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ABSTRACT 

A system for  the simultaneous display of  several 
funct ions of  one or two variables has been deve- 
loped. One-variable funct ions are represented by 
t he i r  graphs, whi le two-var iable funct ions are 
displayed by means of contour maps, wi th  a l i g h t  
i n tens i t y  proport ional to the displayed value. 
By assigning a f ixed colour to each contour map, 
i t  is possible to superimpose d i f f e ren t  maps 
wi thout  losing char i ty .  The display un i t  is con- 
nected with a microprocessor system, which allows 
the real- t ime ca lcu la t ion  and display of  time- 
cha~ing funct ions.  

The primary app l ica t ion of the system is the re- 
presentation of the d i s t r i bu t i on  of the spectral 
contents of  EEG (electro-encephalographic) signals 
on the surface of the head. 

1. INTRODUCTION 

The problem which prompted the development of the 
system presented here is the display of  resul ts  
of EEG (electro-encephalographic) measurements. 
EEG potent ia ls  vary with time, and are general ly 
measured at several places of  the head with mu l t i -  
channel x - t  recorders. 

The long drawings obtained in th is  way ( t yp i ca l -  
l y  I00 m for  a 1-hour session) are v i sua l l y  ana- 
lysed and some spectral information is extrac- 
ted by inspect ion. 

Considerable savings in analysis time and accu- 
racy can be obtained by d isplay ing the energy 
content of  the EEG signals in selected frequency 
bands, at the d i f f e ren t  points on the head, and 
in funct ion of time. This ca l l s  fo r  graphs 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  s t rongly  compressing the amount of i n f o r -  
mation, compared to the c lassical  method. 

Although the system was conceived with one pa r t i -  
cu lar  app l ica t ion in mind, i t  has been kept as 
general as possible : the system can display con- 
tour l ines for  any twodimensional funct ion.  The 
pa r t i cu la r  d e f i n i t i o n  of  the funct ion fo r  an ap- 
p l i ca t i on  is only re f lec ted 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 in te rna t iona l  10-20 system 
(2), which is shown in a two-dimensional projec- 
t ion in Fig. i .  The d i f f e ren t  incoming analog 
signals are f i l t e r e d ,  ampl i f ied,  simultaneously 
sampled and d i g i t a l i s e d ,  at a frequency of  200 Hz, 
in blocks of  4 K length. 

The FFT, the corresponding power spectrum and the 
in tegra l  over s i x  d i f f e ren t  user def inable f re -  
quency bands (e.g.~, ~I ;  ~2, ~...  waves) are ca l -  
culated fo r  each channel. 
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Fig. 1 : two-dimensional project ion of  the 10-20 
recording system. 

Using two-dimensional i n te rpo la t i on ,  one is able 
to estimate the energy content of  the s ix  frequen- 
cy bands in any point of  the head from the 21 
avai lab le points. Iso-energet ic l ines for  e ight  
d i f f e ren t  levels are then calculated and displayed 
on a colour TV-screen, with a l i g h t  i n tens i t y  pro- 
port ional to the displayed leve l ,  together with 
the numerical value ( in  uV/Hz) of  minimum and 
maximum level .  

The distance between the levels can be chosen to 
be constant or logar i thmica l l y  var iable.  

By assigning a f ixed colour to each frequency band, 
i t  is possible to superimpose d i f f e ren t  maps on each 
other, with easy recogni t ion of  the d i f f e ren t  pat- 
terns. The user can select at most three maps fo r  
simultaneous d isplay,  and is allowed to change th is  
select ion at any time, with immediate response 
of the system. 

The FFT and energy-map calculat ions are perfor-  
med in real- t ime by means of  a para l le l  system of  
8 microprocessors (3). As w i l l  be seen in the 
hardware descr ipt ion of  th is  display un i t ,  one of  
these 8 processors controls the data f low 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 par t i cu la r  set of  resu l ts .  
The user can also obtain the simultaneous v i s u a l i -  
sation of  the power spectrum of up to ten channels. 

A keyboard is provided to al low the user to com- 
m~aicate information concerning the pat ient ,  and 
the required display format. F i na l l y ,  d i g i t a l  
in-  and output on a cassette is also provided 
for  recording and re-d isplay of selected measu- 
rements. 

The whole system is stand-alone, sel f -contained 
and eas i ly  transportable. 

3. THE INTERPOLATION ALGORITHM 

Three- and four -po in t  l i near  in te rpo la t ion  algo- 
rithms are used to estimate the energy contents 
of the s ix  frequency bands in any point  (Fig. 2). 

Fig. 2a : r epa r t i t i on  of  the project ion of Fig. 1 
in segments for  three- and four -po in t  
i n te rpo la t ion .  

(I) f(x 0 
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+ ph,y 0 + qk) = (1-p-q) fo0 + p flO + 

q f01 + 0 (h 2) 

Fig. 2b : three-point  in te rpo la t ion  formula (4). 

YI~ • Xl - Xo = h 

YO ] Y1 " Yo = k 
x 0 x~ 0 < p;q ~ I 

f ( x  0 + ph,y 0 + qk) : ( i -p )  ( I -q )  fo0 + p( l -q)  flO 

+ q(1-P)f01 + Pq f11 + O(h2) 

= (1-p-q) fo0 + p flO + q flO 

+ q f01 + Pq(foo-F10-fo1+f11 ) 

+ O(h2). 

Fig. 2c : four -po in t  in te rpo la t ion  formula (4). 

The d i f f e ren t  reasons for  th is  choice are : 

1) other research (6) has demonstrated that  the 
EEG-potentials in a point  on the scalp are 
mainly inf luenced by the cerebellum regions 
jus t  below the immediate neighbourhood of  that  
point .  Thus i t  seems to be useless to take 
account of the fa r  s i tuated electrodes, as 
did Ueno and Matsuoka (7). The main advantage 
of  t he i r  method is to produce a smooth resu l t .  

2) the rap id i t y  of the ca lcu la t ion is essent ia l ,  
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 th is  form; i t  is in fact  pos- 
s ib le  to el iminate a l l  mu l t i p l i ca t i ons  in the 
in te rpo la t ion  algorithms ( 5 ) ) .  
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3) there are not yet  s u f f i c i e n t  physiological  data 
avai lable to conclude which in te rpo la t ion  method 
would be bet ter ,  thus a r e l a t i v e l y  simple method 
has been chosen. 

4. DISPLAY METHOD 

Using the methods described above, iso-energy maps 
for  s ix  frequency bands of  the EEG-spectrum are ca l -  
culated, and these have to be displayed in colour. 
Since graphical terminals in colour are unavai lable,  
i t  is obvious a TV monitor must be used. This means 
a hardware memory of  s u f f i c i e n t  size must be pre- 
sent to contain a l l  the video information. In order 
to minimize the size of  th is  memory, a character 
or iented display method, as described by Ward (8) ,  
has been chosen. This has the fo l lowing advan- 
tages : 

- when using second-order maps, 25 d i f f e ren t  cha- 
racters ( inc lud ing the blank character) are re- 
quired for  p l o t t i ng  the curves, which means that  
f i ve  b i ts  of  memory are needed to store one cha- 
racter .  On the other hand, each character con- 
ta ins 144 dots (12 x 12 matr ix) which when in -  
d i v i dua l l y  addressed would require 144 b i ts  of  
memory. Thus a large saving of memory is ob- 
tained, at the price of  l i m i t i n g  the p o s s i b i l i -  
t ies  of the type of  characters which are d is-  
played. 

- the character-or iented method makes i t  much more 
convenient and fast  to calculate the shape of 
the curve from the given in terpolated funct ion 
values. Since the time factor  is crucia l  in the 
design, th is  is  a decisive considerat ion. 

We use second-order maps since th is  involves no 
extra mu l t i p l i ca t i ons ,  but considerably smoothens 
the resu l t ing  curve, as compared to f i r s t  order 
maps. Furthermore, only 25 characters are needed 
to p lo t  these maps, as compared to the 55, needed 
fo r  th i rd -order  maps. 

Eight i so - l i nes  are displayed with a l i g h t  in ten-  
s i t y  proport ional to the displayed leve l .  Def i -  
ning each character by i t s  shape and i n t e n s i t y ,  
24 x 8 characters are needed to make a complete 
map (excluding the blank character).  Thus, an 8 
b i t  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- 
t ion marks. 

LA' IA l A IA !A I IAO I 
24 possible 8 possible 
display charac- i n t ens i t i es  
ters 

exception : OIOXXXXX~used for  64 alphanumerical, 
IlIXXXXX% greek, mathematical and 

punctuation characters. 

11111111 blank character 

Fig. 3a : address code format for  the character 
generator. 

yoooooo,  

i f lDn n 

Fig. 3b : the 24 special display characters wi th 
t h e i r  address codes (A7-A3). Only s ix  
log ica l  operations and one in te rpo la -  
t ion  ca lcu la t ion  are needed to deter- 
mine an address code. 

I t  should be noted that  the ambiguous s i tua t ion  
which occurs when a curve passes through a l l  four 
sides of a character is of  a very exceptional na- 
ture. The characters described by Ward (8) to 
cover th is  case are not implemented, but are re- 
placed with blanks. 

F ina l l y ,  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- 
te rs ,  each contained in a matr ix of  12 x 12 dots. 
The image is i n te r l i nea ted ,  and has a d isplay f re -  
quency of  50 rasters per second. 

5. DISPLAY HARDWARE 

The hardware used is microprocessor-based. A 
6800 microprocessor and a 6845 CRT con t ro l l e r  or- 
ganise the display of  data on the TV-Monitor. They 
al low also data to be brought in by a keyboard. 

5.1. Video display p r inc ip le  

The information necessary fo r  the display of  the 
d i f f e ren t  energy maps (or energy spectra of d i f -  
ferent  channels, e tc . )  is stored in four d i f f e ren t  
4K x 8 RAM's cal led video RAM's, in the way as 
discussed in 5.2. Thus, each video RAM contains 
the 67 x 50 matr ix of  character codes, represen- 
t ing  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 pro ject ion of the 10-20 
system on the head (see Fig. i ) .  ( In case of 
d isplay of  energy spectra, the background contains 
the coordinate axes with appropriate scal ing in -  
d icat ions) .  
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We note here that the character codes stored in 
the video RAM's, contain only information about 
the kind and the luminous in tens i ty  of a character, 
not of  the display colour. This colour is f ixed 
for  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.  

o 

c 

> 

G RAoCuKN-O i 

CHARACTER 

GENERATOR 

CRT CONTROLLER 
ADD 

Fig. 4. From video RAM's to analog video output. 

The four video RAMS's are continuously and s i -  
multaneously addressed by the CRT con t ro l l e r  
(Fig. 4). The 8 b i t  output of each RAM is l a t -  
ched, and clocked one a f te r  the other into the 
character-generator, which gives a 15 b i t  output : 
12 b i t  representing the 12 dots of  one l ine  of 
a single character are loaded into a sh i f t  regis- 
te r ,  and 3 b i t  representing the luminous inten- 
s i t y  are latched. A 12 b i t  sh i f t  reg is ter  and 
a 3 b i t  latch are associated with each of  the 
four video RAMS's. 

The sh i f t  registers are used to give the dot 
output for  each map, while the latches contain 
in tens i ty  information which is the same for  a l l  
points of a given character. A colour and map 
select ion c i r c u i t  (Fig. 5) contains the log ic  
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- 
lours.(such as R + G) are not br ighter  than the 
three primary colours. The contents of the map 
selection registers determine the colour with 
which each video RAM wi l l  be displayed, while the 
background information is always white. 

5.2. Microprocessor hardware of  the video system 
(Fig. 6). 

The 67 x 50 character matrices for  each frequency 
band are calculated by the para l le l  microproces- 
sor-system which also performs the FFT and related 
calculat ions.  These matrices are transferred 
through an adequate inter face to the video system. 

A so-cal led video bus interconnects a 6800 micro- 
processor with pr ivate ROM and RAM, DMA and CRT 
con t ro l le rs ,  the video RAM's, the map select ion 
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reg is ters ,  the para l le l  system in ter face,  key- 
board, and cassette inter face.  

5.2.1. !he pa~a!lel_s%ste ~ inter face 

The data transfers through th is inter face are 
in fact  DMA transfers between the video system 
and one par t i cu la r  processor of the para l le l  pro- 
cessorsystem. Two types of DMA transfers ex is t  : 

- from paral lelsystem to video RAM's; th is happens 
each time a new set of video maps must be trans- 
ferred to the video RAM's; 

- from the paral lelsystem to 6800 processor memo- 
r ies and vice versa; this allows communication 
of data and commands between 6800 and para l le l  
system (such as : l im i t s  of frequency bands, 

display mode, alarms, e tc . ) .  
A descript ion of  this inter face is given in ref .  
(1). 

5.2.2. The 6800 

The 6800 controls the proper working of  CRTC, 
Dr~C, keyboard and cassette, interfaces and map 
select ion registers.  
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Fig. 5 : The colour and map select ion c i r c u i t  

The 6800 can load data under control of the DMAC 
in to  each of the four video RAM's (e.g. user com- 
mands and data from keyboard), and to the para l le l  
system. The ~PU also controls and updates the map 
select ion regis ters .  The select ion of the d i f f e -  
rent resources of  the 6800 is obtained by means 
of the 4 most s i g n i f i c a n t  data l i nes ,  fed in to  
a 4-to-16 decoder. 

5.2.3. !h~ §R ! ~oQtco!l~r - 

This un i t  generates the refresh addresses fo r  the 
four video RAM's simultaneously, a l i ne  address 
for  the character generator, and the synchronisation 
signal for  the monitor. 

The video memory receives i t s  addresses e i ther  from 
the CRT con t ro l l e r  or from the video bus, as decided 
by a mul t ip lexer .  This means the refresh addresses 
cannot in te r fe re  wi th the working of  the processor. 
The character data can be connected fo r  tes t ing 
purposes to the video bus through a t r i - s t a t e  buf- 
fer .  

5.2.4. !h~ D~ ~oDt~o!l~r - 

Three d i f f e ren t  DMA transfers are used : 

from para l le l  system to the video RAM's; (new con- 
tour maps are loaded in to  the video RAM's). This 
DMA is executed during one s ingle raster  scan; 
the CRTC is disconnected from the address bus, 
so that  one ha l f  image (25msec) is los t .  

from para l le l  system to 6800 memory and vice 
versa; 

- from 6800 memory to video RAM's. 

These two las t  DMA transfers are performed during 
the ver t i ca l  return periods of  the CRTC, so that 
no images are los t .  

5.2.5. !h~ yide~ BAM'~ 

These are dynamic memories which are cont inuously 
refreshed through the CRTC addressing. The ad- 
dresses can or ig ina te  from the CRTC (normal d is-  
play mode), the DMAC ( loading of the map), and 
the MPU ( tes t ing  the memories). 

5.2.6. The ma~ se!ect~o ~ re~isters 

The map select ion registers are latches which are 
addressed by the MPU. They are updated each time 
that  the user changes the map display select ion.  
I f  the user selects a fourth map for  d isp lay ,  the 
corresponding code w i l l  be wr i t ten  in the reg is te r  
which contained the code of the f i r s t  map, so 
that  th is  map w i l l  be los t .  

6. RESULTS 

Fig. 7 shows hard copies of  several EEG maps, ob- 
tained according the method described in th is  
paper. One should note that  the graphic copy does 
not show colours nor d i f f e ren t  l i ne  i n t ens i t i es .  
As already mentioned e a r l i e r ,  the representation 
of the head with the electrode conf igurat ion is 
displayed with low i n tens i t y  white l i nes ,  while 
the energy maps are displayed in d i f f e ren t  colours 
wi th changing luminous i n tens i t y  for  the d i f f e ren t  
contour l ines .  

7. CONCLUSIONS 

The system described here has many possible app l i -  
cations outside the one for  which i t  was p r imar i l y  
designed. I t  is  suited to cases where complex in -  
formation must be represented in rea l - t ime,  which 
means a display method is needed which is c lear ,  
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I PARALLEL SYSTEM I INTERFACE 

I D , 4DivlDEO DI 6800 ~ ~[~ 
MPU A A RAM C~ ~ = 

S DMAC RAM | ] A 

+ 
ROM&RAM AI I ~ A  RAM C ~  : ~ ~ 

KEYBOARD VIDEO 
iS I N T E R F A C E ]  _ ~16 ~ A  RAM C ~ ] - -  - ~. 

--8 | ~ , I III CHAR. LINE IAn-All ..... I ~ l lii ADDRESS 

~ C A S S E T T E l ] S  INTERFACE D ~ C ~ ~ ~  ~ - ~  

AI2-AI  II 1111 

Fig. 6 : Microprocessor hardware of the video system 

Fig. 7 : Graphic represen ta t ion  of energy contour maps of human EEG spectra .  The sub jec t  is  a 
healthy 46 year old man, who remained very restful during the recordings. 

v u B 
21-CHANNEL 

EEG - MONITOR 

03/03/1979 

~ATIENT NAME 

]ATE OF BIRTH 

5ATIENT NR. 

]BSERVATIONS 
IORMAL PATIENT 
IN REST 

THETA 4-? HZ 
INT 0 = -188.5 DB V/HE 
INT ? = -I15,5 DB V/HZ 
STEP 1.0 DB V/HZ 

Fig. 7a : Prefrontal en frontal zones emit a e act iv i ty which 
is s l ight ly  lower than the ~ act iv i ty  on the same place 
(f ig.  7b), indicating the rest state of the subject. 
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V U B 

~I~CHANNEL 

EEQ - MONITOR 

03/'03/1878 

PATIENT NAME 

DATE OF BIRTH 

PATIENT NR • 

OBSERVAT IONS 
NORMAL PATIENT 
IN REST 

ALFA 
8 - 1 2  HZ 

I N T  0 = 
- 1 2 0 . 4 0 B  V / M Z  

I N T  ? = 
- 1 1 1 . 3  OB V / H Z  

STEP 1,3 OB V/HZ 

Fig. 7b : The prefrontal zone (between FPl, FP2 and Fz) 
generates a stable and symmetrical ~ rhythm 
(peak value about -111 dB V/Hz) 

V U B 

21 - C H A N N E L  

EEg - NON I TOR 

0 3 / 0 3 / I S 7 9  

=ATIENT NAME 

]ATE OF B I RTH 

= A T I E N T  NR . 

) B S E R V A T  I ONS 
qORMAL P A T I E N T  
I.N REST 

BETA I 
1 3 - 1 0  HZ 

I N T  O = 
- 1 8 9 . 0  DB V I H Z  

I N T  ? = 
- 1 2 ~ . O  OB V / H Z  

STEP 1 . O  DB V / H Z  

Fig. 7c : The right prefrontal zone (FP2) emits low frequent 
waves. 
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but s t i l l  simple enough to al low real- t ime calcula- 
t ion.  The advantage obtained in th is way is the 
introduct ion of the time axis in the display,  sin- 
ce any changes of  the phenomenon being studied can 
immediately ref lected. 

Drawings in perspective of complex surfaces are 
more a t t rac t i ve  than the level l ines 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 sui table for  the display of  
s ta t ic  resul ts ,  such as the shape of an object,  
when calculat ion time is of no c r i t i c a l  importance. 

The display system we have real ised is po ten t i a l l y  
useful in many areas, especia l ly  the treatment of 
signals of biomedical o r ig in .  In this las t  case, 
an extra advantage is that the resul t  obtained can 
be used d i rec t l y  for  c l i n i ca l  or diagnostic pur- 
poses. 
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