
United States Patent 
Kashio 

[151 3,691,551 
[451 Sept. 12,1972 

[54] SYSTEM FOR GENERATING TRACING 
SIGNALS FOR DISPLAYING OR 
RECORDING CHARACTERS 

[72] Inventor: Toshio Kashio, Tokyo, Japan 

[73] Assignee: Casio Computer Kabushiki Kaisha, 
Tokyo, Japan 

[22] Filed: April 28, 1970 

[21] Appl. No.: 32,539 

[30] Foreign Application Priority Data 

-May 2, 1969 Japan .................... ..44/33587 

[52] US. Cl .......... ..340/324 A, 235/l50.53, 235/198 
[51] Int. Cl ............................................... ..G06f 3/14 
[58] Field of Search ......... ..340/324 A; 235/197, 198, 

150.53 

[56] References Cited 

UNITED STATES PATENTS 

3,335,416 8/1967 Hughes .................... ..340/324 
3,090,041 5/ 1963 Dell ......................... ..340/324 
3,329,948 7/1967 Halsted .................... ..340/324 
3,510,865 5/1970 Callahan et al. 340/324 A 
3,540,032 11/1970 Criscimagna et al. .340/324 A 
3,587,083 6/1971 Tubinis ................ ..340/324 A 

Primary Examiner-John W. Caldwell 
Assistant Examiner-Marshall M. Curtis 
Attomey-Nelson H. Shapiro 

[5 7] ABSTRACT 
In a display or recording device such as cathode ray 
tube or ink jet recording apparatus, the characters or 
indicia to be displayed or recorded are resolved into a 

~ plurality of strokes representative of X and Y com 
ponents of the X-Y coordinate system to electrically 
store them in a memory. Then, the memory is inter 
rogated to read out the information stored therein, 
and in accordance with the read-out information, con 
trol signals are generated to control the horizontal and 
vertical de?ection electrodes to synthesize one stroke 
with another stroke for display or record of the 
characters or indicia. The strokes are classi?ed into 
linear segments and are segments. The are segments 
which represent the curved portions of the characters 
are quantized into a plurality of steps and are formed 
by one of eight quadrant strokes by employing X and 
Y up-down counters. After the counters are set to an 
initial value representing the starting point of the arc 
segment, the X and Y counters are incremented in a 
plurality of steps each having values of 0,1, or 2 in 
either the up or down direction. 

4 Claims, 19 Drawing Figures 
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SYSTEM FOR GENERATING TRACING SIGNALS 
FOR DISPLAYING OR RECORDING CHARACTERS 

The present invention relates generally to a 
character synthesizing system and more particularly to 
apparatus for generating tracing signals for displaying 
or recording characters or indicia. 
With advent of electronic computers, the character 

recording and display devices are widely used as output 
equipment for providing the processed information in a 
form which can be readily and visually intelligible to a 
human being. The present invention may be ad 
vantageously applied to an ink jet recording device or a 
display device utilizing a CRT for electronically record 
ing or displaying the characters or indicia (hereinafter 
referred to as “character” exclusively) upon a record 
ing or display medium. In case of recording or display 
ing the characters by use of the ink jet recording device 
or the cathode-ray tube, a character is generally 
resolved into X and Y components and the sweep 
signals representative of the X and Y components are 
applied to the horizontal and vertical de?ecting elec 
trodes for recording or displaying the characters. In 
view of economy and reliability in operation, various 
digital control processes are employed in the character 
recording or display devices of the type described 

' above. However, the characters are synthesized by the 
combinations of the linear segments when the 
character synthesizer is controlled digitally so that 
there is a defect that the synthesized character does not 
look natural, that is the character has edge ruggedness. 

It is therefore the primary object of the present in 
vention to provide an X and Y electrode control system 
capable of synthesizing a character consisting of linear 
segments and are segments which represent the arcu 
ated portions of the character with high ?delity under 
the control of a digital control circuit simple in con 
struction. 
Another object of the present invention is to provide 

a process and apparatus for generating the tracing 
signals for recording or displaying the characters hav 
ing curved or arcuate portions two-dimensionally by 
use of memory means simple in construction. 
Another object of the present invention is to provide 

a process and apparatus for generating tracing signals 
of the type in which the characters having curved or ar 
cuate portions are resolved into X and Y components 
which in turn are divided into a plurality of strokes 
each of which is further quantized into a plurality of 
steps and which has memory means for storing therein 
the informations representative of the reference posi 
tions or initial values of the characters to be synthes 
ized the information representative of the increase or 
decrease of one stoke relative to the preceding stroke, 
and the information representative of the increment or 
decrement in the quantized steps of one stroke. 
Another object of the present invention is to provide 

a character synthesizing or tracing signal generating ap 
paratus including memory means, X and Y up-down 
counter means operable in response to the informa 
tions representative of the increment or decrement and 
the information representative of a value of increment 
or decrement in a unit stroke, the X- and Y-counter 
means being set to the initial values in response to the 
information read out from the memory means and 
digital-to-analog converter means for converting the 
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outputs from the counter means into the analog signals 
to be applied to the horizontal and vertical de?ecting 
electrodes. 
Another object of the present invention is to provide 

an improved tracing or display ' signal generating 
process and apparatus for resolving a two-dimensional 
character having curved or arcuate portions into the X 
and Y components of the X-Y coordinate system, 
quantizing each of said components into one or more 
unit steps, storing the information each representative 
of an initial value of an quantized component and the 
information representative of the increase or decrease 
of an quantized step relative to the preceding step and 
the information representative of a magnitude of the in 
crement or decrement in each step, reading out the 
content of the memory in response to the display in 
struction and generating the output signals for synthes 
izing a two-dimensional character having a curved or 
arcuate portion in response to the read-out signal. 
The present invention provides apparatus for 

synthesizing a character comprising resolving a 
character into X andY components of the X-Y coor 
dinate system, each of said X and Y components being 
composed of a plurality of unit strokes each having a 
predetermined unit length and making the increment 

' or decrement of each of said components not equal, 
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thereby forming a stroke of an arc portion, represent 
ing the stroke of the arc portion by a quadrant which is 
determined by a pattern composed of a plurality of 
dots, selecting the stroke of the arc portion by selecting 
one of a plurality of quadrants and synthesizing a 
character by combining the strokes of the arc portions 
with the other strokes. Therefore, the characters may 
be smoothly traced or synthesized under the control of 
the tracing or display signals. 
The present invention provides’ apparatus for 

synthesizing the characters by resolving a character 
into X and Y components of the X-Y coordinate 
system, each of said X and Y components being com 
posed of a plurality of unit strokes each having a 
predetermined unit length, storing information as to 
said unit strokes of said X and Y components into a 
memory and reading out from said memory the stored 
information for synthesizing the character. Strokes 
representative of an’ arc portion are divided divided 
into a plurality of steps. The apparatus includes means 
for reading from the memory the information represen 
tative of a reference position as an initial value into X 
and Y up-down counter means, setting said counter 
means to said initial value prior to the operation 
thereof, reading out from the memory means the infor 
mation designating either of two patterns of the arc 
portions, simultaneously reading out from the memory 
means an information designating either of two opera 
tion modes in each step, and synthesizing the stroke of 
the arc portion with the other strokes, thereby generat 
ing the signals for synthesizing each of the characters. 
Therefore, the character synthesizing or tracing signals 
may be continuously generated. 

Brie?y, the apparatus of the present invention em 
ploys X and Y up-down counters each having up, 
down, and no-counting operation modes. Clock pulses 
of predetermined repetition rate are generated and 
connected to the counters to be counted. The digital 
outputs of the counters are converted by digital-to 
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analog converters to analog signals which are applied 
to the X and Y de?ection means of the apparatus. 
Memory means is provided to store, as to each of the 
characters to be composed by a plurality of strokes 
each composed of a plurality of steps, the strokes in 
cluding at least one quadrant stroke, information to be 
supplied to the counters for controlling the initial 
setting of the counters and for selecting one of the 
operation modes of the counters during a time period 
of each stroke. The memory means is connected to the 
counters for controlling the counters in accordance 
with the information supplied from the memory means, 
and means responsive to the information correspond 
ing to the quadrant strokes generates control signals to 
shift the contents of the counters by predetermined 
values every step during the time period of the 
quadrant stroke. Access means in the form of a shift re 
gister supplies information to the counters every time 
period of each stroke, and means for selecting one of 
the characters to be composed is connected to the 
memory means. The clock pulses are connected to a 
ring counter for generating sequentially phase-shifted 
pulses during the time period of the quadrant stroke, 
the number of which is equal to the steps constituting 
the quadrant stroke, and the means responsive to the 
information corresponding to the quadrant strokes is 
connected to the sequentially phase-shifted pulses to 
produce the control signals supplied to the counters. 
The memory means is a matrix having two sets of con 
trol terminals one of which is connected to the select 
ing means and the other of which is connected to the 
access means. 

The above and other objects, features and ad 
vantages of the present invention will become more ap 
parent from the following description of the illustrative 
preferred embodiment thereof with reference to the ac 
companying drawings in which: 

FIGS. 1A, 1B and 1C are diagrams for explanation of 
synthesizing a character only by a combination of 
linear segments in accordance with the process 
proposed by the same inventor; 

FIG. 2 shows a character having a curved or arcuate 
portions to be synthesized in accordance with the 
present invention; 

FIG. 3 is for explanation of various types of arcs used 
in the present invention; 

FIG. 4 shows the numerals synthesized by the com 
binations of the linear and are segments in accordance 
with the present invention; 

FIG. 5 is for explanation of the steps of programming 
the x-y coordinates of the dot patterns representative 
of the arcs used in synthesizing the numerals shown in 
FIG. 4; 

FIG. 6 is a block diagram of one embodiment of 
character synthesizing apparatus in accordance with 
the present invention; 

FIG. 7 is a circuit diagram of one embodiment of a 
memory identi?ed by 600 in FIG. 6; 

FIG. 8 is a circuit diagram of a selection circuit 
identified by 603 in FIG. 6; 

FIG. 9 is a circuit diagram of a DA converter and a 
reversible counter identi?ed by 605 and 607 respec 
tively in FIG. 6; and 

FIGS. l0a-h show the relationship of various signals 
used in the instant embodiment of the invention. 
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4 
Prior to the description the terms used in the speci? 

cation are de?ned. The term “character" implies all in 
dicia including alpha-numeric and symbols. The term 
“tracing signal" is a control signal for sweeping the 
electron beams or controlling ink jet to be ejected from 
a writting head for recording or display. 

FIG. 1A illustrates one example of the character 
synthesized only by the linear segments and FIGS. 18 
and 1C illustrate how the horizontal and vertical 
deflection potentials are quantized in order to synthes 
ize the character illustrated in FIG. 1A. The horizontal 
de?ection potential V): is quantized into three discrete 
levels while the vertical de?ection potential Vy is quan 
tized into five discrete levels. These de?ection poten 
tials are applied to the horizontal and vertical de?ect 
ing electrodes of a cathode ray tube or an ink jet writ 
ing head for recording or display. The process and 
device based upon the principle described above are 
disclosed in applicant’s copending U.S. Pat. Applica 
tion Ser. No. 882057, ?led Dec. 4, 1969, and the 
present invention will be described in conjunction with 
the above-mentioned process and device. 

FIG. 2 illustrate one example of the character 
synthesized in accordance with the present invention 
and it is readily noted that the character looks more 
natural. The process and apparatus for synthesizing 
such character will be described in more detail 
hereinafter. First, the principle upon with is based the 
present invention will be discussed with the aid of the 
X-Y coordinate system. 

FIG. 3 illustrates types of arc segments used for 
synthesizing the character in accordance with the 
present invention. There are illustrated eight arcs or 
quadrants starting from a starting point P0 which is 
determined by the initial horizontal and vertical de?ec 
tion potentials. They are the arc Rl and R2 starting from 
the point P0 and terminating at the point Pa; R3 and R4 
starting from point P0 and terminating at the point Pb; 
R5 and R6 starting from the point P0 and terminating at 
the point Po; and R7 and R8 starting from the point P0 
and terminating at the point Pd. It is readily seen that 
the character which is synthesized by a combination of 
these are segments and linear segments looks more 
natural than that synthesized only by the linear seg 
ments. 

FIG. 4 illustrates the numerals synthesized by the 
various combinations of the arc and linear segments in 
accordance with the present invention and a reference 
or starting point at which the synthesize of a character 
is started is designated by a symbol 0. It will be readily 
understood that a combination of the arc and linear 
segments for synthesizing a character will be deter 
mined by a character synthesizing matrix. The are seg 
ments Rl-Rs used in synthesizing the numerals in FIG. 
4 correspond to those illustrated in FIG. 3. When the 
arc segments Rl to R8 are traced from any suitably 
selected reference or starting point 0, the objects of 
the present invention are accomplished. 

It will be seen that each linear segment may be com 
posed of a plurality of dots whose positions are func 
tions of time and that for this purpose the horizontal 
and vertical de?ection potentials being applied to the X 
and Y de?ection electrodes may be controlled by the 
digital character generators under the control of the 
UP and DOWN instructions of the digital counters 
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thereof. Each of the arc segments is also composed of a 
plurality of dots in accordance with the present inven 
tion. 

FIG. 5 illustrates a dot pattern for synthesizing the 
arc segments represented in the X-Y coordinate 
system. As seen from FIG. 5, each arc segment is com 
posed of eight dots which can represent the arc seg 
ment precisely and economically, but it will be un 
derstood that the number of dots composing an arc seg 
ment is not limited to eight. It is readily seen from FIG. 
5 that a circle may be stroked or drawn first by drawing 
the arc segment r1 from the starting point P0, drawing 
the arc segment Ra continuously from the terminating 
point P, and drawing the arc segments R5 and R7 in a 
similar manner. 
Next with reference to FIG. 5 how the dots are deter 

mined so as to draw the arc segment will be described. 
Assume that the reference or initial point P0 be already 
determined by X and Y de?ection potential levels and 
the arc segment r1 be drawn. In the ?rst step, the X 
de?ection level remains unchanged while the Y de?ec 
tion level is raised by two levels so that the point Do is 
displaced to P1. In the second step, the X de?ection 
level is raised by one level while the Y de?ection level 
is raised by two steps so that the point P1 is displaced to 
the point P2. In the third step, the X de?ection level is 
raised by one level while the Y de?ection level is raised 
by two levels so that the point P2 is displaced to the 
point P3. In a similar manner, the points are displaced 
from P3 to P4, from P4 to P5, from P5 to I’6 and ?nally 
from P6 to P1. Thus, the arc segment R1 is traced. In a 
similar manner, all of the arc segments from R, to R8 
may b drawn as shown in Table 1. 

TABLEl 

arc 

Segments l ll lll W V VI Vll (Step) 

X 0 lU lU 2U 2U 2U 2U 

Rl< 

Y 2U 2U 2U 2U 1U 1U 0 
X 2U 2U 2U 2U lU lU 0 

R2< 

Y 0 lU lU 2U 2U 2U 2U 
X 2U 2U 2U 2U 1U 1U 0 

Ril< 

Y 0 ID ID 2D 2D 2D 2D 
X 0 lU 1U 2U 2U 2U 2U 

R4< 

Y 2D 2D 2D 2D ID ID 0 
X 0 ID ID 20 2D 2D 2D 

RI|< 

Y 2D 2D 2D 2D ID ID 0 
X 20 2D 2D 2D lD 1D 0 
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Y 0 lD 1D 2D 2D 2D 20 
X 2D 2D 2D 2D ID ID 0 

R,( 

X 0 ID lD 2D 2D 2D 2D 

Rt< 

Y 2U 2U 2U 2U 1U 1U 0 

where U means that the level is raised. That is, 2 U means that the level 
is raised by two levels; 
D means that the level is decreased or down. That is. 2 D means that 
the level is decreased or down by two levels; 
0 = the level remains unchanged or “inhibited;“ 
X = X de?ection potential level; and 
Y = Y de?ection potential level. 

Since the arc segments are curved in the same 
directions as will be readily seen from FIG. 3, Table 1 
may be retabulated as shown in Table 2. 

TABLE2 

Arc 
Segments i ll III IV V VI VII (Step) 

X—~U 0 1 l 2 2 2 2 

R,( 

Y-~U 2 2 2 2 l l 0 
X—~U 2 2 2 2 l l 0 

R2< 

Y->U 0 l l 2 2 2 2 
X"U 2 2 2 2 l l 0 

RII< 

Y-*D O l l 2 2 2 2 
X-’U 0 l l 2 2 2 2 

R4< 

Y-D 2 2 2 2 l l 0 

Y—-D 2 2 2 2 l l 0 

Y~D 0 l l 2 2 2 2 

Y-*U 0 l l 2 2 2 2 
X-‘D 0 l l 2 2 2 2 

R,.< 

Y—*U 2 2 2 2 l l 0 
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where U means that X or Y de?ection potential levels are increased or 
up continuously and sequentially; and 
D means that X or Y de?ection potential levels are decreased or down 
continuously and sequentially. 

From Table 2, it will be readily seen that except the 
fact that the potential levels are increased or up or 
decreased or down, the arc segments R1, R4, R5 and R8 
are the same while R2, R3, R6 and R7 are the same in 
asmuch as the patterns or changes in level (0,1 and 2) 
in the sequential steps are concerned. Therefore, Table 
2 may be also retabulated as shown in Table 3. 

TABLE 3 

First pattern 
Step I II III 

X-shift 0 l 
Y-shift 2 2 2 

VII 

Second pattern 
X-shift 2 2 2 2 l 1 0 
Y-shift 0 l l 2 2 2 

From Table 3, it will be seen that in ?rst pattern. the 
Y~shift is ?rst large and becomes gradually smaller 
while the X-shift is ?rst small and becomes gradually 
larger. In the second pattern, the X-shift is ?rst larger 
and gradually becomes smaller while the Y-shift is ?rst 
small and gradually becomes larger. The arc segments 
in the ?rst pattern will be referred to as “Pattern A” 
while those in the second pattern will be referred to as 
“Pattern B”. Then Table 3 may be retabulated as’ 
shown in Table 4. 

TABLE 4 

Rl Pattern A XU YU 
R2 Pattern B XU YU 
R3 Pattern B XU YD 
R 4 Pattern A XU YD 
R5 Pattern A XD YD 
R? Pattern B XD YD 
R7 Pattern B XD YU 
R,‘ Pattern A XD YU 

From the foregoing, it will be seen that all of the 
eight arc segments may be drawn by designating the 
pattern whether the arc segments belong to Pattern A 
or Pattern B and the operation mode whether the X 
potential level is increased or decreased and the Y 
potential level is increased or decreased. 
Next the apparatus for practising the present inven 

tion will be described. In order to change or shift the X 
and Y de?ection potential levels in steps or discrete 
levels, digital counters are required. Each counter is a 
binary counter having a few bits, but it should be noted 
that it is capable of counting up and down not only by 
one step but also by two steps depending upon the in 
struction signals. By use of these counters of the type 
described, the control is much facilitated. These coun 
ters are similar in construction and are identi?ed by 
605 and 606 in the block diagram of FIG. 6. When the 
input signals are applied to both of the terminals U and 
I, the counter counts up by one; when the input signals 
are applied to the terminals U and II, the counter 
counts up by two; when the signals are applied to the 
terminals D and I, the counter counts down by one; and 
when the signals are applied to the terminals D and II, 
the counter counts down by two. Preset signals are ap 
plied to PS terminals of each counter. The counters 
605 and 606 are connected to digital-to-analog conver 
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8 
ters D-A in order to convert the digital outputs derived 
from the counters 605 and 606 into the corresponding 
potential levels, thereby controlling the de?ection 
potentials applied to the horizontal and vertical de?ec 
tion electrodes 609 and 610 respectively. 
The present invention will be further described with 

reference to the case of synthesizing one complete 
character shown in FIG. 4. FIG. 6 shows the block dia 
gram of the overall device of the present invention. A 
pulse generator 601 generates the pulses having dif 
ferent phases (1:1 and (#2 as shown in FIG. 10 (a). By 
the clock pulses generated by the pulse generator 601, 
a ring counter 602 is driven so as to generate the output 
pulses as shown in FIG. 10 (b) - (d). The pulses S1 
shown in FIG. 10 (b) are applied to a shift register 604 
so that it generates the output pulses as shown in FIG. 
10 (e) - (g). The pulses S1 — S7 are applied to a selec 
tion circuit 603 so that one-step-count or two-step 
count instruction signals are applied to the terminals l 
or II of the counters 605 and 606 depending upon the 
instruction representative of Pattern A or Pattern B 
derived from a programmed memory 600. The memory 
600 comprising diodes or transistors (See FIG. 7) 
presets the reversible counters 605 and 606 when the 
timing pulse t, is derived from the shift register 604 and 
when the input signal as shown in FIG. 10 (h) is applied 
to one of the recording or display terminals 0 - n. 
Therefore, the reversible counters 605 and 606 are 
operated as described hereinabove so that the outputs 
of the counters are converted by D-A converters 607 
and 608 and the corresponding de?ection potentials 
are applied to the horizontal and vertical de?ection 
electrodes 609 and 610. 

FIG. 7 is a detailed circuit diagram of the memory 
600 to which are connected the exterior or peripheral 
circuits 603, 605 and 606. The memory 600 is shown as 
being programmed for synthesizing the numeral 5 
shown in FIG. 2. I1 and I2 are inverters; 01 through 06, 
OR gates; Do through D8 diodes; and R0 through R,, re 
sistors. They are wired as shown. The selection circuit 
shown in FIG. 8 comprises AND gates AND-l through 
AND-8 and OR gates OR-l through OR-8 and controls 
the counters 605 and 606 in shifting the contents 
thereof. 602 is a ring counter for generating 7-step 
sequential time control signals. When the arc segment 
of Pattern A is selected, the shift-steps of the X and Y 
de?ection potential levels are determined based upon 
First Pattern in Table 3. The selection circuit will be 
readily understood when taken in conjunction of First 
Pattern in Table 3. Since output“ I” is derived from the 
terminal A, in the step I (S-I) the signal passes through 
the OR gate OR-l, AND gate AND 1 and OR gate 
OR-S and is applied to the terminal II of the counter 
606 so that the counter 606 is shifted by two steps. In 
this case, a signal is sent from the memory 600 to the 
terminal U, the counter is UP while when signal is ap 
plied to the terminal D, the counter is DOWN. Since no 
signal is applied to the terminals I and ll of the reversi 
ble counter 605, it remains unchanged. In the second 
step II (8-11), the signal passes through the OR-l, 
AND-1, and OR-S so that Y-counter is shifted by two 
steps and simultaneously the signal passes through 
OR—3, AND-6 and OR-8 so that X-counter is shifted 
by one step. In the third step S-III, the signal is applied 
through OR-l so that Y-counter is shifted by two steps 
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while the signal is simultaneously applied through 
OR-l so that X-counter is shifted by one step. In the 
fourth step S-IV the signal is applied through OR-l so 
that the Y-counter is shifted by two steps while the 
signal is simultaneously applied through OR-2 so that 
X-counter is shifted by two steps. In S-V, the signal 
passes through OR-2 and CR4. The signal is applied 
through OR-2, AND—4 and OR-6 so that X-counter is 
shifted by two steps. Simultaneously, the signal is ap 
plied through OR-4, AND-7 and OR-7 so hat the Y 
counter is shifted by one step. In S-VI, the signals 
passes through OR-2 and CR4 so that the X-counter 
is shifted by two steps while the Y-counter is shifted by 
one step. In S-VII the signal is applied through OR-2, 
AND-4 and OR-6 so that only the X-counter is shifted 
by two steps. 
From the foregoing it will be seen that when the ter 

minal A is “ l ”, the shift for tracing the arc segment of 
the First Pattern in Table 3 may be accomplished. The 
are segment of Second Pattern in Table 3 is synthesized 
when the signal “ l” is applied to the terminal B in the 
circuit of FIG. 8. As seen from FIG. 8, in 5-1, only X 
counter is shifted by two steps; in S-II and S-III, X 
counter is shifted by two steps while Y-counter is 
shifted by one step; in S-IV, both of X- and Y-counters 
are shifted by two steps; in S-V and S-VI, the X 
counter is shifted by one step while Y-counter is shifted 
by two steps; and in S—VII, only Y-counter is shifted by 
two steps. Thus, the shift for tracing the arc segment of 
Second Pattern in Table 3 is accomplished. From the 
foregoing description in conjunction with FIG. 8 it is 
now'clear that all of the arc segments shown in Table 4 
are traced. In short, in order to trace the arc segments 
from R, to R,, the conditions shown in Table 4 are ap 
plied as control signals to the circuit of FIG. 8. 

FIG. 9 is a circuit diagram of the reversible counter 
605 and the DA converter 607. In the counter 605, 
FF-l to FF-n are J.K. flip~?ops; AU-l to AU-n are 
AND gates which are selectively opened in response to 
UP instructions; AD-l to AD-n are AND gates which 
are selectively opened in response to DOWN instruc 
tions; Oi-l, Oi-2 and Oi-3 are input OR gates; and Al 
is an input AND gate. 
The mode of operation of the reversible counter is as 

follows: When the UP instruction is applied to the UP 
terminal while the display signal is applied to the ter 
minal I, AND gate A1 is opened so that the input signal 
“ l ” is applied to the input terminals J and K of the ?ip 
?op FF-l. The ?ip-?op FF-l reads in response to the 
clock pulses 41, and generates the output in responseto 
the clock pulses ¢hd’and then reverse into the state of 0 
= l and 5= 0. When the UP instruction remains ap 
plied while the display signal is applied to the terminal 
II, AND gate AU-l is opened so that the signal “ l " is 
applied to the input terminals J and K of the ?ip-flop 
F F-Z. In response to the clock pulses the__flip-?op FF-2 
are reversed into the state of 0 = l and 0 = 0. The out 
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puts from the ?ip-flops FF-l and FF-2 are applied to 60 
the D-A converter 607 so that an output corresponding 
to the‘ input is derived from the terminal X-out. When 
the instruction is changed from UP to DOWN while the 
signal is applied to the terminal I, AND gate Ai is 
opened while the _f_lip-?op FF-l is reversed into the 
state of 0 = 0 and 0 = I. Since the DOWN signal is ap 
plied to the gate AD-l when 0 = 0, it remains closed so 
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that no input is applied to the ?ip-?op FF-Z, that is the 
?ip~?op FF-Z remains unchanged. From the foregoing, 
it will be seen that the reversible counter can accom 
plish not only one-step UP and DOWN but also two 
step UP and DOWN and is very effective for carrying 
out the present invention. The reversible counter 606 
has the same construction and function as the counter 
‘605. 

The outputs from the reversible counter 605 are ap 
plied to the stages of the D-_A converter 607 which is 
composed of a ladder circuit of the type well known in 
the art so that a detailed description will not be made. 
The output from the terminal X-out of the DA con 
verter 607 is applied to the horizontal deflection elec 
trode 609. The output of the reversible counter 606 is 
applied to the D-A converter 608 and the output of the 
D-A converter 608 is applied from the terminal Y-out 
to the vertical de?ection electrode 610. 
Next the mode of operation of the circuits described 

in detail hereinabove will be described with reference 
to the case when the numeral “5” shown in FIG. 2 or 
FIG. 4 is traced or synthesized. In the strokes (l) - (5) 
and (8), the linear segments are used so that the 
process disclosed in the copending US Pat. Applica 
tion Ser. No. 882057 may be employed for tracing 
these segments. In the strokes v(6) and (7), the arc seg 
mentsR3 and R5 are employed. The circuits in the illus 
trated embodiment are constructed based upon the 
negative logic for the sake of convenience. To the ter 
minal 5 of the circuit illustrated in FIG. 7 is applied the 
input signal (for example the signal shown in FIG. 10 
(h)) and the input signal (for example as shown in FIG. 
10 (e)) is applied from the shift register 604 to the out 
put terminal t,, the signal is derived from the junction 
Po between the diode D0 and the resistor R0 at the 
crosspoint'of the wire extending from the terminal5 
with the wire extending from the terminal t,. The signal 
is applied to the terminal INH of the reversible counter 
605 through the OR gate 0, and the inverterv I,. There 
fore the operation of the'counter 605 is “inhibited”. 
Simultaneously, the signal from the junction P0 is ap~ 
plied to the preset terminal 2 of the reversible counter 
605 so that it is set to “14" in the instant embodiment 
in which one stroke in the time interval T, consists of 
seven unit steps because the reference point (or coor 
dinate) is X = 2 and Y= 4. The signal is applied to the 
preset terminal 4 of the reversible counter 606 so that it 
is set to “ 28”. The signal is also applied to the INH ter 
minal through the OR gate 0,, and the inverter I2 so that 
the reversible counter 606 will not initiate to count 
even when the clock pulses are applied thereto as is the 
case of the reversible counter 605. 
When the signal applied to the terminal I, is ceased 

while the signal is applied to the terminal 12, the signal is 
derived from the junction P, between the diode D, and 
the resistor R, at the second crosspoint and is applied 
to the DOWN terminal D of the reversible counter 605 
so that the counter 60S functions as a DOWN counter. 
Therefore, 7 counts are subtracted during the T2 period 
and the counter is finally set to “7”. The signal from the 
junction P, is also applied to the INH gate of the rever 
sible counter 606 so that its content remains 
unchanged. The output pulses from the shift register 
are applied to the terminals :3, [4, t5, t6 and so on 
sequentially so that both of the reversiblecounters 605 
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and 606 are operated in accordance with the content of 
the programmed memory. 

Therefore, the outputs from the counters 605 and 
606 are converted into the horizontal and vertical 
de?ection potentials by the D-A converters, which are 
applied to the horizontal and vertical de?ection elec 
trodes 609 and 610 respectively thereby synthesizing 
the character for recording or display. No further 
description will be made because the mode of opera 
tion is described in detail in the copending U.S. Pat. 
Application Ser. No. 882057. However, the present in 
vention will be described in detail from the sixth step 
when the signal is applied to the terminal :6 from the 
shift register. 
Upon application of the signal to the terminal t6, the 

signal is derived from the junction P6 between the diode 
D6 and the resistor R6 and is applied through the OR 
gate 05 to the UP terminal U of the reversible counter 
605. The signal is also applied to the DOWN terminal 
D of the reversible counter 606 through the OR gate 
02. The signal representative of Pattern B are segment 
is applied to the terminal B of the selection circuit 603 
from the memory 600. Referring to FIG. 8, when Pat 
tern B is speci?ed, the counter 605 operates as an UP 
counter and the counter 606 operates as a DOWN 
counter. Thus, arc segment R», as shown in FIG. 5 is 
traced. More speci?cally, the reversible counter 605 as 
shown in FIG. 9, which has been set to “7” in the ?fth 
stroke (5), counts up by two in accordance with the 
first clock pulse with phases (1), and (112. This counter 
605 counts up two by two in response to the second, 
third, and fourth clock pulses. Then, since the terminal 
I is speci?ed, the counter 605 counts up one by one in 
response to the ?fth and sixth clock pulses. The seventh 
clock pulse cannot operate the reversible counter 605 
because no input appears on the terminal [NH and the 
AND gate Al is inhibited. Therefore upon accomplish 
ment of the 6th stroke, that is at the time the pulse T7 
applied to the terminal I7 is disappeared, the reversible 
counter 605 is set to “17” = “7” +“ l0”. 
On the other hand, the reversible counter 606, which 

has been set to “ 14” in the preceding stroke 5(5), does 
not operate in response to the ?rst clock pulse because 
no input appears on the terminal [NH and the AND 
gate Ai is inhibited. Since the terminal I is then 
speci?ed in the second and third clock pulses, the 
counter 606 counts up one by one. Thereafter, the 
counter 606 counts up two by two in response to the 
fourth, ?fth, sixth and seventh clock pulses, since the 
terminal ll is speci?ed, that is, the signal is applied to 
the terminal ll. Therefore, when the 6th stroke is ac 
complished, the reversible counter 606 is set to “24” = 
“ 14” + “10”. These signals are applied to the D-A con 
verters 607 and 608 so that the horizontal and vertical 
deflection potentials are generated and applied to the 
de?ection electrodes 609 and 610, whereby the arc 
segment R3 shown in FIG. 3 may be traced for record 
ing or display. 
From the foregoing, it will be readily seen how the 

arc segment R5 may be traced. The linear segment in 
the 8 — 9 stroke may be traced in a manner as disclosed 
in the above-mentioned copending U.S. Pat. Applica 
tion Ser. No. 882057. 
What is claimed is: 
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1. ln character synthesizing apparatus of the type in 

cluding a clock pulse generator supplying pulses of a 
predetermined rate, X and Y up-down counters cou 
pled to said clock pulse generator for counting only 
said clock pulses, means for selectively causing said 
counters to count up or count down by discrete incre 
ments or decrements, or not count, in accordance with 
portions of a character to be depicted in straight line 
form, X and Y digital-to-analog converts to convert the 
outputs of said counters to analog signals, and X-Y 
tracing means driven by said analog signals, the im 
provement for providing curved character strokes com 
prising: 
means for selectively modifying the operation of at 

least one of said counters by selectively causing 
said at least one counter to be incremented or 
decremented by increments or decrements differ 
ing from said discrete increments or decrements in 
response to each of said clock pulses during a time 
interval assigned for the production of a curved 
line stroke, whereby the altered response of the 
counter due to said selective modi?cation de?nes 
the curve generated. 

2. The apparatus as recited in claim 1, wherein said 
means for modifying the operation of said at least one 
counter includes means for progressively modifying the 
operation of the counter during successive segments of 
a stroke for producing a curve composed of said seg 
ments, whereby strokes of any desired con?guration 
may be formed without modifying the clock pulse rate 
to said counters. 

3. The apparatus as recited in claim 1, wherein said 
means for modifying the operation of said at least one 
counter includes means for simultaneously activating a 
group of counting elements in said at least one counter 
such that each element in said group changes state 
upon the receipt of a clock pulse, and means for 
summing the outputs of the elements in said group for 
increasing the number represented by the output of 
said at least one counter in proportion to the number of 
said elements activated. 

4. The apparatus as recited in claim 1, wherein each 
of said characters is generated by a combination of 
straight and curved strokes, wherein said curved 
strokes comprise eight arcs each formed by seven 
sequential steps and wherein the counter operation 
modifying means increments or decrements the coun 
ters for executing a curved stroke in one or a sequence 
of the following progressions: 
Arc 
Segments I ll III IV V VI VII (Step) 

x-» U 0 1 1 2 2 2 2 

A < 

Y-> u 2 2 2 2 1 1 0 
x—+ u 2 2 2 2 1 1 0 

B < 

Y—' u 0 1 1 2 2 2 2 
X-'U 2 2 2 2 ‘ 1 1 0 

C < 

Y—- D 0 1 1 2 2 2 2 
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where U means that the X or Y analog signal levels are 
increased and where D means that the X or Y analog 
signal levels are decreased in accordance with the num 
bers in said table and where the numbers in said table 

15 refer to the amount that the indicated counter is incre 
mented or decremented in response to an incoming 
clock pulse. 
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