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An aperiodic signal is preliminarily processed by an active network (34) to provide three relatively separate components
that include: slow waves (waveform cycles or fragments of equivalent frequency from 1 to 8 hertz), fast waves (waveform cycles
or fragments of equivalent frequency from 8 to 30 hertz), and a signal component which may contain spikes (fast, large, sharp
single waves). The component signals or waves are applied to individual detector circuits (42, 44, and 46) which indicate amplitu--
deand period (or equivalent frequency) information for detected waves and the amplitude for recognized spikes, as well as the ti-
me of their occurrence. Detected waves (including spikes) produce representative trigger signals which are applied through a
multiplexer (50) to a storage device (16), specifically a cathode ray tube (18) on which the waves and spikes are representatively
displayed and stored to complete a static picture which indicates an interval of the waveform. As disclosed, a representation or
picture is generated on the storage tube (18) by controlling the horizontal and vertical amplifiers and appropriately blanking the
beam to develop a composite display that sammarizes many seconds of the aperiodicsignal. The display (FIGURE 2) isa three-
dimensional representation with each wave represented by a line (24, 26, 28, 30, or 32) that extends in one dimension toindicate
amplitude. The position of the line in another dimension indicates the period or equivalent frequency, and its position in the
third dimension indicates the time of occurrence of the wave. '
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APERIODIC ANALYSIS SYSTEM, AS
FOR THE ELECTROENCEPHALOGRAM

Background and Shmmary of the Invention

---The electroencephalogram (EEG) is essentially
a waveform that is representative of electrical variations
occurring between distinct locations on the human head.

10 Characteristically, the EEG is a non-periodic, stochastic
phenomenon. That is, oscillations in the electrical
potential cannot be predicted, consequently only current
and past information is available. The absence of
recurring patterns in the waveform considerably com-

15 plicates analysis of the EEG, as for use in diagnosis.
However, in spite of the fact that the techniques are
neither simple nor easy, neurologists have establlshed
principles and criteria for utilizing the EEG as an
effective diagnostic tool.

20 In general, the EEG may be displayed either"
in a transitory manner (as on a cathode ray tube) or as
a@ permanent record in the form of a strip-chart. The
cathode ray dlsplay of such waveforms is so transient
‘that even-an expert may have difficulty making an

25 accurate analysiq' As for a strip chart or paper

' record, the useful information can be extracted from the
EEG only by recording at- pPlotting speeds which result in
a considerable volume of paper, e€.g. 180 pages per hour.
Essentially, the density of useful information in EEG
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records is low; and direct examination is laborious and
time consuming. ’

A subetantlal part of the tralnlnq of an EEG
specialist consists of developing the ability to quickly

recoqnlze characterlstlc waves and patterns and to

evaluate amplltuderand frequency without the use of
instruments. The demanded concentration for manually
analyzing an EEG, aloné with other considerations, has-
resulted in various efforts to more efficiently decode
and concentrate EEG- information., In that regard,
concurrent efforts have also been made to reduce the
degree of expertise necessary for extracting useful
information from the EEG. However, a need has long -
existed for a system to provide a more compact, simpli-
fied format for an EEG. _ ' .

Over a considerable period of time, beginning
in the 1930's and with no end in sight, several proposed
methods of decoding and concentrating EEG information
relied on Fourier analysis and primarily are referred to
as "power spectra". Essentially, the basis of such

techniques is the utilization of the Fourier transform

. to dissect the complex EEG waveforms on the basis of
frequency into»a plurality of component signals. The.

approach involves several objections, one of which
relates to the inherent nature of the EEG as an aperiodic
waveform.

The principal result of a Fourier- ~type
analysis is to reveal and measure harmonics; however,
there is no recognized significance of the higher order

“harmonics of the EEG. Also, the temporal sequence of

the EEG events disappears as a result of the "averaglng"'
operation which cannot be dlsassoc1ated from the analysis
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in utilizing classical techniques. A single spectrum
results from the analysis of'eeveral seconds of the EEG
signal and (even if it represents correctly the total
energy at a given frequency) it cannot show temporal
distribution between waves or coincidence of typical
elements. For instance, the simultaneous occurrence of
spikes and slow waves in a classic "spike and wave"
pattern is essential for the diagnosis of PM epilepsy.
Harmonic analysis, however, even if it could signal the
presence of spikes, could not ascertain their simultaneous .
occurrence with the slow wave. ' B

Other examples can be found in characﬁeristics
of certain EEG waves known as "spindlesf, the EEG

arousal, the K-complex, and so on, where the temporal

. sequence is significant. Single isolated events such as

EEG spikes do not influence significantly the result of

harmonic analysis and are not indicated in the power-

- frequency spectrum generally resulting from Fourier-type

analy515‘ )

In summary, it is the amplitude (voltage)
of_the EEG waveform (and not ;he energy or power content)
which is significant for diagnosis and analysis. Short-
duration waves (waveform components) of relatlvely large
amplltude contain little energy but are highly 51gn1f1cant

In spite of the problems suggested above )
in analyzing EEG information by Fourier analysis tech-
niques, substantial work has been done some of which is
mentioned in a book, Monitoring in Anesthesia, edited by
L. J. Saidman and N. T. Smith, published by John Wiley &
Sons, Inc., 1978, . The reference also refers to the work

of the present development
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Considering the need for improved techniques
in analyzing EEG information, an initial aspect 1nvolves
5 devising a format for .condensing the data represented by
the aperiodic EEG waveform. In that regard, the present
inventor initially devised a format to present EEG
information in a concentrated form while preserving .
individual characteristics of the waves. The format was

10 described in The Physiologist, Volume 18, ™o. 3, ~ August

1975. 1In accordance ‘with the format, the EEG is trans-
lated to a form which preserves the characteristics :
tradltlonally recognized by neurologists in analyzing
EEG's. The waveform was considered as containing

15 'meanlngful fluctuations defined either as.spikes or ;
certain waves classified in ‘accordance with amplitude
and duration as aperiodic transitory events. In accor-
dance with the format of representation, the amplitude
of waves and spikes is depicted as the height of an

20 L-shaped character shown in a three- dlmenSLOnal reference
system where equivalent frequency is 1nd1cated on the
horizontal and time is referenced on the depth axis,
Utlllzlnq such .a format, it appeared that up to 180
seconds of EEG recording could be represented on a single

25 page without loss of traditionally 1mportant 1nformatlon.

In general, the present invention is directed

to a system whereby EEG information is decoded and
presented in a concentrated format indicated above, so
‘as to preserve the individual characteristics of the

30 waves or waveform components. In that sense, the
characteristics of the waveform which have been important _
for classic and tradltlonal wave analy51s are preserved
in the display.
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Brief Description of the Drawings

In the drawings, which constitute a part of
5 this specification,.an exemplary embodiment, demonstrating
the various objectives and features hereof, is -set forth
as follows: .
FIGURE 1 1is a block diagram of a system
constructed in accordance with the present invention; '
10 FIGURE 2 is a qraphlc representation of a
dlsplay provided by the system of FIGURE 1;
- FIGURE 3 is a fragment of an EEG or repre—
sentative FEG waveform;
FIGURES 4 and 5 taken together show a
15 block diagram of a portion of the system of FIGURE 1;
' ‘FIGURE 6 is a simplified. presentation of the
waveform of FIGURE 3; | ‘
FIGURE 7 is a detailed block diagram of
still another portion of the system of FIGURE 1
20 FIGURE 8 is a detailed block diagram of
still another portion of the system of FIGURE 1;
- FIGURE 9 is a graphic representation illu-
strating the display system of FIGURE 1; and
FIGURE 10 is a detailed block diagram of
25 stillranother portion of the system of FIGURE 1.

Description of the Illustrative Embodiment
As indicated above, a detailed illustrative

embodiment of the invention is disclosed herein.

30 However, systems for,éperiodic analysis may be embodied
in accordance with various forms, some of which may be -,
detailed rather differently from the disclosed embodiment.

Consequently, the specific structural and functional
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details disclosed herein are merely representative, yet
in that regard they are deemed to afford the best '
embodiﬁent for purposes of disclosure and to provide a
basis for the claims herein which define the scope of
the present invention. '
Referring initially to FIGURE 1, an EEG source

12 is illustrated which may take any of a variety of

forms to provide a classic waveform of an electroencepha-
logram and which is commonly referred to'és an EEG, the
patterns or waves (cycle components) of which are useful
in such medical work as diagnosis. The EEG is supplied
from the source 12 to an analyzing system generally
indicated at the numeral 14, which system drives a
cathode ray storage 16 for developing a static. display
18. As will be deséfibed in detail below, the EEG
provided from the source 12 is processed to provide the
display 18 in a form which is geadily perceivable and
which has a considerably greater information density
than conventional repfesentations. If desired, a
hard-copy unit-20 may be actuated to provide a permanent
record of each picfure developed by the display 18.
Preliminary to considering the structure
and function of the system as depicted in FIGURE 1,

~.some explanation of the format for the display 18 will

be helpful. Functionally, an interval of EEG information

- is decoded and presented in a concentrated pictorial

form indicating individual characteristics of the

‘waves.

In accordance with.tradition, a wave is
considered as that portion of the wavefdrm'océurring
between two bottoms or.negative peaks in the EEG. On
the basis of its period, a wave may be equated to
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frequency. The period or eguivalent frequency of waves
constitutes one criterion deemed important for analysis.- .
Another important criterion for analysis involves the
amplitude of the wave. The instant when a wave occurred
within a sequence is also significant. To manifest such
data, three-dimensional reference axes are utilized in

the pictorial display 18.

" In the display, each recognized wave (including
spikes) 1is represented by an "L" character and is placed
on a display or "map" according to its frequency and
time of'oecurrence. The height of the character indicates .
the amplitude of the wave. All spikes are placed just
to the right of a 30 hertz llne to dlStlngUlSh them from
other waves.r -

Referring "to FIGURE- 2a, a legend is illustrated
1nd1cat1nq the significance of the three-dimensional
axes in the pictorial display. The horizontal axis or
abscissa (X) indicates the equivalent frequency distri-
bution of individual waves. The vertical axis or ordinate
(z) indicates the amplitude of waves, and the third-
dimension axis (Y) indicates the time of occurrence in
the sequence. Thus, for analysis of a period of EEG to
form a representative picture, the Y axis is scanned
moving rearwardly (upwardly) in FIGURE 2 as depicted and
whenever a wave (or'Spike) is detected, an "L-shaped"
representation is generated, e.q. symbol 24, in the
appropriate frequency band and with a height appropriate
to the amplitude of the wave. Spikes'are a rather
special form of waves and, as indicated above, are
symbolically represented in an allotted frequency space

at the right of the display.

Considering the data represented in FIGURE 2,
an initial wave is represented by a symbol 26, indicating

%
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that the wave occurred shortly after the beginning of
the record, e.g. six seconds after beginning (t = 0),
and at a frequency or périod.of.approximately-two per
second. Shortly thereafter, another wave,represented by
the symbol 24 occurred, having a sizablg amplitude and a

' frequency -approaching seven per second. Sdbsequently, a

group 28 of symbols manifest a group of waves having an
equivalent frequency of between nine and twelve per
second which are closely followed by the occurrence of
several spikes (indicated by the group 30) along with:
some low frequency waves indicated by the group 32.

Some eighty seconds of EEG is stored and
manifest .in the display of FIGURE 2. Yet, from a single

"picture the observer can rapidly perceive the significant

events in such a period of EEG, which by -conventional
analysis would require an intensehstudy of an aperiodic
waveform extending over several pages. It may therefore
be seen that the system of the present invention consider-
ably simplifies the presentation and use of EEG data.
Returning now to a consideration of FIGURE 1,

the systematic analysis of the -EEG will be considered,

first in a preliminary fashion. The EEG signal is
supplied from the source 12 to an active network 34 for
prelimihary processing which separates the signal into
three distinct'components that are supplied to individual
lines 36, 38, and 40. | |

The network 34 essentially constitutes an
amplifier and filters to separate the EEG into signal
components, spedificéliy,,signals‘containing: ‘the
so-called slow waves (i to 8 hertz to the line 40), the
fast waves (8 to 30 hertz to the line 38){ and a éomposite
signal having the potential of containing spikes (fast,
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large, sharp single Qaves to the line 36). Eech of
these siénal components is applied to a detector circuit
for sensing the occurrence of waves or waveform frégments
which merit an appearance in the display 18. The line
40 is connected to a slow wave detector 46, while the
line 38 is connected to a fast waveAdetector'44,*and the
line 40 is connected to a spike detector 42,
The detectors 44 and 46 prov1de amplitude and.

perlod (equivalent frequency) information for waves
which are detected for display. As for the spike.detector
42, only amplitude is manifest in the display 18. With
the detection of a wave by one of the detectors 42, 44,
or 46, a plurality of outputs are provided. . First a
trigger pulse T is supplied to indicate.the occurrence
of informatien in the waveform which is to be displayed.
The tridger pulses T from the detectors 42, 44 and
46 are applied to a multiplexer 50 for subsequent
application to a display generator 52.

_ The.detectors 42, 44, and 46 also provide
other information signals. Specifically, each of the
detectors 42, 44, and 46 provides an amplitude signal A
indicative of the amplitude of the detected wave.
FurtHermore, the slow wave detector 46 and the fast wave
detector 44 also provide a signal F indicative of the
equivalent frequency or period of the Qave. As indicated,
the signals A and F,. along with the trigger signals T,
are applied to the multiplexer 50 which also receives a
signal from a calibration unit 54. Multiplexer'structures
are exceedingly well known in the data processing field
and such structures are readily available to perform
the function of the muitiplexer'SO of- sequencing received

S SUREATN
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signals T, A, and F for application to a display generator -
52 in an organized manner for driving the CRT storage .
16. _ |

Recépitulating the operation of the system of
FIGURE 1, the EEG waveform from the source 12 is amplified

and dissected into three separate signals by the network

34 on the basis of transient frequency discrimination.

Upon the occurrence of a so-called wave or significant
signal component, it is detected selectively by one of
the three detectors 42, 44, or 46. As a consequence, a

-trigger signal T is applied to the multiplexer 50 along

with an amplitude signal A and (in the case of slow
waves and fast waves) a signal F indicative of the ‘
frequency. . . i . .

' The multiplexer 50 (which includes buffer
storage) supplies such signals to a display generator 52
Wthh in turn drives the CRT storage 16 to excite a
pattern component in the display 18 which will remain -
illuminated (in view of the storage characteristic of
the display 18) for a substantial interval of time, well
after a display is complete. If desired, the hard-copy
unit 20, essentially a camera or copier, may then be
activated to p:ovide a record of the display 18.

Turning now to a consideration of individual

‘components of. the system of FIGURE 1, the structures of

the fast and slow wave detectors 42 and 44 are similar
and will now be treated. Although the frequency limits
imposed by these units dlffer, otherwise they are
structurally the same.

' Prellmlnarlly, some con51derat10n of the
wave-detector function will be helpful. Essentially,

the detectors 42 and 44 operate to measure the time
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between the two largest negative (or positive depending
upon the point of view) peaks in“a.wave,,providing that
5 . a positive peak has occurred at some time between such
negative peaks. If the measured wave meets certain
',amplitude and duration requirements, _then the measured
time is converted to an equivalent frequency (the

reciprocal of the period) and a recognition‘trigger _

10 signal is developed to comhand that aisymbol be stored
on the display 18. . '

To consider the Operating criteria somewhat
more precisely, reference will now .be made to FIGURE 3
showing a fragment of ap EEG as an aperiodic waveform

15 containing a significant wave for purposes of traditional
EEG analysisiw Theipositive~peaks in~the"wavefbrm are
designated (somewhat arbitrarily) by fhe letter.p and a
sequential number. Similarly, the negative peaks are
designated by the letter N and a sequential number,

20 various time intervals are designated by the letter T
followed by an identifier. |
‘ Considering the portion of EEG in time
Sequence (left to right) the first negative peak N1
could have. been significant; however, with further

25. development of the curve, it was followed by another
negative peak N2 without a significant positive venture
between. The interval Tila (between the peaks N1l and N2)
was measured as Possibly. being significant; however, théA
data is dismissed without use.

30 . Consideration of the EEG from the negative peak
N2 indicates that a substanﬁial wave occurs between the
peaks N2 and N5. oOf course, with the occurrence of the
Peak N2, that fact is ﬁot-yet‘known. 'ﬁowever,'in view
of the possibility of the fact, the period Tib (between

SOREA U,
: OMP_I ’
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the peaks N2 and Pl) is measured as a possible component

of the perlod of the wave.

As illustrated, the peak Pl is not significant’
as the wave shortly reverses and continues to climb
upward toward the peak P2. Again, the significance of
the time is uncertain; therefore, the interval T2a is
measﬁred contingent upon the further shape of the wave,
As illustfated the negative peak N4 is not significant.
Consequently, the interval T2a is not significant.

'However, the peak N5 is significant (termlnatlnq the

wave) so that the time T2 is a component of the period
of the wave. It may, therefore, be seen that the wave
designated between the peaks N2 and N5 has a period of -
Tlb + T2 which period can be readily converted to an
indication of the equivalent freguency by taking the
reciprocal of the value. As will be explained with
respect to the operetinq‘structure, a signal indicative
of the period Tlb + T2 is provided as an output signal
at the time of the positive peak P3 as illustrated.
Pursuing the explanation of the aetecgors
for sensing waves (as analytically described above with.
respect to FIGURE 3), consideration will now be directed
to the composite block diagram of FIGURES 4 and 5. The
preliminarily processed EEG (slow-wave component or
input to the slow wave deﬁeetor, shown in FIGURES 4 and
5) appears on a line 40 which is connected to a number
of blocks representing functional circuits. The line 40

-1s connected to three amplitude detectors 62, 64, and-

66. Each of these detectors functions to form a pulse '
(high level of a binary signal) upon detecting a partl—
cular occurrence in the amplitude of the received EEG

component. The detector 62 is a p051t1ve peak detector
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and functions to provide pulses that manifest positive
peaks, e.g. peaks Pl, P2, P3 and ‘so.on as shown in
FIGURE 3. The detector 64 manifests negative peaks, as
the peaks N1, N2, N3, and so on (FIGURE 3). Forms of

~both.such circuits~are well known and-widely used in the .

art. _
Generélly, the detectors 62 andA64 sense
or detect the occurrence of a wave as illustrgted'in
FIGURE 3 by controlling counters (described below)
which serve to indicate the duration of such a wave.
As explained in greater detail below, the detector 66
monitors amplitude variations serving to reject compdnents
of the waveform which components do not attain suff1c1ent
amplltude'varlatlon'tc ‘qualify as a wave. _ -
The measurement of wave periods is based on
the operation of a clock generator 68 (lower left) which
provides. uniformly spaced clock pulses to a pair of
counters 70 and 72. The counter 70 is reset or cleared
upon each occurrence of a negative peak N, as sensed by
the detector 64. Upon the occurrence of a positive peak
(sensed by the detector 62), the contents of the counter‘
70 is transferred into the counter 72 which resumes
counting from the received value. The count in.the
counter 70 will be designated as inteval Il while thé_
incremental interval added to the interval Il reéistered"
in the counter 72 will be designated interval I2.
Although the action may not be significant
(depending on the following portion of the-waveform)
upon the detection of a negative peak by the detector
64, the contents of the counter 72}‘indicating.an

interval Il + I2 is transferred through a cable 76 to

‘a register 78 upon receiving a command pulse from the

gU REAT
. OMPI
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~negative-peak detector 64. The contents of the register

78 conditionally indicates the interval or period of an

-observed wave.

Essentially, the wave .resulting in the time.
interval registered in the register 78 is tested by a
pair of threshold circuits for high and low time
limits. Specifically, a test circuit 82 provides a

high output to an "and" gate 86 if the duration or

‘period of the potential wave indicated a frequency below

‘a maximum limit. Somewhat similarly, the test circuit

84 provides a qualifying 'high binaty output to the gate
86 if the duration indicates a frequency above a low
limit. 1Invervals between such.limits are partly qualified
as periods of significant waves.

As indicated above, and explained in further

‘detail below, the system of FIGURES 4 and 5 develops a

value indicative of T1B plus T2 (FIGURE 3) in the first

storage register 78 which, if of a duration within

established limits and represents a wave with an amplitude

within certain limits, will be passed to a second
storage register 88. Acceptance is indicated by the
qualification of the gate 86 to ﬁass signals represen-
tative of the value TIB + T2 to the second storage

~register 88. Concurrently, signals are also applied to

reset various other components in the system, i.e. the
detector 66 and the test circuits 82 and 84,

From the stérage register 88, the indication
of duration or period (value TIB + T2) is applied to a
digital-to-analog cOnVerter 90 which provides the equi;
valent frequency signal F which is valid (descriptive of
the wave) when the recognitjon trigger T is generated by
the gate 86. Thus, the detector output signals T and F
are developed and provided.
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In view of the above structural description of
the system of FIGURES 4 and 5, an exemplary operation
will now be pursued to complete an undersﬁanding of the
wave detectors 44 and 46. In that regard, the operation
of the detector of FIGURES 4 and 5 is related to-the EEG
waveform as depicted in FIGURE 3.

The negative peak N1 (FIGURE 3) is detected

to initiate counting in the counter 70 as well as to

establish a test level for the wave detector 66. Of
course, as there is no pattern to the waveform, as
indicated abové, therefore, at the time of recognition,
the initial negative peak N1 may or may not be significant.

With further consideration with reference to
the waveform, with the occurrence of the negative peak-
N2, it is apparent that N1 was in fact not significant.
because the wave proceeded'promptly to a lower negative
level. However, when the first negative peak N1 occurred,
the counter 70 started and counted to a value of Tla.
Then, upon the occurrenée of the larger negative peak
N2, the counter 70 clears or resets to begin counting
(clock pulses) freshly.

Negative peak N3 is smaller than the peak.
N2 and, accordingly, does not result in a timing signal
to the counter 70 with the consequéncé that the counter
70 continues counting to reach a number that represents
Tlb when the first positive peak Pl occurs. At that
instant, the value indicative of Tlb (actually time) is
loaded into the counter 72 as a result of the load
signal provided by the detector 62 sensing the first
positive peak. The counter 72 (driven at. the rate of
the clock generator 63) continues to count at the same

rate. Consequently, at any time after the positive
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peak Pl has occurred, the counter 72 contains a number
which represents the total time lapsed since the last

-largest negative peak (e.g. N2, FIGURE 3).

The value in the counter 72 is transferred
to the first storage register 78 upon each occurrence of
a timing signal from the negative peak detector 64. The
negative peak detector 64 is reset by the first pesitive
peak so that it starts a new cycle every time the
potential Ehanges from positive to negative.

At the instant of the negatlve peak N4, the

~value Tlb + T2a is loaded into the storage register 78.

However, the counter 72 continues to count undlsturbed'
because an effective positive peak (which could load it)
cannot occur while the potential is negative. After the
time T2b, the number which represents an accumulation of
the intervals Tlb, T2a, and T2b, is transferred to the
first storage register 78 (replecing tﬁe prior contents)
upon the occurrence of the signal initiated by the
negative peak N5 (being larger than the peak N4).

Due to the fact that the wave detectors
operate in real'time, they cannot anticipate whether
another negative peak larger than N5 will occur to
result in a wave duration longer than the period of
Tlb + T2 (currently stored but not used in the register
78). Therefore, the release of the value as anroutput
is withheld. A smaller néqative peak (such as N6) does
not result in a tlmlnq signal and so the value 1n the
register 78 1s unchanged.

The value (le + T2) which represents the
true duration of the wave (portion of the waveform
between negative peak N2 and negative peak NS) is
finally transferred to the storage register 88 upon
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the occurrence of a signal provided from the first

positive peak detector 62 responding to the positive
peak P3. At that instant, since the potential is
positive, no related negative peak could occur and

therefore the wave is indicated to have. been compieted.,

Simultaneously with loading the correct wave-duration

value in the storage register 88, digital;to—analog
conversion is initiated and a recognition trigger signal
is delivered to the display system indicating that the
analog- form of the value Tlb + T2 is available as an
output. o ,

Recapitulating to séme extent, the other
conditions must be satisfied to result in the final.
loading,oﬁithe.storage,tegister.88”through the "and"

gate 86; as indicated the duration stored in the

" register 78 must be between established high and low

limits. Also, the no wave/first wave detector 66 must
provide an enable pulse. That is, if a first wave
occurs following an isoelectric (quiet) period, there
must be at least two large negative peaks with one
positive peak in between before a wave is deemed to have
occurred. Thereupon,'the'result will be delivered on
the.nexﬁ positive peék by the qualification of the "and"
gate 86. . . ‘ '

If a wave is correctly recognized and

measured but no positive peak promptly follows, after

"an established time (300 to 500 milliseconds) the wave

is then indicated. That is, after a time of perhaps 400
milliseconds, if the contents of the register 78 have .
not been released to the register 88, the detector
proéides.a~time~developed_signal:to accomplish the
release.
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From the above, it may be seen that the
structure of FIGURES 4 and 5 provides the equivalent -
frequency signals for the slow wave detector 42 and

that a similar structure may be employed as the fast

 wave detector 44. The separate structure for prov1d1ng
the amplitude signal A for each wave is distinct and

will be considered in detail below. wae?er, preli-
minarily, an analytical consideration with respect to
FIGURE 6 showing a wave (somewhat simplified from that
of FIGURE 3) will be helpful. - |
Fundamentally, the amplitude of a wave is the
semi-sum of two distinct voltages as represented in )
FIGURE 6, i.e. V1 being the differential voltage between
the first largest negative peak N2 and the largest
subsequent positive peak P2. A eecond voltage V2 is the
differential between the same poeitive_peak P2 and the
following largest negative peak N3, which essentially -
terminates the'wavet(component of the waveform designated
as a wave). Generally, the demand for accuracy-in EEG
analysis is such as to suggest the use of analog circuits
for performing the fﬁnctional operation of (V1 + V2) ) /2.
The structure for representing the amplltude,
(V1 + V2)/2 will now be considered with reference to
FIGURE 7 which operates somewhat in conjunction with the
structure as depicted in FIGURES 4 and 5. Specifically,
negative peaks Sensed by the negative peak detector 64
(FIGURE 4) are applied to a line 90 (FIGURE 7) which is
in turn connected to sample-and-hold circuits 92 and 94
that are controlled by a flip-flop or bistable multi-
vibrator 96. The positive peaks from the detector 62
(FIGURE 4) are applied. to a sample and—hold c1rcu1t 98

,(FIGURE 7).
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The saméle—and4hold circuit 98 accumulates
the value Vp (FIGURE 6) while the sample-and-hold:
5 circuits 92 and 94 alternately accumulate the values vnl
and Vn2. The outputs from the sample-and—hqld circuits
‘92 -and 94 are applied to amr-analog ‘adder and divider
circuit 100 which also receives an output from the
circuit 98 through a doubler or multiplier circuit 101.
10 ~ The computed analog output from the circuit 100 is
supplied as the desired output (V1 + V2)/2 through an
analog gate 102 which is qualified by the trigger signal
T, ) 4 . :
' Considering the operation of the subsystem
15 of FIGURE 7, it is to be understood that one or the
other of the sample-and-hold circuits 92 or 94 is always
enabled depending upon two exclusively high qualifying
signals from the flip-flop or multivibrator circuit 96.
. Note that both of the sample~and-hold circuits 92 and 94
20 receive the absolute values of negative peaks and store
such values each time such a peak occurs. '
For purposes of explanation, suppose that
the circuit 92 is active at a time of negative peak
Nl (FIGURE 6) and therefore stores that value. The
25 followiﬁg peak N2 is larger and thus the amplitude value
of the peak N2 will remain stored in the circuit 92 and
any subsequent smaller peak does not alter it.
On the first positive peak Pl, a positive
peak pulse is applied to the multivibrator circuit
30 96 which disables the input to the circuit 92 which
therefore retains the value of the peak N2, or vnl.
Concurrently; the sample-and-hold circuit 94 is enabled.

R
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During the positive phase, the sample-and-hold circuit
98 stores successively the absolute values of positive

peaks; and the largest one, peak P2 having a valﬁe of Vp
is registered. Consequently, the differential voltage
V1 equals Vnl + Vp, which values are registered.-

During the following operation, the sample-
and-hold circuit 94 stores absolute values of negative
peaks in the subsequent negatiVe phase and again retains
the largest dné, specifically the voltage Vn2 occurring
at the peak N3. Accordingly, the differential voltage V2
equals Vn2 + Vp and is also available being registered in
the’circuits 94 and 98. Tﬁe analog circuit 100 sums the
voltages Vnl + Vn2 + 2Vp, which from FIGURE 6 can be seen
analytlcally to equal V1 + V2. The circuit 100 next .
divides the sum by two to produce the de51red'voltage
(V1 + v2)/2. That value becomes available for dis?lay
upon the closing of the'analog switch or gate 102 which
is driven by the recognition trigger T. Concurrently,
the sample-and-hold circuit 94 is again disabled while 92
is enabled as a result of altering the state of the
multi-vibrator circuit 96.

It is to be noted that it is immaterial
whether the circuit 92 or 94 is enabled first, since
each operates in sequence and accordingly will store

‘the appropriate value for the combination. It is also

noteworthy that there is no need to store more than one
value Vp of the largest positive peak since at the-
moment of display the correct value is always available.
Note that a small compliéatiOn may arise when the first
positive peak is also the largest. fhe value for
correct display of the amplitude of the wave in such an
event is that of the previous (not the current) posifive

L4
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-peak. To avoid error, the absolute value of posifive
peaks’ is held in a peak voltage detector (detector 62

5 FIGURE 4) and is transferred to the sample-and-hold
circuit 98 6n1y on completion of a display.

Now, recapitulating to éome.extent, with
reference to FIGURE 1 it may be seen that the circuits
have been described in detail for de&eloping the trigger

10 signals T, the amplitude signals A, and the equ1valent
freguency 51gnals F with respect to the fast wave
detector 44 and the slow wave detector 42. As for the
detection of spikes, as suggested above, some specific
criteria are involved which will now be con51dered in

15 - detail. 7 - ,

EEG spikes are in fact sharp waves or wave-
form sections of short duration (up to about 60 milli-
seconds) and of relatively high amplitﬁde (25 microvolts
and significantly lerger). While usual EEG waves can be

20 'submitted to spectral analysis with relative ease,

. spikes tend to be totally lost in such analysis.
Although the clinical significance of EEG spikes is well
established, experts continue to debate the exact

~definition of a spike. If only to provide a consistent

25 criteria for recognizing splkes, detection by-automated
means could result in a definite improvement in the
processing and analy51s of EEG data. For example, in
a relatively recent study a group of five experts '
independently analyzed the same portion of an EEG

30 record. One expert located 155 spikes whlle another
located only 47. In some 1nstances, the same splkes

- were not accounted for .in the two -analyses. Slmllar
examples can be found throughout the history of EEG
recording.
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Recognizing the problems of spike definition
as well as recognition, the spike detection system in
the present embodiment is relatively_éimplé and highly.
efficient in recognizing and displaying spikes with '

representative amplitude in the display and indicating

‘the relative time of their occurrence.

Essentially, the initial or leading slope
of a spike should exceed a nominal value and also should
last for a predetermined time, e.g. say at leést six
milliseconds. If such criteria are satisfied for the
leading edge, a delay is imposéd to’pro&ide an observation
interval, for example of thirty milliseconds. Should

the signal reverse directions, have a peak, and define a

minimum slope for a minimum time, say at least six
milliseconds, a spike will be considered as recognized.
The disclosed structure also considers the.
possibility of a spike being superimposed on another
wave which has a significant slope that cbuld reduce
either the leading or trailing slope of the spike.
In such an event, the requirements for recognition
are altered somewhat to consist of: (1) only one 6f the
two slopés must be larger than a predetermined value;
(2) the slope larger than the predetermined value must
last more than six miliiseconds; (3) a sharp peak must
occur within a time of thirty milliseconds following the
recognitionh of the slope which is larger than the
predetermined value; and finally (4) the total amplltude
of the splke must exceed 25 microvolts.
Agaih,~recapitulating, the characteristics
identifying a spike as implemedted in the disclosed
embodiment can be summérized as follows: (1) an amplitude

of 25 microvolts or iarger; (2) a duration from twelve
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to sixty milliseconds; (3) a sharp_peak;'(4) an initial
leading slope larger than traditional waves; (5) a
trailing slope which occurs during a six millisecond
interval after the peak; (6) positive and negative
slopes which last a period of ‘time long enough to
assure the signal.is not spurious; and (7) smaller
signals are required to be faster than large signals to
be recognized as spikes; that is, as the amplitude
increases,  so alsé must the duration Eo“qualify as a
spike. . '
Therspike detector 46 (FIGURE 1) will now
be considered in detail with reference to FIGURE .8

showing the. input line 36 and the outputs. for a spike

- occurrence, i.e. the amplitude signal A and trigger

signal T. The spike amplitude is resolved rather
directly by a spike amplitude circuit 110 which is
connected to receive the EEG input directly. Essentially,
the spike amplitude circuit consists of high pass _
filters along with rectifiers which approximate the peak
voltage of the waveform even in the presence of a variety
of other'waves. However, the recognitioh of a fragment
of the waveform as a spike to provide the trigger signal
T is a somewhat more complex operation and utilizes a
similariy more. complex structure. Specifically, the EEG
input signal is first differentiated by a differentiator -
112, the output of which is applied to five distinct
comparator circuits 114, 116, 118, 120, and 122. The
comparators operate with respect to different predeter-
mined levels of slope for the differentiated value of

the EEG. - .For eiampler;the“comparatof4114,prcvides a

high state of a binary.signal during intervals when the
initial slope of the EEG exceeds 800 microvolts per

WIPO s s
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second. The remaiﬁing comparator circuits function
similarly with respect to increasing slope signals,

5 however, such circuits are éelectively operative with
respect-to signals having either a positive or a negative
direction of change. Specifically, the comparator 116
provides a fecognitign output for slopes in excess of

 +2000 microvolts per second; comparator 118 provides

lo a recognition signal for slopes in excess of -3000
microvolts per second; comparator 120 pfovides.a
recognition output for slopes in excess of -2000
microvolts per second; and comparator 122 provides
.a recognltlon output for -slopes in excess of +3000

15 microvolts per second. '

) . As the differentiator 112 provides an output

which is proportional with the slope of the input signal,

the comparators 114, 116, 118, 120, and 122 are simple
~amplitude or threshold circuits to provide a binary

20 signal, the-high level of which is indicative of a
predetermined degree of slope in the EEG. The separate |
comparators are employed to enable the use of separate
timejtest circuits so as to accommodate the imposition
of different time criteria for testing the occurrence of

25 a spike in accordance with the standards indicated
above. . . .

The comparétor 114 is connected directly to
an "and" gate 126 and additionally is connected to that
gate thgough an amplifier 128 and a single shot 130.

30 The single shot 130 consists of a monostable multivibrator
providing the low state of a binary signal as an output,
except when an input triggers the single shot to provide
the binary output at a.high level for a predetermined.
interval. As designai:ed,~ the interval of the single
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shot 130 is five milliseconds., 'The output from the gate
126 is provided to a single shot 132 which is in turn
connected to an "and" gate 134 whiéh,supplies the
trigger signal T indicative of a.spike.

The cdmparatdrs 116 and 118 are connected
through an "or" circuit 136 to a time-tést circuit 138.
Functionally, the time-test circuit 138 may take the
form of a delay circuit to provide an output only if
the input thereto at a high level is sustained for a
predetermined interval. As indicated, the time for the
time-test circuit 138 is six milliééconds. The output

“from the time-test circuit 138 is applied to a single

shot 140, the output of which is applied to the "and" -
gate 134. - : _
Somewhat similar to the configuration described

above, the comparators 120 and 122 are coupled through

.an "or" circuit 142 to a time-test circuit 144, the.

output of which is connected "to a single shot 146 which
is in turn connected to the gate 134. Finally, the "and"

~gate 134 also receives an input from the comparator or

threshold circuit 150 which is indicative of a prédeter—
mined level of spike amplitude from the amplitude
detector 110. '

| In view of the aboverstructural description
of the subsystem of FIGURE 8, and the preliminary '
explanation thereof, 'a. comprehensive understanding may
now best be accomplished by assuming certain conditions -
and pursuing the explanation of the operation responsive
to such conditions. Accordingly, assume that a poéitive
spike is presented on the line 36. If the initial slope
exceeds 2000 microvolts/sec., the signal will actuate

the comparator 116 to produce a'positiVe output for the
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binary signal to the time-test circuit 138. Such a
signal will pass the time~test circuit 138 only if it
has. a duration of more than six milliseconds.

~ If the comparator 116 does not provide a
high output'for'the full six milliseconds, a new cycle
will be initiated as will occur each time the comparator
116 is triggered. That selectivity eliminates the
effect of random noise, which is alwajs present in an
EEG signal and which is amplified by the differentiator
112. In general, such amplification cannot be avoided
because low pass filtering would also alter the slope
and the peak of the spike. However, short waves_generated.

by random noise do not normally have a.duration of six

milliseconds and, accordingly, -are discriminated in that
“they will not trigger the single shot 140 which initiates

a 30 millisecond cycle only upon detectlon of an actual
positive slope of a spike.
After the assumed spike has peaked, a slope

more negative than -2000 microvolts/sec. must (and

normally does) occur. That signal is processed through
the comparator 120 and the time-test circuit 144 to
trigger the single shot 146. Upon the occurrence of
such a trlgger, the single shot provides the hlgh level
of a binary output.

The trigger signal T is produced from the
"and" gate 134 only if all four inputs to the gate are
in a high state. - The single shots 140 and 146 provide
two of those inputs in a high ‘state as explained above,
and therefore must be set to pfovide high outputs during -
a coincident time. The longest delay between triggering
the single shot 140 and the single shot 146 for the
recognltlon of a spike is 30 mllllseconds. Conseguently,
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a symmetric spike of 60 milliseconds or less (total
duration) satisfies this condition as each slope has a
duration of 30 milliseconds with the consequence that
both the-one shots 140 and 146 -are triggéred with a six

--millisecond delay imposed by the'time-test”circu@ts 138

and 144 respectively.
"Waves of greater duration (which accordingly
do not qualify as spikes) will not produde the overlapped

‘high states of the one shots 140 and 146. The. shortest

duration spike which still satisfies the condition
described,above is slightly over twelve milliseconds in
duration which affords sufficient time to clear the
time~-test circuit 138 and.upon'a reversal of slope,
clear the time-test circuit 144 and set the single shot
146.- Limiting the range of recognition to a twelve
millisecond minimum eliminates most of the false spikes
or signals resulting from muscle-actioh, e.g. EMG's., ‘
Recapitulating to some extent, the operation.
deécribed above involves four conditions to detect an
EEG spike. First, the initial and final slope must
exceed a predetermined>level (e.g. 2000 volts/sec.)

'and.additibnally each slope must last for at least a

predetermined interval, e.q. six milliseconds. .In the
event of a negative spike, the recognition'Scheme works
in a similar manner as it is immaterial which df the
single shots 140 and 146 is triggered initially and
secondarily. '

The fifth requirement of 'a spike to manifest
detection is that it have a sharp peak which avoids
false recognitibn of square wave or step function
spurious Signéls or artifacts. The dual voltage
comparator 114 provides a high output when a minimal
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slope of either signal is represented, e.g. 800
microvolts/sec.

Assume, for example, ;hat a positive slope
is provided which approaches a peak and further assume
that the comparator 114 has been actuated to provide a
high output. At the peak of the spike, the slope
decreases below the minimuﬁ, and as a consequence, the

comparator 114 ceases to provide a high output. That

occurrence results in the single shot 130 being triggered
as it receives an inverted form of the signal through
the amplifier 128.  The output from the single shot 130
remains high for five milliseconds thereby establishing
the greatest permissible duration for a rounded'peak in

a defined spike..

Continuiné with the assumed spike, further
assume that the slope has'now reversed and exceeds the
minimum slope, e.g. -2000 microvolts/sec., during the
cycle when the single shot. 130 is set to provide a high
output and comparator 114 again provides a high output
with the result that the "and" gate 126 is qualified to
trigger the single shot 132. 1In that situation, whenever
a sharp peak occurs, the single:shot 132 is set and
remains in that state to provide the high output for
eight milliseconds folldwing the peak. If the single
sh6t7140 is set at the time the peak occurs, there will
be sufficient Eime,for the single shot 146 to be trig-
gered by the negative slope so as to qualify the "and"
gate 134 with outputs by each of the single shots 132,
140, and 146. Such qualification will result in the
detection of a spike providing that the sixth and last
requirement is present, i.e. that the total spike
amplitude is in excess of a predetermined value as
qualified by the comparator 150.
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Since spike-like signals of less than 25 .
microvolts are usually not considered significant in EEG
reading, the voltage comparator 150 is set to.provide a

high output signal for any amplitude in excess of that

~-lkevel. This measurement is available-at the-time the

other criteria have been satisfied; therefore, if the
high amplitude is indicated, the gate 134 is fully
qualified providing a spike recognition signal in the
form of a pulse as the trigger signal T.

In addition to the operation of the spike
detection as set forth above, it is also useful to
detect so-called "complex" spikes which occur relétively
rarely but-are significant for EEG analysis. Essentially,
complex spikes--co-exist with waves ‘having a ‘relatively
steep slope. Specifically, a spike may. arise from the ‘
leading or'trailing edgé of a significant wave with the
appearance of riding on the slope of the wave. Generally,
the combined slope of the spike and the wave is steep on
one side.of'the spike but diminisbed on the other. For .
example, if the spike is on the leading edge of the
wave, it will have a steep leading slope, however, a
relatively diminished trailing slope.

The solution to the problem of complex spike

- recognition is provided by the comparators 118 and 122.

Specifically, assuming a spike on the leading edge of a
wave, the initial slope will be well in excess of that
required to actuate the comparator circuits 116 and 122
with the_qohsequénce that both the single shots 140 and
146 will be triggered.” Such. structure eliminates the
former necessarj condition for the final slope of the
spike to be in excess of a predetermined slope, replacing
it with a different condition that the initial slope
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exceed the level estabiished by the comparator cifcuit
122, The other reqditements remain unaltered.

Considering the complex spike which occurs
on the trailing edge of a wave, the leading slope is
decreased, however, the trailing slope is increased.
Accordingly, the comparators 118 and 120 are triggered
simultaneously.to set the single shots 140 and 146. 1In
that fashion, the complex spike is detected providing it
peaks to set the single shot 132 and has suff1c1ent
amplltude to set the comparator 150,

In view of the above, it may be seen that the
various criteria for detecting spikes are accommodated
by the system of FIGURE 8 which affords a structural
form for the spike detector 46 (FIGURE 1). Thus, the
detectors 42, 44, and 46 have beén described for providing
the trigger signals T, the amplitude-signals A, and in

. the case of non-spike waves, the equivalent frequency

signals F, all to the multiplexer 50. In general,
multiplexer circuits for time sequencing signals from a
pluraiity of sources are well known in the prior art;

and any of a variety of'such structures may be employéd.
Conventionally, buffer storage is provided to accommodate
the serialization of random signals. Accordingly, no
detailed description of the multiplexer 50 is deemed to

. be appropriate herein.

Turning now to the display generator 52 ,
(FIGURE 1), some preliminary consideration is appropriate
before taking up the structure ofrthat unit- as embodied '
in the exemplary system. As a result of the analysis, -
i.e. recognizing waves and detefmining the equivalent
frequency and amplitude, waves might be displayed in a
variety of patterns. Epwever, the pattern disclosed
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herein offers several advantages for the present system
because: three parameters (frequency, ampritude, and
time) can be easily represented by the size and p051tlon
of a standard symbol 1n an XYZ-reference system; a
three-dimensional system can be accurately deplcted on a

plane surface (CRT screen or recording paper) according

to 31ngle-vanlsh1ng—p01nt perspectlve, such symbolic
perspective display is immediately recognlzable by
observers without prior training in the particular
method (the display relies in general on the recognition

. ability of human vision); numerous. symbols can be shown

in a relatively small Space to result in a high concen-

-tration of data in a single display; and in accordance

with the'present invention, the electronic processing of
data for such a display 'is relatively simple and reliable
and dces not require a large computer or memory facility.

The system of the illustrative embodiment
decodes the EEG information for storage and presentation
in a static display while preserving individual charac-
teristics of the wave. Each wave (including spikes) is
treated as an aperiodic transistory event and defined
between two successive maxima (or minima). The rec1procal-
of the wave duration determines the eguivalent frequency
as indicated above. The amplitude of each recognized
wave is displayed as the height of an L- -shaped character
(FIGURE 2) where the equivalent frequency is indicated
on the horizontal and time is indicated on the basis of
depth, e.g. position on the v axis.

The principle of operation for the display
generator 15 (FIGURE 1) is graphlcally illustrated in
FIGURE 9. The pattern-is developed as’ a display utlllzlng
three axes (X for equivalent frequency, Y for time; and
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Z for wave amplitude). 1In general, the display is
accompl ished with the information signals described

above by use of analog processing structures including
operational transcbnductance amplifiers. Such amplifiers

are basically an_analdg device as well known in the

- prior art, which function in such a manner that the gain

is governed by an auxiliary voltage. Deflecting the
beam along the vertical V and the horizontal H (as-
indicated in FIGURE 9) along with beam unblanking are
sufficient for fepresentation of the virtual XYZ space

~as indicated in FIGURE 9. The calibration for the

display is provided by the calibration unit ‘54, such
reference marks being fixed for an operation. The _
structure for accomplishing the EEG diéplay (patterned
in FIGURE 9) is illustrated in FIGURE 10 and will now be
considered. A ' o .
Inputs from the multiplexer 50 (FIGURE 1)
are received as indicated by the system of FIGURE 10, in
the form of an amplitude signal A, a recognition trigger
signal T, and an equivalent frequency signal F. These
signals are processed to provide a vertical deflection
signal on a line 170 along with a horizontal deflection
signal on a line 172 and a beam unblanking signal on
therline 174. The format and structure for usiﬁ§ such
signals are well known for driving a cathode ray tube
display, including application to'storage tubes as .
illustrated in FIGURE 1. Specifically, the storage tube
18 accumulates portions or elements of a pattern which
endure on the display 18 to ultimately develop a.complete
picture which may be photographed or otherwise copied;
Thus, a considerable length of waveform is carried as a
static representation which.can,be studied as a.period
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of EEG rather than to scan the waveform otherwise recorded
on multiple sheets with conventional methods.

Considering the structure of FIGURE 10
in somewhat greater detail, the amplitude signal A

'1s applied to a modulator 180 which controls the
~unblanking of the display beam. The modulator 180 is
~ also connected to receive a ramp signal from a generator

182 which develops a signal for forming the L-shaped
character. The generator 182 receives the recognition
trigger signal ‘T and, as explained in detail Below, upon
each occurrence of a trigger, formulates ramp signals.
The generator 182 is connected to apply
signals to an amplifier 184 and a summing circuit 186.
The equivalent freqqgncy signal F is also applied to
the summing circuit 186, the output of which is applied
to an amplifier 188. The amplifiers 184 and 188 are
similar, being in the form of operational transconductance
amplifiers which are basically analog devices, the gain
of which is determiend by an auxiliary voltage, in each
case supplled from a ramp generator 190 which functions
on a time base related to the display. That is, the
ramp generator 190 provides signals to both the amplifiers
184 and 188 and as well to summing circuits 192 and 194
which also receive inputs from the amplifiers 184
and 188 respectively. The outputs from the summing
circuits 192 and 194 are to the lines 170 and 172,
respectively, providing the vertical and horizontal
deflection respectively.
Considering the operation of the subsystem '
of FIGURE 10, the operational. transconductance amplifiers
184 and 188 function as'variablemgain,amplifiers working
in accordance with the felétionship illustrated in
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FIGURE 9. The gain control provided from the -ramp
generator 190 to the amplifiers 184 and 188 is essen-
tially a ramp which gradually and linearly reduces the
gain as the vertical deflection progresses. Thus, the
perspective pattern of FIGURE 9 is developed.

With the above preliminary description as a
background, consider now the operation of the system
upon receiving drive signals. Upbn each occurrence of
a recognition trigger signal T, the L—shaped character
generator 182 initiates an Opefating cycle of some 200
microseconds, during which horizontal and vertical ramp
vbltages are generated. These voltages do not change

- throughout the devélopment’of the display. The horizontal

portion (foot) of all L-shaped characters is the same.
The displayed height (vertically) of the L;shaped .
character is determined by the operation of the modulator
180 in accordanée with the amplitude signal A by a’
variable duration unblanking of the beam accomplished ‘as -

~a result of the signal developed in the line 174. That

is, the actual voltage ramp which generates the vertical
portion of the L—shaped.character remains unchanged
throughout the operation; however, modulation results
from turning off the beam at various heights according

to the value of the amplitude signal A, Consequently,

the deflection. is provided for a maximum deflection on
each wave occurrence; however, the beam is blanked above
the.proper level of the indicating vertical line.

The amplifief 184 decreases the vertical signal
(0f the character generator) with increasing depth in
the perspeétive; In the procééé, the L-shaped character
signal is added to the output of the time base in the
summing circuit.l92 to result in the voltage for the
vertical deflection as indicated in the line 17b,
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The equivalent frequency signal F, which 7
determines the position of the L-shaped character on the
horizontal axis, is-added with-the horizontal portion
(foot) of the L-shaped character in the summing circuit
186. The resulting composite signal is processed in the

—amplifier - 188, - the:gain of+which=is--determined by the
depth of perspective and therefore by the time base of
10 the instantaneous operation. A fraction of the time
base voltage is then added to the processed horizontal
signal in the summing circuit 194 to produce the
gradual drift to the right necessary for the perspective
presentation. ' ‘ Co
15 - Thus, it may be seen that the dispiay generator
accepts the basic information in the form of the ampli-
tude signal'A,'Ehé”fétognition"trigger‘T; andthe ’
equivalent ﬁrequenéy signal F, and produces vertical and
horizcntal deflection voltages plus a beam unblanking
20 signal to define the XYZ épace on the screen of a
cathode ray tube and place the L-shaped characters
in accordance with the format described above. It is to
be noted that ¢alibrating signals from the circuits 198
and 200 are supplied to the amplifiers 184 and 188
25 respectively for adjustment and calibration. Generally,
such techniques are well known and widely practiced in
the prior art.
In view of the above, it may be seen that
a system of FIGURE 1 as disclosed above will develop a
30 - statie image, stored on the storage tube display 18
which is in the form described with reference to FIGURE
2. Using‘a va;iety of well known structures as the
hard-copy unit 20 , the image or picture may be repro-

duced on-a sheet of paper to provide a permanent record.
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Of course, as explained above, the picture is a consi-
derably more perceivable form for a significant amount
of EEG data. As a consequencé, neuroiogists and -other
persons may perceive an analysis of the EEG by reviewing
a few sheets rather than to -scan through a considerable
length of the EEG as a recorded waveform. Recognizing
the widely varying possibilities for the utilization of
structures and techniques disclosed herein, it is )
understood that the scope hereof should be determined in
accordance with the claims as set forth below. '
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WHAT IS CLAIMED IS:
1. A'system for anaiyzing an interval of

an aperiodic waveform, manifest as an electrical signal,
comprising: _ '

means. for detecting -predetermined individual
waves in said electrical signal to provide individual ‘
wave signals representative of the time of occurrence,
the period and the amplitude of a detected wave;

a storage means for containing a three—
dimensional static image; and

means connected to receive said individual
wave signals for scaling said wave 51gnals into
said three-dimensional image to depict waves as llnear
symbols positioned in one dimension with reference to
Vperiod and in another dimension with reference to time
of occurrence and scaled in the third dimension with
perspective adjustment to indicate amplitude. |

2. A system according to claim 1 further
including means for sensing an interval of EEG and means
for supplying said EEG to said means for detecting.

3. A display system according to claim 1
wherein said display means include an electronic module-
to process according to pefspgétive representation each
of said symbols representative of each incoming wéve,
and further include a storage osc1lloscope on the screen
of which successively 1ncom1ng linear symbols are
stored and dlsplayed

$0 REAT
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4. A display system according to claim 1
where said display means include an electronic module to
process according to'perspective representation the
duration, amplitude and time of occurrence of each
incoming wave to result in a virtual symbol, and
further including plotter means to actually plot_said
symbols on a writing medium such as to progressively
construct said static three-dimensional image.

5. A system according to claim 1.wherein
said storage means comprlses a cathode ray storage tube
for developing a static image and said means for scallng
actuates said tube on the occurrence of said waves to
provide representative displays.

6. A system according to claim 1 further
including a hard-copy unit for providing a sheet of
paper depicting said static image.

7. A system according to ‘claim 1 wherein
said means for detecting includes means for separating
'said electrical signal into wave components and further
includes means for measuring the period of said wave -
componeﬁts. |

8. A system according to claim 7 wherein
said means for detecting further includes a wave detector
for at least one of said wave components to detect the
occurrence of waves with an amplitude below a predetermined

minimum amplitude and discriminate against said waves.
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9. A system according to claim 8 wherein
said wave detector further includes means to discri-
minate -against wave components outside predetermined

period limits.

10. A system according to claim 7 wherein
said means for detecting further includes means for

detecting signal spikes in one of said wave components.

11. A system according to claim 7 further
including a plurality of detectors for receiving said
wave components, to detect within predetermined limits

the amplitude and period of said wave components.

EY P
i

12. A system according to claim 11 further
including a multiplexer for connecting said plurality
of detectors to said storage means. '

13. A system according to claim 1 wherein
said storage means comprisés a display generator and
said system further includes means for indicating
calibration marks on said display. -
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14. A system for recognizing and measuring
waves of an electroencephalodram manifeét as an electrical
signal comprising:

means adapted to receive said electrical signal
for detecting peaks therein of either polarity;

means for storing the amplitude of at least
one of said detected peaks of each polarity;

means for sensing a first time period lapsing
between a largest peak of one polarity and a first
subsequent peak of an opposite polarity;

means for sensing a second time period lapsing
between said first subsequent peak and the following
largest peak of said one polarity; and

means for additively combining said first
and second time pefiods to provide a wave period signal
indicative of the period of a wave recognized between
successive largest peaks of the same polarity separated
by at least one peak of opposed polarity.

15. A system according to claim 14 further
including means for providing a wave amplitude signal
representative of the average amplitude excursion from

said largest peaks to said peak of opposed polarity.

16. A system according to claim 14 further
including means to manifest a timing signal indicative
of the instant of said first subsequent peak of an

opposite polarity to manifest the time of said wave.
17. A system according to claim 14 wherein

said means for sensing time periods includes digital
counters.
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18. A system for recognizing spikes of an
electroencephalogram manifest in an electrical signal,
comprising: L=

means for sensing a leading slope in said
electrical signal exceeding a predetermined value for
a first-predetérmined period to-provide a first indica-
tion;

means for sensing a polarity reversal in said
electrical signal within a second predetermined period
after said first indication and providing a second
indication should said polarity reversal attain a
predetermined slope for a third predetermined period;
and ‘

means for manifesting a spike upon the sequen-

e

tial occurrence of said first and second indicators.

19. A system -according to claim 18 for
providing a signal related to the amplitude of said

polarity reversal in said electrical signal.

20. A system according to claim 18 further
including discriminator means for inhibiting said
means for manifesting a spike. in the event that said
leading slope in said electrical signal does not attain

a predetermined level of amplitude.

21. A system according to claim 18 further
including means for inhibiting said means for manifesting
a spike in the event that said first and second indica-
tions are separated by at least a predetermined period.




PCT/US79/01015

WO 80/01352

%

BOIER Ve

224

LING — YOLO3LIT _ W\
> SO0 e INAEGM -
asEH —_Mo7e
— . >
FOHOLS oz I w op . \v%. Z
LD
Z\HOLOYINTO L Yraxarairon wgr  IAOM el OV e T555
ql _‘\ \N -7 | Lot \ SIA17awe| |
L
i 7 7 o
X’ 24 o¢ vy
7
4 LIND 7 |&oLo3L5T
| NOLLESGI 752 IS 7
7e . 27 26

7
74




WO 80/01352 PCT/US79/01015

oz
NIT7AL ]
| POS/TIVE
PEAK _
DETECTOR -
0
EES / ™ g\
INPUT
/ o
LARGEST
NEGATIVE A
PEAK
DETECTOR
e
|70
6.5
M -
1 1
CLEAR 2 CLEARé LOARD 7@
T7 4o e 4
COONTER COUNTER )
| / [ /
70 72
o8
/
CLOCK
GCENERATOR _ Fl G 4 :

WIPO
¥/ S S
#TEDU » mm‘:ﬁ’ g

"




WO 80/01352

FREQ.

7 9

12 14 30 SPIKES

776 +72 00T

P3
——————— NG
i
7le| 776 72 7/%’
FIG. 3

PCT/US79/01015

g‘UREAU

I#TE

OMPI

WIPO 1,

PraaTy Q§?’



WO 80/01352 , PCT/US79/01015

a~

o6
— o MOWAVE/ |« e RECOGNITION
FIRST WAVE TRIGGER
| DETECTOR
T | (PMPLITUDE) =
/53 FREQU.
INEORMATION
TEST CIRCUIT T < ouTPUT
— w4 FREQ.
oz -
EROM|__~ -— ?(/RAT/OA)/
D/IGITAL)
EQUIVALENT
TEST CIRCOIT | » FREQUENCY
= (O .FREQ- | &6 (ANALOG)
LIMIT. | | CONMVERTER
23 G0
/ .
CLEAR CLEAR £
£ LOAD LOAD
—> FIRST ™ seconD
STORAGE STORAGE 3
rec/STER | - ReeiSTER S8

FIG.5




WO 80/01352 PCT/US79/01015

\V/ ;}7-/
’XVZ v+
2

7la 776

FIG.6

FIRST POSITIVE PEAX PULSE
G2 ~
SAMPLE v/ (or n2)

AND HOLD

C/IRCOIT RECOGNITION
TRIGGER (8)
1 ~ 90

NEGATIVE | | MULTI—
PEAKS | |VIBRATOR—T—" 00 V2
CIRCUIT / —Z

90 ™ ANALOG AnaLoe| 99T
, /84 C/IRCOIT GATE

SMPLE |y /
ND HOLD [ 02

C/IRCOIT l

~98 // o
| mocrierieR)zys

circorr | £

POSITIVE
PEANS

FIG.7

TREAT
_oMPL_

WIFO
& TEpy meV




WO 80/01352

PCT/US79/01015

EES N

/2o
- \COMPARATOR|__, 55’2’5‘}5 _ rEaR
£8004V/56C 28 J‘ 8mSEC
va? t s’
&m SEC ‘
7
COMPARATOR 30 V7 ()
&
+2000)/56C b //38 '/
Vo~ I TIME TEST %’j‘,’?f i
/| _6m SEC 30mSEC
COMPARATOR
~30004 Y56C stope |
_—
SPIKE
- —
7 TmieER
COMPARATOR SLOPE | /
-2000p Vfsec || 422 /o ~ H
o’ Z\< 7IME TEST Séﬁ//gé-e i
COMPARATOR /4/4
+3000p fSEC !
150
2’ /
B COMPARATOR| | MIN.
Ve V4® V>a5uV AMPLITUDE
yd / -
DIFFERENTIATOR 4 M\/SDZ;'{UEDE et A —
27 Loerecror
[
3o
'Y FIG. 8




WO 80/01352 ' PCT/US79/01015

\"4
| Y
|
2y
// Xy X
4
FIG.S
AMPLITUDE A
- /80
BEAM
MODULATOR /;4 NBLANK
CALIBRATE - /98
7 S/GNAL. é S 192
/
RECOG—/_ et £ /79
MTION(_| L CHARACTER o ampLITUDE SUMMING | _VERT./,
TRIGGER | GENERATOR CIRCOIT | CEFL.
7 |
/82 //90 &
RAMP - ,
GENERATOR
- /8 24
S VA WA
£QUIVL,| SUMMING SUMMING | HoRIZ.
FREQ. | CIRCUIT AMPLIFIERT T\ ¢c/RCOIT | cerc.
o) /72
CALIBRATEY" ©

S/GNAL | FIG.10




INTERNATIONAL SEARCH REPORT WJo 80lo(3

International Application No PCT/US 79/01015

1. CLASSIFICATION OF SUBJECT MATTER (if several classification symbois apply, Indicate all) 3

Accordlng to International Patent Classification (IPC) or to both National Classification and IPC

Int. C1.8 A61B 5/04
U.S. Cl. 128/731

Il. FIELDS SEARCHED

- -~ - ..~ Minimum Documentation: Searched ¢

Classification System ]

Classification Symbois

U.S. 128 699, 710, 731

Documentation Searched other than Minimum Documentation
to the Extent that such Documents are Included in the Flelds Searched &

ill. DOCUMENTS CONSIDERED TO BE RELEVANT 14

Category *

Citation of Document, 1€ with indication, where appropriate, of the relevant passages 17

Relevant to Claim No, 18

A US,A, 3,123,768, Published 03 March 196L,

A Us, A, 3,186,403,
A | US,A, 3,623,477,
A | Us,a, 3,77k 593,
A Us, 4, 3,884,221,

Published O1 June 1965,
Published 30 November 1971,
Published 27 November 1973,

Published 20 May 1975

Burch et al

Bassett

Trent

Hakata et al

Eastman

* Special categories of cited documents: 18
“A" document defining the general state of the art

“E" earlier document but published on or after the international
filing date

“L™ document cited for special reason other than those referred
to in the other categories

“0" document referring to an oral disclosure, use, exhibition or
other means

“pP" document published prior to the International filing date but
on or after the priority date claimed

“T" later document published on or after the [ntemaﬂonal filing
date or priority date and not in conflict with the application,
but cited to understand the principle or theory underlying
the invention

“X" document of particular relevance

IV. CERTIFICATION

Date of the Actual Completion of the International Search 2

é7 March 1980

Date of Mamng of this International Search Report 2

11 RPR 1980

International Searching Authority 1

ISA/US

Signature of Authorized Officer 30° (/\/ 6‘ K 4

W.E. Kamm

2



	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

