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In this study, event-related potentials (ERPs) collected from normally hearing subjects and
elicited by a multi-feature paradigm were investigated, and mismatch negativity (MMN) was
detected. Standard stimuli and five types of deviant stimuli were presented in a specified
sequence, while EEG data were recorded digitally at a 1024 sec™' sampling rate. Two wavelet
analyses were compared with a traditional difference-wave (DW) method. The Reverse
biorthogonal wavelet with an order of 6.8 and the quadratic B-Spline wavelet were applied
for seven-level decomposition. The sixth-level approximation coefficients were appropriate
for extracting the MMN from the averaged trace. The results obtained showed that wavelet
decomposition (WLD) methods extract MMN as well as a band-pass digital filter (DF). The
differences of the MMN peak latency between deviant types elicited by B-Spline WLD were
more significant than those extracted by the DW, DF, or Reverse biorthogonal WLD. Also,
wavelet coefficients of the delta-theta range indicated good discrimination between some
combinations of the deviant types.

KEYWORDS: event-related potentials (ERPs), mismatch negativity (MMN), difference-

wave (DW), band-pass digital filter (DF), wavelet decomposition (WLD) techniques.

INTRODUCTION

Evoked potentials (EPs) or, more generally, event-
related potentials (ERPs) are defined as changes in the
electroencephalogram (EEG) related to certain events
(external stimulation or internal processes in the CNS).
Recently, mismatch negativity (MMN) studies of the
central auditory function have become very popular [1].
The MMN detection opened an unprecedented window
to the central auditory processing. The MMN, a change-
specific component of the auditory ERP, is elicited by
any discriminable change in auditory stimulation [2].
The MMN response is seen as a negative displacement
recorded, in particular from frontocentral and central
scalp sites relative to a mastoid or nose reference [3].
The new multi-feature paradigm was proposed by
Naidtdnen et al. [4] allowing one to obtain MMNs for
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several auditory attributes within a short time. During
the experiment, standard stimuli and five different
types of deviant stimuli were presented. Figure 2
displays features of each stimulus in summary.
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F i g. 2. Specifications of the standard and five types of deviant
stimuli in summary.

P u c. 2. CranmapTHi CTUMYJIHU Ta JEBiaHTHI CTUMYJIH 11’ TH THIIIB.
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Data extraction is crucially important in MMN
studies. Prevalently, after artifact rejection, recordings
belonging to each type of stimulus are averaged to
obtain the ERP waveform. Responses to standard
stimuli are typically subtracted from the ERPs
elicited by infrequently presented deviant stimuli. The
resulting wave is called the difference wave (DW),
which indicates the MMN [5]. The peak amplitude and
peak latency of MMN are usually measured from the
DW. This is the most typical processing used for MMN
detection.

Generally, the signal processing techniques to extract
MMN are divided into two categories, single-channel
and multi-channel procedures. Some methods, such as
difference-wave (DW), digital filters (DFs) [6, 7], and
wavelet decomposition (WLD [8] can be applied to one
channel, and these are the single-channel procedures.
Other methods, such as component analysis [9, 10] and
matrix factorization [11], need more than one channel
and are categorized as multi-channel procedures.

The idea of using the adaptive filtering technique for
the analyzing of EPs was first proposed by Orfanidis [12]
and Thakor [13] and, later on, was investigated by other
authors [14-16]. Researchers employed time-frequency
analysis to gain understanding of mass electrical activity
of the brain. The wavelet transform has been applied to a
few bioelectric signals. Thakor et al. [17] used a wavelet-
based method for the analysis of ECG data, and Schiff et
al. [18] used this approach for EEG.

Wavelet filters were especially designed for non-
stationary signals; they utilize both time and frequency
information related to a signal. WLD techniques
factorize the signal into several levels with a particular
wavelet at first, and then coefficients of the selected
levels can be used for reconstruction or comparison
[19]. Each level of decomposition matches to a
certain frequency band, although frequency bands of
neighboring levels may overlap each other around the
cut-off frequencies. Since the selected wavelet for
decomposition and reconstruction may be correlated
with the desired signal, overlapping signals can be
separated by a DF.

In our study, five types of MMN were obtained
using five different types of deviant stimuli presented
in a special sequence. EEG signals of young people
were recorded, and MMNs were analyzed with
quadratic B-Spline WLD. To validate the effectiveness
of the proposed methods, the results were compared
with the average-based DW (calculated by subtracting
the standard response from the deviant response), a DF
technique, and a Reverse biorthogonal WLD with an
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order of 6.8 [20].

METHODS

Subjects. The group of participants consisted of
43 healthy normally hearing volunteers, 21 men and
22 women. They were between 20 to 24 years old,
with no history of auditory disorders, and most of
them were university students.

Stimuli. In this study, MMNs were obtained using
the new paradigm proposed by Néditidnen et al. [4],
with a little change in the number of stimuli to shrink
the time of recording. This paradigm makes it possible
to obtain five types of MMN in a considerably shorter
recording time compared with the traditional oddball
conditions. In the new paradigm, each deviant is
presented after a standard stimulus, meaning that the
deviants occur with the probability of 0.5 relative
to the standards (P ,=0.5, P, =0.5/5=0.1). Standard
stimuli were composed of three sinusoidal tones
of 500, 1000, and 1500 Hz with a total duration of
75 msec including 5-msec rise and 5-msec fall time.
The intensity of the second and third tones sequentially
was 3 and 6 dB lower than the first tone, respectively.
The stimuli were presented binaurally via ER-3A
insert earphones with an intensity level of 65 dB SPL
and equal phase in both ears.

The deviant stimuli were generated differently from
the standards in five categories. These differences were
in the frequency, intensity, duration, perceived sound-
source location, and a gap in the middle of the tone sig-
nal. Frequency, intensity, and location deviants were in
two modes. A half of the frequency deviant tones were
10% higher (550, 1100, 1650 Hz), while another half
were 10% lower (450, 900, 1350 Hz) than the standard.
A half of the intensity deviants were 10 dB lower and
another half were 10 dB higher than the standard. De-
viants of location were generated based on a change
in the location of a perceived sound source. An inter-
aural time difference of 800 usec was applied for half
of the deviants to the right channel and another half to
the left channel. The duration deviant was shorter than
in duration (5-msec rise, 15-msec flat, and 5-msec fall
times). The silent gap deviant consisted of a 7-msec si-
lent gap (including 1-msec rise and 1-msec fall times)
in the middle of the standard stimulus. Fig. 1 shows the
waveforms of a standard stimulus, duration deviant, and
silent gap deviant. Each deviant differed from the stan-
dard only in one feature. Features of the standard and
deviants stimuli are shown in Fig. 2 in summary.
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Fig. 1. Waveforms of a standard stimulus (A), duration deviant (B),
and silent-gap deviant (C) generated by MATLAB software®.

P u c. 1. ®opmu crangaptHoro crumyny (A4), neBiaHTa 10RO TPU-
BayiocTi (B) Ta nesianTa 3 ,,BikHOM MoBuaHHs (C), TeHEpOBAaHHX 3
BuxopuctanasiMm MATLAB.

The stimuli were presented in two 5-min-long
blocks with a 500 msec onset asynchrony. In each
block, the first 15 stimulus were standards, and the
deviants were presented pseudo-randomly within the
stimuli. So in an array of five deviants, each deviant
was presented once, and two similar types of deviants
never followed each other (Fig. 3). A total of 1,230
stimuli was presented within the total recording time
(about 10 min) for the five types of deviants. Stimuli
were presented via Presentation® software (version
0.71, Neurobehavioral Systems®, USA). This software
is a specialized stimulus delivery and experimental
control program for neuroscientific research purposes.

Procedure. EEG was recorded in electromagnetic-
and sound-proof chamber. Participants were seated
on a comfortable chair, and their head, neck, and
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F i g. 3. Sequence of presentation of the stimuli. S indicates a
standard stimulus, and Dx indicates different deviant types.

P u c. 3. [TocninoBHiCTh pe/’ IBICHHS CTUMYJIB.

back were supported with pillows to reduce muscle
contractions. They, after setting an EEG cap on the
scalp, were instructed to be relaxed, ignore the
auditory stimuli, and stay awake. A subtitled silent
movie was played on a front monitor, to maintain
alertness and to help participants to pay no attention to
the stimuli during the experiment. The EEG recording
session, including preparation and recording per se,
lasted about 30 min.

EEG Recording. Sixty-four-channel BRAIN
QUICK LTM (Micromed, Italy) was used for
recording electrical brain activities. Twenty-seven
EEG channels were used. Ag-AgCl electrodes were
filled with Electro-Gel and placed on 27 selected
scalp sites (FP1, FPz, FP2, F7, F3, Fz, F4, F8, FT7,
FC3, FCz, FC4, FT8, T7, C3, Cz, C4, T8, TP7,
CP3, CPz, CP4, TP8, P3, Pz, P4, and POz) and
mastoids (M1 and M2), according to the international
10-20 system. The potentials were referred to the nose
tip. Electrooculogram activity (EOG) was recorded by
placing electrodes below the left eye and at its outer
canthus. Impedances during recording did not exceed
5 kQ. EEG signals were digitized with the sampling
rate of 1024 sec™! and filtered by an online band-pass
filter in the 0.001-100 Hz range. In addition, a custom-
designed microcontroller device received digital
events from Neurobehavioral presentation software
and reformed it to compatible trigger signals to mark
events on the computerized EEG record.

EEG Data Preprocessing. The EEG data were
analyzed off-line using MATLAB® 7.1. At first, these
data were filtered by an off-line band-pass digital filter
in the 0.5-40 Hz range. Then, epochs were extracted
from the continuous data according to a trigger signal
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that was generated by microcontroller device. All data
were baseline-corrected by 100 msec pre-stimulus.
The EEG data were checked for blink, ECG, and other
muscular artifacts by visual inspection. Epochs with
artifacts were rejected from subsequent processing.
In addition, epochs where the amplitude exceed
80 uV were automatically rejected. The mean number
of trials (after artifact rejection) per subject was 1027.
Finally, epochs of the standards and all type of deviants
were averaged within 100 msec pre- stimulus to 380 msec
post-stimulus segments separately. The first 15
standards of each block were rejected from averaging.

EEG data analysis. In several researches, various
frequency bands were used to filter out interference from
an averaged MMN trace. Kalyakin et al. [21] reported
that the optimum frequency band of MMN of children
was 2.0-8.8 Hz for the uninterrupted sound paradigm;
Stefanics et al. [7] used two frequency bands (2.5-16 and
1.5-16 Hz) to obtain the MMN of neonates. Picton et al.
[22] reported that most MMN energy was concentrated
within the 2-5 Hz frequency range. Tervaniemi et al. [23]
used a 2—12 Hz band-pass digital filter for analyzing the
peak amplitude and latency of MMN.

The wavelet transform gives a time frequency
representation of a signal that is defined as the
convolution between the signal x(¢) and the wavelet
function vy (7)

WyX (a,b) = (x(t)| Va5 (D))

where y_(¢) are dilated and shifted versions of a
unique wavelet function y(7)

Yau(®) = lal 2y (Z2)

Here, a and b are the scale and translation
parameters, respectively [24]. Discrete wavelet
transform (DWT) applies to discrete time signals x[n].
It achieves a multiresolution decomposition of x[n] on
I octaves labeled by i = 1, ..., [ and given by

x[n] = X721 Yiez @i ki — 2”‘] + Xkez b chy[n— 2”‘1

The DWT calculates the wavelet coefficients a,, for
i =1,..,I and the scaling coefficients b, ,. The latter
are given by

DWT{x[n]; 2", k2'} = a;; = Z x[n]gi[n — Zik]

n

and

404

by = Y x[nlhj[n — 27k],

where g[n — 2'k]s are the discrete wavelets, and
h[n —2'k]s are the scaling sequences [25].

A basic wavelet function to be compared with the
signal should be chosen. There are many different
functions suitable as wavelet, each one having
different characteristics. One hundred ten wavelets
consisting of different orders of Daubechies, Coiflets,
Symlets, discrete Meyer, biorthogonal, and reverse
biorthogoanl wavelets were compared by Cong et al.
[20]. Finally, the Reverse biorthogonal wavelet with an
order of 6.8 was chosen for wavelet decomposition of
MMN. The Spline wavelet was used to study the P300
of young people by Demiralp et al. [26]. Ademoglu et
al. also used quadratic spline wavelet to characterize
the N70-P100-N130 EP complex [27].

Four data processing methods, DW, DF, and WLD
with two different-type wavelet methods were used
for comparison of the results. The MMN response is
typically obtained in frontocentral sites better than in
others [28]; so, the following processes were applied
in site FCz. In each method, MMN properties (peak
amplitude and latency) were extracted.

For DW, traces were calculated by subtracting the
responses to the standard stimuli from each type of
deviants. The peak amplitude and latency were calculated
in FCz for each subject. These properties were obtained
based on the highest negativity of averaged MMN within
a time window of 100—-230 msec post-stimulus.

The DF was applied in three steps. Fourier transform
of the signals was performed on average traces; then,
Fourier confidents outside the 1-8 Hz range were set
to zero, and, finally, inverse Fourier transform was
used to obtain the filtered traces.

For WLD, two different wavelets were used
to decompose the signal into seven levels, and
approximation coefficients of the sixth level were
selected for reconstruction. Filter coefficients
corresponding to quadratic B-Spline wavelet were
computed as was described by Ademoglu et al. [27].
Filter coefficients for Reverse biorthogonal were
obtained by MATLAB. WLD with quadratic B-Spline
wavelet is denoted below as WLD-BS, and WLD by
Reverse biorthogonal with an order of 6.8 is denoted
as WLD-RB.

In WLD, if the number of the decomposition levels
is L, the number of samples of the signal per one
second is N under conditions of N = 2% [6].

In our study, the sampling frequency for EEG
data recording was set to 1024 sec!, so, the signal
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could be composed of ten levels. The bandwidths at
each decomposition level are shown in Table 1. The
frequencies are estimates of the bandwidth of each
level, and these frequencies are not related to the
properties of any wavelet.

Because the off-line digital band-pass filter was
applied in 0.5-40 Hz, there is no useful data within
the frequency band for D1 to D4. For WLD, the data
were decomposed into seven levels. As is indicated
in Table 1, the frequency range for A6 matched best
the optimum frequency range of MMN. This frequency
band corresponds to a delta-theta range of EEG
signals.

The DW, DF, and wavelet filters have the linear
additive property. Hence, first averaged traces were
calculated; then WLD and DF were applied to reduce
the computation loading.

A
mV
Frequency

RESULTS

Analysis of the efficacy of main effect of MMN
measurements based on different methods was the
main purpose of our study. The first MMN peak
amplitude and latency were detected in each MMN for
each subject, and then these data were examined using
repeated-measures analysis of variance (ANOVA) to
determine whether a difference of MMN properties
(peak amplitude and latency) between five deviants
was evident under each method used, respectively.
Also, we wanted to determine whether the differences
of MMN properties between WLD-BS and the DW,
DF, or WLD-RB are significant.

Figure 4 shows grand averaged waveforms obtained
using DW, DF, and WLD procedures for each type of
MMN. The thick solid, thin solid, dashed, and dotted
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—-100-50 0 50 100 150 200 250 300 350

F i g. 4. Grand-averaged traces recorded from site FCz for
difference-wave (DW, 1), digital filter (DF, 2), B-Spline wavelet
(WLD-BS, 3), and Reverse biorthogonal wavelet (WLD-RB, 4) of
all deviant responses (A-E).

P u c. 4. VYcepenaneHi 3ammcd HETaTUBHOCTI pPO3Y3TOKSHHS,
BizgBenaenoi Bix sokycy FCz Ta BuaineHoi 3 BHKOPHCTaHHSIM
mudepennianii xsuns (DW, 1), nndposoi dinerpanii (DF, 2),
B-crunaiin-BeitBneT-nexommnosunii  (WLD-BS, 3) Ta 3BopoTHOI
6ioproronanshoi BeitBiaer-nexkommnosuuii (WLD-RB, 4), mus Beix
JieBiaHTHHX BianoBiaei (A-E).
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Tablel. Frequency Levels for Wavelet Decomposition

Taoauusal.YacTorHi piBHI 115 BeliBJIeT-1eKOMITO3ULIT

Decomposition level \

Approximation and detail coeff. \

Frequency range (Hz) \ Bandwidth (Hz)

A7
D7
A6
D6
AS
D5
A4
D4
A3
D3
A2
D2
Al
Dl

04
4-8
0-8
8&-16
0-16
16-32
0-32
32-64
0-64
64-128
0-128
128-256
0-256
256512

4

8

16

32

64

128

256

lines represent the WLD-BS, WLD-RB, DF, and DW
traces, respectively. A gray field designates the time
window where the MMN peak amplitude was detected.
As is shown, MMN did not appear for the intensity
deviant in a same wave as some other researchers
reported [29]; this is why we excluded it from the
subsequent analysis.

The MMN peak latencies detected by different
methods were found to be very similar (F,,, = 0.96,
P = 0.41), although this was not true for the MMN
peak amplitudes (£, ,, = 38.02, P < 0.000). The peak
amplitudes obtained by DW differed considerably
from those obtained by WLDs or DF.

To investigate which MMN extraction method is
better, the abilities of these methods to discriminate
between different MMN types were compared. Hence,
the MMN properties (peak latency and amplitude)
extracted by the above processing methods were
examined in all combinations.

The results of MMN extraction between each type
of deviants using different methods are shown in
Fig. 5. All statistical tests of the differences between
the MMN peak amplitudes and latencies elicited by
four deviants using four methods are collected in
this Figure. Two horizontal lines indicate 0.05 and
0.01 borders for the P value to determine whether a
result is statistically significant. For all methods, the
differences of the peak magnitude or latency between
location and silent-gap deviants were not significant.
The peak latency differences between frequency and
duration deviants were also not significant for all
methods, and the difference of the peak amplitude
between these two deviants was significant for DW.
Main effects of all methods for the peak latency in all
combinations of deviants were similar to each other, as

406

107 ¢

107}

1073

10}

102}

103L

Fig. 5. Statistical tests of the differences between four types of the
MMN amplitude and latency extracted by WLD-BS (1), WLD-RB
(2), DF (3), and DW (4).

P u c. 5. CratucTH4HI TECTH MO0 PI3HUIB MK HEraTHBHOCTSIMHU
PO3Y3TO/LKEHHS 32 aMILTITY0I0 (A4) Ta JaTeHTHHM Tnepiogom (B),
BuaiieHux 3 Bukopuctanusim WLD-BS (7), WLD-RB (2), DF (3)
ta DW (4).
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Frequency
Deviant

Duration
Deviant
Location
Deviant
Silent Gap
Deviant

Standard

F i g. 6. Comparison tests (with Bonferroni
adjustment) between MMN delta-theta-range
coefficients extracted by WLD-BS and WLD-
RB. The WLD coefficients for averaged deviant
responses and standards are shown in column
A); WLD coefficients for difference waves are
shown in column B.

P u c. 6. Tectu mopiBHAHHS (3 HAOIIKCHHIM
Boudepponi) mix aensra-Tera-koedimieHTaMu
HETaTHBHOCTI PO3Y3TO/UKEHHS, BUAUICHUMH 3

-1.3-1.0

Frequency
Deviant

-0.5 0 1.01.2-1.3-1.0 -0.5

Duration
Deviant
Location
Deviant
Silent Gap
Deviant

Standard

——

0.5 1.012 puxopuctanasM WLD-BS ta WLD-RB.

-10-8 6 -4-2 0 2 4 6 8-10-8-6-4-20 2 4 6 8

it was expected from averaged traces in Fig. 4. Totally,
the peak latency in WLD-BS for all combinations of
deviants was significantly greater than that in other
methods.

In wavelet-based MMN extraction methods,
coefficients of various decomposition levels consist
of time-frequency information, in contrast to DW or
DF that only have data of either time or frequency
domains. According to the frequency band for
MMN (about 1 to 10 Hz), the coefficients of sixth-
level decomposition were compared together. Figure
6 shows statistical comparison of the test results of
different types of responses for WLD methods. The
WLD coefficients of averaged traces were compared
by WLD-BS and WLD-RB; in column A, this is
performed for standard and four deviants and in
column B, this is performed for different waves. As it
shown, discriminations are similar to each other and
independent of the standard, i.e., whether a standard
sweep was subtracted from the deviant sweeps or
not. It should be noted that critical values from the ¢
distribution were used after Bonferroni adjustment, to
compensate multiple comparisons.

The WLD coefficients of delta-theta range for the
standards were significantly greater than those for the
deviants. There are main effects with respect to the
deviant pairs, frequency/location, frequency/silent
gap, duration/location, and duration/silent gap. These
results are obvious in Fig .5 if the latency was the
comparison factor. There was no main effect between
the location and silent-gap deviants for each method,

NEUROPHYSIOLOGY / HEUPO®U3NOIOTUSN.—2014.—T. 46, Ne 4

either for the peak latency and amplitude, or for the
WLD coefficients.

DISCUSSION

In our study, the criteria used for evaluating the
performance of the data processing methods were
based on the MMN properties, i.e., it was believed
that different types elicit different MMNs [30]. The
experiment included five deviants differing in the
frequency, intensity, duration, perceived location,
and silent gap. The WLDs gave the actual MMN peak
magnitude and latency, as was confirmed by analyzing
the MMN properties between deviants (see Fig. 5).

Table 2 shows statistical test results on the MMN
peak amplitude and latency between WLD-BS and
the DF, DW, or WLD-RB. For ANOVA, the method
was the factor. The respective results show that the
proposed WLD-BS performed differently with the DW
in extracting MMN. However, there is a main effect
between these two methods in extracting the MMN
peak amplitude; they provided similar discriminations
between different deviants (see Fig. 5).

WLD can be regarded as a special bandpass filter.
The frequency responses of quadratic B-Spline WLD
and Reverse biorthogonal WLD with the order of
6.8 are shown in Fig. 7, and their filter coefficients are
shown in Fig. 8. The wavelet morphologies are similar,
while the frequency responses are different. Reverse
boirthogonal 6.8 is alike to be an ideal bandpass
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Table 2. Statistical Tests of the Differences Between WLD-BS and Other Methods in the Analysis of the Peak Amplitude and Latency

T a6uuua?2. Crarucruyni TecTd mogo pisHuub Mizk WLD-BS Ta inmumun Meronamu npu anastisi nikoBHX aMILIITY] Ta JATEHTHUX

nepionis
Methods
Parameter Value
WLD-BS vs DW WLD-BS vs DF WLD-BS vs WLD-RB
. F(1,42) 83.79 3.85 0.83
Amplitude
P <0.0000 0.0504 0.3621
F(1,42) 3.064 0.43 0.52
Latency
P 0.0574 0.5141 0.4693
4.07 A
05 T T
0 o 9 o q) © J) Q Q (L © q) ol 10} Q
-0.5
B
0.8
F/2 F 047 T T
Fig. 7. Frequency characteristics of the wavelet filters (1 and 2, for 0 oo oo
B-Spline and Reverse biorthogonal 6.8, respectively). ) b © © 6
025 5 10 15 20

P u c. 7. YacToTHI XapaKTepHCTHKH BeiBIeT-QuIbTpiB (/ — s
B-crumaitHoBoro, 2 — 715t 3BOPOTHOTO 610pPTOTOHAIBHOTO).

filter in contrast to quadratic B-Spline that amplifies
frequencies close to the cut-off frequency.

Considering frequency information of MMN, we
need the filter having a better frequency match with
the MMN frequency range to extract pure MMN.
It seems that the WLD-BS is a good method for
extracting MMN with better properties.

In our study, the compared results showed that
there is no disparity between the WLD coefficients of
deviants and WLD coefficients of DW (see Fig. 6).
Hence, we can apply WLD to deviants directly instead
of DW.

The WLD approach was applied for investigation
of the differences between types of MMN obtained by
the multi-feature paradigm in a sampling of normally
hearing people. From this point of view, the WLD
method and WLD coefficients can be used with
respect to other subjects, e.g., complainers of hearing
disorders; these also can be used to specify some brain
pathologies.

Ideally, only MMN activity should remain in the
data for detecting properties or feature extraction after
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F i g. 8. Filter coefficients for quadratic B-Spline wavelet (A) and
Reverse biorthogonal 6.8 wavelet (B).

P u c. 8. Koediuientu ¢inbrpanii ans kBagparnyHoro B-crumain-
BeinBera (4) Ta 3BOpOTHOTO OiopTOroHaNBHOTO 6.8 BelBera (B).

data processing. However, the DW only removes the
common variance in standard and deviants traces;
other types of activity that overlap MMN are not
segregated just in the time or frequency domain. Thus,
time-frequency processing can be used to obtain pure
MMNs; time and frequency information should be
applied together for analyzing. This matter motivated
us to use time-frequency analyzing based on WLD and
to compare types of MMN elicited by the specified
new paradigm. With this approach, we have found
that the WLD coefficients are better tools to compare
MMNs than estimation of traditional MMN properties
(peak latency and amplitude).
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E. JI. ®apaxani’, M. Moxe66i®

EET-HETATUBHICTD PO3Y3TO/KEHHS,
3APEECTPOBAHA B YMOBAX MHOXUHHOT ITA-
PAJINTMU: AHAJII3, 3ACHOBAHUIT HA BEIBJIET-
JIEKOMITO3UIIIT

! Vuisepcurer Illaxen, Terepau (Ipan).

> F'anHOBepCchKUit MeanyHuil yHiBepcuteT (ODPH).
*TerepaHchkuil yHiBepcuteT Meanunux Hayk (Ipan).

4 Texuonoriunuii yaiBepcuretr Amipkabip, Terepan (Ipan).
Peswome

VY cy0’€eKTiB i3 HOPMAJBHHUM CIYyXOM PEECTPYBalM MOB’s3aHi
3 TOJI€I0 MOTCHIIaAN, BUKIHUKAHI 3 BUKOPHUCTAHHSIM MHOXKHH-
HOT1 mapaaurmMu. CTaHAapTHI CIyXOBI CTUMYJIH Ta JAeBiaHTHI
CTUMYJH I1’SITH TUMIIB Mpex sBIsUIH B criequdiuHid mOCTigoB-
Hocti; EEl-moTeHIianyu BiABOAMIN 3 YaCTOTOK JMCKPETH3AIil
1024 ¢'. Pe3ynbpraTil ABOX BHUIiB BEHBIICT-aHAII3y IOPIBHIOBAIH
3 TaHUMH, OTPUMAHHUMH 13 3aCTOCYBAaHHSM TPAAUIIHHOTO METO-
ny nudepenuianii xsunb (DW). 3BoporHuii GiopToroHanbHUM
BelBIeT nopsaky 6.8 i kBaapaTtuuHuili B-crnaitHoBuil BeitBieT
BUKOPHCTOBYBAJH JJIs 1EKOMIIO3UILiT choMoro mopsaky. Koedi-
LI€EHTH HAOJIM)KEHHS MIOCTOTO MOPSAKY BUSBUIUCS 3aCTOCOB-
HUMH JUIsS BUJIJICHHS HEraTHBHOCTI po3y3rokeHHs (MMN) i3
yCepeHeHHX 3amuciB. Sk moka3anu pe3ynbTaTh, METOH BeilB-
ner-pexommo3uiii (WLD) 103BOJSIIOTE BUMIIMTH HETaTUBHICTH
PO3Y3rOKEHHs TaK caMo yCHILIHO, 5K 1 Hudposi Gpinsrpu. Bix-
MIiHHOCTi JIATEHTHHUX IMepioJiB MiKiB HEraTUBHOCTI PO3y3ro-
JUKCHHS JIUIs1 IeBIaHTHHUX BapiaHTIB CTUMYJISLIT, BUSBIICHI B pasi
3actocyBaHHs B-crmaiitnoBoi WLD, Oyiu Oisibln BiporigHUMH,
HDK aHaJOTiYHI BiIMIHHOCTI NpU BUKOPHUCTAHHI MeTOAy Aude-
penmiamnii xBuib, muppoBoi Gimbrparii ado 3BOpoTHOT Oi0pTO-
ronaigsHol WLD. BeiiBner-koedinieHTn as aenbpra-tera-ia-
Na30Hy TaKOX J[O3BOJISUIM OTPUMATH HaHKpally IUCKPUMiHALIIO
JNeIKMX KOMOIHAIIM 1eBIaHTHUX THUIIIB.
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