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ABSTRACT

A system for the simultaneous display of several
functions of one or two variables has been deye-
loped. One-variable functions are represented by
their graphs, while two-variable functions are
displayed by means of contour maps, with a Tight
intensity proportional to the displayed value.

By assigning a fixed colour to each contour map,
it is possible to superimpose different maps
without losing charity. The display unit is con-
nected with a microprocessor system, which allows
the real-time calculation and display of time-
charging functions.

The primary application of the system is the re-
presentation of the distribution of the spectral
contents of EEG (electro-encephalographic) signals
¢n the surface of the head.

1. INTRODUCTION

The problem which prompted the development of the
system presented here is the display of results

of EEG (electro-encephalographic) measurements.
EEG potentials vary with time, and are generally
measured at several places of the head with multi-
channel x-t recorders.

The long drawings obtained in this way (typical-
1y 100 m for a l-hour session) are visually ana-
lysed and some spectral information is extrac-
ted by inspection.
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Considerable savings in analysis time and accu-
racy can be obtained by displaying the energy
content of the EEG signals in selected frequency
bands, at the different points on the head, and
in function of time. This calls for craphs with
two independent variables {to represent the sur-
face of the head), which are implemented using
contour maps. In order to add the time dimension
these maps are displayed on a TV screen.

This visual method of presentation has the advan-
tage of strongly compressing the amount of infor-
mation, compared to the classical method.

Although the system was conceived with one parti-
cular application in mind, it has been kept as
general as possible : the system can display con-
tour Tines for any twodimensional function. The
particular definition of the function for an ap-
plication is only reflected in the software of the
microprocessor system which calculates the con-
tour maps.

2. DISPLAY UNIT DESCRIPTION

The EEG's are recorded with 21 electrodes, arran-
ged according to the international 10-20 system
{2}, which is shown in a two-dimensional projec-
tion in Fig. 1. The different incoming analog
signals are filtered, amplified, simultaneously
sampled and digitalised, at a frequency of 200 Hz,
in blocks of 4 K length.

The FFT, the corresponding power spectrum and the
integral over six different user definable fre-
quency bands (e.g.o., Bi; B2, 6... waves) are cal-
culated for each channel.
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Fig. 1 :

Using two-dimensional interpolation, one is able
to estimate the enercy content of the six frequen-
cy bands in any point of the head from the 21
available points. Iso-energetic lines for eight
different levels are then calculated and displayed
on a colour TV-screen, with a Tight intensity pro-
portional to the displayed level, together with
the numerical value (in uV/Hz) of minimum and
maximum level.

The distance between the Tevels can be chosen to
be constant or logarithmically variable.

By assigning a fixed colour to each frequency band,

it is possible to superimpose different maps on each

other, with easy recognition of the different pat-
terns. The user can select at most three maps for
simultaneous display, and is allowed to change this
selection at any time, with immediate response

of the system.

The FFT and energy-map calculations are perfor-
med in real-time by means of a parallel system of
8 microprocessors (3). As will be seen in the
hardware description of this display unit, one of
these 8 processors controls the data flow in the
machine, necessary for the display.

As the data are sampled in blocks of 20 seconds,
each set of maps can be seen during 20 seconds,

and is then replaced by the next set, unless the
user wants to hold a particular set of results.

The user can also obtain the simultaneous visuali-
sation of the power spectrum of up to ten channels.

A keyboard is provided to allow the user to com-
municate information concerning the patient, and
the required display format. Finally, digital
in- and output on a cassette is also provided
for recording and re-display of selected measu-
rements.

The whole system is stand-alone, self-contained
and easily transportable.

3. THE INTERPOLATION ALCORITHM

Three- and four-point linear interpolation algo-
rithms are used to estimate the energy contents
of the six frequency bands in any point (Fig. 2).
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Fig. 2a : repartition of the projection of Fig. 1
in segments for three- and four-point
interpolation.
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Fig. 2b : three-point interpolation formula

.Vl . X]. - XO =
l Y- ¥y =
Yo <

Xp X1 0 < pig

4).

— K T o~

£(xo + Phayy + 9K) = (1-p) (1-a) foq + P(1-0) f1g

+a(1-p)for+ pg f1; + O(h?)

I

(1-p-a) fpg * P fip + 9 fyg
+9 fop *+ Palfoo-Fro-fortfir)
+ 0(h%).

Fig. 2c : four-point interpolation formula (4).

The different reasons for this choice are :

1) other research (6) has demonstrated that the
EEG-potentials in a point on the scalp are
mainly influenced by the cerebellum regions
just below the immediate neighbourhood of that
point. Thus it seems to be useless to take
account of the far situated electrodes, as
did Ueno and Matsuoka (7). The main advantage
of their method is to produce a smooth result.

2) the rapidity of the calculation is essential,
because the display must be done in real time;
complicated algorithms must therefore be
discarded in favour of fast ones.It .should
be noted that the formulas of Fig. 2b and 2c¢
are not used in this form; it is in fact pos-
sible to eliminate all multiplications in the
interpolation algorithms (5) ).



3) there are not yet sufficient physiological data
available to conclude which interpolation method
would be better, thus a relatively simple method
has been chosen.

4. DISPLAY METHOD

Using the methods described above, iso-energy maps
for six frequency bands of the EEG-spectrum are cal-
culated, and these have to be displayed in colour.
Since graphical terminals in colour are unavailable,
it is obvious a TV monitor must be used. This means
a hardware memory of sufficient size must be pre-
sent to contain all the video information. In order
to minimize the size of this memory, a character
oriented display method, as described by Ward (8),
has been chosen. This has the following advan-
tages :

- when using second-order maps, 25 different cha-
racters (including the blank character) are re-
quired for plotting the curves, which means that
five bits of memory are needed to store one cha-
racter. On the other hand, each character con-
tains 144 dots (12 x 12 matrix) which when in-
dividually addressed would require 144 bits of
memory. Thus a large saving of memory is ob-
tained, at the price of Timiting the possibili-
ties of the type of characters which are dis-
played.

- the character-oriented method makes it much more
convenient and fast to calculate the shape of
the curve from the given interpolated function
values. Since the time factor is crucial in the
design, this is a decisive consideration.

We use second-order maps since this inyolves no
extra multiplications, but considerably smoothens
the resulting curve, as compared to first order
maps. Furthermore, only 25 characters are needed
to plot these maps, as compared to the 55, needed
for third-order maps.

Eight iso-lines are displayed with a Tight inten-
sity proportional to the displayed level. Defi-
ning each character by its shape and intensity,
24 x 8 characters are needed to make a complete
map (excluding the blank character). Thus, an 8
bit code is needed for the character addresses in
a character generator (Fig. 3). The remaining

64 codes are used for alphanumerical characters,
some greek and mathematical symbols, and punctua-
tion marks.

A7 [A6 [ A5 | A4 | A3| A2| Al | AD

— 7 ——

24 posé?b]e 8 possible
display charac- intensities
ters
exception : ?%g§§§§§ used for 64 alphanumerical,
greek, mathematical and
punctuation characters.
11111111 blank character
Fig. 3a : address code format for the character

generator.
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L0000

00100
00111

10031

Fig. 3b : the 24 special display characters with
their address codes {A7-A3). Only six
logical operations and one interpola-
tion calculation are needed to deter-

mine an address code.

It should be noted that the ambiguous situation
which occurs when a curve passes through all four
sides of a character is of a very exceptional na-
ture. The characters described by Ward (8) to
cover this case are not implemented, but are re-
placed with blanks.

Finally, the colour in which the map has to be
displayed, is determined by the display software.

The display image is composed of 67 by 50 charac-

ters, each contained in a matrix of 12 x 12 dots.

The image is interlineated, and has a display fre-
quency of 50 rasters per second.

5. DISPLAY HARDWARE

The hardware used is microprocessor-based. A

6800 microprocessor and a 6845 CRT controller or-
ganise the display of data on the TV-Monitor. They
allow also data to be brought in by a keyboard.

5.1, Video display principle

The information necessary for the display of the
different energy maps (or energy spectra of dif-
ferent channels, etc.) is stored in four different
4K x 8 RAM's called video RAM's, in the way as
discussed in 5.2. Thus, each video RAM contains
the 67 x 50 matrix of character codes, represen-
ting a complete video image.

Three of these images are user-selected energy
maps; the fourth is the background of the image,
i.e. the image of the projection of the 10-20
system on the head (see Fig. 1). (In case of
display of energy spectra, the background contains
the coordinate axes with appropriate scaling in-
dications).



We note here that the character codes stored in
the video RAM's, contain only information about
the
not
for

of the display colour. This colour is fixed
any given frequency band. The colours used
are red (R), green (G), blue (B), R+ G, G + B,

B + R for the energy maps, and R + G + B for the
background. This means that any (except the
fourth video RAM can happen to have to be dis-
played in any colour (except R + G + B), while
the fourth video RAM is always displayed in R + G
+ B.

kind and the luminous intensity of a character,
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Fig. 4. From video RAM's to analog video output.

The four video RAMS's are continuously and si-
multaneously addressed by the CRT controller

(Fig. 4). The 8 bit output of each RAM is lat-
ched, and clocked one after the other into the

character-generator, which gives a 15 bit output :

12 bit representing the 12 dots of one line of

a single character are Toaded into a shift regis-
ter, and 3 bit representing the Tuminous inten-
sity are Tatched. A 12 bit shift register and

a 3 bit latch are associated with each of the
four video RAMS's.

The shift registers are used to give the dot
output for each map, while the latches contain
intensity information which is the same for all
points of a given character. A colour and map
selection circuit (Fig. 5) contains the logic
necessary to feed the required analog information
to each of the three video colour inputs. Provi-
sion has been made to ensure that composite co-
Tours- (such as R + G) are not brighter than the
three primary colours. The contents of the map
selection registers determine the colour with
which each video RAM will be displayed, while the
background information is always white.
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5.2. Microprocessor hardware of the video system
(Fig. 6).

The 67 x 50 character matrices for each frequency
band are calculated by the parallel microproces-
sor-system which also performs the FFT and related
calculations. These matrices are transferred
through an adequate interface to the video system.

A so-called video bus interconnects a 6800 micro-
processor with private ROM and RAM, DMA and CRT
controllers, the video RAM's, the map selection
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registers, the parallel system interface, key-
board, and cassette interface.

The data transfers through this interface are

in fact DMA transfers between the video system
and one particular processor of the parallel pro-
cessorsystem. Two types of DMA transfers exist :

- from parallelsystem to video RAM's; this happens
each time a new set of video maps must be trans-
ferred to the video RAM's;

- from the parallelsystem to 6800 processor memo-
ries and vice versa; this allows communication
of data and commands between 6800 and parallel
system (such as : limits of frequency bands,

display mode, alarms, etc.).

A description of this interface is given in ref.

(1).

5.2.2. The 6800_

The 6800 controls the proper working of CRTC,
DMAC, keyboard and cassette, interfaces and map
selection registers.
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Fig. 5 : The colour and map selection circuit

The 6800 can load data under control of the DMAC
into each of the four video RAM's (e.g. user com-
mands and data from keyboard), and to the parallel
system. The "PU also controls and updates the map
selection registers. The selection of the diffe-
rent resources of the 6800 is obtained by means

of the 4 most significant data lines, fed into

a 4-to-16 decoder.

5.2.3. The CRT controller

This unit generates the refresh addresses for the
four video RAM's simultaneously, a line address

for the character generator, and the synchronisation
signal for the monitor.

The video memory receives its addresses either from
the CRT controller or from the video bus, as decided
by a multiplexer. This means the refresh addresses
cannot interfere with the working of the processor.
The character data can be connected for testing
purposes to the video bus through a tri-state buf-
fer.

5.2.4. The DMA controller

Three different DMA transfers are used :

- from parallel system to the video RAM's; (new con-
tour maps are loaded into the video RAM's). This
DMA is executed during one single raster scan;
the CRTC 1is disconnected from the address bus,
so that one half image (25msec) is lost.

- from parallel system to 6800 memory and vice
versa;

- from 6800 memory to video RAM's.

These two last DMA transfers are performed during
the vertical return periods of the CRTC, so that
no images are lost.
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5.2.5. The video RAM's

These are dynamic memories which are continuously
refreshed through the CRTC addressing. The ad-
dresses can originate from the CRTC (normal dis-
play mode), the DMAC (loading of the map), and
the MPU (testing the memories).

The map selection registers are latches which are
addressed by the MPU. They are updated each time
that the user changes the map display selection.
If the user selects a fourth map for display, the
corresponding code will be written in the register
which contained the code of the first map, so

that this map will be lost.

6. RESULTS

Fig. 7 shows hard copies of several EEG maps, ob-
tained according the method described in this

paper. One should note that the graphic copy does
not show colours nor different line intensities.
As already mentioned earlier, the representation

of the head with the electrode configuration is
displayed with low intensity white lines, while

the energy maps are displayed in different colours
with changing lTuminous intensity for the different
contour Tines.

7. CONCLUSIONS

The system described here has many possible appli-
cations outside the one for which it was primarily
designed. It is suited to cases where complex in-
formation must be represented in real-time, which
means a display method is needed which is clear,
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Fig. 6 : Microprocessor hardware of the video system

Fig. 7 : Graphic representation of energy contour maps of human EEG spectra. The subject is a
healthy 46 year old man, who remained very restful during the recordings.
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Fig. 7a : Prefrontal en frontal zones emit a 6 activity which
is slightly lower than the o activity on the same place
(fig. 7b), indicating the rest state of the subject.
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Fig. 7c : The right prefrontal zone (sz) emits Tow frequent
B waves.
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but still simple enough to allow real-time calcula-
tion. The advantage obtained in this way is the
introduction of the time axis in the display, sin-
ce any changes of the phenomenon being studied can
immediately reflected.

Drawings in perspective of complex surfaces are
more attractive than the level lines we have used
in our apparatus, but are of course impossible to
be calculated and displayed in real time by an
autonomous dedicated system. This type of graphi-
cal representation is suitable for the display of
static results, such as the shape of an object,
when calculation time is of no critical importance.

The display system we have realised is potentially
useful in many areas, especially the treatment of
signals of biomedical origin. In this last case,
an extra advantage is that the result obtained can
be used directly for clinical or diagnostic pur-
poses.
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