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A method of au tomat ic  combined  a n a l y s i s  of 20 e l e c t r o e n c e p h a l o g r a m s  at  the s ame  t ime by means  of 
a mult iple  ampli tude ana l yze r  and the ~UP~kL-2 '~ e l ec t ron ic  c o m p u t e r  is examined .  

The e l emen t  adopted fo r  EEG ana lys i s  is a s ingle hal fwave,  the ampl i tude ,  durat ion,  a r e a  and sigla of 
each  halfwave being de te rmined .  

E lec t rophys io log i s t s  a r e  becoming  inc reas ing ly  concerned  with the au tomat ic  quanti tat ive ana lys i s  of 
e l e c t r o e n c e p h a l o g r a m s  (EEG) [21. In this p a p e r  we examine  a concre te  va r i an t  of a combined p r o g r a m  of 
ana lys i s  of e l e c t r o p h y s i o l o ~ c a l  data using a mult iple  ampl i tude  a n a l y z e r  and the "URAL-2"  digital c o m -  
p u t e r .  As a r e su l t  of comple te  au tomat ion  of the p r o c e s s  of r e c o r d i n g  the e lec t rophys io log ica l  data ill  and 
feeding it into the e l ec t ron ic  c o m p u t e r  [4], p r a c t i c a l l y  all  the ex i s t ing  methods  of ma thema t i ca l  ana lys i s  
can be used  for  EEG ana lys i s  [31. 

In connection with the spec i f i c  f ea tu re s  of the method of mul t ichannel  magnet ic  record ing  of the o r i g i -  
nal e l cc t rophys io log ica l  data and the i r  ana lys i s  in the c o m p u t e r  which we adopted,  we used a single ha l f -  
wave of each  osc i l la t ion  of the b ioe lec t r i ea l  potential  as  e l emen t  of EEG ana lys i s .  The hatfwave is the pa r t  
of the b i o e l e c t r o g r a m  between two neighboring in te r sec t ions  of the ze ro  line. 

We cons ide r  that to give a comple te  definit ion of the halfwave,  the following of its mos t  impor tant  
p a r a m e t e r s  mus t  be known: dura t ion  (T), ampl i tude (A), a r e a  (S), s ign (~), index of shape of the halfwave 
(~5), s t eepnes s  of i nc remen t  and d e c r e m e n t  of the halfwave (plus ~o and minus  ~o). In addition, we have av a i l -  
able ins tantaneous values  of the EEG (Fig. la)  obtained with commuta t ion  f requency.  

So fa r  the p r o g r a m  we have used uses  only the f i r s t  four  indices:  dura t ion,  ampl i tude,  a r e a ,  and sign 
of the hMfwave. A s egm en t  of the EEG is i l lus t ra ted  in Fig. 1 s a n d  hal fwaves  with the co r respond ing  p a r a -  
m e t e r s  a r e  shown. In the case  examined  the f requency  of quant izat ion in t ime  (commutat ion frequency) was 
5 0 / s e e ,  while the magni tude of the in s~n taneous  EEG values  was a s s igned  in a f ive - rank  b inary  code (30 
ana lys i s  leve ls ) .  

T h e  n u m b e r  of d i s c r e t e  points on the O - O  in terva l  d e t e r m i n e d  the dura t ion  of the halfwave (T) with 
co r respond ing  a c c u r a c y ,  so  that  T can be e x p r e s s e d  e i t he r  by the number  of s teps  of quantization in t ime  
(tk) o r  in seconds  (one commuta t ion  in te rva l  is equal to 20 msec ) .  The ampl i tude  of the halfwave (A) is e x -  
p r e s s e d  e i ther  in d i s c r e t e  l eve l s  o r  in mic rovo i t s  (one d i s c r e t e  level  is equal  to 10 gV). The a r e a  of the 
halfwave (S) co r r e spond ing ly  is de t e rmined  e i the r  in re la t ive  units (number  of d i s c r e t e  levels)  o r  as the 
product  of the numbers  of m i c r o v o l t s  and seconds (~V "sec) .  

The s e r i e s  of vaIues of T,  A, and S with the co r r e spond ing  s igns  m e a s u r e d  during invest igat ion of a 
s egmen t  of the EEG yields a n u m b e r  of s t a t i s t i ca l  d is t r ibut ions  and spec ia l  indices providing adequate ly  
comple te  informat ion  on this EEG s egm en t  as a whole. In the h i s t o g r a m s  of the dis tr ibut ion shown in 
Fig.  l b - f ,  the co r r e spond ing  index e x p r e s s e d  as  a pe rcen tage  is p lo t ted  a long the ordinate .  Ei t lmr the a m -  
plitude of the halfwave or  the i r  durat ion,  in re la t ive  o r  absolute  units as  d i scussed  above,  [s plotted along 
the a b s c i s s a .  

The dis t r ibut ion ~ .  =f(a) ,  shown in Fig. Ib ,  de t e rmined  the p robab i l i ty  of appea rance  of instantaneous 
values  (a) of a ce r t a in  magni tude.  
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Fig. I .  Diagrams of distribution functions of halfwave parameters of the 
EEG during an interval of 20 see. Explanation in text. a) Segment of 
EEG with halfwave parameters; b) distribution of instantaneous EEG 
values (I000 measurements ) ;  c) distr ibution of halfwave ampli tudes 
(3000 halfwaves);  d) number of ha l f~tves) ;  e) t ime occupied by half-  
waves of given duration (in percen t  of record ing  time); f) a r ea  of 
halfwaves of given duration (in percen t  of total a r ea  of EEG). 
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The distribution nA=f(A ) (Fig. lc) is similar to the first, but it examines the maximal amplitudes of 
the halfwaves and not instantaneous values of the EEG. 

The histogram n T =fl(T) (Fig. ld) shows the relative number of halfwaves as a function of their 
duration. 

The distribution t T =f2(T) shown in Fig. le is also differentiated by halfwave durations and shows the 
relative time occupied by haifwaves of a given duration within the time limits of the recording. By means 
of this distribution the co- and fl-indices which are used in clinical practice for describing the human EEG 
[2] can easily be obtained. 

The distribution ST=f3(T ) given in Fig. If  shows the contribution made by halfwaves of a given dura- 
tion to the total area of the eleetroencephalogn'am (area of the electroencephalogram between the EEG curve 
and themidline). In our opinion this last distribution reflects clmnges in the EEG most fully, because every 
change in duration, amplitude, or shape of the half,raves is i'eflected in a change in area of the halfwave. 
The total area of the EEG during the recording time is desigmated in Fig. If, as Sto t. 

To facilitate examination and analysis of the extensive digital material contained in the distribution, 
we used the usual method of reducing the number of components of the spectrum by subdividing the whole 
range of the spectrum into a series of subranges. Each subrange contains sevel-al single discrete spectral 
levels. The sum of the value of the spectral levels included in the subrangc determines the value of tim 
corresponding index. Absolute or relative aggrewatcd ~tlues of the magnitudes examined and of the four in- 
dices are shox~ in Fig. I on the right side of each distribution. In the case of amplitude distributions the 
boundaries of the ranges are chose,.,, e,mventionally and their values are as follows: a 4, A 4 from 0-20 ~V 
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Fig.  2. Dynamics  of changes  in cor t ica l  e l e c t r i c a l  ac t i -  
v i ty  of a rabbi t  a t  1 point (left h e m i s p h e r e ,  occipi ta l  
region).  Dose of i r r ad ia t ion  1,500 R. Continuous line 
shows aggreg~ated e l ec t r i ca l  ac t iv i ty  S (in re la t ive  units). 
Indices  (in percent ) :  S 1, f requencies  below 1 cps;  S z, 
f requenc ies  of 1-3 cps; $3, f requencies  of 3-8 cps;  S 4, 
f requenc ies  o v e r  8 cps.  Ver t ica l  line indicates  m o m e n t  
of i r r ad ia t ion .  F o r  c l a r i t y  cu rves  St-S4 a re  r a i sed  three  
divis ions  above the a b s c i s s a .  

(0-2 discrete levels); a 3, A~ from 20-60/~V (2-6 d'~screte levels); a2, A 2 from 60-100 yV (6-10 discrete 
levels); a I, A i over I00 pV (over 10 levels). 

To ebtain indices of the distributions conp.eeted with halfwave duration, the following boundaries were 
conventionally chosen between the ranges (for rabbits): n I, t i, Sl-[ess than 1 wave,/sea (durations of half- 
wa~es between 26 and 30 commutation intervals); n 2, t~, $2-1-3 waves/see (9-22 inter~Is); n 3, t V $3-3-8 
waves/sec (4-8 inter~als); n 4, t4, S4-more than 8 v,~ves/sec (less than 8 intervals). All indices are given 
as percentag-es of theLr total sum. 

The combined program as described above ~ts used to analyze electrophysiological material ob- 
~ined during investigation of the cortical electrical activity of rabbits subjected to wi~ole-body irradiation 
by ~/-rays in lethal doses. Graphs were plotted to show ~e dynamics of the change in aggregated cortical 
activity at 20 recording points simultaneously at various periods before and after y - ray  irradiation. By 
means of simultaneous analysis of the results ~ertaining to sevec al indices, EEG components responsible 
for changes in the aggregated activlty can be detected. It is c~ear from Fig. 2 that the increase in activity 
3 h after irradL~ttion (rabbit no. 77, dose 1,500 R) was caused by a considerable increase in the relative 
proportion of slower EEG wavos (Sz), which in the currently accepted view are evidence of the deVeiopmenfi 
of inhibition processes. 

The form of presentation of the results, its clarity and demonstrativeness, are extremely important. 
Besides the ordinary curves, we also plot graphs in the form of distribution diagrams for each EEG trace. 
To detect cImnges ia the EEG resulting from external stimulation, diagrams obtained by superposition of 
values of the distribution index in the background on the value of the same index after exposure are used. 
This type of superposition is illustrated in Fig. 3. Changes in aggregated electrical acti~4ty taking place in 
the rabbit EEG as a result of whole-body irradiation in a dose of 1000 R at various times after exposure 
m a y  be s een  in the d i a g r a m .  An i nc r ea s e  in the relal.ive p ropor t ion  of slow waves  is c l e a r I y  vis ible  in the 
EEG 4 h a f t e r  i r rad ia t ion  (Fig. 3b). 

It  is in te res t ing  to a s s e s s  the compu te r  t ime n e c e s s a r y  for  ana lys i s  of e lec t rophys io log ica l  data  by 
the combined p r o g r a m  in a concre te  example .  In our  invest igat ions the record ing  t ime of the expe r imen t  
was 20 sec .  The mean number  of expe r imen t s  on each rabbi t  was 20 and 20 record ing  points were  used a t  
the s a m e  t ime.  Analys i s  of the 400 20-second EEG cuts (one rabbit)  by the comple te  p rog ram requ i r e s  
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Fig. 3. Distribution t T =f2(T) for left hemisphere,  frontal 
region. Dose of irradiation 1000 R. a) F i rs t  t race 15 min 
af ter  irradiation; b) trace during depression (4 h af ter  i r -  
radiation). Positive and negative ha lh~ves  of equal dura-  
tion are  summated. Unshaded columns indicate background 
exceeds irradiation, columns with single shading, i r rad ia-  
tion exceeds background, columns with double shading, 
a reas  identical. 

about 3 h of computer time on the "URAL-2" (including the time of feeding the initial data and the time of 
printing results  of the analysis). The total volume of information fed into the computer during analysis  of 
the EEG of four rabbits was about 2 million numbers expressing instantaneous values of the EEG. 

The suggested combined prog~ram provides almost exhaustive materia! for comprehensive description 
of the EEG. We hope that the application of multiple amplitude a n a l ~ e r s  with magnetic recording and the 
use of modern computer techniques for  EEG analysis by the half,rave method ~11 help to facilitate progress 
in electrophysioio~cal  research  practice.  
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