
- 1- This invention relates to control of the genera- tion of data
displays, and in particular to a technique which is especially effective
when applied to a con- 5     trol device employed for the display of
digital image data, for example, in a cathode ray tube (CRT) display
device. In order to cause a CRT display device to dis- play image data
which has been previously written 10   in a memory by a computer or the
like, for example, it is necessary to access the memory to read out this
image data and to prepare synchronizing signals cor- responding to the
access period. If a sequence of these processing operations are assigned,
for instance, to a CPU (central processing unit) of a computer sys- tem,
the tasks of the CPU are increased, and thus the entire throughput thereof
is greatly reduced. Display control devices which are exclusively used for
executing these processing operations separately, 20     namely the control
of the memory and the preparation of synchronizing signals, have been
proposed previously by the inventors and are embodied in display control
device Models HD6845, HD68A45 and HD6845S of Hitachi, Ltd. These display
control devices are also called 25     CRTCs.  Each of these devices is
provided with a scan-    



ning counter which is incremented at a period based on the timing of access
to the memory, whose count is circulated periodically, and which has
functions such that the memory can be accessed according to 5     address
data prepared on the basis of the count of the scanning counter and a
horizontal synchronizing signal and a vertical synchronizing signal can
each be generated based on the count of the scanning counter, so that image
data stored in the memory can be dis- 10     plaved on a display device of
a scanning system in which an image display screen is formed of horizontal
scanning lines and vertical frames.  Such a CRTC is formed of a
semiconductor integrated circuit, and it is typically connected as a
peripheral device to a 15     system bus of a CPU, for example, when in
use.  This relieves the CPU of the task of display control, in terms of
both hardware and software, and thus the throughput of the entire system
can be increased. The present inventors have examined a method in 20
which, when a plurality of these CRTCs are used, image data stored in
memories controlled by each of the CRTCs is superposed and displayed on one
image display screen.  The inventors have found, however, that it is
insufficient to simply apply the same basic clock 25     to each CRTC to
provide a superposed display on one    



image screen. In a CRTC, horizontal and vertical synchronizing signals are
generated to control the CRT display device. These synchronizing signals
are generated by the scanning counter which counts a basic 5     clock
provided from the external equipment.  Here, when a plurality of CRTCs each
generate identical synchronizing signals based on the same basic clock, the
phases of these synchronizing signals do not always agree with each other.
For example, once the 10     count of the scanning counter in any one of
the CRTCs differs from those in the other CRTCs, this difference appears as
a phase difference between the synchroniz- ing signals, and this state is
not automatically cor- rected, but remains. As a result, the positional 15
relationships of the superposed images, or the syn- chronization thereof,
is disrupted. An object of the present invention is to provide a display
technique which enables a superposed display 20     of a plurality of image
data items controlled by each of a plurality of CRTCs, within one image
display screen, with the prescribed mutual positional relation- ships
thereof maintained. An additional object of the present invention 25     is
to provide a display technique which enables the    superposed display on
one image display screen of 



image data displayed by a display system, such as a television system,
which has a separate synchronizing signal system, and image data controlled
by a CRTC, 5     with a prescribed mutual positional relationship thereof
maintained. The objects of the present invention are achieved by a method
in which the count of a scanning counter provided for generating
synchronizing signals in a CRTC is periodically initialized forcibly to a
pre- scribed value by an external signal, so that any phase difference
between the synchronizing signals in the CRTC and external synchronizing
signals is modified periodically or whenever appropriate, and thus a
plurality 15     of image data can be displayed in superposed relation-
ship with the mutual positional relationships thereof maintained. 20
Figure 1 is a schematic diagram of one embodi- ment of a display control
device of the present invention; Figure 2 is a timing.chart of an example
of the operation of the device of Fig. 1; Figure 3 is a block diagram of a
system showing 25     an example of the employment of the display control
device of the present invention;    Figure 4 is a schematic diagram of
another embodi- ment of the present invention; 



Figure 5 is a schematic circuit diagram of the phase detector in the
embodiment of Fig. 4; and 5          Figures 6 and 7 are timing charts of
the opera- tion of the circuit of Fig. 5. Typical embodiments of the
present invention will be described hereunder with reference to the 10
drawings, in which identical or equivalent elements are denoted by the same
symbols. Figure 1 shows one embodiment of a display control device in
accordance with the present invention. The display control device 10,
called a CRTC, 15 is provided with scanning counters C1 and C2 which are
incremented at a rate based on the timing of ac- cess to a memory
containing the data to be displayed, and the counts of these counters are
circulated (reset or initialized) periodically so that image data stored 20
in the memory can be displayed on-the screen of a display device having a
scanning system in which an image display is formed of horizontal scanning
lines and vertical frames. The memory is accessed by ad- dress data Ad
generated by an address generator 20    on the basis of count content [err]
and [err] of the scanning counters [err] and [err], respectively.
Simultaneously, a horizontal synchronizing signal Hs and a vertical
synchronizing signal Vs are also generated at the output 



5     of an interlace controller 12 on the basis of the counts D  and D2 of
the scanning counters [err] and [err], respectively.  The counts of the
scanning counters [err] and [err] may be initialized to prescribe values by
an external signal Ex. 10          Here, the scanning counters [err] and
[err] are comprised of a first scanning counter C1 providing an output D
for synchronizing the horizontal scanning lines and a second scanning
counter C2 providing D2 for synchronizing the vertical frames, and these
counters 15     [err] and [err] may be initialized together by the external
signal Ex so that their counts have been prescribed values at the start of
each display frame, for example. The display control device 10 is formed of
a semicondoctor integrated circuit (LSI circuit), and 20     is constructed
so that it may be connected to a system bus of a CPU, for instance, as
a-peripheral device as will be described in more detail later with
reference to Fig. 3. A CRT display device of an interlace (jump) scanning
system may be employed as the display 25     device.  The memory is a
so-called refresh memory or    a video RAM (VRAM), and a RAM (random-access
memory) is generally used therefor. A more detailed description will be
made here- under with reference to Fig. 1.  In addition to the 



5     first and second scanning counters [err] and [err], the device shown
in this figure is provided with an access timing detection counter [err],
data comparator circuits [err], [err], and [err], the address generation
circuit 20, an interlace control circuit 12, a pulse cut-out cir- 10
cuit 14, a terminal-switching circuit 16, and an AND gate [err]. A group of
control registers 22 which can be written from externally are provided, and
various operating modes of the display control device 10 are set or
selected according to data written into this 15     group of registers 22
under control of the CPU via controller 21. Comparison reference values
[err] and R2 of the data comparator circuits [err] and [err] and a control
signal [err] used for setting the switching position of the
terminal-switching circuit 16 are 20     set by this group of control
registers 22. The controller 21 has an address register (not shown) for
selecting one register of the register group 22, input control terminals
CNL for receiving control signals (such as a read/write signal, a chip 25
select signal, and a resigster select signal for select-    ing the address
register or the register group), data input terminals DB, and output
terminals CL  to CLn. The register group has output terminals R  to R4,
plural registers corresponding to the output terminals 



5    R  to R4, a bidirectional data terminal connected to - the input
terminals DB and control signal inputting ter- minals connected to the
output terminals [err] to CLn of the controller 21. In a CRT display
system, the input control ter- 10    minals CNL are connected to an address
bus line of a CPU system, and the input terminals DB are connected to a
data bus line of the same. When the control signals at the control
terminals CNL are directed to a writing state of the address register (chip
select 15    signal CS at the select level (e.g. low), register select
signal RS at the select level of the address register (e.g. low), and
read/write signal R/W at the writing level (e.g. low)), the address
register is selected.  Thus, the register selection datafor select- 20
ing one register of the register group 22 is written into the address
register through the input terminals DB. After this operation,-the control
signals are changed to a writing state of the register group 22 (register
select signal RS is changed to a select level 5    of the register-group 22
(e.g. high)), then one register    of the register group is selected in
accordance with the content of the address register in the controller 21.
Accordingly, control data is written into the designated register of the
register group 22 through 



5     the input terminals DB.  Control data [err] to[err] is written into
each register of the group 22 by repeti- tion of this operation. Display
sizes (horizontal size and vertical size) of the display panel are
determined by the data [err] and 10   [err] since the pulse period of the
pulse signal P1 and the pulse period of the pulse signal P are determined 2
by the data R1 and R2. A basic clock [err] is first input to the display
control device 10.  The basic clock [err] is synchronized 15    with the
clock of the system to which the display control device 10 is connected,
for instance. The basic clock [err] acts as a count input to the access
timing detection counter C0. The counter C0 is in- cremented by the basic
clock [err], and when a count D 20     thereof exceeds a comparison
reference value R  of the data comparator circuit [err], it is reset so
that it restarts counting from an initial value (0). In other words, the
count D circulates periodically. During each circulation period thereof, a
pulse signal 25    P0 is outputted, as an access control signal CE for    -
10 - the memory (RAM) storing image data, to external equip- ment from the
data comparator circuit CP0.  The memory 



is accessed thereby within each prescribed period, and one word of image
element data (e.g. 8 bits or 16 5     bits) is read therefrom at each
repeat of the access timing. The pulse signal P0 also acts as a count input
to the first scanning counter [err]. This counter [ERR] is designed so that
it is incremented by the input 10     pulse signal P0 and, when the count
[err]  thereof exceeds the comparison reference value [err] of the data
comparator circuit [err], it is reset so that it restarts counting from an
initial value (0). In other words, the count [err] is designed to circulate
periodically.  A pulse 15     signal P1 outputted from the data comparator
circuit CP1 during each circulation period of the count [err] passes
through the interlace control circuit 12 and is outputted externally as the
horizontal synchroniz- ing signal Hs for the CRT display device. In this 20
case, the circulation period of the first scanning counter C1 is made to
correspond to the period at which image data for one horizontal scan is
read from the memory. In other words, the comparison reference value R1 is
set so that the count D of the first 25     scanning counter [err] returns
to the initial value (0)    when image data for one scanning line of the
raster has been read therefrom. 



The pulse signal P1 outputted in each circulation period of the first
scanning counter C1 acts as a 5     count input to the second scanning
counter C2.  This counter [err] is incremented by the input pulse signal P1
and, when the count D thereof exceeds the comparison reference value [err]
of the data comparator circuit CP2, it is reset so that it restarts
counting from 10     an initial value (0).  In other words, the second
scanning counter [err] is also designed so that its count D2 circulates
periodically.  A pulse signal P2 out- putted from the data comparator
circuit CP2 during each circulation period of the count D  passes through
15     the interlace control circuit 12 and is outputted externally as the
vertical synchronizing signal Vs of the CRT display device. In this case,
the circula- tion period of the second scanning counter [err] is made to
correspond to the period at which image data for 20     one field is read
from the memory.  In other words, the comparison reference value [err] -is
set so that the' count D2 of the second scanning counter C2 returns to the
initial value (0) when the image data correspond- ing to half the total
number of horizontal lines con- 25     stituting an image display have been
read therefrom.    - 12 - Consequently, every time the circulation period
of 



the second scanning counter [err] is repeated twice, image data for two
fields, i.e., for one frame, is read out and displayed on the CRT display
device by 5    an interlace system.  When a display is produced by a CRT
display device of a standard television system, for instance, approximately
sixty vertical synchroniz- ing signals Vs aregenerated each second, and
thus thirty frames are produced per second. 10         The counts [err] and
[err] of the first and second scanning counters [err] and [err] are applied
to the address generation circuit 20. The address generation circuit
produces the address data Ad for accessing the memory -from these two
counts [err] and [err].  The image data stored 15    in the memory is
thereby read out in synchronism with the synchronizing signals Hs and Vs.
The interlace control circuit 12 provides scanning in which a dummy raster
period is inserted into the horizontal synchronizing signals Hs, and in
which 20    the phase of the vertical synchronizing signal VS is shifted by
half the horizontal scanning period for alternate fields, to provide
so-called interlace scan- ning.  For this purpose, the interlace control
circuit 12 has the function of discriminating between odd- 25    numbered
field periods and even-numbered field periods.    This function can be
easily obtained by using a binary 



flip-flop FDFF which is incremented by the vertical: synchronizing signal,
for instance. Accordingly, an odd-numbered field (or an even-numbered
field) detec- 5     tion signal Vi activated only during an odd-numbered
field period (or an even-numbered field period), for instance, can be
obtained for each frame from the interlace control circuit 12. When the
logical "and" product of the odd-numbered 10    field detection signal Vi
obtained from the interlace control circuit 12 and the pulse signal P2
output during each circulation period of the second scanning counter C2 is
produced by the AND gate G1., odd-numbered vertical synchronizing signals
alone are extracted. The odd- 15    numbered vertical synchronizing signals
thus extracted are supplied, as the external synchronizing signals Ex, out
of the display control device 10 through the terminal-switching circuit 16.
The above is the. description of the elements out- 20    putting the
external synchronizing signals Ex, but the display control circuit 10 is
also constructed so that it receives synchronizing signals Ex from external
equipment. These synchronizing signals Ex from external equipment are
formed of odd-numbered 25    (or even-numbered) vertical synchronizing
signals alone,    in the same way as the signals Ex output externally. 



The external synchronizing signal Ex is inputted to the pulse cut-out
circuit 14 through the terminal- switching circuit 16. Within the pulse
cut-out cir- 5     cuit 14, a narrow pulse is cut out from the external
synchronizing signal Ex, and this pulse is distributed as a clear signal
(reset or initialization signal) CR to the counters [err], [err] and [err].
Therefore, the counts [err] ,[err], and[err] of the counters [err], [err],
and [err] 10     are initialized (reset to 0 or an initial value) simul-
taneously in synchronization with the external signal Ex, when the external
synchronizing signal is inputted. thereto. The binary flip-flop FDFF in the
interlace controller is initialized to its initial state in 15     response
to the reset signal CR derived from the pulse cut-out circuit 14. Thus,
when the external synchroniz- ing signal is inputted to the CRTC, the
counters [err] to [err] are reset to initial state and the binary counter
FDFF is reset to initial state directed to even field 20     (or odd
field). This initialization is effected in each frame if the external
synchronizing signal Ex is generated, for instance, from another display
control device 10 of the same construction.  Therefore, even if a count 25
error occurs in one or more of the counters [err], [err],    and C2, it is
corrected automatically when the sub- 



sequent frame period starts. Consequently, mutual synchronization of a
plurality of display control devices can be secured continuously, and thus
image data stored 5     in a plurality of memories can always be superposed
with the correct positional relationship for display. As a result, a
plurality of images can be synthesized into a complicated image or
diversified images in a simple manner and at high speed. 10          In
this embodiment, the switching state of the terminal switching circuit 16
determines whether the synchronizing signal Ex is outputted externally or
is inputted from another display control device 10. The switching state of
the terminal-switching circuit 15     16 is controlled by a control signal
[err] which is set by the group of registers 22, Accordingly., whether the
display control device 10 is used as a master or a slave can be determined
freely by setting the group of registers 22, which is done when the device
is used. 20     On the other hand, the number of signal terminals required
for the mutual synchronization of a plurality of display control devices
can be reduced to one. Figure 2 is a timing chart of an example of the
operation of the display control device described 25     above.  In this
figure, Ta denotes the access cycle    of the memory, Th denotes the
horizontal scanning 



period, TV denotes the field period, and Ts denotes the period of the
external synchronizing signal Ex delivered within each frame. 5          In
the foregoing explanation, reference has been made to the periodic
initialization of the scanning counters by the synchronizing signal Ex. In
this regard, it should be understood that such initialization could
comprise a simple resetting of the scanning counters 10    to zero, but
also includes a forcing of the state of the scanning counters to a
prescribed value.  In the latter case, the addresses generated by one CRTC
need not be the same as those generated by another CRTC in the system,
which allows data stored in different 15     locations of the same or
different memories to be displayed in superposition. Figure 3 shows an
example of a system for employ- ment of the display control device 10.  In
the example of this figure, two display control devices 10A and 20     10B
are used.  These display control devices 10A and 1OB are connected to an
address bus AB and data bus DB of a computer system 100, so that they can
operate as peripheral devices of the computer system 100. The computer
system 10O consists of, for example, a 25     CPU, a ROM, a RAM and an I/O
port.    The display control devices (CRTC1 and CRTC2) 



1OA and 10B control memories (RAMs) 30A and 30B storing image data,
respectively. The image data read out from the memories 30A and 30B is
converted into serial 5     image signals Sa and Sb by parallel-serial
conversion circuits (P/S conversion circuits) 32A and 32B, respec- tively,
which signals are then input to a video con- troller 40, together with
vertical and horizontal syn- chronizing signals Hs and Vs output from the
display 10    control device 10A. The video controller 40 prepares an image
signal Sab and a synchronizing signal Ss for the CRT display device 50 from
these input signals. Thus, the image data Sa and Sb read out from the two
memories 30A and 30B is displayed in a mutually-super- 15     posed state
on the CRT display device 50. Here, one device 10A of the two display
control devices 10A and 10B is set so that it outputs the synchronizing
signal Ex externally within each frame period.  While the other device 10B
is set so that 20     it receives, as an input, the external synchronizing
signal Ex output from the device 10B. In other words, when display control
devices are employed, internal registers thereof are set by the computer
system 100 so that the display control device 10A operates as 25     the
master and the display control device 10B operates    as the slave. Thus,
one display control device 1OA 



operates as master and the other display control device 10B as slave, and
the device 10B reliably follows the device 10A, in synchronization
therewith. 5         Figure 4 shows another embodiment of the present
invention. The embodiment shown in this figure uses the display control
device 10 described above, and is constructed so that image data St to be
displayed on a display system, such as a television system 60 10    which
has the separate synchronizing signal system, and image data Sc. controlled
by the display control device 10 can be superposed for display in one CRT
display device 50 while the mutual prescribed posi- tional relationship
thereof is maintained. 15          In order to display the image data
stored in the memory 30 on a display device of an interlace scanning type
whose image display is formed of horizontal scan- ning lines and vertical
frames, i.e. a conventional CRT display device 50 in this case, the display
control 20     device 10 is provided with a scanning counter which is
incremented at a period based-on the timing of access to a memory 30 and
whose count content circulates periodically.  The display control device
10is con- structed so that the memory 30 is accessed by address data Ad
produced on the basis of the count of the    scanning counter, as already
described. Horizontal 



and vertical synchronizing signals are also produced on the basis of the
count of this scanning counter. The television 60 causes the CRT display
device 5     50 to display the image data St of the television sys- tem 60
side, using a synchronizing signal Ss which is prepared separately in the
conventional manner. The display control device 10 is employed together
with a basic clock generation circuit 65 constructed. 10     by using a
phase-difference detection circuit 62, an AND gate G11, and a PLL (phase
locked loop) 64. The basic clock generation circuit 65 prepares a basic
clock [err] for the display control device 10 based on a horizontal
synchronizing signal Hst output from 15     the television system 60.  The
display control device 10 produces an access control signal CE for the
memory 30, address data Ad, and the vertical synchronizing signal Vs and
horizontal synchronizing signal Hs from the basic clock [err]. 20
The phase-difference detection circuit 62 detects any phase difference
between the vertical synchronizing signal Vs output from the display
control device 10 and the vertical synchronizing signal Vst output from the
television system 60. The phase detector 62 com- 25     prises flip-flops
[err], [err], a NAND circuit ND and    - 20 - 



an inverter IV, as shown in Fig. 5. The DEF1 is em- ployed for detecting
the phase difference between the external vertical synchronizing signal Vst
and the external horizontal synchronizing signal Hst.  At the even field,
the reading edge (time; t2) is preceded by the half period of the
horizontal scanning period to that of the horizontal synchronizing signal
Hst (time: t3), as shown in Figs. 6A and 6B. On the other hand, at the odd
field, the reading edge of the signal 10     Vs and the reading edge of the
signal Hst (time: [err]) are coincident with each other. The flip-flop
[err] receives the signal Vst and Hst at a data input terminal D and a
clock input terminal C, respectively. Therefore, the reading edge (t3) of
15     the output [err] of the flip-flop [err] is delayed by half period
with respect to the signal Vst at the even field as shown in the Fig. 6C.
On the other hand, at the odd field, the reading edge of the signal Q2 and
the reading edge of the signal Vst are coincident with 20     each other.
The operation of the flip-flop [err] is the same as that of the flip-flop
DFF1.  The timing chart for the flip-flop [err] is shown at Figs. 6D to 6G.
When the time period t2 to t6 represents an even field to the 25     TV
system 60 and an odd field to the CRTC 10, as shown    



in Fig. 6, the output Q2 becomes high at the time t4 and the output Q1
becomes low at the time t5. In accordance with this, an output of the
inverter IV becomes high during the period t4 to t5. In this 5     case,
the output Ex of the AND circuit G   is held to the low level, as shown in
Fig. 6 , since the ex- ternal signal Vst falls to the low level at the time
t4. At time t6, the output PD of the inverter IV is raised to the high
level again since the output Q1 10     is raised at the time t6 to the high
level and the output Q  is held to the high level.  Since, at the time t6,
the external signal Vst is raised to the high level, the signal Ex is
raised to the high level. According with this, the counters C0 to C2 and
the 15     flip-flop FDFF (Fig. 1) are reset to their initial state. The
initial state of the flip-flop FDFF means the odd field.  Thus, the odd
field of the CRTC 10 is synchronized with that of the TV system 60 at time
t6. In accordance with the resetting operation, the 20     horizontal
synchronizing signal Es is raised to the high level (t8) after one
horizontal scanning period H to the time t6 (not at time t7 delayed one
period H to the time t6'). Since the output [err] of the flip- flop [err]
falls at time t8 to the low level, the out- 25     put Ex falls to the low
level.  When the odd or even    



- 22 - field of the CRTC 10 is synchronized with the odd or even field of
the TV system 60, the output Ex is held at the low level, as shown in Fig.
61. In the case where the phase difference between 5     the Vst and Vs is
large, as shown in Fig. 7, the out- put Ex is raised to the high level in
synchronization with the signal Vst of the odd field. Therefore, the
counters and flip-flop of the CRTC 10 are reset to their initial state at
time t20. 10          As shown in Fig. 4 the phase-difference detec- tion
circuit 62 detects the phases of the vertical synchronizing signal Vs
output from the display control device 10 and the vertical synchronizing
signal Vst output from the television system 60, while comparing 15     the
relationships between the vertical synchronizing signals.  (Whether the
vertical synchronizing signals are odd-numbered or even-numbered is
detected and a comparison is performed.)  By taking the logical "and"
product of the detection output of the phase-difference 20     detection
circuit 62 and the vertical synchronizing signal Vs output from the display
control device 10, using the AND gate Gil, a pulse output synchronous with
the vertical synchronizing signal Vst can be ob- tained.  This pulse output
is inputted as the external 25     synchronizing signal Ex to the display
control device   



10 so that the initialization timing of the count of each counter in the
display control device 10 can be synchronized periodically with the
odd-numbered (or even-numbered) vertical synchronizing signals on the 5
television system side.  Incidentally, the display control device 10 in
this case is set beforehand so as to operate as the slave by an instruction
given by the computer system 100, for example. In this way, the image data
St displayed in the 10     display system which has a separate
synchronizing signal system, like the television system 60, and the image
data Sc controlled by the display control device 10 can be superposed for
display on one image display screen with the prescribed mutual positional
relation- ship thereof maintained. As can be seen from the foregoing
description, by applying a construction in which a memory is accessed by
address data prepared on the basis of a count of a scanning counter, and
horizontal and vertical syn- 20     chronizing signals are each generated
on the basis of the count of this scanning counter, the count of the
scanning counter being initialized periodically to a prescribed value by a
signal input from external equipment, a plurality of image data items
controlled 25     by each of a plurality of CRTCs can be superposed for   



display on one image display screen, with the prescribed mutual positional
relationships thereof maintained. By applying a construction in which a
memory is accessed by address data prepared on the basis of a 5    count of
a scanning counter, and horizontal and vertical synchronizing signals are
each generated on the basis of.the count of this scanning counter, while a
signal synchronous with either the odd-numbered or the even-numbered
vertical synchronizing signals is 1.0   outputted to external equipment, a
plurality of image data items controlled by each of a plurality of CRTCs
can be superposed for display on a display device of an interlace scanning
system, with the prescribed mutual positional relationships thereof
maintained. 15         Further, by applying a construction in which a
memory is accessed by address data prepared on the basis of a count of a
scanning counter horizontal and vertical synchronizing signals are given by
a display system of an interlace scanning type which has a 20    separate
synchronizing signal system, and a clock signal determining the timing of
access to the memory is prepared on the basis of the horizontal
synchronizing signal, while either the odd-numbered or the even- numbered
vertical synchronizing signals are detected 25    from the vertical
synchronizing signal and the count   



of the scanning counter is initialized forcibly to a prescribed value on
the basis of the signals thus detected, image data displayed on the display
system with the separate synchronizing signal system, like a S
television system, and image data controlled by a CRTC can be superposed
for display on one image display screen with a prescribed mutual positional
relationship maintained. The effects described above enable the attainment
10    of a synergistic effect in that a plurality of images can be
synthesized into a complicated image or a wide variety of images in a
simple manner and at high speed. The above is a detailed description of the
inven- tion based on various embodiments thereof. This 15    invention is
not limited to these embodiments, of course, it can be varied in many ways
within its fundamental scope.  For instance, a liquid-crystal display
device or a plasma display device can be used as the CRT display device,
and the period of the external 20    synchronizing signal Ex can be set to
be several frames long, or any longer length of time. The invention has
been described above mainly in relation to the case in which it is adapted
to the technique of synchronizing a display control device 25    of a CRT
display device, which is used as the background   



of the field of application thereof. The present invention is not limited
to this application, it can be applied, for instance, to the technique of
synchronizing a display control device which has an intelligent processing
function which decides the content of image data and rewrites it. The
present invention can be applied to any devices in which at least
synchronization or alignment is a necessary condition.    - 27 - 1
CLAIMS: 2          1.  A display control device for accessing a 3    memory
to read out image data to be displayed on an 4    image device in a
scanning system in which an image 5    display is formed of horizontal
scanning lines and 6    vertical frames with a preselected timing,
comprising: 7              scanning counter means incremented at a rate 8
based on the required timing of access to said memory 9    for generating a
count which is cycled in accordance 10    with the preselected timing of
said image display scan- 11   ning system; 12              address
generating means responsive to said 13    scanning counter means for
generating sequential 14    addresses for accessing said memory; 



15              timing signal generating means responsive to 16    said
scanning counter means for generating a horizontal 17    synchronizing
signal and a vertical synchronizing signal 18    based on said count; 19
synchronizing signal generator means responsive 20    to said timing signal
generator means for generating a 21    periodic internal synchronizing
signal; 22              control terminal means for transmitting a 23
periodic internal synchronizing signal to or from the 24    display control
device; and 25              switching means for selectively connecting *
C  L  M  S   *    26    said control terminal means either to said
synchronizing 27    signal generating means to send out said internal 28
periodic synchronizing signal or to said scanning 29    counter means to
effect a periodic initialization there- 30   of in response to an
externally received periodic 31   internal synchronizing signal. 1
2.  A display control device according to claim 2   1, wherein said
scanning counter means includes a first 3   counter driven by a clock
signal having a frequency 4   based on said required timing of access to
said memory 5   so as to produce an output to said timing signal 6
generating means for generating said horizontal 7   synchronizing signal,
and a second counter driven by 



8   said horizontal synchronizing signal so as to produce. 9   an output to
said timing signal generating means for 10   generating said vertical
synchronizing signal. 11         3.  A display control device according to
claim 2, 12   wherein said timing signal generating means includes 13
means for comparing the output of said first counter.. 14   to a first
preselected value and for resetting said 15   first counter when comparison
is detected, and means 16   for comparing the output of said second counter
to a 17   second preselected value and and for resetting said 18   second
counter-when comparison is detected. 1         4.  A display control device
according to claim 3,    2    further including register means for storing
signals 3    representing said first and second preselected values 4    for
application to said timing signal generating 5    means. 1          5.  A
display control device according to claim 2    1, wherein said
synchronizing signal generator means 3    includes means for generating
said periodic internal synchronizing signal in time with said vertical 5
synchronizing signal. 1          6.  A display control device according to
claim 2    1, wherein said synchronizing signal generator means 3
includes a bistable circuit, connected to be driven by 4    said vertical
synchronizing signal and gate means for 



5    producing said periodic internal synchronizing signal 6    in response
to an output of said bistable circuit. 1          7.  A display control
device according to claim 2   6, further including means for setting said
bistable 3    circuit to a predetermined state in response to a 4
periodic internal synchronizing signal received from 5    said control
terminal means via said switching means. 1          8. A display system for
displaying data stored 2    in memory on a display device as an image
display 3    formed of horizontal scanning lines and vertical frames 4
with a preselected timing, comprising: 5              memory means for
storing image data to be    6   displayed; 7          means including first
and second display control 8   devices for accessing said memory means to
read out 9    said image data, each of said first and second display 10
control devices including scanning counter means 11    incremented at a
rate based on the required timing of 12    access to said memory means for
generating a count 13   which is cycled in accordance with said preselected
14    timing, address generating means responsive to said 15    scanning
counter means for generating sequential 16    addresses for accessing said
memory means, timing 17    signal generating means responsive to said
scanning 18    counter means for generating a horizontal synchronizing 



19    signal and a vertical synchronizing signal based on 20    said count,
synchronizing signal generator means 21    responsive to said timing signal
generator means for 22    generating a periodic internal synchronizing
signal, 23    control terminal means for transmitting a periodic 24
internal synchronizing signal to or from the display 25    control device,
and switching means for selectively 26    connecting said control terminal
means either to said 27    synchronizing signal generating circuit to send
out 28    said internal periodic synchronizing signal or to said 29
scanning counter means to effect a periodic initializa- 30   tion thereof
in response to an externally received    31   periodic internal
synchronizing signal; 32              display means connected to said
memory means 33   for displaying image data read out of said memory 34
means in response to said first and second display 35   control devices,
respectively, as superimposed images 36   with identical timing;: and 37
synchronizing control means for connecting the 38   control terminal means
of said first display control 39   device to the control terminal means of
said second 40   display control device, so that said periodic internal 41
- synchronizing signal generated in one of said first and 42   second
display control devices may be applied to the 43   other of said first and
second display control devices. 



1          9.  A display system according to claim 8, further 2  including
means for applying the horizontal synchronizing 3    signal and the
vertical synchronizing signal generated in one of said first and second
display control devices 5   to said display means to control the timing of
operations 6   thereof. 1         10.  A display system according to claim
9, wherein, 2   in each of said first and second display control devices, 3
said scanning counter means includes a first counter 4   driven by a clock
signal having a frequency based on 5    said required timing of access to
said memory so as 6    to produce an output to said timing signal
generating    7   means for generating said horizontal synchronizing 8
signal, and a second counter driven by said horizontal 9    synchronizing
signal so as to produce an output to said 10    timing signal generating
means for generating said 11    vertical synchronizing signal. 1
11.  A display system according to claim 10, 2   wherein, in each of said
first and second display 3    control devices, said timing signal
generating means 4    includes means for comparing the output of said first
5    counter to a first preselected value and for resetting 6    said first
counter when comparison is detected, and 7    means for comparing the
output of said second counter 8    to a second preselected value and for
resetting said 



9    second counter when comparison is detected. 1         12.  A display
system according to claim 11, further 2    including, in each of said first
and second display 3    control devices, register means for storing signals
4    representing said first and second preselected values 5    for
application to said timing signal generating means. 1         13.  A
display system according to claim 9, 2   wherein, in at least one of said
first and second 3   display control devices, said synchronizing signal 4
generator means includes means for generating said 5    periodic internal
synchronizing signal in time with 6    said vertical synchronizing signal.
1         14.  A display system according to claim .9, 2    wherein, in at
least one of said first and second 3    display control devices, said
synchronizing signal 4    generator means includes a bistable circuit
connected 5    to be driven by said vertical synchronizing signal and 6
gate means for producing said periodic internal 7 synchronizing signal in
response to an output of said 8    bistable circuit. 1         15.  A
display system according to claim 14, 2    further including means for
setting said bistable 3    circuit to a predetermined state in response to
a 4    periodic internal synchronizing signal received from. 5    said
control terminal means via said switching means. 



1          16.  A display system for displaying data stored 2 in memory on
a display device as an image display formed - 3    of horizontal scanning
lines and vertical frames with a 4   preselected timing, comprising: 5
memory means for storing image data to be 6    displayed; 7
display control means connected to said 8 memory means for accessing said
memory means to read 9    out said image data, including scanning counter
means 10    incremented at a rate based on the required timing 11    of
access to said memory means for generating a count 12    which is cycled in
accordance with said preselected    13    timing, address generating means
responsive to said 14    scanning counter means for generating sequential
15    addresses for accessing said memory means, timing 16    signal
generating means responsive to said scanning 17    counter means for
generating a horizontal synchronizing 18    signal and a vertical
synchronizing signal based on 19    said count, synchronizing signal
generator means 20    responsive to said timing signal generator means for
21    generating a periodic internal synchronizing signal, 22    and
control terminal connected to said scanning counter 23   means for
transmitting a periodic internal synchronizing 24    signal to initialize
said scanning counter means; 25               video data generating means
for generating 



26    video data capable of being displayed in horizontal 27    scanning
lines and vertical frames as well as a 28    horizontal synchronizing
signal and a vertical synchro- 29    nizing signal identifying the timing
of said video data; 30               display means connected to said memory
means 31    and said video data generating means for displaying 32    said
im age data read out of said memory means in 33    superposition with said
video data; and 34               synchronizing control means responsive to
35   the horizontal and vertical synchronizing signals 36   produced by
said display control means and said video 37   data generating means for
applying a periodic internal I 1111111 11111 11111 11111 111111 *    C   L
M    S    *    - 35- synchronizing signal to said control terminal means of
said display control means. 17.      A display control device constructed
substantially as herein described with reference to and as illustrated in
the accompanying drawings.    




