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[57] ABSTRACT 
In a display system of the CRT type in which a DDA 
(digital differential analyser) technique is used, an as 
sociated computer is used for a substantial part of the 
operations required for the display system, with a con 
sequent reduction in the display system circuitry per 
se. 

Microprogram control is used for processing data 
from a main memory to obtain X and Y coordinates 
for display. 
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DIGITALLY OPERATING GRAPHIC DISPLAY 
SYSTEM 

The present invention relates to display systems of 
the CRT (cathode ray tube) type in which a DDA (digi 
tal differential analyser) technique is used for de?ning 
lines to be displayed. By a display system of the CRT 
type is meant a display system using for its display de 
vice a conventional CRT or any other display device 
capable of producing a display equivalent to that pro 
duced by a conventional CRT, for example, a solid 
state matrix display device. 
With the DDA technique, the lines to be displayed 

are produced from signals representing the co 
ordinates of points spaced along the lengths of the 
lines. 

in a typical DDA type of display system, two digital 
registers (X and Y registers) are used, one for the X co 
ordinate and one for the Y co-ordinate, each feeding a 
respective digital-to-analog converter. The X and Y 
registers are each constructed as adders, and have in 
crements dx and dy respectively added into them at 
regular intervals, so that their contents de?ne a succes 
sion of points forming the line to be displayed. The in 
crements dx and dy are chosen so that their ratio is the 
tangent of the slope of the line to be displayed, and the 
sum of their squares is a ?xed small constant; the latter 
condition ensures that the density of points is the same 
along all lines displayed. 

In known arrangements this has been achieved by us 
ing, for the X co-ordinates, three registers of equal 
length: a register to contain the increment dx, a register 
constructed as an adder, and a register constructed as 
a counter. These are interconnected so that the latter 
two registers together form the X register, the adder 
being the lower (least signi?cant) end of it, and over 
?ows therefrom being fed into the upper (counter) 
end. The increment register is connected to the adder 
register, and the counter register feeds the digital-to 
analog converter. With this arrangement, the incre 
ment dx is never large enough to affect the counter end 
of the X register directly. The arrangements for the Y 
co-ordinates are exactly similar. 
This therefore involves six registers, together with a 

seventh if a line length register is used, ?lled with a 
number indicating the line length and decremented by 
l for each point on the line until 0 is reached. 
Systems of this type are often associated with com 

puters, the computer exercising overall control of the 
system, i.e., supplying the initial contents for the regis 
ters. 
The inventor has now realized that, in such a system 

and associated computer, the computer can be used for 
a substantial part of the operations hitherto performed 
by circuitry unique to the display system, with conse 
quent saving of such circuitry. 
Hence, in accordance with the invention there is pro 

vided a display system of the CRT type in which a DDA 
technique is used for de?ning lines to be displayed 
comprising: ?rst and second counter registers; means 
for displaying on the CRT an image at a position de 
?ned by the contents of said counter registers; a digital 
computer comprising a main memory, a processor in 
cluding at least two accumulator registers, and a micro 
program control unit arranged to read and write infor 
mation in the memory and process it in the processor 
in response to instructions read out of the memory; and 
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2 
means for feeding any over?ows from a ?rst and a sec 
ond said accumulator register to said ?rst and second 
counter register respectively; said computer memory 
including predetermined locations in which are stored 
increments dx and dy de?ning the distances between 
adjacent points on a line to be displayed; and the mi 
croprogram control unit being arranged, in response to 
a predetermined instruction from the memory, to enter 
the dx and dy increments in said ?rst and second accu 
mulator registers at regular intervals such that over 
flows from said ?rst and second accumulator registers 
increment the contents of the first and second counter 
registers respectively and the contents of the counter 
registers de?ne the X and Y co-ordinates respectively 
of a succession of points spaced along the length of the 
line to be displayed. 

In an arrangement according to the invention the 
computer memory normally includes further predeter 
mined locations in which are stored the X and Y co 
ordinates of the starting point of the line to be dis 
played, and the microprogram control unit is arranged 
to enter the X and Y co-ordinates of the starting point 
in said ?rst and second counter registers respectively at 
the start of a line drawing operation. 
An arrangement in accordance with the invention 

will also normally include a line length register which 
may form part of the computer or be separate there 
from. In such an arrangement the computer memory 
preferably includes a further predetermined location in 
which is stored a number de?ning the number of points 
in the line to be displayed, and the microprogram is ar 
ranged to enter said number in said line length register 
at the start of a line drawing operation and decrease the 
content of the line length register appropriately as the 
line is drawn, and terminate the line drawing operation 
when the contents of the line length register is zero. 
One display system in accordance with the invention 

will now be described, by way of example, with refer 
ence to the accompanying drawing in which: 
HO. 1 is a simpli?ed block diagram of the display 

system; and 
FIG. 2 is a ?ow diagram illustrating the operation of 

the system. 
Referring to the drawing, the display system utilises 

a computer including a main memory [0 with asso 
ciated address selection circuitry ll, the memory 10 
feeding an adder 12 which feeds a main data highway 
13 which in turn feeds back to the main memory 10. 
The data highway 13 feeds two accumulator registers 
Al and 01 which feed the adder 12, and also feeds an 
instruction counter IC and an instruction register IR. 
The instruction counter lC feeds the address selection 
circuitry 11, and the instruction register 1R feeds a mi 
croprogram control unit 14. A register Bl fed from an 
external source (not shown) feeds the adder l2, and 
permits data to be entered into the computer. The com 
puter operates in the usual way, instructions being read 
out of the main memory 10 in sequence under the con 
trol of the instruction counter lC, each instruction 
causing the microprogram control unit 14 to follow the 
appropriate microprogram, reading and writing infor 
mation in the main memory and processing it via the 
accumulator registers A1 and Q1 and the adder 12. 
The computer is thus a standard computer of conven 

tional form and will normally be programmed to per 
form various computations in addition to those re 
quired for its role as part of the display system. For ex— 
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ample, in a typical application the display system is 
used in an aircraft to present information to the aircraft 
pilot, and the computer is programmed to perform vari 
ous roles relating to ?ight control and navigation of the 
aircraft. One computer which has been used in practice 
in such an arrangement is the MCS 9208 computer 
manufactured by Elliott Brothers (London) Limited. 

In addition to the computer the display system in 
cludes additional circuitry comprising three registers 
X1, Y1, and T1 (all constructed as counters), two digi 
tal-to-analog converters l6 and 17, and a CRT 18. 
These three registers are fed from the data highway 13, 
so that data can be entered into them, and registers X1 
and Y1 respectively feed the digital-to-analog convert 
ers l6 and 17 whose outputs are respectively applied to 
the X and Y direction electron beam de?ection means 
of the CRT. A brightness control circuit 19 is also pro 
vided which controls the CRT electron beam intensity 
so as to produce at appropriate times a spot of light on 
the CRT screen at a position determined by the con 
tents of the registers X1 and Y1. 
The accumulator registers Q1 and A] are coupled to 

the registers X1 and Y1 respectively in a manner which 
will be explained below, and register T1 is coupled to 
the microprogram control unit 14 in a manner also ex— 
plained below. 
The system can best be understood by describing its 

operation, which is initiated by an appropriate instruc 
tion word, calling for line drawing. Prior to this instruc 
tion word being reached, the program in the computer 
will have put the parameters of the line to be drawn 
(starting point, slope, and length) into ?ve predeter 
mined locations in the main memory 10. 
When the instruction word calling for line drawing is 

reached, it is written into the instruction register IR, 
and causes the microprogram control unit 14 to carry 
out the microprogram shown in ?ow diagram form in 
FIG. 2. The ?rst four steps in the microprogram clear 
registers Al and Q1 and ?ll the registers X1, Y1, and 
T1 with the contents of three (here called X0, Y0, and 
T0) of the ?ve predetermined locations in the main 
memory; unit 14 has the addresses of these ?ve loca 
tions wired in. This ?lls the registers X1 and Y1 with 
the X and Y co-ordinates of the start of the line to be 
drawn, and register T1 with a number representing the 
length of the line. The next microprogram step 5 is a 
test: register Tl is inspected to see if its contents are 
zero. Assuming that its contents are not zero, the next 
step 6 is a waiting step; the computer waits until the dis 
play system, i.e., the CRT and its associated circuitry, 
has displayed the point de?ned by the contents of regis~ 
ters X1 and Y]. 
The next two steps are concerned with generating the 

next point to be displayed. In step 7, the contents of the 
fourth of the predetennined main memory locations, 
here termed DXO, is read out and added into register 
01. The contents of DXO are the X increment dx, and 
registers 01 and X1 together form the (notional) X 
register, X1 being the high-order end. Any over?ow 
produced in this addition in register 01 is fed to regis 
ter X] to increment its contents by 1. In step 8, the 
same is done for the Y co-ordinate. The last of the ?ve 
predetermined main memory locations, DYO, contains 
the increment dy, and this is read out and added to the 
contents of register Al, which together with register 
Yl forms the Y register. Any over?ow from register A1 
is fed to register Y1 to increment its contents by l. The 
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4 
next microprogram step, step 9, decrements the con 
tents of register Tl by 1, since one more point of the 
line has now been drawn. 
Step 9 is followed by a loop back of the micropro 

gram to step 5, the test step. If the contents of register 
T1 are still not zero, there is at least one more point of 
the line still to be drawn, and the loop through steps 6 
to 9 is repeated. if the contents of register Tl are zero, 
then the last point of the line has been drawn, and the 
microprogram control unit 14 ends the line‘drawing 
microprogram. This end is accomplished by calling for 
the next instruction to be read from the main memory 
10, eg proceeding to a further computational pro 
gram, not concerned with the display system. 
Although the system has been described with refer 

ence to drawing straight lines, it is clearly capable of 
being modi?ed to draw other cursive symbols. For this, 
the microprogram will require modi?cation between 
steps 5 and 7 to store the contents of registers Al and 
Q] in two more predetermined main memory loca 
tions, calculate new values of increments dx and dy 
(either under microprogram control or by returning 
control to a main program sub-routine), and restore the 
contents of registers Al and Q1. 1 claim: 

1. A display system of the CRT type using a DDA 
technique for de?ning lines to be displayed, said system 
comprising 

A. a CRT, 
B. ?rst and second counter registers, 
C. means for displaying on the CRT an image at a po 

sition de?ned by the contents of said counter regis 
ters, and 

D. means for incrementing the contents of the ?rst 
and second counter registers respectively so that 
the contents of the counter registers de?ne the X 
and Y coordinates respectively of a succession of 
points spaced along the length of a line to be dis 
played, said means for incrementing the contents 
of said ?rst and second registers being constituted 
by a digital computer including: 
i. a main memory including predetermined loca 

tions in which are stored increments dx and dy 
de?ning the distances between adjacent points 
on the line to be displayed; 

ii. a processor including at least two accumulator 
registers; 

iii. a microprogram control unit which cooperates 
with the processor and the main memory in the 
performance of computations by the computer 
and which in response to a predetermined in 
struction from the main memory, enters the said 
dx and dy increments into a ?rst and second said 
accumulator register respectively at regular in 
tervals', and 

iv. means for feeding any resulting over?ows from 
said ?rst and second accumulator registers to 
said ?rst and second counter registers respec 
tively. 

2. A display system according to claim 1 wherein the 
computer main memory includes further predeter 
mined locations in which are stored the X and Y co 
ordinates of the starting point of the line to be dis 
played, and the microprogram control unit is arranged 
to enter the X and Y co-ordinates of the starting point 
in said ?rst and second counter registers respectively at 
the start of a line drawing operation. 
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3. A display system according to claim 2 including a 
line length register and wherein the computer main 
memory includes a further predetermined location in 
which is stored a number defining the number of points 

6 
at the start of a line drawing operation and decrease the 
content of the line length register appropriately as the 
line is drawn, and terminate the line drawing operation 

in the line to be dismayed’ and the micmpmgram is an 5 when the contents of the line length register is zero. 
ranged to enter said number in said line length register 
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