTs

Apparently, speech DFTs are not Gaussian distributed.
Instead, such peaked distributions are known as super-Gaussian 
distributions.



43

Distribution of speech DFTs Rayleigh
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Distributional Assumptions –
Conclusion:
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The Estimator E[S|y]

The picture can't be 
displayed.

Jacobians 
of the two 
transforms
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The Estimator E[S|y]

known known

Substitute the two densities and solve the integrals.
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The Estimator E[S|y]

Wiener!
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Examples of Gain Functions
Wiener 

gain
Super-Gaussian 

based gain
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MMSE Estimation for Noise Reduction
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Demonstration

• Noisy 5 dB SNR

• Wiener filter complex DFTs - E[S|y]

• Super-Gaussian complex DFTs - E[S|y]
• Gaussian magnitude DFTs - E[A|y]

• Super-Gaussian magnitude DFTs - E[A|y] 
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Overview of single-channel NR algorithm
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A priori SNR estimation
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A priori SNR estimation
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A priori SNR estimation – ML approach
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A priori SNR estimation
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A priori SNR estimation
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A priori SNR estimation
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A priori SNR estimation
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Enhancement Results
• SNR estimated with ML approach.
• Estimator: Wiener smoother.  
• Input SNR: 15 dB (white Gaussian noise).

clean noisy Processed ML approach
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Enhancement Results
• A priori SNR estimated with DD approach.
• Estimator: Wiener smoother.  
•Input SNR: 15 dB (white Gaussian noise).

clean noisy Processed DD approach
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Overview of single-channel NR algorithm


