
EP 0 193 728 B1 Description This invention relates to a display control
system for use in a display unit such as a liquid crystal display unit and
a CRT display unit, and in particular to such a display control system
which can implement 5    a gray-scale display. Fig. 1 shows one
conventional liquid crystal display unit 10. The display unit 10 comprises
a CPU (Central Processing Unit) 1, a display controller 2, a video memory 3
and a liquid crystal display module 4. The liquid crystal display module 4
includes, as shown in Fig. 2, a liquid crystal display panel 5 and a panel
driver circuit 6 provided for driving the display panel 5. The liquid
crystal display panel 5 has, for example, 10 640 horizontal electrodes
(column electrodes) and 200 vertical electrodes (row electrodes) for
displaying an image composed of a 640 x 200 dot matrix. The liquid crystal
display panel 5 is divided into two display blocks A and B of an identical
construction which are independently driven, the liquid crystal display
panel 5 being commercially available. The column electrodes of the display
block A are driven by a circuit comprising a 640-bit shift register 7a, a
640-bit latch circuit 8a and an electrode driving circuit 9a, while the 15
column electrodes of the display block B are driven by another circuit
comprising a 640-bit shift register 7b, a 640-bit latch circuit 8b and an
electrode driving circuit 9b. The row electrodes of the display blocks A
and B are driven by a circuit comprising a 100-bit shift register 11 and an
electrode driving circuit 12. With this construction, the CPU 1 (Fig. 1)
stores image data into the video memory 3 and then outputs a display
command to the display controller 2. In response to this display command,
the display controller 2 20  reads the image data from the video memory 3
and forms, in accordance with the read image data, display data LDa and LDb
in the form of serial data. The display controller 2 then outputs the
display data LDa and LDb to the liquid crystal display module 4 together
with a shift clock signal SCK. As a result, the display data LDa and LDb
are sequentially stored respectively into the shift registers 7a and 7b.
When the display data LDa and LDb are fully loaded onto the shift registers
7a and 7b, respectively, the display controller 2 25 outputs a latch clock
signal LC and a frame signal FRM. When the signals LC and FRM are
outputted, the data contained in the shift registers 7a and 7b are loaded
onto the latch circuits 8a and 8b and at the same time a "1" signal is
stored into the first-bit stage of the shift register 11, whereby a display
of dots is made on each of the 1st (uppermost) and 101st rows of the
display panel 5. The display controller 2 then outputs the data LDa and LDb
for displaying dots on the 2nd and 102nd rows of the display panel 5
together with 30 the shift clock signal SCK, and outputs the latch clock
signal LC when the data LDa and LDb (640 bits) are fully loaded onto the
shift registers 7a and 7b. As a result, the data contained in the shift
registers 7a and 7b are stored into the latch circuits 8a and 8b and at the
same time a "1 " signal is stored into the second bit-stage of the shift
register 11, whereby a display of dots is made on each of the 2nd and 102nd
rows of the display panel 5. And thereafter, an operation similar to the
above is repeatedly carried out to display 35 dots on the display panel 5.
The aforesaid frame signal FRM is outputted at the beginning of each frame
scanning. The frame frequency of this display unit 10 is set to 70Hz. To
display an image in gray-scale with the above-described liquid crystal
display unit 10, one of the following methods conventionally been taken.
According to one of has the methods, the voltages applied to the display
panel 5 to display the respective dots are individually controlled as
disclosed in Japanese 40 Patent Application Laid-Open No. 59-149393. With
this prior art liquid crystal display apparatus, the effective voltage
applied to each dot of the liquid crystal display module is changed as
shown at E, F and G in Fig. 6 of the published document. In Fig. 6, the
effective voltage [err] shown at F for displaying a dot at the highest
intensity level is represented by: 45 [err] Wherein a is equal to [err] +
1). Also, the effective voltage [err] shown at F for displaying a dot at
the lowest intensity is represented by: 50  [err] And, the effective
voltage Vh shown at E for displaying a dot of a half tone is represented
by: [err] 55 According to another conventional method, as disclosed in
GB-A-2 124 816, the pulse widths of the voltages applied to the display
panel to display the respective dots are individually controlled. The
pulses used to control the intensity levels and having changing pulse
widths are added to pulses having a fixed 2    EP 0 193 728 B1 



amplitude. In either of the above two cases, a circuit for performing such
a control must have been additionally provided within the liquid crystal
display module 4, which has significantly increased the costs thereof since
such a control circuit is very complicated. 5      It is therefore an
object of the present invention to provide a display control system for a
dot matrix display unit which can display an image in gray-scale and can be
manufactured at lower costs. Another object of the invention is to provide
a display control system which can display an image in gray-scale with the
conventional non-gray-scale type liquid crystal display module. A further
object of the invention is to provide a display control system for a liquid
crystal display io module which can display an image in gray-scale and is
simple in construction. A further object of the invention is to provide a
display control system which can implement a gray- scale display of an
image with less flicker. According to an aspect of the present invention,
there is provided a display control system for displaying an image composed
of a plurality of display dots provided on a display screen comprising 15
luminance data generating means for generating a plurality of luminance
data each representing an intensity level of a respective one of the
plurality of display dots provided on the display screen; conversion means
for converting each luminance data fed from the luminance data generating
means into a pulse signal whose pulse number corresponds to the intensity
level represented by the each luminance data; and activation means for
activating each of the plurality of display dots on the display screen in
accordance with 20 a respective one of the pulse signals fed from the
conversion means. Examples of the present invention will now be described
with reference to the accompanying drawings, in which:- Fig. 1 is a block
diagram of a conventional liquid crystal display unit; Fig. 2 is a block
diagram of the liquid crystal display module 4 of the liquid crystal
display unit of Fig. 1; 25    Fig. 3 is a block diagram of a display
control system provided in accordance with a first embodiment of the
invention; Fig. 4 is an illustration showing dots on the display panel 5 of
the liquid crystal display module 4 shown in Fig. 3; Fig. 5 is a timing
chart showing display timings of a dot at different intensity levels; 30
Fig. 6 is a circuit diagram of the display data generating circuit 27 of
the display control system of Fig. 3; Fig. 7 is a circuit diagram of a
modified form of the display data generating circuit 27 of Fig. 6; Fig. 8
is a block diagram of a display control system provided in accordance with
the second embodiment of the invention; Fig. 9 is an illustration showing
dots of the display panel 5 of the liquid crystal display module 4 shown 35
in Fig. 8; Fig. 10 is a timing chart showing display timings of the dots q
shown in Fig. 9; Fig. 11 is a block diagram of the display data forming
section 23a of the display control system of Fig. 8; Fig. 12 is a circuit
diagram of the display data generating circuit 27p of the display data
forming section 23a of Fig. 11; 40    Fig. 13 is a circuit diagram of the
display data generating circuit 27q of the display data forming section 23a
of Fig. 11; Fig. 14 is a timing chart for explaining the operation of the
display control system of Fig. 8 during the time when the dots on the first
row of the display panel are displayed; Fig. 15 is a timing chart for
explaining the operation of the display control system of Fig. 8 during the
45   time when the dots on the second row of the display panel are
displayed; and Fig. 16 is a circuit diagram of a modified form of the
circuit portion H of the display data forming section 23a of Fig. 11. A
first embodiment of the present invention will now be described with
reference to Figs. 3 to 7. In Fig. 3, there is shown a liquid crystal
display unit to which a display control system provided in 50 accordance
with the present invention is applied. A display controller 15 is connected
to a liquid crystal display module 4, a CPU 16 and a video memory 18 which
comprises a RAM, the liquid crystal display module 4 being of the same
construction as that shown in Fig. 2. The CPU 16 is connected to a memory
17 which comprises a ROM for storing programs to be executed by the CPU 16
and a RAM for storing data. The video memory 18 is supplied from the CPU 16
with color codes each of which is composed of four bits 55 and corresponds
to a respective one of the dots of the display panel 5 in the liquid
crystal display module 4. The display controller 15 is so constructed that
it can drive either of a liquid crystal display module and a CRT display
unit, and in the case where a CRT display unit is connected thereto in
place of the liquid crystal display module 4, a color image can be
displayed on the CRT screen in accordance with the color 



3    EP 0 193 728 B1 codes in the video memory 18. On the other hand, in
the case where the liquid crystal display module 4 is connected to the
display control system 15, an image composed of a dot matrix can be
displayed in gray- scale wherein the intensity or density of each dot of
the display image corresponds to a color represented by a respective one of
the color codes. For simplicity, only those of the circuits necessary for
driving the 5  liquid crystal display module 4 are shown in Fig. 3. The
display controller 15 comprises a display control circuit 20 which
sequentially reads the color codes from the video memory 18 and converts
each of the read color codes into three color data RD (red), GD (green) and
BD (blue) each composed of three bits. Assuming that the dots on the
display panel 5 are assigned the numbers shown in Fig. 4, the display
control circuit 20 first reads the color codes 10 corresponding to the dots
No. 0 to No. 7 on the display block A and sequentially converts each of
them into the color data RD, GD and BD. The display control circuit 20
subsequently reads the color codes corresponding to the dots No. 0 to No. 7
on the display block B and sequentially converts each of them into the
color data RD, GD and BD, and the control circuit 20 then reads the color
codes corresponding to the dots No. 8 to No. 15 on the display block A and
converts each of them into the color data RD, GD and BD. 15 And thereafter,
the display control circuit 20 repeatedly carry out an operation similar to
the above. For better understanding, the relationship between the color
codes and the three color data RD, GD and BD is shown in Table 1. Table 1
20 color code        color              RD               GD
BD [err] 0000     Black                0    0    0    0    0    0    0    0
0 25        0001      Blue                 0    0    0    0    0    0    1
0    0 0010     Green                 0    0    0    1    0    0    0    0
0 0011     Cyan                  0    0    0    1    0    0    1    0    0
0100     Red                   0    1    1    0    0    0    0    0    0
0101     Magenta               1    0    0    0    0    0    1    0    0
0110     Brown                 1    0    0    0    1    1    0    0    0
0111     White                 1    0    0    1    0    0    1    0    0
1000     Gray                 0    0    1    0    0    1    0    0    1
1001     Light Blue           0    0    0    0    0    0    1    1    0
1010     Light Green          0    0    0    1    1    0    0    0    0
1011     Light Cyan           0    0    0    1    1    0    1    1    0
1100     Light Red            1    0    1    0    0    0    0    0    0
1101     Light Magenta        1    1    0    0    0    0    1    1    0
1110     Yellow               1    1    0    1    1    0    0    0    0
1111      White (High Intensity)   1    1    1    1    1    1    1    1
1 40 A gray-scale calculation circuit 21 produces a gray-scale or an
intensity data YD by effecting the following arithmetic operation on the
color data RD, GD and BD sequentially supplied from the display control
circuit 20: 45 [err] 55 Wherein  [err] are the first, second and third bits
of the color data RD, respectively, and this is true with [err]. Only the
second to fourth bits [err]of the calculation result are outputted as the
gray-scale data YD. The reason why the upper three bits [err] to [err] are
not used as the gray-scale data 4    EP 0 193 728 B1 YD is that an
eight-level gray-scale representation can not be achieved with those three
bits since the 



maximum value represented by those bits is not eight but six. An
eight-level gray-scale can be represented by the first to third bits [err]
to [err] when the relation ship between the color codes and the color data
RD, GD and BD shown in Table 1 is suitably modified. The aforesaid
arithmetic operation bases on the following 5  well-known equation for
converting an analog RGB signal into a luminance signal: Y = 0.3R + 0.59G +
0.11B A timing signal generating circuit 22 generates the shift clock
signal SCK, latch clock signal LC and 10 frame signal FRM, which have been
described before with reference to Figs. 1 and 2. The timing signal
generating circuit 22 also generates various signals necessary to read the
color codes from the video memory 18. A display data forming section 23,
which constitutes the main portion of the present invention, produces
serial display data DD in accordance with the gray-scale data YD. The
display data forming section 23 15 supplies the produced display data DD to
the liquid crystal module 4 via a distribution circuit 24, whereby dots are
displayed on the liquid crystal panel 5 at intensity (or density) levels
determined respectively by the gray-scale data YD, as will be more fully
described later. The basic principle of the gray-scale display in this
embodiment will now be described. In this embodiment, display of an image
is performed on a frame basis, and eight consecutive frames constitute 20
one display period. When the gray-scale data YD for a given dot (dot X) on
the panel 5 is "7" (black), the dot X is displayed in each of the eight
frame cycles within a display period, that is to say, eight times within
one display period. When the gray-scale data YD of the dot X is "0"
(white), the dot X is not displayed in any one of the eight frame cycles
within a display period. On the other hand, when the gray-scale data YD of
the dot X is any one of "1" to "6", the dot X is displayed the number of
times determined by the gray- 25 scale data YD. For example, when the
gray-scale data YD is "6", the dot X is displayed seven times within one
display period, and when the gray-scale data YD is "5", the dot is
displayed six times. Thus, in this embodiment, the gray-scale display is
achieved based on the number of times of display of each dot. The wording
"display a dot" actually means that the dot on the panel 5 is activated by
a voltage, that is to say, data representative of "1" for activating the
dot is loaded onto the shift register 7a or 7b shown in Fig. 2. 30 Fig. 5
shows one example of the relation between each gray-scale data YD and a
display timing of the corresponding dot. It will be appreciated from Fig. 5
that when the gray-scale data for a dot to be displayed is "7", the dot is
displayed in the first through eighth frame cycles within each display
period. And when the gray-scale data YD is "4", the dot is displayed in the
second, fourth, fifth, seventh and eighth frame cycles within each display
period. 35     The construction of the display data forming section 23 will
now be described. As shown in Fig. 6, the display data forming section 23
comprises a counter 26 and a display data generating circuit 27, and
produces the data DD based on the display timings shown in Fig. 5. The
counter 26 is of a three-bit type and counts up the frame signal FRM. The
frame signal FRM is outputted once at the beginning of each frame scanning,
as described before, and therefore one count-cycle of this counter 26 is
equal in time 40 length to the display period DP shown in Fig. 5, and the
output of the counter 26 indicates the number of a current frame cycle. The
display data generating circuit 27 comprises a decoder 28 for decoding the
output of the counter 26, a decoder 29 for decoding the gray-scale data YD,
and OR gates 30 to 37. Each of the OR gates 30 to 37 effects a logical OR
operation on signals applied to nodes (circles) of the input line thereof.
For example, the OR gate 32 effects a logical OR operation on those signals
fed from the output 45 terminals [err] of the decoder 29, and the OR gate
35 effects a logical OR operation on the signals outputted from the output
terminals  [err] of the decoder 29. AND gates 39 to 46 effect logical AND
operations respectively on signals from the OR gate 30 and the output
terminal 07 of the decoder 28, signals from the OR gate 31 and the output
terminal 06 of the decoder 28, ... and signals from the OR gate 37 and the
output terminal [err] of the decoder 28. And, an OR gate 48 effects a
logical OR 50 operation on signals outputted from the AND gates 39 to 46 to
form the display data DD at its output terminal. With the above
construction, when the counter 26 outputs data representative of "0", the
AND gate 46 is enabled to open, so that the output signal of the OR gate 37
is outputted through the AND gate 46 and the OR gate 48 as the display data
DD. In this case, the output signal of the OR gate 37 becomes "1 " only 55
when the signal at the output terminal [err] of the decoder 29 is "1", that
is to say, only when the gray-scale data YD is "7". More specifically, when
the counter 26 output data representative of "0", the display data DD
becomes "1" only when the gray-scale data YD is "7", and becomes "0" when
the gray-scale data YD is any one of "0" to "6" (see Fig. 5). Similarly, in
the case of the output of the counter 26 being "1 ", the 5   



EP 0 193 728 B1 display data DD becomes "1" when the gray-scale data YD is
any one of "3" to "7", in the case of the output of the counter 26 being
"2", the display data DD becomes "1" when the gray-scale data YD is "2",
"5", "6 or 7", and so on. Thus, the display data forming section 23
produces the display data DD which is rendered "1" in accordance with the
gray-scale data YD and the timing shown in Fig. 5. The thus produced
display data DD is fed to the liquid crystal panel 5 to drive it, whereby
the dots on the display panel 5 are displayed at the respective intensity
levels determined by the waveform shown in Fig. 5. Fig. 7 shows a modified
form of the display data generating circuit 27 shown in Fig. 6. In Fig. 7,
[err] to V2 are output signals of the first to third (MSB) bit-stages of
the counter 26, and [err] to [err] are the first to third (MSB) bits of the
gray-scale data YD. Shown at 50 to 52 are inverters, 53 to 62 AND gates,
and 63 an 10 OR gate. This modified display data generating circuit 27a can
implement the same function as the display generating circuit 27 shown in
Fig. 6 with a simplified construction. Referring again to Fig. 3, a
distribution circuit 24 latches the serial display data DD on a sixteen bit
basis, and serially outputs the half (eight bits) of the latched data to be
displayed on the display block A as data LDa and the other half (eight
bits) of the latched data to be displayed on the display block B as data 15
LDb in synchronization with the shift clock pulse SCK. The data LDa and LDb
thus serially outputted are shifted respectively into the shift registers
7a and 7b and displayed on the display panel 5. In the embodiment described
above, the color codes are stored in the video memory 18, however the
gray-scale data YD may alternatively be stored in advance in the video
memory 18. Also, although the above-described display control system 15 is
so arranged as to be used with a liquid crystal display 20  module, it will
be apparent that this invention can also be applied to a CRT display unit.
As described above, with the above display control system, a gray-scale
display can be implemented without the need for an expensive liquid crystal
display module which includes therein a circuit for implementing a
gray-scale display. In addition, the main portion of the display control
system according to the present invention is simple in construction, as
shown in Fig. 7. 25     A second embodiment of the present invention will
now be described. This second embodiment is so designed as to eliminate the
flicker of half-tone dots which may occur in the aforesaid first
embodiment. Such flicker is particularly conspicuous when an image of a
relatively large area is displayed with dots of the same intensity level.
Fig. 8 shows the structure of the second embodiment applied to a liquid
crystal display unit. A display 30  controller 15a shown in Fig. 8 is
similar to the display controller 15 shown in Fig. 3 but comprises an
improved display data forming section 23a. In this second embodiment, the
flicker of dots is eliminated in the following manner. The dots of each of
the display blocks A and B are divided into two groups as shown in Fig. 9,
wherein the dots assigned p and arranged in the staggered manner constitute
one group and the dots assigned q 35  and arranged in the staggered manner
constitute the other group. And, the dots p are activated in accordance
with the waveforms shown in Fig. 5, while the dots q are activated in
accordance with waveforms shown in Fig. 10. It will be appreciated from
Figs. 5 and 10 that dots p and q represented by gray-scale data YD of the
same value are displayed the same number of times but at different timings.
More specifically, the waveforms shown in Fig. 10 are [err] out of phase
with respect to those shown in Fig. 40 5. As a result, when two adjacent
dots p and q are activated by gray-scale data YD of the same value, those
dots are rendered "ON" or "OFF" in different frame cycles, whereby the
flicker is eliminated. With the first embodiment however, two adjacent dots
activated by gray-scale data of the same value are rendered "ON" or "OFF"
in the same frame cycle, so that the flicker is conspicuous. The
construction of the display data forming section 23a will now be described.
45     Fig. 11 shows the construction of the display data generating
section 23a. The display data generating section 23a comprises a three-bit
counter 26a for up-counting the frame signal FRM which is output at the
beginning of each frame scanning. The counter 26a outputs data VD
representative of the number of the current frame cycle and supplies the
data to display data generating circuits 27p and 27q. The display data
generating circuit 27p produces display data DDp for displaying the dots p
in accordance with the gray- so  scale data YD supplied thereto and the
display timing shown in Fig. 5. The display data generating circuit 27q
produces serial display data DDq for displaying the dots q in accordance
with the gray-scale data YD and the display timing shown in Fig. 10. The
display data generating circuit 27p comprises, as shown in Fig. 12, a
decoder 28p for decoding the output data VD of the counter 26a, a decoder
29p for decoding the gray-scale data YD, OR gates 30p to 37p, AND gates 39p
to 46p and an OR gate 48p. This display data 55  generating circuit 27p is
identical in construction to the display data generating circuit 27 shown
in Fig. 6, and outputs from the AND gate 48p the display data DDp. 



With this display data generating circuit 27p, the display data DDp is
rendered "1" in accordance with the gray-scale data YD and the display
timing shown in Fig. 5. 6    EP 0 193 728 B1 Fig. 13 shows the construction
of the display data generating circuit 27q which differs from the display
data generating circuit 27p of Fig. 12 in the way of application of the
output signals of the decoder 29q to the OR gates 30q to 37q. For example,
input terminals of the OR gate 30q are connected to the decoder 29q so that
the OR gate 30q effects a logical OR operation on the signals outputted
from the output 5  terminals [err] of the decoder 29q, and input terminals
of the OR gate 31q are connected to the decoder 29q so that the OR gate 31q
effects a logical OR operation on the signals outputted from the output
terminals [err] and [err] of the decoder 29q. This display data generating
circuit 27q produces serial display data DDq which is rendered "1" in
accordance with the gray-scale data YD and the display timing shown in Fig.
10. 10     Referring again to Fig. 11, the display data DDp and DDq
outputted from the display data generating circuits 27p and 27q are
supplied respectively to input terminals [err] and [err] of a selector 70.
The selector 70 outputs the display data DDp when a "0" signal is applied
to a selection terminal [err] thereof, and outputs the display data DDq
when a "1" signal is applied to the selection terminal [err]. The data
outputted from the selector 70 is supplied to the distribution circuit 24
shown in Fig. 8 as display data DD. The display data is forming section 23a
further comprises and exclusive OR gate 71 and flip-flops 72 and 73 which
will be more fully described later. The operation of the display data
forming section 23a will now be described with reference to timing charts
shown in Figs. 14 and 15. Shown at (a) in Fig. 14 is a clock signal SCKa
generated by the timing signal generating circuit 22a, and each gray-scale
data YD shown at (b) is supplied to the display data 20 generating circuits
27p and 27q in synchronization with this clock signal SCKa. As a result,
the display data DDp and DDq, which correspond to the gray-scale data YD,
are outputted respectively from the display data generating circuit 27p and
27q in synchronization with the clock signal SCKa. The gray-scale data YD
shown at (b) in Fig. 14 includes data [err] for displaying the dot No. 0 of
the display block A, data [err] for displaying the dot No. 1 of the display
block A, ... and also includes data [err] fordisplaying the dot No. 0 of 25
the display block B, data [err] for displaying the dot No. 1 of the display
block B, ... On the other hand, the flip-flop 72 is set by the clock signal
SCKa and reset by the latch clock signal LC. And therefore, the flip- flop
72 outputs the signal shown at (c) in Fig. 14, which signal is rendered "1
" or "0" in synchronization with the clock signal SCKa. The flip-flop 73 is
set by the latch clock signal LC and reset by the frame signal FRM. During
the time when the flip-flop 73 outputs a "0" signal from an output terminal
Q thereof, the 30 exclusive OR gate 71 operates as a mere buffer amplifier,
so that a signal outputted from an output terminal Q of the flip-flop 72
passes through the exclusive OR gate 71 and is supplied to the selection
terminal of the selector 70 as a change-over signal G. As a result, the
selector 70 outputs the display data DDp and DDq alternatively as the
display data DD, as shown at (d) in Fig. 14. When the display data DD for
all of the dots (1280 dots) on the 1 st and 101 st rows of the display
panel 5 have been outputted from the selector 70, 35 the latch clock signal
LC is fed from the timing signal generating circuit 22a (Fig. 8). As a
result, the flip-flop 72 is reset, while the the flip-flop 73 is brought
into a set state to output a "1" signal from the output terminal Q thereof.
Consequently, the exclusive OR gate 71 operates as an inverter, so that the
output signal of the flip-flop 72 is inverted by the exclusive OR gate 71
and thence supplied to the selector 70. Thus, during the time when the
gray-scale data YD for the dots on the 2nd and 102nd rows of the display 40
panel 5 are sequentially fed to this display data forming section 23a, the
output signal of the flip-flop 72 varies as shown at (b) in Fig. 15. As a
result, the change-over signal G varies as shown at (c) in Fig. 15, so that
the selector 70 alternately outputs the display data DDq and DDp as the
display data DD as shown at (d) in Fig. 15. Thus, when the dots on the 1st
and 101st rows of the display panel 5 are displayed, the display data DDp
and DDq are sequentially outputted as the display data DD in the order of
DDp, DDq, 45 DDp, DDq, ... and when the dots on the 2nd and 102nd rows are
displayed, the display data DDp and DDq are sequentially outputted as the
display data DD in the order of DDq, DDp, DDq, DDp, ... And, an operation
similar to the above is repeatedly carried out. The display data DD thus
produced are sequentially supplied through the distribution circuit 24 to
the liquid crystal display panel 5, whereby the gray-scale display of each
dot is performed in accordance with a corresponding one of the display
patterns of Figs. 5 and 10 so which are assigned respectively to the
staggered dots p and q. Fig. 16 shows a modified form of the circuit
portion H of the display data forming section 23a encircled 



by a broken line in Fig. 11. This circuit comprises AND gates 80 to 89, an
OR gate 91 for logically adding outputs of the AND gates 80 to 89 together,
inverters 92 to 95, exclusive OR gates 96 to 98, and AND gates 99 and 100.
55     This circuit can implement the same function as the circuit portion
H of the display data forming section 23a of Fig. 11 with a simpler
construction. Claims 7    EP 0 193 728 B1 Fig. 13 shows the construction of
the display data generating circuit 27q which differs from the display data
generating circuit 27p of Fig. 12 in the way of application of the output
signals of the decoder 29q to the OR gates 30q to 37q. For example, input
terminals of the OR gate 30q are connected to the decoder 29q so that the
OR gate 30q effects a logical OR operation on the signals outputted from
the output 5  terminals  [err]  of the decoder 29q, and input terminals of
the OR gate 31q are connected to the decoder 29q so that the OR gate 31q
effects a logical OR operation on the signals outputted from the output
terminals [err] of the decoder 29q. This display data generating circuit
27q produces serial display data DDq which is rendered "1" in accordance
with the gray-scale data YD and the display timing shown in Fig. 10. 10
Referring again to Fig. 11, the display data DDp and DDq outputted from the
display data generating circuits 27p and 27q are supplied respectively to
input terminals [err] and [err] of a selector 70. The selector 70 outputs
the display data DDp when a "0" signal is applied to a selection terminal
[err] thereof, and outputs the display data DDq when a "1"  signal is
applied to the selection terminal [err]. The data outputted from the
selector 70 is supplied to the distribution circuit 24 shown in Fig. 8 as
display data DD. The display data 15 forming section 23a further comprises
and exclusive OR gate 71 and flip-flops 72 and 73 which will be more fully
described later. The operation of the display data forming section 23a will
now be described with reference to timing charts shown in Figs. 14 and 15.
Shown at (a) in Fig. 14 is a clock signal SCKa generated by the timing
signal generating circuit 22a, and each gray-scale data YD shown at (b) is
supplied to the display data 20 generating circuits 27p and 27q in
synchronization with this clock signal SCKa. As a result, the display data
DDp and DDq, which correspond to the gray-scale data YD, are outputted
respectively from the display data generating circuit 27p and 27q in
synchronization  with the clock signal SCKa. The gray-scale data YD shown
at (b) in Fig. 14 includes data [err] for displaying the dot No. 0 of the
display block A, data [err] for displaying the dot No. 1 of the display
block A, ... and also includes data [err] fordisplaying the dot No. 0 of 25
the display block B, data [err] for displaying the dot No. 1 of the display
block B, ... On the other hand, the flip-flop 72 is set by the clock signal
SCKa and reset by the latch clock signal LC. And therefore, the flip- flop
72 outputs the signal shown at (c) in Fig. 14, which signal is rendered "1"
or "0" in synchronization with the clock signal SCKa. The flip-flop 73 is
set by the latch clock signal LC and reset by the frame signal FRM. During
the time when the flip-flop 73 outputs a "0" signal from an output terminal
Q thereof, the 30  exclusive OR gate 71 operates as a mere buffer
amplifier, so that a signal outputted from an output terminal Q of the
flip-flop 72 passes through the exclusive OR gate 71 and is supplied to the
selection terminal of the selector 70 as a change-over signal G. As a
result, the selector 70 outputs the display data DDp and DDq alternatively
as the display data DD, as shown at (d) in Fig. 14. When the display data
DD for all of the dots (1280 dots) on the 1st and 101st rows of the display
panel 5 have been outputted from the selector 70, 35 the latch clock signal
LC is fed from the timing signal generating circuit 22a (Fig. 8). As a
result, the flip-flop 72 is reset, while the the flip-flop 73 is brought
into a set state to output a "1" signal from the output terminal Q thereof.
Consequently, the exclusive OR gate 71 operates as an inverter, so that the
output signal of the flip-flop 72 is inverted by the exclusive OR gate 71
and thence supplied to the selector 70. Thus, during the time when the
gray-scale data YD for the dots on the 2nd and 102nd rows of the display 40
panel 5 are sequentially fed to this display data forming section 23a, the
output signal of the flip-flop 72 varies as shown at (b) in Fig. 15. As a
result, the change-over signal G varies as shown at (c) in Fig. 15, so that
the selector 70 alternately outputs the display data DDq and DDp as the
display data DD as shown at (d) in Fig. 15. Thus, when the dots on the 1st
and 101st rows of the display panel 5 are displayed, the display data DDp
and DDq are sequentially outputted as the display data DD in the order of
DDp, DDq, 45  DDp, DDq, ... and when the dots on the 2nd and 102nd rows are
displayed, the display data DDp and DDq are sequentially outputted as the
display data DD in the order of DDq, DDp, DDq, DDp, ... And, an operation
similar to the above is repeatedly carried out. The display data DD thus
produced are sequentially supplied 



through the distribution circuit 24 to the liquid crystal display panel 5,
whereby the gray-scale display of each dot is performed in accordance with
a corresponding one of the display patterns of Figs. 5 and 10 so which are
assigned respectively to the staggered dots p and q. Fig. 16 shows a
modified form of the circuit portion H of the display data forming section
23a encircled by a broken line in Fig. 11. This circuit comprises AND gates
80 to 89, an OR gate 91 for logically adding outputs of the AND gates 80 to
89 together, inverters 92 to 95, exclusive OR gates 96 to 98, and AND gates
99 and 100. 55     This circuit can implement the same function as the
circuit portion H of the display data forming section 23a of Fig. 11 with a
simpler construction. Claims 7    EP 0 193 728 B1 1. A display control
system for displaying an image composed of a plurality of display dots
provided on a display screen (4) comprising (a) luminance data generating
means (21) for generating a plurality of luminance data (YD) each 5
representing an intensity level of a respective one of the plurality of
display dots provided on the display screen (4); (b) activation means (22,
24) for activating each of the plurality of display dots on the display
screen (4) in accordance with said luminance data (YD); 10
characterized by the provision of: (c) conversion means (23, 23a) for
converting each luminance data (YD) fed from said luminance data generating
means (21) into a pulse signal (DD) comprising pulses of fixed pulse width
and 15       amplitude and in which the number of pulses output during one
display period relates to the intensity level represented by said each
luminance data, and a respective one of the pulse signals (DD) being
supplied to said activation means. 2. A display control system according to
claim 1, wherein the plurality of display dots on the display 20     screen
(4) are grouped into a plurality of display sections equal in number of
display dots to one another, each of said display sections being composed
of at least two adjacent display dots (p, q), and wherein those of said
pulse signals for activating display dots in the same display section have
an identical number of pulses per display period but are substantially
different in phase from one another if luminance date (YD) representative
of intensity levels of said display dots in the same display section 25
are identical to one another. 3. A display control system according to
claim 2, wherein those of said pulse signals for activating those of the
display dots which are included respectively in different display sections
but disposed at corresponding positions in said different display sections
have an identical number of pulses per 30     display period and are
identical in phase to one another if luminance data (YD) representative of
intensity levels of said those of the display dots are the same. 4. A
display control system  according to claim 2, wherein said conversion means
(23) comprises conversion circuits (27p, 27q) equal in number to the
display dots of each display section, each of said 35     conversion
circuits corresponding to a respective one of the display dots of each of
said display sections, and converting those of said luminance data (YD)
representing intensity levels of the respective ones of the display dots of
said display sections into the pulse signals. 5. A display control system
according to claim 1, wherein said luminance data generating means (21, 20,
40      18) comprises memory means (18) for storing color data (RD, GD, BD)
each representative of a color of a respective one of the display dots on
the display screen (4), and data conversion means (21) for converting said
color data (RD, GD, BD) into said luminance data (YD). 6. A display control
system according to claim 1, wherein the image composed of the plurality of
display 45     dots is displayed on the display screen (4) in a scanning
manner, and wherein said conversion means (23, 23a) converting each
luminance data into the corresponding pulse signal using a predetermined
number of frame cycles of the scanning of the display screen, said
conversion means (23, 23a) determining in each frame cycle in accordance
with said each luminance data (YD) whether a pulse is to be outputted as
said pulse signal, said activation means (24, 22) sequentially activating
the display 50     dots on the display screen (4) in accordance with said
pulse signals (DD) fed from said conversion means (23, 23a).
PatentansprUche 



55 1. Ein Anzeigesteuerungssystem zur Anzeige eines aus einer Vielzahl von
Anzeigepunkten bestehenden Bildes auf einem Bildschirm (4), das (a)
Luminanzdatengeneratormittel (21) fOr die Erzeugung einer Vielzahl von
Luminanzdaten (YD), von denen jedes einen Intensitatspegel eines
Anzeigepunktes aus der Vielzahl von Anzeigepunkten auf 8    EP O 193 728 B1
l lililil lili11    DIII * C   L  M   S dem Bildschirm (4) darstellt; (b)
Aktivierungsmittel (22, 24) zur Aktivierung eines jeden Anzeigepunktes aus
der Vielzahl von Anzeigepunkten auf dem Bildschirm (4) gemaB diesen
Luminanzdaten (YD); 5        umfalit, gekennzelchnet durch das
Vorhandensein von: 10       (c) Umsetzungsmitteln (23, 23a) zur Umsetzung
jedes vom Luminanzdatengeneratormittel (21) gelieferten Luminanzdatenwerts
(YD) in ein Impulssignal (DD), das Impulse fester Impulsbreite und
-amplitude umfaft, und wobel sich die Anzahl der wahrend einer
Anzeigeperiode ausgegebenen Impulse auf den von den einzelnen Luminanzdaten
dargesteliten Intensitaltspegel bezieht und jeweils eines der Impulssignale
(DD) an dieses Aktivierungsmittel weitergeleitet wird. 15 2. Ein
Anzeigesteuerungssystem nach Anspruch 1, in dem die Vielzahl von
Anzeigepunkten auf dem Bildschirm (4) in eine Vielzahl von
Anzeigeabschnitten mit jeweils gleich vielen Anzeigepunkten aufgeteilt ist,
wobei jeder dieser Anzeigeabschnitte aus mindestens zwei
nebeneinanderliegenden Punkten (p. q) besteht, und in dem diese
Impulssignale zur Aktivierung von Anzeigepunkten im 20     gleichen
Anzeigeabschnitt eine identische Anzahl von Impulsen pro Anzeigeperiode
haben, sich aber in der Phase wesentlich voneinander unterscheiden, wenn
far IntensitAtspegel dieser Anzeigepunkte im gleichen Anzeigeabschnitt
stehende Luminanzdaten (YD) identisch sind. 3. Ein Anzeigesteuerungssystem
nach Anspruch 2, in dem diejenigen dieser Impulssignale zur Aktivierung 25
derjenigen der Anzeigepunkte, die jeweils in verschiedenen
Anzeigeabschnitten sind, aber in diesen verschiedenen Anzeigeabschnitten in
entsprechenden Positionen liegen, eine identische Anzahl von Impulsen pro
Anzeigeperiode haben und phasengleich zueinander sind, wenn fUr die
Intensit4tspegel dieser Anzeigepunkte stehende Luminanzdaten (YD) gleich
sind. 9o 4. Ein Anzeigesteuerungssystem nach Anspruch 2, in dem dieses
Umsetzungsmittel (23) gleich viele Umsetzungsschaltungen (27p, 27q) wie
Anzeigepunkte jedes Anzeigeabschnittes umfaot, wobei jede dieser
Umsetzungsschaltungen jeweils einem Anzeigepunkt jedes dieser
Anzeigeabschnitte entspricht und die die Intensitatspegel der jeweiligen
Anzeigepunkte dieser Anzeigeabschnitte darstellenden Luminanzdaten (YD) in
die Impulssignale umsetzt. 35 5. Ein Anzeigesteuerungssystem nach Anspruch
1, in dem dieses Luminanzdatengeneratormittel (21, 20, 18) Speichermittel
(18) zur Speicherung von Farbdaten (RD, GD, BD), von denen jedes jeweils
fUr eine Farbe eines Anzeigepunktes des Bildschirms (4) steht, und
Datenumsetzungsmittel (21) zur Umsetzung dieser Farbdaten (RD, GD, BD) in
diese Luminanzdaten (YD) umfalt. 40 6. Ein Anzeigesteuerungssystem nach
Anspruch 1, in dem das aus der Vielzahl von Anzeigepunkten zusammengesetzte
Bild durch Abtastung auf dem Bildschirm (4) angezeigt wird, und in dem
diese Umsetzungsmittel (23, 23a), die jeden Luminanzdatenwert mit Hilfe
einer vorgegebenen Anzahl von Rahmenzyklen des Abtastens des Bildschirms in
das entsprechende Impulssignal umsetzen, in jedem 45     Rahmenzyklus gemlf
diesen Luminanzdaten (YD) festlegen, ob ein Impuls als dieses Impulssignal
ausgegeben werden soil, wobei diese Aktivierungsmittel (24, 22) sequentiell
die Anzeigepunkte auf dem Bildschirm (4) gemW3 diesen von diesen
Umsetzungsmitteln (23, 23a) kommenden Impulssignalen (DD) aktivieren. 50
Revendlcatlons 1. Systeme de commande d'affichage pour afficher une image
composee d'une multiplicite de points d'affichage fournis sur un 6cran
d'affichage (4) comprenant: (a) des moyens de generation de donnees de
luminance (21) pour g6nerer une multiplicit4 de 55       donnees de
luminance (YD) representant chacune un niveau d'intensite d'un point
respectif parmi la multiplicite de points d'affichage foumis sur l'ecran
d'affichage (4); 



(b) des moyens d'activation (22, 24) pour activer chaque point de la
multiplicite de points d'affichage sur l'ecran d'affichage (4) conform6ment
auxdites donndes de luminance (YD); 9    EP 0 193 728 B1
I IMIIlI 11111  ll 111 111 caracteris6 en ce qu'il est prevu: (c) des
moyens de conversion (23, 23a) pour convertir chaque donnee de luminance
(YD) fournie par lesdits moyens de gdn6ration de donnees de luminance (21)
en un signal & impulsions (DD) comprenant des impulsions de durde et
d'amplitude fixes et dans loquel le nombre d'impulsions 5        delivrees
en sortie pendant une periode d'affichage est en rapport avec le niveau
d'intensit4 U-1        repr6sente par chaque donnde de luminance susdite,
un signal A impulsions respectif parmi les signaux A impulsions (DD) dtant
fourni auxdits moyens d'activation. 2. Systeme de commande d'affichage
selon la revendication 1, dans lequel la multiplicite de points 10
d'affichage sur l'6cran d'affichage (4) est constitute en groupes composes
d'une multiplicite de sections d'affichage egales, en nombre de points
d'affichage, les unes aux autres, chacune desdites sections d'affichage se
composant d'au moins deux points d'affichage adjacents (p, q), et dans
loquel ceux desdits signaux a impulsions servant a activer des points
d'affichage dans la mome section d'affichage comportent un nombre identique
d'impulsions par periode d'affichage mais sont sensible- 15     ment
differents, en termes de phase, les uns des autres si les donn6es de
luminance (YD) representati- ves de niveaux d'intensit6 desdits points
d'affichage de la m~me section d'affichage sont identiques les unes aux
autres. 3 Systbme de commande d'affichage selon la revendication 2, dans
lequel ceux des signaux parmi 90    lesdits signaux a impulsions servant &
activer ceux des points parmi les points d'affichage qui sont 'K>
compris respectivement dans des sections d'affichage differentes mais
disposes en des positions correspondantes dans lesdites sections
d'affichage differentes comportent un nombre identique d'im- pulsions par
periode d'affichage et sont identiques en terme de phase les uns aux autres
si les donn~es de luminance (YD) representatives de niveaux d'intensite de
ceux des points susdits parmi 25     lesdits points d'affichage sont les
m8mes. 4. Systbme de commande d'affichage selon la revendication 2, dans
lequel lesdits moyens de conversion (23) comprennent des circuits de
conversion (27p, 27q) 4gaux en nombre aux points d'affichage de chaque
section d'affichage, chacun desdits circuits de conversion correspondant a
un point respectif 30     parmi les points d'affichage de chacune desdites
sections d'affichage, et convertissant celles des donn~es parmi lesdites
donn~es de luminance (YD) repr~sentant des niveaux d'intensite des points
respectifs parmi les points d'affichage desdites sections d'affichage en
signaux a impulsions. 5. Systlme de commande d'affichage selon la
revendication 1, dans lequel lesdits moyons de gdn~ration 35     de donn6es
de luminance (21, 20, 18) comprennent des moyens de memoire (18) pour
enregistrer des donnees de couleur (RD, GD, BD) representatives chacune
d'une couleur d'un point respectif parmi les points d'affichage fournis sur
l'ecran d'affichage (4), et des moyens de conversion de donneas (21) pour
convertir lesdites donnees de couleur (RD, GD, BD) en lesdites donn6es de
luminance (YD). K240  6. Systbme de commande d'affichage selon la
revendication 1, dans lequel l'image se composant de la multiplicite de
points d'affichage est affichde sur ledit ecran d'affichage (4) suivant un
balayage, et dans lequel lesdits moyens de conversion (23, 23a)
convertissent chaque donnee de luminance en signal a impulsions
correspondant en utilisant un nombre pred6termini  de cycles de trame du
balayage de l'ecran d'affichage, lesdits moyens de conversion (23, 23a)
determinant dans chaque cycle de trame en 45     fonction de chaque donn6e
de luminance susdite (YD) si une impulsion doit Otre d6livree en sortie en
tant quo dit signal & impulsions. lesdits moyens d'activation (24, 22)
activant sequentiellement les points d'affichage sur l'cran d'affichage (4)
on fonction desdits signaux a impulsions (DD) envoyes par lesdits moyens de
conversion (23, 23a). 50 55 10    


