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Abstract— In a recently proposed method for selective
attention decoding [1] using electroencephalography (EEG)
recordings the clean speech signals of both attended and
unattended competing speakers are required as reference signals.
In this study, the influence of noisy reference signals on the
decoding performance was investigated. The results show that
the decoding performance is robust to noise up to a certain
signal-to-noise ratio, depending on the acoustic noise type.

. INTRODUCTION AND PROBLEM STATEMENT

In [1] a least-squares method has been proposed to decode
selective attention from EEG recordings in a cocktail-party
situation with two competing speakers. This method however
requires the clean speech signals of both the attended and the
unattended speaker to be available as reference signals, which
is hard —if not impossible— to achieve using acoustical signal
processing algorithms in practice [2].

Let us consider a cocktail-party situation, where the
ongoing EEG responses R of a participant listening to two
competing speakers have been recorded. The attended and
unattended clean speech signals are denoted as x, and x, ,

respectively, and their corresponding envelopes as s, and s, ,

which are assumed to be available in the method proposed in
[1]. To decode a participant’s selective attention using a
decoder W , an estimate of the attended speech envelope is

computed as§, =W 'R, i.e. a linear combination of the EEG

responses. Based on the correlation coefficients
p=p(5s,) and p,=p(8,s,) , it is then decided that the

selective attention has been correctly decoded when p, > p, .

To investigate the influence of acoustic noise on the
selective attention decoding performance of this method, we
assume here that the reference signals used for decoding are
not equal to the clean speech signals but have been corrupted
by noise (e.g., residual noise of an acoustical pre-processing
algorithm), i.e.

Ro =X, +an, , X,=X,+an,

(M
where n, and n, denote different realizations of the same

acoustic noise type, which are assumed to be mutually
independent from x,and x,, and « is a scalar, determining

the amount of noise. The amount of noise is characterized by
the signal-to-noise ratio (SNR), i.e.

SNRxa/xflO'Og(an/xu/aanx ,nx“) where P, denotes the

power of either x, or x, and P,

a!My

denotes the noise power of
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either n_and n, .
1. EXPERIMENTAL EVALUATION AND SUMMARY

Using earphones eight participants diotically listened to
two stories uttered by male and female speakers, each of
length 48 min, and their ongoing EEG responses were
recorded using 96-channel electrodes [3]. The participants
were instructed to attend to only one story during the whole
experiment. For each participant the 48-minute EEG
responses were split into 24 trials, each of length 2 min. The
leave-one-out cross-validation approach was used for training
and testing, i.e. 23 trials were used for training and 1 trial was
used for testing. To evaluate the influence of noisy reference
signals on the decoding performance (DP), two experimental
setups were considered: (a) without noise (a«=0), and (b)
with noise (either white or speech-shaped noise) where
SNR =SNR, =SNR, .

Figure 1 depicts the DP of each experimental setup,
averaged over all participants, for different SNRs ranging
from -30 to 30dB . When no noise is present, the DP is equal
t091.1% . When noise is present, as expected the DP gradually
decreases and drops below 88.0% for SNR <-4dB (white
noise) and SNR < -12dB (speech-shaped noise).

In conclusion, these results show that the least
squares-based selective attention decoding method is to some
extent robust to reference signals corrupted by acoustic noise.

100

95

o0 s s S

s e S e No noise
—+— Speech-shaped noise
80 —+— White noise
75
70

65

Decoding Performance [%]

80

55

50,

*%0-26-26.24-22-20-18-16-14-12-10 8 6 4 -2 0 2 4 6 B 10 12 14 16 16 20 22 24 26 28 30
SNR [dB]
Figure 1. Decoding performance averaged across participants for different
SNRs (white noise and speech-shaped noise)
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