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d Hearing impaired suffer from a loss of speech understanding in adverse
acoustic environments with competing speakers, background noise and
reverberation

Multiple microphones available - spatial + spectral processing

Monaural (2-3) Binaural External microphones
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O This presentation: | |
= Binaural noise reduction algorithms based on ))))
minimum variance distortionless response (MVDR)
beamformer

= Integration with external microphone(s) that
are spatially separated from the hearing aid
microphones

d Main objectives of algorithms:

= Improve speech intelligibility and avoid signal
distortions ; i

= Preserve spatial awareness and directional hearing Wo(w) Wite)
(binaural cues)
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Binaural noise reduction
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Binaural MVDR beamformer
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Minimum-Variance-Distortionless- external microphones
.27 UE2 RN
Response (MVDR) beamformer i o NN
e : : \O T .
Spatial filtering using all microphones e LT
(head-mounted and external) yL1p 3 1 d ura
Yr2 p———— ! = d YR.2
Goal: minimize noise power while preserving : ! ! :
speech component in left and right reference yLﬁMDb—I , ; 1 d YR,
microphone signals dioddd L]
left side wy, WR right side
min E{|wn|*} subject to wix=Xp; v v
W, ’ 2L ZR

min E{|whn|?*} subject to whx = Xp;
WR

f !

noise reduction distortionless constraint

R_'hp

_ R, hp
~ h¥R,'h;’

WR = LR, Thn

WL

Requires estimate/model of noise
covariance matrix (e.g. diffuse) and
estimate/model of relative transfer
function (RTF) of desired speech source

Preserves binaural cues of desired
source, but distorts binaural cues of noise

[Doclo, Kellermann, Makino, Nordholm, IEEE Signal Processing Magazine, 2015]



Binaural MVDR beamformer
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O Goal: preserve binaural cues of residual noise by partly mixing
binaural MVDR output signals with reference microphone signals
left D > U left .
mics |: » MVDR output d n =.0 : blngural MVD_R
- (left) 1-1 (optimal noise reduction,
external LE L e-p »X) but no cue preservation)
R (S W L Z0) T EEURED |.|...>
mic O E: d n =1:reference
T R PR '1} . ]
1y »(X) microphone signals
__H_p M_VDR 1-1 (perfect cue preservation,
right [O-=--- <t (right) right but no noise reduction)
mics D---—T--'--> n output

Note: different procedures available to determine trade-off parameter n
(frequency/signal-dependent, psycho-acoustically motivated)

[Cornelis et al., JEEE/ACM TASLP, 2010] [Marquardt et al., JEEE/ACM TASLP, 2015] [Marquardt and Doclo, JEEE/ACM TASLP, 2018]
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External microphones
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Exploit the availability of one or more external
microphones (acoustic sensor network)
with hearing aids

[Bertrand 2009, Szurley 2016, Yee 2018, Farmani 2018,
Kates 2018, Ali 2019, G6Bling 2019]

Integrating external microphone(s) with
hearing aid microphones may lead to:

Low-complexity method to estimate ewtft%@_l mierophones
- - -7 YE.2 AR
relative transfer function (RTF) TR yEA,
vector of target speaker NO T
Improved noise reduction and binaural b i d vrt
- YL,2 k)— 1 : d YR,2
cue preservation performance ; ; | ;
yL.mppo—— | | : d YR, My
—1 —1 L R
Wi = HRn _l;L ; WR = I]}n _};R left side wr, wg right side
hR, 'hy h R, 'hg T v




One external microphone:
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Harin RTF estimation

Estimate RTF vector of target speaker to steer binaural MVDR beamformer

Spatial coherence (SC) method: assume that noise components in external
microphone and HA microphones are uncorrelated, e.g., when external microphone
is spatially separated from HA microphones + diffuse noise field

— correlate HA microphone signals with external microphone signals and
normalize by reference element

Low computational complexity with similar (even better in practice)
performance than state-of-the-art covariance whitening approach

high Low spatial _ _
coherence between arc? — Rg‘eE Cap’k = RgeE
noise components in elRyeg’ el Ryep
local array signals
and external

low L] J microphone signal

&SCE _ | a- [I2ar, O2nrx1| Wi
“ g L a(l + ) - epwr

[G6Bling, Doclo, Proc. IWAENC 2018] [G6Bling, Doclo, Proc. ICASSP 2019 |
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9% close to EM moving far from EM
5 moving loudspeaker NS S |
' - %- FIX
O - 8- CW
- ©- SC
—H— CWE
—o— SCE
e E M
| Time [s]
M 1.5 ] « MVDR with external microphone (SCE) leads to
= better SNR compared to MVDR using only HA
a Ly . microphones (SC,1X) and external microphone (EM)
3 050 | =5 =4 —— =3| *+ MVDR using estimated RTFs (SCE, SC) preserves

| | | | | binaural cues of target speaker compared to
FIX CW o SC CWE SCE fixed MVDR (F1X) and external microphone (EM)

Oldenburg Varechoic Lab (T4, = 350ms), M=4 + 1 external mic (1.5m/0.5m), moving speaker, pseudo-diffuse babble noise, iISNR=0dB (right HA)
STFT: 32 ms, 50% overlap, sgrt-Hann; SPP in external microphone; smoothing: 100 ms (speech), 1 s (noise)

[G6Bling, Doclo, Proc. IWAENC 2018] [G6Bling, Doclo, Proc. ICASSP 2019 |
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» Each external microphone vyields (different) RTF estimate  ..tcrna microphones

________
- =~

- Linear combination/selection of RTF estimates PN
ARy T
aSC—C — AECC yL1 P r ________ -' d VR
L o efAECc YL.2 p E : d YR,2
YL.Mp D—I i : d YR.Mp
1. Input SNR-based selection dyie by
left side wry, WR right side
iSNR A eg,z‘RyeE,i T T
C = eE’,z y 1 = arg mz_aX m 21 n
2. Simple averaging 1

av_[1 o 1]
= a1

3. Output SNR-maximizing combination

ABSNR [dB]

mSNR out —1
c = arg max SNR =P{A; A,
& ma BMVDR,L {As } CW SC-1 SC2 SC-3 |[iSNR AV mSNR

[G6Bling, Middelberg, Doclo, submitted to WASPAA 2019 |
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Real-time demonstrator ;
(during coffee break) Rl

4 Ul Figure = O X

Run Program

Method
Unprocessed Input
External Microphone Input
MVDR (Fix)
MVDR (SC)

[ |Filtering External Mic

Advanced Settings
Parameters FFT Settings |

V| spp SPP Channel |:Extemal Mic v |

Turning the SPP off is directly
coupled with tunring the MVDR
into an MPDR.

[ "] Partial Noise Estimation

Smoothing for noise covariance matrix [ms]
Trade-off § L
Parameter |IIII|IIII[IIII|I|11|IIII| (NN RN RN RN RN RN AN

0 02 04 06 08 1 50 125 200 275 350 425 500
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Including external microphone in binaural MVDR-N beamformer leads to:

Larger output SNR for same trade-off parameter n
Same output SNR with larger trade-off parameter n — better cue preservation

MVDR MVDR-N eMVDR eMVDR-N
Si (HA) (HA) (HA+ext) (HA+ext)
P:s O B~ B v, [ Je: I v [ w,
30 . 1 ;
PP
0.8}
7\
PP = %20 _ g 0.6 | .
o & S =
R < 04} 1
Pp g 10
0 04
Py Py Py Py

Starkey database with real-world recordings (T, = 620ms), M=4, target speaker S;, multi-talker babble noise, 0 dB input iSNR (right hearing aid)
MVDR: perfectly estimated noise correlation matrix, RTF of target speaker estimated using covariance whitening method

[G6Bling, Doclo, Proc. HSCMA 2017] [G6Bling, Doclo, submitted to IEEE/ACM TASLP ]



Current/future work

. universitat
arin OLDENBURG
4all
= Performance analysis for o P—
different acoustic scenarios | 2 Bl [ Binewwar ] 20
external P——t¢4—|  spatial | spectral |
(interfering speakers) gt | e p"“f}“e’m‘*
u SynCh ronizationllatency issues I‘:n-l:-i-_i-_: f1) Computational acoustic
I--:_—-E scene analysis (CASA)
= Complex and time-varying
scenarios: incorporate ~
computational acoustic scene & o ™ L Al
analysis (CASA) into control path e
of developed algorithms Sk vyt ;-
= Subjective evaluation of binaural )
speech enhancement algorithms & E
with HA/CI users ongoing 0

| " | | | | = |
0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
Time (s)
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