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Noise Reduction in the Spectral Domain

» Spectral analysis — noise reduction — synthesis:

segmentation el overlap/add
X X — | DFT (- —IDF T X X
. R reduction . R
analysis synthesis

» Advantages of spectral processing:

® good separation of speech and noise
® decorrelation of spectral components

® integration of psychoacoustic models
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MMSE Estimation

» Optimal estimate for independent real and imaginary
parts:
E{S|Y}=E{Sr|Yr}+JE{Sr| Y1}

» Estimation of either the real or the imaginary part:

o o)

E{Ss | Yo} =/ Sop(Se | Yo )dSe

— OO

» Application of Bayes theorem:

P(;<>) /_Oo Sop(Yo | So)p(Se)dSe

» What is the appropriate prior density p(S¢) ?

E{Ss | Yo} =
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Prior Densities for Real and Imaginary Part

» Gaussian pdf:

1 S2
exp(——2)

Vo, o2

p(Se) =

» Laplacian pdf:

1 2|Ss |
P(S¢o) = —exp(—

S O-S

)

» Gamma pdf:
V'3
2\/71'0'3\4/5

V3| S|
V20,

p(Se) = S| 72 exp(—
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Histogram of DFT Coefficients for Speech
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Histogram of Speech Coefficients (enlarged)
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Histogram of DFT Coefficients for Car Noise
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Histogram of Car Coefficients (enlarged)
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MMSE Estimator for Gamma Speech Priors

E{S|Y} =E{Sr|Yr}+JE{S!| Y1}
E{Sr | Yr}

B o (exp(G%_/2)D_1.5(vV2GRr-) — exp(G? Rre/2)D_1. 5(V2GRy))

22 (exp(G2 /2)D_0.5(vV2Gr-) + exp(G% /2)D—0.5(V2Gr1))

\/—U'n:I:_ GI:I::\/_O-n:I:_
2v/20s  On 2v20, Oy

D_y.5(z) and D_4 5(2) are parabolic cylinder functions.
E{Sr | Yr}

B on(exp(G?_/2)D_15(vV2G1_) —exp(G7, /2)D_1.5(vV2G14))
 2v2 (eXp(G%_/z)D—Oﬁ(\/_GI—)+eXP(G1+/2)D—O.5(\/_GI+)>

Grt+ =
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Gaussian Noise and Gamma Speech Prior
5

— Gamma speech pdf | A
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Gaussian Noise and Laplacian Speech Prior

E{Sr | Yr}

[LR_|_ exp (L2 ry)erfc(Lry) — Lr— exp(LZR_)erfc(LR_)}
exp(L%, )erfc(Lry) + exp(L3_)erfc(Lr_)

and
E{Sr | Yr}
[LI+ exp (L2 7 )erfe(Lr4) — Li— exp(L%_)erfc(LI_)]
- exp(Li, )erfc(Lii) 4 exp(LF_)erfc(Ly_)
with
On Y, On Y,
Lpy = — + — Lp. = — - =
O On Os On
On YI On YI
Liy = —+ — Ly =———
Os On Os On
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Gaussian Noise and Laplacian Speech Prior
5
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Segmental SNR Improvement (White Noise)

seg. SNR

after
enhancement

Gamma/GauR
or - — Wiener
| | — no enhancement
_5 i i i i j
-5 0 5 10 15 20

seg. SNR before enhancement

B 1IN

Prof. Dr.-Ing. Rainer Martin @  TU Braunschweig Seite 14




Relative Improvement w.r.t. Wiener Filter
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Conclusions

» Analytic solution for MMSE estimation of DFT coeffi-

cients with Gamma or Laplacian speech priors.

® Segmental SNR improvement of 0.3 ... 0.5 dB with

respect to Wiener Filter,
® Relative improvement of segmental SNR of 5 - 25 %;

® New estimator delivers audibly more transparent

speech,;
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