DIGITAL SIGNAL PROCESSING

Microphone

Springer

Sony v. Jawbone
U.S. Patent No. 11,122,357

Sony Ex. 1003




























-10 -



-11 -



-12-



-13-



-14 -



-15 -



-16 -



-17 -



-18 -



-19 -



-20 -



-21-



-22 -



-23 -



-24 -



-25-



- 26 -



-27 -



-28-



-29 -



-30 -



-31-



-32-



-33-



-34 -



-35-



-36 -



-37 -



-38 -



-39 -



- 40 -



-41 -



-42 -



-43 -



-44 -



-45 -



- 46 -



- 47 -



-48 -



-49-



-50 -



-51 -



-52 -



-53 -



-54 -



-55.



- 56 -



-57 -



- 58 -



3  Post-filtering Techniques 43
and the correlation matrix may be expressed as
B,y = Pasdd? + By (3.15)
Congequently, the optimum weight vector may be written as
Wopt = Pz haed = [Boxdd¥ +6,,] 7 deod. (3.16)

The multi-channel Wiener filter can now be factorized into an array processor
and a single channel post-filter by applying the Sherman-Morrison-Woodbury
formula

[A-'+BC'BY]” = A- AB(C + B"AB)'B7A (3.17)
which is also known as the matrix inversion lemma [35]. Substituting
A=%,""t B=+/pd, and C=1 (3.18)

into (3.17), and taking into account that the Hermitian form d"®,, 'd is
scalar and real valued, the MMSE solution (3.16) can be transformed into

AR By,
Wopt = [Qw.-v‘_l — Pssfyn dd f;j ] ﬁﬁssd
1+‘f’ssdH¢vv d
=[1__¢’&wld ]¢ &,,'d
1+ ppedfidy, 1d] "

¢88 } -1
= &, 'd
[1 +odfip,, ~td| "

= Pss ds‘uwild
o Hp, ~1d)”' | df&, 'd (329)
thes + (d Puy d) HE

Fquation (3.19) shows that the multi-channel Wiener filter (3.10) can be
written as the producl of the weight vector of the MVDR beamformer, (see
Chapter 2) and a real-valued scalar factor. A similar result is used in [36] and
[1] to show that the multi-channel Wiener and the MVDR solution yield the
same SNR if the input is narrowband. In this case the MVDR beamformer is
preferable since it is data incdependent (i.e. completely defined by the spatial
configuration of signal and noise sources), whereas the Wiener solulion is
data dependent (¢y; must be known or estimated) and is therefore much
more difficult to handle. However, MVDR and Wiener solutions yield the
same SNR only if the input consists of a single frequency. For the broadband
case (which has already been discussed in [37]), the scalar factor becomes a
subband or frequency domain post-filter that may significantly improve the
SNR.
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