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DISPLAY APPARATUS 
This invention relates to display apparatus of the kind 

in which a display area is scanned in a raster and in 
which a symbol can be produced on the display area by 
causing a change in a visual parameter, e.g., brightness, 
of one or more selected portions of the raster lines. 
Accordingly. this invention provides display appara 

tus of the kind hereinbefore de?ned comprising means 
for producing a digital output de?ning the position of 
each raster line portion required to be selected to dis 
play a desired symbol, means for producing reference 
signals corresponding to points along each raster line 
and an output circuit for producing a signal for chang 
ing said visual parameter at each selected raster line 
‘portion determined by the digital output. 
According to a preferred feature, the display appara 

tus includes a cyclic counter operating in synchronism 
with the raster line scanning generator such that a large 
number of pulses occur during each raster line, thereby 
notionally dividing each raster line into a large number 
of equal length, sequentially numbered, sections 
changes in said visual parameter being effected when 
there is correspondence between the digital output and 
the output of said counter. 
According to a further preferred feature, the display 

apparatus includes at least one delay circuit for delay 
mg the signal from the output circuit whereby the num 
ber of sections into which each raster line is divided is 
effectively increased without increasing the pulse fre 
quency from the cyclic counter. 
According to yet a further preferred feature, the dis 

play apparatus includes a circuit for changing the shape 
‘of the signal from the output circuit whereby the num 
ber of raster lines is effectively increased 
The invention will be more readily understood from 

the following description of a preferred embodiment in 
which a line symbol is produced on the screen of a 
cathode ray tube by brightening up portions of the ras 
ter, taken in conjunction with the accompanying draw 
ings in which: 

FIG. 1 is a schematic diagram of a cathode ray tube 
screen showing the parameters de?ning a line symbol; 

FIG. 2 is a block diagram of the display apparatus; 
FIG. 3 is a block diagram of the output stage of FIG. 

2: 
FIG. 4 is a block diagram of the delay circuit of FIG. 

2; 
FIGS. 5a and 5b show respectively the optimum and 

actual shapes of bright-up pulses applied to the cathode 
ray tube under certain conditions of operation of the 
apparatus, and 
FIG. 6 is a block diagram of the pulse shaping circuit 

of FIG. 2. 
Although a number of lines symbols can be generated 

at the same time, for the sake of simplicity the follow 
ing description relates to the generation of a single sym 
lbol. 

In the schematic diagram of FIG. 1, a line symbol 1 
l5 shown displayed on the screen 2 of a cathode ray 
tube. The screen is scanned by an interlaced ?eld raster 
having even ?eld lines 3 and odd ?eld lines 3a. Typi 
cally the raster may be a 625 line, 50 Hz, raster, but for 
the sake of simplicity FIG. 1 shows a 12 line raster. 

.As can be seen from FIG. 1, the line symbol is made 
up of a series of brightened-up portions of the raster 
line. These brightened-up portions are produced by ap 
plying bright-up pulses to the brightness control cir 
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2 
cuitry of the cathode ray tube. For each brightened-up 
portion, it is necessary therefore to determine on which 
line of the raster the brightened-up portion is to occur 
(Y-co-ordinates) and at which points on the raster line 
the brightened-up portions are to begin and end (X-co 
ordinates). 
With a 625 line raster, 585 of the lines are visible, the 

remainder being hidden in ?eld blank. The Y 
resolution is therefore 1 in 585. To give an X-resolution 
comparable to the Y-resolution, each raster line must 
be divided into suf?cient number of sections such that 
each section is equal to the distance between the raster 
lines. This number is equal to 

4 
585 X 3 780 

where 4/3 is the aspect ratio of the raster. 
The basic parameters chosen to de?ne a line are the 

central co-ordinates (X0, Y0) the length (L), the width 
(W) and the angle the line makes with the vertical (6). 
From these parameters, the co-ordinates of the ends of 
the line are: 

L 
X2=Xc+ TSinO 

As can be seen in FIG. 1, X, lies at the centre of the 
brightened-up portion having co-ordinate Y1. There 
fore, Xst and Xop, the co-ordinates of the beginning 
and end of the brightened-up portion are given by 

X0p=Xl+VzWsecl9 (2) 

The X co-ordinates for successive brightened-up por 
tions increase by thesame amount each time. This 
amount is called the increment and is equal to h tan 6 
where h is the spacing, between the raster lines. Thus, 
once Xst and Xop for the ?rst line of the even field are 
known, Xst and Xop for succeeding lines of the even 
?eld can be found by successively adding twice the in 
crement to the initial values of Xst and Xop. By adding 
once the increment to the initial values of Xst and Xop, 
the values of Xst and Xop for the ?rst line of the odd 
?eld can be found and values of Xst and Xop for suc 
ceeding lines of the odd ?eld can be found by succes 
sively adding twice the increment to the values of Xst 
and Xop for the ?rst line of the odd ?eld. 
Thus, the only calculation necessary, once the values ' 

of Xst and Xop for the ?rst brightened-up portion and 
the values of Y1 and Y2 have been calculated, is the 
successive addition of once or twice the increment to 
Xst and Xop. 

Referring now to FIG. 2, the calculation of Y1, Y2, 
Xst, Xop and increment is carried out by a digital com 
puter l0, and thus values of these quantities are in bi 
nary form. 
As mentioned above, only 585 lines of the raster are 

visible. If the line symbol always started on an even 
?eld and ?nished on an odd ?eld then the Yco 
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ordinates need only be of! in 2921/2 resolution and a 
word length of 9 bits would be required to de?ne Y1 
and Y2. However, to avoid the necessity of the line hav 
ing to start and ?nish in this way. a further bit is added 
to the words to indicate whether or not the ?rst or last 
(or both) bright-up pulses should be suppressed. The X 
resolution is 1 in 780 and therefore 10 bit words are re 
quired to de?ne Xst and Xop. 
As the X co-ordinate sections are equal to the raster 

line spacing h at 0 = 0, the increment is zero whereas 
at 0 = 45° the increment is equal to h. If the raster lines 
are considered to have unit spacing then at 6 = 45° the 
increment is 1. In this case the increment must, be frac 
tional for lines having 6 between 0° and 45°, which im 
plies that Xst and Xop must contain a fractional part. 
Since, from equations (2) 

Xop = Xs! + w sec 6 

(3) 

this fractional part must be the same for successive val 
ues of X5! and Xop. Therefore. if the increment is split 
into two words inc and inc frac, each of 10 bits. lines 
having these angles can be drawn. For example, con 
sider the situation where 
X5! = 100 

Xop = 102 
inc = 0 

inc frac = 0.25 (6 = 14°) 
X frac 3 0 

Then for successive raster lines 
X3! = 100, Xop : 102 X frac = 0.25 

Xst=100.X0p = 102 X frac = 0.5 

Xst=100,X0p =102 X frac = 0.75 
Xst = 101. Xop = 103 X frac =0.00 
X5! = 101, Xop = 103 X frac = 0.25, etc. 

On each line inc frac is added to X frac and inc is added 
to X51 and Xop. On the line where X frac overflows the 
carry is added to Xsr and Xop. The binary output from 
the computer is fed to and stored in an output circuit 
11 which is also fed by pulses from a cycle counter 12 
in synchronism with the line scan. The cyclic counter 
12 provides the division of the raster lines into X co 
ordinate sections. To provide 780 sections per raster 
line, the frequency of the pulses must be 780X( 1/52) 
US which equals 15 MHz. (52 US is the time of line 
scan). Coincidence between Xst and Xop and the rele 
vant clock pulses causes the generation of a bright-up 
pulse which is fed to the brightness control of a cathode 
ray tube 13 through a delay circuit 14 and a pulse shap 
ing circuit 15 or through the delay circuit 14 alone de 
pending on the value of 0 as explained below. 
As the increment is added by the computer, the ac 

tual output therefrom involves only the current values 
of Xsl and Xop. As shown in FIG. 3 these values are 
stored in respective output registers l6, 17. Each regis 
ter has an associated comparator l8, 19 so that the 
value of Xst and Xop can be compared with the count 
from the cyclic counter 12. The outputs from the com 
parators l8, 19 are fed to a gate circuitry 20 which in 
response to the outputs develops a signal during the pe 
riod when the output from the counter 12 is 2 X5! and 
s Xop. 

If 0 = 45°, for every increment in X there is the same 
increment in Y (increment = l) and the de?nition in 
X equals the definition in Y and a visually acceptable 
line is formed. However, for angles near the vertical (6 
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4 
small). for an increment in X there is a large number 
of increments in Y and the line appears stepped. For 
angles near the horizontal (0 large) the limit is in the 
Y direction and the line again appears stepped. 
The stepped appearance of a near vertical line is due 

to the X position being limited by the number of steps 
along the raster line provided by the cyclic counter 12. 
The steps are most apparent when the increment is zero 
and inc frac is non-zero, i.e., at the point when X frac 
is carried over and Xst and Xop shift by one place 
which is approximately a 60ns shift. To overcome this 
problem the X de?nition needs to be increased and the 
pulses shifted according to X-frac. This could be done 
by increasing the pulse frequency but 15 MHz is the 
practical limit using standard components. 
The solution adopted is to use delay circuitry and se 

lect the delay according to the value of X-frac. To in 
crease the X-de?nition by a factor of 4 three 15 ns 
delay circuits 21, 22, 23 are used as shown in FIG. 4. 
The outputs from the delay circuits are fed to a 4/1 
multiplexer 24. The two most signi?cant bits of X frac 
are applied by way of line 24a to data select lines of the 
multiplexer to select an appropriate delay. Thus, if 

0 S X frac < 0.25 No delay is selected 
0.25 $ X frac < 0.5 15 ns delay is selected 
05 s X frac < 0.75 30 ns delay is selected 
0.75 S X frac < 1.00 45 ns delay is selected 
0+1 5 X frac < 0.25+1 No delay is selected but 

as the value of X frac 
has over?owed, the posi 
tion has been shifted by 
60ns. 

If even better X de?nition is required then seven 71/2 
ns delay circuits or ?fteen 3% ns delay circuits can be 
used with a corresponding increase in the number of 
bits of X frac applied to the data selection lines and re 
placement of the 4/1 multiplexer by an 8/1 or 16/1 mul 
tiplexer as appropriate. Generally, n delay circuits each 
having a delay x, and an (n + l)/l multiplexer can be 
used, provided that (n + 1 )x equals the cyclic counter 
pulse length. 
The use of the delay technique means that the pulse 

frequency can be reduced if required, without losing 
the original de?nition. For example, seven 15 ns delay 
circuits and a frequency of 71/2 MHz gives an effective 
frequency of 60 MHz which is the same as if three 15 
ns delay circuits and a 15 MHZ frequency are used. 
Such a reduction in the pulse frequency has definite ad 
vantages particularly with regard to the output stage 
where Xst and Xop are compared with the output of the 
cyclic counter. As there is a reduction in the number 
of bits to be compared, a signi?cant reduction in the 
amount of hardware is produced. 
As can be seen from FIG. I, for the width W to re 

main constant as the angle 6 varies, the length of the 
bright-up pulse must vary. However, the increase in 
length of the sections de?ned by the cyclic counter at 
a reduced frequency means that the actual length of the 
bright-up pulse may not be the same as the right length 
to give a constant width line symbol. 
To overcome this problem, a differential delay factor 

must be introduced; i.e., a bright—up pulse is delayed by 
different amounts at its rising and falling edges. This 
can be achieved as shown in FIG. 4, by introducing a 
2/1 multiplexer 50 (shown dotted) so that the values of 
fractional values for Xst and Xop can be multiplexed on 
to the data select lines of the multiplexer 24. This 
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means that the computer must store the fractional val 
ues for Xst and Xop. However, the integer bits are 
fewer and accordingly, no penalty is incurred as re 
gards storage requirements. 
The stepped appearance of a near horizontal line is 

due to the limited number of raster lines on the screen. 
It is impractical to increase the number of raster lines 
and the disadvantage is overcome by shaping the 
bright-up pulses so that each brightened-up portion va 
ries in brightness along its length and blends with the 
other brightened-up portions to give the illusion of a 
continuous line. FIG. 5A shows the optimum shape of 
the bright-up pulse. As the output pulses from the gate 
20 (FIG. 3) are square with rise and fall times corre 
sponding to the logic circuitry used, a further circuit, 
as shown in FIG. 6 is required for producing an approx 
imation to this optimum shape. This approximation is 
shown in FIG. 5B. The leading and trailing edges of the 
pulse are formed by seven steps. 
The pulse shaping circuit of FIG. 6 consists of a bi— 

nary rate multiplier (BRM) 25 fed by pulses from the 
cyclic counter and having its output connected to the 
input of an up-down counter 26. Output signals from 
the counter 26 on lines 30-32 are fed to a l of 8 de 
coder 33. The output from the decoder 33 is fed to an 
non-linear digital to analogue converter 34 which has 
a non-linear characteristic of such terms as to control 
the bright-up circuitry of the tube so as to provide visu 
ally acceptable symbols. 
The BRM 25 is a device which performs the function 

frequency in X M 
frequency out = ‘-———"64 

where M is a 6 bit number in the range 0-63. The fre 
quency out is in fact a pulse rate which can be made re 
peatable using the clear facility on the BRM. 
The up-down counter 26 is fed by the frequency out 

and counts at a rate determined by the frequency out. 
The counter 26 begins counting at the beginning of 

the bright-up pulse, i.e., at Xst. The counting stops 
after seven counts and when Xop is reached the 
counter begins counting down to zero. The ?nal output 
from the converter 34, which is applied to the bright 
ness control is a pulse having leading and trailing edges 
formed of eight steps. The brightened-up portions of 
the raster thus have a brightness varying through eight 
shades of grey. 
The control circuitry from the BRM 25 and the 

counter 26 consists of gates, A, B and C. The gates-A, 
B receive the outputs from the output circuit gate 20 
(FIG. 3) and from the lines 30-32 of the counter. The 
outputs from gates A and B form the input to gate C 
which has its output connected to the clear-enable fa 
cility of the BRM. Considering the output from the 
counter to be initially zero, the sequence of events is as 
follows: 

i. At Xsl, the gate A is enabled thus enabling the gate 
C and the BRM and the counter. When the counter 
reaches seven, the gate B is inhibited, thus inhibiting 
the gate C and clearing the BRM. 
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ii. At Xop, the gate B is enabled, thus enabling the 
gate C and the BRM and the counter again with the 
counter in the count-down state. When the counter 

6 
reaches zero, the gage A is inhibited, thus inhibiting the 
gate C and clearing the BRM. 

It will be realised that as the pulse does not com 
mence until Xst and has longer rise and fall times, the 
pulse as a whole will be later than it should be. A suit 
able correction is calculated by the computer to allow 
for this. 
The technique described above only allows the use of 

graded bright-up pulses over angles of 0 = +77° to +90° 
and ~77‘7 to —90". Outside these angles the appearance 
of the line is degraded. To overcome this, the in?uence 
of the BRM is extended by reducing the number of 
shades of grey to four. An extra bit of information 
added to the 6 bit word M, is required to de?ne the dif 
ferent angle region. As the counter counts only to four, 
the signi?cance of the count has to be doubled. This is 
achieved by the insertion of a 2/1 multiplexer 35 
(shown dotted) before the l of 8 decoder. The control 
of the multiplexer uses the extra bit of information and 
is switched for the duration of a bright-up pulse. The 
output of the multiplexer counts at twice the rate of the 
counter and hence the same peak value of the bright-up 
pulse is reached. The technique is used for angles of 74 
= 58° to 77° and —58° to —77°. ‘ ' 1 

Referring once more to FIG. 2, it can be seen that the 
delay circuit 14 and the pulse shping circuit 15 are in 
series, but that a switching circuit 60 allows the pulse 
shaping circuit to be by-passed. ‘ ' 

As mentioned above, the pulse shaping technique is 
only suitable for values of 0 in the ranges 58° to 90° and 
-5 8° to —90°. For values of 0 in the range —58° to +5 8°, 
a further bit of information on Xst or Xop operates the 
switching circuit to bypass the pulse shaping circuit. 
A ?nal defect in the appearance of the line which 

must be overcome is flicker at the beginning and end 
of the line. 

Referring again to FIG. 1, it can be seen that the ?rst 
part of the initial brightened-up portion and the last 
part on the ?nal brightened~up portion are only drawn 
on one ?eld. This effect is particularly noticeable with 
a near horizontal line where these parts are quite long. 
This effect is overcome by extending the length of the 

line at both ends and by generating a blanking signal 
outside the required length. The ?ickering regions thus 
lie in the blanked off parts. 
From the above description, it is apparent that in 

order to draw a line symbol the current values of Xst 
and Xop have to be incremented line by line to give the 
new values. Hence, computation must be carried out 
on every raster line between Y1 and Y2. The obvious 
time to carry out this computation is during line blanks. 
However, this period is only 12 us long whereas the pe 
riod of line scan is 52 us long. Therefore, by carrying 
out the computation for a particular raster line in the 
previous line scan and storing the values in the output 
registers during line blank, four times as many line sym 
bols can be drawn. The actual number of line symbols 
that can be drawn is thus dependent on how many com 
putations the computer can carry out in 52 us. 
We claim: 
1. Display apparatus in which the display comprises 

a raster of parallel lines and a symbol is displayed by 
changing a visual parameter of one or more selected 
portions of the raster lines comprising: 

a. cyclic digital counter means operating in synchro 
nism with the raster line scan so that successive 
counts of the counter correspond to successive sec 
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tions of each raster line, thereby notionally dividing 
each raster line into sections respectively corre 
sponding to different counts of the counter; 

b. means for producing digital outputs de?ning the 
position of each raster line portion required to be 
selected to display a required symbol, in accor 
dance with the notional numbering of sections of 
the raster lines effected by the counter means; 

c. an output circuit comprising means for comparing 
said digital output with the output of the counter 
means to produce an output signal for changing 
said visual parameter when there is correspon 
dence between said digital outputs and the output 
of the counter means; and 

d. delay means connectable to delay the output of 
said output circuit by a fraction of the period be 
tween successive counts of the counter means 
when a said digital output fractionally exceeds the 
corresponding count of the digital counter by a 
predetermined amount, thereby to effectively in 
crease the number of sections into which each ras 
ter line is notionally divided. 

2. Display apparatus according to claim 1, in which 
the output circuit comprises means for comparing the 
digital outputs de?ning the beginning and end of the 
selected raster portion with the output of the cyclic 
counter and for developing an output signal during the 
period when the output from the counter is greater 
than or equal to the digital output de?ning the begin 
ning and less than or equal to the digital output de?ning 
the end, of the selected raster portion. 

3. Display apparatus according to claim 1 wherein 
said delay means includes a number of equal length 
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8 
delay circuits arranged to produce delays of 0, x, 2x . 
. . nx (where n is the number of delay circuits, x is the 
delay of each delay circuit and (n + 1) x equals the pe 
riod between successive counts of the counting means); 
and an (n + 1 ) multiplexer for selecting an appropriate 
delay according to the amount by which a said digital 
output exceeds the output of the digital counter. 

4. Display apparatus according to claim 3 wherein 
said digital outputs de?ne the beginning and end of 
each said raster line portion required to be selected, 
and said output circuit comprises means for producing 
an output signal when the digital counter output is 
greater than or equal to the digital output de?ning the 
beginning, and less than or equal to the digital output 
de?ning the end of a said raster line portion. 

5. Display apparatus according to claim 4 wherein 
said delay means comprises means for delaying the be 
ginning and end of the output signal of the output cir 
cuit by different amounts. 

6. Display apparatus according to claim 1 including 
pulse shaping means for shaping the output of the out 
put circuit so that the degree of change in the visual pa 
rameter varies along the length of a said raster line por 
tron. 

7. Display apparatus according to claim 6, in which 
the shaping means comprises circuitry for producing a 
signal having stepped leading and trailing edges. 

8. Display apparatus according to claim 7, including 
means for varying the number of steps forming the 
leading and trailing edges of the signal in dependence 
on the angle the desired symbol makes with the raster 


