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DIGITAL VECTOR GENERATOR 

Thomas T. Callahan, Concord, Allen J. Worters, New 
ton, and Domenic A. Zambuto, Norwell, Mass, as 
signors to Sylvania Electric Products Inc., a corpora 
tion of Delaware 
Continuation-impart of application Ser. No. 593,193, 
Nov. 9, 1966. This application Jan. 21, 1969, Ser. 
No. 792,509 

Int. Cl. H013 29/70; G09f 9/00 
US. Cl. 340-324 9 Claims 

ABSTRACT on THE DISCLOSURE 
A digital vector generator employing a source of digital 

signals representing the starting point, direction and length 
of the vector to be displayed on a cathode ray tube 
(CRT). Digital logic converts the direction and length 
signals into pulse trains having varying time scales and 
varying numbers of pulses, both of which are. substantially 
proportional to the vector length. The pulse train is com 
bined with the starting point signals and converted to an 
analog signal for display on the CRT. 

CROSS-REFERENCE TO RELATED APPLICATION 
This application is a continuation-in-part of copending 

application Ser. No. 593,193, ?led Nov. 9, 1966, now 
abandoned. 

BACKGROUND OF THE INVENTION 

This invention is concemed with display systems and, in 
particular, with a system for digitally generating vectors 
for display on such devices as cathode ray tubes (CRT). 
Many dynamic display systems presently available for 

presentation of graphical, tactical or other data employ 
analog techniques, and““if the display system is to be linked 
to a digital computer or other processor, speci?c interface 
circuitry must be designed to suit the particular instal 
lation. These analog circuits, in addition to being rigid in 
design, must be tailored to the speed, resolution or 
linearity required in particular instance. It would be ad 
vantageous to have, and it is an object of this invention 
to provide, a simple and versatile display system for 
operation with high speed digital processing equipment 
and which is easily adaptable to varying system param 
eters. 

BRIEF DESCRIPTION OF THE INVENTION 

Brie?y, a digital vector generator according to the 
present invention comprises a digitally controlled display 
system operative to generate and display vectors on a dis~ 
play device such as a CRT. Digital information repre 
senting the starting point, magnitude and direction of a 
vector is provided by a suitable- source such as a digital 
computer. Connected to the computer is a pulse train 
generator which converts the digital information repre 
senting the vector magnitude from the computer into pulse 
trains in which the numbers of pulses and the time bases 
are both substantially proportional to the vector magni 
tude thus insuring that the writing speed and intensity of 
the CRT will be constant for long and short vectors. A 
summing ‘means, for example, UP/ DOWN counters, adds 
the vector direction and magnitude information from the 
pulse train generator to the starting point information 
already stored in the summing means. The digital output 
signal from the summing means is converted to the neces 
sary signal format for display. 

BRIEF DESCRIPTION OF THE DRAWINGS 

This invention will be more fully described in the fol 
lowing detailed description read in conjunction with the 
accompanying drawings, wherein: 
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FIG. 1 is a block diagram of the digital vector generator 

system; 
FIG. 2 is a block diagram of a digital rate multiplier 

useful in the system of FIG. 1; 
FIGS. 3A, 3B and 3C are timing diagrams useful in ex 

plaining the operation of the rate multiplier of FIG. 2; 
FIG. 4 is a block diagram of a clock pulse register em 

ployed in the vector generator of FIG. 1; and 
FIG. 5 is a time diagram useful in explaining the oper 

ation of the clock pulse register of FIG. 4. 

DETAILED DESCRIPTION OF THE INVENTION 

The requirement of a vector generator is to move a 
CRT beam from a vector starting point (X, Y) to its end 
point (X +AX, Y+AY). This requirement may be broken 
down into three separate requirements: 

(1) during the writing time of the vector, the X and Y 
components must be counted up (or down) by pulses 
equal in number to the binary value of the respective 
components; 

(2) the pulses used to increment the X and Y com 
ponents must be spread evenly within the writing time 
of the CRT so that the vector will be smooth and so that 
the end point of the components will be reached together; 
and 

(3) the writing time of the vector should be substan~ 
tially proportional to the magnitude of the vector so that 
the writing speed will be constant and the intensity equal 
for long and short vectors. 

Referring to FIG. 1, a preferred embodiment of the 
present invention which realizes these requirements com 
prises a display unit 10 including a CRT 12, horizontal 
and vertical de?ection ampli?ers 14 and 16 and digital to 
analog converters 18 and 20. To provide the vector start 
ing point, direction and length, a source of digital signals, 
such as a computer 22, is connected to X and Y summing 
means such as UP/DOWN counters 24 and 26‘, respec 
tively. A pulse train generator 11, to be explained in de 
tail hereinafter, has AX and AY inputs from the com 
puter 22 and AX and AY output connections to the respec 
tive UP/DOWN counters 24 and 26. 

In operation, digital information representing the start 
ing point of a vector to be displayed is supplied from the 
computer 22 as a reference to the UP/DOWN counters 
24 and 26, and information, AX and AY, indicative of di 
rection and length of the vectors, is directed to the pulse 
train generator 11. For each component of the vector, the 
pulse train generator 11 converts the length information 
into a pulse train wherein the number of pulses and time 
base of the pulse train are proportional to the length. Each 
pulse train is then directed to the appropriate UP/DOWN 
counter where it is combined with the starting point in 
formation. The UP/ DOWN counters 24 and 26 accept the 
pulse trains and either count up or down according to the 
sign in the AX and AY registers 28 and 30. A digital out 
put signal from each UP/ DOWN counter is directed to the 
appropriate de?ection plate of the CRT 12 via its respec 
tive D/A converter and de?ection ampli?er. 
The pulse train generator 11 includes a pair of storage 

devices, for example, AX and AY registers 28 and 30, 
having input connections from the computer 22. Gating 
means such as rate multipliers 34 and 36 have ?rst input 
connections from the respective AX and AY registers 28 
and 30 and second input connections from a clock pulse 
generator 31, to be discussed in detail hereinafter. The out 
put connections from the rate multipliers 34 and 36 are 
connected to the respective X and Y UP/ DOWN counters 
24 and 26. Also connected to the AX and AY registers 28 
and 30 and to the clock pulse generator 31 is an output 
connection from control logic 32, also to be discussed in 
detail hereinafter. 



3,510,865 
3 

As stated hereinabove, the information representing the 
starting point of the vector is supplied from the computer 
22 to the X and Y UP/DOWN counters 24 and 26, and 
the information indicative of direction and length, AX 
and AY, of the vectors are applied to the AX and AY 
registers 28 and 30. Control logic 32 strobes the data from 
the computer into registers 28 and 30 where it becomes 
available to respective rate multipliers 34 and 36 which 
are operative to generate pulse trains representing the 
binary numbr in the registers 28 and 30. These pulse 
trains are transferred to respective UP/DOWN counters 
24 and 26 where the starting point information is stored. 
The rate multiplier is shown in greater detail in FIG. 

2 and includes a plurality of AND gates 40 whose outputs 
are connected to corresponding inputs of an OR gate 
142. The input from the clock pulse generator 31 provides 
pulse groups where the number of pulses on each line are 
of increasing binary signi?cance, i.e., 1, 2, 4, 8 . . . . 
Each pulse group is applied to a corresponding input 
line of the several gates 40 and in the time sequence shown 
in FIG. 3A. The second set of input lines to gates 40 
provide gating levels from respective AX and AY registers 
to control which of the pulse groups are allowed to pass 
through their respective AND gates 40 to the OR gate 142. 
The output of the OR gate is then a composite pulse train 
representing the magnitude of the stored component. 

FIG. 3B shows a composite train that would appear at 
the output of OR gate 142 if the vector in the AX register 
28 were of the maximum magnitude; that is, all the pulse 
groups were gated through the AND gates 40. FIG. 3C 
shows a composite pulse train that results if pulse groups 
24, 22 and 21 are passed through their respective AND 
gates 40 by gate pulses occurring at the corresponding 
gating inputs. The pulse groups which are passed are then 
combined in OR gate 142 to form the composite pulse 
train representing the magnitude of the component. 
To provide a smooth vector display on the CRT, the 

pulse group representing each component must be evenly 
spread throughout the writing period or illustrated, for 
example, in FIGS. 3B and 3C. This even pulse spread is 
accomplished by means of the clock pulse generator 31 
which is operative to gate the pulse groups out in the 
time sequence shown in FIG. 3A. It can be seen that no 
two pulses occur at the same time and that the number of 
pulses comprising each binary level 24, 23 . . . etc., are 
spread evenly over one clock period. By arranging the 
pulses such that no pulses in one pulse group occur at the 
same time as a pulse in another pulse group, the pulse 
groups may be added to form a pulse train without an 
overlap of any pulses. By spreading the number of pulses 
in each pulse group evenly over the time'for one cycle, 
any combination of pulse groups will produce a vector 
display spread evenly in time. 
The clock pulse generator 31 includes an oscillator 42 

connected to a clock pulse register 38. Also connected to 
the clock pulse register 38 are input connections from the 
respective AX and AY registers 28 and 30 and a time 
register 41 such as a well-known ripple counter which, in 
turn, has an input connection from the control logic 32. 
One embodiment of the clock pulse register 38, shown in 
FIG. 4, is a binary counter including a plurality of ?ip 
?ops, four of which are shown for illustration purposes, 
160-163, each having ?rst and second output connections 
and an input connection. Associated with each ?op-?op 
160-163 is a respective AND gate 200-203. Each AND 
gate 200-203 has input connections from a gate 150, the 
?rst output connection of its associated ?ip-?op and the 
second output connections of all the preceding ?ip-?ops in 
the chain. The trigger input connection, C for each of the 
?ip-?ops 161-163, is connected to the ?rst output con 
nection of the preceding ?ip-?op in the chain. The gate 
150 has input connections from the oscillator 42, the 
AX and AY registers and the time register 41, and output 
connections to each AND gate 200-203 and the trigger 
input terminal C of ?ip-flop 160. 
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4 
The timing diagram of FIG. 5 may be employed in 

conjunction with FIG. 4 to understand the operation of 
the clock pulse register 38. As indicated in the timing 
diagram, with every input pulse from the oscillator 42 
passed through gate 150, the binary counter including the 
?ip-?ops 160-163 is incremented to the next binary state. 
For example, the AND gate 200, associated with the low 
est ordered ?ip-?op 160, passes the input count pulse 
from the oscillator 42 whenever its associated ?ip-?op 160 
is reset thus producing the pulse group 24. 
The next AND gate 201, associated with the next high 

er ?ip-?op 160, passes the input count from the oscillator 
42 when the ?ip-?op 161 is reset and the lower order ?ip 
?op 160 is set. The result is a second pulse group 23 ap 
pearing at the output terminal of gate 201 and having a 
frequency of half the previous one, 24, offset by one oscil 
lator pulse. As shown in FIG. 5, the same pattern con 
tinues for each ?ip-?op and gate in the clock pulse reg 
ister 38. The input pulses from the oscillator 42 are passed 
when the ?ip-?op associated with an AND gate is reset 
and all previous lower order ?ip-?ops are set. This results 
in each successive pulse group being half the frequency 
of the previous one and offset by one count from the 
previous group thus yielding the desired input signal to 
the rate multipliers 34 and 36, as shown in FIG. 3A. 
The gate 150 has two enabling signals, both of which 

are necessary to pass the oscillator signal and thereby 
activate the clock pulse register 38. One enabling signal 
indicates the end of the normalizing operation, to be ex 
plained in detail hereinafter, and may originate from the 
most signi?cant bit positions of the AX and AY registers 
28 and 30. A binary ONE shifted into the most signi?cant 
bit position of either of the AX and AY registers 28 or 30 
will produce the enabling signal. The second signal orig 
inates in the time register 41 and is removed when the time 
register count reaches zero. The time register 41 is a 
simple counter having a preset stored number from which 
it counts down to zero. The number stored in the time 
register 41 is related to the maximum number of pulses 
required from the clock register 38. Thus, the clock pulse 
register 38 is enabled from the end of the normalizing 
cycle to the instant the time register 41 is counted down 
to zero. 
The system described thus far would succeed in draw 

ing vectors or lines on the CRT 12 by loading the starting 
point information in the UP/ DOWN counters 24 and 26, 
loading the magnitude and direction data into the AX and 
AY registers 28 and 30, and the enabling the clock pulse 
register 38 to produce the requisite pulse groups. The ap 
propriate pulse groups are directed to X and Y UP/ 
DOWN counters 24 and 26 by the respective rate multi 
pliers 34 and 36. The operation described thus far would 
result in all vectors being written on the CRT 12 in the 
same length of time resulting in the writing rate on the 
CRT to vary over a range that may be larger than 1000: 1. 
To write all vectors in a time which is substantially 

proportional to the length of the vector, normalization 
is introduced before the clock pulse register 38 is enabled. 
Normalization is accomplished by shifting the data in the 
AX and AY registers 34 and 36 one bit at a time towards 
the most signi?cant bit position in each register. If no 
other action were taken, with each shift of the AX and 
AY registers 28 and 30 twice as many pulses would ap 
pear in the composite pulse trains appearing at the output 
of the rate multipliers 34 and 36 as would normally occur 
for a vector of a given magnitude. However, part of the 
normalization is to shift the value in the time register 41 
one bit towards the least signi?cant binary position which 
results in the clock register 38 being enabled for one half 
the time. Given a ?xed frequency of operation as set by 
oscillator 42, the time to count a number, n/Z, down to 
zero is half the time required to count a number, n, down 
to zero. Since the clock pulse register 38 is only activated 
during the period of time that the time register 4 is 
counting down to zero, with each shift pulse during nor 
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malization the time that the clock pulse register 38 is 
activated will be cut in half. By shifting the time register 
41 concurrent with shifting the AX and AY registers, the 
same number of pulses appear in the composite pulse 
trains, but the period of time is halved with each shift. 
This normalization is repeated until a ONE is detected 
in the highest order bit position of either the AX register 
28 or the AY register 30. 

Normalization does not change the number of pulses 
in the composite pulse trains. It does change the length 
of time in which these pulses occur. If T is the maximum 
length of time required to draw the longest line, then the 
time utilized to draw any line is T/m' where m is the num 
ber of shift pulses during normalization. If the longest 

. line is kT where k is a simple proportionality constant, 
then it would be desirable for the length of the line drawn 
in time T/ml to be kT/mr. Normalization does not produce 
this result exactly but instead draws lines in time T/m 
which vary from .SkT/m to \/2IcT/m. The variation, 
2.8: l, is a signi?cant improvement over the 1000z1 range 
present before normalization and may be said to represent 
a substantial proportionality between line length and the 
line writing time. 
One embodiment of the control logic 32 which may be 

employed to accomplish the required shifting for normal 
ization is shown in FIG. 1 and includes a strobe 50 having 
a ?rst output connection to the computer 22 and a sec 
ond output connection to a ?rst ?ip-?op 52. A ?rst gate 56 
has an input connection from the ?rst ?ip-?op 52 and in 
put connections from the AX and AY registers 28 and 30. 
A second ?ip-?op 58 has an input connection from the 
?rst gate 56 and an output connection to a second gate 60. 
A second input connection to the second gate 60 comes 
from a clock. 

In operation, the signal from the strobe 50 is sent to 
the computer 22 to load the UP/DOWN counters 24 and 
26 and the AX and AY registers 28 and 30. After the data 
is received, the strobe sends a signal to the ?rst ?ip-?op 
52 which, in turn, supplies an input signal to the ?rst gate 
56. The other two inputs to the ?rst gate 56 originate at 
the ONE output of the most signi?cant bit position in 
the AX and AY registers 28 and 30. If neither the AX 
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register 28 or the AY register 30 have a ONE in the most > 
signi?cant bit position, the clock pulses are passed through 
the second gate 60 to the AX and AY registers 28 and 30 
and the time register 41 as a series of shift pulses to nor 
malize the data as explained hereina‘bove. When a ONE 
appears in the most signi?cant bit position of either the 
AX orAY registers 28 or 30, it passes through the ?rst 
gate 56 and resets ?ip-?op 58 which, in turn, inhibits the 
second gate 60 blocking the clock signal and thus stopping 
the shift pulses to the time register 41 and the AX and AY 
registers 28 and 30. When normalization is thus ended, the 
pulses from oscillator 42 are passed to the clock pulse 
register 38 to produce the pulse groups and to the time reg 
ister 41 counting it down towards zero. For as long as the 
time register is still nonzero, the pulse groups are pro 
duced, combined into composite trains, and used to count 
up or down the starting poistion values in the AX‘ and AY 
‘registers 28 and 30, thus describing the line as it moves 
from its original position (X, Y) to its ?nal position 
(X+AX, Y+AY). 
From the foregoing, it is evident that a digital vector 

display system has been provided which is simple in con 
struction and extremely ?exible. The system is adaptable 
to larger or smaller displays by merely adding to or sub 
tracting from the length of the various registers, and 
it may be made faster or slower merely by changing the 
frequency of the clock. 
What is claimed is: 
1. A digital vector generator comprising: 
a source of digital signals representing the starting 

point, direction and length of a vector to be dis 
played; 

means for generating pulse trains in response to the 
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6 
digital signals representing the length of the com 
ponents of the vector from said source of digital 
signals, each of said pulse trains having a number 
of pulses proportional to the length of the com 
ponent and having a time base, said number of 
pulses being substantially evenly distributed within 
said time base; 

summing means having input connections from said 
source of digital signals and from said means for 
generating pulse trains and being operative in re 
sponse to the digital signal representing the starting 
point from said source of digital signals and to the 
pulse trains from said means for generating pulse 
trains to generate a composite digital signal, repre 
senting the vector; and 

display means connected to said summing means and 
being operative in response to the composite digital 
signal from said summing means to display said 
vector. 

2. A digital vector generator according to claim 1 
wherein said means for generating pulse trains includes: 

?rst storage means having a most signi?cant bit posi 
tion and being operative to store the digital signals 
representing the direction and length of a ?rst of the 
vector components from said source of digital sig 
nals; 

a clock pulse generator having a plurality of output 
terminals and being operable to generate pulse groups, 
each pulse group being of increasing binary sig 
ni?cance and each group being uniformly spaced in 
time; and 

?rst gating means having input connections from 
said ?rst storage means and said clock pulse gener 
ator and being operative in response to the signals 
from said ?rst storage means and said clock pulse 
generator to generate a pulse train in which the num 
ber of pulses is proportional to the length of said 
?rst vector component. 

3. A digital vector generator according to claim 2 where 
in said clock pulse generator includes: 
an oscillator operative to generate a series of pulses 

at a ?xed rate; 
counting means operative to count down to zero from 

a predetermined reference number stored in said 
counting means and to generate a control signal when 
the count reaches zero; and 

clock pulse register means having input connections 
from said oscillator, said counting means and said 
?rst storage means, and a plurality of output con 
nections to said ?rst gating means, said clock pulse 
register means being operative in response to the 
pulses from said oscillator to generate a plurality of 
pulse groups, each pulse group occurring on one of 
the plurality of output connections and being of in 
creasing binary signi?cance and uniformly distributed 
over a predetermined time interval such that no two 
pulses of said plurality of pulses occur simultane 
ously, said clock pulse register means being operative 
to generate said pulse groups when a predetermined 
signal is received from said ?rst storage means and 
in the absence of the control signal from said count 
ing means. 

4. A digital vector generator according to claim 3 
wherein said clock register means includes: 

second gating means having input connections from 
said ?rst storage means, said oscillator and said 
counting means, said second gating means being oper 
ative to pass the output signal from said oscillator 
when a signal is received from said ?rst storage 
means and to inhibit the oscillator signal when a 
control signal is received from said counting means; 

a plurality of serially connected ?ip-?ops, each having 
an input connection and ?rst and second output con 
nections, said ?rst output connection being connected 
to the input connection of the preceding ?ip-?op, the 
?rst of said plurality of ?ip-?ops having its input 
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connection connected to the second gating means; 
and 

a ?rst plurality of AND gates, each of which is asso 
ciated with one of said plurality of serially connected 
?ip-?ops and each of which has input connections 
from the second gating means, the second output 
connection of its associated ?ip-?op and the ?rst out 
put connection of each preceding ?ip-?op, each of 
said AND gates being operative to pass the output 
signal from said second gating means upon coinci 
dence of signals at its input connections. 

5. A digital vector generator according to claim 2 
wherein said ?rst storage means is a shift register hav 

ing a plurality of stages and 
wherein said ?rst gating means includes: 

a second plurality of AND gates, each having a 
?rst input connection from one of the stages of 
said ?rst storage means and a second input con 
nection from one of the plurality of output ter 
minals of said clock pulse generator, each of 
said AND gates being operable to pass its Ie~ 
spective pulse group from said clock pulse gen 
erator when a “ONE” is stored in its respective 
stage of said shift register; and 

an OR gate having input connections from each of 
said second plurality of AND gates and being 
operative to pass all pulse groups appearing at 
its input connection whereby a composite digital 
pulse train representing the length of the ?rst 
component of the vector is generated. 

6. A digital vector generator according to claim 2 
wherein said means for generating pulse trains further in 
cludes normalizing means connected to said ?rst storage 
means and to said clock pulse generator for adjusting the 
time base of said pulse trains to be substantially propor 
tional to the length of the vector component. 

7. A digital vector generator according to claim 6 
wherein said normalizing means includes: 

logic means having an input connection from said ?rst 
storage means, a ?rst output connection to said ?rst 
storage means and a second output connection to said 
clock pulse generator, said logic means being oper 
able to supply a series of shift pulses to said ?rst 
storage means and to said clock pulse generator, said 
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?rst storage means being operative in response to the 
shift pulses from said logic means to shift the digital 
information towards the most signi?cant bit position 
and said clock pulse generator being operative in 
response to each shift pulse from said logic means to 
half the time of each output pulse group whereby 
the number of pulses in each of said pulse groups is 
constant for a given vector component length. 

8. A digital vector generator according to claim 7 
wherein said logic means includes: 

a clock operative to generate a series of shift pulses; 
third gating means having an input connection to said 

clock and an output connection to said ?rst storage 
means and to said clock pulse generator, said third 
gating means being operative to pass the shift pulses 
from said clock to said clock pulse generator and to 
said ?rst storage means; and 

inhibiting means having an input connection from 
said ?rst storage means and being operative in re 
sponse to digital information in the most signi?cant 
bit position of said ?rst storage means to inhibit the 
third gating means. 

9. A digital vector generator according to claim 1 
wherein said summing means includes UP/ DOWN count 
ters operative to store the starting point information of 
the vector to be displayed, said UP/ DOWN counters being 
operative to add the pulse trains from said means for 
generating pulse trains to the starting point information 
to form a composite digital signal representing the vector 
to be displayed. 
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