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Abstract:

medicated histories. EEG data was recorded

of

electrodes mounted on the subject's scalp according to the

We applied non-linear dynamics theory to EEG
schizophrenic patients and estimated the corcelation
dimension from two points of view, that temporal
embedding and spatial embedding. A higher D2 was found
when using time-delay embedding method. Especially at F7
and Fp1, a significant increase showed. We concluded that
more complexes activity happened in schizophrenic

patients' some certain lobes. Using spatial

embedding

method, a relative lower global coruelation dimension was
got. That tells that there might be diffuse slow wave activity
through schizophrene's global cerebrum. It seemed that
theory of nonlinear dynamics system is powerful tool for
EEG research and may prove useful in complementing
visual analysis of EEG

INTRODUCTION
Apart from its value as a tool for detecting the curative
effect, spontaneous EEG is little known about the capabilify
to be a foundation or even an aid of diagnosis. From the
viewpoint of theory applying non-linear dynamics theory
to nonlinear brain system is helpful to understand the
underlying mechanism of brain. Correlation dimension can
be interpreted as a measure of the dimensional complexity
of the underlying system in some fields. In previous papers,
D2 was calculated with G-P algorithm (Grassberger and
Procaccia, 1983). Koukkou et al (1993) concluded that
schizophrenic patients had an abnormally increased brain

complexity while being psychotic. More studies are to
Alzheimer and Parkinson patients.

14

international 10-20 system and was sampled online at
100H2. Artifact rejection was performed off-line by an
experienced doctor's visual inspection of the recordings.

In the present paper, two methods will be applied to
EEG signals of controls and patients. First the modified GP algorithm with delay-time embedding was used to
estimate the D2, and second with spatial embedding to
reconstruct the phase space. The details of the calculation
of correlation dimension D2 have been described in many
related papers (Grassberger and Procaccia, 1983).
RESULTS

The results of temporal and spatial correlation
dimension of schizophrenic patients and controls showed in
this section. Table 1 shows an example, the result of healthy
person I and those of patient 2. There was no more reason
for

choosing this subject. Table

I

numerical result of

controll & patient 2. The significant difference between
two groups was found from the table: the schizophrenic
patients had higher D2 values than the control group almost
electrodes. Remarkable increased dimensional
complexity was found in the electrodes of F7, Fp1, and Fs,

at all

which was in consonance with the results of the power
spectrum analysis. Moreover, D2 in left brain region are
higher than right. We may conclude that left brain has more
complexity in schizophrenic patients. Anyway, such results
couldn't be got by visual analysis. We did this estimation to

7 patients and controls, and the different absolute
values were received. The relative difference between

The correlation dimension was estimated in different
way, namely by using multi-channel embedding instead of

other

time-delay embedding (Dvorak, 1990). From our

patients and controls, however, was preserved.

knowledge, there are no research did on schizophrenia. The

With the multi-channel reconstruction method,

present study, we calculated correlation dimension for

decreased to some degree. Table 2 depicts results of multichannel correlation dimension for l6 subjects.

controls and patients

with both temporal and spatial

methods.

SUBJECTS AND METHODS

The subjects included controls and patients.

The

controls were 8 healthy male graduates and researchers,
aged between 20 and 35years (average age 263 years).
They have no history of neurological or psychiatric disease
and not taking any drugs. 8 schizophrenic patients aged
between 24 and 40 years (average age 30.6) have no
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l: The comparison between controls and patients:
Embedding dimension 13-16 was applied to D2 estimation

Thble

Controls'D"

Patients'D2

7.5154+0.3868
5.8450+0.1720

9.0586+0.4108

Fp2
F3

7.5845+0.219r

8.6050*0.0996

F4
C3
C4

7.2006+0.2119
7.0876+0.1098
7.0727+0.0941

8.3867+0.0820

P3

6.8593*0.2564

8.7661f0.5393
6.9870+0.2672
7.3926+0.3413
7.8368+0.4733

Fpl

P4

7.3391+0.3070
6.8088+0. 1981

7.9962+0.4197

02

6.7647t0.2740

6.5745fl.0790

F7
F8

6.7966L0.3556
7.1285+0.4367
6.8389+0.1389

9.45t3+0.6201
9.6005*0.9247
8.1967+0.4913
8.1834+0.4699

T5
T6

Table

7.1624t0.2354

2: Multi-channel

correlation dimension

for

psychopathology, schizophrenia's

correlation dimension estimation

still could tell

some

information about the electric activity through global brain.
We may then elicit that schizophrenic patients have brain-

dysfunctional disorder or dysfunction. In the study of
asymmetry or lateralization, schizophrenia's left-cerebral
hemisphere was abnormal observably. Our results that left
region had distinct different correlation dimension agreed

with the pathology conclusion. They, therefore,

are

reasonable.
16

subjects

No.

to

spatial correlation dimension calculating. Because temporal
estimator considered brain's electric activity from different
lobes on brain cortex, the calculator with temporal method
implied more information than that spatial calculation did.
Moreover, from concerted viewpoint, frontal and temporal
changes were significant. Whatever, multi-channel

8.2562+0.5667

ol

According

pathology is not all-around but local. Therefore, it can be
interpreted about our different results from temporal and

Patients

From measure of dimensional complexity, we also
found that higher difference between two groups not only
represents higher dimension complexity, but also reflects
the zone where happened disorder or abnormality. On
second thoughts, we can educe what potential dysfunction
is hiding or behaving from the abnormal zone, because
every cerebral hemisphere has five lobes that have different
functions. Given enough samples, combining these two
methods together would be a powerful assistant tool for

6

Controls
7.6772+0.1641
6.9470+0.5370
6.3892+0.1684
7.9356+0.3042
7.4420+0.7709
6.8782+0.0598

5.3433+0.1744

detecting schizophrenia and may prove useful in

7

7.4t54t0.3065

5.0896+0.1697

complementing visual analysis of EEG.

8

7.7324+0.4887

5.7354+0.0687

I
2
a

J

4

)

6.1443+0.1043
6.6723+0.0826
5.0151r0.1 148
6.3372*0.0721
5.4020+0.1506
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D2 when using time-delay embedding

reconstruction. However, the results when using spatial
embedding, were different. We found a relative lower
spatial correlation dimension than controls. Here we want
to discuss the study from two points of view.
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