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Kullback information plays an important role as a measure of measuring the difference
between two probability densities. In this paper, we apply Kullback information in the freq-
uency domain to evaluate the difference between two spectral densities. It is proved here
that Kullback information measure is equivalent to other measure under some conditions
such as likelihood ratio of residuals of autoregressive model or spectral error measure.
Using Kullback information as a measure of the segmentation and the classification of the
nonstationary EEG data, we classify the sleep stages of human subject during all night. To
recognize the sleep stages which consist of 6 stages in the human subject, first we segment
the nonstationary data to make stationary subsequences, and next extract the features from
the segmented sequences. Then we classify the EEG data by computing the distance between
the features of the segmented sequence and the typical EEG pattern. These segmentation
and classification are based on the calculation of Kullback information. The results of the
sleep stages obtained by computer comparatively agree with those by a rhysician. This
shows that Kullback information is useful to the analysis of the nonstationary time series.
Finally, we compare as a measure Kullback Information with other measures, such as
Divergence, Bhattacharyya Distance.
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Fig. 1 Segmentations of the EEG during sleep stage W. On the top, the EEG and the vertical line of
the segmentation are shown. On the middle, the values of the measure of (9 are indicated, while
on the bottom, power spectral densities of the data between the segmentations are shown. The
abscissa denotes frequency by Hz, while the ordinate denotes gain of power spectral densities by

logarithmic scale.
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Fig. 2 Segmentations of the EEG during sleep stage 2. Similar representations are shown in Figure 1

are used.
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the sleep stages by means of Kullback’s
information measure.
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Fig. 4. Representation of the sleep stages during all night determined by computer. The symbols
in the left column denotes the sleep stages, i.e. W (wakefulness), R (stage REM), 1 (stage
1), 2(stage 2), 3(stage 3), and 4(stage 4). The abscissa denotes time by hour scale.
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Fig. 5 Representation of the sleep stages during all night determined by a physician. Similar
representations as shown in Figure 4 are used.
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JU =1 tr(Zi—X) (T =507

L. [02(S) , 0(S) _
A R B
SHIABDA S EROARS b ABEOBEHOEL
W BT, of=0? LR L,

T2 2) =t (S,8y714S,S,71—21) @
L1t %, Bikic Bhattacharyya Distance
L 5,2(5)) -+ 022 (S2)
l0,2(Sp) 1}0,%(S9) |7

A, RUIEFRBICLT, AEBRORELERIET S
W o2=0? L &,

B(1:2) =~;~1og

15,1

1g+1ls
B1:2=1% sitds] 2 ,z’
[8117]S.17
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&3,

RIZ B2 BB L e BB o T a3 3 o0 Ku-
ilback 1 EIz & 5F4), Divergence iz} 5 H MY,
Bhattacharyya Distance 12 } % 5\U5% fli ¥ ie flic T o

ThiET 3,
WE
(18 <_(1 0
si=(p 9 s=(5 9) C
EF<, RUOT p IHBERHETHD, DL XU
b
11221 =Flog L
KUy
Ju:z)-ljw{—l
A x b
1
1——p?
iy 1 1
B(1:2)= 5 log )
&5,
p=0.0D & ¥ I(1:2)=0.00, J(I:2)=0.00,

B(1:2)=0.00

p=0.1D & & I(1:2)=0.005 J(1:2)=0. 01,
B(1:2)=0.001

p=0.20 & % I(1:2)=0.020, J(1:2)=0. 04,
B(1:2)=0.010

p=0.50&& I(1:2)=0.144, J(1:2)0. 333,
B(1:2)=0.040

p=0.70& & I(1:2)=0. 337, J(1:2)=3.961,
B(1:2)=0.103

L%, ThLOERND, EZOH DI

B(1:2)<I(1:2)<J(1:2)

THBN, p 2B ERLBEOKECOERLE S &,
Toko®RBEE OI(1:2), OJ1:2), OBQ 12)t%
BisLE, 3%

71 :2)<OB(1:2)<OJ1:2)
DEGPBILT 5, TOZ LT, B A SBERFIORN
7 P EEOREEDZOBIS BT ZEDORED
L SDOREDIEFE % Rhug, Divergence, o gkic Bh-
attacharyya Distance, Kullback BHREELRT o &N
T& %,

8. LIV

3!5%’%%“%?11&:1@&@5}%?'6%1»%%&6, WEFT
EHRRIIOEIT LU AL < B Sh, %
TEHTEhbOFE,NBEE IRTER, L LI e
FFUDELD B0 TR HE—E 7o T B R AT 2 3 28

FhTW3id bbby, FRERIRTORVER
TH D, AMRFXIEEERRIIZ EH DX 5B
K435 & 5 RAen LT Kullback S8 %8 A
LichDThH s, 3k Kullback 8Bz EREIFHTD
VAT ADRFGOERE L TUALHbh TR, Ll
REBHBRTORFRD E DR Eh Ty, £ T
BICTHL 2 D ORRIIO B i Hids & CIRIEOE R Y R
35 k5 iakiitE L LT Kullback {58 EXEHL,
TRV SN TRCHH R E HERFN LA 25, Kul-
lback fEMBIC & DHE—IIICIEX HhBZ LM E
Bole, EHEAZVEANOZETT, HEME oD
#HA Xhi- Bhattacharyya Distance & HiisiLie
& A, Kullback {E#E*#3EL /- Divergence RE
P—FEER T EREBRE RS, Ll Dive
rgence REDERXRD 2}, F— X ORIEHH
PHOERLEL Y, Kullback FHEOHEERD
55D bEERMIRL B, FTTEHXTIE, Kul-
lback fE#BE%ES T, —BarhoERR RN %5 OEE
BECHMN T ole, TOKE, HHERIC X 2 EIEBRK
DHFIFERY, BHICX2Lhd LTS LVWEERXS
BT EMNTER,
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