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[57] ABSTRACT

In a system for displaying multichannel EEG data, data
values received from a matrix of EEG electrodes are
stored in a random access memory. Digital values to be
displayed are interpolated from the input values by
addressing selected ones of the inputs from memory,
multiplying those inputs by predetermined coefficients
taken from a coefficient memory and summing the
products. Each element of the display can be deter-
mined in that way within one frame time of the display
apparatus. The data can be interpolated in real time for
a flicker free display at a rate of over 25 frames per
second. By displaying separate values associated with
each display element as a distinct color, the dimension-
ality of the display can be increased. The numeric ma-
trix which underlies the expanded topographic display
can be stored digitally and further utilized in further
operations and displays.

19 Claims, 7 Drawing Sheets
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APPARATUS AND METHOD FOR
TOPOGRAPHIC DISPLAY OF MULTICHANNEL
EEG DATA

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tHon; matter printed in italics indicates the additions made
by reissue.

This is a continuation of 07/101,6068 filed Sep. 28, 1987,
now abandoned, which was a reissue application of U.S.
Pat. No. 4,417,591.

DESCRIPTION

. Technical Field

This invention relates to topographic video displays
and has particular application to the topographic dis-
play of electroencephalographic (EEG) data.

2. Background

Multichannel data poses serious problems for investi-
gators seeking to extract subtle information from a sys-
tem. A classic example is the analysis of electroencepha-
lographic (EEG) signals produced by the human brain.
The volume of data produced by a multi-lead EEG has
defied accurate analysis for over 40 years. Another
example can be found in the mining industry where
geologists search for hints of underlying ore bodies by
examining earth samples taken at or near the surface.

In the typical 10-20 EEG system, 20 electrodes are
positioned in a matrix on the scalp. The signals are
generally analyzed statistically but the information con-
tained in those signals is so voluminous that they are not
readily interpreted. More recently, the multichannel
information has been output in a topographic video
display. By such display, the human eye can be brought
to focus on the totality of the data at hand. In a most
recent topographic display, based on some of my meth-
ods, Duffy et al. have presented a movie-like display of
sequential frames of multichannel EEG data in “Brain
Electrical Activity Mapping (BEAM): A Method for
Extending the Clinical Utility of EEG and Evoked
Potential Data,” Annals of Neurology. vol. §, No. 3,
Apr. 1979, pp. 309-321. That system makes use of color
display and employs interpolation to fili the display
around the original electrode signals. With such a mo-
tion picture topographic display, the researcher is better
able to analyze the EEG data by presenting a more
pleasing and rapid display which greatly enhances the
investigator's ability to elicit usefu! information from
the data.

An object of this invention is to provide means for
rapid display of multichannel data, such as from 20
EEG inputs, which even further enhances the useful-
ness of such displays in the analysis of data.

A further object of this invention is to provide
greater dimensionality to the display than has hereto-
fore been possible with a time sequenced two dimen-
sional display.

SUMMARY OF THE INVENTION

In accordance with my inventive method of utilizing
a topographic display to analyze mulichannel data, the
raw data is expanded as by interpolation to provide a
number of display elements of at least an order of magni-
tude greater than the number of input channels. The
thus derived numeric matrix underlying the expanded
topographic display is then stored digitally and serves

d

10

15

20

23

33

m

45

35

65

p

as a source of data for further computational and dis-
play operations.

I have further invented an apparatus which facilitates
the display in real-time of an arbitrary number of data
channels. The display is interpolated so as to provide a
smoothly varying topograpic representation of the en-
tire space from which the data was sampled. The spatial
representation is arbitrary and may or may not reflect
an underlying physical reality. The method of interpoia-
tion can be varnied to suit different assumptions about
the way in which information is distributed within the
display space.

In a specific embodiment of this invention, data de-
rived from the electrical activity of the brain is dis-
played. A plurality of EEG electrodes are placed on a
patient’s skull in a matrix, and the data received from
the electrode matrix is expanded in signal processing
electronic circuitry to form a larger matrix of display
data. In that circuitry, the data from each electrode of
the electrode matrix 1s stored 1n a random access data
memory as an addressable data word. A pointer genera-
tor addresses predetermined data words in the data
memory for each element of the display matrix. Simul-
taneously, 8 coefficient generator provide a predeter-
mined coefficient associated with each data word ad-
dressed for each slement of the display matrix. The
coefficients and addressed data words are combined
according to a predetermined function to provide a
large matrix of display data signals.

In the preferred interpolating circuitry, the coeffici-
ent and pointer generators are random access memories.
The coefficients stored in the coefficient RAM are pre-
computed to provide novel interpolation based on the
three data points displayed nearest each display ele-
ment.

The apparatus also facilitates the coding of up to four
dimensions into a single displayable point to increase
the dimensionability of the dispiay. The interpolation
apparatus is able t0 independently handle an arbitrary
number of dimensions relating to an arbitrary number of
input channels. For example, an EEG channel may be
preprocessed so as to be represented by several fre-
quency bands instead of a single time varying signal.
Each frequency band could be considered to be a *di-
mension” of the EEG channel. Four dimensional repre-
sentation is achieved by coding three of the dimensions
individually into the red, green and blue components of
a color video channel. The fourth dimension is option-
ally coded into the overall intensity of the unigue color
s0 generated. For instance, the “low”, “medium” and
“high” frequency bands of EEG can be coded as red,
green and blue and the RMS voltage can be coded as
intensity.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, features and advan-
tages of the invention will be apparent from the follow-
ing more particular description of preferred embod:-
ments of the invention, as illustrated in the accompany-
ing drawings in which like reference characters refer to
the same parts throughout the different views. The
drawings are not necessarily to scale, emphasis instead
being piaced upon fMustrating the principles of the in-
vention.

FIG. 1 illustrates a typical electrode matrix oriented
with respect to a head outline on a display; also illus-
trated are segments of the video display, or pixels;
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[FIG. 2 is a block diagram] FIGS. 2, 24, 2B and 2C
are block diagrams of a multichannel topographic dis-
play system embodying this invention;

FIG. 3 is 2a more detailed block diagram of the multi-
channel data source of FIG. 2 in a system for analyzing
EEG signals;

FIG. 4 is an alternative multichannel data source used
for analyzing mineral samples;

FIG. § is a detailed schematic of the real time spatial
interpolator of FIG. 2;

FIG. 6 is a detailed schematic of the control logic for
the interpolator circuit of FIG. 3.

FIG. 7 is a block diagram of a multidimensional color
output stage. |

DESCRIPTION OF A PREFERRED
EMBODIMENT

FIG. 1 illustrates the arrangement of electrodes on
the scalp of a patient in a typical multichannel EEG
test. The electrodes are arranged on the scalp to form a
predetermined matrix. As shown in the above-cited
Duffy et al. article, the signals received from these elec-
trodes may be used to generate a topographic video
display which, in this case, is outlined by the shape of a
head 14. A color cathode ray tube has been used to
make the display which can be broken into a number of
display elements 16 across the entire display screen. The
number of elements in the display may be as low as
32X 32 but preferably the display is at least a 64X 64
matrix. It can be seen that even with only a 3232
display matrix the number of display segments 1s an
order of magnitude greater than the number of input
channels from the electrodes 12. Interpolation is used to
fill in the display between the points of the display cor-
responding to the electrodes. The term interpolation i1s
used loosely to cover such methods as the Jeast squares
method for expanding data.

In the system used to make the topographic displays
shown in the Duffy et al. article, the data in 24 channels
was expanded within each frame by software based
interpolation. In that interpolation, the value displayed
at each element of a 64 X 64 matrix was derived from the
values of the three nearest data points. The computation
time for each topographic map or frame was under four
seconds; thus the 128 maps of usual sequence of maps
could be created from the initial 24 input curves In
approximately nine minutes. The calculated data was
then stored on a disc and later played back from that
disc onto a color video display. That display was at a
rate of up to ten frames per second.

From the video display, Duffy et al. were able to
make decisions for further analysis of the data. Signifi-
cantly, they were able to rely on the interpolated data as
well as the raw data for further information extraction
and for further operation on the data. Thus, the raw
data was truly expanded, not only for purposes of visual
display, but for further statistical and visual analysis of
the data. This ability to rely on the underlying numeric
matrix, stored in digital form, which underlies the topo-
graphic display is a key feature of this invention which
makes it a much more significant research and diagnos-
tic tool than has been previously available in topo-
graphic displays.

In this novel scieatific approach, in which data is
expanded to a topographic display and in which that
display is used as a jumping off point for further work
with the expanded data, 1t is not necessary for the input
data to have a necessary physical relationship to the

4

dimensions of the space in which it is viewed. It is only
necessary that the results produce useful data to the eye.
Further, regardless of whether the onginal multichan-
nel data represents a time varying sequence of measure-

s ments, I have found that by organizing one dimension of
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the data into a time varying sequence and thusly dis-
playing the data as a sequence of picture frames greatly
enhances the investigator’s capability to elicit useful
information from the data. Once the data has been ar-
ranged in a time varying sequence for a movie-like
display, the interpolator discussed below can be used to
provide [temperal] remporal interpolation from frame
to frame as well as spatial interpolation within each
frame. I have found that by applying a four point La-
grange polynomial across the time sequence of each
input channel, I can produce a series of intermediate
picture frames which smooth out the perceived transi-
tions from one interpolated picture to the next.

Although the system used to display the Duffy et al.
data was the best then available, it did suffer some limi-
tations. For one, the researchers were required to wait
at least the nine minutes required for the interpolation
computations. Also, due to the limited internal memory
in the computer the display data was stored on a mem-
ory disc. The display was thus limited by the read time
from the disc. It is known in video technology that a
frame rate of about 20 frames per second or greater Is
required to avoid flicker in the display. Thus, at ten
frames per second, the cartooned display of Duffey et
al. was subject to flicker.

To overcome the above limitations of my previous
system, 1 have developed a real time interpolator for
expanding multichannel data, both spatially and [tem-
perally} temporally to produce a topographic display.
Roughly, real time interpolation means interpolation of
the data within about one frame time of the display.
Thus, data can be input to the interpolator and the inter-
polator can produce the new data during the time that
a previous frame is being displayed. Thus, the rate of the
display is not unduly limited by the interpolation pro-
cess. To provide a flicker free display, as perceived by
the eye, an entire frame should be interpolated at a rate
of at least 20 frames per second and preferably at a rate
greater than 25 frames per second. A rate of greater
than one frame per second will produce flicker but in
some applications may be sufficient. Small, low quality
displays now generally have a display matrix of about
32% 32 display segments. Preferably, more detailed
display matrices such as 64 X 64 or greater arc used.

The components of a multichannel topographic dis-
play system are shown in [FIG. 2] FIGS. 2, 24, 2B
and 2C. A multichannel data source 20 is connected via
a digital pathway 22 to a real-time spatial interpolator
24. The interpolator may have an optional auxiliary
digital pathway 26 for the purpose of loading pointers
and coefficients as will be discussed below with regard 10
FIGS. 2 and 2A. The real-time interpolator transmits 1ts
output over a digital path way 28 to a digital storage
unit 30 which in the preferred embodiment is a random
access memory. The digital storage unit may have an
optional auxiliary digital pathway 32 for the purpose of
external insertion and extraction of stored information
as shown in FIGS. 2 and 2B.

The digital storage unit is accessed via a digital path-
way 34 by a video graphics generator 36. The video
graphics generator may have an optional auxiliary digi-
tal pathway 38 for the purpose of external insertion and
extraction of stored information as shown in FIGS. 2 and
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2C. The video graphics generator transmits its output
over an analog pathway 40 to a video output device 42.
The digital storage unit 30, the video graphics generator
36, and the video output device 42 are commercially
available products.

An example of multichannel data source 20 for EEG
is shown in FIG. 3. A head 44 is the original source of
micro-voit level signals which are sensed by a multiplic-
ity of electrodes 46. The electrodes are connected via
signal leads 48 to signal conditioners 50. Each signal
lead may be conditioned by one or more signal condi-
tioning devices 52, 54 which may include amplifiers,
filters and so on. The output of the signal conditioners is
connected via a pathway 56 to an analog multiplexer 58.
The analog multiplexer is capable of being switched so
as to present signals in sequence over a single pathway
60 to an analog to digital convertor 62 employing a
sample and hold amplifier 64. The output of the a-d
convertor 1s transmitted over a digital pathway 66. The
multichannel data source may optionally contain a gen-
eral purpose computer 68 which intervenes before the
data is finally emitted over digital pathway 22.

Another example of a multichannel data source is
shown in FIG. 4. In this case the original source of data
1 a plot of land 70. Earth samples 72 are taken from the
land according to a preplanned sampling gnd. Each
earth sample may consist of a core drlling wherein
individual samples 74 for differing depths may be subdi-
vided. Each individual sample is presented to a spectro-
photometer 76 which produces a multi-element analysis
78 consisting of measures of the amounts of mineral
element present in the samples from each depth of each
grid point. The multi-element data is transmitted over a
digital pathway 80. An optional general purpose com-
puter 82 may intervene in the output pathway to digital
pathway 22.

The real time interpolator 24 serves to expand the
raw data to fill in the display. For example the display
values in FI1G. 1 between the elements 12 associated
with the electrodes of an EEG are determined 1n this
circuit.

The imterpolated output value Zp for each display
element is a linear combination of from 1 to n input
values each multiplied by a coefficient.

e Zp=CIXZ1+C2xXZ24+C3IXZI ... +4CnxXZn

Where:

Z1 is the input value from channel 1.
Z2 is the input value from channel 2.
Z3 15 the input value from channel 3.
Zn is the input value from channel n.

For interpolation of EEG signals a triangular interpo-
Jation is used. FIG. 1 shows a display screen 10 com-
posed of a grid of pixels 16. Superimposed on the screen
is an outline of a head 4. Within the head are 20 input
channels 12 arranged so as to represent the 10-20 sys-
tem of EEG recording. Each input channel 12 is repre-
sented in the drawing as a dark dot. A system of trian-
gles 1s drawn so as to partition the space of the head into
regions. Triangular interpolation is the preferred
method for EEG interpolation because of the assumed
passive resistive character of the skull and overlying
skin. Any point lying within the domam of the nearest 3
points which describe 2 tnangle around the point is
completely characterized by measuring the voltage at
the 3 vertices of the triangle. The pixel 84 lies within the
triangle whose vertices are labeled a, e, b. The pixel 86
lies outside any triangle but within the head outline
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region. The nearest triangle for this pixel is the same
triangle labeled a, ¢, b. Pixels outside the head outline 14
are set to zero.

The interpolation coefficients are calculated as fol-
lows: (any X, Y co-ordinate system may be used)

Ca4+{XpX(Yb—ye)+ XbxX{Ye-Yp)+ Xex(Yp-
~ YD)/ DELTA

Com=(Xax(Yp—-Ye)+ XpX(Ye—Ya)+Xe X-
(Ya—-Yp)/DELTA

Ce=ax{Yb—-Yp)+ Xbx{(Yp-Ya)+X-
px({Ya—YD)/DELTA

DELTA=XaxX{Yb—Ye)+XbX(Ye—Ya)+XeX-
(Ya—Yb)

where:

Xp is the X co-ordinate of the interpolated point.
Yp 1s the Y co-ordinate of the interpolated point.
Xa is the X co-ordinate of input channel a.

Ya is the Y co-ordinate of input channel a.

Xb is the X co-ordinate of input channel b.

Yb is the Y co-ordinate of input channel b.

Xe is the X co-ordinate of input channel e.

Ye is the Y co-ordinate of input channel e.

It can be seen that an interpolation can be performed
by selecting a value for each display pixel as determined
by the above equations. Specifically, for each pixel
three data inputs Z must be selected, or pomted out.
Each of those inputs is multiplied by a predetermined
coefficient C and the resultant products are summed to
provide a data value for that display pixel.

It is important to note that the X-Y grid need not be
hnear. For instance, 1t could be log-log or it could be
defined to represent a square law space. Additionally,
the placement of input channels and the outline of the
space may be deformed to suit the particular needs of the
user.

The essential elements of my real time interpolator
are shown in FIGS. § and 6. They comprise an input
[90] 22 an input random access storage means 92
(random addressable storage array, random access input
storage element, input scraich pad) , a pointer and coefhi-
cient generator means 94, 96, a multiplier/accumulator
means 98, a control means 100 and a steerable output
means 102.

The detailed operation of the interpolator is as fol-
lows. A set of 12 bit input data values is apphed over a
digital pathway [90] 22 to a randomly addressable
storage array 92. Each of the input data values is as-
signed a uniquely addressable location in the storage
array by suitable coding of the address hines contained
in the digital pathway. The further action of the inter-
polator is to produce a multitude of 8 bit output values
based upon the contents of the storage array 92. The
output values are applied to digital pathway 28 in a
manner such that the digital storage address 104 of each
single or multidimensional output value 106 is unique.
This manner Qf operation is effected by control logic
100 of FIG. 6.

Output values 106 are produced using my method of
interpolation described earlier, namely each output
value is the sum of a number of input data values each
multiplied by a suitable coefficient. For each output
value a set of pointers and coefficients must be gener-
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ated so as to effect the sequential action of multiplying
and summing.

The pointer generator 94 produces a 6 bit pointer
value 108 which acts as part of an address for reading
the random access input storage element 92. The entire
data value address is composed of a low order two bit
part which is supplied by a dimension number 110, a 6
bit middle order part which is supplied by the pointer
value 108 and a one bit high order bit supplied by a
frame number 112. The approximate data value 114 is
applied to a latch 111 whose output is applied to one
side of a multiplier 118. The coefficient generator 96
produces a 10 bit coefficient value 120 which is applied
to a latch 122 whose output is applied to the other side
of the multiplier 118. A multipy command pulse 124 1s
produced by the control logic 100 and causes the input
data value to be multiplied by the coefficient. The resuit
of the multiplication is automatically summed in an
accumulator 126. Each multiply and sum step requires
the generation of a new pointer and a new coeflicient.
The control logic 100 produces a pointer and coefficient
address 128 for each step. A read command 130 is issued
by the control logic to effect the stepwise transition
from one set of pointer and coefficients to the next.

Each output value may consist of a single or multidi-
mensioned set of values. An example of a multidimen-
sioned set of values is one which is to be applied to red,
green and blue color controls of a video display. Each
dimension is computed separately via the interpolation
procedure. After the appropriate number of multiply/-
sum steps is completed for a dimension a steer command
pulse 132 is issued by the control logic. The steer com-
mand is applied to the steering logic along with the 2 bit
dimension number 110 also produced by the control
logic. The combination of the steer command pulse and
the dimension number causes the steering logic [184]
134 to transmit the contents of the accumulator 126 to
the appropriate position in the data value output buffer
106. The contents of accumulator 126 is transmitted by
line 18 to steering logic 134. After an appropriate delay
[136] 742 the steer command pulse is used to clear the
accumulator prior to the next sequence of multiply/sum
steps.

After all the dimension values have been computed
and stored in the output buffer 106 the control logic
issues a store command 138 and places a suitably unique
storage address on the address lines 140.

In order to effect multi-buffered operation or interpo-
lation between frames a frame number 112 is employed
to allow more than one picture frames worth of input
data to reside in the input scratch pad 92. The frame
number consists of one or more bits applied to the high
order part of the input storage address. Normally, only
one bit is used thus aliowing for the simultaneous resi-
dence of two frames. The frame number is also coded as
the high order bit of the address lines of the input digital
pathway [90] 22 . The control logic 100 produces the
appropriate frame number at the appropriate times.

Harmonious operation is ensured by the use of appro-
priate delays 140, 142 and timed strobes 144, 146, 148,
150. The strobe pulses are produced by the control logic
100

The preferred method of implementation for pomnter
and coefficient generation logic is with semi-conductor
random access memories. A digital pathway 132 1s tobe
used to load the RAMSs with appropriate values. Alter-
natively, the appropriate values may be preloaded into
ROMs in which case the digital pathway 152 is unneces-
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sary. An another alternative, the pointers and coeflici-
ents may be generated by logic circuitry.

FIG. 6 shows the preferred embodiment of the con-
trol logic 100. It comprises a clock 154 and four preset-
table up counters 156, 158, 160 and 162. The outputs of
the up counters are mapped into four output buses 164,
166, 168, 170 which contain address information. As
each up counter reaches a preset value, it generates a
pulse which is used to clear the up counter, generate a
command, and increment the next counter in line after a
suitable delay. The clock pulse is also fed to a tappable
digital delay line 172 which produces the read, multiply
and strobe pulses at suitable times.

Timing of the entire system depends upon the number
of output values and number of dimensions being pro-
duced. U.S. video rates require that a new frame be
presented every 33.3 milleseconds. A system which
embodies a matrix of 128 %X 128 pixels thus requires that
all the dimensions for a pixel be computed and stored
within approximately 2 micro-seconds. A three point
interpolation for a single [d] dimensioned pixel re-
quires three multiply/sum steps or approximately 600
nano-seconds per step and a three point interpolation
for a four dimensioned pixel requires 12 multiply/sum
steps thus allowing approximately 160 nano-seconds per
step. Commonly available RAMs such as the 16K
4116-1 made by NEC will access within 120 nano sec-
onds. [Statis] Static RAMs such as the 2147 made by
National will access within 50 nano-seconds. The multi-
ply/sum step is performed by the MPY12 made by
TRW within 80 nano seconds. The latched implementa-
tion is described above allows the multiply/sum and
storage steps to operate in parallel with memory ac-
CesSes.

The unique characteristics of the color triangle per-
mit multiple dimensions from an input channel to be
coded into the red, green and blue outputs of a video
generator. This coding permits a singularly unique
color to represent a point in a space of three dimensions.
If a fourth dimension is coded such that the color re-
mains constant but the intensity changes, the eye can
perceive a full four dimensions in the space of a single
displayable dot. If the four coded dimensions are inde-
pendently interpolated, a display screen will accurately
depict six dimensions to the human eye.

FIG. 7 shows the preferred implementation of a mul-
tidimensional color output stage. The pixel value s
segregated into up to four zones 176, 178, 180, 182 of up
to eight bits per zone. Each zone represents a single
dimension. Three of the zones are applied to the inputs
of multipliers 184, 184, 188 while the fourth zone is
applied to the other input of each of the multipliers. The
resultant multiplied outputs are applied to the inputs of
three Digital to Analog converters 190, 192, 194 which
produce individually the analog values corresponding
to the Red, Green, and Blue inputs of a commercially
available color video monitor.

It may be necessary to individually weight the value
of the applied fourth dimensional value for each of the
Red, Green, and Blue outputs. This constraint may
apply when the color changes as the intensity modula-
tion (fourth dimension) varies. Such weighting depends
upon the individual characteristics of color monitors.

Once a set of data has been displayed, hard copy
output in the form of photographs is an appropnate
archival storage method. Digital storage is perferred for
the numeric matrix underlying the picture.
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While the invention has been particularly shown and

described with reference to a preferred embodiment
thereof, it will be understood by those skilled in the art
that various changes in form and details may be made
therein without departing from the spirit and scope of
the invention as defined by the appended claims.

I claim:

[1. A system for displaying input data derived from
the electrical activity of the brain comprising a source
of multichannel input data signals derived from a plural-
ity of brain electrical activity sensors and a video dis-
play for providing a topographic display at a display
rate of at least one frame per second, the number of
display elements within each frame being at least an
order of magnitude greater than the number of sensors,
the system further compnsing:

an electronic interpolator for receiving the mulnh-

channel input data signals from the source of multi-
channel input data signals at a rate at least as great
as the display rate and operating on the data signals
to generate expanded display data signals, the ex-
panded display data signals being a weighted com-
bination of input data signals from selected elec-
trodes for each element of the display, the interpo-

lator including means for generatmg a fresh set of
display data signals after receiving a fresh set of
input data signals at a rate at least as great as the
display rate; and

display circuitry for providing a topographic display

of the expanded display data signals. ]

[2. A system as claimed in claim 1 in which the
interpolator includes means for expanding the data at a
rate of at least 20 frames per second. ]

3. [ A system as claimed in claim 1] A system jfor
displaying input data derived from the electrical activity of
the brain comprising a plurality of brain electrical activity
sensors, a source of multichannel input data signals derived
from said plurality of brain electrical activity sensors and a
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video display for providing a topographic display at a dis- 4,

play rate of at least one frame per second, the number of
display elements within each frame being at least an order
of magnitude greater than the number of sensors, the sys-
tem further comprising:

an electronic interpolator for receiving the multichannel 45

input data signals from the source of multichannel
input data signals at a rate at least as great as the
display rate and operating on the data signals to gen-
erate expanded display data signals, the expanded
display data signals being a weighted combination of
input data signals from selected sensors for each ele-
ment of the display, the interpolator including means
for generating a fresh set of display data signals after
receiving a fresh set of input data signals at a rate at
least as great as the display rate; and

display circuitry for providing a topographic display of
the expanded display data signals, wherein the inter-
polator comprises a random access data memory,
means for storing input data signals in the random
access data memory, pointer generating circuitry
for selecting data signals from the random access
memory for each element of the display, coefficient
generating circuitry for storing predetermined co-
efficients to be combined with selected data signals
for each element of the display and circuitry for
combining data signals selected by the pointer gen-
erating circuitry with predetermined coefficients
stored in the coefficient generating circuitry to
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provide a display data word for each element of the
display.

4. A system as claimed in claim 3 wherein the coeffi-
cient generating circuitry is a random access memory in
which the coefficients are stored.

5. A system as claimed in claim 4 wherein the pointer
generating circuitry 1§ a pointer random access memory
in which selected addresses to the data memory are
stored.

6. A system as claimed in claim 3 wherein the interpo-
lator comprises means for generating an interpolated
output value Zp for each display element from three
input data signals Z1, Z2 and Z3 selected by the pointer
generated circuitry and associated with three elec-
trodes, the display of which forms a close triangle about
said display element, and the coefficients from the coef-
ficient generating circuitry are a function of the X and
Y co-ordinates of those three electrodes as follows:

zp=(C1 X Z1)+(C2 % Z2)+(C3IX Z3)

Cl={Xpx(Y2-YN+X2X(YI+ Yp)+ XIX(YP-
—Y2)DELTA

Cl=(X1xX(Yp-YI)+Ypx(YI-Y1}+ X3IX(Y]-
-Yp))/DELTA

CI3=((X1x(Y2-Yp)+X2xX(Yp~-Y1)+ XpXxX(Y1-
-Y2)/DELTA

DELTA=XIX{Y2—-Y3)+X2X(YI-Y1)+X-
3xX(Y1-Y2)

7. A system as claimed in claim 3 in which the inter-
polator comprises means for generating a multidimen-
sional set of display data signal for each display element
and each data signal within each set 15 an input to dis-
play circuitry to control a distinct color in the display.

[8. A system as claimed in claim 1 wherein the inter-
polator includes means for generating spatially ex-
panded display data.}

[9. A system as claimed in claim 1 wherein the inter-
polator includes means for generating temporally ex-
panded display data.}

10. A system for displaying data derived from the
electrical activity of the brain comprising a plurality of
brain electrical activity sensors, a source of multichannel
input data signals derived from [a] said plurality of
brain electrical activity sensors in & sensor matrix, signal
processing electronic circuitry, and a video display for
displaying a topographic map of the display data, the
topographic display comprising a display matrix of a
plurality of display elements, the number of display
elements being an order of magnitude greater than the
number of sensors, the signal processing electronic cir-
cuitry comprising:

a digital random access data memory for storing an
input data signal from each sensor matnx as an
addressable data word;

& pointer generator for generating a set of addresses
of predetermined data words in the data memory
for each element of the display matrix;

data memory access circuitry for receiving the ad-
dresses generated by the pointer generator and
accessing the predetermimed data words;

a coefficient generator for generating a predeter-
mined coefficient associated with each data word
accessed by the access circuitry; and
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a display data generator for multiplying each ac-
cessed data word for each element of the display
matrix with its associated coefficient and summing
the resultant products to provide a display data
signal for that element of the display.

11. A system as claimed in claim 10 wherein the coef-
ficient generator comprises & random access memory in
which precalculated corresponding to input data signals
for each element of the display matrix are stored.

12. A system as claimed in claim 11 wherein the
pointer generator comprises a random access memory
in which predetermined addresses in the data memory
are stored, the predetermined addresses in the data
memory being those in which input data signals corre-
sponding to each element of the display matrix are
stored.

13. A system as claimed in claim 10 wherein the signal
processing electronic circuitry comprises means for
generating a display data signal Zp for each element of
the display matrix from three input data signals Z1, Z2
and Z3 associated with three electrodes, the display of
which form a close triangle about said element of the
display matrix, and the coefficient generator comprises
means for generating coefficients which are a function
of the X and Y co-ordinates of those three electrodes as
follows:

Zp={(C1 X ZN+(C2XZ2)+(CIXZ3I)

Cl={(Xpx(Y2-YI)+X2X(YI-Yp)+XIX(Yp-
—Y2))/DELTA

C2=((X1X(Yp—Y3)+Xp X (YI-Y1)+X3x (Y]
~Yp)y/DELTA

C3=((X1 X (Y2-Yp)+X2X(Yp—Y1)+Xpx(Y1-
—Y2))/DELTA

DELTA=X1X{(Y2—-Y3H+X2+(YI-Y1})+ X-
IxXY1-Y2)

14. A system as claimed in claim 10 comprising means
for generating a multidimensional set of display data
signals for each element of the display matnx.

15. A system as claimed in claim 14 wherein each
display data signal of the set of display data signal is an
input to display circuitry to control a distinct color at
the element of the display matrix.

[16. A system for displaying data derived from the
electrical activity of the brain in a display comprising
successive frames of a plurality of display elements the
system comprising a source of multichannel input data
signals derived from a plurality of electrical brain activ-
ity sensors in a matrix and a video display for providing
a topographic display, the number of display elements
within each frame of the display being an order of mag-
nitude greater than the number of sensors, the system
further compnising:

an interpolator circuit for receiving the multichannel

input data signals and generating interpolated out-
put data signals; the interpolated output data signal
Zp for each display element being generated by the
interpolator circuit from three coefficients C1, C2
and C3 and three input data signals Z1, 22, Z3
associated with three sensors and displayed nearest
to the generated output data signal the interpolator
circuit comprising coefficient generating means for
generating the coefficients as a function of the X
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and Y co-ordinates of those three electrodes as
follows:

Zp=(C1xXZ1)+(C1xX Z2)+(CIX Z3)

Cl=((Xp X (Y2—Y3)+X2X(Y3-Yp)+X3Ix(Yp-
—~Y2))/DELTA

C2=((X1%(Yp~YIH+XpxX(YI-Y1)+XIx(Y1-
~Yp))/DELTA

C3=((X1x(Y2-Yp)+X2x(Yp—Y1)+ Xpx(Y1-
-Y2))/DELTA

DELTA=X1X(Y2-Y3)+XIXYI-Y1}+X-
Ix(Y1~-Y2)]

[17. A method of displaying multi-channel data de-
rived from the electrical activity of the brain at a dis-
play rate of at least one frame per second, the number of
display elements within an expanded display matrix of
each display frame being an order of magnitude greater
than the number of channels of input data, the method
comprising:

precomputing, for a particular input matrix of multi-

channel input data signals and for each individual
display element of the expanded display matnx,
coefficients for use in generating the expanded
display matrix of display signals, and storing the
precomputed coefficients in an electronic coeffici-
ent Memory;

providing multichannel input data signals;

storing the multichannel input data signals in an elec-

tronic data memory;

for each display element of the expanded matrix,

generating a set of data memory addresses of input
data signals;

accessing the input data signals at the generated ad-

dresses;

electronically generating expanded display data for

each display element of the expanded display ma-
trix as a weighted combination of the accessed
input data signals and corresponding coefficients
stored in the coefficient memory, the expanded
display matrix being generated at a rate at least as
great as the display rate; and

displaying the expanded display matrix. ]

[ 18. A method as claimed in claim 17 wherein the step
of generating the expanded display data is at a rate of at
least 20 frames per second. }

19. A system as claimed in claim 10 wherein the video
display is coupled to the signal processing electronic cir-
cuitry such that display data signals of a display matrix are
generated as a previous display matrix of display data
signals is being displayed.

20. A system as claimed in claim 19 wherein each dis-
play data signal individually determines the color of a
corresponding element of the display.

21. A system as claimed in claim 10 wherein the display

“data signals for each display matrix of display elements are

generated within about one frame time of the display of the
signals.

22. A system as claimed in claim 21 wherein each dis-
play data signal individually determines the color of a
corresponding element of the display.

23. A system as claimed in claim 10 wherein the video
display is coupled to the signal processing electronic cir-
cuitry such that display data signals of each of successive
matrices of display elements are generated by the signal
processing electronic circuitry within about one frame time
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of the display of the signals as a previous matrix of display  processing electronic circuitry provides display data signals
data signals is being displayed. at a rate of at least one frame per second.

24. A system as claimed in claim 23 wherein each dis- 26. A system as claimed in claim 10 wherein the signal
play data signal individually determines the color of a  processing electronic circuitry generates display data sig-
corresponding element of the display. S nals at a rate of at least 10 frames per second.

25. A system as claimed in claim 10 wherein the signal ¢ ¢ * &
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