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Overview of single-channel NR algorithm 
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Lecture 2: 
  

 



DFT Based Noise Suppression 

Today: 

Noise PSD estimation 

•  VAD 

•  Minimum Statistics 

•  MMSE based with speech presence uncertainty. 
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Why PSD Estimation? 
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Why PSD Estimation? 
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Why PSD Estimation? 

Practically all speech enhancement estimators depend on the speech

and noise PSD.

To estimate PSS,k(l) we already discussed the

• Maximum likelihood estimator

• Decision directed approach.

However, in practice we also have to make estimates P̂NN,k(l).
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Voice Activity Detection 
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Voice Activity Detection 
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Bayes Hypothesis test 
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Bayes Hypothesis test 
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Bayes Hypothesis test 
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Combining the Likelihoods 

13 



VAD Example 
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Disadvantages of VAD 
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Noise PSD Tracking During Speech 
Presence 

Car noise: Train noise: 
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Noise PSD Tracking During Speech 
Presence 
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Minimum Statistics Based Noise 
PSD Estimation 

•  Method to estimate power spectral density of non-stationary 
noise, given a single realization of a noisy speech signal, 

•  No explicit voice activity detection, 

 
•  Makes use of the fact that the power in a frequency band seen 

across time, regularly falls back to the level of the noise.  
By taking the minimum of the power across time, estimates of 
the noise level are obtained. 
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Recap: Speech Production 
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Recap: Speech Production 

20 



Recap: Speech Production 
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Recap: Speech Production 
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Principles of MS Noise PSD Estimation 

Observation: 

•  "Even during speech activity a short term power 
spectral density estimate of the noisy signal frequently 
decays to values which are representative of the noise 
power level". 

 
•  "By tracking the minimum power within a finite 

window...the noise floor can be estimated". 
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Principles of MS Noise PSD Estimation 
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Principles of MS Noise PSD Estimation 
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Principles of MS Noise PSD Estimation 

Real example: 
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Reducing the variance 

5
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Reducing the variance 
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Bias Compensation 
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Bias Compensation 
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Tracking Delay - Increasing Noise levels 
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MMSE based Noise PSD Estimation 
using Speech Presence Probability 

32 



MMSE based Noise PSD Estimation 
using Speech Presence Probability 

Speech absence 

Speech presence 
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E[|Nk(l)|2] = EY

⇥
E
⇥
|Nk(l)|2|yk(l)

⇤⇤
Assuming ergodicity we can approximate

the outer expectation over Y by smoothing or averaging over time:
<latexit sha1_base64="wtJQkyooF2nMQ5KEHOKDhFRS1TU="></latexit>



MMSE based Noise PSD Estimation 
using Speech Presence Probability 
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Unknowns:

• P (H0,k(l)|yk(l))

• P (H1,k(l)|yk(l))

• E[|Nk(l)|2|yk(l), H0,k]

• E[|Nk(l)|2|yk(l), H1,k]
<latexit sha1_base64="ecNgpiheGQLsJ4XYjbvCggutp1M="></latexit>



MMSE based Noise PSD Estimation 
using Speech Presence Probability 
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MMSE based Noise PSD Estimation 
using Speech Presence Probability 

How to determine E[|Nk(l)|2|yk(l), H1,k]?

Assuming Gaussian pdfs for N and S it follows that

E[|Nk(l)|2|yk(l), H1,k] =

✓
1

1 + ⇠k(l)

◆2

|yk(l)|2 +
⇠k(l)

1 + ⇠k(l)
�
2
N,k(l)

Notice that ⇠k(l) is unknown. Using the maximum likelihood

estimator ⇠̂k(l) =
|Y |2

d�2
N,k(l�1)

� 1 we get

E[|Nk(l)|2|yk(l), ⇠̂k(l), H1,k] = d
�
2
N,k(l � 1)
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MMSE based Noise PSD Estimation 
using Speech Presence Probability 

unknown

Altogether:

E[|Nk(l)|2yk(l)] = P (H0,k(l)|yk(l))|yk(l)|2 + P (H1,k(l)|y) d�2
N,k(l � 1)
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MMSE based Noise PSD Estimation 
using Speech Presence Probability 

pY |H0
=

1
c�2
N
⇡
exp

 
� |y2|
c�2
N

!

pY |H1
=

1
c�2
N
(1 + ⇠H1)⇡

exp

 
� |y2|
c�2
N
(1 + ⇠H1)

!

Fixed (typical) a priori SNR when speech is present.

P (H0,k(l)|yk(l)) = 1� P (H1,k(l)|yk(l))

P (H1,k(l)|yk(l)) =
P (H1,k(l))pY |H1

(yk(l)|H1,k(l))

P (H1,k(l))pY |H1
(yk(l)|H1,k(l)) + P (H0,k(l))pY |H0

(yk(l)|H0,k(l))
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Tracking Delay - Increasing Noise levels 
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Overview of single-channel NR algorithm 
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Overview of single-channel NR algorithm 
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Overview of single-channel NR algorithm 
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Overview of single-channel NR algorithm 

Noise PSD estimator:

• Voice activity detector

• Minimum statistics

• MMSE based with speech presence uncertainty.


