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Abstract— In the present work, the Event-Related Synchro-
nization and Desynchronization (ERD/ERS) index was used
for evaluating the cortical response to dynamic visual stimula-
tion in an postural control protocol. EEG signals (O1, P3, P4
and O2 derivations) of 33 healthy subjects were acquired dur-
ing stabilometric test. The trials were conducted with the sub-
ject observing a white wall (WW) and a virtual scene on static
(SS) and dynamic (DS) conditions. The power spectra esti-
mates were compared using the Spectral F-Test (SFT, a = 0.05
and Bonferroni correction) and the ERD/ERS index. The SFT
results indicate no difference between the EEG power contri-
bution of WW and SS, and decreased power within alpha band
during DS for all derivations. The ERD/ERS index allowed
successfully detecting above 83% of the desynchronization
within the alpha band during dynamic stimulation. Moreover,
it also promotes postural instability. This finding indicates the
potentiality of the ERD/ERS technique in studies of postural
control assessed by dynamic visual stimulation.

Keywords— Dynamic Visual Stimulation, EEG, Event-
Related Synchronization/Desynchronization, Spectral F-Test,
Virtual Environment.

I. INTRODUCTION

Dynamic visual stimulation has been used in the study of
the human orthostatic postural control in order to drive
postural instability response [1, 2]. However, not all visual
environmental information can be perceived and used to
maintain or change the body spatial position [3]. Although
theses works have used virtual dynamic visual stimulation,
the evoked cortical response has not been assessed.

Usually, visual stimulation elicits evoked response,
which is phase-locked to stimuli. Furthermore, it has
smaller amplitude compared to the background electroen-
cephalogram (EEG) [4]. In addition to this evoked response,
paced events also result in time-locked changes of the ongo-
ing EEG [5], i.e. occurring during the stimulation period.
Such non-phase locked activity is often referred as event-
related synchronization (ERS) and desynchronization
(ERD), depending on whether there is increase or decrease
in the EEG power spectrum. According to [6], phase-locked
and non-phase-locked activities cannot be separated when
they are within the same frequency band.

As it is well known, the Spectral F-Test (SFT) can be
used to test whether there is a cortical response to visual
stimuli. Recently, Infantosi and Miranda de Sa [6] proposed
ERD/ERS indexes based on the SFT, and applied them to
intermittent photo stimulation.

In the present work, a dynamic visual stimulation in a
postural control protocol is investigated for assessing the
cortical response. The parietal and occipital EEG signals
without stimulation are compared to those acquired during
static and dynamic virtual stimulation. It is carried out by
statistically comparing the spectral estimates of these condi-
tions using both the SFT and the ERD/ERS index.

II. MATERIALS AND METHODS

A. Casuistry

A casuistry of 33 healthy subjects (23 male and 10 fe-
male), age ranging from 21 to 45 years, height of
172.7£9.4 cm and mass of 73.3+17.3 kg (mean t stan-
dard deviation) was used in this study. All subjects present
neither historical of neurological pathologies, osseous, mus-
cles and joints diseases nor equilibrium disorder. The an-
amnesis was carried out to obtain information about head-
ache, illness, vertigo, eyestrain and the use of corrective
lens or glasses. Nevertheless, subjects using lens or glasses
were included. Moreover, the subjects previously gave their
informed consent.

B.  Experimental Protocols

The EEG and stabilometric signals were acquired simul-
taneously at the same environmental condition for each
subject, which was upright standing in a force platform. The
first trial was conducted without stimulation, with the sub-
ject observing a white wall (condition denoted as WW) at
1 m apart from the force platform for five minutes.

After three minutes of resting in a comfortably chair, a
stimulation trial was performed with the subject observing a
virtual scene projected with 1.52x 1.06 m. This scene
(Fig. 1), consisting of a room containing a gridded floor
(similar to the reverse pattern) and a table with a chair placed
in the center, were developed using IDE Delphi and OpenGL.

P.D. Bamidis and N. Pallikarakis (Eds.): MEDICON 2010, IFMBE Proceedings 29, pp. 37@ 2010.

www.springerlink.com



38

imulac o - Estabilometria_[49 FPS]

Fig. 1 Virtual scene

For carrying out the dynamic visual stimulation (DS), the
virtual scene was randomly magnified or understated with a
velocity of 200 cm/s during 250 ms interspersed by a 10 s of
the static scene (SS). A set of a 100 DS (50 of each condi-
tion) was performed, with a SS preceding each DS. The SS
and DS scenes were codified by a pulse width (synchro-
nized by the start of exhibiting the scene). The sequence of
pulses generates a trigger signal to be used during the signal
processing.

Both visual (occipital) and associative cortex (parietal)
monopolar EEG derivations (according to the International
10/20 System and bilateral references corresponding ear-
lobes) were acquired using the BrainNet - BNT 36 (EMSA,
Brazil) at a sampling frequency of 400 Hz. The EEG signals
were then filtered by a 4™ order low-pass Butterworth with
cutoff frequency at 100 Hz (anti-aliasing) and 2™ order
high-pass Butterworth at 0.1 Hz. In the present study,
only the EEG signals of the alpha band (8 to 13 Hz) were
investigated.

C. EEG Signal Processing

During visual stimulation, the EEG signals of SS and DS
were identified and separated using the trigger signal, re-
sulting in 100 segments for each stimulation condition.
Taking the final 1 s EEG signal of each SS (just preceding a
DS), the power spectra were estimated using M = 100 ep-
ochs for each EEG derivation. For calculating DS power
spectra with the same frequency resolution, since the DS
time duration segment was 250 ms, a zero padding proce-
dure was adopted to complete 1 s. For the EEG signals in
the WW condition only the first 100 s duration was proc-
essed. This segment was sectioned into M = 100 epochs of
equal duration (1 s) and then the WW power spectra were
also estimated.

The power spectra were estimated by Discrete Fourier
Transform, using the Bartlett periodogram method and
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Hanning windows (ﬁx’; (f), frequency resolution of 1 Hz).

Now, denoting the SS EEG as y[k] and the DS EEG as x[£],
the Spectral F-Test was estimated as [7]:

LS Eof
ser(n =22 Afy — (1)
WD SR
x m=1

where fis the frequency index, M is the number of epochs,
X,.(f) and Y,(f), are, respectively, the Fourier Transform of
the m-" epoch of x[k] and y[£].

Knowing that SFT(f) has a central Fisher distribution
with 2 M,,2 M, degrees of freedom, the null hypothesis (Ho)
of same theoretical power contribution at a frequency f, the
critical value can be readily obtained:

SFTcrit=F(2MX,2M},,a) @

where a is the level of significance of the test. Furthermore,
since there is no guarantee that the power of x[k] is always
higher than that of y[k], a two-tailed test should be used.
Thus, taking a = 0.05, 2 My =2 M), = 200 result in a SF'Tcrit
of 0.75 and 1.32 for respectively the lower and upper limits
at any spectral frequency f. Therefore, Hy can be rejected if
SFT(f) <0.75 or SFI(f) > 1.32, otherwise H, is accepted.
For testing the power contribution in =1 Hz around alpha
peak, the Bonferroni correction (a/n, where, n = 3 is the
number of harmonics) was applied. In this case, Hy within
this band can be rejected if SFT(f) < 0.71 or SFT(f) > 1.40.

Taking the usual ERD/ERS index definition as the calcu-
lation of the percent power difference between the DS EEG
and SS EEG stimulation (reference signal), the ERD/ERS
can be re-written as [6]:
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A negative value in (3) indicates a power decrease during
the dynamic stimulation and hence a desynchronization
(ERD). Otherwise, in case of synchronization, (3) is posi-
tive (ERS). Based on SFTcrit values, the lower and upper
critical values of (3) are -25 and 32, respectively. Therefore,
for detecting the dynamic stimulus at a frequency f, ERD
should be lower than -25.

Considering y[k] as the EEG background (WW) and x[4]
as one of the EEG during visual stimulation, the Spectral F-
Test was also estimated by (1). In both cases, the ERD/ERS
was calculated using (3).
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III. REesuLts

Figure 2 depicts the power spectra before and during
stimulation, the application of both the SFT and the
ERD/ERS index, and the rate of ERD detection for the
subject # 7 in the O1, P3, P4 and O2 derivations. Firstly, for
all such derivations, it can be noted that the EEG spectra in
WW and SS conditions behaves similarly, showing an in-
creased magnitude in the alpha peak at 11 Hz (Fig. 2a).

The SFT results (Fig. 2b) indicate that there is no statisti-
cal difference (0.71 <SFT(Af)<1.40, a=0.05) between
WW and SS power spectra neither in occipital nor parietal
derivations (therefore, the null hypothesis was not reject). In
this case, the eq. (3) tends to zero, hence ERD/ERS(f)
are not shown. On the other hand, the decreased power
contribution in DS is observed within the alpha band of all

derivations (SFT < 0.71), implying in rejecting Hy when DS
is compared to both WW and SS conditions.

The negative mean index (ERD/ERS < -25, Fig. 2c, black
circles) achieved for all derivations indicate desynchroniza-
tion. However, the 95% confidence limits of the ERD/ERS
index indicate that some dynamic visual stimulation does
not evoke cortical response. For this subject (#7), the rate of
ERD detection was higher than 85% within the alpha band
(Fig. 2d), and above 95% at the peak (11 Hz).

The total power contribution around the alpha peak (grey
area in Fig. 2a) in WW, SS and DS conditions for all 33
subjects show significant differences (Wilcoxon sign rank
test, a=0.05), excepting between WW and SS (Table 1).
Furthermore, ERD rate detection during dynamic stimula-
tion varies from 83 to 88% for the occipital and parietal
EEG derivations (Fig. 3).
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Fig. 2 Power spectra before and during stimulation (a), the application of the SFT (b) and ERD/ERS (c), and the rate of ERD detection (d) obtained in O1,
P3, P4 and O2 derivations for the subject #7. The gray areas in (a) and (b) indicate the total power contribution of the +£1 Hz frequency around alpha peak. In
(a), the dashed, dash-dot and solid lines represent the power spectra of WW, SS and DS, respectively. In (b), the squares, circles and stars represent the SFT
between WW and SS, WW and DS, and between SS and DS, respectively. In (c), the mean ERD/ERS indexes and the 95% confidence limits of the
ERD/ERS distribution are indicated with circles and triangles, respectively. In (b) and (c), the SFT and ERD/ERS critical values are shown in horizontal
dotted line. The horizontal solid line in (b) represents the SFT critical values (two-tailed, o= 0.05) after the Bonferroni correction
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Fig. 3 The ERD rate detection after dynamic stimuli for 33 subjects, in alpha frequency band (derivations O1, P3, P4 and 02)

Table 1 The p-value of the Wilcoxon sign rank test (o= 0.05) applied
between the distributions of the total power contribution around the alpha
peak in WW, SS and DS conditions

Derivations WW x SS WW x DS SSx DS
O, 0,4052 << 0,0001 0,0004
Ps 0,7138 << 0,0001 0,0003
P, 0,7243 << 0,0001 0,0005
0, 0,4132 <<0,0001 0,0004

IV. DIiscuUSSION AND CONCLUSION

The dynamic stimulation caused a reduction in the power
spectra estimates around the alpha peak (+1 Hz), when
compared to both the background EEG (WW) and the static
scene stimulation (SS). The change in amplitude spectrum
is expected to occur since evoked responses are phase-
locked to the stimulation [4].

The similarity observed between EEG from WW and SS
conditions suggests that the static virtual scene can be used as
spatial reference for the body sway control in promoting the
postural stability. Furthermore, applying SFT allows detect-
ing significant spectral changes due to DS in all frequencies
of the alpha band. The ERD/ERS index allowed to success-
fully detecting above 83% of the desynchronization within
the alpha band during dynamic stimulation. This finding is in
accordance with Infantosi and Miranda de S4 [6].

In our study, moving the visual surround was carried out
to induce the perception that the body is also in movement,
but as pointed out by [1, 2], in an opposite direction of the
stimulus. Hence, there is the need for compensating it, that
is, a compensatory adjustment in the same direction of the
surround motion is required.

In summary, by using the ERD/ERS index it was possible
to distinguish the evoked cortical response of stimulating
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with a static and dynamic scene. The dynamic stimulation
causes desynchronization within the EEG alpha band and also
promotes postural instability. Therefore, the ERD/ERS tech-
nique can be useful in studies of postural control assessed by
dynamic visual stimulation.

ACKNOWLEDGMENT

This work received the financial support from the Brazil-
ian Research Council (CNPq).

REFERENCES

1. Streepey J W, Kenyon R V, Keshner E A (2007) Field of view and
base of support width influence postural responses to visual stimuli
during quiet stance. Gait & Posture 25:49-55 DOI
10.1016/j.gaitpost.2005.12.013

2. Dokka K, Kenyon R V, Keshner A (2009) Influence of visual scene
velocity on segmental kinematics during stance. Gait & Posture
30:211-216 DOI 10.1016/j.gaitpost.2009.05.001

3. Patla A E (1997) Understanding the roles of vision in the control of
human locomotion. Gait & Posture 5:54—69 DOI 10.1016/S0966-
6362(96)01109-5

4. Chiappa K H (1997) Evoked Potentials in Clinical Medicine, 2., Raven
Press, New York

5. Pfurtscheller G and Lopes da Silva F H (1999) Event-related
EEG/MEG synchronization and desynchronization: basic principles.
Clin  Neurophysiol 110: 1842-1857 DOI  10.1016/S1388-
2457(99)00141-8

6. Infantosi A F C and Miranda de S& A M F L (2007) A statistical test
for evaluating the event-related synchronization/desynchronization and
its potential use in brain-computer-interfaces. IFMBE Proc. vol 18, IV
Latin American Congress on Biomed Eng, Isla de Margarita, Vene-
zuela, 2007, pp 1122-1136.

7. Shiavi R (1999) Introduction to applied statistical signal analysis. Aca-
demic Press, London

Author: Paulo José Guimaraes da Silva

Institute: Biomedical Engineering Program (COPPE/UFRIJ)
Street:  P. O. Box 68.510

City: 21941-972 - Rio de Janeiro - RJ

Country: Brazil

Email: guima@peb.uftj.br




	Event-Related Synchronization/Desynchronization for Evaluating Cortical Response Detection Induced by Dynamic Visual Stimuli
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION AND CONCLUSION
	REFERENCES



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.01667
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 790.866]
>> setpagedevice




