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A Proposed Algorithm and Sampling Conditions for Nonlinear Analysis of EEG
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s ABSTRACT

Objectives: With the object of finding the appropriate conditions and algorithms for dimensional analysis of human EEG, we
calculated correlation dimensions in the various condition of sampling rate and data aquisition time and improved the com—
putation algorithm by taking advantage of bit operation instead of log operation.

Methods: EEG signals from 13 scalp lead of a man were digitized with A—D converter under the condition of 12 bit resolution
and 1000 Hertz of sampling rate during 32 seconds. From the original data, we made 15 time series data which have different
sampling rate of 62.5, 125, 250, 500, 1000 hertz and data acqusition time of 10, 20, 30 second, respectively. New algorithm to
shorten the calculation time using bit operation and the Least Trimmed Squares(LTS) estimator to get the optimal slope was
applied to these data.

Results: The values of the correlation dimension showed the increasing pattern as the data acquisition time becomes longer. The
data with sampling rate of 62.5 Hz showed the highest value of correlation dimension regardless of sampling time but the corr—
elation dimension at other sampling rates revealed similar values. The computation with bit operation instead of log operation
had a statistically significant effect of shortening of calculation time and LTS method estimated more stably the slope of
correlation dimension than the Least Squares estimator.

Conclusion: The bit operation and LTS methods were successfully utilized to time—saving and efficient calculation of correlation
dimension. In addition, time series of 20—sec length with sampling rate of 125 Hz was adequate to estimate the dimensional
complexity of human EEG. Sleep Medicine and Psychophysiology 199901 6(1)0 52-60
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Fig. 1. The graph plotting logC(r) vs. log(r). Tangential line
represents correlation dimension. The slope of this line greatly
depends on the arbitary section of logC(r) where the cal-
culation of least square is applied.

uooooobo ooooo 00 Oob booo oo oo
oo.

mini(F Dion ®@
1

0000 (Awps ... < (A0 000 000000 KO
On/20010 00000. 0@G)0 00 0 000000 O
00 0000 0000 00 0000 0000000 O
00,0 D000 0000 0000 0000 00 00-0
0 00000 0000 00 000 00 000 0000
0000 0000 0000 0O000.

2) FAHUXSFY Y ZAKNSFHC H|w

125 HzOO 2000 000 1300 000 0DOO00 OO
00 00000 0000 00 log[c]OO0 0DOO -3
00 -7000 00 000 -100 -9000 00 00O
000000 DO00000000 0000000 0000
000 00000 D000 000000 00000. 00
000 00000 OO00 0000 O 0000 t—testd

oot 0oud oob oo oooooo o oo booog

Table 1. The length of fime series(number of points)

Data acquisition time

Sampling rate

10 sec 20 sec 30 sec

62.5 Hz 625 1,250 1,875
125 Hz 1250 2,500 3,750

250 Hz 2500 5,000 7.500

500 Hz 5000 10,000 15,000

1000 Hz 10000 20,000 30,000

Table 2. The correlation dimensions of the time series(Mean+
S.D, NO 13)

Data acquisition time

Sampling rate

10 sec 20 sec 30 sec
62.5 Hz 11.7¢£ 1.9 11.8+ 1.9 12.3+ 2.3
125 Hz 8.7+ 1.1 9.4+ 1.1 10.0+ 1.3
250 Hz 2.1+ 1.0 9.2+ 1.1 9.8+ 1.3
500 Hz 9.0+ 0.9 8.9+ 1.0 9.6+ 1.2
1000 Hz 9.0+ 1.1 8.8+ 1.1 9.6+ 1.3
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Fig. 2. The correlation dimension vs data acquisition timelO
The dimension tends to increase according as the length of
fime series becomes longer. Repeated measure ANOVA shows
the significant effect of data acquisition time with p<0.05.
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Fig. 3. The correlation dimension vs sampling rated The dim-
ension increase significantly at 62.5 Hz.

Repeated measure ANOVA shows the significant effect of
sampling rate with p<0.01.

effect of the sampling rate p<0.01, within subject con—
trasts, 62.5 Hz vs. others, p<0.01).
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Fig. 4. The estimates of correlation dimension at the con-
dition of wide and narrow section of LogC(r). The numbers
on the graph indicate the mean values of correlation dim-
ensions of 13 time series. The least square method shows
significant decrease at the wide section of LogC(r) but the
estimates of correlation dimension by least tfrimmed square
method remains stable. The difference of the dimensional
stability have statistical significance with p<0.01.
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Bit operation was significantly faster than log operation(i-
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