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Statistical methods of investigating the t ime charac te r i s t i c s  of the EEG [4] are  of great  pract ical  
and theoret ical  in teres t .  Several  different sys tems  of automatic analysis  of these  cha rac te r i s t i c s  are  in 
use, especial ly devices for measur ing  the number of zeros  on the EEG and the intervals  between them [2, 
5]. Additional information on the t ime proper t ies  of the EEG can be obtained if the EEG is investigated 
not only along the zero  line, but also at other levels.  This task is par t ly  accomplished by means of an ap-  
paratus  designed to count the mean number of in tersect ions  of var ious levels of analysis  by the EEG s ig-  
nal [1]. In this paper  an automatic device for measur ing  another t ime charac te r i s t ic  - the mean duration 
of the EEG discharges  at different levels of analysis  - is descr ibed.  The e r r o r  of the measurements  does 
not exceed 5%. 

The duration of the EEG discharge  means  the t ime during which the EEG signal exceeds a given 
level of analysis  X [3], The level of analysis  may be ei ther  the zero line of the EEG or  other horizontal 
lines above or  below it. 

Descript ion of the Device. The suggested device can be used to measure  the mean durat ions of the 
EEG discharges  at 10 levels of analysis .  Its functional scheme is indicated in Fig. 1. The device consis ts  
of a conver te r  of durations into amplitude, a type AADO-1 amplitude analyzer ,  and a type P P - 6  counter.  

The EEG signal, recorded  on magnetic tape, is fed via a cathode follower into a device for conver t -  
ing durat ions into amplitude (Fig. 2). The cathode follower is assembled on the left half of the type 6NIP  
tube T1. F rom the output of the cathode follower the signal enters  the analysis  level se lec tor ,  consisting 
of the re lay  R1-R13 and a type D103 diode D 1. The analysis  level se lec tor  allows only the apices of the 
EEG pulses to pass,  cutting off the EEG signal at its base.  The cutoff level is determined by the re lay  R 1- 
R13. F rom the analysis  level se lec to r  the signal passes  to an amplif ier  assembled on the right half of the 
tube T 1. F rom the output of the amplif ier  the signal is fed via the capaci tor  C3 into the input of a Schmitt 
t r igge r .  F r o m  here a signal whose duration is proportional to the duration of the EEG pulse at the chosen 
level of analysis  is taken. F rom the left anode of a type 6N1P tube T 2 the rec tangular  signal is fed into 
the input of a sawtooth potential genera tor  assembled on the type 6Zh5P tubes T 3 and T 4. For  every  pulse 
a r r iv ing  from the anode of tube T2, the genera tor  generates  a pulse of sawtooth potential, its amplitude 
proport ional  to the duration of the rec tangular  pulse and, hence, to the chosen t ime interval  of the EEG. 

However, these sawtooth pulses cannot be analyzed by a standard amplitude analyzer ,  for these in- 
s t ruments  are  designed to record  pulses with a duration of 1-15 psec and steep r is ing fronts.  Special 
shaping of the t ra i l ing edge of the sawtooth pulse therefore  becomes necessa ry .  

Setting of level ]1 ] __ PP-6 scaler of analysis X ~ [ (recording N) 

Fig. 1. Functional scheme of the apparatus.  

Leningrad Resea rch  Institute of Chi ldren 's  Infectious Diseases  (Presented by Active Member of the 
Academy of Medical Sciences of the USSR D. A. Biryukov). Transla ted f rom Byulleten'  }~ksperimental'noi 
Biologii i Meditsiny, Vol. 64, No. 9, pp. 119-121, September, 1967. Original ar t ic le  submitted February  19, 
1966. 
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Fig. 2. Theoret ical  c i rcui t  of converted durations into amplitude. 
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Fig. 3. Graphs of mean duration of discharges 
in EEG (a, c) of two subjects with a dominant 
O-rhythm (a) and a regular  a - r h y t h m  (b). Ab- 
sc i s sa  - levels of analysis;  ordinate - t ime (in 
msec) .  

A thyra t ron  TG1B, cut off in normal  conditions 
by a negative bias on the grid, is connected in paral lel  
with the capaci tor  Ct0. The pulse of positive polarity,  
taken f rom the right anode of the Schmitt t r igger ,  is 
differentiated by a circuit  consist ing of capaci tor  C 5 
and the input c ircui t  of an amplif ier  built on the left 
t r iode T 6. Two se r ies  of pulses are  taken f rom the 
output of the amplifier .  The f i r s t  se r ies ,  negative in 
polarity,  cor responds  to the leading edge of t he  r ec t -  
angular pulse and, consequently, to the beginning of 
generat ion of the sawtooth pulse. The second pulse, 
positive in polarity,  cor responds  to the trail ing edge 
of the rec tangular  pulse and, consequently, to the end 
of generation of the sawtooth pulse. A sequence of 
pulses from the r e s i s t o r  R27 passes  to the grid of the 
thyra t ron  TG1B. The cutoff thyra t ron TGIB is insen- 
sitive to pulses of negative polari ty.  Hence, at the 
moment  that capaci tor  Ct0 begins to d ischarge  through 
the internal res is tance  of tube T3, the positive pulse 
f rom R27 f i res  the thyra t ron .  The cathode circuit  of 
the thyra t ron  incorporates  an inductance Lt, f rom 
which a pulse with a duration of the order  of 10 psec 

and with a short  r i se  t ime is taken. This pulse is readily recorded  by the amplitude analyzer ,  the one 
used being a type AADO-1 industrial analyzer .  

The thresholds  of the analyzer  are  calibrated from 0.01 to 0.17 sec to cor respond to the measured  
durat ions.  

The durations of the d i scharges  are  recorded by means of a type PP-6  industr ial  sca le r .  The read-  
ings are  taken in the PP-6  instrument f rom neon lamps and from decatrons.  The instrument includes an 
electronic seconds counter automatical ly stopping the counting at the end of t ime intervals  ranging from 
4 to 4 �9 103 sec or af ter  a given number of pulses has been monitored (from 103 to 4 �9 106 pulses).  

The standard e r r o r  of the measurements  does not exceed • 5%. The apparatus is comparat ively  
simple,  reliable,  and convenient in operation. The analysis  can be speeded up by using multichannel amp- 
litude analyzers  of the AI-100 or  AI-128 types.  

To measu re  the mean duration of the d ischarges  experimentally,  the EEG was recorded  simultane- 
ously on paper and magnetic tape (with the aid of amplitude modulation). Altogether,  69 cuts of the EEG 
with different background activity were analyzed:  with a regular  ~- rhythm,  with dysrhythmia  of the waves, 
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with dominant fast activity, with dominant fast waves, etc. The duration of the EEG segments analyzed 
was 2 rain. 

As an example, graphs of the mean duration of the discharges at five levels of analysis obtained 
from three subjects are shown in Fig. 3. Two had an (~-rhythm of similar frequency, but differing in 
shape and amplitude (b, c), while on had dominant O-waves (a). 

It will be clear from Fig. 3 that the longest duration of the discharges, associated with maximal in- 
formation, is not found at the zero level of the EEG (Xi), but at other levels of analysis. The fine differ- 
ences between the mean durations of the discharges in two cuts of the EEG with a normal e~-rhythm can 
be seen in detail. Finally, essential differences are seen in the distribution of the durations of the dis- 
charges depending on the dominant frequencies of the EEG. 

The proposed method of machine analysis provides more complete data on the time characteristics 
of the EEG than the periodometric method, in which the durations are measured at only one level of 

analysis [5]. The method and the apparatus for measuring the mean durations of the EEG discharges can 
be used in both experimental and clinical electroencephalography, and for studying both the background 
EEG curves and their changes caused by various stimuli and pharmacological agents. 

1. 

2. 

3o 

4. 
5. 

LITERATURE CITED 

E. Ya. Voitinskii  and V. A. Pryanishnikov,  Byull. 6ksp. Biol.,  No. 10, 118 (1965). 
K. Grinyavichus ,  I. Gruodis ,  A. Gutman, et al. ,  in the book: Proceedings  of the 1st Baltic Confer -  
ence of Centra l  R e s e a r c h  Labora to r i e s  of Medical  Ins t i tu tes  and Facul t ies ,  Kaunas (1965), p. 111. 
P. I. Kuznetsov,  R. L. Stratonovieh,  and V. I. Tikhonov, Zh. tekhn. Fiz. ,  2_.44, No. 1, 103 (1954). 
V. A. Pryanishnikov,  Izv.  vyssh ,  uchebn. Zavedenii .  P r ibo ros t roen ie ,  6, No. 1, 150 (1963). 
C. Zaander ,  Rad io -Elec t ron ics ,  2__8_8, 55 (1957). 

1033 


