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[5 7] ABSTRACT 
Graphic information from an electronic computer or 
the like is written into a memory matrix in a dotted 
pattern corresponding to a ?gure to be displayed using 
a function generator which generates line segments, 
corresponding to the graphic information. The infor 
mation in the memory matrix is then shifted into a re 
circulating memory for displaying the graphic infor~ 
mation in the form of a ?gure on a CRT, such as the 
screen of a TV set. The recirculating memory is syn 
chronized with the raster scan of the TV set, and thus 
there is no need for synchronizing the display system 
with the computer. 

5 Claims, 6 Drawing Figures 
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GRAPHIC DISPLAY HAVING RECIRCULATING 
VIDEO MEMORY 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates generally to graphic 

display systems, and more particularly to a graphic dis 
play system useful as an input-output device for an 
electronic computer. 

2. Description of the Prior Art 
In the past, graphic display systems which used the 

so-called “stroke writing method" were known for han 
dling exchanges of information with computers. These 
stroke writing systems, however, were expensive to 
manufacture because of the necessity of using an elec 
tron beam de?ection device which requires electric 
power amplifiers of a large capacity and a correspond 
ing large capacity electric power supply. 

SUMMARY OF THE INVENTION 

It is therefore one object of this invention to provide 
a new, improved and unique graphic display system 
which does not require an electron beam de?ection de 
vice of the type required in stroke writing display sys 
tems. ' 

Another object of this invention is to provide a 
graphic display system in which the graphic display is 
made by controlling the brightness of a cathode-ray 
tube. 
A further object of this invention is to provide‘ a 

graphic display system in which graphic information 
from an electronic computer is written in a memory 
matrix through a function generator which generates a 
function representing a line segment, and then the con 
tent in the memory matrix is fed into a refresh or recir 
culating memory device for displaying a figure on the 
screen of a cathode-ray tube of a TV set, wherein it is 
not required to synchronize the computer with the TV 
set. ' 

Brie?y, in accordance with one aspect of the inven 
tion, a function generator is provided for generating co 
ordinate components of each line segment of a figure 
to be displayed in accordance with information ema 
nating from an electronic computer. There is provided 
a memory matrix for storing a dotted pattern of the fig 
ure to be displayed in accordance with the output from 
the function generator. A refresh or recirculating mem 
ory device is also provided for storing the content of 
the memory matrix. The contents of the memory ma 
trix are circulated in the refresh memory synchronized 
with the scanning raster of a cathode-ray tube so as to 
feed brightness signals thereto. 

BRIEF DESCRIPTION OF THE DRAWINGS 
These and other objects and advantages ofthis inven 

tion will be readily appreciated as the same becomes 
better understood by reference to the following de 
tailed description when considered in connection with 
the accompanying drawings, wherein: 
FIG. I is a block diagram of one embodiment of a 

graphic display system in accordance with the present 
invention; I 

FIG. 2 shows the details of the function generator‘ il 
lustrated in block form in FIG. 1; 
FIG. 3 is a more detailed block diagram of the mem 

ory matrix illustrated in FIG. 1; 
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2 
FIG. 4 is a detailed logic block diagram of the refresh 

memory device illustrated in FIG. 1; 
FIG. 5 is a block diagram ofa circuit for carrying out 

a partial supplement of a figure to be displayed; and, 
FIG. 6 is ‘a block diagram of a circuit for carrying out 

a partial elimination of a ?gure to be displayed. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now to the drawings, and more particularly 
to FIG. 1 thereof, a graphic display system is shown ref 
erenced generally by the numeral 10. This system dis 
plays a ?gure or image on the screens of either one of, 
or both of, cathode-ray tubes 11 and I2 in response to 
graphic information from an electronic computer 13, 
or similar device fed through a control circuit 14. For 
convenience-of description, each cathode-ray tube is 
referred to as a CRT. The control circuit 14 is provided 
for controlling circuit elements described hereinbelow 
in response to clock pulses coming from computer 13. 

The ?gure to be displayed on the CRT screen is first 
written or stored in a fixed memory device within the 
computer 13 in the form of numerous line segments, 
and the signals corresponding to each of the segments 
are fed sequentiallyv to a function generator 15 under 
the control of control circuit 14. 
The function generator 15 generates an output there 

from in response to the coordinate components of each ~ 
7 line segment as described below, and the coordinate 
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components of each line segment are written into the 
corresponding addresses of a memory matrix 16 under 
the control of control circuit 14. In this way, the figure‘ 
to be displayed on the CRT screen is written inmemory 
matrix 16 in the form of a dotted pattern. 
When a figure has been thus written into memory 

matrix 16, the contentgof memory matrix 16 is shifted 
into either of refresh memories 17 or 18 selectively 
under the control of control circuit 14. The contents of‘ 
refresh memories 17 and 18 are circulated in synchro 
nism with the raster scanning of CRT’s 11 and 12, and I 
are used to apply brightness signals to the CRT’s 11 and 
12 which are overlapped with the raster thereof.‘ 
The function generator 15 is shown in detail in FIG. 

2 as including an X-axis component register 19 and a 
Y-axis component register 20 which are respectively 
set to the coordinate components of a line segment 
which are fed from control circuit I4 in binary coded 
form. The largest digits S,\- and Sy of registers 19 and 20 
are bits for defining the polarity of the coordinate of 
the line segment. A binary counter 21 is provided for 
counting clock pulses C,, from ‘control circuit 14 
through an ANDgate 22 when a line command is intro 
duced from control circuit 14 to AND gate 22 after the 
coordinate components of a line segment have been set 
into registers 19 and 20. The individual digit stages of 
registers 19 and 20 and binary counter 21 are respec 
tively connected to AND gates 23 to 26 and 27 to 30 
as shown, and the outputs of AND gates 23 to 26 and 
27 to 30 are respectively connected to OR gates 31 and 
32. Thus, as the binary counter 21 carries out a count 
ing operation, the content of counter 21, which corre 
sponds to the repetition frequency of the clock pulses, 
is modulated in accordance with the contents of regis 
ters l9 and 20. Accordingly output pulses are produced 
at the outputs of OR gates 31 and 32 which are fre 
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quency modulated by the coordinate components of a 
line segment which are set in registers 19 and 20. 
The output of OR gate 31 is connected to an addition 

input and a subtraction input of an X-axis reversible 
counter 33 through AND gates 34 and 35. AND gate 
34 is also connected to the largest digit of register 19 
so as to conduct the output pulses of OR gate 31 to the 
addition input of counter 33 when the largest digit of 
register 19 presents ‘one polarity SA’ of the coordinate 
components of a line segment. Similarly, AND gate 35 
is connected to the largest digit of register 19 through 
a NOT circuit 36 so as to conduct the output pulses of 
OR gate 31 to the subtraction input of counter 33 when 
the largest digit of register 19 presents the other polar 
ity 3, of the coordinate components of the line seg 
ment. 

Similarly, the output of OR gate 32 is connected to 
an addition input and a subtraction input ofa Y-axis re 
versible counter or register'37 through AND gates 38 
and 39. AND gate 38 is also connected to the largest 
digit of register 20 so as to conduct the output pulses 
ofOR gate 32 to the addition input of register 37 when 
the largest digit of register 20 presents one polarity Sy. 
AND gate 39 is also connected to the largest digit of 
register 20 through a NOT circuit 40 so as to conduct 
the output pulses of OR gate 32 to the subtraction input 
of counter 37 when the largest digit of register 20 pres 
ents the other polarity'S_,>. 

In order to initially define the origin of a line seg 
ment, AND gates 41 and 42 are connected to reversible 
counters 33 and 37. In this way, a positioning signal is 
fed to AND gates 41 and 42 from control circuit 14 
prior to the counting operation of the output pulses 
from OR gates 31 and 32, and then pulses which pres 
ent the origin coordinates X, and Y0 ofthe line segment 
are fed from control circuit 14 into the reversible 
counters 33 and 37 so as to cause them to count the ori 
gin coordinates X0 and Y, of the line segment. 

In this way. the origin of a line segment is first 
counted in counters 33 and 37, and next the coordinate 
components of the line segment, which correspond to 
the contents of registers 19 and 20, are counted in the 
counters 33 and 37 in accordance with the polarities of 
the largest digit of registers 19 and 20. Thus, when the 
content of binary counter 21 becomes full, the binary 
counter 21 generates an end signal therefrom to 
thereby begin the next operation of the control circuit 
14 so that the various segments of a line are sequen 
tially counted in counters 33 and 37. 
The memory matrix 16 is shown in more detail in 

- FIG. 3. Ifit is assumed that the screens of CRT‘s l1 and 
12 are formed of a cluster of 512 dots, there are pro 
vided 512 rows of integrated circuits IC,, IC;,— and 
[Cm respectively having 512 addresses. The X-axis 
counter 33 shown in FIG. 2 _is coupled to the integrated 
circuits IC,, IC2,—- and ICm to separately select them. 
The Y-axis counter 37 of FIG. 2 is also coupled to the 
integrated circuits IC,, IC2.—- and [Cm to select appro 
priate addresses. 
As stated above, when the X and Y-axis counters 33 

and 37 count the coordinate components of a line seg 
ment. the coordinate components are respectively writ 
ten into the corresponding addresses of integrated cir 
cuits IC,, IC2— and ICm. The segments of a line are 
thus written into memory matrix 16 sequentially under 
the control of control circuit 14 so as to form a dotted 
pattern corresponding to a figure to be displayed. 
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4 
In order to transfer the dotted pattern in the memory 

matrix 16 to the refresh or recirculating memories 17 
or 18, there is provided a group of ?ip-?ops 45 con 
nected to the integrated circuits 1C1, IC2— and ICm. 
When the content of memory matrix 16 is to be read 
out, the X-axis counter 33 is cut out of the memory ma 
trix 16, and then the read-out pulses are fed from con 
trol circuit 14 to the Y-axis counter 37 to transfer the 
content of one line of memory matrix 16 to ?ip-?ops 
45 in parallel, as shown with a reference numeral 46. 

In FIG. 4, the refresh or recirculating memory 17 is 
shown in more detail. The refresh memory includes 
512 rows of shift registers SR1, SR2,—SR5,2, which may 
be MOS integrated circuits for example, and each of 
which corresponds to a respective raster of the CRT 
screen and has a number of bits corresponding to the 
sum ofthe number of dots to be displayed on one raster 
and the fly-back time of the electron beam. The shift 
registers SR1, SR2—SRm are respectively connected in 
a closed loop. A high frequency pulse generator 47 is 
provided in the aforesaid control circuit 14 of FIG. 1 
for feeding shift pulses to the shift registers SR1, 
SR2—SR512 so that the content of the respective shift 
registers can be circulated in the closed loop. 
A line counter 48, which has the same capacity as the 

respective shift registers SR1, SR2—SR5,2 is provided 
for counting shift pulses from ‘pulse generator 47. The 
output pulses of line counter 48 are fed to a raster 
counter 49 as horizontal synchronizing signals H. The 
outputs from each stage of the raster counter 49 are 
employed for selection of the corresponding shift regis 
ters SRI, SR2—SR5,2 as follows. 
'In order to transfer the content of ?ip-?ops 45 of 

memory matrix 16 of FIG. 3 to the shift registers SR,, 
SR2. —SR_,,2, an AND gate 50 is provided for feeding 
the shift pulses from pulse generator 47 to ?ip-?ops 45. , 
AND gate 50 also has an input connected to the output 
of line counter 48 through a NOT circuit 51. Thus, the 
AND gate 50 passes the shift pulses from pulse genera 
tor 47 to ?ip-?ops 45 during the counting operation of 
line counter 48. 

In order to select one of shift registers SR1, SR2-—Sm 
to which the content of ?ip-?ops 45 is transferred in se 
ries, AND gates 51, 52, 53, 54 etc. are provided corre 
sponding to shift registers SR,, SRz— and SRm. One 
input of each of AND gates 52, 53, 54 etc. is connected 
to the output of ?ip-?ops 45 and other input of each of 
the same AND gates is connected to the respective out 
put stages of raster counter 49. 

If it is assumed that an output has been produced by 
the uppermost stage of raster counter 49 due to a hori 
zontal synchronizing pulse H from line counter 48, 
AND gate 52 allows the content of ?ip-?ops 45 to be 
transferred into the uppermost shift register SR,. 
Thus, when the ?rst data transfer from flip-?ops 45 

has been made, the other data from the second line of 
memory matrix 16 of FIG. 3 is set into ?ip-?ops 45, and 
then AND gate 53 is opened by the second stage output 
of raster counter 49 caused by the next output pulse 
from line counter 48. In this way, the content of flip 
?ops 45 is now transferred into the second shift register 
SR2. 
The contents of all of the lines of memory matrix 16 

are similarly transferred into the corresponding shift 
registers SR1, SR2—SR_m. 
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AND gates 55, 56, 56 etc. are provided for reading 
out the contents of shift registers SR1, SR2—SR512 in 
turn, and the same respectively each have one input 
connected to the output of the corresponding shift reg 
isters SR1, SR2—SRm. Additionally, each of the AND 
gates 55, 56, 57 etc. respectively have their other input 
connected to the corresponding stage of raster counter 
49. 
When the uppermost stage of raster counter 49 gen 

erates an output signal, AND gate 55 is opened to read 
out the content of shift register SR,, and at the same 
time the scanning of the uppermost raster of the CRT 
screen is started. The content of shift register SR, is se 
quentially fed out through AND gate 55 by the shift 
pulses from pulse generator 47 applied to the shift reg 
ister SR1. It can be understood that if the read-out of 
the content of shift register SR, has terminated, the 
content shift register SR, is returned to the initial con 
dition because of the circulating operation due to the 
closed loop. 
When the second output is produced by line counter 

48, the raster counter 49 generates an output at the 
second stage thereof so that AND gate 56 allows the 
content of the second shift register SR2 to be read out 
therethrough. Similarly, when the read-out of the con_ 
tent of shift register SR2 has terminated, the content of 
shift register SR2 is returned to the initial condition be 
cause of the circulating operation due to the closed 
loop, and then AND gate 56 is closed. In this way, the 
contents of Shift registers SR1, SR2-—SR5,2 are read out 
in turn in accordance with the raster sequence. 
The outputs ofAND gates 55, 56 etc. are fed into OR 

gate 58, and then applied to CRT 11 so as to carry out 
the brightness modulation of the raster thereof. 

In this way, the rasters on the screen of CRT ll are 
respectively modulated by the content of the corre 
sponding shift registers SR1, SR2— and SRm so that a 
figure is displayed on CRT screen in accordance with 
the graphic information from computer 13. 

If it is necessary to display a suitable background on 
the CRT screen overlapping the display resulting from 
the refresh memory I7, an overlapping circuit 59, 
which is connected to another video signal source 60, 
such as a TV camera or a video tape recorder, may be 
provided between OR gate 58 and CRT 11. 

Referring again to FIG. I, it is understood that the re 
fresh memory 18 may also be constructed as shown in 
FIG. 4. The CRT 12, located at a different position, can 
be used to display the same ?gure as the CRT 11. Addi 
tionally, when the memory matrix 16 is not employed 
for displaying a ?gure on CRT 11, it can be employed 
for transferring other contents thereof to the refresh 
memory 18 in order to display another ?gure on the 
screen of CRT 12 under the control of control circuit 
14. 
The memory matrix 16 of FIG. 3 can be constructed 

having a memory capacity of one fourth (1/4) that of 
the refresh memory 17 of FIG. 4 in order to reduce the 
cost thereof. In this case, the refresh memory 17 of 
FIG. 4 is divided into four sections corresponding to 
four sections of the display screen, each including 
256X256 dots therein. The content of memory matrix 
16 is then selectively transferred into each section of 
the refresh memory 17 under the control of control cir 
cuit 14. 
FIG. 5 shows a block diagram for the partial addition 

of a figure to be displayed. A part of the ?gure to be 
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6 
added is written into the memory matrix 16 and over 
lapped with the circulating content of the refresh mem 
ory 17 through an OR gate 61 to be displayed on the 
screen of CRT 11. 
FIG. 6 shows a block diagram for the partial elimina 

tion of a ?gure to be displayed. A part of the ?gure to 
be eliminated is similarly written into the memory ma 
trix l6, and transferred into the refresh memory 17 
through an AND gate 62 so as to be displayed on the 
screen of the CRT 11 as a bar pattern. 

In accordance with the invention, the graphic display 
system can be made inexpensively because the electron 
beam deflection device which was required for writing 
a ?gure with the “stroke writing” system has been elim 
inated. The ?gure information from a computer is writ 
ten into a memory matrix in a similar manner to that of 
the stroke writing system, and then the content of the 
memory matrix is transferred into the refresh memory 
to be displayed on a CRT screen. Accordingly, it is not 
necessary to have synchronization between the com 
puter and the CRT display device. Further, the present 
system can be easily made to draw a ?gure on the CRT 
screen with a light pen ina similar manner to that of the 
stroke writing system. 
Obviously, numerous modi?cations and variations of» 

the present invention are possiblein light of the above 
teachings. It is therefore to be understood that within 
the scope of the appended claims, the invention may be 
practiced otherwise than as specifically described 
herein. 
What is claimed as new and desired to be secured by 

letters patent of the United States is: 
I. A graphic display system comprising: 
a function generator means for generating coordinate 
components of line segments of a figure to be dis 
played in accordance with input information; 

memory matrix means for storing a dotted pattern of 
said figure to be displayed in accordance with out 
put signals from said function generator; 

raster scanning means for scanning a cathode-ray 
tube; and 

a recirculating memory means for storing informa 
tion shifted from said memory matrix means, said 
information shifted from said memory matrix 
means being circulated in synchronism with said 
raster scanning means; 

wherein said recirculating memory means is com 
prised of a number of closed loop shift registers, 
said number corresponding to the number of raster ‘ 
scans of said cathode-ray tube carried out by said 
raster scanning means in one cycle of its operation. 

2.v A graphic display system, as in claim 1, further 
comprising: " ' 

raster counter means for transferring said dotted pat~ 
tern stored in said matrix memory means to said 
shift registers on a line by line basis in a predeter 
mined sequence, 

pulse generator means for generating shift pulses; 
and, 

line counter means for feeding pulses to said raster 
counter by counting predetermined shift pulses 
from said pulse generator means. _ 

3. A graphic display system as in claim 1 wherein said 
function generator means includes reversible counter 
means for addressing said memory matrix means and 
further includes gate means connected to said revers 
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ible counter means for counting the origin coordinates 5. A graphic display system as in claim 1 including 
of a ‘me Segmem' means for a partial addition of said figure to be dis 

‘4. A graphic display system as in claim 1 including 
means for a partial elimination of said ?gure to be dis- played‘ 
played - 5 * * * * >|< 
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