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[57) ABSTRACT

A display control system has a digital interface therein.
When software using a color display 18 executed and
displayed in a monochrome monitor, this system 1is re-
sponsive to color code information to arbitrarily select
either a hatching pattern conversion or a grey scale
display according to application software or the like.
The system can thus discriminate the display contents
thereof.

In a color monitor that permits input of a plurality of
digital signals, the display control system can convert a
given piece of color code information into digital video
signals according to frames and display positions in a
given area of a display screen for display of natural
colors. In a monochrome monitor capable of displaying
video and high-intensity brightness signals, the display
control system not only converts a given piece of color
code information into digital video signals according to
frames and display positions in a given area of a display
screen, but also outputs digital video signals in a plural-
ity of bits according to a piece of color code informa-
tion, 30 as to display more gradations of the color code.

19 Claims, 8 Drawing Sheets
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DISPLAY CONTROL SYSTEM WHICH
PRODUCES VARYING PATTERNS TO REDUCE
FLICKERING

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a display control
system having a digital interface.

2. Description of the Prior Art

Systems employing monochrome or color monitors
include two kinds of display control systems: one is a
display control system having an analog interface, and
the other 18 a display control system with a digital inter-
face.

In either of the above-mentioned display control
systems, generally monochrome monitor systems, em-
ploying a CRT or liquid crystal, are less expensive than
color monitor system. For this reason, the monochrome
monitor exists in larger numbers at the present. How-
ever, since the color monitor system has also been
spreading gradually, software utilizing color display has
recently appeared on the market in great numbers.

On the other hand, there are available panel displays
which use a liquid crystal, electro-luminescence (EL),
plasma or the like. Such panel displays are expected to
spread in the future as display devices for hand-held and
portable computers. Such panel displays as now used,
display only a single color.

In the display system having a digital interface, when
software which is intended for a color display may be
executed on a conventional system which employs the
monochrome monitor. This causes a problem that the
display of the software can not be distinguished. This is
because the conventional system employing the mono-
chrome monitor can only display in black and white and
1s incapable of carrying out a color discrimination.

10

15

20

25

30

35

Also, most of the panel displays have a short time of 45

afterglow. Thus, in such panel displays, when a half-
brightness display is carried out, there arises a problem
that striking flickers are caused to appear.

Furthermore, among the color monitors employed in
the display system having digital interface, the color
monitors which input a plurality of digital signals are
arranged to display only colors that are quite different
from natural colors. For example, the color monitor
inputting 3 digital signals R, G, B can display only 8
colors, but is unable to display natural colors which are
formed by mixing of the RGB.

In addition, in the display systems provided with a
digital interface, there is provided a monochrome moni-
tor which is capable of displaying video signals and
high-intensity brightness signals (or half-brightness sig-
nals). In such a monochrome monitor, a high-intensity
brightness white can be displayed in addition to white
and black. However, since such a monochrome monitor
can display only these three colors and thus four or
more colors cannot be displayed by such monitor, it is
disadvantageous in that it is not applicable to such a
gradation display that includes four or more colors.
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SUMMARY OF THE INVENTION

The present invention aims at eliminating the draw-
backs found in the above-mentioned prior art systems.

Accordingly, it 1s an object of the invention to pro-
vide a display control system in a display system having
a digital interface therein. When software using a color
display is executed and is then displayed on a mono-
chrome monitor, this system is capable of distinguishing
the display contents thereof, as well as reducing the
appearance of unfavorable flickers tc a minimum.

It 1s another object of the invention to provide a
display control system which is capable of displaying
such color that are closer to natural colors in a color
monitor inputting a plurality of digital signals.

It 1s still another object of the invention to provide a
display control system which is capable of displaying a
greater number of gradations in a monochrome moni-
tor, capable of displaying video and high-intensity
brightness signals.

In attaining the above objects, according to one as-
pect of the invention, there is provided a display control
system having digital interface which is capable of arbi-
trarily selecting either a conversion to hatching pattern
or a grey scale display (brightness control by thinning
out each frame) correspondingly to color code informa-
tion according to application software, display devices
used and user’s tast¢, whereby when software using a
color display is executed and displayed in a mono-
chrome monitor the display contents thereof can be
distinguished from one another.

According to another aspect of the invention, there is
provided a color monitor adapted to receive a plurality
of digital signals in which, in order to be able to display
natural colors, there are provided a plurality of digital
video signal conversion means for converting a given
piece of color code information into a digital video
signal corresponding to the frame and display position
thereof in a given region of a display screen.

According to still another aspect of the invention,
there is provided a monochrome monitor capable of
displaying video signals and high brightness signals,
which, in order to be able to display a greater number of
gradation, is provided with digital video signal conver-
sion means for converting a given piece of color code
information into a digital video signal corresponding to
the frame and display position thereof in a given region
of a display screen to thereby output a plurality of bits
for the above digital video signal in accordance with
one piece of such color code information.

The above and other related objects and aspects of
the invention will be apparent from a reading of the
following description of the disclosure found in the
accompanying drawings and the novelty thereof
pointed out in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11s a block diagram showing a first embodiment
of the invention:

F1G. 2 is a block diagram showing the details of main
portions of the first embodiment of the invention;

FIG. 3 is a table showing the details of code conver-
$10N;

FIG. 4 is a view showing an example of display pat-
terns employed in the invention;

FIG. 5 is a block diagram showing the details of main
portions of the second embodiment of the invention:
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FIG. 6 1s a block diagram showing the details of main
portions of the third embodiment of the invention: and,

F1GS. 7(1) and (2) are tables respectively showing
the details of code conversion in the third embodiment
of the invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS OF THE INVENTION

Referring first to FIG. 1, there is shown a block dia-
gram of a first embodiment according to the invention,
in which a display control system A comprises a CRT
controller 10, a VRAM (video RAM) 20, a shift register
30, a look-up table 40, a digital video signal control
circuit 50, and a display interface 60.

CRT Controller 10 controls the whole display con-
trol system A.

VRAM 20 writes display data under control of CPU
82 and also reads out the data to be displayed on a dis-
play device according to demand.

Shift Register 30 converts parallel display data read
out from VRAM 20 into serial signals.

Look-up Table 40 converts the display data read out
from VRAM 20 as color codes (logical color codes)
into color code information or color codes (physical
color codes) to be actually displayed.

Dhgital Video Signal Control Circuit 50 is a circuit
that is adapted to, based on the color code information,
output digital video signals corresponding to the frames
(display screens) and positions thereof in a given region
of the display screen.

Display Interface 60 combines the above-mentioned
digital video signal with a synchronizing signal, to pro-
duce, a display signal, and then transmits the display
signal to a monitor 70.

Memory 81 and 1/0 Device 83 are illustrated in F1G.
1 and may be ones of such devices that are convention-
ally employed.

Referring now to FIG. 2, there is shown an embodi-
ment of Digital Video Signal Control Circuit 50 in a
block diagram form.

Digital Video Signal Control Circuit 50 comprises a
frame counter 51, a line counter 52, a dot counter 53,
and a color code/display pattern converter 54.

Frame Counter 51 is adapted to output 3-bit frame
count signals FC 2~0 based on vertical synchronizing
signals. The frame count signal is a signal to distinguish
or select one frame out of 7 frames. Line Counter 52
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outputs a 1-bit line count signal LC 0 in accordance

with a horizontal synchronizing signal. Line Count

Signal LC 0 is a signal to distinguish the positions of 50

even/odd lines. Dot Counter $3 outputs a 1-bit count
signal DC 0 in accordance with a dot clock, which
signal DC 0 is used to distinguish the positions of even
or odd dots.

Color Code/Display Pattern Converter 54 outputs a
digital video signal bit by bit in accordance with 4 bits
of color code information CC 4~0, Frame Count Sig-
nals FC 2~0, Line Count Signal LC 0 and Dot Count
Signal DC 0, so that a predetermined display pattern is
created.

FIG. 3 shows a typical code conversion table, show-
ing the operation of Color Code/Display Pattern Con-
verter 54. That 1s, this table shows relationships among
Color Code Information CC 4~ 0, Frame Count Signals
FC 2~0, Line Signal LC 0 and Dot Count Signal DC 0
when they are combined.

Next, the operation of the above-mentioned first em-
bodiment of the invention will be described.
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At first, when displaying on Monitor 70, CPU 82
writes a given piece of data into VRAM 20. CRT Con-
troller provides a display address to VRAM 20. The
display data that corresponds to the display address is
then converted to a serial signal by Shift Register 30.

The sernal signal is in turn converted by Look:up
Table 40 into 4 bits of Color Code Information CC
3~0.

Then, the above-mentioned color code information
CC 3~0 1s converted to a display unit having a size of
a display pattern having an area of 2 dots x 2 lines. The
display pattern is displayed repeatedly at a cycle or
period of 8 frames, or, Frames 0~ 7. |

Although the display pattern is illustrated in FIG. 3
with the repeated portion thereof being omitted, the
number of cycles of the frames can be immediately
determined.

For example, for the color code information 1, in an
even line position (a position of Line Count 0) and in an
even dot position (a position of Dot Count 0), a given
dot is sequentially displayed as “0000 00 0 1, while
advancing from From 0 to Frame 7. In this case, “1”
stands for white and *“0” stands for black, (although
they may be reversed). In the above case, since white is
in the ratio of } to black, } is stated in the display pattern
column of FIG. 3.

Also, for the same color code information as men-
ttoned above, in an even line position (a position of Line
Count 0) and in an odd dot position (a position of Dot
Count 1), a given dot displayed in “0 001000 0,
while advancing from Frame 0 to 7. Further, for the
same color code information, in an odd line position (a
position of Line Count 1) and in an even dot position (a
position of Dot Count 0), a given dot is displayed in “0
0010000” while advancing from Frame 0 to 7.
Furthermore, for the same color code information, in an
odd line position (a position of Line Count 1) and in an
add dot position {a position of Dot Count 1), a given dot
15 displayed in “0 000000 17, while advancing from
Frame 0 to 7.

For the above-mentioned color code information 1, a
grey scale display having 8 gradations is obtained.

Similarly, two other pieces of color code information
3 and § have such a long cycle of repetition as men-
tioned above. That is, each of them has an 8-frame repe-
tition cycle. The above-mentioned three pieces of color
code mformation to be displayed at a long cycle of
repetition are suitable for use in a display system which
has a relatively long time of afterglow.

Also, each of the color code information 0, 7~ C has
a repetition cycle of 1 frame. Thus, in this case, even if
the frame is vaned, the display in the same dot remains
unchanged and has a very short cycle. For the color
code information 4, D ~ F, a repetition cycle of 2 frames
1s provided and two display units are repeatedly dis-
played. In case of the color code information 4, a so-
called checkered pattern is created. The above-men-
tioned pieces of color code information 0, 4, 7~ F hav-
ing relatively shorter display repetition cycles are suited
for use in a display system which has a comparatively
shorter time of afterglow.

When displaying half tone image, a ratio of display of
1 and 0 may be changed for each frame. In this instance,
it should be noted that if 1 and 0 are changed simulta-
neously for every dot within an area of 2 dots X2 lines
(an area of 4 dots), then the change is in phase with the
display position, to thereby produce large flickers.
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In order to avoid this problem, in the above-men-
tioned embodiment of the invention, the display flickers
are carried out separately for every dot to be 180° out-
of-phase relative to an adjacent dot position, thereby
decreasing the flickers in size. For exampie, a pattern
shown in FIG. 4a and a pattern of FI1G. 4b are displayed
alternately, whereby a half-brightness display with no
flickers thereon can be realized on a single-color display
screen.

Although the above-mentioned embodiments has
been described provided that one unit is composed of an
area of 2 dots X 2 lines, the display may be performed in
display units, each unit comprising an area of 1Xn,
m X I, mXn (where m, n are respectively integers). To
enlarge the above area, it is necessary to increase the bit
numbers of both dot count signals and line count sig-
nals.

The enlarged area permits use of a arbitrary hatch
patterns. However, when the area is increased to an
excessive extent, it is difficult to distinguish the coloring
of smaller areas.

In the above-mentioned embodiment, since VRAM
20 has two planes, four colors can be displayed Thus
four colors are selected by Look-up Table 40, thereby
supplying the color code information to Color Code/-
Display Pattern Converter 54. In this way, Look-up
Table 40 can be operated to select uses suitable for the
display device to be used in terms of software. There-
fore, the above-mentioned embodiment is preferable in
view of the flexibility of the display control system.

Further, the number of repetition frames may be
more than 8 or may be limited to 4 or less. Other pattern
arrangements than those in the above embodiment may
be employed. The line count signals and dot count sig-
nals may be input from CRT Controller 10. Look-up
Table 40 may be omitted.

FIG. § shows a black diagram of a second embodi-
ment of the invention.

The second embodiment shown in FIG. 5 is a par-
tially modified version of the first embodiment shown in
FIG. 2. In this second embodiment, VRAM 120, Shift
Register 130, Look-up Table 140 and Digital Video
Signal Control Circuit 150 are employed in place of
VRAM 20, Shift Register 30, Look-up Table 40 and
Dagital Video Signal Control Circuit 50, respectively.

VRAM 120 consists of four RAMSs 121, 122, 124, and
Shift Register 130 includes four shift registers 131, 132,
133, and 134. The above-mentioned four RAMs
121 ~ 124 and four Shift Resiters 131 ~ 134 are all neces-
sary to generate 16 colors. Also, Look-up Table 140 is
composed of three look-up tables 141, 142, 143.

Digital Video Signal Control Circuit 150 comprises a
frame counter 151, a line counter 182, a dot counter 153
and three color code/display pattern converters 191,
192, 193.

Frame Counter 151, Line Counter 152 and Dot
Counter 133 are identical with Frame Counter 51, Line
Counter 52, and Dot Counter 53, respectively.

Color Code/Display Pattern Converter 191 outputs
digital video signals bit by bit to create a given display
pattern, in accordance with 4 bits of color code infor-
mation CC 3~0, frame count signals FC 2~0, line
count signal LLC 0 and dot count signal DC 0. The
above-mentioned given display pattern is illustrated and
will be described later.

Color Code/Display Pattern Converters 192, 193
also receive signals similar to those in Color Code/Dis-
play Pattern Converter 191 from Frame Counter 151,
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Line Counter 152 and Dot Counter 153. However,
Color Code/Display Pattern Converters 191, 192, 193
receive the color code information CC 3~ 0 from Look-
up Table 141, 142, 143, respectively. Also, Color
Code/Display Pattern Converters 191, 192, 193 output
the digital video signals for red (R), green (G), and blue
(B), respectively.

The Monitor is assumed to be a color monitor to
which three digital signals are input.

The digital video signals that are output from the
respective color code display/pattern converters
191~193 have various kinds of gradation, with the
result that colors displayed on the screen by means of
these three digital video signals are quite near to natural
colors.

FIG. 6 shows a block diagram of a third embodiment
of the invention, which is a partially modified version of
the first embodiment shown in FIG. 2. In this third
embodiment, VRAM 220, Shift Register 230, Look-up
Table 240 and Digital Video Signal Control Circuit 250
are employed in place of VRAM 20, Shift Register 30,
Look-up Table 40 and Digital Video Signal Control
Circuit 250, respectively.

VRAM 220 includes four planes, that is, RAMs 221,
222, 223, 224, while Shift Register 230 has four shift
registers 231, 232, 233, 234. Look-up Table 240 is
adapted to output 5 bits of color code information CC
4~ 0 in accordance with 4-bit signals.

Color Code/Display Pattern Converter 290, in ac-
cordance with 5 bits of color code information CC
4~ 0, frame count signal FC 2~ 0, line count signal L.C
0 and dot count signal DC 0, cutputs 2 bits of digital
video signals so as to create given display patterns. Such
given display patterns are illustrated in FIGS. 7(1) and
(2).

FIGS. 7(1) and (2) illustrate examples of code conver-
sion tables employed in the above second embodiment.
These figures shown the operation of Color Code/Dis-
play Pattern Converter 290. Specifically, there is illus-
trated the relationship among Color Code Information
CC 4~0, Frame Count Signals FC 2~0, Line Count
Signal LC 0, Dot Count Signal DC 0, and 2-bit digital
video signals output in accordance with the above men-
tioned information and signals.

The signals shown in FIGS. 7(1) and (2) are the out-
put signals of the bit “0" of Color Code/Display Pattern
Converter 290, while the output signals of the bit **1” of
Converter 290 are high-intensity-brightness signals.

The operation of the above-mentioned embodiment
of the invention will now be described.

At first, the Monitor is assumed to be a monochrome
monitor which is capable of displaying video signals
and high-intensity brightness signals. When displaying
Monitor 270, CPU 282 writes a given piece of display
data into VRAM 220. CRT Controller 210 gives a dis-
play address to VRAM 220. Then, display data corre-
sponding to the display address is converted to a serial
signal by Shift Register 230 and is further converted to
3 bits of color code information CC 4~0 by Look-up
Table 240.

Then, the above-mentioned 5 pieces of color code
information CC 4~0 are converted to display patterns
In display units, each unit consisting of an area of 2
dots X 2 lines. The display patterns are displayed repeat-
edly at a cycle of 8 frames, namely, Frames 0~ 7,

The above-mentioned description as to FIG. 7(1) is
basically similar to the description relating to FIG. 3
and also applies similarly in case of FIG. 7(2) as well.
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The output signals of Color Code Information 11~ 1F

in F1G. 7(2) can be obtained by changing the output
signal “0” of Color Code Information 00~ 0OF in FIG.
7(1) into 1" and the output signal thereof “1” into 3.

In this manner, the digital video signals output from
Color Code/Display Pattern Converter 290 have vari-
ous gradations, permitting display of more gradations.

What is claimed is:

1. A display control system which uses a single frame
of color code information to display a plurality of
frames of gray-scale information on pixel positions of a
monochrome display screen, comprising:

means for receiving a single pixel of color code infor-

mation for a pixel of said display screen; and
digital video signal control means, responsive to said
pixel color code information, for producing a plu-
rality of monochrome digital video signals for each
color pixel of the video image, said plurality being
indicative of a color with a gray scale value depen-

5

10

15

dent on said color code information, the value of 20

said monochrome digital video signal being based
on both of (a) which of said frames of gray scale
information is being displayed and (b) said pixel
position.

2. The display control system as set forth in claim 1,
further comprising a dot counter, a frame counter and a
line counter for storing a count indicative of an address
of said pixel position and a number of said gray scale
frame, and wherein said digital video signal control
means receives output signals of said dot counter, said
line counter and said frame counter.

J. The display control system as set forth in claim 2,
wherein said gray scale frames vary at a predetermined
cycle, said cycle being short enough to prevent any
flickers from being produced.

4. The display control system as set forth in claim 2,
wherein said gray scale frames vary such that any flick-
ers which are produced have phases such to cancel out
one another.

5. The display control system as set forth in claim 1,
further comprising a look-up table, wherein said digital
video signal control means includes means for selecting
the pixel patterns in accordance with said look-up table.

6. A display control system which uses a single frame
of color code information to display a plurality of
frames of gray scale information on pixel positions of a
[ monochrome] display screen, comprising:

means for receiving a pixel of color code information

for a pixel of said display screen;

means for determining a dot position on said display

screen, and a current gray scale frame count indica-
tive of which of a plurality of frames of gray scale
information is being displayed; and

a plurality of digital video signal conversion means,

each for converting each said pixel of color code
information into a plurality of monochrome digital
video signals, said plurality being indicative of a
color with a gray scale value dependent on said
color code information, the value of said mono-
chrome digital video signals being based on both of
said gray scale frame count, and said dot position
on said display screen.

7. The display control system as set forth in claim 6,
further comprising a dot counter, a frame counter and a
line counter for storing a count indicative of an address
to specify said dot position and said gray scale frame
count, and wherein each of said digital video signal
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conversion means receives output signals of said dot
counter, said line counter and said frame counter.

8. The display control system as set forth in claim 7,
wherein said gray scale frames vary such that any flick-
ers which are produced have phases that cancel each
other.

9. The display control system as set forth in claim 8,
further comprising a look-up table, and wherein said
digital video signal conversion means are respectively
adapted to select pixel patterns, in accordance with said
look-up table.

10. The display control system as set forth in claim 6,
further comprnising a look-up table wherein said digital
video signal conversion means includes means for se-
lecting pixel patterns, in accordance with said look-up
table.

11. The display control system as set forth in claim 6,
wherein there are provided three of said digital video
signal conversion means, one each for red, for green,
and for blue, respectively.

12. The display control system as set forth in claim 6,
wherein there are provided three of said digital video
signal conversion means, respectively for red, for green,
and for blue.

13. A display control system which uses a single
frame of color code information to display a plurality of
frames of gray scale information on a monochrome
display screen having a plurality of pixel positions com-
prising:

digital video signal conversion means for converting

a single pixel of color code information into a plu-
rality of monochrome digital video signals, each
for a frame of the video image, said plurality being
indicative of a color with a gray scale value depen-
dant on said color code information, the value of
saild monochrome digital video signals being based
on a gray scale frame count, indicative of which
frame of gray scale information is being displayed
and a count of said pixel positions on said display
screen, such that at least some video signals indica-
tive of a first color code and a first pixel position In
a first gray scale frame, are different video signals
from signals for said first color code and said same
first pixel position in a second gray scale frame; and

means for outputting said digital video signals as a

plurality of bits. -

14. The display control system as set forth in claim 13,
further comprising a dot counter, a frame counter and a
line counter for maintaining a count of an address on
said screen and of said gray scale frame count, and
wherein said digital video signal conversion means is
connected to receive output signals of said dot counter,
said line counter and of said frame counter.

15. The display control system as set forth in claim 14,
wherein said gray scale frames vary such that any flick-
ers which are produced have phases which cancel each
other.

16. The display control system as set forth in claim 13,
wherein said digital video signal conversion means in-
cludes a look-up table, and is adapted to select pixel
patterns in accordance with said look-up table.

17. A display control system which uses a single
frame of color code information to display a plurality of
frames of gray scale information on pixel positions of a
monochrome display screen, comprising:

means for receiving a color code for a pixel of said

display screen;
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means for determining a plurality of monochrome

digital video signals for each said color code of

each said pixel, said plurality being indicative of a
color with a gray scale value dependent on said
color code, and each of said plurality of signals
indicative of a different one of said gray scale
frames, the value of said video signals being based
on a line and pixel count and a frame number: and
means for supplying said digital video signals to
said display screen.

18. A system as in claim 17 further comprising:

a dot counter coupled to said look-up table means for
producing a first output when a dot is an even

5
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a fine counter coupled to said look-up table means for
producing a first output when said line is an even
numbered line and a second output when said line
1s an odd numbered line; and

a gray scale frame counter for producing an output
indicative of which of a plurality of gray scale
frames of said image is being displayed.

wherein said determining means includes means for
determining said digital video signals based on said
color code and said outputs of said dot counter,
said line counter and said gray scale frame counter.

19. A system as in claim 18 further comprising vary-

ing means for reading varying display patterns for each
of said frames such that any flickering of said display

numbered dot and a second output when adot is an 15 patterns have phases which cancel with one another.

odd numbered dot;
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