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SUMMARY

This is a wrogress renort describing a technique for evaluating the
visual alertrese of huwans. This technique utilizes a transistorized EEG
analyzer consisting of zn automatic signal level control, a number of paralieled
active bandpags filters, and a switching arrangeme:.. *o alloew modification of
bandpare characteristics by the user. The cutput of the analyzer consists of
four D.C. gignals. the voltage of each being proportiornal to the EEG activity
within the variable frequency bands selectc? by the experimenter. This evalua-
tion of wvisual alzrtness {nvolves monitorimg these four analyzer outputs while
the subject pevfioras o routine designed to provide alpha suppression.
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INTRODUCTION

Since the discovery im 1870 by Richard Cei.u ?5) of electrical activity
originating in the exposed brain of a dog, and Hans Be 'ger's (3) studfes of
similar voltages present on the scalp of mar .n 1928, « variet” of attempts have
been made to extrac* meaningful informatior irom thie ¢ ‘ectrirsl activily. 1The
apparently warrsnted assumption which muat be made before undertaking any method
of analysis, from simple subjective interpretation to complex computer analysis,
is that some correlation exists between the electroencephaiogram (EEG) and the
activity of the hrain from which it is being recorded,

A number of previous Investigators have correlated certain characteristics
of the human EEG to the degree of alertness or visual attention exhibited by a
subject (4, 13). The authors have had need, during the course of certain experi-
ments, to evaluste this slertness parameter end have devised the aystem described
in this report to assist in the analyeis of the EEG. This analyzer utilizes a
number of sharply-tuned active bandpass filters to separate the EEG waveform into
its sinusoidal components within & number of frequency bands generally considered
to be phyaiologically significant in terms of having some correlation to the nre-
viously mentioned index of alertness., Several methods of employing frequency

analysis techniques to the human EEG have been developed, including certain optico-

mechanical systems (6, 7), tuned mechanical resonator systems (2, 12), electrical
bandpass filters (1), a= FM discriminator system (10), and a number of methods
wvhose complexity neces:itzi:es the use of digital computers (9, 1l1). The device
described herein is somewhat similar in some resgpects to the analyzer described

by Baldock and Walter (1) in 1946, however some of the limitations of this earlier
device have been eliminated, The Walter analyzer performes a frequency analveis

of the EEG during consecutive ten-second time intervals, with integrsztion during
these time seg.ente producing a vol -ve proportional to the average EEG amplitude
with the frequency bands being meni..red, As with any bandpass filtering syet: .
since amplitude variations are reflected in the analysis, the experimenter cannot
determine by measurement of the cutput volitage exasctly to what extent frequency
and/or amplitude varied during each ten-second interval, That is, a relatively
short burst of high smplitude EEG at a given frequency might reasult in the same
output as a longer train of either lowei amplitude waves of the same frequency or
wavesa of & different amplitude and slightly different fre~ueucy. With the Walter
analyzer, phase relationships between changes in EEC content cannot be determined;
no information is glvem as to exactly what moment during each of the ten-second
intervals EEG variations occurred, Physically, the analyzer deg-ribed in this
repor+ has the advantage of being entirely of solid-state design, making it
considerably lighter and more compact than earlier units.

DLSCRIPTION OF EQUIPMENT

This EEG analyzer is relatively simple and inexpensive, portable, and
capable of being operated by a discriminator of an FM telemetry system, thereby
eliminating the need for any restraining wires connecting the subject to the unit.
Of course, {f on-line monitoring capabili.ies are not required, tape-r--n-ded
EEG signals can be analyzed.
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The anslyzer, shown in Figureg 1 and 2 is best deascribed in three sections
foliowing the block diagram of Figure 3.

The EEG signal being analyzed first enters an sutomatic signal level con-
trol, see Figure 4, The eignal level control consists of & Darlington network,
Q1» Q, to provide the analyzer with a high input impedance, thus minimizing
loading effacts. The signal then enters the first of two cascaded operational
smplificrs, Ay, A7. In the faedback loop of amplifier Al is a light-dependent
resistor, so that the gain of A, is dependent upon the light inciden® >n this
varishle resistor. The lamp providing the varying intensity light for this photo-
sensitive resistor is driven by & direct-coupled tranaistor pair, Q3, Qa, with
changes in the base voltage of Qj causing variations in the vclitage across the
lamp. The higher the amplitude of the input signal, the brighter the lamp glows,
thus lowering the resistance of *he "Ray Signal" resistor and decreasing the
voltage gain of amplifier Al. The output of A,, in phase with the input signal,
does not exceed an amplitude of 5 velts peak-to-yeak with {nput signal level
variations from ten to one thousand millivolts.

The output of Ay which is the EEG modified sc that the overall amplitude
f the waveform ir a conatant 5 volts peak-to-peak, i3 then connected to a number
of parslleled bandpass filters of the type shown in Figure 5 which separate the
modified EEGC waveform into its sinusoidal components, These active fi.ters employ
two direct -coupled transistors, Q. Q.. Positive feedback from the emitter of Q2

is fed “hrough an R-C parallel-T phase shifting net ork consisting of R1 and Rz

ganged, and C, and C,. For the circuit shown in Figure 5, C, = CZ =Cy o~ 3/fc where
C 13 express.d in microfurads and f 1s the desired center frequency of the filter
ia hertz, Adjustment of Ry, R varies this frequency. In order to minimize
changes in the Q and center fr&quency of the filterz with temperature fluctuations,
Cys Cp, Cy must be of a low temperature coefficient type such as General Electric
metallized polycarbonate capacitors, Ambient temperaturs should be kept relatively
constant (+5°F.) to ensure stability, Silicon diodes Dy and D, act to effectively
narrow the bandwidth of the bandpass filter. Since there {2z a constant voitage
drop scross each diode of approximately 0.6 volt, no output voltage will be present
until the filter passes at least # 1.2 volt peak-to-peak signal. Diodes D3, D,
rectify the pasgsed signal, vesulting in a D. C. output, the voltage of which is
proportional to the EEG activity within the bandpass of the f{i{lter. The 5 kilochm
variable resistor in series with the supply voltage is used to adjust the gain

of the transistor pair. For m..'‘mum selectivity 1t should be adju d for ti..
maximum possible gain withiut causing the circuft to break i{nto oscillation. The
50 kilohm lonput voltage-uividing potentiometer should be used to adjust all filters
of equal D, €. cutput at their individurl tuned center frequencies for an equal
amplitude sinusoidal input aignal,

The time constant of each filter is approxi{mately 5 cycles per hertz for
full output at the tuned cente~ frequency. Thersfore, the maximum delay occurs
in the one hertz bandpass where that filter will show full output five seconds
after the occurrence of one hertr EEG activ. .y, Some phase distortion iz therefore
introduced by these filters; e.g., a simultaneous burst of 10 hertz and 20 hertz
EEG activity will be indicated in the corresponding output channels with 2 delay

cf I%*§¥§%%!" 0.5 seconds for the 10 hertz burst and 0.25 seconds for the 20 hertr




Figure 1, Front panel of EEG frequency .nalyzer showing push-button
switches which allow the experimenter to switch any number of narrow
banupass filters into one or more of four readout channels.




Figure 2, Rear viewv of analyser showing eighteen interchangeable
bandpass filtera, each tuned to a different center frequsncy,
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burst., Hensze, slithough the bursts occurred at precisely the same time, the outputs
of the anslyzer wili indicate a time difference of 0.5 - 0,25 = 0.25 seconds in
their cccurrence, This phase lag will probably be {nsignificant for even the

most critical of users, Alzo, random noise will not significantly affect the out -
puts of the filters sinc: each filter requires five cycles of signal st its tuned
frequency before maximew D. C, output is attained,

The "comb-filtering' effect produced by the paralleled narrow bandpass
filters also enhances the noiee-cancelling properties of the analyzer (8},

Any number of these individual onz hertz filtere can be paralleled to
examine the EEG spectrum az desired. The analyzer befng discussed utilizes
eighteen such f{lters, each tuned to a different center frequency and wired on
an individuel circ{t board so as to allow interchengeability and iuture additions
¢~ deletions of gpecific frequencies (Fig. 2}.

These D. €, outputs could be monitored individuslly, however this analyzer
uses 3 series of push-button awitcheg, (Fig. 3) mounted on the front panel of
the unit (Fig. 1) which allow the experimenter to combine any ifi{iter or number of
filters into one or more of four cutput channels. The appropriate filters are
generally switched ao that the EEG would be filteved into the four frequency bands
sccepted as being physioleogically and psychologically significant; 1.e., the out-
puts of the six bandpazs filters in the 10-1Z hertz band are paralleled to one of
the four output channels which 18 classically isbelled the alpha band, Similarly,
other filtars are switched go a&s to analyre EEG activity within bands of 0.5 - 4
hertz, $ - 7 hertz, and 19 - 30 hertz, correspendingly labelled the delta, theta,
and beta bande (Fig. 6)., This switching arrangement provides flexibility in
selecting the bandwidths of these four bands,

Digplaying these D, C. outputa on a chart recorder enables the experimenter
to read out EEG data at a much slower speed than the 25 mm/sec speed required for
adequsate resolution of the unprocessed EEG signal, thereby providing the opportunity
to visually inspect changes in the frequency content of the EEG over relazively
long pericds of time. This slower chart speesd &iso enables the experimenter to
compare EEG activity with simultaneously-recorded EKG, resn{iration, GSR, blood
pressure and other dets which are inherently rore meaningful when digpiayed at
speeds slower than {8 necessary for resolution of unprocessed EEG.

For the aforementioned purpose of evaluating alertness, the authors found
it convenient to further analyze these D, C. outputs. A Pace TR-10 analog computer
has been succesafully used to continuously calculate the average value of the
jutput voltage eof each of the four output .hannels described sbove. The computer
performs the operation:

Y — v{)d



VOLTAGE QUTPUT

INPUT FREQUENCY(HERTZ)

Figure 6. Bandpass characteristics of the EEG analyrer showing
the four bandpasses utilized .. most experimentation, The input
voltage for this graph is sinusoidal, heid at 5 volts pesk -to peak
by the automatic signal level control.




Wnere: «{z} » the varying D. C. output cof any onez channel of the snalyzer
£ o the tirme interval during which the average voltage level {=
being oc sputed
Av = th~ average value of v(t) over this interval

n -l

Us: of this sdditional averaging process does not necesssrily introduce
the drewhacks asagoclated with the Walter anaslyzer (1) previoualy mentioned; f{.e.,
within the epoch of time tn'tn-l information about trains of EEG waves ia re-
tained since this averaging process iz contisucus. The phase distortioen introduced
by averaging is insignificant compared to thet introduced by the baudpass filters
themselves becguge of the narrower range of frequencies involved; that is, the
frequency of the oscilistions in the D, C., output of the filters does not cover
as wide & range a8 does the EEG input to the filters. Also, this averaging procaas
can be performed simultaneously with the direct readout of the f{iltering anglyz:sr
sc that phage relationship can be more precisely determined by observing this
direct readout “hile the average D, C, level of each of the four outpul voltsges
over some period of time is continuously calculated by the analog computer through-
out the interval,

PROCEDURE

The following techrnique is used by the authors, using the equipment
described above, to evaluate the visual alertness of a subject over a twenty-
minute period of time,

The subject, whose EEG is generally telemetered to the a*~ve analyzing
equipment, {. first instructed to ciose hls eyes and relax as completely as
possible for a sixty-second interval, Immediately following this interwv-~l, he
is told to open his eyes and, for another sixty-second interval, to stare as
‘ntently as possible a2t an oscilloscope on - .ich is displayed the D. C. output
of the aipha band of filter unit. The greater the effort expended by the subject
in concentrating on his 2lpha trace, the greater th- degree of alpha suppression
and the lower the trace becomes. The technique .f using an onsc{lioscope provides
s feedback loop to the subject, permitting him to evaluate hiz own "visual
con~entration level™ and {t was ‘~und, generally induces a greate: degree of alpha
suppression than intent concentration on, for exan, le, some static target.

This entire routine consists of twe...y consecutive sixty-second (¢ " 60
seconds) intervals with alternate intervals of the relaxing snd staring procedure
described previously. Figures 7 and 8 show typical continucus outputs of the
frequency -nalyzer before being fed into the computer for calculation of the
average values. Filgure 7 was constructed from the average output level as computed
by the analog computer at the end of each sixty-second interval only se that in
this grsph, {nformation about phase relationships during each interval 1ls lost,
although the acturl computer output showed continuous average valuves,

10
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Eyes Closed Staring

Figure 9. Average value of each of the fous outputs of the EEG
frequency analyzer at the snd of twenty 60-second intervals. During
alternate {ntervals, the subject was instructed to close his eyes,
relaxing as completely as possible; and then to open his eyes. con-
centrating intently on a bargraph oscilloscope on which was displayed
the output of the analyrer's o channel. Bandpssces for this experi-
ment are as shown in Figure o,
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The mesaning of the absolute val e of each bar of the graph of Figure «
is, at best, obscure; this value being  fluenced ro some extent by cle-trod:
contac , slight offset of the averaging computer bias, and an indeterminate « n-
bination of EEG amplitudes within a certain bandpass. For the stated purpose of
evaluating visual alertness, the authors found it more -~onvenient to Interpret
this output dats 1f it were first linearly normalized; that i{s, in terms of the
graph of Figure 9, the value of the shortest bar in any paiticular baandpass is
subtracted from every bar in that graph. This effectively asets equal to zero the
shortest br~ {n that bandpass. The highest bar is then arbitrari! set equa: to
one hundred and of course all nther bars are then considered tc iave a value
between 0 and 100. Each of the fo' : higstogramas, one for each bandpass, {s then
redrawn so that this arbitrary O to 100 ordinate scale is the same height for
each graph.

Figire 10 shows the game data of Figure 9 after norma.ization as described
above. As can be seen from the graphs in Figure 10, this normalization process
emphasizes changee in average EEC accivity from the eyee-closed to the eyes-open
state, These changes between states proved to be the most informative index of
slertneas, rather than the absolute value of the average, hence this normalization
{s justified, The reader is reminced that the 0 to 100 scale is arbitrary sand
repregents different amounts of relative activity for each of the four bandpasses.

DISCUSSION

The device deszcribed .n this report should not be construed as being
capable of performing a precise frequency aralysis of the EEG, but rather as an
instrument which has proven valuable in the evaluation of visual alertnese.
Empirically, it was found that this type of evaluation of the EEG could be per-
formed without the need for the larger, moi. complicated, and more expersive data
procesgsing 2quipment necessary for a more precise frequency analysis, although
the autnors do have such equipment available when narticular situations require
a more precise analysis,

iech ot the three s-ctions o! this analvzer, the signal level control
the bandpass filters and the switching arrangement, contribute some errors wb .
cause the output of the analyrer to difrer gsomewhat from the more precise output
of conventional passive RLC bandpass filters, and the limitations on output
precision thus {mposed should he evaluat-d by prospective users of this equipment
before this unit {s used to analvze EEG.

The autowaric signal level control, by its very nature, theoretically
introduces harmonic distortion, The bandpass filters do not actually analvze
the EEG but rather the EEC signal ae modified by this level contro!. This de-
vice was incorporated into the enalyzer to limit the dynamic range of the ampliitude
of the signal entering the input of the bandpass filters, thus minimizing the
effects shown {n Figures Il and 12, Also, this automatic level control minimizes
variations i{n EEC smplfitude due to differevces in electrode conract, an effect

14
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which is difficult to aveid when a number of diffevent subjects are involived in
a ~articular experiment, If the {pput si;y «i were purely sinusoidal, the output
of the analyzer would be as shown in Figure 6 regardless of input amplitude
variations frem 17 to 1000 willivolts peak-to-pepk. The EEC waveform, however,
is not ginusoida? and hencce can be considered to be the sum of & number of
sinusolds of sitferent gmplitude and frequencies. This is not te say that ths
EEG actually or.ginrtes in the brain as the sum of pure sinusoids, but rather
that an equivalent waveform can be synthesired in this manner. The automatic
pignal level control of this analyzer malntains only the overall amplitude of
the complex waveform st a censtant {5 volts peak-to-peak) amplitude; the
amplitudes of sny harmonic sinusoids of amplitude less than that of the overall
wave form cahnot '. controlled by this device. Hence variations in harmonic
swmplitudes are reflected in the output of the corresponding bandpass filters.

The filters, while extremely compact, simple, and inexpensive, have the
diradvantags of being non-linear as shown in Figure 12,

The switching arrangement, although adding esase of operation and flexi-
bility to the anslyzer, results in an output &8 o.0wn in Figures 6 snd 11 when a wmmber
of filter outputs are paraileled as described earlier. This tranafer function
is rather unorthodo: when compared with that of a system utilizing a single,
standard, RIL Zilter to filter tne bandpasses shown,

All of the "drawbacks" of this analyzer mentioned agbove can be considered
disadvantages only in that they cause this analyzer to differ fro~ standard RLC
filters, and yet this device has proven cupable of producing wmeaningiul data.

It {s difficult to say, when dealing with a waveform as complex as this irregulsr
potentiais of yet umitnown erigin, whether or not one is more justilied in using
conventional filtering techniques than in subjecting the EEG to analysis with

the analyzer deascribed in this report. In any case, this analyzer has empirically
proven ugeful 1n evalur ing the visuai elertness of human subjects,

18
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