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Abstract—It is crucial to practically estimate the dozing like artificial light from elements outside the road, vehicle lights,
the driver dozing, because many people cannot have enoughand sunlight are main sources. Furthermore, the performance
sleeping caused by irregular hour and much stress. In the 4t tne tracker gets worse when users wear eyeglasses because
conventional study, the electroencephalogram (EEG) has beend.ff t briaht blob in the i d o the IR
a promising indicator to driver dozing. Furthermore, it is known ! eren r.'g 0bs appear In the Image due 1o the
that frequency of the EEG is highly related to the sleep and reflections in the glasses. As well as, the EOG and the EEG
the wake conditions. Therefore, we propose to extract frequency are known to have high availability for estimation of the
components of the EEG from the whole cerebral cortex, by using dozing. On the EOG studies, it is possible that the blink rate
the rhythmic component extraction (RCE), proposed by Tanaka  yansition from wake fullness to drowsiness remains a valuable

et al. RCE extracts a component by combining multi-channel fi tigation into fati itori 31. Eurth
signals with weights that are optimally sought for such that area of investigation into fatigue monitoring [3]. Furthermore,

the extracted component maximally contains the power in the detection of the dozing by the EEG, many researchers pay
frequency range of interest and suppresses that in unnecessaryattention to the frequency component such as the delta, the
frequencies. We found difference between the features obtained theta, the alpha, the beta waves by the frequency analysis (i.e.,
by RCE in the sleep and in the wake conditions. This implies o ier transform). For example, Yokoyama et al. suggest that
that this method is available for analyzing the sleeping. . R
the transitional EEG wave caused by the sleeping is important
I. INTRODUCTION [10].

Modern people have been more interested in the sleepingin the Fourier transform, rhythmic components of the EEG
One reason is that there are many harmful effects by tlike the theta wave or the alpha wave is extracted for decom-
sacrifice of the sleeping [1]. In the modern society, it iposing a signal to a set of frequency components. Furthermore,
mentioned in this paper that many people have irregular hdfitve use the multi-channel signals, the principal component
and suffer from much stress, so that they cannot have enowgtalysis (PCA) is useful to extract a component of which
of sleep. It causes driver dozing and falling asleep during tkige power is very dominant [11]. Moreover, the independent
important situation. Therefore, it is necessary to reveal themponent analysis (ICA) is effective to estimate statisti-
mechanism of the sleeping, and to prevent from falling asleeglly independent components and applicable to blind signal
at critical moments. separation (BSS) [11]. Furthermore, Tanaka et al. pointed

For the estimation of the dozing like the driver dozingout if the frequency of interest is known in advance, it is
the questionnaires, the physical changes, the physiologioabre natural to directly estimate a component with respect to
changes are applied [2], [3]. The most accurate techniquég frequency range mentioned in the papers [12], [13]. To
are based on physiological measure like brain waves, testimate this component, the so-called rhythmic component
heart rate, the pulse rate, the respiration, the image proces@&rfyaction (RCE) method has been proposed. The extraction
for the head and the eye movements, etc. Among theimmade by combining multi-channel signals with weights that
there are many studies using the image processing techniqaes, optimally sought for such that the extracted component
the electrooculogram (EOG) and the electroencephalogramaximally contains the power in the frequency range of inter-
(EEG). In the conventional study for estimation of the dozingst and suppresses that in unnecessary frequencies. Therefore,
these effectiveness are shown in papers [4]-[9]. On the imathe frequency of interest which cannot be seen in each single
processing techniques in the paper [9], images of drivehannel is detectable by the RCE signal. Furthermore, the
especially at the retina are obtained by CCD micro cameeffective channel to the frequency of interest can be found by
sensitive to near infrared (IR). Although this technique is natnalyzing the weights of the RCE. However, no one evaluate
intrusive since it does not require electrodes to be attachedhe weights of the RCE signal. Therefore, we investigate the
the subjects, there are still problems. First is that external lighffectiveness of the RCE. The power spectrum of the RCE is
sources are the main source of noise. In the driving experimerd]culated by the Fourier transform.
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Il. RHYTHMIC COMPONENT EXTRACTION

over time. Therefore, a regularization method that takes into

RCE is a method to extract a particular EEG component tHgRnsideration the correlation between the signals extracted in
concentrates the energy in a certain frequency range. Thi¥ Previous frame and to be extracted in the current frame to
frequencies are corresponding to the delta, the theta wave @¥gid the discontinuity effect, is needed.

so on. It is expressed as

i[k] = Z wia; k). 1)

Observed signat; [k](k = 0, ..., N—1) is based on the channel
i(i = 1,..,M). w; is the weight and it is determined to
maximize the power of specific frequency component, wher
the power of the other frequency component is minimized (2[
Q, C [0,7] is frequency component we want to extract, an
0y C [0,7] is the other frequency component we want t

suppress, when the Fourier transform is computedxfk].
Therefore, the cost function defined as

Joo, 1K (€79%) 2duw
o, X (e779)2duw

Ji[w] @)
is maximized. Furthermore, defin® eR*V as [X];, =
x;[k], and matricedV; and W, as

Wilim =R e~ Iwl=m) g,

Q

®)

efjw(lfm)dw,

[WQ]l,m =R
Qo

(4)

respectively, wheré, m = 0,..., N — 1 and‘R takes the real
part of the complex value. Thew];[w] can be described in

the matrix-vector form as

wI XW XTw

wT XWoXTw'

[11. ADAPTATION AND REGULARIZATION OF RCE

Jiw] = (5)

Let w™ 1) and w™ be the weight coefficients in the
n — 1th and thenth frames, respectively. Notice that™—1)
has already been obtained an#® is an unknown vector to
be determined. Then, the correlation of rhythmic components
extracted in the previous and current frames is described as;

C)

ﬁerePl and P, are the matrices of size< (I — 1) that take
e part overlapping betweexi™ and X (»~1_ In the case of
Q one-sample shift of frames, with zero matbix ;_,), they
Qre described as

_ | Oix-1) _
Py = [ I b=

rm — w(n)T)((n)plpOTx(nfl)Tw(nfl)7

I }
Orx(1—1)

Under the assumption that a rhythmic signal from a brain
varies slowly with time, we should estimate thein such a
way that|r(™)| remains large while adapting. Therefope») |2
is used for regularized the cost function.

We define rank-1 matrix;

9)

C(n—l) _ PlPg"X(n—l)T,w(n—l)w(n—l)TX(n—l)_POPiT’

(10)
and find thew that maximizes the new cost function given as;
wT XM (W, + eC=D) X (T

wT XMWy X ()T ’
where € is a regularization coefficient. Whea = 0, J3[w]

coincides with.J; [w]. The EEG analysis examples are shown
in the papers [12], [13].

Jolw] = (11)

IV. EXPERIMENTAL PROCEDURE

Adaptation of RCE can be made by using frame processingln the experiment, we investigate the difference of the EEG

[13]. Let x;[n] be the observed signal in thith channel with between the waking and the sleeping. We pay attention to
time indexn. In this case, the time index can be either finitenly 1 subject. The reason is that the other subjects cannot
or infinite. In a way similar to (1), a rhythmic component issleep in the laboratory. We measure the EEG before sleeping

extracted as follows;
(6)

Wherewgn) is the weight for theath sample. The Weighwl("),
is obtained by replacing sample matix X (™ is defined by;

and just after falling asleep. There are multiple stages in
the sleeping [11], so we focus on the stage | which is the
stage of drowsiness because the purpose of this paper is to
prevent from falling asleep at critical moments. The EEG
is measured by the NEUROSCAN system, which is the cup
type electroencephalograph. There are 32 channels (including
reference electrodes Al and A2) according to the international
10/20 system, and sampling frequency is 1000 Hz. After the

[X( )]ik = alklziln +k —d), 0 attachment of the electroencephalograph, we measure the EEG
where alk],k = 0,...,N — 1, is an appropriate window for 1 minute. We define the data as before the sleeping in this
function with a length of N andd is a time delay. We can study. After that, the subject keeps relaxing and sleeps. For
obtain the weight at time index, w(™, by maximization determination that the subject sleeps, we drum on the table
of Ji[w] at time indexn. Note that it is highly possible every 4 minutes (see Fig. 1). If he notices, the subject can
that the rhythmic components extracted in the- 1th frame moves his fingers in small motions, and it is defined that the
and in thenth frame significantly differ from each other.subject is not sleeping. If he does not notice, the subject cannot
However, this analysis is batch-type algorithm, which cause®ve fingers. When it happens the EEG is measured for 1
discontinuity in the weight coefficients or the extracted signatinute. We define the data as during the sleeping.
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Measurement Measurement 9 . . . .
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Fig. 1. The experimental procedure in the experiment 1. 2
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V. RESULTS AND DISCUSSIONS 0 10 20 30 40 50 60
In this section, we show experimental results. At the first, Time [s]

we try to analyze the frequency component in before and
during the sleeping by the Fourier transform. Then, we indicate
the effectiveness of the RCE. Next, the important frequency
range, determined by the frequency analysis, is extracted by
the RCE. In the RCE analysis, the extracted signal is composed herefore, we extract the theta and the alpha wave compo-
using weights corresponding to each channel. These weighents by the RCE. To extract the theta wave component from
indicate the importance of each channel for the specifite RCES2; is set to the range corresponding to 4—7 Hz. In the
frequency range of interest. Therefore, the analysis of thase of the alpha wave component, the range corresponds to
weight variation can represent the effectiveness of the RCE;13 Hz. The RCE signals are extracted from all 30 channels
too. per 1 second. The sampling rate is down-sampled to 500 Hz,
When the EEG data is measured, impedance levels of e&¢tl ¢ = 1000. Moreover, to investigate the variation of the
channel are lower than 5 kfr sometimes a little higher thanfrequency component of the RCE signals, DTFT was applied
it. Before the RCE analysis, we applied DTFT to detect thger 1 second. The band powers of the theta wave and the alpha
variation of the frequency component. The window size lwave are shown in Fig. 3—4. The abscissa axis means the time
set asN = 1000. In Fig. 2, the vertical axis indicates therange and the vertical axis means the bands power. Time range
power spectrum and the abscissa axis indicates the frequeiyset as 60 seconds. From the RCE analysis, there was no
Compared with the power spectra of before and during tidéference in the theta wave component between before and
sleeping, the alpha wave component (8-13 Hz) decreased dluring the sleeping. On the contrary, the power of the alpha
ing the sleeping. On the other hand, the theta wave componwave during the sleeping is lower than that before the sleeping.
(4-7 Hz) increased. These features are also confirmed at th&rom these results, the power of the alpha wave component
other channels. These results suggest that the alpha and thetmssible to be larger than that during the sleeping. Further-
wave components are promising candidates in revealing timere, there may be specific channels which greatly affect the
sleeping stage I. In the paper [11], the resemble features tR&E signal. For investigation of weights, the time average
appearance of rhythmical 4—6 cycles/s theta activity and brisk the weight for each channel is calculated. The weights
alpha dropout are also mentioned. extracted by the RCE are transformed to absolute value. In

Fig. 4. Power spectrum of the alpha component.
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Fig. 5. Weight of each channel in the theta wave component. Fig. 6. Weight of each channel in the alpha wave component.

Fig. 5-6, the time average of the 7 channels weight (j.:_pl,change._ Furthermore, it is confirmed tha_tt_ weights change
02) are shown. Furthermore, Fig. 5 declare in the case of #@pending on the sleep and the wake conditions, in the case of
theta wave component, and Fig. 6 indicate in the case of ¢ alpha and the theta wave extraction by the RCE. Therefore,
alpha wave component. From Fig. 5, the weights of FP2, 0Be availability of the analyzing the weights in the RCE signal
CZ, C4, and O1 decreased, and the weights of FP1 and & indicated. In the future works, we will focus on the other
increased. In the previous analysis, the power of the theta waiRguency bands, and try to analyze the other subjects.
component from all channels by the RCE was not different
by the sleep and the wake conditions. However, analysis of . , ) _
the weights intends that the theta wave appears in differéll“]t H. Yamadera, The topics of sleep dls_order: concerning sleep-wake
g ) pp e rhythm disorder,”Journal of Nippon Medical School, Vol. 68, No. 4,
channels depending on the sleep and the wake conditions.pp. 344-348, 2001.
Moreover, from Fig. 6, the weights of FP2, C3, CZ C4[2] M. W. Johns, "A sleep physiologist's view of the drowsy driveffans-
- Lo ’ ' ' ortation Research Part F 3, pp.241-249, 2000.
and O1 indicate the opposite change. The_se r.esults mean fﬂa . K. L. Lal, and A. Craig, “A critical review of the psychophysiology
the power of the alpha range shows relative increase amongof driver fatigue,”Biological Psychology, Vol. 55, pp. 173-194, 2001.

channels during the sleeping. On the contrary, the power [6f S: K. L. Lal, A. Craig, P. Boord, L. Kirkup, and H. Nguyen, “Development
the theta ranae shows relative decrease of an algorithm for an EEG-based driver fatigue counter measure,”
g : J.Safety Res., Vol. 34, pp.321-328, 2003.
From this result, it is confirmed that the weights changs] C. Lin, R. Wu, S. Liang, W. Chao, Y. Chen, and T. Jung, “EEG-based
by the sleep and the wake conditions. These results represengrowsmess estimation for safety driving using independent component

. . analysis,"|EEE Trans. Circuits Syst. |: Reg. Papehél. 52, No. 12, pp.
the effectiveness of the RCE because the relative power of 575575735 2005,

the frequency of interest among channels can be revealed[d)yM. Golz, D. Sommer, A. Seyfarth, U. Trutschel, and M. Moore-Ede,

weight analysis. As these results, the relative power of the “Ppplication of vector-based neural networks for the recognition of be-
ific ch I'm be different by the sleep and the wake ginning microsleep episodes with an eyetracking system,” In: Kuncheva,

Specifiic channel may y p . L. I. (ed.), CIMA, pp. 130-134, 2001.

conditions. These differences by the RCE analysis can pg D. Sommer, T. Hink, and M. Golz, “Application of learning vector

confirmed. In the future work is to evaluate the time variation guantization to detect drivers dozing-ofEuropean Symposium on Intel-
. . ligent Technologies, Hybrid Systems and their implementation on Smart
of the weight of the channel. Moreover, it is necessary to Adaptive System®p. 119-123, 2002.
analyze the other frequency bands like the delta and beta wgse M. Golz, D. Sommer, M. Chen, D. Mandic, and U. Trutschel, “Feature
and the other subjects. fusion for the detection of micro sleep eventdgurnal of VLSI Signal
Processingvol. 49, pp. 329-342, 2007.
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