STORACGE DEVI CE AND ACCESS METHCD BACKGROUND OF THE I NVENTION 1. Field
of the Invention The present invention rel %@ torage device
and«an access method and, nore particularly, to gzﬁfé éé: Léevice and an
access nmethod which are preferably used in hier glc codi ng whi ch
divides an"inmage into a plurality of |ayers haV|n /?ferent nunbers of
pi xel s. 2. Description of" the Related Art n-one of avail able
codi ng nmet hods, a high-definition inage thton1h|erarch|caI or first
| ayer data) is used to forminmage data of a second |ayer having a snaller
nunber of pixels, the second | ayer inmage data is then used to forminage
data of a third layer having a smaller number of pixels, and this process
is repeated until image das@orREEtSiviEy eAnD adcHIE heTReph a coding net hod
is called a hierarchical coding, in which imge data of each |layer is
presented on a nonitor in accordance with respective definition (the
nunber of pixels). A user thus watches the inage data by selecting the
| mage data, wWBACKGReUNDESF THE XMfENTIONON of the user's own nonitor, out of
the hierarchically coded i mage dat a.

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 iﬁage 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 matcheg
the definition of the user's own monitor, out of the
hierarchically coded image data.

The.iﬁage data of one definition is treated as the

bottom hierarchical (first) layer image data to form image



The i mage data of one definition is treated as the bottom hierarchical
(first) layer inmage data to form i nage

-2-* data of higher layers sequentially. Wen all of these data are
stored and transmtted as they are, extra nmenory capacity and extra data
transm ssion capacity for the higher layer inage data are additionally
required conpared w th the case when the bottom | ayer inmage data only is

stored or transmtted. The inventorspaf this invention have al ready
proposed a hierarchical coding nethod to restrict an increase in the
menory capacity. For exanpl e, suppose now that the sum of four pixels

of 2 x 2 (rows x colums) is treated as a higher hierarchical pixel (a

pi xel val ue) idata kifehdghbircabyeesdsaguehtidrBe. | aytass.alRefdy rinege 0 FI G
9A, 8 x 8 pixels are now considered as an inmage of the bottom

hi erarchi cal I|dater arengtbiredsandntrafsthetéed s eftiey aife, RiAIS medory?2

pi xel s, h00, h10, hO1, and hll is conputed, and the sumnD is then treated
as the top | efcapgicidly endaexseaoddthateanshissimn ssapaaidy, fidre thiem nl  of
the top right four pixels h20, h30, h21, and h31, the sumn? of the
bottom | eft f &Hghgirxdpyemormage 2dak@lare midiiBionmldy 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, hl0, hOl, and hll is computed,
and the sum m0O is then treated as the top left pixel in a
second layer. In the éame way, the sum ml of the top
right four pixels h20, h30, h2l1, and h31l, the sum m2 of
the bottom left four pixels h02, hl2, h03, and hl13, and
the sum m3 of the bottom right four pixels h22, h32, h23,
and h33 in the bottom hierarchical layer are respectively
computed, and these sums are respectively treated the top
right, thé bottom left and bottom right pixels in the

second layer. The sum g0 of the four pixels m0, ml, m2,



the sumnB of the bottomright four pixels h22, h32, h233, and h33 in the
bottom hi erarchical |ayer are respectively conputed, and these suns are
respectively treated the top right, the bottomleft and bottomri ght

pi xels in the second |ayer. The sum gO of the four pixels n0, nml, n2,

- 3- and nB as 2 x 2 pixels in the second layer is conputed, and the sum
Is a pixel of an inage in the top hierarchical |ayer. If the pixels
hOO through h33, nmO through n8, and qO arg all stored, the extra nenory
capacity for the pixels nO through nB in the second | ayer and the pixel qO
inthe third layer will be additionally required. Referring to FIG
9B, the pixel qOin the third layer is positioned, for exanple, in place

of the bottomariqhi3 api 2elk ZBpifelsoint BRe SEEQSKN | BRI BisX &lchgdeddr ough
n8. The second layer is thus constructed of the pixels nmO through n2 and

qO. Ref emd et eull &s 9Cpikhe pEXeh DEAGd ihecreaiy hiled¥@icHi%al
positioned, for exanple, in place of the bottom |eft pixel hll, out of the
first |ayer pibaglesr.h00, h10, hO0l1l, and hll, all these used to determ ne the
pixel mOin the second layer. Simlarly, the remaining pixels ml, n2,

If the pixels hO0O through h33, mO through m3, and qO
are all stored, the extra memory capacity for the pixels
m0 through m3 in the second layer and the pixel g0 in the
third layer will be additionally required.

Referring to FIG. 9B, the pixel g0 in the third layer
is positioned, for example, in place of the bottom right
pixel m3, out of the second layer pixels m0 through m3.
The second layer is thus constructed of the pixels mO
through m2 and qO.

Referring to FIG. 9C, the pixel m0 in the second
layer is positioned, for example, in place of the bottom
left pixel hll, out of the first layer pixels h00, hlO0,
hO0l, and hll, all these used to determine the pixel mO in
the second layer. Similarly, the remaining pixels ml, m2,
and g0 in the second layer are substituted for the pixels
h31, hl3, and h33 in the first layer. Although the pixel
g0 is not directly derived from the pixels h22, h32, h23,
and h33, the pixel g0 is substituted for the pixel m3 .
which is directly derived from these pixel, and the pixel
g0 is thus positioned instead of the pixel m3 in place of

the pixel h33.

In this way, referring to FIG. 9C, the total number



and qO‘in the second | ayer are substituted for the pixels h31, hil3, and
h33 in the first layer. Although the pixel gOis not directly derived from
t he* pi xel s h22, h32, h23, and h33, the pixel q0 is substituted for the
pixel mB which is directly derived fromthese pixel, and the pixel qO0 is
t hus positioned instead of the pixel nB in place of the pixel h33.

In this way, referring to FIG 9C, the total nunber

-4- of pixels is 16 of 4 x 4 pixels, and remai ns unchanged fromthe
nunber of pixels in the bottomhierarchical |ayer shown in FIG 9A An
I ncrease in the nenory capacity is thus prevented. The pi xels nB and

h33, replaced with the pixel gO and pixels hl1l, h31 and hl1l3, respectively

repl aced with of heispelis ik 07 augh 4anixane, dagaadedmasnd Ohh&Snged
Since qOis the sumof nD through nB, equation q0 = nD + nil + + nB

hol ds. The pi xBtomBthe riatmmiorepifeo® iaqthti BOtE8M—hidrardiital NMhye2) .
nD is the sumof h0O, h10, hO1l and hll, equation nD = hO00 + h10 + hOl +
hil hol ds. hllshwwr hirs ®igt.er98.nednf iamreageat hobhd ldemorP cagd®ieyt iEl0 +
hOl1). Simlarly, h31, h13, and h33 are determ ned. h33 is determned after
t he thus prevented.

The pixels m3 and h33, replaced with the pixel qO,
and pixels hll, h31 and hl3, respectively replaced with
the pixels m0 through m2, are decoded as follows.

Since g0 is the sum of m0 through m3, equation g0 =
m0 + ml + m2 + m3 holds. The pixel m3 is determined from
equation m3 = g0 - (m0O + ml1 + m2).

m0 is the sum of h0OO, hl0, hOl and hll, equation mQ =
hOO + hl10 + hOl + hll holds. hll is thus determined from
equation hll = m0 - (hOO + hl0 + hOl). Similarly, h31,
h1l3, 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 m0=h00 .+
hOl + h02 + hO3 needs to be computed to determine the
pixel m0 in the second layer, and to determine the pixel
mO in the.second layer, pixels h00, hl0, h01, and hll

distributed over two lines are needed, and the supply of



determnati on of nB. In the above hierarchical coding, a delay
circuit for Iline delay of the first |ayer pixel (pixel value) was
conventional ly required besides a general -purpose nenory for storing the
hi erarchi cal coding results (such as SRAM (Static Random Access Menory) or
DRAM (Dynam ¢ RAM ). For exanple, referring to FIG 9C, equation
nO=hOO0 hdA + h02 + h0O3 needs to be conputed to determne the pixel nD in
the second | ayer, and to determne the pixel_ nD in the second |ayer

pi xel s h00, h10, hOl1l, and hll distributed over two |lines are needed, and
the supply of - 5- the i mage data
to the nmenory is perforned sequentially fromtop to bottomaccording to

the unit of ORfd iiBgeTBRtaWEb! LAY AlbL LA Mt ol IJIER1ALS (0 and

fromthe nenory is also performed according to the unit ‘of one I ne.
For this reas@hont QopO¥BULEtBn A8Eotdliey St AiniW IdE AR NeGds t@nfg?
i ne

del ayed by one line to wait for the line starting with hd, and the
starting wthH9QiaadantihechinfgSbArthd dinddd) didda RREAH® HemMLhkt en onto
the nmenory. esi des the nenory for storing the hierarchical

memory is also performed according to the unit of one
line.

For this reason, to compute mO, the line starting
with hOO needs to be delayed by one line to wait for the
line starting with h0l, and the line starting with h0OO0 and
the line starting with h0l 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



coding'results, the delay circuit for line delay of the inage data is

conventional ly required, causing the device bulky. OBJECT AND SUMVARY

OF THE | NVENTI ON The present invention has been devel oped in view of

t he above problem and it is an object of the present invention to nake

t he devi ce conpact. According to one aspect of the present invention,

the storage device conprises a first nenory for storing an input inage

data at an address designated by, at |eastg a first address signal and a
second address signal, a second nenory for storing first processed data,
whi ch was processed fromthe input inage data, at an address

- 6- designated by part of, at least, the first address signal and the

second addr essiedigialtedany pac@nbEQ! ber 1685t, Comd roltdngddre Iy idigiaiand
reading of data to and from the first nmenory and the second nenory and for
perform ng a gneddtersscond pddeess boghle, dah@.a contrdiear didglg t o anot her
aspect of the present invention, the access nethod conprises the steps of
writing input camemd ldaiga thet erdtiaddandsreadihe éf rédtaretmorand dasingnat ed

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



by first and second address signals, reading storage data stored at the
address in the second nenory, designated by part of the first and second
address signals, conputing first processed data by processing the storage
data and the input inmage data, and witing the first processed data onto
the address in the second nenory that stored the storage data.

According to anot her aspect of the present invention, the access nethod
conprises the steps of reading input inmage data stored at an address in
the first nmenory, designated by first and second address signals while
reading first processed data stored at an address in the second nenory,
desi gnated by part of the first and second address signals, conputing

second processgbdtedaty,06e3SI B¢ the 5aRdt tif@Ierdaishdnchd gy ddy st
processed data, and witing the second processed data onto the address in

the second nmenmageMils Htored bReahl baliress in the first memory,
-7- processed data, and, at the same tinme, reading the input inmge data

stored at an aisiigpmted ye of dedbymedargss deghghaie dyreadigi@ytrddr ess
signal while reading the second processed data stored at an address in the
second nenor\seadss] gnatcedsikeyd gatt storbé del ay adihtress in gl .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 dévice of FiG. 1;

FIG. 7 illustrates a first layer memory 2 of FIG. 6



conputi'ng the original first processed data by processing the input inmage
data and the second processed data, and witing the first processed data
onto the address in the second nenory which stored the second processed
dat a. BRI EF DESCRI PTI ON OF THE DRAW NGS FIG 1 is a block diagram
show ng the construction of one enbodi nent of a storage device of the
present invention; FIG 2 shows the organi zation of one display
screen for a first |ayer inage; FlI@ 3 is a first functional block
di agram of the storage device of FIG 1; FIG 4 is a second
functional block diagramof the storage device of FIG 1, FIG 5is
a third functional block diagramof the storage device of FIG 1;

FIG 6 is a fouviidh fisgngtiveaall bhoska dbagk an0fa tdheanid @;age device of FIG
1; FIG 7 illustrates a first layer nenory 2 of FIG 6
- 8- whi ch is di wirded8i asoaachatk Ausdeiendlamdddk diagrahl 6 8hkes 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 provid;ng 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
constructéd of 512 pixels in a horizontal direction by 512

pixels in a vertical direction. Each of the horizontal



storage device of FIG 1; and FIGS. 9A-9C illustrate a hierarchical
codi ng process. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Referring
now'to the draw ngs, the enbodi nents of the present invention are

di scussed. FIG 1 shows the construction of one enbodi ment of the
storage device that inplenents the present invention. For exanpl e,
the storage device is constructed of one chip CMOS (Conpl enentary Met al

Oxi de Semi conductor), which is designed go_performthe hierarchical coding
to derive, for exanple, three layer images having different nunbers of

pi xel s from an i mage input thereon. More specifically, an address
providing circuit 1 is supplied wwth a horizontal address and a verti cal

address, naneliresslr £5¢ e LOIdLS PATHG i@ hprbeskaonhahiagd vertical
positions of each pixel for the inmage input to the storage device.

In this enbod( akog,5af2 )t ke ter.esent invention, as shown in FIG 2, the
address providing circuit 1 receives an image (digital imge data) in a
singl e display screia addnsts teddingd Hmpiuiel 3 proaebseszenéal direction
by 512 pixels in a vertical direction. Each of the horizontal
-0- 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. 1In
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



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 themto a first |ayer nenory 2,
second layer nenory 3, and a third |ayer nmenory 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 RFRW(Read/ Wite) signal, and a

hi erarchical flag, besides the horizongaé and vertical addresses. The
address providing circuit 1 provides an a Qress to the first | ayer menory
2, second layer nenory 3 and third |ayer nenory 4 in synchronization with
the clock. In response to the RWsignal and the hierarchical flag, the

address provi BpGueireaithy hePEOFRSISnEHCHOM AAN Alaycddlihingyand verti cal

address. Furthernore, the ress providing circuit provi des &
predeternlnedseeghaohayékgaahOEQ_éhsn&méﬂf}écaa§e£5m$&0&9ca55%§&-_ dThe
evi ce an

R/ W signal commands reading the inage data from the storage

witing the i mB@eadehach? Eh8g $50fGHSraeVi GRor @ikl hehakgBi galy Signal
commands which of a first |ayer inage, a second |ayer image and a third

| ayer image, tsighaldisausaeds! eherwritin@ad siire: Wi r@RAengst ex6fl tRet he
storage device is read, and is for exanple, a two-bit flag. Since the
witing of the&imsmgéageramefory 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

a



- 10 = - concurrently perfornmed onto the first |ayer nmenory 2, second

| ayer nenory 3 and third |layer nenory 4, the hierarchical flag is ignored
(ineffective) when the RRW signal indicates the witing. Since the
readings fromthe first |layer nenory 2, second |layer nmenory 3 and third

| ayer menory 4 are individually perfornmed, the hierarchical flag is
effective during the reading only. However, it is also possible to read
concurrently fromthe first layer nenory;%, _second |ayer nmenory 3, and
third layer nmenory 4. In this case, the use of the hierarchical flag is
not needed. The first layer nmenory 2 stores the imge data, fed by
the RMWcircuit 5, at an address designated by the address providing

circuit 1, anchenRA9s cele cBRYLidating St el Bdt tl?ag;e&dq(ea@&ézandhgut Réts it
to the RMWcircuit 5. The first layer nenory 2 is designed to store the

first layer ilR@s anaeBblt-bhe dsbgersdgen nput to the storage device, as
Is. The first layer nmenory 2 is designed to store at |east the first |ayer

i mage in one di spl ane setond, 1LagsE! yemdbe 3 NEgeradnttheofimal?2 dath? pedel s as
shown in FIG 2. Each nenory cell constituting the first [|ayer nenory 2
has at | east dydathe Remgthreqgil Sfoathen addieess cfediignstagsbgnétet 0 a pi xe
for the first layer image. Mre specifically, when a pixel for the first
| ayer inmage i @dsgessspedvidinggbirdiis, 1f anexsnsse 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 imaée without digit missing. Specifically, since a

pixel in the first layer is expressed in eight bits in



menory ‘cel | constituting the first |ayer menory 2 has at |east an
eight-bit data | ength. The second | ayer nenory 3 stores the inage
datd, fed by the RMWWcircuit 5, at an address designated by the address
providing circuit 1, and reads the inmage data stored at the address and
outputs it to the RMWcircuit 5. The second |layer nenory 3 is designed to
store the second |ayer inage. Mire specifically, in the sanme way as
described with reference to FIG 9, a sLnghe_pier in the second |ayer is
derived fromfour pixels of 2 x 2 (rows x columms) for the first |ayer

I mage, and the second |ayer nenory 3 is designed to store the second | ayer
I mge constructed of such pixels. Furthernore, the second |ayer nenory 3

has at |east aHRMmbosdRBALLYaCaPABE iRf tid Wddtha g esecpd ha¥er t'fleﬂge
of one display screen. Specifically, since one pixel 'in the second [ayer

is derived fram &£X foupl ¥e4hti-PithgikeIs! 1)@iprdfiREYGOREn l(2Y8E, Of one
di splay screen is constructed of 256 x 256 (=512/2 x 512/2) pixels. The

second | ayer n@tosy2® + 2° +#ts bdesi.gnedchomeinore 8&11 eashstiusagpthd ayer
i mage havi ng such nunber of pixels. Furthernore, each nenory cel
constituting tdexosecdagelrapemonegndriyas dasledst easiatd 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 e
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



data Iéngth capable of storing a pixel for the second |ayer inmage w thout
digit mssing. Specifically, since a pixel in the first layer is expressed
in &ight bits in - 12 - this
enbodi ment, a pixel in the second |ayer, which is the sumof four
eight-bit pixels, is expressed in ten (=log[err] (2[err] + 2[err] + 2[err]
+2[err]) bits. Each nenory cell constituting the second |ayer nenory 3
has at least a data length of ten bits, ;53 . The third layer nmenory 4
~stores the inage data, fed by the RMWcircuit 5, at an address designated
by the address providing circuit 1, and reads the imge data stored at
the address and outputs it to the RMWcircuit 5. The third |layer nenory 4

is designed t amesbake4t hast tr JeasyLrdd tlgeanddl @apa@iel b¢akkyrihg she same
way as described with reference to FIG 9, a single pixel in the third

| ayer is deri pdeaefir doxf che phiedslafer dmahyd oritheat segardmia¥engl mage,
nanely, 4 x 4 pixels in the first layer, and the third | ayer nenory 4 is
desi gned to sSpeeiftibellpirdiheyes pivege irorde welcetdoflageehipi xel s.
Furthernore, the third layer nenory 4 has at |least a nenory capacity
capabl e of st expmgsshé thiten|hi/es imuvdels amboddneingpl aypigetein the
Specifically, since one pixel in

third layer, which is the sum of four ten-bit pixels, is

expressed in 12 (=log, (2!° + 2 + 2% 42%) 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 devicé, 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



the thirrd layer is derived from2 x 2 pixels in the second |ayer, the
second | ayer of one display screen is constructed of 128 x 128 (=256/2 X
256/2) pixels. The third layer nenory 4 is thus designed to store at | east
the third | ayer inmage having such nunber of pixels. Furthernore, each
menory cell constituting the third | ayer

- 13 - menory 4 has at |east a data |l ength capable of storing a pixel
for the third | ayer inage wthout digit_ﬂHifLﬁg. Specifically, since a

pi xel in the second layer is expressed inten bits in this enbodinent, a
pixel in the third layer, which is the sumof four ten-bit pixels, is
expressed in 12 (=log[err] (2[err] + 2[err] + 2[err] +2[err]) bits. Each

nmenory cell cofigdidddt iﬂ}%\;_li.%n%;h icriQ‘cllﬁY:e'i, ”§H8r§e§f$@\§s al dv%ﬁae%y gflata

| ength of 12 bits. irst |ayer nenor secon ayer nenory 3

and  third | aysfodBdBingst ¥ @cRboksdedochd ki S1ock, and data reading

and data witing are perforned in synchronization “~wth the cl ock.

The RMW ci r CUiRidrdreHiReilgRAgnkba Whidt @hkheohBBEE sfias idiput to the
storage device, onto the first layer nenory 2 as a first |ayer imge. The

RMN circuit 5 sshrsthrartiiaitiion itbcend bagek.i mage fromthe first layer
| TROE, 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+1l)-th column from the left and
at a (y+1)-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°-
1).

Now variables s and t, each taking an integer within
the range from O to 255 (=2%/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(25,2t+15, h(2s+1,2t+1),

and this sum is now designated by m(s,t). The following



and wi'tes it onto the second |ayer nenory 3. Furthernore,

the RMNcircuit

5 conputes a third layer image fromthe first |layer imge (or the second
| ayer image), and wites it onto the third | ayer nmenory 4. The RWV
circuit 5 reads imge data respectively stored in the first |ayer nenory
2, second layer nenory 3 and third |ayer nenory 4 and outputs the read

i mge data. The RMNV circuit 5 is provided with the clock,

the hierarchical flag and the control si gal_ out put by the

the R Wsignal,

- 14 - address providing circuit 1, and perforns a variety of
processings in response to the RRWsignal, the hierarchical signal and the
control signal in synchronization with the clock. The operation of .
the storage deyueilch MeWadi scussed 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 eagl)ivyeh(28XptgsaedstD, Bt B (A 15c4 1) RS Q  bhe St or age
device as the first layer inmage. Now, suppose that the inmage data’ is
sequentially scanned and suppli ed. As for the pixels for (tl?e first

| ayer image, let h(0,0) represent the top left pixel, and let h

X, Y)

Now variables m and n, each taking an integer within

the range from 0 to 127 (=2°/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,b4n), h(4m+1,64n), h(4m+2,4n), h(4m+3,4n),

h(4m,4n+1), h(4m+l,4n+l), h(4m+2,4n+l), 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+1l,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.

g(m,n)=m(2m, 2n)+m(2m+1, 2n)+m(2m, 2n+1 )+m( 2m+1, 2n+1)

= h(4m,4n)+h(4m+1l,4n)+h(4m+2,4n)+h(4m+3, 4n)

+h(4m, 4n+1)+h(4m+1,4dn+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)

. s o

(2)

During the data writing and data reading, the address

providing circuit 1 is supplied with a combination of a



represent a pixel at a (x+1)-th colum fromthe left and at a (y+l)-th row
fromthe top. Since the first layer inmage is constructed of 512 x 512

pi xel s, 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 fromO to 255 (=2[err]/2-1), are considered, and a pixe
in the second layer is the sum of neighboring 2 x 2 pixels in the first

| ayer, h(2s,2t), h(2s+1,2t), h(2s,2§+1), h(2s+1,2t+1), and this
sumis now designated by n(s,t). The follow ng -

- 15 - equation hol ds.

m's, t)=h(2s, 2t) +h(2s+1, 2t) +h(2s, 2t +1) +h(2s+1, 2t +1)

(1) Nownwaii-ahlkas HuapEss. nRakhy takidis il @&aa%rss%hhl (ual hg hange
fromO to 127 (=2[err]/4-1), are considered, and a pixel ih the't

layer is the sumsghchRebghbetisg with 2th€D|c2<JQJc§< | Edrhexspe2Bd kayehe

m 2m 2n) , m 2mtl, 2n), m2m 2n+1), MZmH.Zm&) nanely, is the

sum of nei ghb@ellngwinyg 4rfexe(Sotrredfehding to the order of sequential
scanning), -

(OIO)I (lIO)I'."I (511'0),

(0,1), (,1),..., (511,1),

(0,511),(1, 511),...,(511,511)..

Now, let hal, ha2,..., ha8 (haB8 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 hbO representing the least
significant bit.

When the image data is written onto thé 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 aécessing to the first layer memory 2 is

performed as follows.



first ‘I'ayer, h(4m 4n), h(4mtl, 4n), h(4mt2, 4n), h(4mt3, 4n),

h(4m 4n+1), h(4m+l, 4n+1), h(4mt2, 4n+l), h(4mt3, 4n+l), h(4m 4n+2),

h(4imtl, 4n+2), h(4m+2, 4n+2), h(4m+3, 4n+2), h(4m 4n+3), h(4mtl, 4n+3),
h(4mt2, 4n+3), h(4m+3,4n+3), and the sumis now designated by q(mn). The
foll ow equations hol ds.

q(m n) =n(2m 2n) +m( 2m+1, 2n) +m( 2m 2n+1) +m( 2m+1, 2n+1) =

h(4m 4n) +h(4m+1, 4n) +h(4mt2, 4n) +h(4mt3, 4n) 17 -

+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+l, 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 t heefiadminy itd wgcangd, dabiaihgadi wehi tide Spirasion Qwdndi NY
circuit 1 is supplied with a conbination of a _
- 16 - hor | ZientRtw atidyrags idAicadea ¥ewkitohg asBesEiol), (HHd adlressi N

synchroni zation with the clock, for exanple, in the follow ng order

(corr espondi ngptavidingradecuift dedeedsti ahe Seeitwomiepl addkeds HALFY, . . .,

(51,0, (0,1), (1,1),..., (511, 1),
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),

(0,511),(1,511),...,(511,511),
first layer pixels (pixel wvalues)
h(0,0), h(1,0),..., h(511,0), e

h(0,1), h(1,1),..., h(511,1),



Now, I'ét hal, ha2,..., ha8 (ha8 being the nost significant bit) represent
the bits of the nine-bit horizontal address HA with haO representing the

| east significant bit, and let val, va2,..., va8 (va8 being the nopst
significant bit) represent the bits of the nine-bit vertical address VA
with hbO representing the |east significant bit. When the inmage data

Is witten onto the storage device, the RMWcircuit 5 is sequentially
supplied with the first |ayer inmage in_s&gphronization 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 nenory 2 is perfornmed as foll ows.

- 17 - h{ﬁjgﬁfjIH111%15563_3,h@51in91§ writing operation (when the
R Wsignal indicates @ wi'ting opefationy, t%e address providing circuit 1

feeds the horigentAdspddlieay yHatarda.the vertical address VA supplied
thereto, as they are, to

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 diéplay 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 haO, 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



address termnals (ADh, ADv) of the first layer nenory 2. The RMNcircuit
S wites the first layer image data, supplied thereto, to a menmory cel
(not" shown) in the first |ayer menory 2 designated by the horizontal
address HA and the vertical address VA The sane process step is repeated
to store the first layer nmenory of one display screen constructed of 512 X
512 pixels in the first layer nenory 2. In this way, in the addresses in
the first layer menory 2 (0,0), (1,0),...9 (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 readi agiapss gPividimieireail WV sugpats 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+1l), 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 s
horizontal address HA and the least significant bit vaO of
the vertical address VA from the address providing circuit
1. 1Its odtput is at an H level only when both the least

significant bits ha0 and va0 are 0, namely, at the timing



I ndi cates the readi ng operation), the address providing circuit 1 feeds
the horizontal address HA and the vertical address VA, supplied thereto,
as they are, to the address termnals of the first |layer nenory 2 when the
hi erarchical flag indicates the first layer. The RMVN circuit 5 reads the
first layer imge data stored in the nenory cell in the first |ayer nmenory
2 designated by the horizontal address HA and the vertical address VA, and
the sane process step is repeated to re the first layer nenory of one
di spl ay screen constructed of 512 x 512 Hixels fromthe first |layer nenory
2. Inthis way, the first |layer imge sequentially scanned is output.

The accessing to the second |ayer nenory 3 is now discussed. Duri ng

a witing opegabi €8p mgtagﬂﬁ@f%(pz&\dt? RE +hlef QULL 21 %ﬁsgé’ 951 he pddress

termnals of the second I|ayer nenory for exanpl e, fder’e ‘ght

bits hal thraggh+hade)W hpsi2¢he) | eart nizganf Q%a@t) Ehttﬁéoflflét part of
the horizontal address HA supplled thereto, and hi gher order eight bits

val through va8yewi i 8ogtippheed eastthesianithnetdt Bhitval, asappstaofad he
vertical address VA supplied thereto, as shown in FIG 4. Furthernore, the
- 19 - L level in the remainder of the time.
The switch 12 is designed to select between its
terminél 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+1l) 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 va0 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. e
As a result, 0 is fed to the arithmetic unit 13
through the switch 12.
The afithmetic unit 13 sums the 0 and the pixel

h(2s,2t) in the first layer, and the resulting sum



address providing circuit 1 outputs the least significant bit haO of the
hori zontal address HA and the |east significant bit vaO of the vertical
addfess VA to the RWV circuit 5 as a control signal. At the timng
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 DI as showmm in FIG 2 is
fed to the RMNcircuit 5, the address providing circuit 1 outputs a
signal indicative of the sane address (s,t 1ip the second |ayer nenory 3.
On the other hand, in the RMWcircuit 5, the first |layer inmage data
supplied thereto is input to an arithnmetic unit 13. The arithmetic unit 13
receives an output froma switch 12 as well as the first |ayer inmage

data, and sums( bbﬁgﬁénﬂt pefs e |YUPHL Wi Wl bBc2E6h! 9@ e write The
switch 12 selects between its termnal 12a and termnal 12b dependlng on

an out put fromsachilh 984 6ydPres TR (RItPURIE 1Ba aaétﬂ.aétﬁéeuﬁy@m eghwi th

an output of a read section 11 and O, respectively. NOR gate 15

receives both the h@aséssi@mtfdspiaiid dea@nef oLk utheflzxe@ta?chd@@@é ess HA
and the |l east significant bit va0 of the vertical address VA fromthe

addr ess provi dppgvEdingidirduit tis, Quampilly,i $hat addrbskeye] tpniy wen both
the least significant bits haO and va0 are 0, nanely, at the timng
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+l,2t+1l) 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 ha0 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,
O+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



- 20 -7 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 tine.
The switch 12 is designed to select between its termnal 12a and term nal
12b dependi ng on whether the output of the NOR gate 15 is at an L |level or

at an H |evel. The read section 11 reads data (storage data) stored
at the address corresponding to a signal ??tput by the address providing
circuit 1. At the timng the top le pi xel h(2s,2t) of the 2 x 2

pi xel s h(2s, 2t), h(2s+1,2t), h(2s,2t+1), and h(2s+1,2t+1) in the first
| ayer is fed to the arithnmetic wunit 13, the read section 11 reads the data

stored at the co3ddipondifgt Lol Bhé NGuEREONE ANE T, IRBRLY pRov@Bngut Puts it
to the termnal 12a. Sincg both the | east significant thovhaOngf t he

hori zontal addiesmitAlandakbey| egisd sddridd qante) Aint t}‘xéosefzohhelé(ﬁéfi cal
address VA are 0, the output of the NOR gate 15 is driven to an | evel ,
causing the sismoglr B2 to select its termnal 12b. As a result, 0 is
fed to the arithmetic unit 13 through the switch 12. The arithnetic
unit 13 suns the 0Taedsthplpinglof hifits,iddage mattae ohi BSRthayrine aptoh he
resulting sum

the top starts. At the timing the bottom left pixel

h(2s,2t+1l) 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 urniit 13, the read section 11 reads the data

(here, 0+h(2$,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 O 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+l) in the first layer,
and the resulting sum (0O+h(2s,2t)+h(2s+l,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



- 21 -- (Oth(2s,2t)) is fed to the wite section 14. The wite section
14 wites the output of the arithnetic unit 13 to the address
corresponding to the output of the address providing circuit 1, nanely,
the address (s,t) in the second |ayer nenory 3. At the timng the

pi xel 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 arithnmetic unit 13, the read segtion 11 reads the data (here,
O+h(2s,2t)) stored at the address (s,t) in the second |layer nenory 3, and
outputs it to the termnal 12a. Since the least significant bit haO
of the horizontal address HAis a 1 with the |east significant bit vaO of

the vertical adr&sse WA Deidad 50, tmeaaaxsegg ek, t heiNQhe G l'a'iréi“VeRs

to an L | evel, cau5|ng ‘the swit'ch select Its termnal 12a
a result, the ga&id icunit 13 recelves the data (storage data) read by
the read section 1T (here, O0O+h(2s,2t)) through the switch 12. The

arithnetic unit 13 sunghd RErdaiea theppiked hizevpetihe smgtitclZhand t he
pi xel h(2s+1,2t) in the first layer, and the resulting sum
(0+h(2s, 2t) +h(BstdoRt)aft pifed tf2s,2t+1l) of the 2 x 2 pixels h(2s,
2t), h(2s+1,2t), h(2s,2t+1l), and h(2s+1,2t+1l) 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)+h(2s,2t+l))
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 haO of the
horizontal address HA and the least significant bit va0O 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,
0+h(2s, 2t)+h(2s+1,2t)+h(2s,2t+1)) through the switch 12.

The arithmetic uﬁit 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
(0+h(2s,2t)+h(2s+1,2t)+h(2s,2t+1)+ h(2s+1,2t+1l)) 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



the write section 14. The wite section 14 wites the output of the
arithnetic unit 13 to the address

22 = corresponding to the output of the address providing

nanely, the address (s,t) in the second |ayer nenory 3. The

supplying of the inmage data on a 2t+1 line from the top starts. At the

timng the bottomleft 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) ,i,n_the first layer is fed to

arithnmetic unit 13, the read section 11 reads the data (here,

0+h(2s, 2t) +h(2s+1,2t)) stored at the address (s,t) 1in the second |ayer

menory 3, and outputs it to the termnal 12a. Si nce the | east

significantIMﬂeﬂB#%(y‘the hori zontal address HAis a O with the | east
t vaO of

significant bi

the NOR gate 15 i sH¥ igeRdni0180ek heMSty SapShand ¢ Nersrid Ghhel 2uk0
12a. As a result, the arithnetic unit 13 receives the

its term nal

data (storage:satiatsdedy kyubkteohend2se2t )-om( A+ 1 B Boh(2s, 2t+1) _
Oth(2s, 2t) +h(2s+1,2t)) through the switch 12. The arithnetic unit
suns the datasu@d+le@udinQuabmely, 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 ig 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 1ayér image performs the function of the circuit

for the conventional line delay, there is no need for such

circuit 1,

the vertical address VA being a 1, the output of
sel ect

t he

13



t he swi'tch 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)) 1is fed to the wite
section 14. The wite section 14 wites the output of the arithmetic unit
13 to the address corresponding to the output of the address providing

- 23 - circuit 1, nanely, the address (s,t) in the second |ayer nenory
3. At the timng the pixel h(2s+1,2t+1) right to the bottomleft

pi xel 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 |ayer is Teétf to the arithnetic unit 13, the
read section 11 reads the data (here, Oth(2s, 2t)+h(2s+1, 2t) +h(2s, 2t +1))
stored at the address (s,t) in the second |layer nenory 3, and outputs it

to the termn : | i fast $hopifd tei20 of the
hori zont al adgée%?wt’ mﬁ ap%r@t tc% g%%flbcant %ﬁlgf&%&@%ﬁ %e 15%‘” i cal

address VA ar eggodagd Nfawiiiput of the NOR gate 15 is driven to an L |evel,
causi ng the svm'tch%Zto select its term nal -12a. As a result, the

arithretic unit 13 fiecaiamsidf@dae sesbatags éﬁt@&a{yéa&&w {Hhe é&f%d
section 11 (here, Oth(2s, 2t)+h(2s+1, 2t) +h(2s, t+1)) hrough the switch 12.
The arithneticlapét remet®s tike rdat disdoekead t hrough

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 oxr 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 va0 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 outpufs 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 discussiocn, when the combination of
the horizéntal address HA and the vertical address VA is

one of (2s,2t), (2s+I,2t), (2s,2t+1l), and (2s+1,2t+1l), the



the swi‘tch 12 and the pixel h(2s+1,2t+1) in the first |ayer, and the
resulting sum (Oth(2s, 2t)+h(2s+1, 2t)+h(2s,2t+1)+ h(2s+1,2t+1)) is fed to
the>wite section 14. The wite section 14 wites the output of the
arithmetic unit 13 to the address corresponding to the output of the
address providing circuit 1, nanely, the address (s,t) in the second |ayer
- 24 - menory 3. The second | ayer nenory 3 finally stores the sum
expressed by equation h(2s,2t)+h(2s-1,2t) )y 2s, 2t +1) +h(2s+1, 2t +1),
nanely, the second | ayer pixel (pixel value) n(s,t) expressed by equation
(1). In this way, the second |ayer nenory 3 stores the second |ayer

I mge constructed of one display screen of 256 x 256 pixels. As

descri bed abovgyqtds flssitidanploirRde dabathits Whé t SO iddiss addrgss
(HA,VA) in the first layer nenory 2, designated by the horizontal address

HA and the ve¢digd KR a¥Ar FeRogioBagerdagacst 08 eshiisl ¥ 6athd f8n t he

address in the second | ayer nenory, designated by hal through ha8 and val
t hrough va8, paid Ssaddrddie ipriheoRlealondaddyessméfoand3 t dervfpdBlngdd ess
VA. The storage data
the signal output by the address providing circuit 1, the
same data is read rgpeatedly 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+1l), and (2s+1,2t+1l), 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.



and thé image

data in the first layer are sumred, and the sum (first

progessed data) is witten onto the address in the first |ayer nenory
whi ch stored the storage data. Wth this arrangenent, the imge data
the first layer is stored while the inmage data in the second layer is

generated and
data is obtai
3 for storing

for the conve
- 25 - ac
devi ce.

menory 3 is now di sousseda writinQuopsgatisteadiiyg eicald

providing ci

menory 2, for cxamyiltel ifiegle; todehechdiiteds tsehalnalishiogughehaBieh t he

hori zontal ad
vertical addr
i ndi cates the
haO and the |

stored at the sanme tine. |In sumary, the second |ayer
ned on a real -tinme basis. Si nce the second | ayer ne

2
in

I mage
nory

the second layer inmage perbgruos the function of the circuit

ntional line delay, there is no need for such

ircuit, and a conpact design is inplemented in the storage

The readi ng of the second | ayer imge fromthe second |

ayer

oviiig¢ngddress

rcuit 1 feeds, to the address term nals of t%g secon | ayer

dress HA or higher order eight bits val through va8 of t
dswyeyAmeneuyp ki, efot hexatpl e Wheighdre dideraselieaabitkagaz

second |l ayer, while outputting the least significant b
ddougihg hieBi, cathont Yot coxder RNMWs iha@uishdShal, as part
of the horizontal address HA suppiied 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 va0 and val of fhe 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+l), 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

he

t



as a cdntrol signal. In the RMWcircuit 5, the read section 11
receives the hierarchical flag, the RRWsignal and the output of the NOR
gaté 15. Wth the RRWsignal indicating the reading operation and the

hi erarchical flag indicating the second |ayer, the read section 11 reads
and outputs the 1image data stored at the address in the second | ayer
corresponding to the signal output by the address providing circuit 1 only
when the output of the NOR gate 15 is at Hlevel. From t he above
di scussi on, when the conbination 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 - addr ess

providing circghtal -4 Mlds (e 3R 3dd6eSShéSshd 4 0a LR &€ idwer
menory 3. If data is sinply read from the address in the second |ayer
menory 3 corregponding to the signal output by the address providing
circuit 1, the sane data is read repeatedly four tines. For this

reason, the read serné GwiltlcH xesilgred betweeaditderdinehal Bizeelanml ue)

mis,t) in the second |layer fromthe address (s,t) in the second |ayer

menory 3 only tehemdhe2Zodupmidion oh bheotiepuzofteh adwWrRsfEtdA 251d t he
The terminals 22a and 22b are supplied with an output of a
read section 21 and O, respectively. The NOR gate 25
receives both the lower order bits haO and hal of the
horizontal address HA and the lower order bits va0 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 ha0 and hal and va0 and-val are O's,
namely, at the timing the top left pixel h(4m,2n) of the 4
¥ 4 pixels h(4m,4n), h(4m+1l,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+l),
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+l,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 pfoviding circuit 1.

At the timing the pixel h(4m,4n) in the first layer



verticdl address VA is (2s,2t), for exanple, out of (2s,2t), (2s+1,2t),
(2s,2t+1), and (2s+1, 2t+1), nanely, when the output of the NOR gate 15 is
at an H level. The image data in the second | ayer read by the read
section 11 is fed to a switch 16. The switch 16 is turned on only when the
R/'Wsignal indicates the reading operation and is turned off in the

remai nder of the tinme. Since the switch 16 is now turned on, the imge
data in the second | ayer read by the reaggsection 11 is output via the
switch 16. In this way, the stored second |ayer image of one display
screen constructed of 256 x 256 pixels is read fromthe second | ayer
menory 3. A sequentially scanned second |ayer inage is thus output.

The accessi ng i fidte dhithe hayehmEeTBr Mndti 33 NO¥he ISR Eion 21

- 27 - During a witing operation, the address providing circuit 1
feeds, to the mdlieshe datanaiterall hbethdi addrésy efm FEMALY the ft@iraxanpl e,
hi gher order seven bits ha2 through ha8, w thout | ower order bits ha0 and
hal , as part Ilafyearhendmoryzdnt ahdaddtpass Hit stppthedddiamano22and kigher
order seven bits va2 through va8, w thout |ower order bits
the lower order bits ha0 and hal of the horizontal address
HA and the lower order bits va0 and val of the vertical
address VA are all O'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
(0+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+l1,4n) 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



va0 and val, as part of the vertical address VA supplied thereto, as shown
in FIG 5. Furthernore, the address providing circuit 1 outputs both the

| ower order bits haO and hal of the horizontal address HA and the | ower
order bits vaO and val of the vertical address VAto the RMWW circuit 5 as
a control signal. At the timng each of 16 pixels of 4 x 4 of

h(4m 4n), h(4mtl, 4n), h(4m+2,4n), h(4m+3, 4n), h(4m 4n+l), h(4m+l, 4n+l),
h(4m+2, 4n+1), h(4m3, 4n+1), h(4m 4n+2), _ RAm+1, 4n+2), h(4m+2, 4n+2), _
h(4m+3, 4n+2), h(4m 4n+3), h(4mtl, 4n+3), h(4m+2, 4n+3), and h(4mt3, 4n+3) in
the first |layer represented by D2 as shown in FIG 2 is fed to the RW
circuit 5, the address providing circuit 1 outputs a signal indicative of
the sane address Heidg raupdaiiRilydo,| apMer oGepRE Yot the NOR Gatdd@sotiker

hand, in the RMWcircuit 5, the first I|ayer 1nmage data supplied thereto is
input to an adiriverette amir l%elTh&aaémhbn’eheCswmtth& ML IR tal tsOUt put
froma switch 22 as well as the first |ayer imge

- 28 - dat atemmihaslurg2a.hem and feeds the sumto a wite section 24.

The switch 22 selects between its termnal 22a and

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+l,4n) in the first layer,
and the resulting sum (O+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,

O+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 va0l 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.



term ndl 22b depending on an output froma NOR gate 25. The term nals 22a
and 22b are supplied with an output of a read section 21 and O,
respectively. The NOR gate 25 receives both the |ower order bits haO and
hal of the ‘horizontal address HA and the | ower order bits vaO and val of
the vertical address VA fromthe address providing circuit 1. Its output
is at an Hlevel only when the |ower order bits haO and hal and vaO and
val are 0's, nanely, at the timng the tey lLeft pixel h(4m2n) of the 4 x
4 pixels h(4m4n), h(4mtl, 4n), h(4m+2,4n), h(4m+3, 4n), h(4m 4n+l),

h(4mtl, 4n+1), h(4m+2, 4n+1), h(4m+3, 4n+l), h(4m 4n+2), h(4mtl, 4n+2),

h(4m+2, 4n+2), h(4m+3, 4n+2), h(4m 4n+3), h(4mtl, 4n+3), h(4m+2, 4n+3), and

h(4mk3, 4n+3) in thes fd nedsd1ayerhel SrevRRbEed §0it B3 ardddiRRIY &ndNight43;
and is at an L level in the renninder of the tine. The switch 22 is

designed to sef{sirddes devdli tdlad2Bg the 2884 deperthi@ 0N neliet her the out put
of the NOR gate 25 is at an Hlevel or an L |evel. The read section

21 reads dat a {=t(chmagm dai(@m+dt dnd) thtotdie eldslrssstaaorarsponding to a
signal output by the address providing circuit 1. At the timng the
pi xel h(4m 4n) in the famighmedjer unit 23 sums the data supplied through -
29 - 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 (m,n) in the

third layer memory 4.

At the timing each of pixels h(4m+3,4n), h(4m,4n+l1),
h(4m+1,4n+1), h(4m+2,4n+1), h(4m+3,4n+l), 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) g(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



is fed’to the arithnetic unit 23, the read section 21 reads the data
stored at the address (mn) in the third layer nenory 4, and outputs it to
the'terminal 22a. Since the |lower order bits haO and hal of the horizontal
address HA and the |ower 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 | evel,
causing the switch 22 to select its termnal 22b. As a result, O is
fed to the arithnetic unit 23 through tha2aswitch 22. The arithnetic
unit 23 sunms the 0 and the pixel h(4m4n) in the first layer, and the
resulting sum (O+h(4m4n)) is fed to the wite section 24. The wite
section 24 wites the output of the arithnetic unit 23 to the address
correspondi ng geperagedi gndl sborpdtabythdiesamedriess prlovisdmngreirebet 1,
nanely, the address (mn) in the third | ayer nmenory 4. At the timng
t he pixel h(4®econd) apfgkhird lawepiiedge alig 41 obtelivefli potal agel-is fed
to the arithnmetic unit 23, the read section 21 reads the data (here,

O+h(4m 4n)) Hidreeagist he address (mn) in the third |ayer nenory 4, and
outputs it to the term nal Since the | ower order bits haO and

hal of the hor|zoﬁﬂBFeaHB?e§§1¥9\%ﬁ%ﬁ?é%%%ﬁﬂi%eﬁ?rasfoﬁhagatbewﬁhhrdthe

| ower order blts vaO and val _of th ve tical address
image performs t unction 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 va2Z through va8 of the vertical address VA,
supplied thereto, when the hierarchical flag indicates the
third layer, while outputting the lower order two bits ha0
and hal and the lower order two bits va0 and val 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



- 30 -7 VA being respectively 0, the output of the NOR gate 25 is driven

to an L level, causing the swtch 22 to select its termnal 22a. As
arésult, the arithnmetic unit 23 receives the data (storage data) read by
the read section 21 (here, 0+h(4m4n)) through the switch 22. The

arithmetic unit 23 suns the data supplied through the switch 22 and the

pi xel h(4mtl,4n) in the first layer, and the resulting sum
(0+h(4m 4n) +h(4m+1,4n)) is fed to the wg%&g_section 24. The wite section
24 wites the output of the arithnmetic unit 23 to the address
corresponding to the signal output by the address providing circuit 1,
nanely, the address (mn) in the third |layer nenory 4. At the timng

the pi xel h(4regrAniosidiiy (0, Wi Rigfhy BLGRH dp)eid ddeedda St |ayer is

fed to the arithmetic uni , the read sec 1 reads the data (here,

0+h(4m 4n) +h( 4p¥dvAng SFQE @l he yaddeassné %@&pdfsl_dﬂﬂeché NoRd ladwer

S
menory 4, and outputs 1t to the termnal 22a. i nce the | ower order

two bits haO apsl twla®fad he 1dv@ni.zontal address HA are respectively a 0 and
alwth the |ower order two bits va0O and val of the vertical address VA

bei ng respectivel y Bror htheoowhpite distheshoR, weére @b iconbiiinedaono oEn L

| evel , causing the swtch 22 to select its term nal 22a.
the horizontal address HA and the vertical address VA is
one of h(4m,4n), h(4m+1l,4n), h(4m+2,4n), h(4m+3,4n),
h(4m,4n+1l), h(4m+1,4n+l), h(4m+2,4n+1l), h(4m+3,4n+l),
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 onl& 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



- 31 - As a result, the arithnetic unit 23 receives the data
(storage data) read by the read section 21 (here, Oth(4m 4n)+h(4mtl, 4n))
t hrough the switch 22. The arithnmetic unit 23 sunms the data supplied
through the switch 22 and the pixel h(4mt2,4n) in the first layer, and
the resulting sum (O+th(4m 4n) +h(4mtl, 4n) +h(4mt2,4n)) is fed to the wite
section 24. The wite section 24 wites the output of the arithnetic unit
23 to the address corresponding to the-sggnal output by the address
providing circuit 1, nanely, the address (m) in the third | ayer nmenory 4.
At the timng each of pixels h(4m+3,4n), h(4m 4n+l), h(4m+l, 4n+l),

h(4m+2, 4n+1), h(4mt3, 4n+l), h(4m 4n+2), h(4mtl, 4n+2), h(4mt2, 4n+2),
h(4mt3, 4n+2) , tHelnedimdB)layeh( 4emd, Bp+Bhe héddntcinid) ,2land bO4pnd, 4ha3) in
the first layer is fed to the arithmetic unit 23, the sanme process step
as descri bed abevesvwistalar2ti.ed out, and the address (mmn) in the third

| ayer nenory 4 finally stores the pixel (pixel value) gq(mn) in the third
| ayer menory 4 exprigssdds ppyeqihei shofed . third lgyen Himaggapf ohe third

| ayer menory 4 stores the third |ayer inmage constructed of one display
screen of 128«i§§g§§y[§qggq§ 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 ha0 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 haO through ha6é of
the horizontal address HA and the lower order seven bits
val through va6é 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+l1,2t+1l) in the first layer, for
example, tﬁe right bottom pixel h(2s+1,62t+1l), is

determined from the remaining pixels h(2s,2t), h(2s+l,2t),



The first layer inmage data is stored while the second |ayer inage data and
the third | ayer inage data are - 32 -
genérated and stored at the sane tine. In sumary, the second and third

| ayer inmage data are obtained on a real- tine basis. Since the third
| ayer menory 4 for storing the third |ayer inmage perforns the function of
the circuit for the conventional line delay, there is no need for such a
circuit, and a conpact design is inplengngsd_in the storage device.

The reading of the third layer inmage fromthe third |ayer nenory 4 is now
di scussed. During a reading operation, the address providing circuit
1 feeds, to the address termnals of the second |ayer nenory 3, for

exanpl e, hi NGl 92 19CY AN hb! 21082 1%§%%%i@ Sufl® REREFGNLAL address

HA or hi gher seven bits va2 thr the vértical~address VA,

supplied thereiQeiWhgr theifi eharsbish fdp0-indicates the third layer,
whil e outputting the [ower order two bits haO and hal and the |ower order

two bits va0 and vabrkOshBei RV Ey ! Cthd Hias teseanbiah )Sidnghe The
read section 21 receives the hierarchical flag,
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+1l) 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 stofing the pixel h(2s+1,2t+1),
which is one of the 2 x 2 pixels h(2s,2t), h(2s+l,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+1l,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 1ayer 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+l1l), and m(2m+1l,2n+1l) in the second



the RFWsignal and the output of the NOR gate 25 in the RMWcircuit 5.
Wth the RRWsignal 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 | ayer

- 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 | evel.
From t he above di scussi on, when the conbirggi-on of the horizontal address
HA and the vertical address VA is one of h(4m4n), h(4m+l, 4n), h(4mt2, 4n),
h(4mt3,4n), h(4m 4n+l), h(4m+l, 4n+l1l), h(4m+2, 4n+l), h(4mt3, 4n+l),

h(4m 4n+2), h(4mtl, 4n+2), h(4mt2, 4n+2), h(4mt3, 4n+2), h(4m 4n+3),

h(4m+l, 4n+3), héven2, forFxanyie h(the3ight3bpttonepaxiel asE2mproVAdiing is
circuit 1 outputs the sane address (mn) at each of the conbinations. If
data is sinplydetepminedirde Wedmesaininghpikals on( 2yein hemo(3m+ , 2n),
corresponding to the signal output by the address providing circuit 1,
the same data P62Redrtt bpanté wepeond deyer and timerr t$im, measdly, thlee read
section 21 reads the aoi xel  (pixel value) m(mn) in the third | ayer from
the address (RF¥§LiFRAY 3} e £pdrdndBBRY-4 only when the

More specifically, the pixel m(2m+l,2n+1) in the
second layer is determined from the following_equation.

m(2m+l,2n+1)=q(m,n)—(m(2m,2n)+m(2m+l,2n)+m(2m,2n+1))

Since the pixel m(2m+l,2n+l) 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+1l), which is one of the 2 x 2 pixels m(2m,2n),
m(2m+1,2n), m(2m,2n+l), and m(2m+1,2n+l) 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 pikels, bat if fhe pixel m(2m+1,2n+l) 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. 1In
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



conbi ndtion of the horizontal address HA and the vertical address VA is
(4m 4n), nanely, when the output of the NOR gate 25 is at an H | evel.
The’image data in the third |ayer read by the read section 21 is fed to a
swtch 26. The switch 26 is turned on only when the RI'Wsignal indicates
the reading operation and is turned off in the remainder of the tine.
Since the switch 26 is now turned on, the inage data in

- 34 - the third layer read by the read-ssection 21 is output via the
switch 26. In this way, the stored third |ayer inmage of one display
screen constructed of 128 x 128 pixels is read fromthe RMWWcircuit 5. A
sequentially scanned third Ilayer inmage is thus output. "~ The reading

of the inmage dutgplay tdeesnCordthay8ecohd OMajde Spepnd |ayer menory 3 is
performed as described above. Alternatively, the reading of the i mage data

may be performed [Breaml Wwhennghtheiaddr Bsge PraMhdi AR Grd Welboha tayBresent
the | ower order eight bits haO through ha7 of the horizontal address HA
and the | ower memisry & dlatvebit sma¥alrt hemocy vayadityt e \GekstciraBegaddr ess VA,
as the address in the second |ayer nenory 3. Simlarly, the reading of
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+l1,2t+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+l,2n+l) in the
second layer, namely, without the memory cell
corresponding to the address (2m+l1,2n+l). 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 (F1G. 4)) feeds the pixel m(2m+1,2n+1).
in the second layer, the pixel m(2m+l,2n+l) 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



the image in the third layer fromthe third layer nenmory 4 nmay be
performed by allow ng the address providing circuit 1 to present the | ower
order seven bits haO through haé of the horizontal address HA and the

| ower order seven bits vaO through va6é of the vertical address VA as the
address in the third layer nenory 4. As al ready 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) én_the first layer, for exanple,
the right bottom pi xel h(2s+1,2t+1), is aeternined fromthe remaining

pi xel s h(2s,2t), h(2s+1, 2t), - 35 -
h(2s,2t+1) in the first layer and their sum nanely the pixel n(s,t) in

the second | ayy describelb€tAPEEEEI&RAL Yoo YRS Pisxelen( 2884135 +d) ERet he
first layer is determned fromthe foll owm ng equation

h(2s+1, 2t +1) =nMnagle) ofthtBS, 26138 ( 2aydr 2dnd s sdlcbhl) 1ayer iS peBrihfepi Xel

h(2s+1,2t+1) in the first layer is thus determned fromthe above
equation, theasta@oilngwel the pixel is not needed. The first |ayer

menory 2 is arranged without the need for the nenory cell for storing the
pi xel h(2s+1, 2t +1) FIGuwhbchhbssotite o tdtege? devi cai Xel FIB( 2%, Raying (a1, 2t),
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 O 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%"!) introduced therewithin. Since the delay



h(2s, 2t+1), and h(2s+1,2t+1) in the first |ayer. In the above

di scussion, the first layer nenory 2 has at |east nenory cells capabl e of
storing imge data of 512 x 512 pixels, but if the pixel h(2s+1,2t+1) in
the first layer is not stored, the nmenory cells capable of storing the

I mage data of 512 x 512 x 3/4 pixels work. In such a case, the first |ayer
menory 2 has nenory cells (nenory capacity) corresponding to the nunber
which is obtained by subtracting the nunigr of addresses in the second

| ayer nenory 3 (the nunber of pixels (256 x 256) for one screen of the
second |l ayer) fromthe nunber of pixels for one display screen of the

first layer inmage. One of the neighboring 2 x 2 pixels m(2m 2n),
m(2m+l, 2n), mMEMrAntd)31 aitgly?MatchBslihbNhifiReS68HKE seven bits va2
-36 - | ayer, for exanple, the right bottom pixel m(2m+l, 2n+l) is

det er ni ned froshidegh ere8 Mahel xehsigh2Mmadayes (P nmstiatd 2 Hrabel) in
the second layer and their sum nanely the pixel q(mn) in the third
| ayer. Moo etlspeatdriscidiilon whiea pheelowé?nddenHhidd Hilke vazeegnd | ayer
is determined fromthe foll ow ng equation
m( 2mt1, 2n+1) =qtine rWextricah 2ddnecaniva, 2nanal 2ho2e+1Yhe delay Simeaittheipi xe
m 2m+l, 2n+1) in the second | ayer is
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
vaZ 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 ha0O, of the
delayed horizontal address Ha, and the higher order eight
bits val through va8, except the least significant bit -
va0, 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



thus determ ned fromthe above equation, the storing of the pixel is not
needed. The second | ayer nenory 3 is thus arranged wi thout the need
for the nenory cell for storing the pixel nm(2mtl, 2n+1), which is one of
the 2 x 2 pixels m(2m2n), m2mtl, 2n), m(2m 2n+1), and m(2mtl, 2n+1) in the
second | ayer. In the above di scussion, the second | ayer nenory 3

has at |east nenory cells capable of storing i mge data of 256 x 256
pixel's, but if the pixel m(2m+l,2n+1) in gjhe_ first layer is not stored,
the nenory cells capable of storing the Inmage data of 256 x 256 x 3/4

pi xel s work. In such a case, the second |ayer nenory 3 has nenory cells
corresponding to the nunber which is obtained by subtracting the nunber of

addresses in tde bhickdnhoysha RBDDIYE 4Hd R 1RYEbEhoRh zBh¥8) Sadd28sx 128)
for one screen of the third layer) fromthe nunber of pixels for one

- 37 - di splady ah@r €88 Righde SETONG:d@tEbiitsRga2 throughkveaswhen the
first layer nmenory 2 and second | ayer nenory 3 have a snaller nenory

capacity as deseephettheabovwer dhder nBge piaisa val0i kinAgvhd, t B€ thest | ayer
menory 2, second |layer nenory 3 and third | ayer nmenory 4 is
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 vaZ2,
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



perforred as described with reference to FIGS. 3 through 5. In this case,
however, the first layer nmenory 2 is wthout the nenory cell for storing
t he pi xel h(2s+1,2t+1) in the first layer, nanely, w thout the nmenory cel
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 nenory 2 while
the RMWcircuit 5 feeds the pixel h(2s+1,2t+1) in the first layer, the

pi xel h(2s+1,2t+1) is not stored in the fj,rst |ayer nenory 2.

Simlarly, the second |ayer memory 3 is without the nenory cell for
storing the pixel nm(2m+l, 2n+1) in the second |layer, nanely, w thout the
menory cell corresponding to the address (2mtl, 2n+l1l). Even if the

address provi didiir&dd @t tehk TRRdnt! RBcaddRE5S) (a2 Rih) t{:fa%é[lbﬁo gcond
| ayer nmenmory 3 while the RMWcircuit 5 (wite section 14 f eds

the pixel m 2mter2rehl) cdatddie sagaamdvbﬁyefanéb@umgeagamzﬂehér%a*fuzr' S hot

stored in the second |ayer nenory 3 Al t hough the readi ng of
i mge stored ithd heeliddtot dnwﬁaﬁtlthbélé&eéatﬁé(Héaéyéd %o&&&%ﬁ%ﬁ@d |n t he
same way as described with

reference to Riddress tHie andadhegdefaybe veﬁfmnaxﬁaddﬁééb V3t akayae BRfFkt he
second | ayer is perforned
A address and the horizontal address HA and the vertical
address VA as the bank B address. Each time the control
signal va2Z 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 recéives, 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 verticél 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



as follows. FIG 6 shows the storage device in FIG 1 having the
first layer nmenory 2 with its reduced nenory capacity when the reading
operation of the first layer imge is perforned. 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 exanple, the higher order seygn_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 fromO to 1 and 1
to O inthe lower order third bit va2 of the vertical address VA and

| at ches the hidglressowtiélebiche kaghéhratdpr whaf bike helt thabugddness VA
i medi ately prior to the transition, and then outputs themtogether with
t he remai ni ng oferthiec loraddneasd addréde HAGd antealhigtieressder Thgghbri zont a
address HA and the wvertical address VA output by the delay circuit 31 are
t he hori zont ditaddeds $hidaughdvabeo® ethie catrtb@durle sgldvassuppl adterhate he
address providing circuit but with a delay of four lines (=2[err])

i ntroduced t hdedineeni FheSbaslk Bheddesss and the bank A address.

- 39 -

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 higherxr
order seven bits haZ through ha8 of the delayed horizontal
address HA and the higher order seven bits va2 through va8
of the delayed vertical address VA, the ﬁigher order seven
bits ha2 through ha8 of the horizontal address HA and the
higher order seven bits vaZ through va8 of the vertical
address VA, supplied to the address providing circuit 1,
and the lower order third bit vaZ 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 ha2Z through ha8
of the delayed horizontal address HA and the higher order
seven bits vaZ 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



circuit 31 sinply latches the higher order seven bits va2 through va8 of
the vertical address VA imedi ately prior to the transition when the | ower
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

i mge. The delay circuit 31 may be constructed of seven flip-flops for

| at chi ng the higher order seven bits va2 through va8 of the vertica
address VA, inplenenting a conpact designggn 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

del ayed hori zontal address HA and del ayed vertical address VA

(predet er m nedbe@@deRSEhE | 9A@k )B ASAAWRGRS SHA the bank TREadl@l&yed hori zont al
address HA and the del ayed vertical address VA are fed to the sel ector

circuit 32. Qut ofBibe selayesi hos igantankaddeagsesd and hde del ayed
vertical address VA, the higher order eight bits hal through ha8, except
the | east signifiicass byttiaOseldctde cideludyediharezosspdc ke B Stdd, taand
t he higher order eight bits val through va8, except the |east significant
bit vaO of ttbeveankcaladdikrsssstatiared f ethdt shehbask| Bcaddress rcuit 33.
Furthernore, out of the delayed horizontal address HA and the del ayed
vertical addre$sryinalselnigfrerthigrdidryeayvaemprys4ha? t hrough ha8, except

t he | ower order
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 Qritten via the bank A terminals at the address

(the bank A address) input to the bank A address terminals



- 40 - two bits haO and hal, of the delayed horizontal address Ha, and
t he higher order seven bits va2 through va8, except the |ower order two
bit's 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 del ayed vertical address VA, and
the lower order third bit va2 of the verti,cal address VA as a control
signal. In response to the control signal va2, the selector circuit 32

sel ects the del ayed horizontal address HA and the del ayed vertical address
VA as one of bank A address and bank B address and the horizontal address

HA and t he verg L eYelol) a h f ank, 4iad S d bank
B address, to lgg%%d to ggﬁﬁxﬁa ESEEnggtgéﬁ?ﬁgﬁgggﬁa banélg %&%rgggn

termnals of theedirdid aekneeBBAYeds [ERPSEAAN S Yaddress) SHPRRSeot hat
the selector circuit 32 selects, for exanple, the del ayed hori zontal

address HA andciderdigl ay edidreekt irealinaddsess VA as the bank A address and
the horizontal address HA and the vertical address VA as the bank B

address, and the sdarediils @mbodiined?,t bR d€bipsed hotidmirllawadrbesi rant al
address HA and the del ayed vertical address VA as the bank B address and
t he hori zont alandddree st lldiredncretcitécadr addatsaddk esse \tespecthieedanicha
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



- 41 -7 address at the nonent the control signal va2 transitions. Wen
the control signal va2 transitions again thereafter, the selector circuit
32 selects the del ayed horizontal address HA and t he del ayed verti cal
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 del ayed horizontal address HA and the del ayed
vertical address VA alternate between thegsbank 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
sel ector circuit 33 receives, besides the higher order eight bits ha

t hr ough ha8 ofbariie Adeinsly dankoBi aoat apacaddsesSolA laintkd He hisgfen 1ekder
eight bits val through va8 of the delayed vertical address VA, the higher
order eight Eirsceha silmgdegbiked oh the tlvird dmywdr addrbes tbA and t he

hi gher order eight bits val through va8 of the vertical address VA

suppl i ed to tHeerpdichdisadr deveirngorrespdndd  to ghd theilkewsr ior e third bit
va2 of the vertical address VA as a control signal. As in the selector
circuit 32, irfitse leyexcisr thiscanbodimentceadhdanie isopreserebypal va2

transitions, HPe hj her order eight bits hal through _ha8
ased n 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+l 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 4a+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



of the’del ayed horizontal address HA and the higher order eight bits val
t hrough 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

hori zontal 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
termnals and the bank B address termnals in the second | ayer nenory 3.
The selector circuit 34 receives, besides the higher order seven bits ha2

through ha8 ofaddieaisd ayed 1eideZ eRbahunBILE 56 ‘&A{ﬂg d’.g{]% *ikio%g%tn%géer

seven bits va2 through va8 of the delayed vertica ess e hi gher

order seven hifsedtdr hindugh haGeetithe SoFézoMRl rAddies$HipgaRd Lhe
hi gher order seven bits va2 through va8 of the vertical address VX,

suppl i ed to thiamagdreass espectivglei 1¢4i thd, numitrd b lAWRN sonder third bit
va2 of the vertical address VA as a control signal. As in the selector
circuit 33, irhotivmreledioectibauahd3in sasdriidsl idieeeibhoknsitgral va2
transitions, the higher order seven bits ha2 through ha8
first layer image, the memory area of the third layer
memory 4 for storing fhe pixels on a 2a line in the third
layer is the bank A and the memory area of the third layer
nmemory 4 for storing the pixels on a 2a+l 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



of the’del ayed horizontal address HA and the higher order seven bits va2
t hrough 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

t hrough ha8 of the horizontal address HA and the higher order seven bits
va2 through va8 of the vertical address VA alternate :

- 43 - bet ween the bank B address and the bank A address. Bits
sel ected as the bank A address and bank B,-address by the selector circuit
34 are respectively fed to the bank A address term nals and the bank B
address termnals in the third | ayer nmenory 4. The address space of
the first layer nenory 2 is divided into two banks (blocks) of a bank A
and a bank B i&ctivh eqpegdidane $8aWNseBtEbS 48, (Fdps B d1S .t M wen FI G
8 as will be described later). Specifically, as shown in FIG 2, the
menory area ofthdecdritrdl |sdy@ialMeaRr ¥rarsiofost Cdddih | Rthdiseales @3 an 8a

line through an 8a+3 1line is the bank A and the nenory area of the first
| ayer nenory Qifaritstdr icopnkehespagalis ohe aba®a+¥ ddtwe tdvndugll amd 8a+7
line is the bank B (a=0, 1,..., 63). To permt concurrent accesses to

bot h the bank Pemn®B ddim berkiBalt wo &bdresadtssotial 4 revdkelngadan addr ess
section 45, respectively. Each time the control signal
vaZ 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



term nal (bank A address ternminal) for accessing the bank A and an address
termnal (bank B address termnal) are avail able. The bank A and the bank
B have respectively two bank A data terminals and two bank B data
termnals, as input/output termnals for reading data therefrom and
witing data thereto. In the first layer nenory 2, data (bank A data)
Is read and witten via the bank A termnals at the address (the bank A
address) input to the bank A address ternygals

- 44 - whil e data (bank B data) is read and witten via the bank B
termnals at the address (the bank B address) input to the bank B address
term nal s. In this enbodi nent, the del ayed horizontal address HA and

t he del ayed verdddadecaddneas.VA are respectively the horizontal address HA
and the vertical address VA but a delay of four lines introduced therein

(four lines in thewHdn $hel apatrbibgeynal\hein thearkaltadnd a& baul Fo@ﬁt
selects, for exanple, the horizontal address HA and the vertica addr ess

VA as the bankiiAtaddreeselaentorheidelhayed? dminemnirg thddbask HAdamd t he

del ayed vertical address VA as the bank B address, the nmenory cells of the

bank A addrestemmomadspdedithg woiteesdoticmwm@laraddressis seatdond #dleand
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 vaZ 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



vertical address VA are accessed while the nenory cells of the bank B
address corresponding to the del ayed horizontal address HA and the del ayed
vertical address VA, which were "~accessed four lines earlier, are also

accessed. Suppose now that the first layer nmenory 2 is now divided
into a nenory area as a bank A and a nenory area as a bank B as shown in
FIG 7, and a nenory cell in the bank Ais accessed while a nenory cell in

the bank B is accessed at the same tine. 4the correspondi ng nmenory cells

in the concurrently accessed bank A and bank B are spaced by four lines in
this enbodi ment. The reason why the corresponding nmenory cells in the
concurrently accessed - 45 - bank

A and bank B apgnispscesl f8af aiHd ld Baski 8 agthotémmbnal SEFGE vhiKH e Pi xel
in the third |ayer as the top hierarchical |ayer corresponds to 4 x 4

pi xel s in the dédtd sted@y@fon RtHNban&MBOdEMBALpUEAChTHRENKe 1 o tiirefarailix
based on at least the unit of 4 x 4 pixels. The bank A and the bank B
al ternate ever4sfimralsogerdidded wAlthethat Luety, otder bakrd HiRd waze Jrank B

may alternate every four colums. The nunber of banks are not limted to

t he two banks, thmankertiard Faldcels Far fiemnbhe, addudkss @mrayifdmpedineuiat h a

hori zontal direction and a vertical
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 61l. 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



direction, nanely, in a grid pattern. Returning to FIG 6, as in the
first layer nenory 2, the address space in the second | ayer nenory 3 is
divided into two banks, bank A and bank B. Since the nunbers of pixels in
a horizontal direction and in a vertical direction for the second | ayer

I mage are respectively half the nunbers of pixels in a horizontal
direction and in a vertical direction in the first |ayer inage, the nenory
area of the second layer menmory 3 for stogpyng the pixels on a 4a |line and
4a+l1 line in the second |layer is the bank A and the nmenory area of the
second |l ayer nenory 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 ddidstdayaiciBADY .4 irfie diyhgethdiiich 140 RANES atank Bn
- 46 - and bank B. Since the nunbers of pixels in a horizontal

direction and tte &atrid Qdlyedt mefbkon3feiatHe tdiTEdaAY @1 rduiRIL 23N Gng
respectively 1/4 the nunbers of pixels in a horizontal direction and in a
vertical direcideats ithe ldataf itbsthbayei thi@ge: ddiec RN & ewieknt Be.third

| ayer nmenory 4 for storing the pixels on a 2a line in the third layer is

t he bank A andhédhevmidmoispcaiea 60 whetadi titk l@ytput 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 circuif 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



menory ‘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 termnal and a bank B
data termnal, to which data (bank A data and bank B data) read fromthe
bank A and bank Bin the first layer nenory 2 are respectively output. The
address providing circuit 1 feeds the |ower 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, thg selector circuit 41 connects
one of the bank A data term nal and the bank B data termnal to a read
section 44 and the other of the bank A data terminal and the bank B data
termnal to a read section 45. When the control signal vaz

transitions atyrse M Hyiceh! B2t he £8FREH0SN CAAE Uiderft HeO RRQC! isRgtliRg bank
A data termnal and bank B data term nal respectively to the read section

44 and read segd ifivedd.itisheulkpk.A data terminal and bank B data term nal
are reconnected to the read - 47 -
section 45 and t he TiRAGeIeeito@N c44cul €Sp8CseVatys IMenf tdhe erbueks sikgnal

va2 transitions again, the selector «circuit 41 connects again the bank A

data term nal @nd rdmhlseBtdanader rendl séotide 42 athds eetaidosedtiandSnead
in response to the outputs of AND gates 59 and 60. The
AND gate 59 receives the least significant bit ha0 of the
horizontal address HA and the least significant bit vaO 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 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 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 6la and terminal
61lb. The terminals 6la 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 sigﬁificant bits ha0 and va0, and its output on/off

controls the switch 62.



section 45, respectively. Each tine the control signal va2 transitions,
the selector circuit 41 alternates the connection of the bank A data
termnal to between the read section 44 and read section 45 while
alternating the connection of the bank B data termnal to between the read
section 45 and read section 44. Connected to a selector circuit 42
are a bank A data termnal to which the data to be witten onto the bank A
in the second layer nenory 3 is fed, a bagé A data termnal fromwhich the
data read fromthe bank A is output, k"B data terminal to which the
data to be witten onto the bank Bis fed, and a bank B data term nal
fromwhich the data read fromthe bank B is output. The selector circuit

42 1s also providedyy iehnf Be-baer s ol defnyd N Oldc oty f chie séé%éic&?l

address VA fromthe address providing circuit 1 as control signal, and
in response tQ Ahg t&ORNr ¢hrohgRaksVadead eesEl i Q;r4 GriCWist 21 tEonnects

ones of the bank A data terminals and the bank B data ternm'nals to a wite
section 46 an%urlw 4%5Ckean 4dctibhl £7 CONRG i@ dile aheregh the bank A

data terminals and the bank B data ternminals to a wite section 48 and a
- 48 - r eaGettilon0R949write 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.



When t-he control signal va2 transitions at one point wth the selector
circuit 42 connecting the bank A data termnals to the wite section 46
and: read section 47 and the bank B data termnals to the wite section 48
and read section 49, the bank A data termnals are reconnected to the
wite section 48 and read section 49 while the bank B data termnals are
reconnected to the wite section 46 and read section 47. When the control

signal va2 transitions again, the seleq}qﬁaqucuit 42 connects again the
bank A data terminals to the wite section 46 and read section 47 while

connecting the bank B data termnals to the wite section 48 and read
section 49. Each time the control signal va2 transitions, the selector

cirouit 42 altgroalepecidle ARG N A oHhe PAGKn ML 2 AL aleh 1 O

between the wite section read sectlon e wite section

48 a_nd read segi{@m4P Mé@gt@'ﬂa@ Rt ithe hB%izSHBQE%&&EbéE #heaninB dat a
termnals to between the wite section 48 and read section 49 and the

wite section nf§hePtor@as SRfdd Wit/ va2 throhgANess edf tehal waHeEr
circuit 43 are a bank A data termnal to which the data to be witten onto

the bank A inadi@tesdi val dayie Mk B 4dddseked, andbeink Wi gladm dmign nal
fromwhich the data read fromthe bank Ais output, a bank B data term nal
to whi ch the- dateetn dbbes iaz terrcugho hialBeof the delayed horizontal

address HA and the higher order seven bits vaZ 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 conneéted to the read
section 44 while the bank B data terminal is connected to
the read section 45. 1In 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



- 49 ¢ bank Bis fed, and a bank B data term nal fromwhich the data
read fromthe bank B is output. The selector circuit 43 is also provided
with the | ower order third bit va2 of the vertical address VA fromthe
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 termnals to
between a write section 50 and a read secijon 51, and a wite section 52
and a read section 53 while alternating the connection of the bank B data
termnals to between the wite section 52 and read section 53, and the
wite section 50 and read section 51. The read section 44 and read

section 45 read;dafay;fdomdhet idaim‘é&amr tHBMRE ¥s€ Vhfet NOtSRlLGPa
circuit 41. The data read by the read section 44 is fed to an arithnetic

unit 54 and a pghrRCA Oiddrtddalidutphtany ithedkslect8d &Orawi@rid hngid c unit 56
via a swtch 61. The data read by the read section 45 is fed to arithnetic

units 55 and Bdeddhet Wd tithes entiithimedt cMunti €S SthetRat pelte®fort ke rarid hneti c
unit 54 onto the second |ayer nenory 3 via the selector circuit 42. The
read section 478 cand et acdmamall ledasecorttiel ayetcheddbry 3 via the sel ector
circuit 42, and feeds the data to the arithnmetic unit 54 and the sel ector
circuit 58. The wriTke sexteahpr]&imcutidgs SBheedacpatand oufeputs ittheretic unit
55 onto the second |ayer nenory 3 via 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 vaO

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+1l), and h(2s+l,2t+1l) in the

first layer represented by Dl as shown in FIG. 2 is read.

Since any of h{2s,2t), h(2s+l1l,2t) and h(2s,2t+1l) 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 réads, 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 tﬁe 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



- 50 - selector circuit 42. The read section 49 reads data from the
second | ayer nenory 3 via the selector circuit 42, and feeds the data to
the arithmetic unit 55 and a switch 62. The wite section 50 wites the
output of the arithnetic unit 56 onto the third |layer nenory 4 via the
selector circuit 43. The read section 51 reads data fromthe third |[ayer
menory 4 via the selector circuit 43, and feeds the data to the arithnetic
unit 56 and the selector circuit 58. The ite section 52 wites the
output of the arithnetic unit 57 onto the third |layer nenory 4 via the
selector circuit 43. The read section 53 reads data from the third |ayer
menory 4 via the selector circuit 43 and feeds the data to the arithnetic

unit 57. £iRA ARGl acHBbbe@d SMLTRCIS: the QkRYY ahyt Be thead

section 44 fromthe output of the read section 47, and feeds the different

to the wite sReid ana@@reEbe(2a8rEhMe{2s+umd) Sy UPRHhe gdhputs of the
read section 45 and read section 49, and feeds the sumto the wite

section 48. Thesal,zhrat)i enught Bb6rstblipet sndrtarsizgnal aceuppkiedthy t he
switch 61 fromthe output of the read section 51, and feeds the difference
to the wite el onadd@esshésatit nmethe ssudnd 1 Siers meherguBpiss of the
read section 45 and read section 53, and feeds the sumto the wite
section 52. Thecsmsisednetic unit 57 al so suns the

When the read section 44 reads one of the pixels
h(2s,2t), h(2s+1,2t), and h(2s,2t+1l) 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+l,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



out put "of the read section 49 in its sunmm ng 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 |east
significant bit haO of the horizontal address HA and the | east significant
bit vaO of the vertical address VA as qu%qu signals fromthe address
providing circuit 1, conputes their |ogica product and feeds it to the
selector circuit 58. The AND gate 60 receives the | ower order second bit
hal of the horizontal address HA and the | ower order second bit val of

the vertical agddtesminds Stiwldeted@ddRe (addr @ISh(PEOYE flj Neh&ddsdtidech as
control signals, conputes their 1ogical product and feeds it to the

sel ector circuahd5Bhe write RRpatidinaeoRiikesoitpohtOf thid oD Paiarieds t he
switch 61 selects between its term nal 6l1a and term nal 61b. The term nal s

6la and 61b ar ésstppinmethav ddrdite 1uirpuiemolyt Be read section 44 and the
output of the read section 47, respectively. Depending on the output of a
NOR gate 63, the swhscthé2reml tamatschnoddameadsf the pixeludi(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+1l,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+l) 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 thé bank A address (2s+l1,2t+1l) in the first layer

memory 2 is accessed (there is no memory cell



the output of the read section 49 to the arithnetic unit 57. Like the AND
gate 59, the NOR gate 63 receives the least significant bits haO and vaoO,
and’ its output on/off controls the switch 62.
- 52 - The RMWcircuit 5 is thus constructed of the selector
circuits 41 through 43, read sections 44 and 45, wite section 46, read
section 47, wite section 48, read section 49, wite section 50, read
section 51, wite section 52, read sectign 53, arithnetic units 54 through
57, selector circuit 58, AND gates 59 and 60, switches 61 and 62, and NOR
gate 63. The clock, the RRWsignal and the hierarchical flag are
omtted in FIG 6 (the sane is true in FIG 8 to be described later).
The operation cdrridipddddhgi reuithib bd8dnews diglisseth if an aStpppseigow t hat
the selector circuit 32 selects the horizontal address HA and the verti cal
address VA, syl ited diceelske thddr ad&resoyimbtigirg ricuiritteas thbeebank A
address and the del ayed horizontal address HA and the del ayed verti cal
addr ess VA as drie rivatiking dddresd. therefr@ihj liay Ithe tdeetosl edgbt pikelits 33
and 34 select the bank A address and bank B address. Specifically, the

(pixel value) h(2s+1,2t+1l), out of four pixels 2 x 2 of

h(2s,2t), h(2s+1,2t), h(2s,2t+1), and h(2s+1,2t+1l) 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 ha0 and va0 are 1's and that hal and/or val are a O,

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+1l) 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 wvalue) in



sel ectdér 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 hi gher order

ei ght bits hal through ha8 of the del ayed horizontal address HA and the

hi gher order eight bits val through va8 of the delayed vertical address VA
as the bank B address. - 53 - The
sel ector circuit 34 selects the higher ordgr_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 del ayed horizontal address HA and the

hi gher or der syenifids 14321 Baugl ¥e8nofbdde M mradorenhipgal pgdress VA

as the bank B ress. The bank A address and bank ‘B address” sel ect ed

in the selectfe Wity 34rbhieuah, 34ndr fed &S PBC Y &N b9 thRetihe bank A
address term nals and bank B address termnals of the first |ayer nenory

2, second | aygnif®e¥ Yna akdeckBir ditayet sgnory 4. In the sel ector
circuit 41, the bank A data terminal of the first layer nenory 2 is

connected to the read theeatimdngd4davhi b 1hephadils Bdat & weodi Aakmi &n),

connected to .

; b(4m+1,4n), h(4m+2,4n), h(4m+3,4n), h(4m,4n+l1),
h(4m+1l,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 DZ2 as shown in FIG. 2 is accessed, as
described above, the bank A address (m,n) in the third
layer memory 4 is accessed.

When the read section 44 reads each of the pixels
h(4dm,4n), h(4m+1,4n), h(4m+2,4n), h(4m+3,4n), h(4m,4n+l),
h(4m+2,4n+1), h(4m,4n+2), h(4m+l,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 6la, 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 6la when the .
output of the AND gate 59 is a 0. Each of the pixels
h(4m,4n), h(4m+l,4n), h(4m+2,4n), h(4m+3,4n), h(4m,64n+l),
h(4m+2,4n;1), h(4m, 4n+2), h(4m+1l,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



the read section 45. In the selector circuit 42, the bank A data terninals
of the second | ayer nenory 3 are connected to the wite section 46 and
read section 47 while the bank B data terminals are connected to the wite
section 48 and read section 49. In the selector circuit 43, the bank A
data termnals of the third |layer nenory 4 are connected to the wite
section 50 and read section 51 while the bank B data termnals are

connected to the wite section 52 and reag 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 arithnetic

unit 54, the gekeet eutghecyytthé&e@al%édﬁ&rﬁrw nal sB4acgf chbe switch 61.
The selector circuit 58 selects and outputs the output of the read section

44 as a pixel arithhetfitr ahit! 5¢eriahgie tdha teu put. of the AND gate 59 is not
al (nanely, a 0). Specifically, that the output of the AND gate 59 is

not a 1 means that Waenl enstread @éctiath amd owaPutiss pax81sand4mernsnihg,
timng any of the three pixels h(2s,2t), h(2s+1,2t) and h(2s, 2t+1) except
the bottom ricghtrepprafiihg 2t 1t wlghtotiotddonf @litkepi KeR8+2, Xt21 pfin
- the 2 x 2 pixels in the first layer, h(4m+3,4n+l), 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+l,4n+l), 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 (g(m,n)-h(4m,4n)) therebetween and the write

section 50 writes it onto the bank A address (m,n) in the



h(2s, 2t), h(2s+1,2t), h(2s,2t+1), and h(2s+1,2t+1) in the first |ayer
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 nenory 2, the val ue
read fromthe first Ilayer nenory 2, as is, is selected and output by the
selector circuit 58. The read section 47 reads, via the selector
circuit 42, a second |ayer pixel (pixel value) in the second | ayer stored
at a bank A address output by the sel ectoggcircuit 33, and feeds it to the
arithmetic unit 54, the selector <circuit 58 and the termnal 61b of the

switch 61. At the timng 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 - firsthimyaayies aemesyed. nanely, at the timng any of the bank A

address (2s,2t), (2s+1,2t), (2s,2t+1), and (2s+1,2t+1) in the first |ayer
menory 2 is accesseds theerebdnkedtadnr£6srdadd e pikelsa¢andll ayer igenory
3 is accessed. When the read section 44 reads one of the pixels
h(2s, 2t), h(2shE Airstaddyet?stBe+igad rommtimn fAr deadayehe gamar yharand
feeds it to the arithnetic unit 54, the read section 47 reads the data
fromthe bank Amdadrdd4m 4n)) phored 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+1l,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+l1l) 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
d(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 (gq(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



the second layer nenory 3, and feeds it to the arithnetic wunit 54. ,
The arithnmetic unit 54 subtracts the output of the read section 44 from
the out put of the read section 47, and feeds the difference to the wite
section 46. The wite section 46 wites the output of the arithnmetic unit
54 onto the bank A address (s,t) in the second |ayer nenory 3 via the

sel ector circuit 42. The second | ayer pixel n(s,t), which is the sum
of the four pixels of 2 x 2 of h(2s,2t),gp(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 nenory 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, n(s,t)lagker pedmakyt B¢ bank A address (s,t) in the second |ayer
menory 3, the arithmetic unit 54 - 56
- deternmi nes theidiafifiigr easethia(sedd -ddAsica My trhasebehwepnxennd t he
wite section 46 wites it onto the bank A address (s,t) in the second

| ayer nmenory B(4m+2,4nA8)t he tkadfisest ilmyer] rubedseblespoxtbnh$Psrdad®é) in
the first layer, the read section 47 reads the data (here,

m(s, t)-h(2s, 2tthe degredtaredhat btlmk berdddy eskiresst Jini thehthird layer

- memory 4 (here, g(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+1l,4n+2)-h(4m+2,4n+2)-
h(4m+3,4n+2)-h{4m, 4n+3)- h(4m+l,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 (= g(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+1l,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



second’l ayer nenory 3. The arithnetic unit 54 determ nes the difference
(m(s,t)-h(2s,2t)-h(2s+1,2t)) therebetween and the wite section 46 wites
it onto the bank A address (s,t) in the second |ayer nenory 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 |ayer nenory 3. The arithnetic
unit 54 determ nes the difference (n(sLt%?hQZS,2t)-h(25+1,2t)-
h(2s, 2t +1)) therebetween and the wite section 46 wites it onto the bank
A address (s,t) in the second |layer nenory 3. Finally, the first |ayer

pi xel h(2s+1,2t+1)(=n(s,t)-h(2s,2t)-h(2s+1,2t)-h(2s,2t+1)) is witten

onto the bank ﬁxa@@reﬁ%s(ts,&»e'afanBEeg@ﬁeaﬂaﬂﬁ,ﬁy% aacﬂ?gg:g%( gnt FIG, z1he data

which the read section 47 reads fromthe ) in the
second | ayer menrynd cdicbtor Libagtlbe balkods A Sutplasting! +1) in the

first layer nenory 2 is accessed (there is no nenory ce
- 57 - cor rasguyliory the tthed addtess, 5angs eyefiddt aryelt gARb1l GhefBde tO

access this address, nothing is witten thereon and nothing is read

therefron), i sthdedpittemorti pbthpANBl 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 haQ, va0, hal, and val
are 1l'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+l,2n+l) (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



(pi xel "val ue) 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 sel ects and outputs the

first
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 outgﬁt of the AND gate 59 only is a 1

means that both haO and va0 are 1's and

| ayer when the output of the AND gate 59 only (of the two

out put of the read section 44 as a pixel in the

out put s

at hal and/or val are a 0, and

means the timng the bottomright pixel h(2s+1,2t+1), out of the four
pi xels 2 x 2 of h(2s,2t), h(2s+1, 2t), h(Zs 2t +1), and h(2s+1,2t+1) in the
first

t he

IS

layer 18R @8aNE 8eoP¥nDlp28k SX‘ di‘ fng?thﬁf)eéikléggggn bLé

is read. As described above, the p|x

A address (s, tl)mbnth%ugseeﬁads&ayehﬂ@@w t%ebbameBr ¢ad se
output of the read section 47 is selected and out put

from

BESEHE € cror

, 4n+3))
e bank

circuit 58. glxeiheohe@ﬂeseézuomﬁél figlph W ghe7seliget Orfrﬁér§é!éénd 43

fromthe thir

58 -

| ayer nmenory 4, a pixel (pixel value) in

layer memory 3 is divided into the bank A for storing the

pixels on the 4a line and the 4a+l line in the second

layer and the bank B for storing the pixels on the 4a+2

line and the 4a+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 2a+l line.

In this emquiment, 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.



the thi'rd | ayer stored at the bank A address, output by the selector
circuit 34, and feeds it to the arithnetic wunit 56 and selector circuit
58.° At the timng each of 16 pixels of 4 x 4 of h(4m 4n),

h(4mtl, 4n), h(4m+2,4n), h(4mt3,4n), h(4m 4n+l), h(4m+l, 4n+l),

h(4mt2, 4n+1), h(4mt3, 4n+1l), h(4m 4n+2), h(4mtl, 4n+2), h(4mt2, 4n+2),
h(4m+3, 4n+2), h(4m 4n+3), h(4m+l, 4n+3), h(4m+2, 4n+3), and h(4mt3, 4n+3) in
the first layer represented by D2 as sho 4in FIG 2 is accessed, as
descri bed above, the bank A address (m) inh“the third layer nenory 4 is
accessed. When the read section 44 reads each of the pixels

h(4m 4n), h(4mtl, 4n), h(4mt2,4n), h(4mt3,4n), h(4m 4n+l), h(4m+2, 4n+l),

h +2), h(4mt1l, 4042) ar 6472, 4 Qeco Ank hg4m, 4nt d
(4m an+2), h(4meL, 492l ary An. 4 e }J{M ?’ﬁé)’ifxeébon%t@ Rry an

h(4m+2, 4n+3) in the first ayer menory exclud m I‘I%ht pi xel

h(2s+1, 2t +1) igetheihi £6E bANETA 2 X FoddRS wrand Eer‘ﬁgggirrgscé%g&;? {:ﬁé m nal

6la, the read section 51 reads data from the bank A a [ n the

third layer neseny B, aRHichepsls ddcdsdd1daioNT8hbs HAFIi8B. is The
switch 61 selects its termnal 6la when the output of the AND gate 59 is a

0. Each of theaptxsgkad. h(#i dmg , thi{ximbydy) mehodtd, 48) meRbHtEe A1) in

h(4m 4n+1), h(4mt2,4n+1l), h(4m 4n+2), h(4mtl, 4n+2), h(4mt2, 4n+2),

h(4mt3, 4n+2) ; Khénbdnk3l, isnacdysud wiidd) a melbeyf £&8l 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+l) 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'+l) from £he 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



- 59 -7 | ayer output by the read section 44 is fed to the arithnetic
unit 56 via the switch 61. When the read section 47 outputs pixels
h(4mtl, 4n+1), corresponding to the right bottom pi xel h(2s+1,2t+1) in the
2 X 2 pixels in the first layer, h(4mt3,4n+1l), and h(4mtl, 4n+3), when the
output of the AND gate 59 is a 1, the switch 61 is designed to select its
termnal 61b. The pixels h(4mtl, 4n+1), h(4m+3, 4n+1l), and h(4mtl, 4n+3)
output by the read section 47 are fed tod:he arithnmetic unit 56 via the
switch 61. The arithnmetic unit 56 subtracts the output of the swtch
61 fromthe output of the read section 51, and feeds the difference to the
wite section 50. The wite section 50 wites the output of the arithnetic

unit 56 onto ¢dredadik Araddreaz.(mn) in the third layer nenory 4 via the
selector circuit 43. The third layer pixel g(mn), which is the sum

of the 16 pixels ofhed bark B adddeeksr $&, tayein tife iddddr |ay&ohRdorgdt the
bank A address (mn) in the third |layer nenory 4. As the read section 44
reads the pixed inédmaAn)y istores ther sirkayrayet eisagach ot or31)reads the
data (here, g(mn)) stored at the bank A address (mn) in the third Iayer
menory 4. The that wast idetenintin®@ det ecoksesng hict thid flem@C@arlier in
(g(mn)-h(4m 4n)) therebetween and the wite section 50 wites it onto the
bank A addresstiensgcdnd tlayer (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'+l))
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+l1,2t') 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(ZS,Zt')+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 éection 49 reads the data (here, h(2s,2t')

+h(2s+1,2t"')+h(2s+1,2t'+1)) stored at the bank B address



- 60 -~ third | ayer nmenory 4. As the read section 44 reads the

pi xel h(4mtl,4n) in the first layer, the read section 51 reads the data
(hete, q(mn)-h(4m4n)) stored at the bank A address (mn) in the third

| ayer nmenory 4. The arithnetic unit 56 determ nes the difference
(q(mn)-h(4m 4n)-h(4m+l, 4n)) therebetween and the wite section 50 wites
It onto the bank A address (mn) in the third | ayer nenory 4.

Simlarly, the value stored at the bank‘As%ddress (mn) inthe third |ayer
menory 4 is thereafter repeatedly rewitten. Readi ng the first |ayer
pi xel h(4m+l, 4n+1l), corresponding to the bottomright pixel h(2s+1, 2t +1)
in the 2 x 2 pixels in the first layer, the read section 47 feeds it to

the arithmeticigngty 5 e tRchd tl%@eﬁlméﬁor? § eady, desardhied-; Ty 1E:ank A

address in the thlrd | ayer nenory 4°then stores the data expresse

equation q(m %3 -dd dermihed (that bufnbehcABge. fﬂéz@(%rﬂ@su A 4n+1)

and the read section 51 reads the data and eeds it to the arlthnetlc uni t
56. The ai{ 24)¢ 161 WH (12556 , 24bt 135t SndhendUPiite Pedti®n gad section

47 fromthe output of the read section 51, and the wite section 50 wites
the differencewtti{es M)t 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+l),
h(4m+2,4n+1), h(4m,4n+2), h(4m+1l,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+l,4n'), h(4m+2,4n'), h(4m+3,4n'),
h(4m,4n'+1), h(4m+2,4n'+1l), 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 (ﬁ,n‘) in the third layer memory 4 via the

selector circuit 43, and feeds it to the arithmetic unit



h(4m 4n) - h(4mt1, 4n) - h(4m+2, 4n) - h(4m#3, 4n) - h(4m 4n+1)- h(4mt1, 4n+1)) onto
the bank A address (mn) in the third

- 61 - layer menory 4. Finally, as the read section 44 reads the
pi xel 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 nenory 4 (here,

q(m n)-h(4m 4n) - h(4mtl, 4n) - h(4m+2, 4n) -

h(4mt3, 4n) - h(4m 4n+1) - h(4mtl, 4n+1) - h(4m+2, 4n+1) -  h(4m+3, 4n+l) -

h(4m 4n+2) - h(4mt1, 4n+2) - h(4m+2, 4n+2) - h( 3, 4n+2) - h(4m 4n+3) -

h(4mtl, 4n+3)). The arithmetic wunit 56 determ nes the difference

t her ebetween, and the wite section 50 wites the difference onto the bank
A address (m inthe third layer nmenory 4. Specifically, the pixel
(4m+3,4n+3) in the first layer (= q(mn)- h(4m 4n)-h(4m+l, 4n)-h(4m+2, 4n) -

h(4mt3, 4 h(4m 4 4 + h(4m 4n+2) -
nCams ko) hmmatie oy beitht) £8eaTEectIdd) 4 (M tE mnd(

h(4mt1, 4n+3) - h{ A3 )un S S"Yf 'vtlrae@:h@nEQﬂ:Eﬁ B8Nk fhe adprgss 6(2rn1§) in the

third | ayer nmenory 4. The data which the read section 51 reads from

the bank A adgifssd (6R Mnliyh wbled thier dultFMeroHPﬁiQéYNdR Fitd B3 ild Fithgqt he
bank A address (4mt3,4n+3) in the first [ayer

H level (haO=va0=0), 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+l,4n'+3) from the
bank B in the second layer memory 3 and as a result, the
first layer pixels h(4m+1,4n'+1l), 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 putput, 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 acéessing it one line earlier in the

third layer (four lines earlier in the first layer). As



menory 2 is accessed (there is no nmenory cell corresponding to this
address, and even if an attenpt is nade to access this address, nothing is
witten thereon and nothing is read therefrom), is the bottomright pixel
(pixel value) h(4m+3,4n+3), out of the 16 pixels of 4 x 4

- 62 - in the first |ayer represented by D2 as showmn 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 neans that all of haO, vaO, hal, and val are 1's, and
means the timng the bottomright pixel (4mt3,4n+3) of the 16 pixels of 4

X 4 in the firghel Y88 séSti&@ths e rt?\%dréglﬁaégﬁté?%r% o dd S >&E:=L|rst

h(4mt3, 4n+3) from the bank A address n) ayer nmenory 4,

and the out put 1Q§ei~h§ii@ﬁ%€¢\ﬁ‘g}4&m 3hd n(amlechgd,ppd ré%ﬁa%ix}a%igt,bg:gg -

sel ector circuit 58. n the pixels of the first

this way, thersegossctaners3mmayas Thet nes {RErdi NStanay &dn 4 pel
h(2s+1, 2n+1) (excluding h(4m+3,4n+3)), and the third |ayer nenory 4 stores

the first | ayestpreelat(diarDHatned address (Renp) Xeh sthd dfie-d i15led ayer are
written, replacing

memory 4. The arithmetic unit 57 determines the sum of

these (h(4m,4n') +h(4m+1,4n'+l)+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+l,4n'+1)+h(4m+2,4n‘+l)+h(4m+3,4n‘+1)+h(4
m,4n'+2)+h(4m+l,4n'+2)+h(4m+2,4n'+2)+h(4m+3,4n‘+2)+h(4m,gn
'+3)+h(4m+1,4n'+3)+h(4m+3,4n'+3)) stored at the bank B
address (m,n') in the third layer nmemory 4. The

arithmetic unit 57 determines the sum of these, and the

write section 52 write it onto the bank B address (m,n')



the stored values in the second |layer nenory 3 and third |ayer nenory 4.
The values, thus rewitten, in the second layer nenory 3 and third | ayer
menory 4 need to be restored to their original pixels in the second | ayer
menory 3 and third layer nenory 4 (if unnecessary, they nmay be left

unr estored). As al ready described, the first |ayer nmenory 2 is

- 63 - divided into the bank A for storing the pixels on the 8a |ine

t hrough 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 menory 3 is divided into
the bank A for storing the pixels on the 4a line and the 4[err]+1 line in
the second |ayer and the bank B for storing the pixels on the 4[err]+2

i d the 4], 3,41 jn th I .and t hi I

415 divided i Ao PROtBAR H¥HT ATETIG t nSPoBiREra bR (e Dt (HE T n the
third | h f ing .th i xel +1 1jne.
hird L ayer angukBaRRnk Brafele P g el X8 saogatle AR L e
verti cal addre%ﬁengﬁégnéfsﬁﬁﬁéig%#é§;g?”ﬁgﬁrlZontal address HA and the

vertical address t wt r lines introduced therein. As
al ready g(m,n')(=h(4m,4n" }+h(4m+1, 4n' )+h(4m+2,4n' )+h(4m+3, 4n' )+h(4

m,4n'+1)+h(4m+1,4n'+1)+h(4m+2,4n'+1)+h(4m+3,4n'+1)+h(4m, 4n
'+2)+h(4m+1l,4n'+2)+h(4m+2,4n'+2)+h(4m+3,4n'+2)+h(4m, 4n'+3)
+h(4m+1l,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 througﬁ 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 £hrough ha8 of the horizontal address HA and the

higher order seven bits va2 through va8 of the vertical



descri bed 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 del ayed vertical address VA being selected as the bank B

address, a nenory cell in the bank A for the horizontal address HA and
the vertical address VA is accessed in the first layer nmenory 2, and at
the sanme tine, a nenory cell in the bank B (the B bank nenory cel
corresponding to the position of the ngnggy_cell in the bank A) for the
del ayed horizontal address HA and the delayed vertical address VA is also
accessed. - 64 - Simlarly,
in the second | ayer nenory 3, a nenory cell in the bank A is accessed

while a menory, geld<d R4 he &,@nﬁlarﬁé ?’“A&&'ré@é aa‘iﬁiestﬁfédrtrmgﬁgte‘éooksidﬁ‘fisn the

earlier, is accessed. In thet ayer nenory 4, a Dry ce
bank A is accessgad, wdswﬁzn‘%mgﬁgﬁehés'%taﬁe la%lka&%d nehiichnas accessed

by one line earlier, is accessed. the read section 44 reads each

of the pixels addss2tHA aMa2%he, BigheANeedd2 Ssilehlbifds0RabhenkaikhAvhs the
first layer nmenory 2, the read section 45 reads, via the selector circuit

41, ﬁacp_ of picelthd(@9.adied) verktfdatladdress and 4y dme?bahk) Af eaareBe. bank B
onthe st 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. 1In the selector circuit 42, the bank
B data tefminals 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. e

The process, identical to the above process but with
the bank A and the bank B interchanged in the above
discussioﬁ, is performed.

The first layer pixels are output by the selector



| ayer -frenory, 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) fromthe bank B in
the first layer nmenory 2, the read section 49 reads, via the selector
circuit 42, the data fromthe address (predeterm ned address) (s,t') in
the bank Bin the second |ayer nenory 3 and feeds the data to the
arithmetic unit 55. The arithnetic gnlt 55 suns the output of the
read section 45 and the output of the read section 49 and feeds the sum
to the wite section 48. The wite section 48 wites the output of the
arithnetic unit 55 onto the bank B address (s,t') in the second | ayer

memory 3 via tdi§cuit 58 while the storage content in the s8Pond 1ad&kector
circuit 42. The bank B address (égt ) 1n the secong a?er ngnnry 3

initially stomgsddie 3f iabat thayar 18y &8l mdasy s Ats thlrithah w8stHst er m ned

by accessing it two lines earlier in the second layer (four lines earlier
in the first loagyihal Aa1ube.read section 45 reads the flrst | ayer pixe
h(2s,2t') fromthe bank Bin the first layer nenory 2, the read section 49
reads the data (hergG.h@2shdwdt thd)gonstruction 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 toc a bank A data terminal and bank B data terminal,



stored at the bank B address (s,t') in the second layer nmenory 3. The
arithnetic unit 55 determ nes the sumof these (h(2s,2t') +h(2s+l1,2t'+1)),
and the wite section 48 wites it onto the bank B address (s,t') in the
second |ayer nenory 3. Furthernore, as the read section 45 reads the
first layer pixel h(2s+1,2t') fromthe bank Bin the first layer nenory
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't second | ayer nmenory 3. The
arithmetic unit 55 determines the sum of ese (h(2s,2t')+h(2s+1,2t")
+h(25+1,2t'+1)) and the wite section 48 wites it onto the bank B address
(s,t") in the second | ayer nenory 3. As the read section 45 reads the

first |ayer piygkchhb2s @bndddtdd OB L Q,%fl BolNs ;-Lbeuiicréi. lapgl memory 2,

the read section 49 reads the data (here, 2s, 2t

+h(2s+1, 2t ) +heesedtdt’ diddust LG e it Q%%klgwégd6§§ér third bit %ﬁ?

- 66 - (s,t") in the second layer nenory 3. The arithnetic unit

determ nes theosuthefvénescal Mdiselis vrh(E2eml tRk' hddress providing
+h(2s, 2t' +1) +h(2s+1, 2t"' +1)) and the wite section 48 wites it onto the

bank B addressc{scti} inashe cacaml digyen.nener yedpoNké t &Nt At bank
B address (s,t"') in

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
vaz 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



the second layer nenory 3 is the original second layer pixel n(s,t')
(=h(2s, 2t")+h(2s+1, 2t" ) +h(2s, 2t"' +1) +h(2s+1, 2t' +1)). When the read
section 44 reads, fromthe bank Ain the first layer nenory 2, each of the
first layer pixels h(4m4n), h(4mtl, 4n), h(4mt2, 4n), h(4mt3, 4n),

h(4m 4n+1), h(4mt2, 4n+l), h(4m 4n+2), h(4mtl, 4n+2), h(4mt2, 4n+2),

h(4m+3, 4n+2), h(4m 4n+3), and h(4m+2,4n+3) in the first |ayer, except the
bottomright pixel h(2s+1,2t+1) of the 2 2 pixels in the first |ayer,
the read section 45 reads, via the seléct/or circuit 41 fromthe bank B in
the first |ayer nenory 2, each of first layer pixels four lines earlier
h(4m 4n'), h(4mtl, 4n'), h(4m2,4n'), h(4mt3,4n'), h(4m4n' +1),

h(4mt2, 4n' +1), 4 L +2 m+2, 4n +2 4 n' +2)
h(4m 4n' +3), at?lgd{(k r}%4m+2t%) n%}rl' &m ﬁ@;e%%mor ‘? 0" ¥ HE%r F% f?f?@ﬁﬁ g‘wéﬁ

Here, n'=n-1. h t e t he bank B
address (mn' )t?%mltnr?} ?rﬁorﬁgqm%%glr ltfr%t%nggflg égéd o[ﬁj"%a@i eéat tAc:?Lr cuit 43,
and feeds it tquddig ard %E%ﬁibcdﬁ@htterménal to Whﬁﬁ?|the d ta to, be )

67 - 57. The output of the read secfion the
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



arithnmétic 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 (haGC=va0=0), 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 |ayer pixels
h(4mtl, 4n' +1), h(4mt3, 4n' +1), and h(4mtl, 4n' +3) fromthe bank B in the
second | ayer nenory 3 and as a result, the first |ayer pixels
h(4mtl, 4n' +1), h(4mt3, 4n' +1), and h(4mtl, 4n +3) are fed to the arithnetic
unit 57 via the switch 62. The arltﬁhetlc unit 57 suns 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 summng operation when the

T o 13 L SEEfoR s IR £ d e JeRAToRCRD, Tt OLURS the Aittdigy, and | he

resulting sumis &°5ection 52. e Mﬁl e sectl wites

the output of He;néi'x}m HAibond! RREOSLAECPERKe; FLRLEIPP HitBAIedd) the

third layer 4 via t ector circuit The bank A address

(mn') inthe Hl réoxk@é/&!l&ﬁw %rd bRk hah!aifas{:gflﬁn?néf@ {d nsdtNeeHY Xel
h(4m+3, 4n' +3) that was determ ned by accessing it one line earlier in the

thl6 g d layer (f@pitédifestfsH ldeandnreh Ebbgiohag®!)and\Sthe 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 91la and terminal



the read section 45 and the read section 49 read the first |ayer pixel
h(4m 4n') and h(4m+l, 4n' +1), respectively, the read section 53 reads the
data (here, h(4mt3,4n' +3)) stored at the bank B address (mn') in the
third ayer nmenory 4. The arithnmetic unit 57 determ nes the sum of these
(h(4m 4n') +h(4mtl, 4n' +1) +h(4mt3,4n' +3)), and the wite section 52 wites
it onto the bank B address (mn') in the third | ayer nenory 4. As
the read section 45 reads the first Iayer7 i xel h(4m+l,4n'), the read
section 53 reads the data (here, h(4m4n $+h(4nw1 4n' +1) +h(4mt3, 4n' +3))
stored at the bank B address (mn') in the third |layer nmenory 4. The
arithnmetic unit 57 determ nes the sumof these (h(4m4n')+h(4mtl, 4n')+

+h(4m+1, 4n' +1)9*1|i'>%4%§ 4Rst3htpudnds £lE W idie %%tthaeéa wg&%e%it i © the

bank B address mn') in the third layer nmenory 4 e read

section 45 readymihalf bist i8i ¥ehp1 LML 13) 3| ehli¢n eéH %ﬁ‘&t' on 53
reads the data (here, h(4m 4n')+h(4m+l, 4n') +h(4m+2, 4n') h(4nw3 4n')

+h(4m 4n' +1) +lau4phat, 45’ tﬁé"'ﬂlﬁﬂr@'ﬁtérﬁ?l)ﬁﬂ %mi%cﬂnQZJ-};éh]ééts between
m 4n' +2) +h(4mt+l, 4n' +2) +h(4m+2, 4n' +2) +h(4m+3, 4n' +2) +h(4m 4n

' +3) +h(4mt1, 4d'ts3kebhdmiB, 924 +a)d SIOr ethdti tsheubpak Bs agdresstkann’') in

the third layer nenory 4. The arithnmetic unit 57 determ nes the sum of

t hese, and theriwhinetiseehibn9%2 Whe etdrmimatlo 92beibaskpfl sedressh (an n')
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 haO of the horizontal address HA
and the least significant bit va0 of thé 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



- 69 -’ inthe third layer nenory 4. Specifically, witten onto the bank
B address (mn') in the third |ayer nenory 4 is the original third | ayer
pixel q(mn')(=h(4m 4n')+h(4m+1, 4n') +h(4m+2, 4n' ) +h(4m+3, 4n' ) +h( 4

m 4n' +1 ) +h(4mt+l, 4n' +1) +h(4m+2, 4n' +1) +h(4m+3, 4n' +1) +h(4m 4n

'+2) +h(4m+l, 4n' +2) +h(4m+2, 4n' +2) +h(4m+3, 4n' +2) +h(4m 4n' +3)

+h(4mtl, 4n' +3) +h(4m+2, 4n' +3) +h(4mt3, 4n' +3) ). When the | ower order
third bit va2 of the vertical address VA-iransitions, 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
del ayed hori zontal address HA and the delayed vertical address VA as the
bank A addressgg. Simlarly, the selector circuits 33 and 34 select the
bank A address and bank B address. Specifically, the selector circuit 33

sel ects the hi gher miedejpedia@ibnbiles thBabtéRage!de i afs Ry Bes-ueatal
address HA and the higher order eight bits val through va8 of the vertical

address VA as the mppdieacidvettatanHet Rerhighes]l aidifesseimghtndi thehal

t hrough ha8 of the del ayed horizontal address HA and the hi gher order

ei ght bits valvdirioagh adedfessf VRhardebayedtedrdd cale adahke s aArasst hagbhank
A address. The selector circuit 34 selects the higher order seven bits
ha2 t hrough hathefdelifyedohiordmpaltaiddddsasHAmrechd e liedlgedorvdetisalen

bits va2 through va8 of the vertica
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 hal through ha8 of the horizontal
address HA and the higher order eight bits wval through va$8
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 ha2Z 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.



- 70 - address VA as the bank B address, and the higher order seven
bits ha2 through ha8 of the del ayed 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
termnals and bank B address termnals of the first |ayer nenory 2, second

| ayer menory 3 and third | ayer nenory 4. 7 In the selector circuit 41,

the bank B data terminal of the first layér menory 2 is connected to the
read section 44 while the bank A data termnal is connected to the read
section 45. In the selector circuit 42, the bank B data term nals of the

second | ayer Menor .3 @i ocdanmeet 8903 Mgy WLkE 15660 1,0 48 aadniaad

section 47 while the ata term nal s aré connecte

section 48 ancyf eatk SRRIJHAN 1é9erl meinaeysgl £S il &Y teo %%e taggbank B

data termnals of the third ayer nenory 4 are connected to the wite
section 50 andsé&githrs @at wbh 121 thehbhRkt Beabedkedrwiaia tier '?Ebﬂalaété&eto

connected to the wite section 52 and read section 53. he process,
identical to tttee akeie spradens8but Whtbhe 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 cutput 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+1l) (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+1l) in the first
layer represented by D1 as shown in FIG. 2 is read.

At tﬁe 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+l) in the



the bank A and the bank B interchanged in the above discussion, is

per f or med. The first layer pixels are output by the sel ector
- 71 - circuit 58 while the storage content in the second | ayer nenory
3 and third layer nmenory 4 is rewitten to the original val ues. FI G

8 shows the construction of the storage device of FIG 1 to read the inage
in the second | ayer when the first |layer nenory 2 and second | ayer nenory
3 are arranged to have a smaller nenory ggpacity as already described. As
shown in FIG 8, a portion related to the first layer nenory 2 is omtted.
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 idamdtCalayelr §@NstEHEEEQN g tO-diR] Ayelt pukb13h(and) sgl ector

circuits 33 and 34 respectively in FIG 6. The second | ayer nenory 3
and third | ayelsweaeceséedar gt Rt tLalnd Read S udlel Fduk-opiRe15e3pgchi ve
ones shown in FIG 6. The RMWNcircuit 5 is constructed of sel ector

circuits 81 afdhd2s,Redd BE¢RbFDNBt B4 W@k 85+, aadsagisen, 36+1)ead
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 pigel 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+l1,2t), h(2s,2t+l), 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
ocutputs 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+l,2t+l), out of the
four pixels 2 x 2 of h(2s,2t), h(2s+1,2t), h(2s,2t+l), and
h(2s+1,2t+1) in the first layer is read, and a 0 is fed to
the read séction 94 in the remainder of the time.

The read section 87 reads, via the selector circuit



section 87, wite section 88, read section 89, switches 91 and 92,
arithnetic 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 nenory 3 are output to a bank A data term nal and bank
B data term nal, - 72 - whi ch are
connected to the selector circuit 81. The selector circuit 81 receives the
lower order third bit va2 of the vertical,gaddress VA fromthe address
providing circuit 1 as a control signal. 'I'n response to the control

signal va2, the selector circuit 81 connects one of the bank A data

term nal and the bank B data termnal to the read section 84 and the other

of the bank Agat adLrHing 12384 Frﬂﬁepagﬁi%ga\;&‘l&@f M dled A BRe glgﬁ{c

section 85. When the control sign transitions at one p

with the seleg @’dd&iers(’sUioht%%tCBS}n%ﬁéi 881 888oPAMC- A Al Lefameaglhsapd bank

B data termnal respectively to'the read section 84 and read section 85,

the bank A dattd tR/tH Rible adfi€hhatkcBufldt agd efia Nl @ @GeRNeEt 6@ to the
read section 85 and the read section 84, respectively. Wien the control

signal va2 transitimnghagainmingheash! 6€t thie &ddEdideBSY mOARYCtS again the
bank A data term nal and
(4m+l,4n), (4m+2,4n), (4m+3,4n), (4m,4n+l), (4m+1,4n+1),
(4m+2,4n+1), (4m+3,4n+l), (4m,4n+2), (4m+1l,4n+2),
(4m+2,4n+2), (4m+3,4n+2), (4m,4n+3), (4m+l,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+l,4n+2),
(4m+2,4n+2), (4m+3,4n+2), (4m,4n+3), and (4m+2,4n+3),
excluding addresses (4m+l,4n+1), (4m+3,4n+l), (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 s
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



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 termnal to
between the read section 84 and read section 85 while alternating the
connection of the bank B data term nal to between the read section 85 and

read section 84. Connected to the selector circuit 82 are a bank A
data termnal to which the data to be witten onto the
- 73 - bank Ain the third layer menory~47is fed, a bank A data

termnal fromwhich the data read fromthe bank Ais output, a bank B data
termnal to which the data to be witten onto the bank Bis fed, and a

bark B ot (ogtmnal ool 08 SRLOCEERS LEAT YR RTK B Lpcou vt

The selector circult I'S provided w ird bit

va2 of the vergdGQal squgregsgtvehg; ﬁg}lkhﬂ &S ¢ I’na\éli_qll tq:%gclstéﬁ%t 1 as a

control signal. In response to e control signa ect or

circuit 82 connggds neRRy of rbRgiRanknéndadea LN %!?S igaﬁ\:épgg%gggnk B data

termnals to a wite secfion 86 and a read section 8 c ecting the

ot her of the hanloAddat.a termnals and the bank B data terminals to a
wite section 88 and a
At the timing each of addresses (4m+l,4n+l1),

(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+l) 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+l,4n), h(4m+2,4n), h(4m+3,4n), h(4m,4n+l),
h(4m+1,4n+1), h(4m+2,4n+l), h(4m+3,4n+l), 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 g(m,n) in the third layer, which

is the sum of the four pixels of 2 x 2 of m(2m,2n),



read section 89. When the control signal va2 transitions at one point
with the selector circuit 82 connecting the bank A data termnals to the
wite section 86 and read section 87 and the bank B data terninals to the
wite section 88 and read section 89, the bank A data termnals are
reconnected to the wite section 88 and read section 89 while the bank B
data termnals are reconnected to the wite section 86 and read section
87. When the control signal va2 transitiogi again, the selector circuit 82
connects again the bank A data termnals®to the wite section 86 and read
section 87 while connecting the bank B data termnals to the wite

- 74 - section 88 and read section 89. Each time the control signal va2

transitions, sel ctor Lrc t .82 e connection of. the bank
- heeel o redhta§2 ghashrALes A4 he qonuse

A dat a tern1n rmee ite sec rea SECFIO% 87, and

the write = seciion 8d.and agi%gfaycee &3 ,h%/i & Al S ALN0 L gconnect i on

of the bank B ‘term nal's T0 between t wite section ead

section 89 andlcft i xgq meohl 9) BPoRNthe CALP I ARP B4 via enlle read
sections 84 an ead data fromthe second layer nenory 3 via the
sel ector C'rcnﬂdlégh olh@tdehad k€RASng the address (4m+l1,4n+l) in the
first layer memory 2 is accessed while receiving, from the
read section 87, the data (here, gq{(m,n})) stored at the
bank A address in the third layer memory 4.
The arithmetic unit 94 determines difference {(g(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+l) in the first
layer memory 2 is accessed, the arithmetic unit 94
receives the second layer pixel m(2m+l,2n+l) from the read
section 84 via the switch 91 while receiving, from the
read section 87, the data (here, g(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 (g(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+1l,4n+3) in the first .
layer memory 2 is accessed, the arithmetic unit 94
receives the second layer pixel m(2m,2n+l) from the read
section 84 via the switch 91 while receiving, from the

read section 87, the data (here, gq(m,n)-m(2m,2n)-



by the'read section 84 is fed to the termnal 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 wite section 86 wites the output of
the arithnmetic unit 94 onto the third |ayer nmenory 4 via the selector
circuit 82. The read section 87 reads data from the third |ayer nenory 4
via the selector circuit 82, and feeds the data to the arithnetic unit 94
and the selector circuit 98. The mwite_iggélon 88 wites the output of the
arithmetic unit 95 onto the third | ayer ry 4 via the selector circuit
82. The read section 89 reads-data from -the third |layer nenory 4 via the
selector circuit 82, and feeds the data to the arithmetic unit 95.

Depending on fie«R4" BY )OLtblea bD GRL bald: A MRaard¥s ¢, 1) 38! BRLS Petueen

its terminal 91a and termna - 75 -
91b, and its qulipdt 1a9ekCfeh8cyhe arithmetic unit 94. The termnal 91b is
supplied with a 0. Depending on the output of the AND gate 99, the switch

92 sel ects betweenrhk! arkehibidt 920t iy RAermifbd 63 r2ULBHEe! $o{R/Un)O the
arithnmetic unit 95. The terminal 92b is supplied with a O. The
arithmetic unin( 294 28)bh(aats, Lhe-REEPUWUNOl) ¥ Rherebetween, 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+l,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+l) 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 output§ of two AND gates 99 and 50 are 1°'s.

Specifically, that the output of the two AND gates 99 and



switch’91 fromthe output of the read section 87, and feeds the difference
to the wite section 86. The arithmetic unit 95 suns the output of the
read section 89 and the output of the switch 92, and feeds the sumto the
wite 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
haO of the horizontal address HA and the %east significant bit va0 of the
vertical address VA fromthe address pFo§ ding circuit 1 as control
signals, conputes their |ogical product and feeds it to the selector
circuit 98, and switches 91 and 92. The AND gate 100 receives the | ower

order second hid :hal, qf Lz e d rder
second bit yaltgcf 5‘% tahg \T%rgﬁlscgﬁggdi_gﬁegéf ﬁ’u%%é\%?d ttaﬁg g%’fégfﬁ;
providing cirquid Loas.@a gmtﬁg'etﬂn !th@r},gh&‘:@&ut(@,mgt,uﬁu@ )! odi ¢ab

product and feeds it to the sel'ector Tircui . . .
- 76 - 98. first 159RrORBR8E,0Y 0§ ddSsd a0 davreadysSBew-dhagyssed.

Suppose now that the horizontal address HA and the vertical address VA are
sel ected as thaeb@RlcaAtBddres8 388tion 87 reads from the bank A address
(m,n) in the third layer memory 4 at this timing is the
second layer pixel (2m+l,2n+l), 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+l1) 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.



t he delayed horizontal address HA and the del ayed vertical address VA are
selected as the bank B address in the selector circuit 73 and sel ector
cirecuit 74. Specifically, the selector circuit 73 selects the higher
order eight bits hal through ha8 of the horizontal address HA and the

hi gher 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

del ayed horizontal address HA and the hlqﬁer order eight bits val through
va8 of the delayed vertical address VA as ‘é bank B address. The sel ector
circuit 74 selects the higher order seven bits ha2 through ha8 of the

hori zontal address HA and the higher order seven bits va2 through va8 of

the vertical addr res d th her ord seven
bits ha2 through ha \{ét Ct(?hl)l aye é‘ﬁgfzagﬁ :I% re%rg{ Eﬁ and ¢hé& gher

order seven bi{s MadddUPLUHN 14810 epd ddress VA as the
bank B address e %?- bani£ %h d%gég gnﬁéﬁgﬁg %ga%ﬁﬁgggﬁge E%ted in the

sel ector circuidedd@nio’4 ide reemessl vegy 885484 dﬁhf A A ﬁlgess

termnals and bank B address term nals e secon ayer menory and
third layer mer@righed-third layer memorx 4 the bank A memory cell/is

In the selector circuit 81, the bank data term na
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'+1l), 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+1l), 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+l) 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



of the second layer nmenory 3 is connected to the read section 84 while the
bank B data termnal is connected to the read section 85. In the selector
circuit 82, the bank A data terminals of the third |ayer nenory 4 are
connected to the wite section 86 and read section 87 while the bank B
data termnals are connected to the wite section 838 and read section 89.
The read section 84 reads, via the selector circuit 81, the second | ayer

pi xel (pixel value) stored at the bank_ ddress in the second | ayer
menory 3 output by the selector circuit and feeds it to the term nal
91b of the switch 91 and the selector circuit 98. The sel ector

circuit 98 selects and outputs the output of the read section 84 as a

second | ayer phyekeWBRA 14 r(HEdBFy(g e YR QﬁEesggoH@|Ya of %{%éﬂytputs
of the AND gates 99 and 100) is a 1. Specifically, that the put of the

AND gate 99 'ﬁ\(ém]-ZﬁE@nSm(i’lﬁ‘-fvleH hy hah@nd 2mv28 120§, Ltfie W-dda h@éc@m( or val
being a 0, and neans t timng the bottom right pixel h(2s+1, 2t +1)

(excl udi ng heéﬁt&aéh+8hé datd Bfon Rhd BankPBXakl8rds¥ 2mOh' N(2s, &ld
h(2s+1, 2t), h(2s,2t+1), and h(2s+1,2t+1) in the first |ayer represented by

D1 as shown i mhEk& 13yes memsky 4 viaAttheheelleritbg eacBuot 8he dwaur pixels 2
x 2 of h(2s,2t), h(2s+1,2t), h(2s,2t+1), and h(2s+1,2t+1) in the
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 ocutput 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+l,2n'+1l) 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'+1l)) 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+l,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,



- 78 -7 first layer is accessed, the second | ayer pixel n(s,t) is also
accessed. At the timng 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 fromthe second |ayer nenory 3, nanely, the second | ayer

pi xel n(s,t), is output, and in this case, the sane pixel is output four
times repeatedly. The sel ector circuit 98 sel ects and outputs the
out put of the read section 84, nanely, %§fecond | ayer pixel n(s,t) at
the timng the bottomright 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 sane reason, t he

switch 91 sel egls t&y ééa%ﬂ%ﬁabfgégfggtﬁgg(a%gghiﬁ%gémJ%fya 3 section 84

outputs the first l[ayer pixe utput of the
AND gate 99 i Sud(Znal tronad f G eBrbh a@fneSEhoE!S dAEdLl 1 %' % ?x)tﬂ the

remai nder of the time. Specifically, the second layer plxe 0 tput

by the read sgetddnaffrd meheyt 2.t henar sEgetd £ 4 g
timng the bottolm ri 5%% pi xel h(2s+1, 2t +1), ou‘lf‘ oéﬂl’%mmgc fg((?ﬂrdl%l%%emrds@% X 2

of h(2s,2t), hidssumiof thede Zitdh, 2ANf+n (R 2t k2t 1t B Lipnst 1 ayer

isread, and a 0 is fed to the read section 94 in the remdi ndefr "of the

tine. Thend etae: SediteoBedtibaads, wiites et SRS e HankUB! 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
g{m,n’ )}(=m(2m, 2n"' )+m(2m+1,2n' )+m(2m, 2n"'+1 )+m(2m+1, 2n'+1)=h
(4m,4n), h(4m+l1,4n), h(4m+2,4n), h(4m+3,4n), h(4m,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 selections of the bank A

address and bank B address are reversed in each of the



- 79 -° 82, the third | ayer pixel (pixel value) stored at the bank A
address output by the selector circuit 74, and feeds it to both the
arithnetic unit 94 and selector circuit 98. At the timng each of the
addresses (4m4n), (4mtl,4n), (4m2,4n), (4m+3,4n), (4m 4n+l),

(4m+l, 4n+1), (4m+2, 4n+l), (4mt3,4n+l), (4m 4n+2), (4mtl, 4n+2),

(4mt2, 4n+2), (4mt3, 4n+2), (4m 4n+3), (4mtl, 4n+3), (4m+2, 4n+3), and
(4m+3,4n+3) in the first |layer nenory is 9ccessed, the read section 87
reads the data fromthe bank A address™i%’the third | ayer nmenory 4 and
feeds it to the arithnetic unit 94. From t he above di scussion, the
switch 91 selects the termnal 91b at the timng an access is made to each

f dd , 4 4 4 , 4m 4n+
?4?§A4ini?sf%%@&%§ ),ci_?%ﬁm%&,s2’%%2%9“%44m2§pf%i?§§a%3réﬁL‘%?,fe%%%4n+3) ,
an m+2, 4n+3); c r . . 3.4n :

(4mtl, 4n+3), %%ﬁ u?ﬁnk%,%%g% %59%%?%%%§¥ﬁ3"$%$i§éﬁéﬁgﬁgﬁg+§%%t535°¥$P t he
first layer nppRrye2enbNhbPisoffSE addie < iHAERl €helURibndf# SHALFacts 0
fromthe data read fromthe bank A address (mn) in the third [ayer nmenory
4, and the difibareBees Vamretirotdte ¥ dd U8R hekeadalr 88uL88s bk A

address in the third layer nenory 4 is fed to the wite section 86. The

wite sectionthe wehkes, adfidesde & eidhigher order eight bits hal
through haB 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 haZ through
ha8 of the horizontal address HA and the higher order
seven bits va2Z 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 terﬁinals of the third layer memory 4 are connected

to the write section 86 and read section 87 while the bank



circuit 82, the data fromthe arithnetic unit 94 onto the

- 80 - bank A address (mn) in the third |ayer nenory 4. The val ue
stored at the bank A address (mn) in the third I|ayer nenory 4 renains
unchanged fromthe imediately prior one. At the timng each of

addresses (4mtl, 4n+l), (4mt3,4n+l1l), and (4mtl, 4n+3) in the first |ayer
menory 2 1s accessed, the switch 91 selects the termnal 91b. In this
case, the read section 84 reads each of_tgg second |ayer pixels m(2m 2n),
m 2m+1l, 2n), and m(2m 2n+1) fromthe seco layer nmenory 3, and feeds it to
the arithnmetic unit 94 via the switch 91. The arithmetic unit 94
subtracts the output of the read section 84 fromthe output of the read

section 87, ahddieederhifadl! LeLeO5mdOrdd d i 29L QBoBRonTHE k] e

section 86 wites the output of the arithnmetic uni onto t A
address (mn) Jdad hedibhdgbayer nenmory 4 via the selector circuit 82.
The bank A address (mn) in the third |ayer nenory 4 initially stores the

sum of the 16 pixelheObrécésd, OldeM /R Mo tHA BEbvEN broBEd B BudNYi th

h(4m+3, 4n), h(4m 4n+1), h(4mtl, 4n+l), h(4m+2, 4n+l), h(4m+3, 4n+l),

h(4m 4n+2), 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 pixél from the second layer pixel, the first pixel

(second processed data) is finally determined, and is



h(4m+l, 4n+2), h(4m+2, 4n+2), h(4m+3, 4n+2), h(4m 4n+3), h(4mtl, 4n+3),
h(4m+2, 4n+3), and h(4m+3,4n+3) in the first |ayer, nanely, the prxel
q(mn) in the third layer, which is the sumof the four pixels of 2 x 2 of
m 2m 2n) , - 81 - m 2mt+l, 2n),

m 2m 2n+1), and nm(2m+l, 2n+1l) in the second layer, and the arithmetic unit
94 receives the second |ayer pixel m2m2n) fromthe read section 84 via
the switch 91 at the timng the address mtl, 4n+l) in the first |ayer
menory 2 is accessed while receiving, fromthe read section 87, the data
(here, g(mn)) stored at the bank A address in the third | ayer nmenory 4.
The arithnmetic unit 94 determnes difference (g(mn)- m2m 2n))

t her ebet ween, waRdebRCoNr iR SEHIAAD 80 M kRS ohl 19PEP hdRoRANK A pddress
(mn) inthe third | ayer nenory 4. At the tining the address

(4mt3, 4n+1) i BtbheafthetsedNEI1dRIPPLxR1.S A¢Censedantneimé tetic unit
94 receives the second | ayer pixel m2m+l, 2n+l) fromthe read section 84

via the swtchifdtWayer retesVidthrdd @0 Whe bhaadpsgasiess 8in the data
(here, g(mn)-m2m 2n)) stored at the bank A address (mn) in the third
| ayer nenory #irst laydheunemoryhrt idesininated det enhal aelagked fresenamt=g( m n) -
m 2m 2n) - m(2m+1, 2n)) therebetween, and the wite section
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



86 wites it onto the bank A address (mn) in the third |ayer nenory 4.

At the timng the address (4m+l,4n+3) in the first layer nmenory 2 is
accessed, the arithnetic unit 94 receives the second | ayer pixel

m 2m 2n+1) fromthe read section 84 via the switch 91 while receiving,
fromthe read section 87, the data (here, g(mn)-n(2m 2n) -

- 82 - m 2m+l, 2n)) stored at the bank A address (mn) in the third

| ayer nmenory 4. The arithnetic unLt984_deternines difference (q(mn)-
m( 2m 2n) - m(2mt+1, 2n) - m(2m 2n+1) ) therebetweéen, and the wite section 86
wites it onto the bank A address (mn) in the third | ayer nenory 4.
Witten onto the bank A address (mn) in the third Ilayer nenory 4 is thus

the second | aygighia et knéN¥dttical address VA provided to the
(=g(mn)-m(2m 2n) - m(2m+1, 2n) - n(2m 2n+1)). At the timng the bank A

address (4mt3, Akl lidydi@enorySt LAY Ehi SEAMEAE idndBMRING sdbohBe1kiBLng the
bank A address (2mtl,2n+l) in the second |layer nenory 3 is accesSed,

there is no MuENALE S lan@WhaTRONEYEE hémdHY 4 mddNRS sccekdeavasihf an

attenpt is made to access this address, nothing is witten thereon and

not hing i s reatkdicated (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. 1In such a case, the first
layer memory 2, second léyer memory 3 and third layer
memory 4 ﬁave their own memory areas in the single memory.

Although the address providing circuit 1, first layer



therefron) is accessed, the read section 87 reads, from the bank A address
(mn) inthe third layer nmenory 4, the sum (n(2mtl,2n+1) in the second

| ayer) 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(4mt3, 4n+3) out of the 16 pixels of 4 x 4 in the first

| ayer represented by D2 in FIG 2. The selector circuit 98 selects
and outputs the output of the read section 51 as a second | ayer pixel when
the outputs of two AND gates 99 and 50 argll' Specifically, that the

out put of the two AND gates 99 and -
83 - 50 is a 1 neans that all of haO, vaO, hal, and val are 1's, and

neans t he tining the address (4mt3,4n+3) in the first layer nenory 2 is

accessed. As i (zdeggt:bhad aygg %ﬁté%ﬁ£%l%ct159ar8ﬁe&sﬁ Sqfrom

t he bank A ad ayer nmenory 4 at“this tining is the

second | ayer FHﬁEf»'RN(u?'Bi%c%&tlb aéadaiﬁ'érf@ﬂgfbd oo @l adhgde aRIpOYLPUL by
the selector circuit . When the second |ayer pixel is read in this

way, the thi rﬂus’s%@dbda&mamt 4tREQr €5 hbE St deriv@f:.pi Xel  m(2mtl, 2n+1)
in the sane way as shown in FIG 6. Specifically, the second | ayer

pixel is witten, mepoaghnghbhgubhtity|oFeasity ¥Risiighetheot Batd payel

ey 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 layér
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



The value stored in the third |ayer nmenory 4 in this way needs to be
restored to the original third layer pixel. When t he hori zontal
address HA and the vertical address VA are selected as the bank A address
with the delayed horizontal address HA and the del ayed vertical address
VA sel ected as the bank B address, the bank A nenory cell for the

hori zontal address HA and the vertical address VAin the first |ayer
menory 2 is accessed while at the sane_tbge_an access is made to the bank
B nenory cell for the delayed horizontal “dddress HA and t he del ayed
vertical address VA, both of which were accessed four |ines earlier.

- 84 - In the second | ayer nenory 3, the bank A nenory cell is

accessed whil e daled? TRERELACCHhe WG dP%ad ciSTEL kewehgnﬁst

earlier, is accesse e sane fine |rd l'ayer nory
bank A mermory &&lded Sin %@e%a%gtw@haeséé@n&qrﬁy& TRt eRlrrecthi,Ch was

accessed one line earlier, is accessed When the read section 84
reads, from thgdanksdd %_ heraecond Iayer menory 3, each of the second
| ayer pixels m(2m 2n), m+1, 2n), and m(2m 2n+1), the read section 85

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 (writtén) 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



reads, fromthe bank B in the second | ayer nmenory 3, each of the second

| ayer pixels mM2m2n'), m(2m+l, 2n') and m2m 2n' +1), respectively, and
feeds it to the termnal 92b of the switch 92. Here, n'=n-1. Li ke
the switch 91, the switch 92 is designed to select its termnal 92b only
at the timng the read section 84 outputs the first |ayer pixel
h(2s+1,2t+l) (at the timng the output of the AND gate 99 is transitioned
to a 1), and selects its termnal 92a in ¢he remainder of the time. The
arithmetic unit 95 is supplied with the <Second |ayer pixel output by the
read section 85 only at the timng the bottomright 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, 21 ddkal SatCele Alfrdss WRDIGRLY bY p3cl b2 1R fE08L Ndge OF the

tine. When the read section 85 r ahk B 1n

- 85 - thersesendnbayston® Midrels RaGhalk ! hm%ﬁceﬂﬂs'ﬂféng&«%{a
m2m2n'), m2mtl, 2n'), and m2m 2n' +1),” the read section 89 Teads the

data from thethankuR 8dgtess dytdined byt &%mm_tih'gr doh@YSE PEROIY Jf Wi t he

selector circuit 82, and feeds it to the arithmetic unit 95. The

arithnetic unihp@b sSHage! bdet® W drifutdie okeada 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 thé -
first memory, designated by the first and second address
signals is read while the first processed data stored at
the addresé in the second memory, designated by part of

the first and second address signals, is read. The second



sectioh 85 and the output of the read section 89, and feeds the sumto the
wite section 88. The wite section 88 wites the output of the arithnetic
unit 95 onto the bank B address (mn') in the third |ayer nmenory 4 via the

selector circuit 82. The bank B address (mn') in the third | ayer
menory 4 initially stores the second |ayer pixel m2mtl, 2n' +1) that was
determ ned by accessing it in the second |ayer by two I|ines earlier (four

lines earlier for the first layer). As tﬁ read section 85 reads the
second | ayer pixel m2m2n') fromthe bank B in the second | ayer nenory 3,
the read section 89 reads the data (here, the second | ayer pixel

m 2m+l, 2n' +1)) stored at the bank B address (mn') in the third | ayer
menory 4. The it i it 9 l.he e S t hese, .

(i om 2n' )+ Heopoates fiatd ke SonBSLEs hY Beddse il el dBBEe smege: he

bank B addres%gt(ama%'d) thil gtﬂ?s%thQCJaQ%g& %&yaﬁh Jthe, se gthe read

section 85 reads the secon ayer pixe the bank B in the
second | ayer bsdd data is written onto the address in the  s8fona  the
read section 89 reads the aata (here, n%Zn]ZrV% +n(2nw1,2n'+1§) Stored at

the bank B ad@cf®sy( #hA't) skBrifetht il st RS BIBY Yata . TR tSeheChlhe

circuit 98 determ nes
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 proceééing 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 determihea second processed data.

The above described preferred embodiments are not

inten@ed 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.



t he suim of these (M 2m 2n") +nm(2mt1, 2n' ) +n(2m+1, 2n' +1)), and the wite
section 88 wites it onto the bank B address (mmn') in the third |ayer
menory 4. As the read section 85 reads the second | ayer pixel

m 2m 2n' +1) fromthe bank B in the second | ayer nenory 3, the read section
89 reads the data (here, m2m2n') +m(2m+l, 2n')+m 2mtl, 2n' +1)) stored at
the bank B address (mn') in the third | ayer nenory 4. The sel ector
circuit 95 determ nes the sum of these_(gEZm 2n" ) +m(2mtl, 2n')

+m(2m 2n' +1) +m(2m+1, 2n' +1)), and the wité section 88—wites t—onmto the

bank B address (mn') in the third |ayer nmenory 4. bifiint Sl bank
B address (mn') in the third |layer nenory 4 stores immylﬁm‘gmu&ﬂmd

| ayer pi xel 5( (—:?fggghgn'l%;rr’r( 2mtl, 2n' ) +m(2m 2n' +1 ¢ , Nsl) =

(4m 4n), h(4mtl, 4n), h(4m+2,4n), h(4mt3, 4n), h(4m 4n+l), h(4m+l, 4n+l),
h(4mt2, 4n+1), h(4m+3, 4n+1), h(4m 4n+2), h(4mtl, 4n+2), h(4mt2, 4n+2),

h(4m+3, 4n+2), h(4m 4n+3), h(4m+l, 4n+3), h(4mt2, 4n+3), h(4mt3, 4n+3)).

Wien the | ower order, whikdrBht ga2icd tde é/t%rtiir%ahn agdgeSScyfiptiansgti ons,
the sel ections of the bank A address and bank address are reversed in

each of the a first memory for storing input image d@%a-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 perforﬁing 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.



selector circuits 73 and 74. Specifically, the selector circuit 73 selects
the hi gher 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
t he del ayed horizontal address HA and the higher order_eight bits wval

t hrough va8 of the delayed vertical address VA as the bank A address. The
selector circuit 74 selects the higher ogger seven bi tjl!]ﬂlﬂ“ !HH EHME
of the horizontal address HA and the highér order seve x b

va8 of the vertical address VA as the bank B address, and the higher order
seven bits ha2 through ha8 of the del ayed horizontal address HA and the

hi gher order seven 4j tzs st@2 sl a4gRc¥a8-brd gy 06 avetin Er g&%&ddress VA

as the bank A address. The bank A address and bank B address sel ected
in the selectedid@ifinit addFedrdsignal cah@SPLLd | d&iohd hidR e Bark A
address term nals and bank B address termnals of the second | ayer nenory
3 and third | ayespesnnialyd correspohl tHeaskbeLidital [godittidh aheabank B
data termnal of the second | ayer nenory 3 is connected to the read
section 84 whitertimmlbpusiAidat aft erpixal for commnecirgaitt Amalgeedaead section
85. In the selector circuit 82, the bank B data termnals of the third

| ayer menory 4 are connected to the wite section 86 and read section 87
whi l e the bank

S. 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,

compﬁtes said first processed data by processing said

storage data and said input image data, and



- 88 - A data terminals are connected to the wite section 88 and read

section 89. The process, identical—to-the above process but with the
bank A and the bank B interchanged in | i ssion, is performned.
The second | ayer pixels are out put bﬂgﬂmmﬁrﬂaﬂﬂaﬂjmr cuit 98 while the
storage content in the third | ayer ten to the origina
val ues. As descri bed above, each of the first |ayer nenory 2, second

| ayer nenmory 3 and third |ayer menory 4 ig, 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 | ayer are witten, replacing the

val ues stored in the second | ayer nenory 3 and third |ayer nenory 4 and

the rewitten datayjstébedai®sti¥ad hoeckskea 88€a06hth Nghe didress in
Specifically, the first |ayer pixel stored at the bank A address in the

first layer nBaRaYsdcof@Shaivdecdit sitheefoshiansebrageressa HA and the
vertical address VA is read while the second | ayer pixel (first processed

data) stored at the bank A address in the second |ayer nenory 3,
designated by part of the horizontal address HA and the vertical address
VA, is read. By sudtrAacstoxpddaiduircst ackaydingi kel Ciaitm 4 hewtseomimd | ayer
pi xel, the first pixel (second processed data) is finally determ ned, and
is 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 ocutputs 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 réading 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 secona memory which stored said first processed data,

while, at the same time, said controller reads said



- 89 - witten on the address in the second |ayer nenory 3 that stored
the second | ayer pixel. At the sane tine, the first |ayer pixel stored at
the bank B address in the first |layer nenory 2, designated by the del ayed
horizontal address HA and the del ayed vertical address VA, is read while
the first layer pixel (the second processed data) stored at the bank B
address in the seﬂmﬂ”"nﬂ‘lmmﬂm}/ 3, designated by part of the del ayed
hori zontal addresB : ayed vepgical address VA, is read. By
surmming these fir&t 9ayer"pi%els, the original second |layer pixel (the
first processed data) is determ ned and the value stored at the bank B

address in the second |ayer nenory 3, which is the first |ayer pixel, is
then rewitten R &aqel E2itAakSEEO NG | AYEadirls § : aAlet haygh each of
the first Iayegkﬁ%nnrfg%, second ayer nenﬁ%y 3 ghéntﬁﬁﬁ Fayer menory 4

is divided intemd40 BRRKSnathE Q?Rgafd%@l&éﬁ%d%és@Alfs?Eﬁaﬁmﬁﬂhaﬁm, the

bank partition is not limted to i s met hod. ough the sunm ng

and subtract i BRAAEE8S sBEEnd PRFGE 8L tan ddhetdaba beadnhkr gaukhgsbank A
and the bank B in this enbodinent, the processing of the data read from

the bank A andrd. laildaslkecBndsmenbryj nideigiacddeys paritngf asaddsablaacting
oper ati ons.
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 pfocessed'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



Al t hough the second layer nenory 3 and third |l ayer nenory 4 are accessed
using the part of the horizontal - 90
- ' address HA and the vertical address VA provided to the first |ayer
menory 2 in this enbodinent, the second layer nenory 3 and third | ayer
menory 4 may be accessed using a dedicated (independent) address different
fromthe horizontal address HA and the vertical address . T n

the first |ayer nmenory 2. Al t hough ggle_fi rst | ayer“mmnml‘““ﬁﬂ quﬂj

| ayer nenory 3 and third |ayer nmenory 4 are accessed usihg ¢t he horizdnta
address and the vertical address corresponding to the horizontal position
and the vertical position of each pixel for the inmage in this enbodi nent,
the first la coﬁﬁnﬁébﬁogy,sﬁégﬂ&ﬁ&é’é@rbf%?}rﬁ’o% g gt i -de! a¥8T se8BRRTY 4
may be accessed using an address corresponding to the direction of tine.
In such a cas%ddgggspgxghglgp the second and third |ayers may be
constituted by pixels Istributed in the tinme direction as well as pixels
distributed in a spagguexpgndang firdt Brdoeed dditaesyi pRocasdiagverti cal
di rection. The first |ayer menory 2, second layer nenory 3 and third
| ayer menory 4adie shioragecaasarahy saidtinmitednmelge 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,

compﬁting second processed data by processing said

input image data and said first processed data, and



their trespective physical nenories, and all these may be constructed of a
single menory. In such a case, the first Ilayer nmenory 2, second |ayer
menory 3 and third |layer nenory 4 have their own nmenory areas in the
single menory——————Al t hough the address providing circuit 1, first |ayer

second | ayer nenory 3 and third | ayer nenory 4 and RMW
CII’CUIt 5argm '# HIMasingle chipin this enbodinent, this is
e |

not a requir ough t he qyg Rl Ly of bits assigned to each

pi xel in the flrst Iayer is 8 and the data lengths of the menory cells
inthe first layer nenory 2, second layer nenory 3 and third | ayer nmenory
4 are respectively 8, 10 and 12 bits to prevent digit mssing in this

embodi ment,  the datath8RIEASaOkethits TBNALSER kit thn ohite Ehéséd&§¥$% set to

menory 2, second | ayer ménory 3 and third |layer nenory 4 nmay be

be 8 bits. Inisughia eas8nahRMRYEY widch fstorelde spiigelssrk® hhecsssoqd and
third layers, the value that is obtained by rounding down the | ower order

two bits of @agasumof 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 imhdilgitafi shéngame deitid,0icaditgt saiasinpati veagss.

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 sdid 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.



When the menory capacity in the first layer nmenory 2 and second | ayer
menory 3 is reduced with sone of the first |ayer pixels and second | ayer
pi xXel s remai ning not stored and digit mssing prevented as descri bed
above, the pixels (pixel value) not stored in the first and second | ayer
are correctly determ ned according to equations (1) and (2). On the other
hand, when sone of the pixels in the first |ayer and second | ayer are not
stored with digit - 92 - m ssi ng

| eft uncured, the value of each of the bi%%*s‘not stored in the first and

second |l ayer is not correct$yOoraet arYITHE AN ACRESS METHOD The present
invention may work in both a non- interlace-scanned i mage and an

embodi mont « - nAGE BT e, BGEORERE™ @ U7 Rough the Sum of Tour
pLXELs O 2 X 210 AIBAAUR! adRLhl Sokelauficlel ol ialuiilac |
e 1ot RS Oy g ek hgd ol Glfox g o

i npl enented enpl pyiNg sdRrdvaig isd1bl S 18MHAGL FEO  tdBY Ménd AP RyEnt ed by
storing an image. An address providing circuit provides a
9-bit horizontal address and a 9-bit vertical address, as

an address, to a first layer memory while providing, to a
second layver memory, higher order eight bits of the
horizontal address and the vertical address.without
respective least significant bits. As a result, at the
timing each of the pixels in the first layer is written on
each of addresses (2s,2t), (2s+1,2t), (2s,2t+1l) and
(2s+1,2t+1) in the first layer memory, the same address

(s,t) in the second layer memory is accessed. Taking
advantage of this, a read-modify-write circuit determines
the sum of storage values at addresses (2s,2t), (2s+l,2t),
(2s,2t+1), and (2s+1,2t+1) in the first layer memory and

writes the sﬁm onto the address (s,t) in the second layer

memory .

Figure 1



all owi hg a programto execute the above-described process. Al t hough
pi xel s (pi xel values) are stored in a nenory such as RAM (Random Access
Menory) in the above-descri bed enbodinent, the pixels may be stored
(witten) onto a storage nmedi um such as a magnetic di sk, a nagneto-optica
di sk, a magnetic tape, and an optical card. In the storage device of
the present invention, the first nenory stores the input inmage data at the
address designated by, at least, the first and second address signals.
The second nenory stores, the first processed data, into which the
controller processed the input inmage 1,/9

- 93 - data, at the address designated by part of, at least, the first
and second address signals. Wth this arrangenent, the sumthat is
obt ai ned by sunm ng sonme of pixels of the input imge data distributed
over a plurality of lines is determned and stored w thout the need for
separately arranging neans for |i | ay, In the access nethod of
the present invention, the input ﬂgﬁ .déta is stored at the address in
the first nenory, designated by the first and second address signals
while the storage data stored at the address in the second nenory,

desi gnated by part of the first and SeC%BﬂT&&?%ﬁﬁﬁL

2
1 T~ S :
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y
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CLOCK
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FLAG



signals, is read, and by processing the storage data and the input inage
data, first processed data is conputed. The first processed data is
witten onto the address in the second nmenory which stored the storage
data. Wth this arrangenent, the sumthat is obtained by summ ng sone of
pi xel s of the input imge data distributed over a plurality of lines is
determ ned and stored without the need for separately arrangi ng neans for
i ne del ay. In the access nmethod of the present invention, the input
imge data that is stored at the address in the first nenory, designated
by the first and second address signals is read while the first processed
data stored at the address in the s&<ofd menory, designated by part of

the first and second address signals, is read. The second

- 94 - processed data is conputed by processing the input inmge data
and the first processed data, and the second processed data is witten
onto the address in the second nenory that stored the first processed
data. At the same tine, the input inage data that is stored at the address
in the first menory, designated by thEAggla address signal is read while
t he second processed data stored at address in the second nenory,

desi gnated by part of
D1 D2
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the defay address signal, is read. The original first processed data is
conputed by processing the input inmage data and the second processed data,
and the first processed data is witten onto the address in the second
menory that stored the second processed data. Wth this arrangenment, the
second processed data is determned from the first processed data, while
at the sane tine, the original first processed data is restored fromthe
previ ously determ ned second processed dat a. The above descri bed
preferred enbodi nents are not intenq§d olimt the scope of the present
invention, and various nodifications é% changes may be incorporated

W t hout departing fromthe scope of the present invention.

- 95 - VWHAT IS CLAI MED | S: 1. A storage device for storing an
i mge, conprising a first nenory for storing input inage data at an
address designated by, at least, a first address signal and a second

a second nmenory for storing first processed data,

address signal,
inagegggta, at an address designated

whi ch was processed from said input
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by part of, at |least, said first ==
i |
© <t
$ o
x
&
'_
= < <<
>
o =2 &S
CE6 L3 rw
A
OO\
\
o
NJ‘
&
6
ap) g;ﬁg%
. - 9= -
Q) Q a
_— << <C
LI AAAARNAAAA ARAAANAAAAA
w2
U)Et— <
Dok
— >3 =z
O w = <
<< o O [r e
f e eSS E BEEOTRYTS
[ i ol el el enfl cxgill exgll el nd > > > >0 >>> > £
A\ J O\ J
_IV _'V(,J
e 34
= =
ofl) -
aw o
TS 5323
ca
<



address signal and said second address signal, and a controller for
controlling the witing and reading of data to and fromsaid first nenory
and said second nenory and for performng a predeterm ned process to said
dat a. 2. A storage device according to Claim1, wherein said
controlter wites, onto each address in said second nenory, the sum of
data witten on a plurality of addresses in said first nenory
corresponding to said each address in said second nenory. 3. A
storage device according to aim1l, wherein said second nenory stores
data having a data | ength | onger t hh Phe data | ength of the data said
first nmenory 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 inage data. 5. wA storage device according
to Caim4, wherein said first mgory has a neﬁﬁE& capacity correspondi ng
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t he nunber of pixels constituting one display screen of said input inage
dat a. 6. A storage device according to Caim4, wherein said first
menory has a nenory capacity corresponding to the nunber that is obtained
by subtracting the nunber of addresses in said second nenory fromthe
nunber of pixels constituting one display screen of said input inmage data.
7. A storage device according to Claim4, wherein said controller wites
said input inage data onto the address in said first nenory, designated by

said first address signal and said sspond address signal, r eads
storage data stored at the address i©/s%id second menory, designated by
part of said first and second address signals, conputes said first
processed data by processing said storage data and said input inage data,
and - 97 - wites said first
processed data onto the address in said second nenory that stored said
st orage dat a. 8. A storages device accordﬁgg to daim4, wherein
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said controller reads the data stored at the address in said first nenory,
desi gnated by said first and second address signals while reading the data
stored at the address in said second nenory, designated by part of said
first and second address signals, and sel ects and out puts one of the
two data read. 9. A storage device according to Claim4 further
conprising a delay unit for generating a delay address signal by del aying
said first and second signals, wherein said controller reads said input

i mage data stored at the address inﬁs bd first nenory, designated by said
first and second address signals whife“reading said first processed data
stored at the address in said second neno : desi gnated by part of said
first and second address signals, utes second processed data by

processing said input i [€ data-and-sar djfirst--processed-data;--and -
wites said second progessdqgd data onto thgﬂaddress IE wory
which stored said first! proegssed—data; whi-Le; ; said
controller reads said : - 98- —HoIPut— g at
the address in said finst ] @ |
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T - e S S
menory, designated by said delay address signal while reading said second ™=
processed data stored at the address in said second nenory, designated by

part of said delay address signal, conputes the original first
processed data by processing said input inmage data and said second
processed data, and wites said first processed data onto the address

in said second nenory which stored said second processed data.

10. An access nethod in a storage device conprising a first menory for
storing input imge data at an address designated by, at |east, a first
address signal and a second address signal, and a second nenory for
storing first processed data, which was processed fromsaid i nput inage
data, at an address designated by part of, at least, said first address
signal and said second address signal,7sé9d access nethod conprising the
steps of: witing said input imge data onto the address in said
first nmenory, designated by said first and second address signals,
readi ng storage data stored at the address in said

FIG. 7

CELL BANK A

> 2

BANK B




- 99° - second nmenory, designated by part of said first and second
address signals, conputing said first processed data by processing
said storage data and said input inage data, and witing said first
processed data onto the address in said second nmenory that stored said
st or age dat a. 11. An access nethod in a storage device conprising a
first menory for storing input inage data at an address designated by, at

| east, a first address signal and a second address signal, a second
menory for storing first processed data, which was processed fromsaid

i nput image data, at an address deﬁdggpted by part of, at l|least, said
first address signal and said seco ddr ess signal, and a delay unit
for generating a delay address signal by 0§elay|ng said first and second
address signals, said access nethod coanES|ng the steps of: r eadi ng
said input inage data $i£H£Ki4ﬂ-JLhe addresfs--in- sai-d-FiFst-ARADF Y- -,

desi gnated by said first ile reading said
first processed data |storled at the add i i

. . " . q
designated by part of! said first and fecond address(signals. i
conputing second processed data by proces in@isaid ifnpgt i mage |datja;and
said first processed data, and ©—0 b '
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- 100 - witing said second processed data onto the address in
sai d second nenory which stored said first processed data, whi |l e, at
the sane tinme, reading said input image data stored at the address in said
first nenory, designated by said delay address signal while reading said
second processed data stored at the address in said second nenory,

desi gnated by part of said delay address signal, conputing the
original first processed data by processing said input imge data and said
second processed data, and witing said first processed data onto the

address in said second nenory whicl® gt®red said second processed data.
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