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Experiments  are  descr ibed in which the algori thm developed by V. K. Maslov for seeking in- 
formative c r i t e r i a  (for use in problems of form recognition) was used for automatic c l a s s i -  
fication by computer  of the various types of EEG previously distinguished by E. A. Zhir-  
munskaya on the basis of qualitative evaluation. The possibili ty of computer  c lassif icat ion 
of EEG types marks  a new advance in clinical electroencephalography.  

Evaluation of the EEG by plotting point d iagrams in a sys tem of two-dimensional  coordinates was 
f i rs t  suggested in 1953 [1]. La ter  this method of evaluation of brain e lectr ical  activity has been used in 
severa l  investigations [2, 3] in which, however, only a qualitative relat ionship was established between the 
stat is t ical  charac te r i s t i cs  of the d iagrams and the various types of human EEG. 

In the investigation descr ibed below an attempt was made to find a quantitative expression for the 
corre la t ions  established previously and to undertake the automatic classif icat ion of human EEG types by 
computer .  Algori thms of sea rch  for Informative c r i t e r i a  [4] as applied to problems of form identifica- 
tion were  used. 

E X P E R I M E N T A L  M E T H O D  A N D  R E S U L T S  

The aim of the experiments was to find, by means of a lgori thms,  the significant c r i t e r i a  (factors) 
within the space of which thetypes  of EEG studied are  c lear ly  distinguishable, and also to a r range  the a rea  
of the Faure  diagrams in o rder  of their  relat ive contribution to the differentiating power of the algori thmic 
factors .  

The human EEG was recorded  on an Alvar ink-writing electroencephalograph.  The period in Hz and 
the amplitude in V of the waves forming the EEG curve were measured  (with the aid of a ru le r  and cal i -  
pers) on the r ecords  thus obtained. Taking into account all waves (both large and the smal le r  waves super-  
posed on them) found on a cut of the EEG 10 sec in length, found in eight synchronously recorded  bipolar 
leads (occip i ta l :par ie ta l ,  occipi ta l - temporal ,  t empora l - f ronta l ,  cent ra l - f ronta l ,  f rom the left and right 
ce rebra l  hemispheres) .  A full account of the procedure  is given elsewhere [2, 3]. 

EEGs of the five types corresponding to the accepted classif icat ion were analyzed: type I) normal;  
II) hypersynchronized;  III) desynchronized; IV) disorganized; V) severely  disturbed. 

The EEGs for analysis were regarded  as real izat ions of a stochastic process  in a cer ta in  period of 
t ime. The two-dimensional  density of distribution (a, T) of the EEG waves in coordinates of amplitudes (a) 
and periods (T) (or frequency f = l / T )  in the interval T is the mathematical  expression of what is called 
the Faure  diagram. To evaluate the diagram its density (a, f )  is quantified at five levels of amplitude 
along the a axis (5-24; 25-49; 50-69; 70-99; 100-150 V) and in four frequency bands along the f axis (1-3.5; 
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TABLE 1. 
Original Description X 
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Fig. 1. Realization of types of EEG in 
space of algori thmic factors,  wl, w2) 
axes corresponding to factors  found by 
cr i te r ion  (1); 1-5) Nos. of types of EEG; 
�9 real izat ion of type 1; x) of type 2; [~) 
of types 3 and 4; A) of type 5; c ircled 
regions represen t  regions of space of 
factors  in which individual r ep resen ta -  
tives (realizations) of the corresponding 
type of EEG are  grouped. 

4-7.5; 8-13; 14-30 Hz). The method of quantification of the 
Faure  diagram is shown in Table 1. The squares  a re  num- 
bered. The resul ts  obtained by measurement  of the EEG 
waves are  applied to the quantified diagram. The number  of 
waves falling in each square  of the diagram is counted. After 
this procedure each cut of the EEG (realization of the EEG in 
t ime T) is presented as 20 numbers;  i .e . ,  it is represented  in 
a 20-dimensional  space X. 

To c a r r y  out the experiment,  training mater ia l  was fed 
into the computer to the amount of 80 real izat ions (16 cases  
for each of the five types of EEG). 

The content of the fac to r - sea rch ing  algori thms con- 
centrat ing the information distinguishing the types of EEG 
consists  essentially of finding the subspace of least dimen- 
sion Y ~ X ,  in which the distance between the real izat ion 
families of the different types of EEG would be large enough 
in a cer ta in  sense.* 

The basic vectors  w i of the subspace Y will be called 
factors  and the projections of the Faure  diagrams on these 
vectors  the values of the factors .  For  a fixed dimension 
K < I of the subspace of the factors  Y~• , the solution was 
obtained to the problem 

m a x  rain min  p (~r ~lCxpm), (1 )  
{~ } q<p,, m 

where Xqn represen ts  the n- th  vector  of real izat ion of the q-th type (the n- th  Faure  d iagram of the q-th 
type); w is the matr ix  of the dimension factors  K • 20; K the number of factors  (the dimension of the sub- 
space of the factors  Y); q, p are  the indices of the EEG types (q = 1; p = 2 , . . . ,  5). 

The resul ts  of operation of the algori thm by cr i ter ion (1) are  shown in Fig. 1, where the real izat ion 
of all types of EEG are  shown in space 2 of the linear factors  w 1 and w 2 found. The coordinates of these 

i 2 i 1 2 i s factors  Wl(Wl, W 1 . . . .  Wl) and w 2 (w2, w 2 . . . . .  w2) , regarded a the basis  of the subspace Y ~ X ,  give the 
relat ive weight of each of the 20 areas  of the plane (a, T). It is c lear  f rom Fig. 1 that the types of EEG are 
c lear ly  distinguished in the space of the separa te  factors .  

A his togram of the relat ive contributions (weights) of individual squares  of the Faure  diagram is 
shown in Fig. 2. Clearly the grea tes t  contribution is made by squares  Nos. 6, 7, 8, and 13, a smal le r  con- 

* The authors did not have sufficient arguments  to give preference  to any par t icular  measure .  The ordi-  
nary,  euclidean measure  was therefore  used, according to which 

f J 

t~ (Xq~, xp.3 = V ~ (xq~i -  x.,~) ~ . 
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Fig. 2. Graph of re la t ive  contributions of squa res  of the Fau re  
d iag ram matr ix :  a) succes s ive  values of contributions;  b) values  
of contr ibutions in order ;  ordinate ,  contr ibution yi; absc i s sa ,  No. 
of square  on Fau re  d iagram.  

tribution is given by Nos. i, 2, 3, 4, Ii, 12, 16, and 17, while the other squares (Nos. 5, 9, i0, 14, 15, 19, 
20) make no contribution. 

Squares with numbers giving the greatest contribution correspond on the Faure diagram to the fre- 
quency band of alpha waves with an amplitude of 5-70 pV and theta waves withan amplitude of 50-70 #V; 
squares with numbers making a smaller contribution correspond to beta waves with an amplitude of 5-100 
~V and also to theta and delta waves of low amplitude (5-50 ~V). 

During visual (qualitative) classification of the EEG into types it was this same difference in the in- 
formativeness of the different frequencies and amplitudes of the waves,which was used. The results of the 
present investigation confirmed these ideas on the basis of a quantitative evaluation of the EEG com- 
ponents. It can accordingly be concluded that the principles lying at the basis of the EEG classification 
reflect the actual principles which govern its structure. 

In conclusion it may be noted that computer analysis of the EEG, with the use of Faure diagrams,has 
several indisputable advantages over the methods of spectral analysis. This follows from the non-gaussian 
nature of the EEG and the consequent need for using characteristics with greater capacity than spectral for 
its evaluation~ such as two-dimensional distributions or functionals of multivariate distributions. 

The possibility of automatic identification of the various types of EEG recognized in clinical neurolo- 
gy, demonstrated by this investigation, gives a fresh impetus to the use of eleetroencephalography in clini- 
cal medicine. 

i. 

2. 
3. 
4. 

LITERATURE CITED 

G. Faure ,  C. R. Soc. Biol. ,  147, 1077 (1953). 
E. A. Zhi rmunskaya ,  Zh. Nevropat .  i Psikhiat . ,  No. 7, 984 (1969). 
E. A. Zh i rmunskaya  and O. G. Ross insk i i ,  Zh. Nevropat .  i Ps ikhiat . ,  No. 4, 490 (1971). 
V. K. Maslov,  Invest igat ion of Nonparame t r i e  Methods of Search  for In format ive  Fac to r s  and the 
Construct ion of Rules for  Solution in P rob l ems  of F o r m  Identification, Author'  s Abs t rac t  of Candi-  
da te ' s  Disser ta t ion ,  Moscow (1973). 

19 


