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- Single microphone.

- Real-time capable.

- Adaptive to changes in noise/signal.
- Processing in frequency-domain.

- Unsupervised.
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Short-Time Fourier Transform
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DFT

—_— e Window Function h(n)—

k N e M >
segment length overlap

x1(t) }—%Avgvgﬂ
%(t) Pv%gvﬂvﬂvavpvﬁ
x(t) }-ﬂvﬂv&vﬂvﬂvﬁvﬂvﬂvﬁvA—{

Xk (F)I

3/15



(Weighted) Overlapp and Add
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METHODS



Spectral Subtraction

Noise Estimation

noisy signal~_ -noise
y(t) = x(t) + d(t) | ster P2
sigé arg "
<« ISTFT

|-1P

Open Questions:

- How to estimate noise?

HVP

- How to handle negative magnitude values after subtraction?
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Spectral Subtraction: Results

Original Spectral Subtration

Frequency [kHZ]
=
Frequency [kHZ]

Time [s] Time [s]

Issues

- Residual (musical) noise.
- Too much subtraction leads to speech distortion.
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y(t) =x(t) + d(t)  where XU = algia®  ylHl _ gl
Usually: G (¢l 4H) e R
spectral signal power
—| STFT : G 3 [/?] (a priori SNR)
Gl (R[’?]) o

N\ (Kl .— (a posteriori SNR)
<~ ISTFT X [4]

% Ad

\ spectral noise power

Need to be estimated!
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Minimum Mean-Square Error Spectral Amplitude Estimator (MMSE)

Idea: Minimize

- { (a1 _A[k])z}
Solution: (Assumes Gaussian distribution)
Al — g {A[fel | y[’?]}

= G <§[klm[kl> . RIA

STFT

Ikl

ISTFT

& Estimation

—>|

Noise Estimation

Al
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Minimum Mean-Square Error Log-Spectral Amplitude Estimator (log-MMSE)

Idea: Minimize

2
R AR [kl
E{(|ogA[1—|ogA”)} | o7 |25 ¢ Esiion | —

£
Solution: (Assumes Gaussian distribution)
—>{ Noise Estimation
Al — expE{mA[’?] | YW}
b
= Glog-mmsE <f[k]a7[k]> - Rl "
5
v
Notes: _l
- MMSE with different penalization. ~N
< ISTFT <—6</ - G
- Better measure for speech [Gray -
et al. 1980].
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MMSE and log-MMSE: Results

Original Spectral Subtraction

Frequency [kHZ]
=
Frequency [kHZ]

Time [s] Time [s]

MMSE log-MMSE

Frequency [kHz]
Frequency [kHz]

Time [s] Time [s]
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Incorporating Signal Presence Uncertainty (OM-LSA) [Cohen and Berdugo 2001]

Idea: Two hypotheses

A Priori Speech

Rl yIRl — plk [

HE)] : YIfl = plAl ¢ Absence Proba-
Hgk] -yl = xI] 4 plA] bility Estimation g

Conditional Speech

pl .= p (Hgk] | Y['?]) " 7| Presence Proba-

bility Estimation
Solution: ) e

Hq
[ _pltd
6 (& 41) = 6 (e, ) - 61
Estimate pj,, via Gaussian model and G

q[’?] =[P (H([)k]> lG[k]
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Estimating the a priori Speech Absence Probability gl*l

[Cohen and Berdugo 2001]

exp. avg. over time

\Y%

Pframe

A

aq

avg. over freq. globally

\Y4
Pglobal
Rl _ [F] (k] (k]
LIERE Plocal ' Pglobal ’ Pframe

avg. over freq. locally

Plocal
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Estimating the a priori SNR &[4 [Cohen and Berdugo 2007; Ephraim and Malah 1984]

Maximum Likelihood:

r_y[fg,n]:a,-y[fe,n—ﬂ_’_(»]_a) 5 0<a<t g>1

£ = max {"y[k’”] -1, O}

Decision-Directed:

£lenl — aGﬁh (é[fe,n—ﬂ,,y[l?,n—ﬂ) Alen=T 4 (1~ o) max {,y[k,n] —q O}

Decision-directed approach usually has less musical noise.
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Adaptive and Robust Noise Estimation (/\Ef]) [Cohen and Berdugo 2001]

Minima controlled recursive averaging (MCRA):

avg. over freq.  exp. avg. over time decision ratio exp. avg. over time
localized minimum speech indicator

\

AL
i

A
VIV Iy

TN

Vo
LA

S5 /Smin >6=1
Y <06=0
S
5 e s
2 Pd
S\Lfe,n—H] _ dge,n] 'S\Ef’n] + (1 _ &ge,n]) ] ‘Y[[Q’n]
&P = ag + (1 ag)plP"
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Results

Original MMSE
8
z *E
g y 2
[} [}
Lo
Time [s] Time [s]
log-MMSE OM-LSA with MCRA
T T
2 2

Time [s] Time [s]
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DEMONSTRATION
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