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An algor i thm for plotting two-dimensinal  EEG his tograms in amplitude - f r e q u e n e y  coordinates 
of the waves forming the curvewith  the aid of a computer  is described.  The EEG is presented 
for  coding as a se r ies  of extrema,  the t imes of their  appearance being recorded.  The appropr i -  
a teness  of the algori thm is confirmed by examples.  
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Among the series of operations required for computer analysis of the EEG, its encoding is the most 
difficult. The difficulties arise, in particular, because of the large volume of information. In the course 
of one experiment (with recordings from 16 leads during 15 min, with}a quantification frequency of f=200/ 
sec and with a number of amplitude quantificationlevels of n = 64) it amounts to several million bits. Before 
the EEG can be ledlntothe memory of the computer, it is therefore advisable to reduce the volume of infor- 
mation but without reducing its informativeness, so far as possible, at least in relation to modern methods 
of analysis. 

This can be done if the EEG can be presented purely as readings takenatits extrema, with the times 
of their appearance being recorded simultaneously. With this method the segment of the EEG in the inter- 
val (O, T) is replaced by a series of digital pairs (u i, ti), the indices of which correspond to the serial num- 
ber of the extremum in the segment recorded; the first number is thevalue of the EEG at the extremum, 
and the second number is the time of its appearance. The mean number of these pairs is eT, where e is 
the mean number ofextrema of the EEG in unit time. The term t i rises sharply toward the end of the seg- 
ment, so that the recording would be more economical if the series (ui, ti) were replaced by the series (ui, 
Ati) , Ati= ti+1--t i. Inthat casethe relative economy in the volume of information ~ is expressed as follows : 

v~ -  e logV f TTUT~I , (1) 

where V 1 and V 2 a re  the volume of information (bits) for uniform quantification and ext remal  presentat ion of 
the EEG respectively;  s the maximal  distance between the ext rema (in seconds). For  the EEG } = 5-10; this 
does not, of course,  solve the problem but it broadens the class  of experimental  situations for  which the 
EEG, presented  inthis  way, can be stored direct ly  in the computer ' s  memory .  

Presenta t ion of the EEG by ext rema leads to vir tually no loss of information from the point of view 
of methods at present  used for its a ssessment .  Some charac te r i s t i c s  a re  retained completely. This applies 
to a s y m m e t r y  of the EEG waves [1], to the Faure  d iagram [2, 3], and to many elements  of the evaluatory 
mat r ix  of the EEG [4]. The es t imate  of the corre la t ion  function of the EEG can be calculated f rom this p r e -  
sentation more  accura te ly  than, for  example, f rom sign correla t ion,  and so on. 

The wr i te rs  used presentat ion of the EEG by ext rema in order  to plot two-dimensional  h is tograms 
in "EEG ampl i t ude -wave  duration" coordinates,  which have proved themselves in p rograms  of identification 
of specimens [5]. 
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Fig. 1. Pieeewise-linear approxi- 
mation of EEG envelopes: i) seg- 
ment of EEG; 2) upper envelope 
(Vu); 3) lower envelope (Vl); 4) 
mean between them (V). 
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Fig .  2. G r a p h s  showing  t w o - d i m e n s i o n a l  
h i s t o g r a m s  of EEG c h a r a c t e r i s t i c s .  1) H i s -  
t o g r a m  obta ined  manua l ly ;  2, 3, 4 ) h i s t o g r a m s  
ob ta ined  by c o m p u t e r  ( v a r i a n t s  with Vu, VI ,  
and V r e s p e c t i v e l y ) :  a) f r e q u e n c i e s  > 14 Hz; 
b) f r e q u e n c i e s  8-13  Hz; e) f r e q u e n c i e s  4 -7 .5  
Hz; d) f r e q u e n c i e s  1-3o5 Hz. A b s c i s s a ,  a m p l i -  
tude of w a v e s  (in ~tV); o r d i n a t e ,  n u m b e r  of 
w a v e s  in 10 s e e  in 4 w a v e b a n d s  i n d i c a t e d  above .  

T / ,  . . . ,  Tn) a r e  c h o s e n  a long  the u ( amp l i t ude  of the waves)  and 7 (du ra t ion  of the waves)  a x e s ,  and in each  
t w o - d i m e n s i o n a l  r e g i o n  

Uk--l< U~Uk, (4) 
Tl--~ < x ~ T t  

A scrutiny of the method of processing used by 

specialists during visual analysis of the EEG shows 
that it consists of three stages: a) measurement of 

the parameters of the waves; b) identification of low- 

frequency additive components; c) the plotting of two- 

dimensional histograms. 

The first stage - measurement of the param- 
eters of the waves - can be expressed variously. 
In a paper by Kozhevnikov and Mesheherskii [6] sev- 

eral definitions are given for the concepts of "wave,,, 
"amplitude of the wave," and "duration of the wave. ~ 
In the algorithm to be examined below the wave is 
the region between neighboring minima and its dur- 
ation ~- is 

== Ati+~ "r At i+n-1 ,  (2) 

and its amplitude u is 

u = 0,5(--ui+ ~ + 2 u i + ~ _  ~ --ut+~n_2 ) =--0.SA, u i +  n. (3) 

Here {At} is the first difference of the series (ti); 
{A2u} is the second difference of the series (ui),.and 

1, if the series begins with an ascending phase, 
~1 = 0, if the series begins with the descendirig phase. 

The second  s t a g e  is connee t ed  with the  concep t  
of the  EEG as  the  r e s u l t  of s u p e r p o s i t i o n  of d i f f e r e n t  
p o t e n t i a l s  on each  o the r .  The  p r o b l e m  h e r e  is  to d i s -  
t i n g u i s h t h e  s low c o m p o n e n t s  of the  EEG.  

At  th i s  s t a g e  the  s i m p l e s t  a p p r o x i m a t i o n  would 
e v i d e n t l y  be  to  d i s t i n g u i s h  the  e n v e l o p e s  of the EEGs  
o r ,  b e e a u s e  of the  s h o r t n e s s  of the s e g m e n t  a n a l y z e d ,  
t h e i r  p i e e e w i s e - l i n e a r  a p p r o x i m a t i o n s ,  the  nodal  
p o i n t s  of which  a r e  the  e x t r e m a  of the  EEG.  T h e r e  
are three possibilities: to plot the upper envelope 
V u (from the maxima of the original curve), to plot 
the lower envelope V l (from the minima), or the 
means V between them (Fig.l). 

In a p a p e r  by N ik i fo rov  and B o c h k a r e v  [7], in 
which  they  d i s c u s s  p r o b l e m s  s i m i l a r  to t hose  now 
be ing  c o n s i d e r e d ,  a me thod  of E E G  p r o c e s s i n g  a n a I o -  
g o u s t o t h e  p lo t t ing  of V u was  used .  It can be shown 
tha t  V u and V l r e f l e c t  not  only  the  a d d i t i v e  but  a l s o  
the m u l t i p l i e a t i v e  c o m p o n e n t s  (such a s  the  s p i n d l e s  
of the  c2-rhythm) .  In the  method  of e v a l u a t i o n  of the  
EEG a s  i t  has  e v o l v e d  in p r a c t i c e ,  i t s  m u l t i p l i c a t i v e  
s tow c o m p o n e n t s  a r e  not  c o n s i d e r e d  to be  " s l o w  
w a v e s . "  It is  t h e r e f o r e  b e t t e r  to u s e  the m e a n  V, 
which  is  not  s e n s i t i v e  to  t hem.  

F i n a l l y ,  the  t h i r d  s t a g e ,  the p lo t t i ng  of h i s t o -  
g r a m s ,  is  done in the  u s u a l  way.  B o u n d a r i e s  of the 
i n t e r v a l s  (Ut, U2, . . . ,  U k . . . ,  . . . ,  U n and T1, T2 . . . .  , 
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the number of waves f rom the segment of the EEG being processed ,  and whose pa rame te r s  satisfy this in- 
equality, is s tored.  

On the basis of these determinat ions the algori thm of h i s togram formation f rom the ser ies  (u i, Ati) 
was developed and used for  p rograming  the Minsk-32 computer .  

The number  of intervals  along the ~- axis was chosen to be four (corresponding to durations of the 
o~-, f l - ,O- ,  and A-waves) ,  and ten intervals  along the u axis (5 to 50 ~V). The p rogram included cons t ruc-  
tion of the se r ies  (u i, At i) f rom the uniformly quantified EEG obtained with the "Silhouette,, apparatus (time 
quantization increment  5 msec,  accu racy  of measurement  of EEG ordinates 8 bits). The p rogram was com-  
piled f rom the following units: 

a) format ion of the se r i e s  (ui, Ati) f rom the original  EEG (i.e., distinguishing the ext remal  points); 

b) measurement  of the pa rame te r s  of the EEG waves according to equations (2) and (3) and filling in 
the h is tograms in accordance  with equation (4); 

c) distinguishing the low-frequency components of the EEG, for  which Vu, Vl, or V were used in dif- 
ferent  var ia t ions  of the program; 

d) p rocess ing  of the low-frequency components by the same method as the EEG, as in paragraph b. 

It was f i rs t  supposed that the number of low-frequency components to be distinguished would be fair ly 
large and that the components themselves  would requi re  low-frequency filtration. The experiments  were 
carr ied  out in accordance  with var iant  21 (different combinations of components and different pa rame te r s  
of the f i l t rat ion operator) .  They showed that the best  approximation to the resul ts  of visual analysis  is given 
by the use of only two unsmoothed components - the initial EEG and its envelope. 

Let us consider  an example which shows how computer  analysis  of the EEG by re fe rence  to its ex- 
t r ema  can be car r ied  out. 

Patient Sh-i. Eight bipolar recordings  were taken f rom the basic regions of both hemispheres .  Epoch 
of analysis  10 sec.  

The construct ion of two-dimensional  h i s tograms on the basis  of computer  data obtained in three var i -  
ants (HC) and on the basis of manual p rocess ing  of the same curve as a control  (HM) is i l lustrated in Fig. 2. 
Histograms of the eight record ings  in this case were plotted so that the state of the subject over a period 
of 10 sec was charac te r ized  by a single his togram.  Comparison shows that agreement  between HC and HM 
within the (~- and 0-rhythm bands is a lmost  complete.  

Within the /~-rhythm band, the number of waves in HC was lower than in HM. This evidently happened 
because of defects in the encoding of the p r i m a r y  EEG by the "Silhouette" system.  In the region of low val-  
ues of u and T, the number of 0- and A-waves is la rger  in HC than in HM, indicating that the HM method is 
more  sensit ive.  In o rde r  to approximate HC and HM, t h r e s h o l d s m u s t t h e r e f o r e b e  introduced so that low- 
frequency and low-amplitude regions in HC are excluded from the histogram. 

EEGs of 12 subjects altogether were analyzed by the method described above. The results confirmed 
the usefulness of the computer algorithm fortheplottingof two-dimensional histograms of the EEG between 

coordinates of "amplitude-frequency" of its waves. 

The authors are grateful to the programers L. Ivanova and E. Krupnova for assistance rendered dur- 

ing the computation of the experimental data. 
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