
STORAGE DEVICE AND ACCESS METHOD    BACKGROUND OF THE INVENTION  1.  Field
of the Invention       The present invention relates to an storage device
and an access method and, more particularly, to a storage  device and an
access method which are preferably used in  hierarchical coding which
divides an image into a  plurality of layers having different numbers of
pixels.  2.   Description of the Related Art       In one of available
coding methods, a high-definition  image (bottom hierarchical or first
layer data) is used to  form image data of a second layer having a smaller
number  of pixels, the second layer image data is then used to  form image
data of a third layer having a smaller number  of pixels, and this process
is repeated until image data  of top layer is formed. Such a coding method
is called a  hierarchical coding, in which image data of each layer is
presented on a monitor in accordance with respective  definition (the
number of pixels). A user thus watches  the image data by selecting the
image data, which matches  the definition of the user's own monitor, out of
the  hierarchically coded image data.  



The image data of one definition is treated as the  bottom hierarchical
(first) layer image data to form image
-2-    data of higher layers sequentially. When all of these  data are
stored and transmitted as they are, extra memory  capacity and extra data
transmission capacity for the  higher layer image data are additionally
required compared  with the case when the bottom layer image data only is
stored or transmitted.       The inventors of this invention have already
proposed  a hierarchical coding method to restrict an increase in  the
memory capacity.       For example, suppose now that the sum of four pixels
of 2 x 2 (rows x columns) is treated as a higher  hierarchical pixel (a
pixel value) in a hierarchical  coding of three layers. Referring to FIG.
9A, 8 x 8  pixels are now considered as an image of the bottom
hierarchical layer, and the sum mO of the top left four  pixels, 2 x 2
pixels, h00, h10, h01, and h11 is computed,  and the sum m0 is then treated
as the top left pixel in a  second layer. In the same way, the sum ml of
the top  right four pixels h20, h30, h21, and h31, the sum m2 of  the
bottom left four pixels h02, h12, h03, and h13, and  



the sum m3 of the bottom right four pixels h22, h32, h233,  and h33 in the
bottom hierarchical layer are respectively  computed, and these sums are
respectively treated the top  right, the bottom left and bottom right
pixels in the  second layer. The sum qO of the four pixels m0, m1, m2,
-3-    and m3 as 2 x 2 pixels in the second layer is computed,  and the sum
is a pixel of an image in the top hierarchical  layer.       If the pixels
h00 through h33, mO through m3, and qO  are all stored, the extra memory
capacity for the pixels  mO through m3 in the second layer and the pixel qO
in the  third layer will be additionally required.       Referring to FIG.
9B, the pixel qO in the third layer  is positioned, for example, in place
of the bottom right  pixel m3, out of the second layer pixels mO through
m3.  The second layer is thus constructed of the pixels mO  through m2 and
qO.       Referring to FIG. 9C, the pixel mO in the second  layer is
positioned, for example, in place of the bottom  left pixel h11, out of the
first layer pixels h00, h10,  h01, and h11, all these used to determine the
pixel mO in  the second layer. Similarly, the remaining pixels m1, m2,  



and qO in the second layer are substituted for the pixels  h31, h13, and
h33 in the first layer. Although the pixel  qO is not directly derived from
the pixels h22, h32, h23,  and h33, the pixel q0 is substituted for the
pixel m3  which is directly derived from these pixel, and the pixel  q0 is
thus positioned instead of the pixel m3 in place of  the pixel h33.
In this way, referring to FIG. 9C, the total number
-4-    of pixels is 16 of 4 x 4 pixels, and remains unchanged  from the
number of pixels in the bottom hierarchical layer  shown in FIG. 9A. An
increase in the memory capacity is  thus prevented.       The pixels m3 and
h33, replaced with the pixel qO,  and pixels h11, h31 and h13, respectively
replaced with  the pixels m0 through m2, are decoded as follows.
Since qO is the sum of m0 through m3, equation q0 =  m0 + m1 + m2 + m3
holds. The pixel m3 is determined from  equation m3 = q0 - (m0 + m1 + m2).
m0 is the sum of h00, h10, h01 and h11, equation m0 =  h00 + h10 + h01 +
h11 holds. h11 is thus determined from  equation h11 = m0 - (h00 + h10 +
h01). Similarly, h31,  h13, and h33 are determined. h33 is determined after
the  



determination of m3.       In the above hierarchical coding, a delay
circuit for  line delay of the first layer pixel (pixel value) was
conventionally required besides a general-purpose memory  for storing the
hierarchical coding results (such as SRAM  (Static Random Access Memory) or
DRAM (Dynamic RAM)).       For example, referring to FIG. 9C, equation
mO=hOO  hOl + h02 + h03 needs to be computed to determine the  pixel m0 in
the second layer, and to determine the pixel  m0 in the second layer,
pixels h00, h10, h01, and h11  distributed over two lines are needed, and
the supply of                                        -5-    the image data
to the memory is performed sequentially  from top to bottom according to
the unit of one line. The  writing and reading of the image data to and
from the  memory is also performed according to the unit of one  line.
For this reason, to compute m0, the line starting  with hOO needs to be
delayed by one line to wait for the  line starting with hOl, and the line
starting with hOO and  the line starting with h01 need to be written onto
the  memory.       Besides the memory for storing the hierarchical  



coding results, the delay circuit for line delay of the  image data is
conventionally required, causing the device  bulky.    OBJECT AND SUMMARY
OF THE INVENTION       The present invention has been developed in view of
the above problem, and it is an object of the present  invention to make
the device compact.       According to one aspect of the present invention,
the  storage device comprises a first memory for storing an  input image
data at an address designated by, at least, a  first address signal and a
second address signal, a second  memory for storing first processed data,
which was  processed from the input image data, at an address
-6-    designated by part of, at least, the first address signal  and the
second address signal, and a controller for  controlling the writing and
reading of data to and from  the first memory and the second memory and for
performing  a predetermined process to the data.       According to another
aspect of the present invention,  the access method comprises the steps of
writing input  image data onto an address in the first memory, designated  



by first and second address signals, reading storage data  stored at the
address in the second memory, designated by  part of the first and second
address signals, computing  first processed data by processing the storage
data and  the input image data, and writing the first processed data  onto
the address in the second memory that stored the  storage data.
According to another aspect of the present invention,  the access method
comprises the steps of reading input  image data stored at an address in
the first memory,  designated by first and second address signals while
reading first processed data stored at an address in the  second memory,
designated by part of the first and second  address signals, computing
second processed data by  processing the input image data and the first
processed  data, and writing the second processed data onto the  address in
the second memory which stored the first
-7-    processed data, and, at the same time, reading the input  image data
stored at an address in the first memory,  designated by a delay address
signal while reading the  second processed data stored at an address in the
second  memory, designated by part of the delay address signal,  



computing the original first processed data by processing  the input image
data and the second processed data, and  writing the first processed data
onto the address in the  second memory which stored the second processed
data.    BRIEF DESCRIPTION OF THE DRAWINGS       FIG. 1 is a block diagram
showing the construction of  one embodiment of a storage device of the
present  invention;       FIG. 2 shows the organization of one display
screen  for a first layer image;       FIG. 3 is a first functional block
diagram of the  storage device of FIG. 1;       FIG. 4 is a second
functional block diagram of the  storage device of FIG. 1;       FIG. 5 is
a third functional block diagram of the  storage device of FIG. 1;
FIG. 6 is a fourth functional block diagram of the  storage device of FIG.
1;       FIG. 7 illustrates a first layer memory 2 of FIG. 6
-8-    which is divided into a bank A and a bank B;       FIG. 8 is a fifth
functional block diagram of the  



storage device of FIG. 1; and       FIGS. 9A-9C illustrate a hierarchical
coding process.    DESCRIPTION OF THE PREFERRED EMBODIMENTS       Referring
now to the drawings, the embodiments of the  present invention are
discussed.       FIG. 1 shows the construction of one embodiment of  the
storage device that implements the present invention.       For example,
the storage device is constructed of one  chip CMOS (Complementary Metal
Oxide Semiconductor), which  is designed to perform the hierarchical coding
to derive,  for example, three layer images having different numbers  of
pixels from an image input thereon.       More specifically, an address
providing circuit 1 is  supplied with a horizontal address and a vertical
address,  namely addresses corresponding to the horizontal and  vertical
positions of each pixel for the image input to  the storage device.
In this embodiment of the present invention, as shown  in FIG. 2, the
address providing circuit 1 receives an  image (digital image data) in a
single display screen  constructed of 512 pixels in a horizontal direction
by 512  pixels in a vertical direction. Each of the horizontal
-9-  



address and vertical address is expressed in nine  (=log[err]512) bits.
The address providing circuit 1 processes the  horizontal address and
vertical address as necessary, and  feeds them to a first layer memory 2, a
second layer  memory 3, and a third layer memory 4. The address  providing
circuit 1 is also supplied with a clock (not  shown in FIGS. 3 through 6
and FIG. 8 to be described  later), an R/W (Read/Write) signal, and a
hierarchical  flag, besides the horizontal and vertical addresses. The
address providing circuit 1 provides an address to the  first layer memory
2, second layer memory 3 and third  layer memory 4 in synchronization with
the clock. In  response to the R/W signal and the hierarchical flag, the
address providing circuit 1 processes the horizontal  address and vertical
address. Furthermore, the address  providing circuit 1 provides a
predetermined control  signal to the RMW circuit 5 as necessary.       The
R/W signal commands reading the image data from  the storage device and
writing the image data to the  storage device, and the hierarchical signal
commands which  of a first layer image, a second layer image and a third
layer image, to be discussed later, is read when the image  stored in the
storage device is read, and is for example,  a two-bit flag. Since the
writing of the image data is        



- 10 -    concurrently performed onto the first layer memory 2,  second
layer memory 3 and third layer memory 4, the  hierarchical flag is ignored
(ineffective) when the R/W  signal indicates the writing. Since the
readings from the  first layer memory 2, second layer memory 3 and third
layer memory 4 are individually performed, the  hierarchical flag is
effective during the reading only.  However, it is also possible to read
concurrently from the  first layer memory 2, second layer memory 3, and
third  layer memory 4. In this case, the use of the hierarchical  flag is
not needed.       The first layer memory 2 stores the image data, fed  by
the RMW circuit 5, at an address designated by the  address providing
circuit 1, and reads the image data  stored at the address and outputs it
to the RMW circuit 5.  The first layer memory 2 is designed to store the
first  layer image, namely, the image data input to the storage  device, as
is. The first layer memory 2 is designed to  store at least the first layer
image in one display  screen, namely, the image data of 512 x 512 pixels as
shown in FIG. 2. Each memory cell constituting the first  layer memory 2
has at least a data length equal to the  number of bits assigned to a pixel
for the first layer  image. More specifically, when a pixel for the first
layer image is expressed in eight bits, for example, a  



memory cell constituting the first layer memory 2 has at  least an
eight-bit data length.       The second layer memory 3 stores the image
data, fed  by the RMW circuit 5, at an address designated by the  address
providing circuit 1, and reads the image data  stored at the address and
outputs it to the RMW circuit 5.  The second layer memory 3 is designed to
store the second  layer image. More specifically, in the same way as
described with reference to FIG. 9, a single pixel in the  second layer is
derived from four pixels of 2 x 2 (rows x  columns) for the first layer
image, and the second layer  memory 3 is designed to store the second layer
image  constructed of such pixels. Furthermore, the second layer  memory 3
has at least a memory capacity capable of storing  the second layer image
of one display screen.  Specifically, since one pixel in the second layer
is  derived from 2 x 2 pixels in the first layer, the second  layer of one
display screen is constructed of 256 x 256  (=512/2 x 512/2) pixels. The
second layer memory 2 is  thus designed to store at least the second layer
image  having such number of pixels.  Furthermore, each memory  cell
constituting the second layer memory 3 has at least a  



data length capable of storing a pixel for the second  layer image without
digit missing. Specifically, since a  pixel in the first layer is expressed
in eight bits in                                       - 12 -    this
embodiment, a pixel in the second layer, which is the  sum of four
eight-bit pixels, is expressed in ten (=log[err]  (2[err] + 2[err] + 2[err]
+2[err]) bits.  Each memory cell constituting the  second layer memory 3
has at least a data length of ten  bits.       The third layer memory 4
stores the image data, fed  by the RMW circuit 5, at an address designated
by the  address providing circuit 1, and reads the image data  stored at
the address and outputs it to the RMW circuit 5.  The third layer memory 4
is designed to store the third  layer image. More specifically, in the same
way as  described with reference to FIG. 9, a single pixel in the  third
layer is derived from four pixels of 2 x 2 for the  second layer image,
namely, 4 x 4 pixels in the first  layer, and the third layer memory 4 is
designed to store  the third layer image constructed of such pixels.
Furthermore, the third layer memory 4 has at least a  memory capacity
capable of storing the third layer image  of one display screen.
Specifically, since one pixel in  



the third layer is derived from 2 x 2 pixels in the second  layer, the
second layer of one display screen is  constructed of 128 x 128 (=256/2 x
256/2) pixels. The  third layer memory 4 is thus designed to store at least
the third layer image having such number of pixels.  Furthermore, each
memory cell constituting the third layer
- 13 -    memory 4 has at least a data length capable of storing a  pixel
for the third layer image without digit missing.  Specifically, since a
pixel in the second layer is  expressed in ten bits in this embodiment, a
pixel in the  third layer, which is the sum of four ten-bit pixels, is
expressed in 12 (=log[err] (2[err] + 2[err] + 2[err] +2[err]) bits. Each
memory cell constituting the third layer memory 4 has at  least a data
length of 12 bits.       The first layer memory 2, second layer memory 3
and  third layer memory 4 are provided with the clock, and data  reading
and data writing are performed in synchronization  with the clock.
The RMW circuit 5 is designed to write the image  data, input to the
storage device, onto the first layer  memory 2 as a first layer image. The
RMW circuit 5 also  computes a second layer image from the first layer
image,  



and writes it onto the second layer memory 3.  Furthermore, the RMW circuit
5 computes a third layer  image from the first layer image (or the second
layer  image), and writes it onto the third layer memory 4. The  RMW
circuit 5 reads image data respectively stored in the  first layer memory
2, second layer memory 3 and third  layer memory 4 and outputs the read
image data. The RMW  circuit 5 is provided with the clock, the R/W signal,
the  hierarchical flag and the control signal output by the
- 14 -    address providing circuit 1, and performs a variety of
processings in response to the R/W signal, the  hierarchical signal and the
control signal in  synchronization with the clock.       The operation of
the storage device is now discussed  referring to FIGS. 3 to 5.       As
shown in FIG. 2, the image data of one display  screen constructed of 512 x
512 pixels with each pixel  expressed in eight bits is fed to the storage
device as  the first layer image. Now, suppose that the image data  is
sequentially scanned and supplied.       As for the pixels for the first
layer image, let  h(0,0) represent the top left pixel, and let h(x,y)  



represent a pixel at a (x+1)-th column from the left and  at a (y+l)-th row
from the top. Since the first layer  image is constructed of 512 x 512
pixels, each of x and y  takes an integer falling within a range of 0 to
511 (=2[err]-  1).       Now variables s and t, each taking an integer
within  the range from 0 to 255 (=2[err]/2-1), are considered, and a  pixel
in the second layer is the sum of neighboring 2 x 2  pixels in the first
layer,  h(2s,2t),      h(2s+1,2t),  h(2s,2t+1),    h(2s+1,2t+1),  and this
sum is now designated by m(s,t). The following
- 15 -    equation holds.
m(s,t)=h(2s,2t)+h(2s+1,2t)+h(2s,2t+1)+h(2s+1,2t+1)
(1)       Now variables m and n, each taking an integer within  the range
from 0 to 127 (=2[err]/4-1), are considered, and a  pixel in the third
layer is the sum of neighboring 2 x 2  pixels in the second layer,
m(2m,2n),      m(2m+1,2n),  m(2m,2n+1),    m(2m+1,2n+1),  namely, is the
sum of neighboring 4 x 4 pixels in the  



first layer,  h(4m,4n),   h(4m+1,4n),   h(4m+2,4n),   h(4m+3,4n),
h(4m,4n+1), h(4m+1,4n+1), h(4m+2,4n+1), h(4m+3,4n+1),  h(4m,4n+2),
h(4m+1,4n+2), h(4m+2,4n+2), h(4m+3,4n+2),  h(4m,4n+3), h(4m+1,4n+3),
h(4m+2,4n+3), h(4m+3,4n+3),  and the sum is now designated by q(m,n). The
follow  equations holds.
q(m,n)=m(2m,2n)+m(2m+1,2n)+m(2m,2n+1)+m(2m+1,2n+1)            =
h(4m,4n)+h(4m+1,4n)+h(4m+2,4n)+h(4m+3,4n)
+h(4m,4n+1)+h(4m+1,4n+1)+h(4m+2,4n+1)+h(4m+3,4n+1)
+h(4m,4n+2)+h(4m+1,4n+2)+h(4m+2,4n+2)+h(4m+3,4n+2)
+h(4m,4n+3)+h(4m+1,4n+3)+h(4m+2,4n+3)+h(4m+3,4n+3)
(2)       During the data writing and data reading, the address  providing
circuit 1 is supplied with a combination of a
- 16 -    horizontal address HA and a vertical address VA, (HA, VA),  in
synchronization with the clock, for example, in the  following order
(corresponding to the order of sequential  scanning),  (0,0), (1,0),...,
(511,0),  (0,1), (1,1),..., (511,1),    



Now, let hal, ha2,..., ha8 (ha8 being the most  significant bit) represent
the bits of the nine-bit  horizontal address HA with ha0 representing the
least  significant bit, and let val, va2,..., va8 (va8 being the  most
significant bit) represent the bits of the nine-bit  vertical address VA
with hb0 representing the least  significant bit.       When the image data
is written onto the storage  device, the RMW circuit 5 is sequentially
supplied with  the first layer image in synchronization with the clock
while the address providing circuit 1 is supplied with the  horizontal
address HA and the vertical address VA as  described above.       The
accessing to the first layer memory 2 is  performed as follows.
- 17 -         Referring to FIG. 3, during a writing operation (when  the
R/W signal indicates a writing operation), the address  providing circuit 1
feeds the horizontal address HA and  the vertical address VA, supplied
thereto, as they are, to 



address terminals (ADh, ADv) of the first layer memory 2.  The RMW circuit
5 writes the first layer image data,  supplied thereto, to a memory cell
(not shown) in the  first layer memory 2 designated by the horizontal
address  HA and the vertical address VA. The same process step is  repeated
to store the first layer memory of one display  screen constructed of 512 x
512 pixels in the first layer  memory 2. In this way, in the addresses in
the first  layer memory 2  (0,0), (1,0),..., (511,0),  (0,1), (1,1),...,
(511,1),           first layer pixels (pixel values)  h(0,0), h(1,0),...,
h(511,0),  h(0,1), h(1,1),..., h(511,1),
- 18 -    h(0,511),h(1,511),...,h(511,511)  are respectively stored.
During a reading operation (when the R/W signal  



indicates the reading operation), the address providing  circuit 1 feeds
the horizontal address HA and the vertical  address VA, supplied thereto,
as they are, to the address  terminals of the first layer memory 2 when the
hierarchical flag indicates the first layer. The RMW  circuit 5 reads the
first layer image data stored in the  memory cell in the first layer memory
2 designated by the  horizontal address HA and the vertical address VA, and
the  same process step is repeated to read the first layer  memory of one
display screen constructed of 512 x 512  pixels from the first layer memory
2. In this way, the  first layer image sequentially scanned is output.
The accessing to the second layer memory 3 is now  discussed.       During
a writing operation, the address providing  circuit 1 feeds, to the address
terminals of the second  layer memory 3, for example, higher order eight
bits hal  through ha8, without the least significant bit ha0, as  part of
the horizontal address HA supplied thereto, and  higher order eight bits
val through va8, without the least  significant bit va0, as part of the
vertical address VA  supplied thereto, as shown in FIG. 4. Furthermore, the
- 19 -    



address providing circuit 1 outputs the least significant  bit ha0 of the
horizontal address HA and the least  significant bit va0 of the vertical
address VA to the RMW  circuit 5 as a control signal.       At the timing
each of the four pixels 2 x 2 of  h(2s,2t), h(2s+1,2t), h(2s,2t+1), and
h(2s+1,2t+1) in the  first layer represented by D1 as shown in FIG. 2 is
fed to  the RMW circuit 5, the address providing circuit 1 outputs  a
signal indicative of the same address (s,t) in the  second layer memory 3.
On the other hand, in the RMW circuit 5, the first  layer image data
supplied thereto is input to an  arithmetic unit 13. The arithmetic unit 13
receives an  output from a switch 12 as well as the first layer image
data, and sums them and feeds the sum to a write section  14.       The
switch 12 selects between its terminal 12a and  terminal 12b depending on
an output from a NOR gate 15.  The terminals 12a and 12b are supplied with
an output of a  read section 11 and 0, respectively. The NOR gate 15
receives both the least significant bit ha0 of the  horizontal address HA
and the least significant bit va0 of  the vertical address VA from the
address providing circuit  1. Its output is at an H level only when both
the least  significant bits haO and va0 are 0, namely, at the timing



- 20 -    the top left pixel h(2s,2t) of the 2 x 2 pixels h(2s, 2t),
h(2s+1,2t), h(2s,2t+1), and h(2s+1,2t+1) in the first  layer is supplied to
the arithmetic unit 13, and is at an  L level in the remainder of the time.
The switch 12 is designed to select between its  terminal 12a and terminal
12b depending on whether the  output of the NOR gate 15 is at an L level or
at an H  level.       The read section 11 reads data (storage data) stored
at the address corresponding to a signal output by the  address providing
circuit 1.       At the timing the top left pixel h(2s,2t) of the 2 x  2
pixels h(2s, 2t), h(2s+1,2t), h(2s,2t+1), and  h(2s+1,2t+1) in the first
layer is fed to the arithmetic  unit 13, the read section 11 reads the data
stored at the  address (s,t) in the second layer memory 3, and outputs it
to the terminal 12a. Since both the least significant bit  ha0 of the
horizontal address HA and the least significant  bit vaO of the vertical
address VA are 0, the output of  the NOR gate 15 is driven to an H level,
causing the  switch 12 to select its terminal 12b.       As a result, 0 is
fed to the arithmetic unit 13  through the switch 12.       The arithmetic
unit 13 sums the 0 and the pixel  h(2s,2t) in the first layer, and the
resulting sum    



- 21 -    (O+h(2s,2t)) is fed to the write section 14. The write  section
14 writes the output of the arithmetic unit 13 to  the address
corresponding to the output of the address  providing circuit 1, namely,
the address (s,t) in the  second layer memory 3.       At the timing the
pixel h(2s+1,2t) right to the top  left pixel h(2s,2t) of the 2 x 2 pixels
h(2s, 2t),  h(2s+1,2t), h(2s,2t+l), and h(2s+1,2t+1) in the first  layer is
fed to the arithmetic unit 13, the read section  11 reads the data (here,
0+h(2s,2t)) stored at the address  (s,t) in the second layer memory 3, and
outputs it to the  terminal 12a.       Since the least significant bit haO
of the horizontal  address HA is a 1 with the least significant bit vaO of
the vertical address VA being 0, the output of the NOR  gate 15 is driven
to an L level, causing the switch 12 to  select its terminal 12a.       As
a result, the arithmetic unit 13 receives the data  (storage data) read by
the read section 11 (here,  0+h(2s,2t)) through the switch 12.       The
arithmetic unit 13 sums the data supplied through  the switch 12 and the
pixel h(2s+1,2t) in the first layer,  and the resulting sum
(0+h(2s,2t)+h(2s+1,2t)) is fed to  



the write section 14. The write section 14 writes the  output of the
arithmetic unit 13 to the address                                       -
22 -    corresponding to the output of the address providing  circuit 1,
namely, the address (s,t) in the second layer  memory 3.       The
supplying of the image data on a 2t+1 line from  the top starts. At the
timing the bottom left pixel  h(2s,2t+1) of the 2 x 2 pixels h(2s, 2t),
h(2s+1,2t),  h(2s,2t+1), and h(2s+1,2t+1) in the first layer is fed to  the
arithmetic unit 13, the read section 11 reads the data  (here,
0+h(2s,2t)+h(2s+1,2t)) stored at the address (s,t)  in the second layer
memory 3, and outputs it to the  terminal 12a.       Since the least
significant bit ha0 of the horizontal  address HA is a 0 with the least
significant bit va0 of  the vertical address VA being a 1, the output of
the NOR  gate 15 is driven to an L level, causing the switch 12 to  select
its terminal 12a.       As a result, the arithmetic unit 13 receives the
data  (storage data) read by the read section 11 (here,
O+h(2s,2t)+h(2s+1,2t)) through the switch 12.       The arithmetic unit 13
sums the data supplied through  



the switch 12 and the pixel h(2s,2t+1) in the first layer,  and the
resulting sum (O+h(2s,2t)+h(2s+1,2t)+h(2s,2t+1))  is fed to the write
section 14. The write section 14  writes the output of the arithmetic unit
13 to the address  corresponding to the output of the address providing
- 23 -    circuit 1, namely, the address (s,t) in the second layer  memory
3.       At the timing the pixel h(2s+1,2t+1) right to the  bottom left
pixel h(2s,2t+1) of the 2 x 2 pixels h(2s,  2t), h(2s+1,2t), h(2s,2t+1),
and h(2s+1,2t+1) in the first  layer is fed to the arithmetic unit 13, the
read section  11 reads the data (here, O+h(2s,2t)+h(2s+1,2t)+h(2s,2t+1))
stored at the address (s,t) in the second layer memory 3,  and outputs it
to the terminal 12a.       Since both the least significant bit ha0 of the
horizontal address HA and the least significant bit va0 of  the vertical
address VA are a 1, the output of the NOR  gate 15 is driven to an L level,
causing the switch 12 to  select its terminal 12a.       As a result, the
arithmetic unit 13 receives the data  (storage data) read by the read
section 11 (here,  O+h(2s,2t)+h(2s+1,2t)+h(2s,2t+1)) through the switch 12.
The arithmetic unit 13 sums the data supplied through 



the switch 12 and the pixel h(2s+1,2t+1) in the first  layer, and the
resulting sum  (O+h(2s,2t)+h(2s+1,2t)+h(2s,2t+1)+ h(2s+1,2t+1)) is fed to
the write section 14. The write section 14 writes the  output of the
arithmetic unit 13 to the address  corresponding to the output of the
address providing  circuit 1, namely, the address (s,t) in the second layer
- 24 -    memory 3.       The second layer memory 3 finally stores the sum
expressed by equation h(2s,2t)+h(2s-1,2t)+h(2s,2t+1)  +h(2s+1,2t+1),
namely, the second layer pixel (pixel  value) m(s,t) expressed by equation
(1).      In this way, the second layer memory 3 stores the  second layer
image constructed of one display screen of  256 x 256 pixels.       As
described above, the first layer image data is  written onto the address
(HA,VA) in the first layer memory  2, designated by the horizontal address
HA and the  vertical address VA. The storage data stored is read from  the
address in the second layer memory, designated by hal  through ha8 and val
through va8, parts of the horizontal  address HA and the vertical address
VA. The storage data 



and the image data in the first layer are summed, and the  sum (first
processed data) is written onto the address in  the first layer memory 2
which stored the storage data.  With this arrangement, the image data in
the first layer  is stored while the image data in the second layer is
generated and stored at the same time.  In summary, the  second layer image
data is obtained on a real-time basis.       Since the second layer memory
3 for storing the  second layer image performs the function of the circuit
for the conventional line delay, there is no need for such
- 25 -    a circuit, and a compact design is implemented in the  storage
device.       The reading of the second layer image from the second  layer
memory 3 is now discussed.       During a reading operation, the address
providing  circuit 1 feeds, to the address terminals of the second  layer
memory 2, for example, higher order eight bits hal  through ha8 of the
horizontal address HA or higher order  eight bits val through va8 of the
vertical address VA,  supplied thereto, when the hierarchical flag
indicates the  second layer, while outputting the least significant bit
ha0 and the least significant bit vaO to the RMW circuit 5 



as a control signal.       In the RMW circuit 5, the read section 11
receives  the hierarchical flag, the R/W signal and the output of  the NOR
gate 15. With the R/W signal indicating the  reading operation and the
hierarchical flag indicating the  second layer, the read section 11 reads
and outputs the  image data stored at the address in the second layer
corresponding to the signal output by the address  providing circuit 1 only
when the output of the NOR gate  15 is at an H level.       From the above
discussion, when the combination of  the horizontal address HA and the
vertical address VA is  one of (2s,2t), (2s+1,2t), (2s,2t+1), and
(2s+1,2t+1), the                                      - 26 -    address
providing circuit 1 outputs the same address (s,t)  to the second layer
memory 3. If data is simply read from  the address in the second layer
memory 3 corresponding to  the signal output by the address providing
circuit 1, the  same data is read repeatedly four times.       For this
reason, the read section 11 is designed to  read the pixel (pixel value)
m(s,t) in the second layer  from the address (s,t) in the second layer
memory 3 only  when the combination of the horizontal address HA and the 



vertical address VA is (2s,2t), for example, out of  (2s,2t), (2s+1,2t),
(2s,2t+1), and (2s+1,2t+1), namely,  when the output of the NOR gate 15 is
at an H level.       The image data in the second layer read by the read
section 11 is fed to a switch 16. The switch 16 is turned  on only when the
R/W signal indicates the reading  operation and is turned off in the
remainder of the time.  Since the switch 16 is now turned on, the image
data in  the second layer read by the read section 11 is output via  the
switch 16.       In this way, the stored second layer image of one  display
screen constructed of 256 x 256 pixels is read  from the second layer
memory 3. A sequentially scanned  second layer image is thus output.
The accessing to the third layer memory 4 is now  discussed.
- 27 -         During a writing operation, the address providing  circuit 1
feeds, to the address terminals of the third  layer memory 4, for example,
higher order seven bits ha2  through ha8, without lower order bits ha0 and
hal, as part  of the horizontal address HA supplied thereto, and higher
order seven bits va2 through va8, without lower order bits 



va0 and val, as part of the vertical address VA supplied  thereto, as shown
in FIG. 5. Furthermore, the address  providing circuit 1 outputs both the
lower order bits haO  and hal of the horizontal address HA and the lower
order  bits vaO and val of the vertical address VA to the RMW  circuit 5 as
a control signal.       At the timing each of 16 pixels of 4 x 4 of
h(4m,4n),  h(4m+1,4n), h(4m+2,4n), h(4m+3,4n), h(4m,4n+1),  h(4m+1,4n+1),
h(4m+2,4n+1), h(4m+3,4n+1), h(4m,4n+2),  h(4m+1,4n+2), h(4m+2,4n+2),
h(4m+3,4n+2), h(4m,4n+3),  h(4m+1,4n+3), h(4m+2,4n+3), and h(4m+3,4n+3) in
the first  layer represented by D2 as shown in FIG. 2 is fed to the  RMW
circuit 5, the address providing circuit 1 outputs a  signal indicative of
the same address (s,t) in the third  layer memory 4.       On the other
hand, in the RMW circuit 5, the first  layer image data supplied thereto is
input to an  arithmetic unit 23. The arithmetic unit 23 receives an  output
from a switch 22 as well as the first layer image
- 28 -    data, and sums them and feeds the sum to a write section  24.
The switch 22 selects between its terminal 22a and 



terminal 22b depending on an output from a NOR gate 25.  The terminals 22a
and 22b are supplied with an output of a  read section 21 and 0,
respectively. The NOR gate 25  receives both the lower order bits ha0 and
hal of the  horizontal address HA and the lower order bits vaO and val  of
the vertical address VA from the address providing  circuit 1. Its output
is at an H level only when the  lower order bits haO and ha1 and vaO and
val are 0's,  namely, at the timing the top left pixel h(4m,2n) of the 4  x
4 pixels h(4m,4n), h(4m+1,4n), h(4m+2,4n), h(4m+3,4n),  h(4m,4n+1),
h(4m+1,4n+1), h(4m+2,4n+1), h(4m+3,4n+1),  h(4m,4n+2), h(4m+1,4n+2),
h(4m+2,4n+2), h(4m+3,4n+2),  h(4m,4n+3), h(4m+1,4n+3), h(4m+2,4n+3), and
h(4m+3,4n+3)  in the first layer, is supplied to the arithmetic unit 23,
and is at an L level in the remainder of the time.       The switch 22 is
designed to select its terminal 22a  or 22b depending on whether the output
of the NOR gate 25  is at an H level or an L level.       The read section
21 reads data (storage data) stored  at the address corresponding to a
signal output by the  address providing circuit 1.      At the timing the
pixel h(4m,4n) in the first layer                                       -
29 -   



is fed to the arithmetic unit 23, the read section 21  reads the data
stored at the address (m,n) in the third  layer memory 4, and outputs it to
the terminal 22a. Since  the lower order bits haO and hal of the horizontal
address  HA and the lower order bits vaO and val of the vertical  address
VA are all 0's, the output of the NOR gate 25 is  driven to an H level,
causing the switch 22 to select its  terminal 22b.       As a result, 0 is
fed to the arithmetic unit 23  through the switch 22.       The arithmetic
unit 23 sums the 0 and the pixel  h(4m,4n) in the first layer, and the
resulting sum  (O+h(4m,4n)) is fed to the write section 24. The write
section 24 writes the output of the arithmetic unit 23 to  the address
corresponding to the signal output by the  address providing circuit 1,
namely, the address (m,n) in  the third layer memory 4.       At the timing
the pixel h(4m+1,4n) right to the pixel  h(4m,4n) in the first layer is fed
to the arithmetic unit  23, the read section 21 reads the data (here,
O+h(4m,4n))  stored at the address (m,n) in the third layer memory 4,  and
outputs it to the terminal 22a.       Since the lower order bits ha0 and
hal of the  horizontal address HA are respectively a 1 and a 0 with  the
lower order bits va0 and val of the vertical address         



- 30 -    VA being respectively 0, the output of the NOR gate 25 is  driven
to an L level, causing the switch 22 to select its  terminal 22a.       As
a result, the arithmetic unit 23 receives the data  (storage data) read by
the read section 21 (here,  0+h(4m,4n)) through the switch 22.       The
arithmetic unit 23 sums the data supplied through  the switch 22 and the
pixel h(4m+1,4n) in the first layer,  and the resulting sum
(0+h(4m,4n)+h(4m+1,4n)) is fed to  the write section 24. The write section
24 writes the  output of the arithmetic unit 23 to the address
corresponding to the signal output by the address  providing circuit 1,
namely, the address (m,n) in the  third layer memory 4.       At the timing
the pixel h(4m+2,4n) right to the pixel  h(4m+1,4n) in the first layer is
fed to the arithmetic  unit 23, the read section 21 reads the data (here,
0+h(4m,4n)+h(4m+1,4n)) stored at the address (m,n) in the  third layer
memory 4, and outputs it to the terminal 22a.       Since the lower order
two bits ha0 and hal of the  horizontal address HA are respectively a 0 and
a 1 with  the lower order two bits va0 and val of the vertical  address VA
being respectively 0, the output of the NOR  gate 25 is driven to an L
level, causing the switch 22 to  select its terminal 22a.   



- 31 -         As a result, the arithmetic unit 23 receives the data
(storage data) read by the read section 21 (here,  O+h(4m,4n)+h(4m+1,4n))
through the switch 22.       The arithmetic unit 23 sums the data supplied
through  the switch 22 and the pixel h(4m+2,4n) in the first layer,  and
the resulting sum (O+h(4m,4n)+h(4m+1,4n)+h(4m+2,4n))  is fed to the write
section 24. The write section 24  writes the output of the arithmetic unit
23 to the address  corresponding to the signal output by the address
providing circuit 1, namely, the address (mn) in the  third layer memory 4.
At the timing each of pixels h(4m+3,4n), h(4m,4n+1),  h(4m+1,4n+1),
h(4m+2,4n+1), h(4m+3,4n+1), h(4m,4n+2),  h(4m+1,4n+2), h(4m+2,4n+2),
h(4m+3,4n+2), h(4m,4n+3),  h(4m+1,4n+3), h(4m+2,4n+3), and h(4m+3,4n+3) in
the first  layer is fed to the arithmetic unit 23, the same process  step
as described above is carried out, and the address  (m,n) in the third
layer memory 4 finally stores the pixel  (pixel value) q(m,n) in the third
layer memory 4 expressed  by equation (2).       In this way, the third
layer memory 4 stores the  third layer image constructed of one display
screen of 128  x 128 pixels. 



The first layer image data is stored while the second  layer image data and
the third layer image data are                                       - 32 -
generated and stored at the same time. In summary, the  second and third
layer image data are obtained on a real-  time basis.       Since the third
layer memory 4 for storing the third  layer image performs the function of
the circuit for the  conventional line delay, there is no need for such a
circuit, and a compact design is implemented in the  storage device.
The reading of the third layer image from the third  layer memory 4 is now
discussed.       During a reading operation, the address providing  circuit
1 feeds, to the address terminals of the second  layer memory 3, for
example, higher order seven bits ha2  through ha8 of the horizontal address
HA or higher order  seven bits va2 through va8 of the vertical address VA,
supplied thereto, when the hierarchical flag indicates the  third layer,
while outputting the lower order two bits haO  and hal and the lower order
two bits va0 and va1 to the  RMW circuit 5 as the control signal.       The
read section 21 receives the hierarchical flag, 



the R/W signal and the output of the NOR gate 25 in the  RMW circuit 5.
With the R/W signal indicating the reading  operation and the hierarchical
flag indicating the third  layer, the read section 21 reads and outputs the
image  data stored at the address in the third layer
- 33 -    corresponding to the signal output by the address  providing
circuit 1 only when the output of the NOR gate  25 is at an H level.
From the above discussion, when the combination of  the horizontal address
HA and the vertical address VA is  one of h(4m,4n), h(4m+1,4n), h(4m+2,4n),
h(4m+3,4n),  h(4m,4n+1), h(4m+1,4n+1), h(4m+2,4n+1), h(4m+3,4n+1),
h(4m,4n+2), h(4m+1,4n+2), h(4m+2,4n+2), h(4m+3,4n+2),  h(4m,4n+3),
h(4m+1,4n+3), h(4m+2,4n+3), and h(4m+3,4n+3),  the address providing
circuit 1 outputs the same address  (m,n) at each of the combinations. If
data is simply read  from the address in the third layer memory 4
corresponding  to the signal output by the address providing circuit 1,
the same data is read repeatedly 16 times.       For this reason, the read
section 21 reads the pixel  (pixel value) m(m,n) in the third layer from
the address  (m,n) in the third layer memory 4 only when the 



combination of the horizontal address HA and the vertical  address VA is
(4m,4n), namely, when the output of the NOR  gate 25 is at an H level.
The image data in the third layer read by the read  section 21 is fed to a
switch 26. The switch 26 is turned  on only when the R/W signal indicates
the reading  operation and is turned off in the remainder of the time.
Since the switch 26 is now turned on, the image data in
- 34 -    the third layer read by the read section 21 is output via  the
switch 26.       In this way, the stored third layer image of one  display
screen constructed of 128 x 128 pixels is read  from the RMW circuit 5. A
sequentially scanned third  layer image is thus output.       The reading
of the image data in the second layer  from the second layer memory 3 is
performed as described  above. Alternatively, the reading of the image data
may  be performed by allowing the address providing circuit 1  to present
the lower order eight bits haO through ha7 of  the horizontal address HA
and the lower order eight bits  va0 through va7 of the vertical address VA,
as the address  in the second layer memory 3. Similarly, the reading of 



the image in the third layer from the third layer memory 4  may be
performed by allowing the address providing circuit  1 to present the lower
order seven bits ha0 through ha6 of  the horizontal address HA and the
lower order seven bits  va0 through va6 of the vertical address VA, as the
address  in the third layer memory 4.       As already described with
reference to FIG. 9, one of  the neighboring 2 x 2 pixels h(2s,2t),
h(2s+1,2t),  h(2s,2t+1), and h(2s+1,2t+1) in the first layer, for  example,
the right bottom pixel h(2s+1,2t+1), is  determined from the remaining
pixels h(2s,2t), h(2s+1,2t),                                      - 35 -
h(2s,2t+1) in the first layer and their sum, namely the  pixel m(s,t) in
the second layer.       More specifically, the pixel h(2s+1,2t+1) in the
first layer is determined from the following equation.
h(2s+1,2t+1)=m(s,t)-(h(2s,2t)+h(2s+1,2t)+h(2s,2t+1))       Since the pixel
h(2s+1,2t+1) in the first layer is  thus determined from the above
equation, the storing of  the pixel is not needed.       The first layer
memory 2 is arranged without the need  for the memory cell for storing the
pixel h(2s+1,2t+1),  which is one of the 2 x 2 pixels h(2s,2t), h(2s+1,2t),



h(2s,2t+1), and h(2s+1,2t+1) in the first layer.       In the above
discussion, the first layer memory 2 has  at least memory cells capable of
storing image data of 512  x 512 pixels, but if the pixel h(2s+1,2t+1) in
the first  layer is not stored, the memory cells capable of storing  the
image data of 512 x 512 x 3/4 pixels work. In such a  case, the first layer
memory 2 has memory cells (memory  capacity) corresponding to the number
which is obtained by  subtracting the number of addresses in the second
layer  memory 3 (the number of pixels (256 x 256) for one screen  of the
second layer) from the number of pixels for one  display screen of the
first layer image.       One of the neighboring 2 x 2 pixels m(2m,2n),
m(2m+1,2n), m(2m,2n+1), and m(2m+1,2n+1) in the second
-36 -    layer, for example, the right bottom pixel m(2m+1,2n+1) is
determined from the remaining pixels m(2m,2n), m(2m+1,2n),  m(2m,2n+1) in
the second layer and their sum, namely the  pixel q(m,n) in the third
layer.       More specifically, the pixel m(2m+1,2n+1) in the  second layer
is determined from the following equation.
m(2m+1,2n+1)=q(m,n)-(m(2m,2n)+m(2m+1,2n)+m(2m,2n+1))       Since the pixel
m(2m+1,2n+1) in the second layer is 



thus determined from the above equation, the storing of  the pixel is not
needed.       The second layer memory 3 is thus arranged without  the need
for the memory cell for storing the pixel  m(2m+1,2n+1), which is one of
the 2 x 2 pixels m(2m,2n),  m(2m+1,2n), m(2m,2n+1), and m(2m+1,2n+1) in the
second  layer.       In the above discussion, the second layer memory 3
has at least memory cells capable of storing image data of  256 x 256
pixels, but if the pixel m(2m+1,2n+1) in the  first layer is not stored,
the memory cells capable of  storing the image data of 256 x 256 x 3/4
pixels work. In  such a case, the second layer memory 3 has memory cells
corresponding to the number which is obtained by  subtracting the number of
addresses in the third layer  memory 4 (the number of pixels (128 x 128)
for one screen  of the third layer) from the number of pixels for one
- 37 -    display screen of the second layer image.       Even when the
first layer memory 2 and second layer  memory 3 have a smaller memory
capacity as described  above, the image data writing to the first layer
memory 2,  second layer memory 3 and third layer memory 4 is 



performed as described with reference to FIGS. 3 through  5. In this case,
however, the first layer memory 2 is  without the memory cell for storing
the pixel h(2s+1,2t+1)  in the first layer, namely, without the memory cell
corresponding to the address (2s+1,2t+1). Even if the  address providing
circuit 1 feeds the address (2s+1,2t+1)  to the first layer memory 2 while
the RMW circuit 5 feeds  the pixel h(2s+1,2t+1) in the first layer, the
pixel  h(2s+1,2t+1) is not stored in the first layer memory 2.
Similarly, the second layer memory 3 is without the  memory cell for
storing the pixel m(2m+1,2n+1) in the  second layer, namely, without the
memory cell  corresponding to the address (2m+1,2n+1).  Even if the
address providing circuit 1 feeds the address (2m+1,2n+1)  to the second
layer memory 3 while the RMW circuit 5  (write section 14 (FIG. 4)) feeds
the pixel m(2m+1,2n+1)  in the second layer, the pixel m(2m+1,2n+1) is not
stored  in the second layer memory 3.      Although the reading of the
image stored in the third  layer in the storage device is performed in the
same way                                       - 38 -    as described with
reference to FIG. 5, the reading of the  image of the first layer and the
second layer is performed 



as follows.       FIG. 6 shows the storage device in FIG. 1 having the
first layer memory 2 with its reduced memory capacity when  the reading
operation of the first layer image is  performed.       In this case, the
address providing circuit 1 is  constructed of a delay circuit 31 and
selector circuits 32  through 34. The horizontal address HA and the
vertical  address VA are fed to the delay circuit 31, which latches  and
outputs, for example, the higher order seven bits va2  through va8 of the
vertical address VA at a transition in  the lower order third bit va2.
Specifically, the delay circuit 31 detects  transitions from 0 to 1 and 1
to 0 in the lower order  third bit va2 of the vertical address VA, and
latches the  higher order bits va2 through va8 of the vertical address  VA
immediately prior to the transition, and then outputs  them together with
the remaining vertical address and the  horizontal address.  The horizontal
address HA and the  vertical address VA output by the delay circuit 31 are
the  horizontal address HA and the vertical address VA supplied  to the
address providing circuit but with a delay of four  lines (=2[err])
introduced therewithin. Since the delay
- 39 - 



circuit 31 simply latches the higher order seven bits va2  through va8 of
the vertical address VA immediately prior  to the transition when the lower
order third bit va2 of  the vertical address VA transitions, the delay
circuit 31  is not so large as the conventional one for line delaying  an
image. The delay circuit 31 may be constructed of  seven flip-flops for
latching the higher order seven bits  va2 through va8 of the vertical
address VA, implementing a  compact design in the device.       The
four-line earlier horizontal address HA and  vertical address VA generated
by the delay circuit 31 are  hereinafter respectively referred to as
delayed horizontal  address HA and delayed vertical address VA
(predetermined  address signal) as necessary.       The delayed horizontal
address HA and the delayed  vertical address VA are fed to the selector
circuit 32.  Out of the delayed horizontal address HA and the delayed
vertical address VA, the higher order eight bits hal  through ha8, except
the least significant bit ha0, of the  delayed horizontal address Ha, and
the higher order eight  bits val through va8, except the least significant
bit  vaO, of the vertical address VA are fed to the selector  circuit 33.
Furthermore, out of the delayed horizontal  address HA and the delayed
vertical address VA, the higher  order seven bits ha2 through ha8, except
the lower order       



- 40 -    two bits ha0 and hal, of the delayed horizontal address  Ha, and
the higher order seven bits va2 through va8,  except the lower order two
bits va0 and val, of the  vertical address VA are fed to the selector
circuit 34.       The selector circuit 32 receives the horizontal  address
HA and the vertical address VA, supplied to the  address providing circuit
1, the delayed horizontal  address HA, the delayed vertical address VA, and
the lower  order third bit va2 of the vertical address VA as a  control
signal. In response to the control signal va2,  the selector circuit 32
selects the delayed horizontal  address HA and the delayed vertical address
VA as one of  bank A address and bank B address and the horizontal  address
HA and the vertical address VA as the other of the  bank A address and bank
B address, to be fed to bank A  address terminals and bank B address
terminals of the  first layer memory 2, respectively.       Suppose that
the selector circuit 32 selects, for  example, the delayed horizontal
address HA and the delayed  vertical address VA as the bank A address and
the  horizontal address HA and the vertical address VA as the  bank B
address, and the selector circuit 32 then reelects  the delayed horizontal
address HA and the delayed vertical  address VA as the bank B address and
the horizontal  address HA and the vertical address VA as the bank A 



- 41 -    address at the moment the control signal va2 transitions.  When
the control signal va2 transitions again thereafter,  the selector circuit
32 selects the delayed horizontal  address HA and the delayed vertical
address VA as the bank  A address and the horizontal address HA and the
vertical  address VA as the bank B address. Each time the control  signal
va2 transitions, the delayed horizontal address HA  and the delayed
vertical address VA alternate between the  bank A address and the bank B
address while the horizontal  address HA and the vertical address VA
alternate between  the bank B address and the bank A address.       The
selector circuit 33 receives, besides the higher  order eight bits hal
through ha8 of the delayed horizontal  address HA and the higher order
eight bits val through va8  of the delayed vertical address VA, the higher
order eight  bits hal through ha8 of the horizontal address HA and the
higher order eight bits val through va8 of the vertical  address VA,
supplied to the address providing circuit 1,  and the lower order third bit
va2 of the vertical address  VA as a control signal. As in the selector
circuit 32, in  the selector circuit 33, each time the control signal va2
transitions, the higher order eight bits hal through ha8 



of the delayed horizontal address HA and the higher order  eight bits val
through va8 of the delayed vertical address  VA alternate between the bank
A address and the bank B                                      - 42 -
address while the higher order eight bits hal through ha8  of the
horizontal address HA and the higher order eight  bits val through va8 of
the vertical address VA alternate  between the bank B address and the bank
A address.       Bits selected as the bank A address and bank B  address by
the selector circuit 33 are respectively fed to  the bank A address
terminals and the bank B address  terminals in the second layer memory 3.
The selector circuit 34 receives, besides the higher  order seven bits ha2
through ha8 of the delayed horizontal  address HA and the higher order
seven bits va2 through va8  of the delayed vertical address VA, the higher
order seven  bits ha2 through ha8 of the horizontal address HA and the
higher order seven bits va2 through va8 of the vertical  address VA,
supplied to the address providing circuit 1,  and the lower order third bit
va2 of the vertical address  VA as a control signal. As in the selector
circuit 33, in  the selector circuit 34, each time the control signal va2
transitions, the higher order seven bits ha2 through ha8 



of the delayed horizontal address HA and the higher order  seven bits va2
through va8 of the delayed vertical address  VA alternate between the bank
A address and the bank B  address while the higher order seven bits ha2
through ha8  of the horizontal address HA and the higher order seven  bits
va2 through va8 of the vertical address VA alternate
- 43 -    between the bank B address and the bank A address.       Bits
selected as the bank A address and bank B  address by the selector circuit
34 are respectively fed to  the bank A address terminals and the bank B
address  terminals in the third layer memory 4.       The address space of
the first layer memory 2 is  divided into two banks (blocks) of a bank A
and a bank B  in the embodiment shown in FIG. 6 (the same is true in  FIG.
8 as will be described later). Specifically, as  shown in FIG. 2, the
memory area of the first layer memory  2 for storing the pixels on an 8a
line through an 8a+3  line is the bank A and the memory area of the first
layer  memory 2 for storing the pixels on an 8a+4 line through an  8a+7
line is the bank B (a=0, 1,..., 63).       To permit concurrent accesses to
both the bank A and  the bank B, two address terminals, namely, an address 



terminal (bank A address terminal) for accessing the bank  A and an address
terminal (bank B address terminal) are  available. The bank A and the bank
B have respectively  two bank A data terminals and two bank B data
terminals,  as input/output terminals for reading data therefrom and
writing data thereto.       In the first layer memory 2, data (bank A data)
is  read and written via the bank A terminals at the address  (the bank A
address) input to the bank A address terminals
- 44 -    while data (bank B data) is read and written via the bank  B
terminals at the address (the bank B address) input to  the bank B address
terminals.       In this embodiment, the delayed horizontal address HA  and
the delayed vertical address VA are respectively the  horizontal address HA
and the vertical address VA but a  delay of four lines introduced therein
(four lines in the  first layer image). When the selector circuit 32
selects,  for example, the horizontal address HA and the vertical  address
VA as the bank A address and the delayed  horizontal address HA and the
delayed vertical address VA  as the bank B address, the memory cells of the
bank A  address corresponding to the horizontal address HA and the 



vertical address VA are accessed while the memory cells of  the bank B
address corresponding to the delayed horizontal  address HA and the delayed
vertical address VA, which were  accessed four lines earlier, are also
accessed.       Suppose now that the first layer memory 2 is now  divided
into a memory area as a bank A and a memory area  as a bank B as shown in
FIG. 7, and a memory cell in the  bank A is accessed while a memory cell in
the bank B is  accessed at the same time. The corresponding memory cells
in the concurrently accessed bank A and bank B are spaced  by four lines in
this embodiment. The reason why the  corresponding memory cells in the
concurrently accessed                                       - 45 -    bank
A and bank B are spaced by four lines is as follows:  since a single pixel
in the third layer as the top  hierarchical layer corresponds to 4 x 4
pixels in the  first layer in this embodiment, each bank is preferably
based on at least the unit of 4 x 4 pixels. The bank A  and the bank B
alternate every four lines here.  Alternatively, the bank A and the bank B
may alternate  every four columns. The number of banks are not limited  to
the two banks, bank A and bank B. Furthermore, banks  are formed in both a
horizontal direction and a vertical 



direction, namely, in a grid pattern.       Returning to FIG. 6, as in the
first layer memory 2,  the address space in the second layer memory 3 is
divided  into two banks, bank A and bank B. Since the numbers of  pixels in
a horizontal direction and in a vertical  direction for the second layer
image are respectively half  the numbers of pixels in a horizontal
direction and in a  vertical direction in the first layer image, the memory
area of the second layer memory 3 for storing the pixels  on a 4a line and
4a+1 line in the second layer is the bank  A and the memory area of the
second layer memory 3 for  storing the pixels on a 4a+2 line and 4[err]+3
line is the  bank B.       As in the first layer memory 2, the address
space in  the third layer memory 4 is divided into two banks, bank A
- 46 -    and bank B. Since the numbers of pixels in a horizontal
direction and in a vertical direction for the third layer  image are
respectively 1/4 the numbers of pixels in a  horizontal direction and in a
vertical direction in the  first layer image, the memory area of the third
layer  memory 4 for storing the pixels on a 2a line in the third  layer is
the bank A and the memory area of the third layer 



memory 4 for storing the pixels on a 2[err]+1 line is the bank  B.
Connected to a selector circuit 41 are a bank A data  terminal and a bank B
data terminal, to which data (bank A  data and bank B data) read from the
bank A and bank B in  the first layer memory 2 are respectively output. The
address providing circuit 1 feeds the lower order third  bit va2 of the
vertical address VA to the selector circuit  41 as the control signal, and
in response to the control  signal va2, the selector circuit 41 connects
one of the  bank A data terminal and the bank B data terminal to a  read
section 44 and the other of the bank A data terminal  and the bank B data
terminal to a read section 45.       When the control signal va2
transitions at one point  with the selector circuit 41 connecting the bank
A data  terminal and bank B data terminal respectively to the read  section
44 and read section 45, the bank A data terminal  and bank B data terminal
are reconnected to the read                                      - 47 -
section 45 and the read section 44, respectively. When  the control signal
va2 transitions again, the selector  circuit 41 connects again the bank A
data terminal and  bank B data terminal to the read section 44 and read 



section 45, respectively. Each time the control signal  va2 transitions,
the selector circuit 41 alternates the  connection of the bank A data
terminal to between the read  section 44 and read section 45 while
alternating the  connection of the bank B data terminal to between the read
section 45 and read section 44.       Connected to a selector circuit 42
are a bank A data  terminal to which the data to be written onto the bank A
in the second layer memory 3 is fed, a bank A data  terminal from which the
data read from the bank A is  output, a bank B data terminal to which the
data to be  written onto the bank B is fed, and a bank B data terminal
from which the data read from the bank B is output. The  selector circuit
42 is also provided with the lower order  third bit va2 of the vertical
address VA from the address  providing circuit 1 as a control signal, and
in response  to the control signal va2, the selector circuit 42  connects
ones of the bank A data terminals and the bank B  data terminals to a write
section 46 and a read section 47  while connecting the other of the bank A
data terminals  and the bank B data terminals to a write section 48 and a
- 48 -    read section 49.  



When the control signal va2 transitions at one point  with the selector
circuit 42 connecting the bank A data  terminals to the write section 46
and read section 47 and  the bank B data terminals to the write section 48
and read  section 49, the bank A data terminals are reconnected to  the
write section 48 and read section 49 while the bank B  data terminals are
reconnected to the write section 46 and  read section 47. When the control
signal va2 transitions  again, the selector circuit 42 connects again the
bank A  data terminals to the write section 46 and read section 47  while
connecting the bank B data terminals to the write  section 48 and read
section 49. Each time the control  signal va2 transitions, the selector
circuit 42 alternates  the connection of the bank A data terminals to
between the  write section 46 and read section 47, and the write  section
48 and read section 49 while alternating the  connection of the bank B data
terminals to between the  write section 48 and read section 49 and the
write section  46 and read section 47.       Connected to a selector
circuit 43 are a bank A data  terminal to which the data to be written onto
the bank A  in the third layer memory 4 is fed, a bank A data terminal
from which the data read from the bank A is output, a bank  B data terminal
to which the data to be written onto the            



- 49 -    bank B is fed, and a bank B data terminal from which the  data
read from the bank B is output. The selector circuit  43 is also provided
with the lower order third bit va2 of  the vertical address VA from the
address providing circuit  1 as a control signal. In the same way as in the
selector  circuit 42, in response to the control signal va2, the  selector
circuit 43 alternates the connection of the bank  A data terminals to
between a write section 50 and a read  section 51, and a write section 52
and a read section 53  while alternating the connection of the bank B data
terminals to between the write section 52 and read section  53, and the
write section 50 and read section 51.       The read section 44 and read
section 45 read data  from the first layer memory 2 via the selector
circuit 41.  The data read by the read section 44 is fed to an  arithmetic
unit 54 and a selector circuit 58 and is also  fed to an arithmetic unit 56
via a switch 61. The data  read by the read section 45 is fed to arithmetic
units 55  and 57. The write section 46 writes the output of the  arithmetic
unit 54 onto the second layer memory 3 via the  selector circuit 42. The
read section 47 reads data from  the second layer memory 3 via the selector
circuit 42, and  feeds the data to the arithmetic unit 54 and the selector
circuit 58. The write section 48 writes the output of the  arithmetic unit
55 onto the second layer memory 3 via the      



- 50 -    selector circuit 42. The read section 49 reads data from  the
second layer memory 3 via the selector circuit 42, and  feeds the data to
the arithmetic unit 55 and a switch 62.  The write section 50 writes the
output of the arithmetic  unit 56 onto the third layer memory 4 via the
selector  circuit 43. The read section 51 reads data from the third  layer
memory 4 via the selector circuit 43, and feeds the  data to the arithmetic
unit 56 and the selector circuit  58. The write section 52 writes the
output of the  arithmetic unit 57 onto the third layer memory 4 via the
selector circuit 43. The read section 53 reads data from  the third layer
memory 4 via the selector circuit 43 and  feeds the data to the arithmetic
unit 57.       The arithmetic unit 54 subtracts the output of the  read
section 44 from the output of the read section 47,  and feeds the different
to the write section 46. The  arithmetic unit 55 sums the outputs of the
read section 45  and read section 49, and feeds the sum to the write
section 48. The arithmetic unit 56 subtracts the signal  supplied by the
switch 61 from the output of the read  section 51, and feeds the difference
to the write section  50. The arithmetic unit 57 sums the outputs of the
read  section 45 and read section 53, and feeds the sum to the  write
section 52. The arithmetic unit 57 also sums the  



output of the read section 49 in its summing operation
- 51 -    when the switch 62 is turned on and when the read section  49
gives its output.       The selector circuit 58 selects one of the outputs
of  the read section 44, read section 47 and read section 51  in response
to the outputs of AND gates 59 and 60. The  AND gate 59 receives the least
significant bit haO of the  horizontal address HA and the least significant
bit va0 of  the vertical address VA as control signals from the  address
providing circuit 1, computes their logical  product and feeds it to the
selector circuit 58. The AND  gate 60 receives the lower order second bit
ha1 of the  horizontal address HA and the lower order second bit val  of
the vertical address VA supplied to the address  providing circuit 1 as
control signals, computes their  logical product and feeds it to the
selector circuit 58.       Depending on the output of the AND gate 59, the
switch 61 selects between its terminal 61a and terminal  61b. The terminals
61a and 61b are supplied with the  output of the read section 44 and the
output of the read  section 47, respectively. Depending on the output of a
NOR gate 63, the switch 62 is turned on and off to conduct  



the output of the read section 49 to the arithmetic unit  57. Like the AND
gate 59, the NOR gate 63 receives the  least significant bits haO and va0,
and its output on/off  controls the switch 62.
- 52 -         The RMW circuit 5 is thus constructed of the selector
circuits 41 through 43, read sections 44 and 45, write  section 46, read
section 47, write section 48, read  section 49, write section 50, read
section 51, write  section 52, read section 53, arithmetic units 54 through
57, selector circuit 58, AND gates 59 and 60, switches 61  and 62, and NOR
gate 63.       The clock, the R/W signal and the hierarchical flag  are
omitted in FIG. 6 (the same is true in FIG. 8 to be  described later).
The operation of the RMW circuit 5 is now discussed.       Suppose now that
the selector circuit 32 selects the  horizontal address HA and the vertical
address VA,  supplied to the address providing circuit 1, as the bank A
address and the delayed horizontal address HA and the  delayed vertical
address VA as the bank B address.       Similarly, the selector circuits 33
and 34 select the  bank A address and bank B address. Specifically, the  



selector circuit 33 selects the higher order eight bits  hal through ha8 of
the horizontal address HA and the  higher order eight bits val through va8
of the vertical  address VA as the bank A address, and the higher order
eight bits hal through ha8 of the delayed horizontal  address HA and the
higher order eight bits val through va8  of the delayed vertical address VA
as the bank B address.                                      - 53 -    The
selector circuit 34 selects the higher order seven  bits ha2 through ha8 of
the horizontal address HA and the  higher order seven bits va2 through va8
of the vertical  address VA as the bank A address, and the higher order
seven bits ha2 through ha8 of the delayed horizontal  address HA and the
higher order seven bits va2 through va8  of the delayed vertical address VA
as the bank B address.       The bank A address and bank B address selected
in the  selector circuits 32 through 34 are respectively fed to  the bank A
address terminals and bank B address terminals  of the first layer memory
2, second layer memory 3 and  third layer memory 4.       In the selector
circuit 41, the bank A data terminal  of the first layer memory 2 is
connected to the read  section 44 while the bank B data terminal is
connected to  



the read section 45. In the selector circuit 42, the bank  A data terminals
of the second layer memory 3 are  connected to the write section 46 and
read section 47  while the bank B data terminals are connected to the write
section 48 and read section 49. In the selector circuit  43, the bank A
data terminals of the third layer memory 4  are connected to the write
section 50 and read section 51  while the bank B data terminals are
connected to the write  section 52 and read section 53.      The read
section 44 reads, via the selector circuit
- 54 -    41, a pixel (pixel value) in the first layer stored in a  bank A
address output by the selector circuit 32, and  feeds it to the arithmetic
unit 54, the selector circuit  58, and the terminal 61a of the switch 61.
The selector circuit 58 selects and outputs the  output of the read section
44 as a pixel in the first  layer when the output of the AND gate 59 is not
a 1  (namely, a 0). Specifically, that the output of the AND  gate 59 is
not a 1 means that at least one of ha0 and va0  is a 0, and means the
timing any of the three pixels  h(2s,2t), h(2s+1,2t) and h(2s,2t+1) except
the bottom  right pixel h(2s+1,2t+1), out of four pixels 2 x 2 of  



h(2s,2t), h(2s+1,2t), h(2s,2t+1), and h(2s+1,2t+1) in the  first layer
represented by D1 as shown in FIG. 2 is read.  Since any of h(2s,2t),
h(2s+1,2t) and h(2s,2t+1) is stored  in the first layer memory 2, the value
read from the first  layer memory 2, as is, is selected and output by the
selector circuit 58.       The read section 47 reads, via the selector
circuit  42, a second layer pixel (pixel value) in the second layer  stored
at a bank A address output by the selector circuit  33, and feeds it to the
arithmetic unit 54, the selector  circuit 58 and the terminal 61b of the
switch 61.      At the timing any of the four pixels 2 x 2 of  h(2s,2t),
h(2s+1,2t), h(2s,2t+1), and h(2s+1,2t+1) in the
- 55 -    first layer is accessed, namely, at the timing any of the  bank A
address (2s,2t), (2s+1,2t), (2s,2t+1), and  (2s+1,2t+1) in the first layer
memory 2 is accessed, the  bank A address (s,t) in the second layer memory
3 is  accessed.       When the read section 44 reads one of the pixels
h(2s,2t), h(2s+1,2t), and h(2s,2t+1) from the first layer  memory 2 and
feeds it to the arithmetic unit 54, the read  section 47 reads the data
from the bank A address (s,t) in  



the second layer memory 3, and feeds it to the arithmetic  unit 54.
The arithmetic unit 54 subtracts the output of the  read section 44 from
the output of the read section 47,  and feeds the difference to the write
section 46. The  write section 46 writes the output of the arithmetic unit
54 onto the bank A address (s,t) in the second layer  memory 3 via the
selector circuit 42.       The second layer pixel m(s,t), which is the sum
of  the four pixels of 2 x 2 of h(2s,2t), h(2s+1,2t),  h(2s,2t+1), and
h(2s+1,2t+1) in the first layer, is  initially stored in the bank A address
(s,t) in the secopd  layer memory 3. As the read section 44 reads the pixel
h(2s,2t) in the first layer while the read section 47  reads the data
(here, m(s,t)) stored at the bank A address  (s,t) in the second layer
memory 3, the arithmetic unit 54                                       - 56
-    determines the difference (m(s,t)-h(2s,2t)) therebetween  and the
write section 46 writes it onto the bank A address  (s,t) in the second
layer memory 3.       As the read section 44 reads the pixel h(2s+1,2t) in
the first layer, the read section 47 reads the data (here,
m(s,t)-h(2s,2t)) stored at the bank A address (s,t) in the  



second layer memory 3. The arithmetic unit 54 determines  the difference
(m(s,t)-h(2s,2t)-h(2s+1,2t)) therebetween  and the write section 46 writes
it onto the bank A address  (s,t) in the second layer memory 3.       As
the read section 44 reads the pixel h(2s,2t+1) in  the first layer, the
read section 47 reads the data (here,  m(s,t)-h(2s,2t)-h(2s+1,2t)) stored
at the bank A address  (s,t) in the second layer memory 3. The arithmetic
unit  54 determines the difference (m(s,t)-h(2s,2t)-h(2s+1,2t)-
h(2s,2t+1)) therebetween and the write section 46 writes  it onto the bank
A address (s,t) in the second layer  memory 3. Finally, the first layer
pixel  h(2s+1,2t+1)(=m(s,t)-h(2s,2t)-h(2s+1,2t)-h(2s,2t+1)) is  written
onto the bank A address (s,t) in the second layer  memory 3.       The data
which the read section 47 reads from the  bank A address (s,t) in the
second layer memory 3, at the  timing the bank A address (2s+1,2t+1) in the
first layer  memory 2 is accessed (there is no memory cell
- 57 -    corresponding to this address, and even if an attempt is  made to
access this address, nothing is written thereon  and nothing is read
therefrom), is the bottom right pixel  



(pixel value) h(2s+1,2t+1), out of four pixels 2 x 2 of  h(2s,2t),
h(2s+1,2t), h(2s,2t+1), and h(2s+1,2t+1) in the  first layer represented by
D1 as shown in FIG. 2  (excluding h(4m+3,4n+3)).       The selector circuit
58 selects and outputs the  output of the read section 44 as a pixel in the
first  layer when the output of the AND gate 59 only (of the two  outputs
of the AND gate 59 and AND gate 60) is a 1 (the  output of the AND gate 60
is thus a 0). Specifically,  that the output of the AND gate 59 only is a 1
means that  both haO and va0 are 1's and that ha1 and/or val are a 0,  and
means the timing the bottom right pixel h(2s+1,2t+1),  out of the four
pixels 2 x 2 of h(2s,2t), h(2s+1,2t),  h(2s,2t+1), and h(2s+1,2t+1) in the
first layer  represented by D1 as shown in FIG. 2 (excluding  h(4m+3,4n+3))
is read. As described above, the pixel  h(2s+1,2n+1) is read from the bank
A address (s,t) in the  second layer memory 3 by the read section 47, and
the  output of the read section 47 is selected and output by  the selector
circuit 58.      The read section 51 reads, via the selector circuit  43
from the third layer memory 4, a pixel (pixel value) in
- 58 -    



the third layer stored at the bank A address, output by  the selector
circuit 34, and feeds it to the arithmetic  unit 56 and selector circuit
58.       At the timing each of 16 pixels of 4 x 4 of h(4m,4n),
h(4m+1,4n), h(4m+2,4n), h(4m+3,4n), h(4m,4n+1),  h(4m+1,4n+1),
h(4m+2,4n+1), h(4m+3,4n+1), h(4m,4n+2),  h(4m+1,4n+2), h(4m+2,4n+2),
h(4m+3,4n+2), h(4m,4n+3),  h(4m+1,4n+3), h(4m+2,4n+3), and h(4m+3,4n+3) in
the first  layer represented by D2 as shown in FIG. 2 is accessed, as
described above, the bank A address (mn) in the third  layer memory 4 is
accessed.       When the read section 44 reads each of the pixels
h(4m,4n), h(4m+1,4n), h(4m+2,4n), h(4m+3,4n), h(4m,4n+1),  h(4m+2,4n+1),
h(4m,4n+2), h(4m+1,4n+2), h(4m+2,4n+2),  h(4m+3,4n+2), h(4m,4n+3), and
h(4m+2,4n+3) in the first  layer memory 2, excluding the bottom right pixel
h(2s+1,2t+1) in the first layer 2 x 2 pixels, and feeds it  to the terminal
61a, the read section 51 reads data from  the bank A address (m,n) in the
third layer memory 4 and  feeds it to the arithmetic unit 56.       The
switch 61 selects its terminal 61a when the  output of the AND gate 59 is a
0. Each of the pixels  h(4m,4n), h(4m+1,4n), h(4m+2,4n), h(4m+3,4n),
h(4m,4n+1),  h(4m+2,4n+1), h(4m,4n+2), h(4m+1,4n+2), h(4m+2,4n+2),
h(4m+3,4n+2), h(4m,4n+3), and h(4m+2,4n+3) in the first          



- 59 -    layer output by the read section 44 is fed to the  arithmetic
unit 56 via the switch 61.       When the read section 47 outputs pixels
h(4m+1,4n+1),  corresponding to the right bottom pixel h(2s+1,2t+1) in  the
2 x 2 pixels in the first layer, h(4m+3,4n+1), and  h(4m+1,4n+3), when the
output of the AND gate 59 is a 1,  the switch 61 is designed to select its
terminal 61b. The  pixels h(4m+1,4n+1), h(4m+3,4n+1), and h(4m+1,4n+3)
output  by the read section 47 are fed to the arithmetic unit 56  via the
switch 61.       The arithmetic unit 56 subtracts the output of the  switch
61 from the output of the read section 51, and  feeds the difference to the
write section 50. The write  section 50 writes the output of the arithmetic
unit 56  onto the bank A address (m,n) in the third layer memory 4  via the
selector circuit 43.       The third layer pixel q(m,n), which is the sum
of the  16 pixels of 4 x 4 in the first layer, is initially stored  at the
bank A address (m,n) in the third layer memory 4.  As the read section 44
reads the pixel h(4m,4n) in the  first layer, the read section 51 reads the
data (here,  q(m,n)) stored at the bank A address (m,n) in the third  layer
memory 4. The arithmetic unit 56 determines the  difference
(q(m,n)-h(4m,4n)) therebetween and the write  section 50 writes it onto the
bank A address (m,n) in the    



- 60 -    third layer memory 4.       As the read section 44 reads the
pixel h(4m+1,4n) in  the first layer, the read section 51 reads the data
(here,  q(m,n)-h(4m,4n)) stored at the bank A address (m,n) in the  third
layer memory 4.  The arithmetic unit 56 determines  the difference
(q(m,n)-h(4m,4n)-h(4m+1,4n)) therebetween  and the write section 50 writes
it onto the bank A address  (m,n) in the third layer memory 4.
Similarly, the value stored at the bank A address  (m,n) in the third layer
memory 4 is thereafter repeatedly  rewritten.       Reading the first layer
pixel h(4m+1,4n+1),  corresponding to the bottom right pixel h(2s+1,2t+1)
in  the 2 x 2 pixels in the first layer, the read section 47  feeds it to
the arithmetic unit 56 via the switch 61 as  already described. The bank A
address in the third layer  memory 4 then stores the data expressed by
equation  q(m,n)-h(4m,4n)-h(4m+1,4n)-h(4m+2,4n)-h(4m+3,4n)-  h(4m,4n+1),
and the read section 51 reads the data and  feeds it to the arithmetic unit
56.       The arithmetic unit 56 subtracts the output of the  read section
47 from the output of the read section 51,  and the write section 50 writes
the difference (q(m,n)-  



h(4m,4n)-h(4m+1,4n)-h(4m+2,4n)-h(4m+3,4n)-h(4m,4n+1)-  h(4m+1,4n+1)) onto
the bank A address (m,n) in the third
- 61 -    layer memory 4.       Finally, as the read section 44 reads the
pixel  h(4m+2,4n+3) in the first layer, the read section 51 reads  the data
stored at the bank A address in the third layer  memory 4 (here,
q(m,n)-h(4m,4n)-h(4m+1,4n)-h(4m+2,4n)-
h(4m+3,4n)-h(4m,4n+1)-h(4m+1,4n+1)-h(4m+2,4n+1)-  h(4m+3,4n+1)-
h(4m,4n+2)-h(4m+1,4n+2)-h(4m+2,4n+2)-  h(4m+3,4n+2)-h(4m,4n+3)-
h(4m+1,4n+3)). The arithmetic  unit 56 determines the difference
therebetween, and the  write section 50 writes the difference onto the bank
A  address (m,n) in the third layer memory 4. Specifically,  the pixel
(4m+3,4n+3) in the first layer (= q(m,n)-  h(4m,4n)-h(4m+1,4n)-h(4m+2,4n)-
h(4m+3,4n)-h(4m,4n+1)-  h(4m+1,4n+1)-h(4m+2,4n+1)-h(4m+3,4n+1)- h(4m,4n+2)-
h(4m+1,4n+2)-h(4m+2,4n+2)-h(4m+3,4n+2)-h(4m,4n+3)-
h(4m+1,4n+3)-h(4m+2,4n+3)) is written onto the bank A  address (m,n) in the
third layer memory 4.       The data which the read section 51 reads from
the  bank A address (m,n) in the third layer memory 4, at the  timing the
bank A address (4m+3,4n+3) in the first layer  



memory 2 is accessed (there is no memory cell  corresponding to this
address, and even if an attempt is  made to access this address, nothing is
written thereon  and nothing is read therefrom), is the bottom right pixel
(pixel value) h(4m+3,4n+3), out of the 16 pixels of 4 x 4
- 62 -    in the first layer represented by D2 as shown in FIG. 2.
The selector circuit 58 selects and outputs the  output of the read section
51 as a first layer pixel when  the outputs of both AND gate 59 and AND
gate 60 are 1's.  Specifically, that the outputs of both AND gate 59 and
AND  gate 60 are 1's means that all of ha0, va0, ha1, and val  are 1's, and
means the timing the bottom right pixel  (4m+3,4n+3) of the 16 pixels of 4
x 4 in the first layer  is read. The read section 51 reads the pixel
h(4m+3,4n+3)  from the bank A address (m,n) in the third layer memory 4,
and the output of the read section 51 is selected and  output by the
selector circuit 58.       When the pixels of the first layer are read in
this  way, the second layer memory 3 stores the first layer  pixel
h(2s+1,2n+1) (excluding h(4m+3,4n+3)), and the third  layer memory 4 stores
the first layer pixel h(4m+3,4n+3).       The pixels in the first layer are
written, replacing  



the stored values in the second layer memory 3 and third  layer memory 4.
The values, thus rewritten, in the second layer  memory 3 and third layer
memory 4 need to be restored to  their original pixels in the second layer
memory 3 and  third layer memory 4 (if unnecessary, they may be left
unrestored).       As already described, the first layer memory 2 is
- 63 -    divided into the bank A for storing the pixels on the 8a  line
through the 8a+3 line and the bank B for storing the  pixels on the 8a+4
line through the 8[err]+7 line. The second  layer memory 3 is divided into
the bank A for storing the  pixels on the 4a line and the 4[err]+1 line in
the second  layer and the bank B for storing the pixels on the 4[err]+2
line and the 4[err]+3 line in the second layer, and the third  layer memory
4 is divided into the bank A for storing the  pixels on the 2a line in the
third layer and the bank B  for storing the pixels on the 2[err]+1 line.
In this embodiment, the delayed horizontal address HA  and the delayed
vertical address VA are respectively the  horizontal address HA and the
vertical address VA but with  a delay of four lines introduced therein. As
already  



described above, when the horizontal address HA and the  vertical address
VA are selected as the bank A address  while the delayed horizontal address
HA and the delayed  vertical address VA being selected as the bank B
address,  a memory cell in the bank A for the horizontal address HA  and
the vertical address VA is accessed in the first layer  memory 2, and at
the same time, a memory cell in the bank  B (the B bank memory cell
corresponding to the position of  the memory cell in the bank A) for the
delayed horizontal  address HA and the delayed vertical address VA is also
accessed.                                       - 64 -         Similarly,
in the second layer memory 3, a memory  cell in the bank A is accessed
while a memory cell in the  bank B, which was accessed by two lines
earlier, is  accessed. In the third layer memory 4, a memory cell in  the
bank A is accessed while a memory cell in the bank B,  which was accessed
by one line earlier, is accessed.       As the read section 44 reads each
of the pixels  h(2s,2t), h(2s+1,2t), and h(2s,2t+1) from the bank A in  the
first layer memory 2, the read section 45 reads, via  the selector circuit
41, each of pixels h(2s,2t'),  h(2s+1,2t'), and h(2s,2t'+1) from the bank B
in the first  



layer memory, which were accessed four lines earlier, and  feeds it to the
arithmetic unit 55. Here, t'=t-2.       As the read section 45 reads each
of the pixels  h(2s,2t'), h(2s+1,2t'), and h(2s,2t'+1) from the bank B in
the first layer memory 2, the read section 49 reads, via  the selector
circuit 42, the data from the address  (predetermined address) (s,t') in
the bank B in the second  layer memory 3 and feeds the data to the
arithmetic unit  55.       The arithmetic unit 55 sums the output of the
read  section 45 and the output of the read section 49 and feeds  the sum
to the write section 48. The write section 48  writes the output of the
arithmetic unit 55 onto the bank  B address (s,t') in the second layer
memory 3 via the                                       - 65 -    selector
circuit 42.       The bank B address (s,t') in the second layer memory  3
initially stores the first layer pixel h(2s+1,2t'+1)  that was determined
by accessing it two lines earlier in  the second layer (four lines earlier
in the first layer).  As the read section 45 reads the first layer pixel
h(2s,2t') from the bank B in the first layer memory 2, the  read section 49
reads the data (here, h(2s+1,2t'+1))  



stored at the bank B address (s,t') in the second layer  memory 3. The
arithmetic unit 55 determines the sum of  these (h(2s,2t') +h(2s+1,2t'+1)),
and the write section 48  writes it onto the bank B address (s,t') in the
second  layer memory 3.       Furthermore, as the read section 45 reads the
first  layer pixel h(2s+1,2t') from the bank B in the first layer  memory
2, the read section 49 reads the data (here,  h(2s,2t')+h(2s+1,2t'+1))
stored at the bank B address  (s,t') in the second layer memory 3. The
arithmetic unit  55 determines the sum of these (h(2s,2t')+h(2s+1,2t')
+h(2s+1,2t'+1)) and the write section 48 writes it onto  the bank B address
(s,t') in the second layer memory 3.      As the read section 45 reads the
first layer pixel  h(2s,2t'+1) from the bank B in the first layer memory 2,
the read section 49 reads the data (here, h(2s,2t')
+h(2s+1,2t')+h(2s+1,2t'+1)) stored at the bank B address
- 66 -    (s,t') in the second layer memory 3. The arithmetic unit  55
determines the sum of these (h(2s,2t')+h(2s+1,2t')
+h(2s,2t'+1)+h(2s+1,2t'+1)) and the write section 48  writes it onto the
bank B address (s,t') in the second  layer memory 3. Written onto the bank
B address (s,t') in  



the second layer memory 3 is the original second layer  pixel m(s,t')
(=h(2s,2t')+h(2s+1,2t')+h(2s,2t'+1)+h(2s+1,2t'+1)).       When the read
section 44 reads, from the bank A in  the first layer memory 2, each of the
first layer pixels  h(4m,4n), h(4m+1,4n), h(4m+2,4n), h(4m+3,4n),
h(4m,4n+1),  h(4m+2,4n+1), h(4m,4n+2), h(4m+1,4n+2), h(4m+2,4n+2),
h(4m+3,4n+2), h(4m,4n+3), and h(4m+2,4n+3) in the first  layer, except the
bottom right pixel h(2s+1,2t+1) of the 2  x 2 pixels in the first layer,
the read section 45 reads,  via the selector circuit 41 from the bank B in
the first  layer memory 2, each of first layer pixels four lines  earlier
h(4m,4n'), h(4m+1,4n'), h(4m+2,4n'), h(4m+3,4n'),  h(4m,4n'+1),
h(4m+2,4n'+1), h(4m,4n'+2), h(4m+1,4n'+2),  h(4m+2,4n'+2), h(4m+3,4n'+2),
h(4m,4n'+3), and  h(4m+2,4n'+3), and feeds it to the arithmetic unit 57.
Here, n'=n-1.       The read section 53 reads the data from the bank B
address (m,n') in the third layer memory 4 via the  selector circuit 43,
and feeds it to the arithmetic unit                                      -
67 -    57.       The output of the read section 49 is fed to the  



arithmetic unit 57 via the switch 62. The switch 62 is  turned on only when
the output of the NOR gate 63 is at an  H level (haO=vaO=O), and is turned
off in the remainder of  the time. The switch 62 is therefore turned on
only when  the read section 49 reads each of the first layer pixels
h(4m+1,4n'+1), h(4m+3,4n'+1), and h(4m+1,4n'+3) from the  bank B in the
second layer memory 3 and as a result, the  first layer pixels
h(4m+1,4n'+1), h(4m+3,4n'+1), and  h(4m+1,4n'+3) are fed to the arithmetic
unit 57 via the  switch 62.       The arithmetic unit 57 sums the output of
the read  section 45 and the output of the read section 53, and  further
sums the output of the read section 49 in the  summing operation when the
switch 62 is turned and when  the read section 49 gives its output, and the
resulting  sum is fed to the write section 52. The write section 52  writes
the output of the arithmetic unit 57 onto the bank  B address (m,n') in the
third layer memory 4 via the  selector circuit 43.       The bank A address
(m,n') in the third layer memory 4  initially stores the first layer pixel
h(4m+3,4n'+3) that  was determined by accessing it one line earlier in the
third layer (four lines earlier in the first layer). As
- 68 -  



the read section 45 and the read section 49 read the first  layer pixel
h(4m,4n') and h(4m+1,4n'+1), respectively, the  read section 53 reads the
data (here, h(4m+3,4n'+3))  stored at the bank B address (m,n') in the
third layer  memory 4.  The arithmetic unit 57 determines the sum of  these
(h(4m,4n') +h(4m+1,4n'+1)+h(4m+3,4n'+3)), and the  write section 52 writes
it onto the bank B address (m,n')  in the third layer memory 4.       As
the read section 45 reads the first layer pixel  h(4m+1,4n'), the read
section 53 reads the data (here,  h(4m,4n')+h(4m+1,4n'+1)+h(4m+3,4n'+3))
stored at the bank  B address (m,n') in the third layer memory 4. The
arithmetic unit 57 determines the sum of these  (h(4m,4n')+h(4m+1,4n')+
+h(4m+1,4n'+1)+h(4m+3,4n'+3)), and  the write section 52 writes it onto the
bank B address  (m,n') in the third layer memory 4.       Finally, the read
section 45 reads the first pixel  h(4m+2,4n'+3) and the read section 53
reads the data  (here, h(4m,4n')+h(4m+1,4n')+h(4m+2,4n')+h(4m+3,4n')
+h(4m,4n'+1)+h(4m+1,4n'+1)+h(4m+2,4n'+1)+h(4m+3,4n'+1)+h(4
m,4n'+2)+h(4m+1,4n'+2)+h(4m+2,4n'+2)+h(4m+3,4n'+2)+h(4m,4n
'+3)+h(4m+1,4n'+3)+h(4m+3,4n'+3)) stored at the bank B  address (m,n') in
the third layer memory 4.  The  arithmetic unit 57 determines the sum of
these, and the  write section 52 write it onto the bank B address (m,n')



- 69 -    in the third layer memory 4. Specifically, written onto  the bank
B address (m,n') in the third layer memory 4 is  the original third layer
pixel  q(m,n')(=h(4m,4n')+h(4m+1,4n')+h(4m+2,4n')+h(4m+3,4n')+h(4
m,4n'+l)+h(4m+1,4n'+1)+h(4m+2,4n'+1)+h(4m+3,4n'+1)+h(4m,4n
'+2)+h(4m+1,4n'+2)+h(4m+2,4n'+2)+h(4m+3,4n'+2)+h(4m,4n'+3)
+h(4m+1,4n'+3)+h(4m+2,4n'+3)+h(4m+3,4n'+3)).       When the lower order
third bit va2 of the vertical  address VA transitions, the selector circuit
32 selects  the horizontal address HA and the vertical address VA,
supplied to the address providing circuit 1, as the bank B  address and the
delayed horizontal address HA and the  delayed vertical address VA as the
bank A address.       Similarly, the selector circuits 33 and 34 select the
bank A address and bank B address. Specifically, the  selector circuit 33
selects the higher order eight bits  hal through ha8 of the horizontal
address HA and the  higher order eight bits val through va8 of the vertical
address VA as the bank B address, and the higher order  eight bits hal
through ha8 of the delayed horizontal  address HA and the higher order
eight bits val through va8  of the delayed vertical address VA as the bank
A address.  The selector circuit 34 selects the higher order seven  bits
ha2 through ha8 of the horizontal address HA and the  higher order seven
bits va2 through va8 of the vertical  



- 70 -    address VA as the bank B address, and the higher order  seven
bits ha2 through ha8 of the delayed horizontal  address HA and the higher
order seven bits va2 through va8  of the delayed vertical address VA as the
bank A address.       The bank A address and bank B address selected in the
selector circuits 32 through 34 are respectively fed to  the bank A address
terminals and bank B address terminals  of the first layer memory 2, second
layer memory 3 and  third layer memory 4.       In the selector circuit 41,
the bank B data terminal  of the first layer memory 2 is connected to the
read  section 44 while the bank A data terminal is connected to  the read
section 45. In the selector circuit 42, the bank  B data terminals of the
second layer memory 3 are  connected to the write section 46 and read
section 47  while the bank A data terminals are connected to the write
section 48 and read section 49. In the selector circuit  43, the bank B
data terminals of the third layer memory 4  are connected to the write
section 50 and read section 51  while the bank A data terminals are
connected to the write  section 52 and read section 53.      The process,
identical to the above process but with  



the bank A and the bank B interchanged in the above  discussion, is
performed.      The first layer pixels are output by the selector
- 71 -    circuit 58 while the storage content in the second layer  memory
3 and third layer memory 4 is rewritten to the  original values.       FIG.
8 shows the construction of the storage device  of FIG. 1 to read the image
in the second layer when the  first layer memory 2 and second layer memory
3 are  arranged to have a smaller memory capacity as already  described. As
shown in FIG. 8, a portion related to the  first layer memory 2 is omitted.
The address providing circuit 1 is constructed of a  delay circuit 71 and
selector circuits 73 and 74. The  delay circuit 71 and selector circuits 73
and 74 are  identical in construction to the delay circuit 31 and  selector
circuits 33 and 34 respectively in FIG. 6.       The second layer memory 3
and third layer memory 4  are identical in construction to the respective
ones shown  in FIG. 6.       The RMW circuit 5 is constructed of selector
circuits  81 and 82, read sections 84 and 85, write section 86, read  



section 87, write section 88, read section 89, switches 91  and 92,
arithmetic units 94 and 95, selector circuit 98,  and AND gates 99 and 100.
Bank A data and bank B data respectively read from  the bank A and bank B
in the second layer memory 3 are  output to a bank A data terminal and bank
B data terminal,                                       - 72 -    which are
connected to the selector circuit 81. The  selector circuit 81 receives the
lower order third bit va2  of the vertical address VA from the address
providing  circuit 1 as a control signal. In response to the control
signal va2, the selector circuit 81 connects one of the  bank A data
terminal and the bank B data terminal to the  read section 84 and the other
of the bank A data terminal  and the bank B data terminal to the read
section 85.       When the control signal va2 transitions at one point
with the selector circuit 81 connecting the bank A data  terminal and bank
B data terminal respectively to the read  section 84 and read section 85,
the bank A data terminal  and bank B data terminal are reconnected to the
read  section 85 and the read section 84, respectively. When  the control
signal va2 transitions again, the selector  circuit 81 connects again the
bank A data terminal and  



bank B data terminal to the read section 84 and read  section 85,
respectively. Each time the control signal  va2 transitions, the selector
circuit 81 alternates the  connection of the bank A data terminal to
between the read  section 84 and read section 85 while alternating the
connection of the bank B data terminal to between the read  section 85 and
read section 84.       Connected to the selector circuit 82 are a bank A
data terminal to which the data to be written onto the
- 73 -    bank A in the third layer memory 4 is fed, a bank A data
terminal from which the data read from the bank A is  output, a bank B data
terminal to which the data to be  written onto the bank B is fed, and a
bank B data terminal  from which the data read from the bank B is output.
The  selector circuit 82 is also provided with the lower order  third bit
va2 of the vertical address VA from the address  providing circuit 1 as a
control signal. In response to  the control signal va2, the selector
circuit 82 connects  ones of the bank A data terminals and the bank B data
terminals to a write section 86 and a read section 87  while connecting the
other of the bank A data terminals  and the bank B data terminals to a
write section 88 and a  



read section 89.       When the control signal va2 transitions at one point
with the selector circuit 82 connecting the bank A data  terminals to the
write section 86 and read section 87 and  the bank B data terminals to the
write section 88 and read  section 89, the bank A data terminals are
reconnected to  the write section 88 and read section 89 while the bank B
data terminals are reconnected to the write section 86 and  read section
87. When the control signal va2 transitions  again, the selector circuit 82
connects again the bank A  data terminals to the write section 86 and read
section 87  while connecting the bank B data terminals to the write
- 74 -    section 88 and read section 89. Each time the control  signal va2
transitions, the selector circuit 82 alternates  the connection of the bank
A data terminals to between the  write section 86 and read section 87, and
the write  section 88 and read section 89 while alternating the  connection
of the bank B data terminals to between the  write section 88 and read
section 89 and the write section  86 and read section 87.       The read
sections 84 and 85 read data from the second  layer memory 3 via the
selector circuit 81. The data read  



by the read section 84 is fed to the terminal 91b of the  switch 91 and the
selector circuit 98. The data read by  the read section 85 is fed to the
terminal 92b of the  switch 92. The write section 86 writes the output of
the  arithmetic unit 94 onto the third layer memory 4 via the  selector
circuit 82. The read section 87 reads data from  the third layer memory 4
via the selector circuit 82, and  feeds the data to the arithmetic unit 94
and the selector  circuit 98. The write section 88 writes the output of the
arithmetic unit 95 onto the third layer memory 4 via the  selector circuit
82.  The read section 89 reads data from  the third layer memory 4 via the
selector circuit 82, and  feeds the data to the arithmetic unit 95.
Depending on the output of the AND gate 99, the  switch 91 selects between
its terminal 91a and terminal                                       - 75 -
91b, and its output is fed to the arithmetic unit 94. The  terminal 91b is
supplied with a 0. Depending on the  output of the AND gate 99, the switch
92 selects between  its terminal 92a and 92b, and its output is fed to the
arithmetic unit 95. The terminal 92b is supplied with a  0.       The
arithmetic unit 94 subtracts the output of the  



switch 91 from the output of the read section 87, and  feeds the difference
to the write section 86. The  arithmetic unit 95 sums the output of the
read section 89  and the output of the switch 92, and feeds the sum to the
write section 88.       The selector circuit 98 selects one of the outputs
of  the read section 84 and read section 87 in response to the  outputs of
AND gates 99 and 100. The AND gate 99 receives  the least significant bit
ha0 of the horizontal address HA  and the least significant bit va0 of the
vertical address  VA from the address providing circuit 1 as control
signals, computes their logical product and feeds it to  the selector
circuit 98, and switches 91 and 92. The AND  gate 100 receives the lower
order second bit hal of the  horizontal address HA and the lower order
second bit val  of the vertical address VA supplied to the address
providing circuit 1 as a control signal, and computes  their logical
product and feeds it to the selector circuit
- 76 -    98.       The operation of the storage device is now discussed.
Suppose now that the horizontal address HA and the  vertical address VA are
selected as the bank A address and  



the delayed horizontal address HA and the delayed vertical  address VA are
selected as the bank B address in the  selector circuit 73 and selector
circuit 74.       Specifically, the selector circuit 73 selects the  higher
order eight bits ha1 through ha8 of the horizontal  address HA and the
higher order eight bits va1 through va8  of the vertical address VA as the
bank A address, and the  higher order eight bits hal through ha8 of the
delayed  horizontal address HA and the higher order eight bits val  through
va8 of the delayed vertical address VA as the bank  B address. The selector
circuit 74 selects the higher  order seven bits ha2 through ha8 of the
horizontal address  HA and the higher order seven bits va2 through va8 of
the  vertical address VA as the bank A address, and the higher  order seven
bits ha2 through ha8 of the delayed horizontal  address HA and the higher
order seven bits va2 through va8  of the delayed vertical address VA as the
bank B address       The bank A address and bank B address selected in the
selector circuits 73 and 74 are respectively fed to the  bank A address
terminals and bank B address terminals of  the second layer memory 3 and
third layer memory 4.                                       - 77 -
In the selector circuit 81, the bank A data terminal  



of the second layer memory 3 is connected to the read  section 84 while the
bank B data terminal is connected to  the read section 85. In the selector
circuit 82, the bank  A data terminals of the third layer memory 4 are
connected  to the write section 86 and read section 87 while the bank  B
data terminals are connected to the write section 88 and  read section 89.
The read section 84 reads, via the selector circuit  81, the second layer
pixel (pixel value) stored at the  bank A address in the second layer
memory 3 output by the  selector circuit 73 and feeds it to the terminal
91b of  the switch 91 and the selector circuit 98.       The selector
circuit 98 selects and outputs the  output of the read section 84 as a
second layer pixel when  the output of the AND gate 99 only (of the outputs
of the  AND gates 99 and 100) is a 1. Specifically, that the  output of the
AND gate 99 is a 1 means that both ha0 and  va0 are 1's with hal and/or val
being a 0, and means the  timing the bottom right pixel h(2s+1,2t+1)
(excluding  h(4m+3,4t+3)), out of the four pixels 2 x 2 of h(2s,2t),
h(2s+1,2t), h(2s,2t+1), and h(2s+1,2t+1) in the first  layer represented by
D1 as shown in FIG. 2 is read.      At the timing each of the four pixels 2
x 2 of  h(2s,2t), h(2s+1,2t), h(2s,2t+1), and h(2s+1,2t+1) in the



- 78 -    first layer is accessed, the second layer pixel m(s,t) is  also
accessed. At the timing each of the four pixels 2 x 2  of h(2s,2t),
h(2s+1,2t), h(2s,2t+1), and h(2s+1,2t+1) in  the first layer is accessed,
the data read from the second  layer memory 3, namely, the second layer
pixel m(s,t), is  output, and in this case, the same pixel is output four
times repeatedly.       The selector circuit 98 selects and outputs the
output of the read section 84, namely, the second layer  pixel m(s,t) at
the timing the bottom right pixel  h(2s+1,2t+1) (excluding h(4m+3,4t+3)),
out of the four  pixels 2 x 2 of h(2s,2t), h(2s+1,2t), h(2s,2t+1), and
h(2s+1,2t+1) in the first layer is read.       For the same reason, the
switch 91 selects the  terminal 91b only at the timing the read section 84
outputs the first layer pixel h(2s+1,2t+1)(at the timing  the output of the
AND gate 99 is transitioned to a 1), and  selects the terminal 91a in the
remainder of the time.  Specifically, the second layer pixel m(s,t) output
by the  read section 84 is fed to the arithmetic unit 94 only at  the
timing the bottom right pixel h(2s+1,2t+1), out of the  four pixels 2 x 2
of h(2s,2t), h(2s+1,2t), h(2s,2t+1), and  h(2s+1,2t+1) in the first layer
is read, and a 0 is fed to  the read section 94 in the remainder of the
time.       The read section 87 reads, via the selector circuit      



- 79 -    82, the third layer pixel (pixel value) stored at the bank  A
address output by the selector circuit 74, and feeds it  to both the
arithmetic unit 94 and selector circuit 98.       At the timing each of the
addresses (4m,4n),  (4m+1,4n), (4m+2,4n), (4m+3,4n), (4m,4n+1),
(4m+1,4n+1),  (4m+2,4n+1), (4m+3,4n+1), (4m,4n+2), (4m+1,4n+2),
(4m+2,4n+2), (4m+3,4n+2), (4m,4n+3), (4m+1,4n+3),  (4m+2,4n+3), and
(4m+3,4n+3) in the first layer memory is  accessed, the read section 87
reads the data from the bank  A address in the third layer memory 4 and
feeds it to the  arithmetic unit 94.       From the above discussion, the
switch 91 selects the  terminal 91b at the timing an access is made to each
of  addresses (4m,4n), (4m+1,4n), (4m+2,4n), (4m+3,4n),  (4m,4n+1),
(4m+2,4n+1), (4m,4n+2), (4m+1,4n+2),  (4m+2,4n+2), (4m+3,4n+2), (4m,4n+3),
and (4m+2,4n+3),  excluding addresses (4m+1,4n+1), (4m+3,4n+1),
(4m+1,4n+3),  and (4m+3,4n+3) corresponding to address (2s+1,2t+1) in  the
first layer memory 2. In this case, the arithmetic  unit 94 subtracts 0
from the data read from the bank A  address (m,n) in the third layer memory
4, and the  difference, namely, the data itself read from the bank A
address in the third layer memory 4 is fed to the write  section 86. The
write section 86 writes, via the selector  



circuit 82, the data from the arithmetic unit 94 onto the
- 80 -    bank A address (m,n) in the third layer memory 4. The  value
stored at the bank A address (m,n) in the third  layer memory 4 remains
unchanged from the immediately  prior one.       At the timing each of
addresses (4m+1,4n+1),  (4m+3,4n+1), and (4m+1,4n+3) in the first layer
memory 2  is accessed, the switch 91 selects the terminal 91b. In  this
case, the read section 84 reads each of the second  layer pixels m(2m,2n),
m(2m+1,2n), and m(2m,2n+1) from the  second layer memory 3, and feeds it to
the arithmetic unit  94 via the switch 91.       The arithmetic unit 94
subtracts the output of the  read section 84 from the output of the read
section 87,  and feeds the difference to the write section 86. The  write
section 86 writes the output of the arithmetic unit  94 onto the bank A
address (m,n) in the third layer memory  4 via the selector circuit 82.
The bank A address (m,n) in the third layer memory 4  initially stores the
sum of the 16 pixels of 4 x 4 of  h(4m,4n), h(4m+1,4n), h(4m+2,4n),
h(4m+3,4n), h(4m,4n+1),  h(4m+1,4n+1), h(4m+2,4n+1), h(4m+3,4n+1),
h(4m,4n+2),  



h(4m+1,4n+2), h(4m+2,4n+2), h(4m+3,4n+2), h(4m,4n+3),  h(4m+1,4n+3),
h(4m+2,4n+3), and h(4m+3,4n+3) in the first  layer, namely, the pixel
q(m,n) in the third layer, which  is the sum of the four pixels of 2 x 2 of
m(2m,2n),                                      - 81 -    m(2m+1,2n),
m(2m,2n+1), and m(2m+1,2n+1) in the second  layer, and the arithmetic unit
94 receives the second  layer pixel m(2m,2n) from the read section 84 via
the  switch 91 at the timing the address (4m+1,4n+1) in the  first layer
memory 2 is accessed while receiving, from the  read section 87, the data
(here, q(m,n)) stored at the  bank A address in the third layer memory 4.
The arithmetic unit 94 determines difference (q(m,n)-  m(2m,2n))
therebetween, and the write section 86 writes it  onto the bank A address
(m,n) in the third layer memory 4.       At the timing the address
(4m+3,4n+1) in the first  layer memory 2 is accessed, the arithmetic unit
94  receives the second layer pixel m(2m+1,2n+1) from the read  section 84
via the switch 91 while receiving, from the  read section 87, the data
(here, q(m,n)-m(2m,2n)) stored  at the bank A address (m,n) in the third
layer memory 4.       The arithmetic unit 94 determines difference (q(m,n)-
m(2m,2n)-m(2m+1,2n)) therebetween, and the write section  



86 writes it onto the bank A address (m,n) in the third  layer memory 4.
At the timing the address (4m+1,4n+3) in the first  layer memory 2 is
accessed, the arithmetic unit 94  receives the second layer pixel
m(2m,2n+1) from the read  section 84 via the switch 91 while receiving,
from the  read section 87, the data (here, q(m,n)-m(2m,2n)-
- 82 -    m(2m+1,2n)) stored at the bank A address (m,n) in the  third
layer memory 4.       The arithmetic unit 94 determines difference (q(m,n)-
m(2m,2n)-m(2m+1,2n)-m(2m,2n+1)) therebetween, and the  write section 86
writes it onto the bank A address (m,n)  in the third layer memory 4.
Written onto the bank A address (m,n) in the third  layer memory 4 is thus
the second layer pixel m(2m+1,2n+1)
(=q(m,n)-m(2m,2n)-m(2m+1,2n)-m(2m,2n+1)).       At the timing the bank A
address (4m+3,4n+3) in the  first layer memory 2 (namely, at the timing the
bank A  address (2m+1,2n+1) in the second layer memory 3 is  accessed;
there is no memory cell corresponding to this  address, and even if an
attempt is made to access this  address, nothing is written thereon and
nothing is read  



therefrom) is accessed, the read section 87 reads, from  the bank A address
(m,n) in the third layer memory 4, the  sum (m(2m+1,2n+1) in the second
layer) of the right bottom  pixels of 2 x 2 of h(4m+2,4n+2), h(4m+3,4n+2),
h(4m+2,4n+3), and h(4m+3,4n+3) out of the 16 pixels of 4 x  4 in the first
layer represented by D2 in FIG. 2.       The selector circuit 98 selects
and outputs the  output of the read section 51 as a second layer pixel when
the outputs of two AND gates 99 and 50 are 1's.  Specifically, that the
output of the two AND gates 99 and                                      -
83 -    50 is a 1 means that all of ha0, va0, hal, and val are  1's, and
means the timing the address (4m+3,4n+3) in the  first layer memory 2 is
accessed. As already described,  the data the read section 87 reads from
the bank A address  (m,n) in the third layer memory 4 at this timing is the
second layer pixel (2m+1,2n+1), and this data is selected  and output by
the selector circuit 98.       When the second layer pixel is read in this
way, the  third layer memory 4 stores the second layer pixel  m(2m+1,2n+1)
in the same way as shown in FIG. 6.       Specifically, the second layer
pixel is written,  replacing the third layer pixel in the third layer
memory.  



The value stored in the third layer memory 4 in this  way needs to be
restored to the original third layer  pixel.       When the horizontal
address HA and the vertical  address VA are selected as the bank A address
with the  delayed horizontal address HA and the delayed vertical  address
VA selected as the bank B address, the bank A  memory cell for the
horizontal address HA and the vertical  address VA in the first layer
memory 2 is accessed while  at the same time an access is made to the bank
B memory  cell for the delayed horizontal address HA and the delayed
vertical address VA, both of which were accessed four  lines earlier.
- 84 -         In the second layer memory 3, the bank A memory cell  is
accessed while the bank B memory cell, which was  accessed two lines
earlier, is accessed at the same time.  In the third layer memory 4, the
bank A memory cell is  accessed while the bank B memory cell, which was
accessed  one line earlier, is accessed.       When the read section 84
reads, from the bank A in  the second layer memory 3, each of the second
layer pixels  m(2m,2n), m(2m+1,2n), and m(2m,2n+1), the read section 85  



reads, from the bank B in the second layer memory 3, each  of the second
layer pixels m(2m,2n'), m(2m+1,2n') and  m(2m,2n'+1), respectively, and
feeds it to the terminal  92b of the switch 92. Here, n'=n-1.       Like
the switch 91, the switch 92 is designed to  select its terminal 92b only
at the timing the read  section 84 outputs the first layer pixel
h(2s+1,2t+l) (at  the timing the output of the AND gate 99 is transitioned
to a 1), and selects its terminal 92a in the remainder of  the time. The
arithmetic unit 95 is supplied with the  second layer pixel output by the
read section 85 only at  the timing the bottom right h(2s+1,2t+1), out of
the first  layer four pixels of 2 x 2 of h(2s,2t), h(2s+1,2t),  h(2s,2t+1),
and h(2s+1,2t+1) is read, and is supplied with  a 0 in the remainder of the
time.      When the read section 85 reads, from the bank B in
- 85 -    the second layer memory 3, each of the second layer pixels
m(2m,2n'), m(2m+1,2n'), and m(2m,2n'+1), the read section  89 reads the
data from the bank B address (m,n') in the  third layer memory 4 via the
selector circuit 82, and  feeds it to the arithmetic unit 95.       The
arithmetic unit 95 sums the output of the read  



section 85 and the output of the read section 89, and  feeds the sum to the
write section 88. The write section  88 writes the output of the arithmetic
unit 95 onto the  bank B address (m,n') in the third layer memory 4 via the
selector circuit 82.       The bank B address (m,n') in the third layer
memory 4  initially stores the second layer pixel m(2m+1,2n'+1) that  was
determined by accessing it in the second layer by two  lines earlier (four
lines earlier for the first layer).  As the read section 85 reads the
second layer pixel  m(2m,2n') from the bank B in the second layer memory 3,
the read section 89 reads the data (here, the second layer  pixel
m(2m+1,2n'+1)) stored at the bank B address (m,n')  in the third layer
memory 4. The arithmetic unit 95  determines the sum of these
(m(2m,2n')+m(2m+1,2n'+1)), and  the write section 88 writes it onto the
bank B address  (m,n') in the third layer memory 4.       As the read
section 85 reads the second layer pixel  m(2m+1,2n') from the bank B in the
second layer memory 3,                                       - 86 -    the
read section 89 reads the data (here, m(2m,2n')  +m(2m+1,2n'+1)) stored at
the bank B address (m,n') in the  third layer memory 4. The selector
circuit 98 determines  



the sum of these (m(2m,2n')+m(2m+1,2n')+m(2m+1,2n'+1)),  and the write
section 88 writes it onto the bank B address  (m,n') in the third layer
memory 4.       As the read section 85 reads the second layer pixel
m(2m,2n'+1) from the bank B in the second layer memory 3,  the read section
89 reads the data (here, m(2m,2n')  +m(2m+1,2n')+m(2m+1,2n'+1)) stored at
the bank B address  (m,n') in the third layer memory 4. The selector
circuit  95 determines the sum of these (m(2m,2n')+m(2m+1,2n')
+m(2m,2n'+1)+m(2m+1,2n'+1)), and the write section 88  writes it onto the
bank B address (m,n') in the third  layer memory 4.  Specifically, the bank
B address (m,n')  in the third layer memory 4 stores the original third
layer pixel  q(m,n')(=m(2m,2n')+m(2m+1,2n')+m(2m,2n'+1)+m(2m+1,2n+1)=h
(4m,4n), h(4m+1,4n), h(4m+2,4n), h(4m+3,4n), h(4m,4n+1),  h(4m+1,4n+1),
h(4m+2,4n+1), h(4m+3,4n+1), h(4m,4n+2),  h(4m+1,4n+2), h(4m+2,4n+2),
h(4m+3,4n+2), h(4m,4n+3),  h(4m+1,4n+3), h(4m+2,4n+3), h(4m+3,4n+3)).
When the lower order third bit va2 of the vertical  address VA transitions,
the selections of the bank A  address and bank B address are reversed in
each of the                                       - 87 -    



selector circuits 73 and 74. Specifically, the selector  circuit 73 selects
the higher order eight bits hal through  ha8 of the horizontal address HA
and the higher order  eight bits val through va8 of the vertical address VA
as  the bank B address, and the higher order eight bits ha1  through ha8 of
the delayed horizontal address HA and the  higher order eight bits val
through va8 of the delayed  vertical address VA as the bank A address. The
selector  circuit 74 selects the higher order seven bits ha2 through  ha8
of the horizontal address HA and the higher order  seven bits va2 through
va8 of the vertical address VA as  the bank B address, and the higher order
seven bits ha2  through ha8 of the delayed horizontal address HA and the
higher order seven bits va2 through va8 of the delayed  vertical address VA
as the bank A address.       The bank A address and bank B address selected
in the  selector circuits 73 and 74 are respectively fed to the  bank A
address terminals and bank B address terminals of  the second layer memory
3 and third layer memory 4.       In the selector circuit 81, the bank B
data terminal  of the second layer memory 3 is connected to the read
section 84 while the bank A data terminal is connected to  the read section
85. In the selector circuit 82, the bank  B data terminals of the third
layer memory 4 are connected  to the write section 86 and read section 87
while the bank          



- 88 -    A data terminals are connected to the write section 88 and  read
section 89.       The process, identical to the above process but with  the
bank A and the bank B interchanged in the above  discussion, is performed.
The second layer pixels are output by the selector  circuit 98 while the
storage content in the third layer  memory 4 is rewritten to the original
values.       As described above, each of the first layer memory 2,  second
layer memory 3 and third layer memory 4 is divided  into two banks, the
bank A and the bank B, and by  accessing the two banks in parallel, the
pixels in the  first layer and second layer are written, replacing the
values stored in the second layer memory 3 and third layer  memory 4 and
the rewritten data is then restored back to  the original data.
Specifically, the first layer pixel stored at the  bank A address in the
first layer memory 2, designated by  the horizontal address HA and the
vertical address VA, is  read while the second layer pixel (first processed
data)  stored at the bank A address in the second layer memory 3,
designated by part of the horizontal address HA and the  vertical address
VA, is read. By subtracting the first  layer pixel from the second layer
pixel, the first pixel  (second processed data) is finally determined, and
is    



- 89 -    written on the address in the second layer memory 3 that  stored
the second layer pixel. At the same time, the  first layer pixel stored at
the bank B address in the  first layer memory 2, designated by the delayed
horizontal  address HA and the delayed vertical address VA, is read  while
the first layer pixel (the second processed data)  stored at the bank B
address in the second layer memory 3,  designated by part of the delayed
horizontal address HA  and the delayed vertical address VA, is read. By
summing  these first layer pixels, the original second layer pixel  (the
first processed data) is determined and the value  stored at the bank B
address in the second layer memory 3,  which is the first layer pixel, is
then rewritten to the  original second layer pixel.       Although each of
the first layer memory 2, second  layer memory 3 and third layer memory 4
is divided into  two banks, the bank A and bank B in this embodiment, the
bank partition is not limited to this method.       Although the summing
and subtracting operations are  performed to the data read from the bank A
and the bank B  in this embodiment, the processing of the data read from,
the bank A and the bank B is not limited to the summing  and subtracting
operations.  



Although the second layer memory 3 and third layer  memory 4 are accessed
using the part of the horizontal                                      - 90
-    address HA and the vertical address VA provided to the  first layer
memory 2 in this embodiment, the second layer  memory 3 and third layer
memory 4 may be accessed using a  dedicated (independent) address different
from the  horizontal address HA and the vertical address VA provided  to
the first layer memory 2.       Although the first layer memory 2, second
layer  memory 3 and third layer memory 4 are accessed using the  horizontal
address and the vertical address corresponding  to the horizontal position
and the vertical position of  each pixel for the image in this embodiment,
the first  layer memory 2, second layer memory 3 and third layer  memory 4
may be accessed using an address corresponding to  the direction of time.
In such a case, the pixels in the  second and third layers may be
constituted by pixels  distributed in the time direction as well as pixels
distributed in a space expanding in a horizontal direction  and a vertical
direction.       The first layer memory 2, second layer memory 3 and  third
layer memory 4 are not necessarily constructed of  



their respective physical memories, and all these may be  constructed of a
single memory. In such a case, the first  layer memory 2, second layer
memory 3 and third layer  memory 4 have their own memory areas in the
single memory.      Although the address providing circuit 1, first layer
- 91 -    memory 2, second layer memory 3 and third layer memory 4  and RMW
circuit 5 are all arranged on a single chip in  this embodiment, this is
not a requirement.       Although the quantity of bits assigned to each
pixel  in the first layer is 8, and the data lengths of the  memory cells
in the first layer memory 2, second layer  memory 3 and third layer memory
4 are respectively 8, 10  and 12 bits to prevent digit missing in this
embodiment,  the data lengths of the memory cells in the first layer
memory 2, second layer memory 3 and third layer memory 4  may be all set to
be 8 bits. In such a case, however, as  for the pixels in the second and
third layers, the value  that is obtained by rounding down the lower order
two bits  of the sum of 2 x 2 pixels in the first and second layer  (the
value is identical to the one divided by 4, thus an  average) is stored,
and this results in digit missing,  destroying data restorativeness.  



When the memory capacity in the first layer memory 2  and second layer
memory 3 is reduced with some of the  first layer pixels and second layer
pixels remaining not  stored and digit missing prevented as described
above, the  pixels (pixel value) not stored in the first and second  layer
are correctly determined according to equations (1)  and (2). On the other
hand, when some of the pixels in  the first layer and second layer are not
stored with digit                                      - 92 -    missing
left uncured, the value of each of the pixels not  stored in the first and
second layer is not correctly  determined any more.       The present
invention may work in both a non-  interlace-scanned image and an
interlace-scanned image.       The number of layers, three in the above
embodiment,  may be two or four or more.       Although the sum of four
pixels of 2 x 2 in the lower  hierarchical layer forms a pixel (pixel
value) in another  layer by one layer higher than the lower layer in this
embodiment, the method of forming the pixels in the higher  hierarchical
layer is not limited to this.       The present invention, though
implemented employing  hardware in this embodiment, may be implemented by  



allowing a program to execute the above-described process.       Although
pixels (pixel values) are stored in a memory  such as RAM (Random Access
Memory) in the above-described  embodiment, the pixels may be stored
(written) onto a  storage medium such as a magnetic disk, a magneto-optical
disk, a magnetic tape, and an optical card.       In the storage device of
the present invention, the  first memory stores the input image data at the
address  designated by, at least, the first and second address  signals.
The second memory stores, the first processed  data, into which the
controller processed the input image
- 93 -    data, at the address designated by part of, at least, the  first
and second address signals. With this arrangement,  the sum that is
obtained by summing some of pixels of the  input image data distributed
over a plurality of lines is  determined and stored without the need for
separately  arranging means for line delay.       In the access method of
the present invention, the  input image data is stored at the address in
the first  memory, designated by the first and second address signals
while the storage data stored at the address in the second  memory,
designated by part of the first and second address  



signals, is read, and by processing the storage data and  the input image
data, first processed data is computed.  The first processed data is
written onto the address in  the second memory which stored the storage
data. With  this arrangement, the sum that is obtained by summing some  of
pixels of the input image data distributed over a  plurality of lines is
determined and stored without the  need for separately arranging means for
line delay.       In the access method of the present invention, the  input
image data that is stored at the address in the  first memory, designated
by the first and second address  signals is read while the first processed
data stored at  the address in the second memory, designated by part of
the first and second address signals, is read. The second
- 94 -    processed data is computed by processing the input image  data
and the first processed data, and the second  processed data is written
onto the address in the second  memory that stored the first processed
data. At the same  time, the input image data that is stored at the address
in the first memory, designated by the delay address  signal is read while
the second processed data stored at  the address in the second memory,
designated by part of  



the delay address signal, is read. The original first  processed data is
computed by processing the input image  data and the second processed data,
and the first  processed data is written onto the address in the second
memory that stored the second processed data. With this  arrangement, the
second processed data is determined from  the first processed data, while
at the same time, the  original first processed data is restored from the
previously determined second processed data.       The above described
preferred embodiments are not  intended to limit the scope of the present
invention, and  various modifications and changes may be incorporated
without departing from the scope of the present invention.
- 95 -    WHAT IS CLAIMED IS:         1. A storage device for storing an
image, comprising  a first memory for storing input image data at an
address  designated by, at least, a first address signal and a  second
address signal,       a second memory for storing first processed data,
which was processed from said input image data, at an  address designated
by part of, at least, said first  



address signal and said second address signal, and       a controller for
controlling the writing and reading  of data to and from said first memory
and said second  memory and for performing a predetermined process to said
data.         2. A storage device according to Claim 1, wherein  said
controller writes, onto each address in said second  memory, the sum of
data written on a plurality of  addresses in said first memory
corresponding to said each  address in said second memory.         3. A
storage device according to Claim 1, wherein  said second memory stores
data having a data length longer  than the data length of the data said
first memory stores.                     4. A storage device according to
Claim 3, wherein  said first address signal and said second address signal
respectively correspond to a horizontal position and a  vertical position
of a pixel for said input image data.         5. A storage device according
to Claim 4, wherein  said first memory has a memory capacity corresponding
to  



the number of pixels constituting one display screen of  said input image
data.         6. A storage device according to Claim 4, wherein  said first
memory has a memory capacity corresponding to  the number that is obtained
by subtracting the number of  addresses in said second memory from the
number of pixels  constituting one display screen of said input image data.
7. A storage device according to Claim 4, wherein  said controller writes
said input image data onto the  address in said first memory, designated by
said first  address signal and said second address signal,       reads
storage data stored at the address in said  second memory, designated by
part of said first and second  address signals,      computes said first
processed data by processing said  storage data and said input image data,
and                                      - 97 -         writes said first
processed data onto the address in  said second memory that stored said
storage data.         8. A storage device according to Claim 4, wherein  



said controller reads the data stored at the address in  said first memory,
designated by said first and second  address signals while reading the data
stored at the  address in said second memory, designated by part of said
first and second address signals, and       selects and outputs one of the
two data read.         9. A storage device according to Claim 4 further
comprising a delay unit for generating a delay address  signal by delaying
said first and second signals, wherein  said controller reads said input
image data stored at the  address in said first memory, designated by said
first and  second address signals while reading said first processed  data
stored at the address in said second memory,  designated by part of said
first and second address  signals,       computes second processed data by
processing said  input image data and said first processed data, and
writes said second processed data onto the address in  said second memory
which stored said first processed data,       while, at the same time, said
controller reads said                  -98-    input image data stored at
the address in said first  



memory, designated by said delay address signal while  reading said second
processed data stored at the address  in said second memory, designated by
part of said delay  address signal,       computes the original first
processed data by  processing said input image data and said second
processed  data, and      writes said first processed data onto the address
in  said second memory which stored said second processed  data.
10. An access method in a storage device comprising a  first memory for
storing input image data at an address  designated by, at least, a first
address signal and a  second address signal, and      a second memory for
storing first processed data,  which was processed from said input image
data, at an  address designated by part of, at least, said first  address
signal and said second address signal, said access  method comprising the
steps of:      writing said input image data onto the address in  said
first memory, designated by said first and second  address signals,
reading storage data stored at the address in said            



-   99   -    second memory, designated by part of said first and second
address signals,      computing said first processed data by processing
said storage data and said input image data, and      writing said first
processed data onto the address in  said second memory that stored said
storage data.         11. An access method in a storage device comprising a
first memory for storing input image data at an address  designated by, at
least, a first address signal and a  second address signal,      a second
memory for storing first processed data,  which was processed from said
input image data, at an  address designated by part of, at least, said
first  address signal and said second address signal, and      a delay unit
for generating a delay address signal by  delaying said first and second
address signals, said  access method comprising the steps of:      reading
said input image data stored at the address  in said first memory,
designated by said first and second  address signals while reading said
first processed data  stored at the address in said second memory,
designated by  part of said first and second address signals,
computing second processed data by processing said  input image data and
said first processed data, and      



- 100 -         writing said second processed data onto the address  in
said second memory which stored said first processed  data,      while, at
the same time, reading said input image  data stored at the address in said
first memory,  designated by said delay address signal while reading said
second processed data stored at the address in said second  memory,
designated by part of said delay address signal,       computing the
original first processed data by  processing said input image data and said
second processed  data, and      writing said first processed data onto the
address in  said second memory which stored said second processed  data.


