WO 99/ 40541 PCT/ JP99/ 00457

DESCRI PTI ON A STORACE APPARATUS ‘AND WRI TI NG ANDY OR READI NG- METHODS - FER-- -
USE IN HI.ERA@—!! CODI NG Technical Field The p¥refposiboss?
i nvention re é@ﬁbg'a storage apparatus, a witing nmethod and a reading

met hod and, nore particularly, to such apparatus and nethods suitable for
use in performng hierarchical coding for formng inmages in hierarchical
order .having different nunber of pixels. . Background Art In
a hierarchical coding nethod, high-?ﬁﬁeﬂgﬁffb&nage data is set as inmage
data in a |lowernost |layer or a firs ayer, 1mage data in a second |ayer
Is formed of a nunmber of pixels snmaller than the nunber of first-I|ayer
pi xels, inmage data in a third l|ayer is formed of a further smaller nunber . -
of pixels, . .
A STORAGE APPARATUS AND WRITING AND/OR READING METHODS

FOR USE IN HIERARCHICAL CODING

fechnical Field
The present invention relates to a storage
apparatus, a writing method and a reading meﬁhﬁd and, -
mofe particularly, to such apfératus and methods
suitable fo? use in performing hierarchical coding for
forming imageé in hiér;rchical order:having different

number of pixels.

Background Art

| In a hierarchical coding method,

high-resolution image data is set as image data in a

lowermost layer or a first layer, image-data in a second
. layer is f;rmed of a pumber of pixels smaller than the

number of first-layer pixels, image data in a third

layer is formed of a further smaller number of pixels,
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formation of inmage data froma fourth-tayer ~to-a predetermned-uppernmost————

layer. - Inpgedatg in each layer may be displ ayed on a noni pei/spéviedsy a
‘resolution” (@ nunber of pixels) corresponding to the layer. Accordi-ngly,

a user can select inmage data (hierarchically coded inmage data) -~
. corresponding to the resolution of the user's nonitor to view
corresponding .inmages. - As an exanple, an inage corresponding to one |ayer

can be- yseq %Igﬁgf'ﬁgrﬁﬁﬁ%ttign f' m ecc% %n tﬁBu% f ay 8%

respective yers 1n suc er t e | mage

~corresponding to the higher |ayer |s dlsplayed it is replaced with the
i mage dw raspuedeternined upperhopdr lyeruserlinpge adata dm eaehlike.
In setting i mage data having a certain resolution as inmage data of the -

 oyer o2 Vet 8 Chald a1 kBSad PH° 80 Mol b iRy "R EelRlr plot??
storage capacity or transmi ssion capacity for the imge data of the upper
_IayerSIﬁarmqmbumioﬁ pixels) corresPondlng to thke layer. - '
| Accordlngly, a user can select lmage data. T
(hler;rchlcally coded lmaée“aata) correspondlng to the
' resolution of the user's mpnitor to view_cor;egppndiﬂggifm;zﬁifi_
images. As an ex;mple, an image corresponding to one
layer c;ﬂ bé used'foi:enlarégﬁént of an imég§; i_m{“'”
cbrféﬁpdndiné-t; ohe'df'the-#espective highér“;éyéfs-iﬁ
éuch a manner that, when the image corresponding to the
higher layer is displayed, iﬁ is replaced with the image
corresponding to the lower léyer by a user operation or
the like.
| In setting image data having a certain
résolﬁtion as image.data of the 1owermos£ layer (first
'layer); successively forming image data of“upper.layers,
: énd'storing or transmitting the image daté of all the
léyers, a stdrage capacity or transmission capacity for

the image data of the upper layers is required in "~ " -
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“that for storage or transmission or the like of the image data of the . . . .

I'ower nost  |\gy@buedhy. A hierarchical coding nmethod has beenpptgpsyifds
whi ch prevents such increase in storage capacity or the |ike. Q‘ﬁl's., ms-,t hed

wi Il be herein-bel ow described with respect to a three-Ilayer hierarchical
codi ng-situation-in which the sumof the values of four pixels, i.e., 2 .X
2 colum and row arrangenent of .four pixels, is set as a-pixel -(pixel -
val ue) ohdditHeA! taHat for storagle? dr Jtrafsnlit fox 3:”151‘?%%?&@ of .
pixels are the pixels of the lowernoSt-layer imge. A sumof the Tour :
pi xel val ues h00, hl O h0l, and hll of such 4 X 4 arrangenent is

cal cul at 0 . &he stmage datppef itdre lpweamosy olayesecmblylay® which is a .

2 X 2 pixel arrangement. Simlarly, a summn of the four pixel values

.h20, h30 Eé:ﬂa -ERY a3l he f0 i xel s..h02, h120, h03,
and h13,thi'n arsumc ocl:‘&tlﬁig81 %ﬁ%ﬁxgﬁsvy%%lg é%gp\ﬁ%éﬁ WB%,Chand h33 are
calculated . and set as an upper right pixel, a lower left pixel, and a
_gomer ri prevsnes  susdpencrebge din t beoxaygmdcapaeity or the like.

~This method will be herein below described with respect = -
to a three-layer hierarchiéﬁfrcoding sitﬁation~in which
'Tfii £ﬁ§:§ﬁﬁ:§f the values of four pixels, i.e., 2 X 2 -column
and row_arraﬁgement of fouf pixels, is set as a pixel
..(pigel value) of an upper layer.

In Fig. 16, the 4 X 4 arrangement of pixels
are the pixels of the lowermost-layer image. A sum of
the four pixel vaiues h00, hl0, hO0l, and hll of such 4
X 4 arrangement is calcﬁlated and set as an upper left

_pixel mo of a second layer which is a 2 X 2 pixel
arrangement. Similarly, a sum ml of the four pixel
values h20, h30, h21, and h31l, a sum m2 of the four
pixel values h02, hl2, h03, and h13, and a sum m3 of the
four pixel values.hzz, h32, hé3, and h33 are calculated
-and set.as an upper right pixel, a lpwer left pixel, and

a lower right pixel, respectively, of the second layer.
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sum q0 of the four -pixel val ues RO -m—nR;——and-rB--of—t-he-2-X 2- ptxels -

t he second | ayer cal cul ated and set as a pixel of a th|rd ‘ﬁaﬁe
which is the“%ﬁ?@@ﬁﬂst | ayer in this situation. bgrﬁﬁo{
pi xel s hOO to h33, nmD-to nB, and qO described above are stored in their

respective original forns, an additional storage capacity or the Ilike

corresponding to the second- | ayer pixels nDto. and third-1layer pixel g0
IS requir ntio Y eh el Pi X g0 may
be "set at e?‘ﬁﬁ%ﬁﬁg‘s?’ t%o%sg‘o?&gs&e%n mg%crxﬁtsﬁéif:ol q'ér%%g h@/{elmf l?‘% the

second-layer, as shown in Fig. 16, wherein the second Iayer is formed of

pi xel § nD andn@3ansE g€he Bud tmrplkbé.sse[mnﬂhlea)eacqndelay@mays be set at
the position correspondlng to the l'ower rlght pi xel h1l in  the

first-layer L n,Fi Recal . e _obtained from -
h0O. h10, GkCR &ﬁatér,\@l apf F%etf??s H’aiPe]r ? Pﬁ%# fewsrotmtger '
second-| ayer pixels m, n2, and g0 may al'so be set in pixels h3l, h13 and
233 ‘of tf\shibhstlé ke u@dptdmbtpu.wexqmnsmae ehieaatdon. . -

“If all of the plxels 100" 5 h33, “MO” to ‘m3;" e

- and g0 described above ereee;ored{injtheirirespective
original forms, an additional storage capacity or the.
like correspondiqg fo.the seeeﬁa-ieyér-?isels mo te m3

and third—layer pixel qd';e;;eggired; esementioned above. -
As a result, the thirdeleyef-pixe1~q0-may be set at the
.position corresponding to ﬁhe'loﬁer right pixel m3 in
the second-layer, as shbwn'iﬁ Figf 16, wherein Fhe
second:layer.is—formed bf-pixele m0 to m2 and gO.
Further, the second-layer pixei mb_may-be set at the
éosition correspondiﬁg to the lewer right pixel hll in
the first-lajer, as shown in Fig. 16. (Recall that ﬁo
may be obtained from hoO, hio, hOl; and hll of the first
layer.) Similarly, the other second-layer pixele ml, m2,
and q0 may also be set in pixels h31, h13, and h33 of

the first layer. Althoﬁgh pixel q0 is not obtained -
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-d++ee%4y—#+eﬁa%he fHrst-l-ayer pixels h22 h32, h23, and h33, pixel g0
(i nst ead. of xel ) |s set at the position correspon I
h33 because ?lgosgg the second | ayer in place of nsﬁg\,;{}ﬁsvﬂbﬁ

obt ai ned dlrectly fron1the first-layer pixels h22, h32, h23, and --

h33. Thus, in the above-described S|tuat|on a ~ total

of 4 X 4 or sixteen pixels may be forned. Such nunber of pixels is

t he sane ty Pf r I ch; [ ea n
storage c Eégﬁ%i)f%ﬁﬁ Hﬂ@ff?éﬁe cm¥$F %gﬁéﬁs%fg h37, 'K23; 3hd
Decodi ng of the above-described pixel qO (whi ch replaced n8 and h33)
and, pi xells33P pdxel (gbi (linsteadr efpgrizet| m3)episcedtpiateltsha@ll, h31, and
h13) can be =~ +perforned as described bel ow. That is,

th I f.g0 th +
Ther of or 2ORASaRR EoEresBahang o, ARl é&&aﬁ%&aﬁﬁe—%}bm(ﬁﬁtﬁrﬂ ;
m) . Al so, nD is the sumof h0O, h10, h01, and hl1l1l (i. O

20,0 +..h_lotltehQécbdtillaye"iheizefplacehbe a3 Which was obtained.

n8).

directly from the first-layer pixels h22, h32, h23, and

. h33.. .

" Thus, in the _;ggée-described situation, a
£otai of 4'X'4 or sixteen pixels may be formed. Such

' nuﬁber 6f.pixels is'the'same ;s that of the lowermost.
'laYer.> As such, an-inérease in storage capacity or the
like can be prevented.

Decoding of the above-described pixel g0
(which replaced m3 and h33) and pixels m0 to m2 (which
respectivelf replaced pixels hli, h31, and hl3) can be
pérformed as described beléw.

That is, the value of g0 is the sum of m0 to
m3 (i.e., q0l= m0 + ml + m2 + m3). Therefore, m3 can be
obtained from the equation m3 = q0 - (m0 + ml ; m2).
Also, m0 is the sum of h00, h10, h0l, and hll '(i.e.,. 00

= h00 + hl10 + hO1 + hll).i Therefore, hll can be
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from the—equation- hii--“nﬁ—~“(hﬁﬁ~*—h16 +-h0I)w Each ofh31l, hl3, and h33

~may be obt §jd@gosy @ simlar manner. The pixel h33 is obt picragospagy
obtai ning nB, as descri bed above. In the above- descri.bed

hi erarchical coding, a delay circuit for performng |ine delay of

| oner -l ayer pixels (pixel values) is utilized.as well as a versatile
menory (for exanple, a static random access nenory (SRAM or a dynam c¢ RAM

(DRAM)) bR ainednErcis Whe Bbmatitdnhhanachheal qadow KW30a” @Iyl e,
and with - reference to Fig. 1 an operation may be performed relating to
the equation nO = + hl0 + hOl + hll to obtain the second-|ayer pixe
.m0, whi cFagh 19§e§31fr| 13 aped h3d Bayobe mbtapped An a18imdla® |ines.

| mage dat a may be supplied to (or witten into) a nmenory in a

predet ef aigh,0f erheSUrid?® f3l3. % SGBRAINES §8bn BHERFLAg! BY h 9&(}% and .

fromtop to bottomwt espect  t'o an arrange pi xXe ta
may al so be read out fromthe nemnor y in line scannrng order mnth respect .
to the pfesiariliedr ebowe.to. obtain: the 6

“:T"J“r**f'*3'"*”M“In“thefabove=described"hierarchicél”cbding;‘a'
delay circuit fqr_perfermiggfline delay 6fmle§ef-layer-
' pixels (pixel values) is utilized as'well as a versatile

memofy'(fer;exemple,-a static random eceeSS'memory

 (SRAM) or a dynamic RAM (DRAM)) for storin§ resulte of

such_hierarchical'coding. AS'en example, and with
reference to Fig. 16, aneopefation may be. performed
relating to the'equatiOn m0 = h00 + h1l0 + 501 + hll to
.obtain.the secohd—layer pixel moO, which utilizes |
- first-layer pixels h00, hl10, h0l, and hli in two lines.
image data may be.supplied to (or written info) a memory
in a predetermined order, such as a line scanning order
from left to right and from top to bottom with respect
to an arrangement of.pixels; . Image dFta may also be
read out from the memory in line scanning otder with

respect to the pixels. ' Therefore, to obtain the
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pi-xel- mo—-an- opera%heﬁ—rs—pef%ﬁfﬂed-in -whi-ch-the line starting at h0O is

del ayed by and one pixel to await supply of hO0l and pdgrfdonohsd
8%@95%&ﬁ61 pe hoo

line start mO is calculated and then the line startinig-.at
is thereafter witten to the nmenory. Thus, in the -
above-descri bed codi ng techni que, . adelay circuit for performng 1Iline

delay of inmge data in addition to a nenory for storing results of

ni et ar chi SaERdl 19y i U bio% e s LIRS 186" 080 £ BRe 35 Of (1

respectiv Ing a 'hinder e proce S|ng Speed er eof .

Di scl osure of Invention _ An object of the present invention is
to _ provighizhither tinmmlstadting ectinhQoe i déldyes by onei [liizee a del ay
circuit as in the above- described hi erarchi cal codi ng apparatus.

Anot her object  of-the- sent i nyention;is t rchi cal
codi ng apPAFatIe HBIFRG 40 revati upRh o5 ibel o#ne 1L SESERE Flng.cq
7o SRR
starting at h0l, m0 is calculated and then the line
S grarting at h00 is thersafter written to the memory.

DO g

_;mhus,"in,theiaho;e-dés;ribed cbding'technique,

: " a delay circuit for performing line delay of image data
- in additiph fb a_memofy for stofing resﬁlts of.

”hia;arfafsa}isgding may:be'utilized,ﬂthereby iacreasing
the size-ofathe~respective-ccding apparatus and

hindering the processing speed thereof.

.Disqlosure of Invention

_An'object of the present invention is to
provide a hierarchiaal céding tedhnique which does not .
utilize a delay circuit as in ﬁhe above-described
hiérarchical coding apparatus.

Anothex objectabf the present invention is to
provide.a hierarchical codinglapparatus having a

relatively small size and capable of high-speed-
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Iﬂ-aCCﬁfdaﬂee—mtthwaﬂ”aspect -of - ‘t he- present invention, a storage apparatus
is provided for storing a first irfage corresponding to a | ow pa Eﬁ9ﬁmﬁk7
having a pl Ylof pixels ‘and a second i mage corresponding to  a.-hi gh

| ayer and having a plurality of pixels, in which a pixel of the second
image is formed fromN pixels of the first inage, and in which the pixels
of the first image are inputted one by one in a predeterm ned order. The
appar at us conprg;es 8 | ow | ayer storage device for storing the first imge
correspondpﬁﬁq. THa Fow | ayer; a high layer storage device for storing
the second i mage corresponding to the high layer; a controller for
controlling read and wEit eadqmrdanmes with aaspapectd ofhdHevwptresentand

hi gh- Iayer storage devices, in which the controller reading out the first

| mage stored in-the - |OM/| er storage device as uni tdg#p%ﬁ OL N-1

pi xel s:  apBVENS %&F'géné' LRIPoA EPFnéﬁmﬂf?Y%QF PheSteEMN 2
i'mage by using the N pixels of the first inmage which include the N-1

pixel' s of . ghegti rShahBReg®r9@dpeding to a low layer and having a

—plurality of pixels and a second image corresponding to

_..a high layer and having a ﬁi;rality;of pixels; in which

_ﬁ;i;i;éii;fffhé:ééébnd im§§é ié“fofmed.from N pixels of -
-' ;-~-thé:first image,_and-in which the.pixels of the first
'1Mimagé.a:e”inputted one by one in'a predetermined order.
The apparatus comprises a low‘laYer storage device for
storing the first image cbrresponding to the low layer;
a high layer storage device fér gtoring the second image
corresponding to the high”layer; a controller for
controlling read and write operations with respect to
'ﬁhe low layer and high layer storage devices, in which
the coﬁtrolier reading out the first image stored'in'the
low lgyer storage device as a unit group of N-1 pixels;
and. a pixel §enera£or for generating one pixel of.the
second image.by using the N pixels of the first image

‘which include the N-1 pixels of the first image read out



WO 99/ 40541 o . PCT/JP99/ 00457 from f he
I ow | ayer- ‘storage devi-ceand -one-irnput—pixet—of-—the first—-i-mage -~ -~

'In'-a'(?corda_ S ' %anot her aspect of the present invention, @R5§k6a6487
apparatus | r'ded for storing a first imge corresponding to a.-l-ow

| ayer. and having a plurality of pixels and a second i mage, corresponding
to a high layer and having a plurality of pixels, in which a pixel of the
second image is formed fromN pixels of the first image, and in which

~the pixegl f esfl g > np n yoq.gg' iS6e] ep g ned,
order.. T é'% pp%é%t'&f?%?nﬁggegt?f%%g P%&/’g%és)t gxrlgge ev%@ga?:oglstorié\g‘ t he
first image corresponding to the low layer in which the |low |l ayer storage
devi ce_ stheesfimsy Nnmiage xel s and_excludes _a.. final_input pixel of the N . -

pi xel s-of the first image wused to formthe one pixel of the second inmage
first i mge and s ndP ASTSEBRas o THl PRATRCE! ARRRS Ho0Ecdhe: hi gh-
| ayer storage device for storing the second inage corresponding to the
~high laypresent invention, a storage appdratus is provided for
having é plurality of_pixeii%andia secpna_imagej.f
corresponding to a hJ.ghlayerandhavn.ngapluralz.tyof |
pixels, in which a pixei.of ﬁhe'second image is fqrmed
:”from N.pixglsmpf theif%;st.;mage, and in which the
pixels of'thé'first-image-are inputted one by one in a
predetermined order. The apparatus comprises a low
layer storage device fo; storing the first image
' corresponding to the low layer in which the low layer
storage device stores only N-1 pixels and excludes a
final input pixel of the N pixels of the first image
used to form the oﬁe pixel of £he-second'image and in
which the fiﬁal input pixel is inputted in the N pixels
of the first image and is not stored in the low layer

stgrage'device, a high layer storage device for storing

the second image corresponding to the high layer in



WO 99/ 40541 PCT/ JP99/ 00457 whi ch hi'gh
l-ayer-—storage device stores one pixel of the second i mage by using the N -
pi xel s of- th mage  which include the N1 pixels of th ge
read out §%§é#§%¥ﬁ(ﬂN | ayer storage device and the final |np5?%hg?i%*§ﬁ
thefirst inmage, a controller for controlling read and wite operat#ons
wWth respect to the low layer and high |layer storage devices in which the
control]er reads out the one pixel of the second inmage in the high |ayer
storage angyis! t ;&th epdle i Wt ¢g*$ sk er n
the | ow | a&er%&,\,{c}?g 8 Eea ce %{s%g% él:llt g%%&pé % %;ﬂ%e S, a]r'lng g‘?&%l
generator for generating the final input pixel of the first inmage by
using the seecgndeimeget lhy sesing theyaVirpactedis of obhet fdzts yhimager
storage device and the N-1 pixels of the flrst i mge read out fromthe |ow

actor di ng PALH HELERS (SRR AT PR L BeBbE Nibt ERE LI, REG OUL -

fol l owi-ng detailed description of |IIustrated enbodi ments when read in

conj unct i ofiremnt fthéelowdszy@nnstbq-ai;@vuevidew antd cbheofigsdibnihpgt
corrponent S

plxel of “the first" image, a controller for controlllng
reéd_anévﬁrite.operations ;;th resPect to the low layer
M~*HM“JTT;ﬁ@fﬁiéﬁiiqygﬁusﬁorage devices in which the controller
reads out the 6n§ pixel of the second image in the high
layer storage a;d in which the controller reads out the
first image stored in. the léw layer storage device as a
unit grbup of N-l_éixels, and a pixel generator for
geneiating the final input.pixel of the first image by
using the one pixel of the second image read out from
the high layer storage device and the N-1 pixels of the
first image read out from the low layer storége device.
Other onects, features and advantages
aéccrding to the present invention will become apparent
from.the-following detailed descfiption_of illustrated

embodiments when read in conjunction with the

accompanying drawings in which corresponding components .

10
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identified by the sane reference nunerals:~ - Brief- BeSCFtpPron—e% e
Dr awi ngs /40541 Fig. 1is a dlagran1of a storage apparatu$¢Tgpggmﬁymg
to an enbodi W48 he pr esent |nvent|on . Fig. 2is a diagram-
of the storage apparatus of Fig. 1; Fig. 3 is a diagramof a
menory cell of a first-layer nenory of the apparatus of Fig. 1; -

Fig. 4 is a diagramto which reference will be nmade in explaining a
conflgurat ' t e f Fig. .2

Fig. 5is 4 %lgéFgl%Jf%i'%%pLE eer%ﬁ%:n% W Ff)éfg Qﬁh?énfg%gl ai ni ng
processi ng perforned by a selector of the apparatus of Fig. 2;

Fig. 6is a diagramto which reference will be made_in_explaining the use
of a mask bit signal; Fig. 7 is a diagramto which reference.

will be nude in_explainin ed state of first-layer -pixels-in a

nmenory cel r{ﬁ%tR§4§¥¥P£+§9e§%é§5PVlngs WO 99/40541

PCT/ 3P99/ 00457 o
' Fig. 1 is a diagram of a storage apparatus

accordlng to an embodlment ‘of the present 1nvent10n,

Mg
Sre

Fig. 2 is a'diagram"of the storage. apparatus

of Fig. 1;
| Fig. 3.is a diagrém of a memo?& cell qf;a...
first—iayer memory of the apparatus of Fig. 1; - -~ -

Fig. 4 is a diagram to‘whiéh-reference will -
be made in explaining a configuration of an image input
to the storage apparatus of Fig. 2;

Fig. 5 is' a diagram to which reference will
be made in explaining processing performed by a selector
éf the apparatus of Fig. 2;

Fig. 6 is a diagram to which reference will
be made in explaining the use of a mask bit signal;

Fig. 7 is a diagram to which fefgrence will
Be made in explaining a stored state of-first-layer

pixels in a memory cell of the first-layer memory;

11



Fig. 8 is a diagramillustrating first-layer pixels mwitten.to t he o
first-layer nenory; Fig. 9 is a diagramto which reference -w-{ ---
be made in expl aining processing perforned by an adder and a
adder-subtra‘?fBe?P"‘Bﬁ‘"the apparatus of Fig. 2; Fi g. rH’l':a” 399'5({0?57
diagramto which reference will be made in explaining the formatiofr-a
second- | ayer pixel; Fig. 11 is a diagramto which reference
will be made in explaining the formation of a third-1ayer pixel;

Fig. 12 is a diagramtQ which, reference wll __be made.in pl aj nin
processing performed B3%ax &I+t 8r diFAILAR &ﬂﬂé‘rs&{étbng%:r%#'iager

Fig. 13 is a diagramto which reference will be nmade in explaining the

formati onp,9ked SagPIEteRY Ho PhECkirst-layer mdmdryl4 is a diagramto
whi ch reference will be made I n explaining processing performed by an

adder and an adder-subtracter of the apparatus of Fig. 2; )
12 WD 99/ 4054Fig. 9 is a diagram to which refemenQeowiddss?

‘be made in explaining processing performed by an adder '

“"and an adder-subtracter of. the apparatus of Fig. 2;

.....

P e -

- -Fig. 10 is a diaéram to which feferénce'will
. be made in explaining the formation a second-layé¥f 
-~ pixel; |
= I Fig. 11 is a diagram to which reference'ﬁill
be-m&de in explaining the formation of a.third-iaYer
pixel;
Fig. 12 is a diagram to which feference will
be made. in expléining prbcessing performed by a selector
of the apparatus of Fig. 2;
Fig. 13 is a diagram to which reference will
Pe mﬁde in explaining the formation of a second-layer
pixel;
Fig. 14 is a diagram to which reference will
be made in explainipg processing performed by an adder.

and an adder-subtracter of the apparatus'of Fig. 2;

12



Fig. 15 is a diagramto which reference wl|l be nade'in .expl ai ning the

formation of flrst-layer pi xel's; and - “Fig:—16-is a di-agramto
whi ch ref erwgpém be made in expl aining a hi erarchl cal cocbm;pggloms-;
t echni que. ?# Mode for Carrying Qut the Invention -tFig. 1

illustrates a storage-apparatus (layer nenories) in accordance w tif an
enbodi nent of the present invention. As shown.therein, this storage
apparatus is fornmed of a first-layer nmenory 1, a second-layer nenory 2, a

third-layer nenory 3,y %gggs%s'aaa&sﬁ%%aﬁ' vH?J.&ﬂ n%@f Ehdewi 10e

respectively stored), and |ng I nputs such
as three inputs, and adder-subtracters 10 and 11 for addi ng or subtractlng
a nunber b made sisuespdaimbngi the: fomatiomrefefipsdraiayeray. perform .
three-layer hierarchical coding simlar to that. described above with-

ref erence In which the sumof the values of 2 X 2 (four):

pi xel s ofP %Qﬁgﬁg 4§Ee is obtained as a WO 99/ 40541 ' '

PCT/ JP99/ 00457

Fig. 16 is a diagram: to which reference will -

be made in explalnlng a hlerarchlcal coding’ technlque';;:m;

Best Mode for Carrying Out the Inﬁehtith";m'”"“”‘“”mm?;
Fig..l iilustrates a storage-apéaratus_(layer-ﬁ’

‘memories). in. accordance with an embodiment of the -

present invention. As shown therein, this storage

apparatus is formed of a first-layer memory 1, a

second-layer memory 2, a third-layer memory 3, (wherein

images of first to third layérs may be resPeétively

sfored), adders 6 and 7 for adding a number of inputs

sﬁch as three inputs, and adder-subtracters 10 and 11

for adding or subtracting a number of inputs such as two

inputs. This stor#ge apparatus may perform three-layer

ﬁierarchical coding similar to that described above with

referenée to Fig. 16, in which the sum of the values of

2 X 2 (four) pixels of a lower layer is obtained as a

13



pi xel (pixel value) of an upper |ayer. That is, in the situation

Illustrated in Fig. 1, there are a nunber of 4- X 4 pixels—of a
| ower nost - l"ﬂé%’ éﬂ[jl rst-layer) image, and pixels values of thesgyrborfoss7
‘pi xel s may A ina line scanning order, that is, in the order- of
h00, h10, h20, h30, h01, hl1, h21, h31, h02, h12, h22, h32, h03, --h1l3,.
h23, and h33. In the above case, four pixels h00, hl10, h20,
and h30 in the first line are successively stored in the first-layer
menory 1. \he n st i xel 801 e
| ef t most R c"@f%ﬂn)‘g&gﬂ‘ I\gag‘ﬁg gnt Hg’ [ rs?gygaegér rr%rr%?yl% (ﬂeztitiﬁe
second pixel in the second I|ne (|n the second colum), that is, I xel :
h1l, (theitwatiompullbustiradfedOin Fig. hDA. ahérdﬂﬂrﬁsednumhaﬁrﬂ eéond ...
| ayer pixel nmD) is input, the three flrst-layer pi xel s h00, h10, and h0l1
red i

nd suppi¥ o Poxeks Rifich doURIRBHEL o8 =T ofbOraE THAT S smagd < apfle,
pi xel s h0O, h10 and hA and supplles the sumvalue to the- '

‘adder -sulyy 881 8" viiues of these 4. x 4 plxels maylde input ﬂﬂ)&9/40541
-PCT/ JP99/°00457

'line scanning oxder, thatlis,'in-thé“ordef”of”h?o,'h107~ Mw
 h20, h30, hOl, hli, h21, h31, ho2, hi2, .ii'zz_,_h'sz, ho3, -

h13, h23, and h33.

| In the above casé,'fqur pi#els-hoo, h1o0, h20,--.”

and h30 in the first line are successively sté;ed in.the;;:m

first-layer memory i. .Wheﬁ.inputtipg-the second line,

the first piﬁel h0l1l (in the lgftmost colﬁmn) is also

stored in the first-layér memory.l. When the second

pixel ih the second line (in the secdnd'column), that is,

pixel hll, (the final input pixel of h00, hl0, hOl and

'ﬁll_used to form second layer pixel m0) is input, the

three first-layer pixels h00, hl10, and h0l already

stored in the first-layer memory 1 aﬁe simultaneously

read out and supplied to the adder 6. Thé adder 6

computes the sum of first-layer-pixels h00, hl0, and hbl

and supplies the sum value to the adder-subtracter 10."

14



The adder-subtracter 10 al so receives pixel hll. The adder-subtracter 10

rs formed of an adder 10A and a subtracter 10B. In the adder-subtracter— - -

‘the adder 10A conputes the sum of pixel hll and the sum +
th + h11) WOMW40s# adder 6, thereby obtaining (forning) secXﬁéﬂﬁ2§Q§87

pi xel nD. The pixel hll is not stored in the first-layer nmenory 1,.-and
pixel mOis stored in the second-|ayer nenory 2. In this
enbodi ment, the sumof the values of 2 X 2 four pixels in a lower |ayer is
obt ai ned a one |xe I xel | ue), in an upper | ayer Lnal _.nput one
of the fo? u%éﬁ%ﬁﬁeFag FRhIELRASETSt B ﬁ%}ﬁﬁihe pi in an
upper | ayer nay be referred to herein as a final input pixel.

~The thi r dagiged-suBtiradtder SE60Re |fd¥meds vidldiwdagliee’ 1UACAnRLE 1S ..
stored in the first-layer nmenory 1. When the fourth pixel in the second

line, that is, pixel h31 (the final i[nput pixel of first-Iayer | xel s
h20, h30, shbtragker3ilised In themadderdsubierachexelOm )t € | X the.
three first-layer pixels h20, : WO

99140541 10p computes the sum of plxel'haqnéﬁﬁgéﬂg4§ﬁm,value (h00

S + 'h10 + hOl) from the adder 6, thereby obtalnlng
-(forming) second-layer pixe; mo. The pixel'hll is not
:iiiieme-stbred in the first-layer memory 1, and pixel m0 is * o
stored in the second-layer memory 2.
.In this embodiment, the sum of the wvalues of
2 X 2 four pixels in a lower layer is obteined.as one.
pixel (pixel value) in an upper layer. A final input
one of the four pixels in a lower layer which is used to
form one pixel iﬁ an upper layer may be referred to
herein as a-final input pixel.

The third pixel h21 in the second line,
supplied after pixel hll, is stored in the first-layer
memory 1. When the fourth pixel in the second line,
that is, pixel h31 (the final input pixel of first-layer

plxels h20 h30, h21, and h31 used to form second-layer

pixel ml) is input, the three flrst-layer pixels h20

16



h30, and h21 already stored in the first-layer nenory 1 .are . .. _
simul taneously. read.  out and supptied to-the—adder—6—TFhe adder-6— "~
comput es tﬁwbiﬂﬁgbﬂf first-layer pixels h20, h30, and h2l1 angdcsuyp@ldossy t he
sum val ue 10 The™ "adder-subtracter 10 which al so receives pixel h31:-In -

t he adder-subtracter 10, the adder 10A conputes the sum of these“Teceived

val ues so as to obtain the value of second-layer pixel m (i.e., m= h20 +
h30 + h21 + h31). Pixel h31 is not stored.in the first-layer nenory 1, and

pi xel mMyp48 S ' ' : : : - b 4y A
processik}%éﬁaéﬂbagqge?f%?%?%p{%tb?é§é§%¥f ??’sﬁs- a]y%}'epl):i %%56%%21 h12,

hO3 and hl3 which are used to obtain second-|ayer pixel n2. As such,

first-| ame pimmktamavualz.ngmdhoatman¢t@uPQIMeJE@9 ..... thestaddgerbpenory - .
1 and the second | ayer-pixel n2 is obtained and stored in the second-| ayer

first | Bhs Biger §oonRysYs DEREFREDETHI BReETAVRETR Yash HES0 1°
second- | ayer pixel nB. As such, first-layer pixels h22, h32, and h23 are

stored B0 heand h21 and supplies the sumbvalue to tH& 99/40541.
- PCT/ JP99/ 00457 ' ' - '

adder-subtracter 10 which also receives pixel h31. ~IA
~ the addef-subtracter 10,*£H§¢;ddéf 10A céﬁputeﬁ;thé_su@
of these received values so as_to obtain the value of
_ second—layer-pixe; ml-(i.é;, mi= h20 + h30.+ h21 + h31).
Pixel h31 is not stqred in'the firs#—laygr memory 1, and
.pixél ml is stored in the second-layer memofy 2.
| . Similar processing may be perférmed with-'
respect to first-layer pixels h02, hl2, h03 and hl3
' which are used to obtain second-layer pixel mi. As ‘such,
first-layer pixels h02, hl2, and h03 are stored in the
first-iayer memory 1 and the second layer-pixel m2 is.
obtained and stored in the second-layer mémory 2.
Similar processing may be performed with
respect to first-laye: pixels h22, h32; h23 and h33
which are used to obtain second-layer pixel m3. As such,

first-layer pixels h22, h32, and h23 are stored in the

16



first-layer menory 1 and the second-layer pixel.nB8 is obtained but is not
st-or-ed-i-n-the-seeond- l-ayer nenory 2. - In the enbodi nent shown
in Fig. 1, groups of 2 X 2 first-layer pixels my be used to

second- | ayeVOPR8I 0 to nB, in which lower right pixels hﬁ-?,r e?iooﬁl's-
and h33 are identified as final i nput pixels in the first-layer prxels
for formng second- | ayer pixels. _ A third-layer.pixel g may be
formed fromthe 2 X 2 pixels mDto nB of the second-layer in a nmanner.

- to 1h bed 7 L oh . o in
S LA B ISYAL DRSS ARGRD SOEoLAIS ey L s o BT
pi xel in the second-layer pixels for formng third-layer pixels. In this

regar d, wnggbt 8¢neer Gtk | d¥ehot xetos8d Irmbthenséconmdibayerousemesyr 2hed
manner after inputting of the rightnost |owernost pixel h33 in the

first-layer-4 X 4 pixels, it is recognized that ,the final input pixel. of
t he second | ayer haS'HE%htbﬁpﬁﬁLQééﬂgnFm YVRy 0 LSt Gqﬁﬁﬁﬁygﬁe°f

obtained fromthe second-layer 2 X 2 pixels
17 . 2 xW 94084 ayer pixels may be used to form PCT/JP99/00457 -

“second-layer pixels m0 to m3, in which lower right
fffiiﬁéﬁéjéi;éié.innthe firételayer éixels for forming

.second;layer pixels.

... A third-layer pixel g may be formed from the

‘2 X 2 pixels m0 to m3 of the second-layer in a manner:’

similar to that described above, in which the lower

right pixel m3 in second-layer.z X 2 pixels m0 to m3 may

be referred to as a final input pixel in the

sécond~layer pixels for forming third-layer pixels. In

fﬁis regard, when the second-layer pixel m3 is obtained

in the above-described mannér afteﬁ inputting of the

rightmost lowérmost pixel h33 in the first-layer 4 X 4

pixels, it is recognized that the-éinal input pixel of

the second layer has been inbut,.and a third-layer pikel

(q) may be obtained from the second-layer 2 X 2 pixels

* 17



in a manner simlar to that used to obtain one of the second-layer pixels
fromthe  first=tayer-pixel s.. That—i+s;—when-the-final-rnput- pi-xel nB8 of :
the second layer in second-layer pixels nD to nB used to for |- er
pi xel q is iWPa¥4058hree pixels nmOto n2 of the second |ayer ;péz‘gﬁgmgﬁored'
in the second-layer nenory 2 are sinultaneously. read out and suppl-ied to
the adder 7. The adder 7 conputes the sum of second-layer pixels nD to n2
and supplies the obtained sumvalue to the adder subtracter Ilmhich al so
receives the final in The r-subjracter e forned
of “an. ° addors MANRRY bR th thet PRE S RREALL e B e ' he
adder 11A conputes the sumof the final |nput pi xel nB and the sum val ue

(m)_+ m ge@anamﬁ?@ie peels  Exrv. a@héqutzts?&nlayeﬁ:oPm@Bsthl mhdtyer .
pi xel q (q nD + nB). The third-I|ayer pixe is stored in the

third-1ayer menory A descrlptlon mnll nom1be prOV|ded of
readi ng 18 t‘ﬂéeﬁl %@I% ﬁ’eﬁﬁngf’%e&l?‘ﬁ 1t s f‘?ﬁsF £o sterﬁ‘-?’ad layedr s 3nd
stored in the above-descri bed nmanner ' 18

WO 99/405¢kcond~-1layer pixels m0 to m3 used d/ £62% QfPld-layer

pixel q is 'inpﬁt'}' ""Eﬁréé“;_p—iﬁii"é"]:“é'-_ﬁf);"'ifa'—ii"z" '6£""_Eli'é'7“s"é'5"6fia“"- T

------

layer already stored in the.second layerhmemory 2 are

B simnltaneously.read.out.a#d;supplied;to:the“adder.71.

. The adder 7 computes the sﬁmsof second-layer pixels m0

i ~', to_mz and suppliesmthe_qbtained-snm valﬁé to.the
adder-subtracter 11which=also.receives the final input
pixel m3. The adder-subtracter 11 may.be formed of an.
adder llA'aﬁd a subtracter 11B. In the adder-subtracter
11, the adder 11a computes the sum of the final input
pixel m3 and the sum valué (m0 + ml +_m2) from the adder
7 so as to obtain or form thg third-layer pixel g (g= m0
+ ml + m2 +.m3).: The third-layer pi#ellq is stored in
the third-layer memory 3.
A description willlnow be provided of reading

of the pixels forming images in the first to third

layers and stored in the above-described manner .
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(hierarchically coded). : Wth respect to a third-layer inmage,
-pi-xet-s---stered—in-the-third-layer nenory 3 may be read out and output in
the -sane order in which they were stored. (Since only plxe
as a third- Wﬂ?gwﬂﬁﬂkel in the enbodinent shown in Fig. 1, qﬁ? one. plxel
g is read Wth respect to a second-Ilayer inmage, each -of
pixels nOto n2 may be read and output fromthe second-layer nmenory 2 at
the desired tine. Wen the final input pixel nB of the second |ayer is to
be read t., the rr n xels stored in the second-|ayer nenory
2, that - sﬁ‘ FRALfirs gﬁeﬁs_ggl go%'ﬂn’ n2 which are wused along with the final
I nput plxel mB to form third-layer pixel q, are sinultaneously read out
and supplied to the auidsh Xesperindtera’ tiirdrlayer simageé, piswebsnO to
n2 and supplies-the sumval ue to the adder- subtracter 11. Slnultaneously,

t he third-|ayer |er q fotned by using final. |nput |er be read
out from SROXSR, n the n§7¥§/ #%d3tﬂaﬂ1 read out -an
19 - WO 99/ 40541 - PCT/ JP99/ 00457

output ln the same order in which they were stored..

(éinCe-onl?“@iiéIm§“ﬁ5§7§£6féd”és“a"third-laye?_pixel in
_the embodiment shown in Fi;?fl, ;nly one—pixel q is read
B U T

. With respect to a second-layer image, each of

T p;xe1s;mO'tqtm2 may be read end output froﬁ the
f  second-layer memory 2 at the desired time. When the

final input pixel m3 of the second layer is to be read

out, the corresponding pixels stored in the second-layer
memory 2, that is, the three pixels m0 to m2 which are
used along with the final input pixel m3 to form
- third-layer pixel g, are simultaneously read out and
supplied to tﬁe addef 7. The adder 7 obtains the sum of
pixels m0 te m2 and supplies the sum value to the
adder—eﬁbtracter 11. Simultaneouély, the third-layet
pixel g formed by usinj final input bixel m3 may be read

" out from the third-layer memory 3 and supplied to the -

19



adder-subtracter 11. In the adder-subtracter 11, the subtracter 11B
-subtracts—-thesum-vatuve—obtained-fromthe ~-adder-7 fromthe pixel g so as
to obtain final input pixel M8 (mMB=q - (M0 + ML + nR) which

out put . WG 99/403k1 Wth respect to a first-1ayer image, eachpg?y‘rppﬁ%ofﬁ-’

pi xel s other than the final input pixels hll, h31, h13, and h33 of-the
first layer is read and output from the first-layer nenory 1 at the
desired tine. Wien the final input pixel hll of the first layer is to be

read out h hIE L.ng 4pi xe red,hn.t firsfelaygry ! ry. 1,
that is, ??éefﬁ%&gﬁgﬁgﬁgkhg&'rﬂéﬁ_gh%Iﬂﬂ&gﬁﬁg§?¢é§égg%u;§ft%%éther
with the final input pixel hll to form second-Ilayer pixel nO nmay be

sinul tanesubtyactear DLB  sabttgptsedhieo sthe wddee btatneddefrdm theai ns .
t he sum of 'pi xel s h00, h10, and hOl and supplies the sumvalue to the
adder-subtracter -10. - S jul t aneoysly, the second-| ayer_pi xel .m0 formed by
st ng 1 PASERd: THomI ERe: BiKE bed) B Ao BREARD SLRAIG BT rorory 2
and supplied to the adder-subtracter 10. In the adder-subtracter 10, the
20 pixdD #Y 438 q - (m0 + ml + m2) which may bBCHUMEIPE 00457

T TWith réspect o, a first-layer image, each of
.pthe'pixelsmother'than'thE'f;;;l iﬁput pigels hil, h31,

"hi3, and B33 of the First layer is read and output from

:. the*fi¥étalayer memory 1 at the desired time. When the

;ﬂlf_”i.ﬂfin;};%ngut pi#el hll of the first layer is to be read
out;ﬁthe“corresponding pi#els_store& in the first—layer
ﬁemory 1, .that is,_the three pixels h00, hl0, and hO1l
which may be used together with the final input pixel
hll to form secénd-layer pixei m0, may be simultaneously
read out and supplied toﬁthe adder 6. The adder 6
obtains the,#um of pixels h00, th,.and h0l and supplies
the sum value to the adder—subtractef lo0.
Simnlténéously,'the second-layer pixel m0 formed by
using final input pixel hll may be read out from the

second-layer memory 2 and supplied to the

adder-subtracter 10. In the adder-subtracter 10, the

20



subtracter 10B subtracts the sum val ue received fromthe adder 6 from
- pi'xel nD so -as -toobtarn-the-fimal—rnput---pi-xel--hll - (h1ll= nD -- (h00 + h10 +

hOl1l)) whic e output. : - The reading out the I

[ npﬁ% pi xelq’gg%x’ﬁ%f, hi 3IO and h33 may be obtained in a siml arpéﬂghr?op% and
out put t ed. Wth regard to the reading out of the final..-inhput

pi xel h33 of the first layer, the final-input pixel nB of the second |ayer
is utilized in obtaining the pi xel h33. The pixeL 38 gay be obtained IB

t he above ner As described abpve, xe y be
read out® %%é#lg |l;@-$%95?saﬁe%r§/h? St t‘ﬁ%iggcd?ﬁfq”a‘ﬁﬁfl 3 r§H§ for
storing pixels of lower |ayers such that the three pixels for formng a

- pi-xel. .of atldenippef roayixed moe sb Xad. poxdistaint khd EBialayeputexcl uding.
the final input pixel, afe read out as a unit. As such, the first-Ilayer

menory 1 and .t e | ayer r perforn1a functlon simlar to
that of glata]aaq:i i&ldl 1}{8 - (QPO(}/ Ha)é + h0l)) which may be .
99/ 40541 ' PCT/JP99/OO457

- - output. . o

'_Tﬁé"reéaing.outhEE'ofﬁéf”ffﬁaifiﬁﬁﬁﬁ;ﬁfiéls'“"

'h31, h13, .and h33 may be obtained in a similar manner

. and outputted. ...
ﬁith regard to the reading out.of the final
xinput.pixel:QSQ.of‘;he first_layer,.thé'final{input.z
pixel m3 6f the second 1aYer is utilized in obtaiﬂing'
the pixel h33. The pixel m3 may be obtained in the
above-described manner. |
As.déscribed above, pixels may be read out
from the first-layer memory 1 and the second-layer
_memor& 2 for storing pixe;s of lower layers sﬁch that
the threé pixels for forming a pixel of the upper layer
in the 2 X 2 pixels of the lower layer, excluding the
final input pixel, are read out as a unit. As such, the
first-layer memory 1 and the second-layer memory 2 may

perform a function similar to that of a delay circuit
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(such as one externally connected as in the above arrangenent descri bed
wHt-h—f-ef-erence-to--Ft-g: -16).- Thus,: in the present enbodinent, the
i mage corrtespon each | ayer can be witten (hierarg g*

coded) and tﬁg)gVﬁg?ﬁen i mage corresponding to each |ayer can eﬁfgg 457
out (decoded) without a delay circuit. As a result, the size of the
present apparatus nmay be reduced and the . processing speed nay be

i ncreased as conpared to that of ot her apparatus such as that

described wth,refer e : ig. . he

enbodi rrente,\n%'%‘d%n%sn ‘ﬁ% e%ﬁeg%a_]r%gu?ong’ectggdg alnrd % eaagosrésubt racter
capabl e of selectively perform ng addition or subtraction may be
util.ized faxrangemernt cdésciridped prith dfefereppe tayRigat 1l6he tiThusf, |
witing and for obtaining a final input pixel at the . time of reading.

Since-the 3-in ut adder can se omon for witin and readi ng
oper at i onsth t Fge eﬂ%%ﬂiﬁﬁaFusﬁhﬁlb@aB@quEEP%QOBQﬁﬁf

relatively S|nple hardmare arrangenent . Fig. 2

|1 ustrat Gadhe1ay¥06afiPBR’ Y25t én (hierarchically coded) and the2?
WD 99/40541 PCT/ JP99/°00457

wrltten 1mage corresPondlng to each layer can be read

out (decoded) without a-delay circuit. as a result, the

i?giiéidfufﬁé'pteééﬂfnapparaﬁﬁs may be reduced and the
processing speed_may 5e-increased as compared to that of
-other_apparatus.suca as that. described with reference to
Fig. 16

In the embodiment shown in Fig. 1, a 3-input
adder and an adder-subtracter capable of seléctively
performing addiﬁioa or subtraction may be utilized for
calculating a pixel of an upper layer at the time of
w?iting and for obtaining a final input pixel at the
time of reading. Since the 3-input adder can be used in
common for writing and reading operations, the storage
apparatus can be realized by uaing a relatively simple .
hardware arrangement.

Fig. 2 illustrates the storage apparatus of
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Fig. 1 in nore detail. _'_The first layer menory 1 is arranged, to

store, wth an address-desi-gnated by - an—address—suppty—etredtdy o

first-layer pieabgodsihe pi xel values of pixels  formng an i magecT/IP99/00457
corresponding to a first layer) supplied froma selector 8,to read ow.the
first-layer pixels stored with the address, and to output the read -pixels
to the adder 6 and to the selector 8. That is, the first-layer nenory 1
is arranged to store first-layer pixels supplied fromthe selector 8 to

its data terninals D ] an address supplied from the address
K- 3% 3 mdfaqskd (L -

supply cir t frmnals AD." The first-layer memory 1 i$
al so-arranged to read out first-layer pixels stored with an address '

supplied from.the addrise. fipst-Tayer meimdoyilsizddiesanyediital stébe, -

and to output the read pixels fromits data termnals D1 to D3 to the :
adder 6 and o, the selector & -, . . . The fi,st-layer menory,1-ig, - -
arranged t st a0 &#€r$?§e%eﬁ%§tggcll?ﬁ1ﬂn3% pFREP YSL%'H:‘FE&tf rom
the selector 8 (the pixel values of pixels form-ng a _ -

23 . P Poré@dlayer pixels (the pixel values of Ppikdi%p/ 00457

' forming an image corresponding £6 & Eifst layer) =T

supplied_from a selector B:SEo;réad;opt;ihe.firstflayer

pixels stored with the address, and to output the read

pixels to the a&der 6 and to the séleétor 8. Thaf is, ...'
.. the first—1§Yer memory 1 is.arrgnggd_to_storey |
first-layer pixels supplied from.the-selectbr.s to its:
data terminals D1 to D3 with an address supplied from
‘the address supply éircuit 4 to its.address terhinals AD.
The first—layei memory 1 is also arranged to read out
first-layer pixels stored with an;address supplied from
the address supply circuit 4 to its address terminals AD,
and to output the read pixels from its dat# terminéls D1
to D3 to the adder 6 and to the éeleétor.B;
The first;layer memoiy 1l is arranged to store
_unit pixel groups each having three pixels supplied from

the selector 8 (the pixel values of pixels forming a
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first layer imge) with an address designated by the address Supply

citcuit 4 (in a nenory cell with the address), to read out the unit group - ----

of three pi Wb?ﬂﬁsﬁt he first-layer inmage stored with the addrgsgsposoesst o
output the read pixels to the adder 6 and to the selector 8. That-is, as
an exanple, a nenory cell corresponding to one address in the first-layer
menory 1 can store a nunmber of bits three tines |arger than the nunber of
bits assigned to the first-layer pixels. Mre specifically, if, for

exanpl e, each of .the first-1layer,, pixels js represented eiaght _.bits, a
monory el ipst Laer  Libmeds b ip pddedSh] SRR atYahY Wik e o
storing data of 24 (8 X 3) bits, as shown in Fig. 3. Thus, in the.

first-layedidapeney suppPpdeidctiitvr it i(Ah of mémoky! c@llipwth24hets for .
the first-layer pixels, that is, a unit group of 3 pixels, may be. :

performed when one address js designated. ‘As such, in th
first-| aycddRERTEY »1, L@ hFedd ,sw%lggsf%mem ferthias Ri¥ehs 19En
with respect to one address may be respectively input and out put

24 tH® PIr¥tflayer image stored with the addFéds]PaULWe7

" output the read pixels to the adder 6 and to the

S &

‘selector 8. That is, as an example, a mémory'celiv
tiéofﬁeépohding to one address in the first-layer memory 1
éan store a number of bits three times.larger.than the

number of bits assigned to the first-layer pixels. More
.spécifically, if, for example, each of the first-layer
pixels is represented bf eight bits, a memory cell of
the first-layer memorf 1 is formed so as to bé capable
of storing daf& of 24 (8 X 3) bits, és-shown in Fig. 3.
Thus, in the first-layer memory 1, reading or writing of
a unit group of 24 bits for the first—layer-pixels, that
is, a unit group of 3 pixels, may be performed when one
address is designﬁted.

As such, in the first-layer memory 1, three
pixels of the first layer ﬁead and written with respect

to one address may be respectively input and output
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through the data terminals D1 to D3 of the first-layer nenory 1f,

Al ternatively, reading or witing of -each —unit -group-of-three-pi-xets—fay—--

_be ‘per f or magloighiaddae Situation wherein the first-layer menorypdr/isessicossred
SO as to be capable of storing 8-bit data in one nmenory a cell and one

address is related to three nenory cells. : A.1l-bit wite enable
signal wel may be supplied froma controller 5to a wite enable term nal
VW of the first-layer nmenory 1. In the first-layer nmenory 1, witing nmay

when ¢ he Uy PRahe e SHAER SeqiiRaLE] o1 (D[ 03, PGS, YBReCFIEY T,

froman address supplied fromthe address supply circuit 4 nmay be

per f or nednesiepyt le wite enable.signal...wel.is.a relatively |owlevel. .. . .

Further, a 1-bit chip enable signal cel may be supplied fromthe S
controller 5 to a chip, enable . termnal of the first-layer- menory- 1.-4n
the first-layer me t??“?%%ﬂ or TRAAING BF &%ﬁ?%?ﬂeX%reaéﬁiu. -
25 WO 99/ 40541 - ' ' PCT/ JP99/ 00457
- unit group of three pixels may be performed in the.

situation wherein the first-layer memory 1 is formed so =~

23 e #

as to be capable of storing 8-bit data iﬁ.Qne;membry;ﬂﬂ

cell and one addréss is-:élaééa.totfﬁieé ﬁ;ﬁ5£§?Eéii;:?i2?:?;:!
A 1-bit write enable signal wel #ay be
ﬁéupplied:from a controiler 5 to a,write_gngy;gjtgrmipélg1
WE of the first-layer memory 1. 1In the first-layer ,
memory 1, Writing may be performed with an address
supélied from the address supply circuit 4 when the
write enable signal wel is a relatively high level, and
reading from an addresé supplied from the address supply
circuit 4 may be performed when the write enable signal
wel is a relatively low level. |
Further, a 1-bit chip enable signal cel.may
be supplied from the controiler 5 to a éhié énable
terminal CE of the fi:st;layér'meﬁory 1..'In the

first-layer memory 1, reading or writing of data (the = -

25



pi xel value of each first-layer pixel) may be perforned 'only when the chip

enabl e signal cel is arelatively high |Ievel. ‘Ther-ef ore, -iA-————m-

the first-|l aygyooi@8fAry 1, data witing with an addr ess suppl | POT/ATP9IY0043TE
address supply <circuit 4 may be perfornmed when the chip enable signal- cel
“and the wite enable signal wel are high levels, and reading of data from:
an address supplied fromthe address supply circuit 4 may be perforned
when t he wwite enabl e signal wel is a low level. Neither data reading nor

11109 TR PR Al Eh e AL BTN Rl Y S gl ©

formed so as to be capable of storing at |east an anount of data

correspondbfilllyl whir theOvhily coRablled dignall aedr ismgerelatciovelygly, if -

an i mage having one frame fornmed of, for- exanple, 1920 pixels in the _
hori zont al dlre tion X 1080 pixels in the vertical direction, as shown in
Fig. 4, is 19 :ing lg first-layer image to the storage apparatus and if .
eight bits are assigned to one pixel, the 26

\M399/40541 | Therefore, in the firsecihygﬁﬂﬁﬂﬁéiy'l, data
writing ﬁith“an addreas supplied from the address éupply'TJﬁT;:
circuit 4 may be performed :ﬁén fhe chip:enable signal
cel and the write enable signal wel are high lé;éla;fan&

' reading of data from an address supplied from the

. address sﬁpply circuit 4 may.be performedawhenathe writea_
enable signal wel is a low level. Neither data reading
nor writing may be performed in tha first-layer memory 1
when the-chip enable signal cel is a(lbw.level.

The first-layer memory 1 may be formed so aa
to be capable of storing at least an amount.of data
'carresponding to 3/4 of one frame of a first-layer image.
Accordingly; if'an image having one frame formed of; for
e#ample, 1920 pixels in the horizontal direction X 1080
pixels ia the vertical direétion, as shown in Fig. 4, is
input as a first-layer image to the storage apparatus,

and if eight bits are assigned to one pixel, the
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first-layer menory 1 may have a storage capacity of 1920 pixels X 1080

pixels X 8 bits X 3/4 bits or about 12 negabits. The reason why. the ... ...

first-layer WB9B4dsslt MY have a storage capacity snaller tharpdhspsa/ipusmt
of data formng one franme of a first-layer inage (i.e., a storage .. .
capacity corresponding to 3/4 of one frame of data) is that, in this -’
enbodi ment, the final input pixel(s) inthe first-layer 2 X 2 pixels is
not stored, as described above. The sane can be said with respect to the

second-l ayer nemqry 2 descri bed_ bel ow A mask bit nb he
suppl i ed fEORFETA SERFRETIORY 1 b BAFAhaYR: & SLATATS \BABEGHEY { PR ALY or
menory 1, as described bel ow. The second-| ayer nenory 2 nay be

arranged ipjxal@e1080Tdidfel® khat Bitdhg Bl/sStbieyeor @Byt 1190 store .

unit pi xel” groups each having three second-Ilayer . pixels supplied froma
sel ector 9 (the pixel values of pixels formng a _second-layer inmage) wth.
an addr essvedabififat edThe measemrvby &ihpl firstodiayer memoxy bumaw he
unit group of three second-|ayer pixels stored with

27 hvd 0%orage capacity smaller than the Eﬁ%ﬁ?@%?%éla '

forming one frame of a first-layer imaéé (i;é:;.éﬁfm

o

storage capacity corresponding to 3/4 of-one frame of .

data) is that, in this embodiment, the final iﬁéﬁ£ fi:--"““"””'

pixel(s) in the first-layer 2 X 2.pixels is not stored,
as described above. The same can be said with_:espect
to.the second—layer memory 2 described below.

‘A mask bit mb may be supplied from the
selector 8 to a mask bit ferminal MB of thé first-léyer
memory 1, as déscribed belbw;

- The second-layer memory 2 may be arranged in
a ﬁanner similar to that of the first-layer mémory 1 to
store unit pixel groups each having three sécond—layer
pixels Supplied from a selector 9 (the pixel values of
pixels forming a second-layer image) with an address
designated by the address supply circuit 4, to read out

the unit group of three second-layer pixels stored with
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the address, and to output the read pixels to the adder 7 and the selector
9. That is, an address may be suppli-ed-from-the -address-suppty-etrreutt—4——
to address 8&e§ 'gﬂ]s AD of the second-layer nmenory 2. Furthegy/spoogbady t
write enabl Q;%H? weZ and/or a chip enable signal ce2 fromthe . ..
controller 5 may be supplied to a wite enable term nal WE and/or .a chip
enabl e terminal- CE of the second-layer nenory 2. - In the
second-| ayer nenory 2, data consisting of a unit group of three pixels my
be witten with an address supplied fromthe address_supply circuit 4 when
- the chip Shebladdrgrs, and sk@ en&pmt tehenxead pyKrelLs the adger -
* levels, and data consisting of a unit group of three pixels nmay be read
out from gn r ' rom . agdre i p t when_t he .
- wite enagl eaqﬂgiﬁgl §\%E_£|Q¢%1§&% Péw I é{/%.ggﬁrgzl pi xe ésr%e'gl({j&yorbé/ritten at a
time may be respectively input or output through- the data termnals-Dl to
" D3 of thesapmihtedafeomihe yaddress supply £inewiti ¢ ke nagdirsé be
supplied fromthe selector 9 to a mask bit terminal MB of the second-I|ayer

?8 tég%fgﬁfQSﬂﬁ of the second-layer memory 2. ‘¥3}£ﬁ2%£0%657

1-bit write enable signai we2 and/or a'chip'éﬁgbié'

signal ce2 from the controlier 5 ﬁay be é#ppliedité-a';
write enable terminal WE.aﬁd/brwa chip”éhaﬁié £é;ﬁi;;i??i.Mwwwwm
CE of the second-layer memory 2. ’

In the second-layer memory 2, data consisting
of a unit grOup of three pi#els may be written'wifh.an
address supplied from the address supply circuit 4 when
the chip enable signal ce2 and the write enable signal
we2 are.high:leéels, and data consisting of a unit group
of three pixels may be read out from an address supplied
from the address supply circui£ 4 when the write enable
éignal wgz is a low level. Three pixels read or written
at a time may be respectively input or output through
the dat;—terminals D1 to D3 of the second—layer memory 2.

A mask bit mb may also be supplied from the

selector 9 to a mask bit terminal MB of the second-layer
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menory 2, in a manner simlar to that of the first-layer nenory 1.

The second-1-ayer nmenory 2 may be fornmed so as to be capable of storing at - .

| east an anmowe oopfossiat a corresponding to 3/4 of one frane of - ®CT/IPY9/00457
second-layer. 1image. That is, in this enbodi nent, one second-I ayer- . pi xel
may be represented by ten bits since it is obtained as the sumof the

val ues of four pixels in the first-layer pixels each represented by eight
bits. Further, since one second-|layer pixel is obtained from first-Iayer

i oot | ondHOERG 2 o cbnfl. FAIST BuRt o RuatsJF | LER ST SR, O

Therefore, the second-layer nenory 2 may have a storage capacity of 1920
pi xel.s. X 3@am5ryoag pixels X 1/2 X 10 bits X 3/4 bits or about 3.7

megabits. The third-layer menory 3 may be arranged to store,

as one unit, one third-] ayer pixel_supplied fro t he gdder-subtracter 11
(the pixel value of a ?eFecde’rciﬂ@Y%%t I"H’?’B‘-’?X?@r% e fprrmed, SQdRSss
desi gnat ed 29 ' WO 99/ 40541

PCT/ JP99/ )¢5Ye capable of storing at least an amount of data

| cdifé§§6ﬁdihq'to 3/4 of one frame of a=secohd—1ayér_

" image. That is, in this egg;dimént,-oné_secpnd—léyer -

 ;£ikél:hay be represented by ten bits since it is
6btained as the sum of fhe values of four pixels in the
first-layer pixels each represented by eight bits.

" Further, since one second-layer pixel is obtained f£rom :
first-layer.z X 2 pixéls, each of the numbers of pixels

- in the horizontal and vertiéal directions of the
second-layer iﬁhge is 1/2 that of the first-layer image.
Therefore, the second-layer memory 2 may have a storage
capacity of 1920 pixels X 1/2 X 1080 pixels X 1/2 X 10
bits X 3/4 bits or about.3.7 megabits. |

The third-layer memory 3 may be arranged to

- store, as one unit, one t#ird—layer pixel supplied.fromu

the adder-subtracter 11 (the pixel value of a pixel

forming a third-layer image) with an address designated
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by the address supply circuit 4, to read out one unit third-layer pixel.
stored with the address, -and-to--output---the- -read-pi-xel—to-the . .. _ S
adder-subtracter 11. That is, an address nay be supplied fro Ss
supply circuMOH4e5H address ternminals AD of the third |ayer n?ﬁ%pgggﬂqg"e
Further, a 1-bit wite enable signal we3 and/or a chip enable signal ce3
fromthe controller 5 may be supplied to a wite enable term nal WE
and/or- a chip enable termnal CE of the third-layer nenory 3.

In the third-layer nmenory 3, data of one unit pixel may be witten wi.th an
address suppl itdte faddrelss sagoppkys ciypijtcércid dealdeouthignemahi& si gnal
ce3 and wite enable signal we3 are high levels, and data of one unit '

e T BRO i SSRL USSR AR LR AR M R SR

witten in the third-layer nmenory 3 (the pixel value-of. a-thlrd l ayer.

pi xel ) maythe irsad pixedt o théowa@r-d@ﬁbtwwéml 1D. ofrHawe ibjran ayer
menory 3. The third-layer nmenory 3 may be formed so as

30 VD 99/ 40541 PCT/ JP99/ 00457
A address may be supplled from the address supply cgrcuit

4 to address termlnals AD of the-fhird;lé§é}_ﬁ;£5ry 3.
Further, a 1-bit write'enab;;isiéﬁal*We3 and/or a_chlp
enable”sign§1‘§e3~£fom £ﬂ; doﬁiééii;;ﬂg £;;;£;;;;;§iied v R
to a write enable terminal WE and/or a chip_ehable'
termingl'CE éf'the third—layer_memory'§;-_-

In the third—layér.memory 3; data of one unit
pixel may be written with an address supplied from the
addréss supply circuit 4 ﬁhen chi? enable signal ce3 and
write enable siénal we3 are high levels, and data of omne
unit pixel may be read out from an address supplied from
the address supply circuit 4 when write enable signal
we3 is_a low level. Data-read or written in the
third-layer memory 3 (the pixel value of a third~layer
pixél) may be input or output'through'a data terminal D

of the third-layer memory 3.

The third-layer memory 3 may be formed so as

30



to be capable of storing at |east an anmount of data corresponding to 3/4
of—one—frame-of ~a-third-layer inmage. That is, in this enbodi nent, one
third-1ayer g@(ﬁ{“‘w be represented by twelve bi.ts since it ipcTRivosvosust
as the sumo e values of four pixels in the second-layer pixels. which-
are each represented by ten bits. Since one third-layer pixel may be

obt ai ned from second-layer 2 X 2 pixels, each of the nunbers of pixels in
the horizontal and vertical directions of the third-layer image is 1/2
that of the second-|ayer inmage, or, 1/4 that f the first- er, i mge.
Theref or e, tehba fﬁﬁ‘ﬁa%i?epr?n%ﬁﬁ?:}ng Ny ﬁS?@ga as’fo?‘&&@“é:a;ﬁgi 4818 1920
pixels X 1/4 X 1080 pixels X 1/4 X 12 bits X 3/4 bits or about 1.1
negabits. . i hlo sl S ' ' ¥ h ddrRge .
génerati oncgffceuslqo%%l\%iﬁfctﬁygjéﬁgr gﬁ%& ﬁg?‘?‘zéotrﬁgl agddpg\séggﬁ%egdgert I cal .
address respectively corresponding to the positions in the horizontal and
vertical dThed iishs dn &kds embadipient s evenithirzd-layede pisel MAY he
storage’ apparatus. The address 31 WO

99/40541"bé represented by twelve bitsPEInt@Y 00437 obtained as

]:wﬁﬁé-;ﬁmMSE;Eﬁéwgaiﬁééﬂéfmfdur pixels in the second-layer
-pixels-which-are éach-repr;:;nte& by teﬁ-biys; Since
::::;:;:t;;;fzﬁif&;légéf.ﬁikél_ﬁaymbe obtained from.second—layer
 ?"'” 2 X 2 pixels, each of thg.numbers'of pixels in the
borizontal and vertical directions of the third-layer
image.is-1/2 that of the Second-layer image, or 1/4 that
of the fitst-layer image. Therefore, the third-layer
'memory 3 maf have a storage capacity of 1920 pixels X
1/4'x 1080 pixéls X 1/4 X 12 bits X 3/4 bits or about
}.1 megabits.
The address supply circuit 4 may have an
address generation circuit éA which generates a
horizontal address and a vertical address respectively
corresponding to the positions in the horizontal-and

vertical directions of éach of the pixels forming an

image input to the storage apparatus. The address

31



supply circuit 4 may formthe desired addresses of the horizontal and
verti cal addresses-output—from-the——address-generation circuit 4A, and may
supply the f ddresses to the first-layer nmenory 1, the yer
menory 2, a‘gbrsﬁéo%‘ﬁlrd-layer menory 3. That is, the address ?&gﬁagmbﬁ .
circuit 4 may form and supply horizontal and vertical addresses to.4he
first-layer nenory 1 or the second-layer nenory 2 such that unit groups of
three pixels in first- or second-layer pixels are read fromor witten to
the first-layer menory 1 or the second-layer penmory; and the address

suppl y ci suapply gdyrawit Anmays rR Ebe ﬂﬁﬁhreénédﬂéﬁ$%ﬁ$ oddtdRes to
the third-layer nenory 3 such that each of the third-layer pixels is read
from.ar. tyh i S [ The
addr ess sﬂép’f"gg%%‘??& fa‘i&n{égrgﬁ?‘gﬂsﬁgﬁﬁs %agtatg%:tm 1rl:%nalmt l?lt or bits
of the horizontal and vertical- addresses as a control signal to the
control | eaddress ghmexﬁbtonrcﬂrenmw94A, and may supplystbebddinmeed, as
shown in Fig. 4, an 32 WO 99/ 40541

PC”JFgglgdﬁkesses to the flrst—layer menmory 1, the second-layer

' memory 2, and the thlrd-layer memory 3.—“Eﬂgﬁwié}utﬁémm

‘address supply'circuit 4jmay fOrA and suéply horizontal
;;ﬁé"Qe;iicéif;éé;;;;;;?ég:;Rgggiiéf;iayéffﬁémbf§ 1 or
the éecénd—layef memorY’z“sﬁch that unit groups of th;ee
pixels in first- or second-layer pixels are read from or
'ﬁiitten to the first-layer memory 1 or the second-layer
memory; and the address sﬁpply circuit 4 mgy-form and
supply horizontal and vertical addresses to the
third-layer meméry 3 such that each of the third-layer
pixels is read from or written to the third-layer memory
3 as a unit.

The address suPpiy circuit 4 may also supply
a least signifiéant_bit or-bits.of'the horizontal and
verticai'addresses'as a control signal to the controller

5 and the'selectorsls and 9.

In this embodiment, as shown in Fig. 4, an
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| mage having one franme fornmed of 1920 pixels in the hori zontal direction
and--1080 -tines—arranged—+n-the----verti-cal--directi-on (digital inmge data)
may be i nput. ' each of the m ninmum of integers equal to

t han | og2 1928’%’?@%‘?% m ni mum of integers equal to or | ar gergteﬁggé??gsg
1080 is 11, each of the horizontal and vertical addresses output from -
the, address generation <circuit 4A may be represented by at | east el even
bits. _ The address generation circuit 4A may al so be arranged
to generate, horizgnta] and vergical addresses i.n accprdance with clock
timng or tiMpEgs BAVLNGyABE GHaNe; SATHETD Of xd02G RIFRYSann ke i nput
to t he storage apparat us. ~ The adder 6 nay be a 3-input adder’
arranged. -tRo£9BBWta 1l heiseetdlon hndalles ol ihbsearrMbed irStthayer.

pi xel's 'si mul taneously output fromthe data termnals D1'to D3 of the
first-layer nmenory 1-and to, output the_sumvalue to the adder-subtracter
10. Also, vestigad dirggtiem (Higptaladderger Aatqd m8YchbepuknPuthe sum
of the values of three 10-bit second-|ayer WO 99/ 40541

PCT/ JP99/ 00dpdce each of the minimum of integers equal to or larger

' “than log2 1920 and the minimum of integers equal to or

larger than log2 1080 is li, eachlof_the-ho:izontél and
.. . vertical addresses output from the address generation
citcﬁit 4A may be represenﬁed by at least eleven bits.
-~ The address generation circuit 4A may also be
arranged té'generate horizontal and vertical addresses
in accordance with clock timiné or timings in
synchronization with pixels forming an image input to
the storage appératus. o
.The adder 6 may be a 3-input_adder arranged
tq compute the suﬁ of the values of three 8-bit
first-layer pixgls simultanéously output from the data
terminals.Dl to D3 of the.first-layer'memory 1 and ﬁo
output the sum value to the adder-subtracter 10. Also,

the adder 7 may be a 3-input adder arranged to compute

the sum of the values of three 10-bit second-layer
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11.-

pixels simultaneously output fromthe data termnals DI to D3 of the

"SECUnd rayer'nEﬂDry"Q -and t-o -output- the-sum value to the adder-subtracter
i mge input to the storage apparatus nmay

an |nput/odf'33?’4?5éfm nal DIOL of the selector 8. Pixels as 5%%6%189&4%?

hierarchically coded, for exanple, pixels formng a progressive inage,

which are input in Iine scanni ng order (input by being successively
scanned) may be supplied to the storage apparatus. Pixels of an image thus

i nput

termnals 101 to 103 to the
..D3..of. th
coding o

in Fig. %alde toptheouiddéertsubitrdctedllla 103 of the

in line scanning order nay be supplied to the sel ector 8.
The sel epiicrelss nagmod taneogsdyt owkppty froim dthendata itgxmivalpuDl
correspondi ng one of the data tern1na|s Dl to

dto
o be

o dt ThEo PR, PR dastl niaiis A0 1B e oERENAR, o

being supplied as "a first-layer pixel. That is, in the enbodi nent shown

respectively connected to data 34

99/40541 . PCT/ JP99/ 00457

An’ Lmage input to the storage apparatus may

-----

be supplled to an 1nput/output terminal DIOl of the

‘selector 8. - Pixels as an object_to be hlerarchlcally

'“f'codéa}mfoftéxaméie; bikélséfbrming a progressive image,
‘which are input in line scanning order (input by being
.tsﬁécessively SCanned)'may be supplied to the storage

apparatus. Pixels of an image thus input in line

scanning order may be supplied to the selector 8.

The selector 8 may be arranged to supply,
frqm.one of inpﬁt/output.terminals Ioi to I03 to the
qorresponding one of the data ﬁerminals D1 to D3 of the
first-layer memory 1, each of the pixels of a
hierarchical coding object image supplied to its

input/output terminal DIOl, the pixel being supplied as

a first-layer pixel. fThat is, in the embodiment shown

in Fig. 2,'the input/output terminals I01 to IO3 of the

 selector 8 may be respectively connected to data

.84

sel ector 8 may be
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terminals DI to D3 of the first-layer menory 1 so as to enable pixels

out put from the -i nputf-out-put--t-er-m-nal-s-—+01—to-1.03-0f -the..selector 8.to be
respectively giPfijosst t0 the data terminals D1 to D3 of the fi peripoweusst
menory 1. In sone situations, the selerector 8 may output pixels of- . .a
hi erarchi cal -codi ng object image to the adder-subtracter 10 through.-

i nput/output termnal DI02 wthout outputting themfrom any of

i nput/output termnals 101 to 103, as described bel ow Thr ee

first-layer pixels outpyt fr th ta_jermnpals DL to D3 qf the
it | ayorthERmpls (B) to HbgtcEheoitSatplaset ueRe Tl s 8 aFuLD
termnals 101 to 103 of the selector 8 The selector 8 nay sel ect one of

the three regggbyed Pixels. Basgsh@NrRofPHE! ifpttdfoutpestermiinil ganiobit
or bits of a horizdontal address - and a vertical address as nentioned above)

supplied from the address supply circuit-4,-and may output the _ selected .

pi xel as a €orIP3 sfrthexsekeeteort 8 toje sespactivalyasunrlied) §osone
situations, the selector 8 may sel ect -an output of the adder-subtracter

35 tN@ a¥t¥¥drminals D1 to D3 of the firs€£15§%¥Fﬁﬁﬁ3ry 1.

'In some situations, the selector 8 may output pixels of

a_hierarchical coding-objeét;image to thé
ig&a;:;;ﬁbéiaeééf"1dféﬂ§3£§£f1£§ﬁ£2§££ba£]féﬁﬁiﬁ#iﬂbiozm “
 without outpﬁtting theﬁ.ffom any of input/output -
terminals-lol_tp”103,}§§'d§§¢ribed_below.

Three firstQIayer pi#els output from the data
terminals D1 to D3 of the first-layer memory .1l may be
respectively supplied to the input/output terminals IOl

' to IO3 of the selector 8.. The selector 8 may sélect one
of the three received'pixels based on a control signal
(least significant bit or bits of a horizontal addﬁess
and a vertical address as mentioned abové) sﬁpplied from
the address'supply ciréuit 4, and may output the
selected pixel as a first-layer pixel from its

input/output terminal DIOl. In some situations, the -

selector 8 may select an output of the adder-subtracter
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10 supplied to its input/output termnal D02 and output it as a
f++st-1-ayer-pixel -fromits input/output -termnal D 01 wthout selecting

any of the three pixels supplied to its input/output term nal 45503,
as descri bedWOR9/48%! . Further, the selector 8 may sﬁ%‘ig?g”;r?gssé :

bit signal nb to the mask bit termnal MB of the first-layer nenory 1.
The selector 9 may be arranged to supply from one of its input/output
terminals 101 to 103 to the corresponding one of the data termnals D1 to
D3 of the second-layer nenory 2 an output fromthe adder-subtracter 10
suppl i ed t10 i $epplied ot pits tiorpnoibubplt, termined tDEOuapd dutpthe
. adder-subtracter 10 is supplied as a second-iayer pixel. That is, in the

Coloctor dres RoditvinyetomeLateon oo Aol At Bputor kbl ®

- the second-layer nenory 2 so as to enable pixels output fromthe

i nput/out ol ewiiththft | faleetliddy chn{yhef the three. pixels supplied 36
WO 99/ 40541 PCT/ JP99/ 00457

to its input/output terminals IOl to I03, as described

‘below.

Further, the'sel;éto;:é may suﬁply mask—bit
?;;*“ ﬁT:§i§ﬁai ;$j£§ the mask bi£ terminal MB of the first—layer
memory 1.

‘'The selector 9 may be arranged to supply from
one of its input/output terminals IOl to IO3 to the
corresponding oﬁe of the data_terminals D1 to D3 of the
secon&—layer memory 2 an output from the
adder-subtr&cte? 10 supplied to its input/output
terminal DIO1, in which the output from the
adder-subﬁracter 10 is supplied as a second-layer pixel.
That is, in the embodiment shown in Fig. 2, the
= input/output te:minals I01 to I03 of the selector 9 are

respectivély connected to the data terminals D1 to D3 Qf
the second-layer memory 2 so as to ehable pixels output

* from the input/output terminals IOl to IO3 of the
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selector 9 to be respectively'supplied to the data termnals D1 to D3 of

t he-second | ayer nenory 2. In -sone-situattons; -the-sel-eetor—9—my—suppty-— -~ —-
an out put of

4@9&!er subtracter 10'to the adder subtracter ﬂém;tgb[omsg

its input/out‘gy}glterm nal DI 02 without outputting it fromany of its.

I nput/output termnals 101 to t03, as described bel ow TFhree

second-| ayer pixels output fromthe data.termnals DI to D3 of the

second-l ayer nenory 2 may be respectively supplied to the input/output

01 to 103 of the sel'ector 9. The seleclor sel ect one of
gFPfﬁ§ﬁ1

term nal s

the three peediectaEed &0 Peorerpechigiely supplied

of a horizontal address and a. vertical address as nentioned above)

suppl i ed fre%ﬁ§7f§dbq;§g;wyraf0kw'éeéonami dfeirOtibiory 2, Selrget ed

pi xel as a secon

si tuations,

ayer omits input/outpt termn
the selector 9 may select an output of the adder-subtracter

suppl i ed t osomes sifaatiomsuy thensedleqior InMmajutIupply an aputput of
second- | ayer pixel fromits input/output term nal DI 01 :

37

' through its 1nput/output termlnal DIOZ wzthout

‘to I03, as described below.

ti'/x\g ggciélgéd'éubtracter 10 to the adder-subtra CE@J‘_J Pf?/ 00457

a\-.... =

h

td®FR or bits

DI 01 "I some

11

outputtlng it from any of its 1nput/output_term1nals I01 -

 Three second-léyer pixels output from the

‘data .terminals D1 to D3 of the second-layer memory 2 may

be respectively suppiied'to the input/output terminals
I01 to I03 of the selector 9. The selector 9 may select

one of the three pixels based on a control signal (least

significant bit or bits of a horizontal address and a

vertical address as mentioned above) supplied from the
address supply circuit 4, and may output the selected

pixel as a second-layer pixel from its input/output

' ‘terminal DIOl. 1In some situations, the selector 9 may

select an output of the adder-subtracter 11 supplied to

its input/output terminal DIO2 and output it as a

- second-layer pixel from its input/output terminal DIO1

87



w thout selecting any of three pixels Supplied toits I nput / out put
termnals 101 to 103, as descri bed bel ow. : Further, the- - -

sel ect or

9 y mask bit signal nb to the mask bit te&Q?ﬂﬁwaﬁgpf
t he secongﬁﬁaéégQLennry 2. - The adder-subtracter 10 may be .
arranged to conpute the sumof an output of the adder 6 and an- output

fromthe input/output ternminal D02 of the selector 8 and to supply th
sum val ue as a second-layer pixel to the input/output term nal DI 0l of

sel ector

9. The adder-subtracter 10 nmay al sQ be arranged to = subtract

out put of wikhowtkicsebectdnampy: pft tireqepixedf /SapPpddad ¥ ndEsSD o1
the selector 9 and to supply the subtraction result as a first-layer p

to .the.
adder - subtr

e arranged to conpute the sum of an output o

the adder 7 and an output fromthe input/output termnal D 02 of the

sel ect or
t er m nal

WD 99/ 40541
: sS1

9 and to supBuyther suthealsed ectart B mkhy asepplypinasktbithe
D of the third-layer nmenory 3. '

gnal mb to the mask bit termin_:?lpﬁg IFEOLRRAST

mééé&nd-l&yer memory 2.

The adder-subtracter 10 may be arranged'to

- compute the sum of an output'of the adder 6 and an

output from the input/output terminal DIO2 of the
.selector 8 and to Supply.the sum value as a second-layer
pixel to the input/output-terminal DIOl of the selector
9. The adder-subtracter 10 may alsolbe arranged to
subtract an butput of the adder 6 from an output_of'the
input/output terminal DIOl of the selector 9 and to
supply the subtraction~ré§u1t as a first-layer'pixel'ﬁo
the input/output terminal DIO2 of the selector 8;

| The adder—subtracter 11 may be arranged to
- compute the-sum of an output of the adder 7 and an
‘output from the input/output terminal DIO2 of the

selector 9 and to supply the sum value as a'third-layef

e .
t he

an

. Of’

i xel

| 'ngtg);ﬂﬁb%;%?ﬂﬂnﬂgz 1106 $8535Ct¥ fescribed below!Ne .

dat a

pixel to the data terminal D of the third-layer memory 3.
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The adder-subtracter 11 may al so be arranged to subtract an output of the
adder 7 froma third-1layer pixel supplied from the-data-tern nal—D-of-the—
third-layenyoWBiapysy 3 and to supply the subtraction result asperJpe9004s?
second-| ayer pixel to the input/output termnal DI 02 of the selector.9.

An operation of the present apparatus will now-be described. -

For this discussion, it is assuned that, as already described with

reference to Fig. 4, a progressive imge having one frane formed of 1920 X

1080 pixels eagh represented by eight Qits i,s s lied as,a first-layer
i mage toﬁiﬁa%&é?ﬁg %ﬁﬁ@?ﬁ?&f %i;ﬁﬂXr%lﬁﬂtﬁeré%%a?Q%aiﬁg ﬁ%&ﬁﬁa rmng -
a first-layer inmage, the upper leftnost pixel is represented by h(0,0) and

‘the pi Xe'arﬁtoﬁéﬁu(')( of 4hé mdddxr on from thetherd-dedet hpikel+ 1)th .
position fromthe top is represented by h(x, y). In this enbodi nent, since -

a first-layer_imge is fornmed of 1920 ,X 1080 pixels ag pentioned above,
each of suppiedhfrom Fhee & FeEMLR &, eprgﬁgghﬁ é¥%5 eiayer. :
39 WD 99/ 40541 PCT/ JP99/ 00457

memory 3 and to supply the subtraction result as a .

'sedond—layer pixel to the inpﬁt/oufpﬁf Eéiﬁiﬁéiwﬁibéfng;;;:;““‘

ee.

the.selector 9.
--,An operation-of the preseﬁt-ép§é¥éfﬁshﬁiiiifh“m“

now be described.

For this discussion, it is assuméd;that,.as_.
already described with referénce to Fig..4, a
progressi#e image having one frame formed of 1920 X 1080
pixels each represented by eight bits is supplied as a
firét—lgye;ﬂimége to the storage appératus. Further,
with regard to the pixels forming a first-layer image,
the upper leftmost pixel is represented by h(0,0j and
the pixel at the (x + 1)th position from the left and
the (y + 1)th position from the top is represented by
h(x, y). In this eﬁbodiment;-since a first-layer image
is formed of 1920 X 1080 pixels as mentioned above, each

of x and y has an integer value in the range of 0 td_
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1919 or 0 to 1079. Let s and t be variabl es-having an integer
value in the range of 0°to 959 (= 1920/2 - 1) and an- integer-value-i n-t-he ——-

range of 0 to 539 (= 1080/2 1)-, respectively. Then, a pixel 99/00457
constituting‘goégﬁgﬁa-layer i mage may be represented by the SJEFEF. )

adjacent first-layer 2 X 2 pixels:. h(2s, 2t), h(2s+1, 2t), h(2s, -

2t +1), h(2s+1, 2t+1). These pixels nmay be expressed as n(s, t) as follows:
ms, t) = h(2s, 2t) + h(2s+1, 2t) + h(2s, 2t+1) + h(2s+1,
2t +1) (1) . _

Let mand AP vari Bbt®s Hu¥Prg an integer value in the range of 0 to 479
(= 1920/4 - 1) and an integer value in the range of 0 to 269 (= 1080/4 -

1), tively. Th ' i is hycgzlayer. | y be ;
L esented by the cunbst 8480 O YHEIRB IR ThaUind Hn LARAGERY B
40 | WD 99/ 40541 ' ' PCT/ JP99/ 00457

'~ value in the range of 0 to 959 (= 1920/2 - 1) and an .
integer valué in the range of 0 to 539 (= 1080/2 - 1),

| resPectiveiy. Then, a pixel cbnétitufihg'a'éécdﬁd4ia§éfmm-

a-
P e
o<

image may be represented by the-;um of a&jacentédl-:r:..u
‘first-layer 2 X 2 pixels:.
h(2s, 2t), h(zs+1, 2t),
h(2s, 2t+1), h(2s+1l, 2t+1).
These pixels may be expressed as m(s, t) as follows:-
m(s, t) = h(2s, 2£) +'h(2s+1, 2t) + h(2s, 2t+1)
| + h(2s+1, 2t+l) . |

eee (1)

Let m and n be variables having an integer
value in the range ofIO to 479 (= 1920/4 ; 1) and an
integer value in the range of O.to 269 (= 1080/4 - 1),
reépectively. Then, a pixel constituting a third-layer
image may be repreSénted by the sum of adjacent

second~-layer 2 X 2 pixels:
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m2m2n),  m2m+l, 2n), m2m 2n+1), n(2m+l, 2n+1), which is

"the sumof the adjacent first-layer 4 X 4 pi xel s:  h(4m —-4n)---h(4mel .. ..
4n);, h(4%§99’§@ h(4m+3, 4n), : h(4m 4n+1), h(4mtl, 4prkipookiéssit2,
4n+l), h(4 b, h(4m 4n+2), h(4m+l, 4n+2), h(4me2. 4nt2). .
h(4m+3, 4n+2), h(4m 4n+3) ,h(4mtl, 4n+3), h(4m+2, 4n+3), h(4nw3
4n+3). - These pi xels may be'expressed as an equation g(m n) as
fol | ows: .g(m n) = m2m 2n) + m(2m+l; 2n) + m(2m 2n+1)
+ m(2m+l, 2n+1) = h(4m 4n) + h(4m+l, 4n) + h(4mt2, 4n)
+ h(4m3m(2m, 2n), m(2m+l, 2n) .4 h(4m 4n+l) + h(4m+l, 4n+l) -
+ h(4m+2, 4n+1) + h(4m+3, 4n+1)
~h(4m 4 , o + h(4mt2, 4n+2
4fh(4nw§m%§“¥2 4P}, #(Z+1, 2n41), - (42, !

PCT/ JP99/ 00457 | | -
which is the sum of the adjacent first-layer 4 X 4

pixels:

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

o

“h(4m, 4n+l), h(4m+l, 4n+l1), h(4m+2, 4n+1), h(4m+3,i4n+1),_

41 WO 99740541 T

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+l, 4n+3), h(4m+2, 4n+3), h(4m+3, 4n+3).
These pixels may be expressed as an equation g(m, n) as
ﬁollows: : : ' . .-

g(m, n) = m(2m, 2n) + m(2m+l, 2n) + m(2m, 2n+l)
+ m(2m+i, 2n+1)
='h(4m, 4n) + h(4m&1; 4n) + h(4m+2, 4n)
+ h(4m+3, 4#)
+ h(4m, 4n+l1) + h(4m+l, 4n+l) -
+ h(4m&;, 4n+1)
+ h(4m+3, 4n+l1)
+ h(4m, 4n+2) +.h(4m+:.l, 4n+2)
+ h(4m+2¢ 4n+2)

+ h(4m+3, 4n+2)
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+ h(4m 4n+3) + h(4mtl, 4n+3) ' ~+ h(4mt2, 4n+3)
+ h(4m+3, 4n+3). : - It is al so-assuned-that -duri-ng—-data—wt-i-ng————-
and reading the a&%&ess generation circuit 4A may supply CO”Q%?Qh@Qﬁ@sQHA,

VA) of hori 28AP8M%¥dress HA and vertical address VA in the order of.:.
(0, 0), (1, 0, ..., (1919, 0), : (0, 1), (1, 1), ..., (1919, 3
(0, 1079, (1, 1079), ..., (1919, 1079) (in the order corresponding to the

progressive scan order) in synchronization with the clock, and that,

during witing (during hierarchical coding), pixels at the positions

corresponding to horizontal addrizé4mpA ) vir hi{dathddéBds WA may be
supplied to the input/output termnal DI 01 of the selector 8. -

Further, each of horizontal adgregss, i, an N -
VIO 99/ 40541 Y HCad2"4n+3 BT/ 3P66T 66457

+ h(4m+3, 4n+3).

It is also assumed that during data writing

and reading the address generation circuit 4A méy supply

-
S B

combinations (HA, VA) of horizontal'address-HAEand.;..u

vertical address VA in the order of:
(0, 0), (1, 0}, ..., (1919, 0),

P (0, 1), (1, 1), .., (1919, 1)

(0, 1079); (1, 1679),'..., (1919, 1079)
(in the order corresponding to the progressive scan
order) in synchronization with the clbck, and that,
during writing (during hierarchical coding), pixeis at
the positions corrésponding to horizontal address HA and
vertical Address VA may be supplied to the input/output .
terminal DIO1l of thg'selectof é.

Further, each of horizontal address HA and
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~vertical address VA may be designated by el even bits, as nentioned above,
—and -the--bi ts-for-the horizontal address HA may be represented by haO
(which is LRsodfegst sSignificant bit), hal, ha2, ..., hal0 (RCFUIBPIMIMSILO is
t he nost signl(lcant bit). Simlarly, the bits for-the horizontal.-address
VA may be represented by vaO (which is the |least significant bit)y; val,
va2, ..., valO (wherein valOis the nost significant bit). As a result,.
the address circuit 4 may supply bits ha0O and hal and bits vaO and val - as

a control signal,tg,t 0 54 310 v rolysi gna
to the s¥F ﬁﬁa%,adg%%’%)&éhgkir? v%?gé{? a cod;:{]fr; 3| %eg’?\%‘? ?%Et%ﬁe as’. _
sel ector 9. In this situation, first-layer, second-|ayer and
third-| ayentdioed abowe, tard the eitsr £od dyee howrizmontalt pddress
second-l ayer nenory 2 and the third-layer nenory 3 respectively as _ _
descri bed_bel ow. . Fi,rst, with, respect.fo e of | -l ayer menory
1, the cgﬁtN§Y6b95r§E§§§SEﬁe8fEMWQ%ﬁeﬂyaaf ib%th%b#ééé% chyp enabl e
signal cel to a high |l evel and supplies 43
WO 99/ 40g4lnificant bit), hal, ha2, ..., hdXU/ {PAKX¥MD7hall is

Eﬁé;ﬁﬁéfm§igﬁifiéant bit). Similarly, the bits for the

horizontal address VA may ;;=rep;esenteduby va0 (which
.ié1£ﬁé iéastMsignificant bit),-val, va2, ..., val0
(wvherein val0 is the ﬁost_significant bit). As a reéult,
the address circuit 4 may supply bits ha0 and hal and
bits va0 and va; as a control signal to the controller 5,
- bits haOIand.vaO as a control signal to the sélector 8,
_and bits hal and val as a control signal to the selector
9.

In this situation, first-layer, second-layer
and third-layer pixels are written to the first-layer
memory 1, the second-layer memory 2 and the third-layer
memory 3 respectively as descriﬁed below.

: | First, with respect t; the.first-layer memory .
1, the controller 5 sets each of write enable signal wel

and chip enable signal cel to a high level and supplies
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such high-level signals wel. and cel to the first-layer nenory 1. The
address-supply -ci-rcuit - 4-suppli-es—to-t+he—address-t-erni pal-s- AD of . t he
first-1layer the wupper ten bits hal to halO (excludin Gast
signi ficant gﬁggﬁéﬁ%lmhich are part of the horizontal. addressgﬁap§ﬁ¥ppt by
t he address generation circuit 4A, and the upper ten bits val to val' O
(excluding the least significant bit va0) which are part of the vertical
address VA. Further, the address supply circuit 4 outputs the |east
significant bit _haQ of the horizontal _address HA and the | east significant

bit vao ofSegR hightlevedd®ignaig wels andifel &qfehe: fimatska¥eror s.

Accordingly, at the time of inputting to the input/output termnal D 0l of

t.he .sel. ect ¢ of e f ixf Sk 4 e M X : )
h(2s+1, 2tl§q;ém8ﬁ?§sl,‘ 2t 11} addy %%%s%ﬂz‘éi%l%?? €0 XFhpplidh €6 )¢ ayer
pi xel m(s, t), the address supply circui-t--4 -outputs a signal designating
the sane adddvesg steriinals tADLofstheaiirsbrdayer tmembryf ilr stheayer
nmenory 1. : - 44 - WD 99/ 40541

PC”JF@9/Q&éSZr"ten bits hal to hal0 (excluding the least

‘significant bit hao) which are part of the horlzontal SR
address HA output by thé7aé§;;5si§énefati§n circuit 4a,
“and the upper ten bits val to val0 (excluding the least _
sigﬁifiCAnt 5it va0) which are part of the vertical
address VA. Furﬁher, the address supply circuit 4
outpﬁts‘the.least significant bit hal of the horizontal
address HA and the least significant bit va0 of the
‘vertical address VA as a control signal to the selector
8.

Accordingly, at the time of inputting to the
input/output terminal DIO1 of the selector 8.eacﬁ of the
2 X 2 four first—lajer pixels h(2s, 2t); h(2s+1, 2t),
h(2s, 2t+1), and h(2s+l, 2t+1) used to obtain

-secondélayer pixel ﬁ(s,-t), the address supply circuit 4
outputs a signal designating the same addresé (s, t) in

the first-layer memory 1 to the first-layer memory 1.
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The selector 8 outputs, fromone of its input/output termnals 101 to 103,

-and- DI02; ~a first-layer pixel suppliedto its input/output termnal- DIO1l.. ....-

based on cgpdbohesdt gnal s haO and vaO from the address supply PGI/TRE9/0045%.
That is, when each of the control signals haO and va0 is 0, i. e., when
the first-layer inmage h(2s, 2t) is input to the input/output term-nal D01l
of the selector 8, the selector 8 outputs the pixel h(2s, 2t) fromthe
i nput/output termnal 101. When the control signals haO and vaO0 are 1 and -

the' 1 ottt eeEer, oukaied Yeo) Bnd PELIEEIRpuc) dukppieyC 1°

2t) fromthe input/output termnal 102. Wen the control signals haO0 and

va0 are OterthinalseI0dcttoel93,i and DEOR,  ia sfitayedadyemgephked 2t+1) .

is input to the input/output termnal D01, the selector 8 outputs the

Gl gnal o DRk SdotS S8 {BBUY/REE, sEmder; Rins Waasd on . ) TS

lnput to the input/output termnal D01, the selector 8

45 control signals ha0 and va0 from the address supply

‘éircuit 4. That is, when each of the controllsiQnals;“-'“*m”

ha0 and va0 is 0, i. e., w§23 the first-iaygr'image h(2s,

. 2@) is input to the“input/output terminal DIOl.éf the -
selector 8, the selector 8 outputs the pixel h(zs,-Zt)-
from the input/output terminal I0l. When the control
signals ha0 and va0 are 1 and 0, respectively, i.e.,
when the first—iayer image h(2s+l, 2t) is input to the -
ihput/output terminal DIO1l, the selector 8 outputs the
pixel h(2s+1l, 2t) from the input/output terminal I02.
When the control signals ha0 and va0 are 0 and 1,
respectively, i.e., when first-layer image h(2s, 2t+1)
is input to the input/output terminal DIO1, the selector
é outputs the pixel h(2s, 2t+1) from the input/output

~ terminal IO3. When éach of control signals ha0 and va0
is 1, i.e., when fiist—layer image h(2s+1, 2t+1) is

input to the input/output terminal DIO1l, the selector 8
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WO 99/ 40541 PCT/ JP99/ 00457 out put s

t he pixel- h(25+1—-2&+}} from-the- rnput/output ‘term nal DI 02. '

Thus; as shovvn in Fig. 5 the selector 8 outputs first-layer {l:'/'f‘/.ﬁl”}%?s?
2t), h(2$+1 %’oﬁ%Zs 2t +1), or h(2s+1, 2t+1) fromits input/output. .
terminal 101, 102, 103, or DI0O2 to the data terminal D1, D2, or D3 of the

first-layer nenory 1 or to the adder-subtracter 10. In the
first-layer nmenory 1, data supplied to the data'termnals D1 to EB S
stored with address (s, t). In the first-Ilayer nennry 1 (also

in the smrhphtaytherwaz)l(zas*khoﬂ\hﬂ-r) Hixom3the dgipnt/ovgputnith an
address (s, t) is forned so as to be capable of storing data correspondi ng
to three firstr i xels. In this enbodinment, in such a nmenory cel
prxels h(f %&?ai ?@k’ , 2t), and h(2s, 2t+1) are stored as a first group
of eight brts a second group of eight bits, and a third group of eight
bits arranged from | attus p. asgshoam virwPdg.n 5j gthe. selscter Bn a

outputs flrst—layer pixel h(2s, 2t), h(2s+l1l, 2t), h(2s,

.2t+1),-or h(2s+1, 2t+1) from its 1nput/output termlnal
- 101, 102, I03, or DIO2 to thévdata termlnal D1, D2, or
D3 of the first-layer memory 1 or to the ..

adder-Subtractér 10_[

In the first¥1ayer memory 1, data supplied to
the data terminals D1 to D3 is stored with éddress (s,
t).

In the first-layer memory 1 (also in the
second-layer meﬁory 2), as shown in Fig. 3, a memory
cgll w;th an address (s, t) is formed so as to be
capable of storing data corresponding to three first-
layer pixels. In.this embodiment, in such a memory cell,

.pixels h(2s, 2t), h(2s+1, 2t), and h(2s, 2t+l) are

stored as a first group of eight bits, a second group oi

eight bits, and a third group of eight bits arranged

from left tomrith as viewed in Fig. 3. That is, in a
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VO 99/ 40541 - | PCT/ JP99/ 00457 memory
cel— of--t-he- first-layerwnennry 1inthis enbodinment, inputs fromthe data

termnals DIV%) %5 the first-layer nmenory 1 may be sinult apeqispbdroods?
stored as ? group of eight bits, a second group of eight Dbits,. and

a third group of eight bits arranged fron1|eft to right.
However, pixels h(2s, 2t), h(2s+1, 2t), and h(2s, 2t+1) are supplled to
the data termnals D1 to D3 of the first-layer nenory 1 at different

tinmes’ correspond to th ties of out puttin 2t) 23+1 2t), or
(2s, 2t +1)‘“§i%°€3nﬁ i¥fs f’ﬁA{ﬂ3 %ay%ﬂ‘%&"&l s'la ﬁA and vertical
address VA by the address generation - circuit 4A These output timngs may

not be. Coféi\éc}] &Pinenlt’, ! 18paekeEYm Schat daita ttERmikRls Dixeb HPSf2t) is

out put fromthe |nput/output t erm nal 101, outputs fromthe other
I'nput/output -termnals 102 and 103 are npot fixed. S|n1larly, at the tine
when  pitdie hE2rst-Tayersmemony Ireavt ke | $buulsaneauslycshared| a8 or
at the time when pixel h(2s, 2t+1) is out put fromthe input/output

terninalIéﬁ%iggkpgfbﬁﬁogk eight bits, a second group f eight

blts, and a thlrd group of elght blts arranged . from left

to-rlght.
0TI . . However, pixels h(2s, 2t), h(2s+l, 2t), and
| h(2s, 2t+1, are supplied to the data.terminels D1 to D3
~ of the firSt—layer.memorj 1 at different times
corresponding to the times of outputting (2s, 2t), (2s+1,
2t), or (2s, 2t+1l) as combinations (HA, VA) of
horizontal eddress HA and vertical address VA by the
_address.generation circuit 4A. These outpue timings may
not be consistént. In the selector 8, at the time when
pixel H(Zs, 2t) is output from the input/oetput terminal
I01l, outputs from the other input/output terminals I02
.and I03 are not fixed. Similarly, at the time when
pixel h(2s+1, 2t) is output from the ieput/output |
terminal I02 or at the time wheh pixel h(2s, 2t+1) is

output from the input/output terminal IO3, outputs from
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ot-her—tnputfout-put-termnals 101 and 103, or 101 ' anDl 02 may not be
fixed. Consi der a situation in which, at tri.%,l-pjpgg?oag7 .
out putting, WBPg’&zg’é}ml e, (2s, 2t) as a conbination (HA

hori zontal address HA and vertical address VA, pixel h(2s, 2t) |s mwltten

as a |leftnmost group of eight bits in a nenory cell of the
first-layer nenory 1, and (2s+1, 2t) is thereafter output as

anot her conbination %HA VA) of horlzontal ddress HA an vertlca
address the othex inputfautprt ﬁﬁ&@*nﬂéfsﬁp 28nd; 404/ 19%n1Q

group of eight bits next to the | eftnost group of elght bItS. I n
such_a.si %B&? yﬁ._r,bé\n yofigced out put fromthe input/output
term nal e ect or 5 can be overwitten as a | eftnost
group-of -ei ght bItS in the menory cell of the first-layer menory
1, al though pixel Conside¢zsa aituakibpednvwhich,aatsihebtime ofhe
selector 8- t hen. generat es, based on control signals haO and vaO

control || RERICF o 01 ExthERRREde o Ao, §E0cE op Combinatigh®(ma,

first=l-ayer menory.l, _and supplies_ the_mask bit
48 va) of horlzontal address HA and vertical address va,

I s =

pixel h(2s, 2t) is wrltten as a leftmost group of elght

'Q;QQLQWLb;teulhma-memory cell of the flrst-layer memory 1, and

(2s+1, 2t) is.thereafter output as another combination

' (HA, VA) of horizontal address ‘HA and vertical address
VA. At this time, pixel h(2s+1, 2t) is written as a
greup of eight'bits next to the leftmost group.of eight
bits. In such a situation, however, an_unfixed output
from the input)eutput terminal I01 of the seleetor-S can
pe overwritten as a leftmost group of eight bits in the
~memory cell of the first-layer memory 1, although pixel
h(2s, 2t) has been WIdtten as such bits. The selector 8
then generates, based on control signals ha0 and va0
from the address supply eirCuit 4, mask bit signal mb
for_controiling writing ef each bit to e memory eell of

- fhe:first-layer memory 1, and supplies the mask bit
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t-0--t-he-mask—bit—terwi-nal--MB-of -t-he first-+tayer nenory 1. : As
such, when 8?8:3 854§;ontrol signals haO and va0 is 0 i.e., WherCHAIPIRI043(2S,
2t) is outp P he input/output termnal 101 of the selector 8 -to.the:
data terminal D1 of the first-layer nenory 1, the selector 8 suppties the
first-layer menory 1 with mask bit signal nb for masking the group of
eight bits next to the first group of eight bits and the final group of

eight bits (for inhibiting witi of, these hi i Jl..with
addr ess (signal ab skewthieh Ragk g?ﬁ) .t%naahﬁo?lfrgg%s{%ﬁgég'%ggéaﬁd _
va0 are 1 and 0, respectively, i.e., when pixel h(2s+1, 2t) is output
fromthe inputlouiput termnal 102 of the selector 8 to the data termnal
D2 of ‘the TIrsSt-l'ayer nenory 1, the selector 8 supplies the first-1ayer
menory 1 wi-th mask -bit signal nb for masking the fiyst group of eight,bits
and the.final group .oRAsesgeh biwvBenn eagh n@foFPniare ﬁ/i’-gﬁa:‘n%r}éég %?,dt),
as shown in Fig. 6(B). Wwen the control signals haO and va0O are 0 and 1,

respectively. ;o o9, i.e., when pixel_h(Zs,4%t) is output from the

“input/output terminal IOl of the selector 8 to the data

F— 'y

' términal-Dl'of-the.first—la&ér'memory 1,l£he selector 8
" supplies the first-layer memory 1 with mask bit signal

ﬁb.for'mésking the gréup of eight bits next to the first

group -of eight bits and the;final.group of eight bits
(for inhibiting writing of these biﬁs)'in the memory
cell with address (s, t), as shown in Fig. 6(A). When
the control signals hao and va0 are 1 and O,
respectively, i;ea, when pixel h(2§+1, 2t) is output
from the input/output terminal 102 of the selector 8 to

'the;data terminal D2 of thg first-layer memory 1, the
selector 8 supplies the fifst-layer memory 1 with mask
5it'signa1 mb for masking the first group of eight bits
and the final group of eight bits in the memory cell |

with address (s, t), as shown in Fig. 6(B). When the

control signals ha0 and va0 are 0 and 1, respectively,
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when -pi-xel h(2s, 2t+1) is output fromthe input/output termnal 103 of the

sel ector 8 towbgﬁ gﬁ% terminal D3 of the first-layer nmenorpctlipov/oess7
selector 8 6 les the first-layer nenory 1 with mask bit signal ..

nmb for masking the first group of eight bits .and the next group .of °
eight bits in the nenory cell wth address (s,t), as shown in Fig.
6(C). As a result, in the first-layer nenory 1, at t he

‘time of being supplied mnth |er 2t), h(2s+1, or h(2s,

2t +1), onl ¥-Bi-xelWhenspixel %( §+1 ?ﬁ3) ls °H&Hﬂﬁs?rﬁp+%ﬂés witten as
;a first, second or final group of eight bits in the nmenory cell with
‘addr ess. (S (faut ts@ﬁﬁh%#af'ﬁo37of the selector S ree the dagla bit .. ..

i si gnal es a cation for allowing witing in one of three
Iareas (flrst second, and final groups of eight bits) in a nory
‘cell’, the tesmixial sP3nalf mhehﬁmmuw&myer memary 1, the imekector 5

.As descri bed above and as shown in Fig. 8, of the 2 X 2 four

gbrst-layerug»f§g§h£ﬁ% f?gst i§§ % ﬁgﬁory 1 with mask bit SLgnal

.mﬂm_hfimﬁbefpr masking the first group of eight bits and the
next'group of eight bits inmﬁze m;mory ceil with address
rﬁfﬁfeiefj,eas shown.in Fig. 6(C).

'As a result, in the fi;st—layer memory 1, at
the time of being supplied with pixel h(2s, 2t), h(2s+l,
"Zt’; or h(2s, 2t+1), only pixel h(2s, 2t),'h(23+1, 2t),

or h(2s, 2t+1) is written as a first, secend or final
group of eight bits in'the memory cell with address (s,
t), as shown in—Fig. 7.

Since the mask bi£ signal mb provides an
indication for allowing writing in one ef three areas
(first, second, and final groups of eight bits) in a
memory cell, the mask bit signal mb should have at least
two bits.-

~ As described above and as shown in Fig. 8, of

the 2 X 2 four first-layer pixels h(2s, 2t), h(2s+1, 2t),
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2t +1),  and -h(-2s+1;  2t+1)  used-to—obt-at-n-the—seecond-l-ayer--pixel -n(s, -
.t),only thregvd);mg‘ﬁ h(2s, .2t), h(2s+1, 2t), and h(2s, 2t+1) pefrgprysndeEen
tothe first-layer nmenory 1. (In this situation, the final input pixel
h(2s+1, -2t +1) may be excluded or not witten to the first-layer nenory 1.)
As is to be appreciated, such arrangenent may apply to each of the 2 X 2
first- layer pixel groups. When each of control signals haO

and va0.is, 1, the first-Ilayer_pixel +1, 2t#1) i's,output, fromthe
sel ect or 8h{@Suhe Etbdr- rlééggi"')iio,zrg'éfaegéﬁ%e%" 89%\?@'.” I#"Fh-i s
situation, the controller 5 sets the wite enable signal wel to a | ow

| evel . Thafebdndidlyepapisdl coaph!, ok )5/ 00ALy Aadréedpixelsinp|2eg ftom the
address supply circuit 47irs 1, the controller 5 changes the wite enable

signal wel froma high level to alow level and supplies such | owleve
write enabhé2stgnal2thel apsl the28ir 2thh) cargefitten to the

Theref ore, when the address generation circuit 4A outputs address (2s+1,

2t +1), thegkirstHl : 99/40 . . . .
PCT/ JP99/ Ogig%% -1@9@{' memory y\p ?141_5&1‘18 situation, the final

input pixel h(2s%1, 2t+1) may be excludéd or not wWritten

....... -

to the first-layer memory.I:{P.Asfis to_Sé appfeciéted,
" guch arrangement may apply to sach of the 2 X 2 first-
layer pixel groups.
- When each.of:control signals haO.and.vaO.is.l,
the first-layer pixel h(2s+1, 2t+1) is oﬁtput from the
selector 8 to the adder-subtracter 10, as described
above. In this situation, the qontroller 5 sets the
write enable siénal wel to a low level. That is, when_
each of control signals ha0 and va0 supplied.from the
address supply circuit 4 is 1, the controller 5 changes
the write enable signal.wél from a high level to a low
levél and supplies such low-level write enable signal
wel to the first-layer memory 1.

- Therefore, when the address generation

circuit 4A outputs address (2s+1, 2t+1l), the first-layer
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menory 1 is in a reading state and data stored with address (s, t) from
the address supply circuit 4 (i.e. three first-layer- pixels h(2s,-2t); -

h(2s+1, 2t) h(2s, 2t+1) which are already stored) my m57
si mul t aneo §$§§¥§k§3 out. These three pixels h(2s, 2t), - h(2s+ Lﬂ’9?

h(2s, 2t+1) are respectively output fromdata terminals D1 to-D3 of the
first-layer menmory 1 and supplied to the adder 6, as shown in Fig. 9. The
adder 6 conputes the sumof the three pixels h(2s, 2t), h(25+1 2t), and

h(2s, 2t+1) received fromthe fjrst-|layer nepor , and syp s the
obt ai ned REMOTYalud§ olRhd Eﬁﬁﬁl%ﬂbFFééﬁﬂaQ@ d%ﬁé é ter 10

conputes the sum of the sumvalue fromthe adder 6 and pi xel h(23+1 2t +1)

f th t b Ry h e 2l
L avi” SRRLEERE (B % POREOR R ORAGERY ABBLYTCRrOULE N Gae B T

fromthe adder- subtracter 10 to the input/output termnal D 01 of the
sel ector three firstlagerspistelsihé2s, R hg bégstiled k) ams final
i nput pixel h(2s+1, 2t+1) of the four first-layer

52 h(i/};p ggltﬂ-qg)mwhlch are already stored) may be PCT/ ‘]ngl 00457
gimultaneously read out. ‘These three pixels h(2§;'2t)}
h(2s+1, 2t), and h(2s, 2t+1;h;re respectlvely output
from data terminals D1 to D3 of the first—layer memory 1

- and supplied to the adder 6, as shown in Fig. 9. " The:
adder 6.¢ompﬁtes the sum of the three pixels h(2s, 2t),

- h(2s+1, 2t),'§nd h(25,-2t+1)-received from the
first-layer memory 1, and supplies the obtained sum
vaiue to the adder-subtracter 10. The adder-subtracter -
10 computes the sum of the sum value from the adder 6
and pixel h(2s+l1, 2t+1l) from the selector 8 to obtain
second-layer pixel m(s, t) (= h(2s, 2t) + h(Zs+1, 2t) +
h(2s, 2t+1) + h(2s+1., 2t+1). Such p'ixe;t m(s, t) is
output from the adder-subt?aCter 10 to the iﬁput/output
terminal DiOl of the selector 9. |

‘Thus, at the time of being suppliéd with the

final input pixel'h(25+1, 2t+1) of the four first-layer
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2 X 2 pixels h(2s, 2t), h(2s+1, 2t), h(2s, 2t+ 1), and h(2s+1, 2t+1) used

to obtain the second |ayer-pixel-n{s,-t)—three-ftrst—tayer—pi-xels h{2s, -

2t) ) h(25+|vﬁé#% Qg h(2s, 2t+1) stored with address (s, t) ipC1Ire9/004s7
first-layer W@ are read out, as shown in Fig. 10. Such three.pixels

and the final input pixel h(2s+1, . 2t+1) may be used to obtain the
second-l ayer pixel nm(s, t) whichis witten to the second-|ayer nmenory 2,
as described bel ow. The second | ayer pixel m's, t) may be

supplied fromthe adder- subtra ter 10 |l e ro sed in
the second- Ka?e@%ﬁy Edde}‘ #s-!-i 23‘-§| ﬁ?g? 3% d}]g ahd> _ _
adder-subtracter 11 in a nanner simlar to those in the first-layer nmenory

1, the a?g?éfsﬁ ti‘€+§ﬁ' A So0bbitindeRe- BUoREt Baybd: pirednth(lsyer

pi xel s a ordd Th the second-1ayer mnenory 2 with the formation of a

third-layer pixel. That is, the controller 5 sets each _of the wite epable-

si gnal weﬂ)an¢hraecﬁmps&ﬁ%ﬂ¥§§lQmaelﬁi (Bsatﬁ%hr hé@&*%ﬂmﬂEmeq t he

hi gh-1evel signals we2 and ce2 to
VI)99/405ﬁ%2 2t+1) stored with address U%TWQfQQﬁOQié?

firstllayer'mémOry'lmare ré&dmﬁﬁffw£§7§ﬁaﬁﬁfiﬁfFi§?"lOT“””

Such three pixels and the flnal 1nput plxel h(2s+1,
2t+1) may be used to. obtaln the second:i;yer.plxel m(s,
t) which is written to the sec§ﬁd;layer.memory 2, as
described beiow;
The second layer pixel m(s, t) may be
supplied from the adder-subtracter 10 to the selector 3
and processed in the second-layer memory 2, the adder 7,
the selector 9'6r the adder-subtracter 11 in a manner
similar to those in the first-layer memory 1, the adder
6, the selector 8 or the adder~subtracter 10. -
| éecon&-layer pixels ére stofed_in the second-layer
memory 2 with the formation of a third-layer pixel.
That is, £he controller 5 éets each.of the write enable

signal we2 and the chip enable s1gnal ce2 to a hlgh

level and supplles the high-level signals we2 and ce2 to
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the second-layer nmenory 2. The address supply circuit 4 supplies, to the
address termnals AD of the first-layer~"nennrym1;fhemupper -At-ne-bit-s—haz———-
to halO (excl gy smokdie | east significant bit haO and the hal bpéribespinasrs

one bit higher i'n position than the | east significant bit haO) which. are .
part of the horizontal address HA output by the address generation Gircuit

4A, and the upper nine bits va2 to valO (excluding the | east significant

bit vaO and the val bit which is one bit higher in position than the

| east significant bit 0) which are art aﬁ vertical address V.

Fur cher , t RIS BPESRATERYSE BEMARY 4 ouThn ASHERA THEPLHnCaT TLlbnd

bi t higher I n position than the | east srgnlflcant bit haO of horizontal

address HA gifgpl hesvaltdi theWaddrdss operhiinals Jhsr ofh tlesi Figrd éhe
| east srgnlflcant bi't vaO) of vertical address VA as a control srgna ‘to
the selector 9. At each of the times of |nputt|ng four

second- Iayéwﬁ@?ﬁﬁlérﬁthﬁ vRpermime bits hadnfoohal)l (%ﬁﬁlﬁ§aﬂﬂ_t ﬁ+1)

used to obtain third-layer pixel g(m
WO 99/ 4054 gagt significant bit ha0 and th&HaIPBYOIch is one

bit higher in pdsition'thaﬁvthéwiéaéteéigﬁificééérﬁiff;:
ha0) which are part of the ;;;izohtal ad&iess-HA'oﬁtput_“
by the.address generatidn eircﬁi£_4A; AAd'£hé"ﬁ§§é£fﬁi£€lfl;ffj
bits va2 to val0 (excluding the least.signifieant bi£ -

val and the'Qal.bit whichiis one_bit-highe; in_positipn-

“than the.least significant bit va0) which are part of

the vertical addfess VA. Further, the address supply -

circuit 4 outputs the hal bit (which is one bit higher

in position than the least significant bit hal0) of

horizontal address HA and the val bit (which.is one hit

higher in position than the least significant bit va0)

of vertical address VA as a control signal to the.

selector 9.

At each of the times of.inputting 2 X 2 four

second-layer pixels m(2m, 2n), m(2m+l, 2n), m(2m, 2n+l),

and m(2m+1, 2n+1) used to obtain third-layer pixel q(m,

b4



n) to input/output terminal DIOL of the selector 9, the address supply
circuit 4 outputs a signal designating the sane-address--(m-—-n)-iA-the -
second- | ayer REd®os41 L0 the second-layer nenory 2. PCTVIP99/00457
selector 9 outputs, fromthrough one of its input/output termnals 101,
102, 103, or. D02, the second-layer pixel supplied to its input/output
termnal DI Ol based on the control signal hal and val fromthe address
supply circuit 4. That is, when each of the control signals hal and va

is 0, i.e., when _,secong-layer, pixel . m 1S input tg the

i nput / out pm)tngm“%?%%“‘ih eE’é‘Fg’(& rD:g,git-Rg @g?eﬁFgF %t Dut Ehehe
pi xel m2m 2n) fromthe input/output termnal 101. Wen the control
signal s -haladéﬂés\éﬂs@ppl? Yikduitedperitpety, d signabedesiapo@tingyer .
pi xel m(2m+l, 2n) is inpuf to the input/output termnal DIOl,” the sélector

9 outputs the pixel.m2m+l, 2n) from,the input/outpuf term nal 102, \en
the controltBegpame RAdERSS M ark)oimndhe sPSﬂ&i%l%XP?,N@NQ?YMEeWO
second- | ayer pixel m2m 2n+l1) 55-

the second-layer memory 2.

The selectct Quoutpﬁfé;'frém:thrduéhééﬁé;bf?;;¥FL*‘;

its input/output terminals 101, 102, IO3; or.DIoz;'themrJ'

second-~layer pixel Supplied.to iés'inpﬁ£16u£§ﬁ£?£§iﬁiﬁéiiiij;;
"DIO1 based on the control s;gnal hal and val fromlthe
address supply circuit 4. That is, when.each_of the. . =
control signals hal and val is 0, i.e.} when .
second—iayer pixel m(2m, 2n) is input to the
input/output terminal DIdl of.the selector 9, fhe
selector 9 outpﬁts the pixel m(2m, 2n) from the
input/output terminal I0l. When the control signals hal
and val are 1 and 0, respectively, i.e., whén'
second-layer pixel m(2m+1,'2n) is input to the
input/output terminal DIO1, tﬁe selectéf 9 outputs.the
pixel m(2m+1, 2n) from the input/output terminal I02.

When the control signals hal and val are 0 and 1,

- respectively, i.e., when second-layer pixel m(2m, 2n+1)
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to the input/output termnal D Ol, the selector 9 eutputs-the-pixel-m-2m—— -
2n+1) from t@%@p@gb/ out put termnal 103. Wen each of contrgbrShédrghsy

hal and val i .e., when second-|ayer- pi xel m(2m+l, 2n+1) I's "~ Input.
to the input/output termnal DI 0Ol1l, the selector 9 outputs the pixel
m(2m+1l, 2n+1) fromthe input/output termnal Dl 02. Thus, the
sel ector 9 outputs second-|ayer pi xel m(2m 2n), m(2m+l, 2n), m(2m
2n+l), or m(2mHl 2n+l1l) fromits input/output termnal 101, 102, 103, or

DI 02 to thics dimputerta rehe Dinput /antpetotterminade &I i atbe Sedrgtoror
to the adder-subtracter In the second-layer nenory 2, data

11.
i SRR O I iy iy S SR T,

menory cell of the second-layer nenory 2 nmay be fornmed in a manner simlar -
to that oftérminadorio3cel Wheh tdwchi oft controbesignalshvad and-ival 3.
However, since each second-layer pixel is represented by

>0 is 1, i.e., when second-layer pixel m(2m+l, 2n+l1) is

| input to the input/output terminal DIbi,:thé Sé¥é¢tdf'9"lJJ”
. outputs the pixel m(2m+1, 2::1) f?om thetinput/outbut
’jterminal DIO2.
Thus, the selector 9 outputs second-~layer
pixel m(2m, 2n)j-mk2m+1, 2n), m(2m, 2n+1), or m(ém+1,-
'2n+l) from its input/output terminal.IOI, 102, I03, or
DIOZ to ﬁhe déta-terminal D1, D2, or D3 of the
- second~layer memory 2 or to the adder-subtracter 1l.
| In tﬂe second-layer memory 2, data supplied.
to_the data terminals D1 to D3 is stored with address (m,
'n) in a manner similar to that in the first-layer memory
1.
A memory cell of the second-~-layer memory 2
" may be formed in a manner similar to that of the_memory; o

cell of the first-layer memory 1 shown in Fig. 3.

‘However, since each second-layer pixel is represented by
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ment i oned above, a menory cell of the second-layer nenory 2.is: formed-so-—...

as to be capa@%, ; storing three pixels each represented by pefysbidiassnr
thirty bits o at a. The selector 9 generates, based on-control

signals hal and val fromthe address Supply circuit 4, nask bit signal nb
for controlling witing of each bit to a nenmory cell of the second-|ayer
menory 2 and supplies the mask bit signal nb to the mask bit termnal M

of the second-] ayer nenory, 2. That .is, when each_of t.he cpnjrol signals
hal and vdien oats; as ,mﬁ\iﬁﬁoﬁi 1abays azmeqlgrguf:&il{i f?gnﬁxﬁe- :
I nput/output termnal 101 of the selector 9 to the data termnal D1 of the

second- | ayRicHRAR hyer emeehed Oi's Of6¢iRld asot B8t BWlchpa®leRyPry 2
with the mask bit signal nb for nasking the group of ten bits next to the

first group of ten bits and the final group of ten bits (for inhibiting

witing ofstomingbithyee rpikelse RAGh cEPPragentaddbys e bAES Wen the
control signals hal and val are 1 and 0, respectively, i.e., when pixe

M2MH,  thirty bits of data. = O/
The.selector 9 generates, based on boﬁ%tbif?*“”"”m
signals hal and val from tﬁ; éddéess supélé.circgit 4,
mask bit signal mb for controlling writing of?é;cﬂiﬁiﬁ'mem"
‘to a memory cell of thé s¢cond-1ayer memory 2 and
supplies the mask bit signal mb to the mask bit_terminal.
'MB of the second-layer memory.z; ‘That is, when each of
the control signals hal and wval ié 0, i.e., when pixgl
m(2m, 2n) is output from the input/output terminal 101
of the selector 9 to the data terminal D1 of the
second-layer memory 2,.the selectér 9 supplieS'the
second-layer memory. 2 with the mask bit signal mb for
- masking the group of ten bits next to the first group
of ten bits and the final group of ten bits (for
inhibiting.writing of these bits) in the memory cell
with address (m, n). When the control signals hal and

val are 1 and 0, respectively, i.e., when pixel m(2m+1,
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out put fromthe input/output term-nal t02 of the selector—9 tothedata
termnal D2 of the second-layer- nmenory 2, the selector 9 supplcrapodibms?
second- | ayer WY 2 with the nask bit signal nb for masking the first

group of ten bits and the final group of ten bits in the nmenory cell-with
address (m n). \Wen the control signals hal and val are 0 and 1,
respectively, i.e., when pixel m2m 2n+l1l) is output fromthe

Jinput/output termnal 103 of the selector,9 to the data ternnal Eﬁhof t he
‘second- | ayzn) mésooptputhfrem deher ippukiontret: fematpad. 18% Chehbfy 2

‘With the mask bit signal nb for masking the first group of ten bits and

.the next grngﬁq{‘ﬂ{te%] Pt _h:er' &gleﬁengwi_.l__l)y 0F el §seond-Tayer- -

As a resul s second-Tayer mory 2, at the tinme of being supplied"”'.
‘Wi th the pixel m(2m 2n), n(2m+, 2n), or_nm(2m. 2n+l), only-the pixel -
‘m-2m  2n) ,mefb2p+ 2, 2the selgbor20+suppliest the #econdrd@yetecond or
final group of ten bits in the nemory cell wth address (m n). S

:58 memory 2 with the mask bit signal mb for masking the

first group of ten bits and the final gréﬁﬁmame?ﬁTEEngmfwuwm

s v

in the memory cell with addreSs-(ﬁ; n). _ﬁhen'the~;em-

control signals hal éhd-véi.afé 6-aﬁd i,m;é;§;;££G;i§;f;;fifj.
i.e., when pixel m(2m, 2n+l) is output from the

input/outpﬁt terminal IO3 of the'seléctorlg to the data
terminal D3 of the second-layer memory 2, the selector 9
supplies the second-layer memory 2 with the mask bit

signal mb for masking the first group of ten bits énd

éhe next group of ten bits in the memory cell with

addres; (m, n).

As a result; in the seéond—layer memorj 2, at
the time of being suéplied with the pixel m(2m, 2n),
m(2m+1, 2n), or m(2m, 2n+l), only the pixel m(2m, 2n),
m(2m+1l, 2n), or m(2m, 2n+l) is written as a first,

second or final group of ten bits in the memory cell

with address (m, n).
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As-described-above, of the 2 X 2 four second-layer pixels m(2m 2n), - - - .

m 2mtl, 2n) ,w§193m 4¢n+1), and nm(2mtl, 2n+1) used to obtain thect/inegcmedsayer
pi xel qg(m n), cwﬁy three pixels m2m 2n), m(2m+l, 2n), and m(2m .2n+1)-
are witten to the second-layer nenory ‘2 (and the final input pixel -
m(2mtl, 2n+l) is not witten to the second-layer nenory). When
each of the control signals hal and val. 1is 1, the second-layer pixe
m2mtl , 2n+1) is output., fromthe selector 9 .to the,adderzsubtracter 11,
‘as described above. ff c"'tﬁ’%ﬂ?ﬁa‘t f‘g’rfv?heogoﬁt‘hr%l ef 59 FAT he wite
enable signal w2 to a low, evel. That is, when each of the control '
si gnal s..hgbcapdVPayeeUpilxelts fhpn, hmyfr ag2mspp! Ingi,r af2mé Ra+l) fhe
controll'er 5 changes the wite enable signal we2 froma high [evel to a

| ow | evel- and supplies_the lowlevel wite enable sjignal we2 to,th
secondJe@@d'm&i;#12.2nm%ﬁﬂu$ﬁdsﬁ9mﬁh¥ﬂéﬁ, %kksaahqx&% RaFSdy 2 is

in a reading state and data stored with address (m n) from the address

supply cig&emit ofy (tOALy thid¥ phkeds m(2m, 2n), m(2m+l, 2n), and

.Mﬁﬂ?i;;2ﬂ¥ijmére"written to the second-layer mémgrygz
(and the final input pixeljifaﬁ+£; 2n+1);is not written
' 7:f;6:;£éméé50nd—layer memory) .

When each of the control signals hal and val.
isfl,.the,second—layer pixel m(2m+1l, 2n+l) is output.
‘from the selector 9 to the adder-subtractér 11, as .
described above. In such situation, the controller 5
sets the write enable signal we2 to a low ievel. That
is; when_each of the control signals hal and val
supplied. from the address supply circuit 4 is 1, the
controlier 5 changes the write enable signal we2 from a
high level to a low level and supélies the low-level
write enable signal we2 to the second-layer memory 2.
Under this condition, the secqnd-layer memory 2 is in a
reading state and data stored with address (m, n) from

the address supply circuit 4 (that is, the three
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second- | ayer- pi-xet-s- n2m- 2n)-,- ~M(-2mrl—2)s—are—2m--—2n+1) --al-ready..
stored) ar aneously read out.- That s, these three ppy

-2n), MZW%’é% sland m2m 2n+l) are respectlvely out put fromﬂkﬁlﬁ}ﬂi{;{sﬁg-’_m X
termnals D1 to ‘D3 of the second-layer nmenory 2 and supplied to t he - adder
7. The adder 7 conputes the sum of three pixels m(2m_ 2n) ,
m(2m:l, 2n), and n(2m 2n+1) received from the second-layer nenory 2 and
suppl i es the obtained sum _value to the adder-subtracter 11. The

adder - s@irgerdelayrr @hBelss m(AMmgudndf, MH2BhAyv2N)e rakdi @My om t he
adder 7 and pi xel m(2m+1 2n+1) fromthe selector 9 to obtain third-I|ayer-

'Flj'ih)e(e:ol xe %51{’5{{&9 put g@é’er sgéﬁ XZ egﬁ OHSZSUDD %251%0 ;

the data term nal D of the thlrd Iayer menory - Thus, at the
time of i nghesppltleteei plixels m{2ml, 2mut zp(zmﬂ-lr;( 21»)1, andl)n(cﬁm; he 2 X
2 four second-layer pixels m2m 2n), r’r(2m+1 2n) m 2m 2n+1), and

%2“’1 Tﬂ r%d xté)sﬁgéélvetﬂre é@ﬁr‘:gtl Fiom ‘Ea terminals D1 to

D3 of the second-layer memormy- 2 eﬁd suppl:x.ed to the

5 —

'_adder 7.

The adder 7 compute;“;he eﬁm ofmthree plxels,e:jljld'

-m(Zﬁ,on); m(2m+1l, 2n), and”m(Zm;'2n+1) received from -

' the.eedond-layer memorywﬁuehd“suppliesdthe'obtained sum
.value to the'adder—subtradter-Jl. ' The adder-subtracter
11 computes the sum of the sum Qalue received from the
adder 7 and pixel m(zﬁfl, 2n+l1l) from the seleetor-g to
ebtain third-lafer pixel q(m, n) (= m(zm, 2n) + mizmel,
Zp) + m(2m, 2n+l) + m(Zm}if.Ze+l).. Tﬁe pixel g(m, n) is
output from the adder-subtracter 11 and supplied to the
data terminal D of the third-layer membry 3.

.Thus; at ‘the time of being supplied.with the
final input pixel m(2m+1,.2n+1) of the 2 X 2 four
second—layer_pixels m(Zm;'Zn), m(2m&1, 2n), m(2m, 2n+l),

.and .m(2m+1,' 2n+1) used to obtain the third layer pixel
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ny;that—-ts;—whenthe final input-pixel nm(2m1, 2n+1l) is obtained and-
output to the r 9 as described with reference to
W th respect ﬁé’%@m adder-subtracter 10, the three secor??ra'&g/ﬂe@ﬁ"
pi xel s m 2m 2n), m(2m+l, 2n), and m(2m 2n+1) already stored.-wth
address (m n) in the second-layer nenory 2 are si mul t aneousl y
read-out. By using these pixels and the final input pi xel m(2m+1,
2n+1), the third-1ayer pixel i s, obtained. That is, each of
the 2 X 2 fpfm, n), th%%cbﬁd VAR %b?e@#ﬂﬂbn}nEﬁF B®ed 1M (28F 1 o o
2n+1) and m(2mtl, 2n+1) used to obtain third layer plxel q(m
.1.s..0obt ai s. f.ol e WBide er,
obt ai ned fr"):)he;'('jjtﬂL %oér r%%al g’?/l?r: pI xéﬁ}e td) ehe E(ﬁ.'@cto:f h(afz 4n)
h(4m~4n+1),; and h(4m+l, 4n+l), the second | ayer pi xel n(anl 2n)
i s obtai nedidsemibed fuikh refererde stol Aigg. plQewd tiy arespech) to(dhe3,
4n), h(4m-2, _ 4n+1) and h(4m+3, 4n+l1l), the second-|ayer pixel m2m

n(amed, 342% SETanbtRASSe M o oG E R Be ldonaN Mgy ?ﬁge&esé‘%@.%yer |

pixel—n2mel - 2n+1) _i:s: abtai.ned..
_2n), m(2m#1 2n), and m(2m, 2n+1) already stored w1th

»..-__

 address (m, n) in the- second—layer memory 2 are

1%;%~45fgiﬁglfagébusiyffe§d§6ut;w-Bylusing these pixels and the .
final input pixel m(2m+1, 2n+1), the third-layer pixel
g(m, h) is obtaineds- That is, each of the 2 X 2 four
second—layér_pixels'm(Zm, 2n), m(2m+1l, 2n), m(2m, 2a+l),
and m(2m;1; 2n+1) uséd to obtain third layer pixel q(m,
n) is obtained as féllows. The second-layer pixel m(2m,
2n) is obtained'from the four first-layer pixels h(4m,
4n), h(4m_+i, 4n), h(4m, 4n+1l), and h(4m+l, 4n+l), the
Second—layer pixel m(2m+l, 2n) is obtained from the-four

'first—layer pixels h(4m+2; 4n), h(4m+3, 4n), h(4m+2,
4n+l1l), and h(4m+3, 4n+l), the second-layer pixel m(2m,
2n+1) is obtained from the four.first-layer pixels h(4m,
4n+2), h(4mtl, 4n+2), h(4m, 4n+3), and h(4m}1; 4n+3),

and the second-layer pixel-m(2m+1, 2n+l) is obtained
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f-ouf- f-i-rst--14 ayer--ptxets-h{-4m-2;,—4n+2); -A(-4mt3;- - 4n+2) -h(4mt2, 4n+3), and

h(4m+3, 4n+3).--- The third-layer pixel g(m n) is obtained 457
obt ai ned 2“&’%”#§ﬁh second- | ayer pixels m(2m 2n), rr(_2m+l,2n§,,éJP 2m,
2n+1), and m(2m#l,  2n+1). - The third-layer pixel g(m n).-is

witten to the third-layer nenory 3 as described bel ow. The
second-| ayer pixel m(s, t) is obtained in the adder-subtracter 10 after
the first-layer pixels h(2s, 2t), h(2s+1, 2t), h(2s, 2t+1), and h(2s+1,
2t +1) hdizobethe fanr farskelayert pixelsth { ABHRImdwt2 hei B 4%t pl i ed
with each of these pixels, the address generation circuit 4A outputs

address (£s.,¢t). i, gl (. 2 r 1., 2tpla. . The upper nine |
bits -of ‘éh*&?‘ngd)f hrf%’iﬁ"i%ht g?”?c?dr génsdl—&tg%“gse’er ﬁggﬁ ‘address VA are

supplied as an address t-0 the-second-layer nmenory 2 so that the sanme
addr ess ithiudpliagert cpikelsefand-hpyss olsrmined fimom rekeecobtainedtines
of inputting the four first-layer pixels h(2s, 2t),h(2s+1, 2t), h(2s,

20D PYne2etky Aadbnbd SPLE LAY 0 OERS )Y S B, 2m)

m(zm’2n+1 v : am;lm( P 2n+1)_. e

-“*'Thé-third—layér ;ixel é(m, n) ;é Writteh to
'~ the third-layer memory 3 as described below. . ..

The secona-layer pixel"m(s,-t)'is'obta;néd in
?the.adﬁérrsgﬁtra¢£ér-1d.after'thé'first-layer'pixels
h(ZS}lztj;'h(2s+1;”2t), h(2s, 2t+i), and h(2s+l, 2t+1)
have been 'input to the-selectér 8. At the time of being
supplied with each of these pixels, the address
generation circﬁit 4A outputs add;ess_(zs, 2t),.(25+1,
2#), (Zs,'2t+1), 6r (2s+1, 2t+1). The uppér nine bits
of each of horizéntal éddress_HA and vertical address VA
a:e.supplied as an address to the second-layer memory 2
so that the same address is supplied.to.the second-layer
memory- 2 with reépect to the times of'inputting the fOur
-first—l#yer-pixels h(2s; 2t), h(2s+l1, 2t), h(Zs, 2t+1),

and h(2s+1, 2t+l) for obtaining one second-layer pixel
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However ;-the - second-tayer— -pixet-nts,-t) is- -obtained in the

adder - subt ra%ﬁr”,}&‘, t the time of being supplied w th pixel PETZER00457
2t+1). At each of t e tines of bei.ng supplied with pixels h(2, 2t),--
h(2s+l, 2t), and h(2s, 2t+ 1), the secohd-layer pixel ms, t) is Trot
yet obtained. Therefore, the witing operation should not be.perfornmed at
the tine of being supplied with pixel h(2s , 2t), h(2s+l1l, 2t), and h(2s,
2t +1), but shouL? only be perforned at the tine of being supplied wth

t he pi xel 2t +1) ; ‘'whi ch enabl es the second-layer pixel n(s, t) to
be obtalned - The controller 5 sets the chip enable signa

ce2 to. a_high level onlgowseersatthefsekenddsayerspdael auis bitt)s ¥m0 and
va0 of horizontal address HA and verti cal address VA supplied as a

Sets Uhe'cialpkekuBrE 1t GHae AdSeT SUPLRAGHRY a8t ThectipRof Bethy ©
condi ti ons. : The third-Iayer plxel g(m n) supplied from
63 ' supplied with pixel h(25+1,’2t+1). - At each of the times
T of b belng supplled Wit “pixels h(2s{“2t), h(25+1, 2t),
and h(2s, 2t+l), the second:Zayer pixel m(s, t) is not
"ir§é£“aggélggafitihéiéfagg:ffhémﬁtifihéibpetgtion should
nof be férformed.at the.time of being supplied with
_.pigelmh‘?siMZt), h(2s+1, .2t), and h(2s, 2t+1l), but
should only be performed at the time of b_eing__supp'lied._
with the pixel h(2s+1, 2t+l1), which enables the
- second?laYer pixel m(s, t) to be obtained.

The controller SISets the chip enable signal
éez té-a high level onlyIWhén each of the least
;ignificant bits ha0 and va0 of horizontal address_HA

- and vertical address VA supplied as ; control signal
from the address supply circuit 4 is 1. The controller
-5 sets the chip enable signal ce2 to a low levél under

the other conditions.

The third-layer pixel g(m, n) supplied from
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--adder-stubtracter-11-to-the data termnal D of the third-1ayer nenory

3 as descrlwpﬁg,?&g ye is stored in the ‘third-1ayer nengict/pooooubat
is, the con P& 5 sets each of the wite enable signal we3 .and -

the chip enable signal ce3 to a high level and supplies the- -
hi gh- 1 evel signals we3 and ce3 to the third-layer nenory 3. The
address supply circuit 4 changes the horizontal address HA and t he

vertical address VA output by the address ner atj on circyit 4A (in
a’ nannerﬁhﬂnﬂ@@eﬁcﬁﬂkﬁrﬂﬁter 11 ?%etgﬁnﬂ%t%ftg Pt 8 ft%i

second- Iayer menory 2) so as to supply the upper nine bits ha2 to

~-hal.0..of . _1age]fpa 3a<1£=! e&ﬁséhmsa tfBoyBPals i Hereidt iwaﬂxéo

val O of t vertl VA to the address termnals D of the
“third- Iayer menory 3. Thus, address (Um n) correspondlng
to the thlrd-pbsynmnnemom Bc- | algmtpmel thten cantreliepi bedatF t he
third-1ayer nenory 3. As a result, the third-Iayer plxel aq(m n)

suppl i ed fr%ﬁgd%ﬁg%iegt‘éﬁlﬁléssz.gnlal L’ ggfttl?égdéﬁi CRpple 1 the

thwdla@ S trac t he

—thirds: tayeL S
" signal ce3 to a hlgh level ‘and supplles the hlgh-level

-..-: —

 51gnals we3 and ce3 to the thlrd;layer memory 3. The

f:;é&¥égéiéﬁ§§i§ §i£éﬁi£ ;.changeé the horizontal address

. HA aﬁd:the vertical address VA puﬁput by the address

" generation circuit 4A (in a manner similar to that in

. the éupply of addresses to the sedon&-layer memory'Z) so
as to supply the upper.niné.bits ha2 té'halo of the
horizontal address HA and the uppef nine bits va2 to
val0 of the vertical address VA to the'address terminals
AD of the third-layer memory 3.

| | Thﬁs, address (m, n) corresponding to the

position 6f'third—1aygr pixel gq(m, n) is supplied to the
third-layer memory 3. As a result, the third-layer
pixel g(m, n) supplied from adder—subtracter111_is
stored at address (m, n) in the third-layer memory 3.

In the adder-subtracter 11, the third-layer
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n) i s obtained after-the -second- | ayef- ptxets— wF2m-2n)-;- —a-2mkl, - 2Nn) ;--mM-2m-
2n+1), and q&ég&é n+1l) have been input to the selector 9. pori¥enoasthe
second- | ayer™ pi ps4 2m 2n) is obtained after the four first-I|ayer- pixels.
h(4m 4n), h(4m+l, 4n ), h(4m 4h+1l) and h(4mtl, 4n+1l) have been input; the:
second-| ayer pixel m2mtl, 2n) is obtained after the four first-Ilayer '
pi xel s h(4m+2, 4n), h(4m+3, 4n), h(4mt2, 4n+l), and h(4m+3, 4n+1l) have

been input; the second-|ayer pixe| Q(ZE 2n+% is obtaibned after.the four
first-|ay@ixepi gdmy W hntsspPHalned pEten She SeRANIdR §Xerar%1xﬁ$§m+1., _
4n+3) have been input; and the second-layer pixel m(2mtl, 2n+l) is '

bt ai ned t he \f iy RSt - i 2, 19+2),
ﬁ(4?r:+ ge 3,5&%‘, 22,3 ,ﬁi&gg@&ﬁjh-iﬁYﬁf-mR-'2’ﬁ?r'---32ﬁH-'7‘-#---- arft R] 214 Migh+30+2) ,

+3) " have ‘been i nput. The address
generation circuit 4A output addresses (4m 4n), (4mtl, 4n), (4m  4n+l),
(4m+l, 4ntidve béere inpmf, toatise apleqtem29.anFhrthemesthe1) . (4m
4n+2), (4mtl, 4n+2), (4m 4n+3), (4mrl, 4n+3), (4m2, 4n+2),- (4m3,
an+2), (A e ond PaydPpi ¥ m (247) 23) is obtained after the four 65

first-layer pixels h(4m, 4n), h(4m+l, 4n), h(4m, 4n+l),

P e &7

- and h(4m+1, 4n+1)-have.beeﬂ input; the sécgn@—layérf_ﬁ___f
pixel m(2mtl, 2n) is obtained after the four first-layer
pi#eIS'hk4ﬁ+2, 4n), h(4m+3; 4n)i h(;m+2? 4n+1)! and
h(4m+3, 4n+l) have bggn:ippg§; Fhe.secopd-layer pixe;_ 
m(2m, 2n+1) is obtained after the four first-layer-
pixels h(4m, 4n+2), h(4m+l, 4n+2), h(4m, 4n+3), and
h(4m+1, 4n+3) have beeﬁ input; and the second-layér
pixel ﬁ(Zmﬁl, 2h+1) is obtained after the four
first-layer pixels h(4m+2, 4n+2), h(4m+3, 4n+2), h(4m+2,
4n+3), and h(4m+3, 4n+3) have been input. .

' The address generaﬁion circuit 4A output
addresses (4m, 4n), (4m+l, 4n), (4m, 4n+1)( (4m+l, 4n+l),
(4m}2, 4n), (4mﬁ3, 4n), (4m+2, 4n+l), (4mt3, 4n+1)f.(4m,
4n+2), (4mt+l, 4n+2), (4m, 4n+3); (4mtl, 4n+3), (4m+2,

4n+2), (4m+3, 4n+2), (4m+2, 4n+3), and (4m+3, 4n+3) at
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of -being supplied with the 4 X 4 sixteen first-layer pixels (h(4m 4n),
h(4m+l, 4n), h(4m _4n+1), h(4m+l, 4n+l), h(4m2, 4n), h(4m3, pdphpodiodstt2,
4an+1), h(4 ,99%?‘1‘), h(4m 4n+2), h(4mtl, 4n+2), h(4m 4n+3), h(4mtl,
4n+3), h(4m+2, 4n+2), h(4mt3, 4n+2), h(4m+2, 4n+3), and h(4mt3, 4n#3),
respectively. The upper nine bits of each of horizontal

address HA and vertical address VA output by the address generation
circuit 4A are also supplied as an address to the third-1ayer nenory 3.

- Accor di ngithe dtimeshodf hewbngt supplotedewighs dhe i 4dXni4 Bixkeen
above-nentioned 4 X 4 sixteen first-layer pixels for obtaining one

third-1ayer, | X ] h a es ). W Supplagd +1e
hird | ayBinirefgver piRe 1B (I HE, PEEYC R (M 1) R OIS WBHINP
third-layer pixel g(m n) is obtained at the time of being supplied with
pi xel h(4m(@m¥D;34ni1 ¥ heh (4ind2g- ndam) j ohddmd-3, 4n3i,xheedm+2 ¢ séntdyler
pixels (with respect to the second |ayer, when pixel m2mtl, 2n+l) is

GoPUt) - SRR, Oha 1 PPl T2 ], VEI(ARATY 2593Y, n(am, 4n+3),

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

- 4n+3), and h(4m+3, 4n+3), r;s;éctiﬁely.

R - The upper nine ﬁits of each of horizontal
address HA anq_vertical.addréss VA output by the address
gehefation circuit 4A are also supplied as an address to
the'third-laye; memory 3. Accordingly, at each of the
tim§s of being supplied with the above—méntioned 4 X 4
sixteen first-layer pixels for obtaining one third-layer'
pixel gq(m, n), éﬁe same address (m, n) is supplied to
the third-layer memofy 3.

However; in theladder-subtracter 11, the.
third-layer pixel q(m, n) is obtained at the time of
being supplied with pixel h(4m+3, 4n+3) in the -
above—mentioned-4 X -4 sixteen firstflafer pixels (with:
respect td the second.layer, when pixel m(2m+1l, 2n+l) is

input). At each of the other times in which the other
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first-layer pixels are supplied, the-third-|ayer-- |nage-q(n}—49-l—-—noLw-m- S
obt-ained. _Therefore, the witing operation should not be p PE the
time of bePyP¥08Hpiied with one of such fifteen first-Iayer plxe

.Shoul'd only be perforned at the time of being supplied with the pLer
h(4mt3, 4n+3), which enables the third-layer pixel -g(m n) to be obtained.
The controller 5 sets the chip enable signal ce3 to a high I evel only when
each of the least significant bits haO0 and vaQ of horlzontal address HA
and ver fidteendfigstyal aHEE Rikebs aazenSuPPiigd the oRhimdatRyess
supply circuit 4 is 1 and mhen each of bits hal and vaI (mhich are one bit

hi gher i, | L an.t j i E&)rs ool ler 5
sets théW% ér(g'BI eﬁtlgﬁa ce oélih gw I Celglg ?rn eré - er -condi ti ons.

As described above, with respect to-the relationship betmeen the first
| ayer am@eﬂtsenorahomhglenptplbeal perfiovmed cabr the fiime - bfyére:sngred in
t he flrst-layer menory 1 are read out-'as unit groups each - -

o7 supplied with one of such fifteen first-layer pixels,

but shduld only bé’péfféfmédwét the time of being

supplied wzth the pixel h(4m+3 4n+3), Wthh enables the.

third-layer pixel q(m,'n) to_be obtained,ﬂifmw

The controllef 5 sets the chip enable signal
ce3 to a high level only when each of the least =
significant bits hal and_vac of horizontal address HA
and vertical address VA supplied as a control signal
from the address supply circuit 4 is 1 and when each of
bits hal and vai'(which are.one bit higher in position
than the least siénificant bit) is 1.' The controller 5
sefs the chip enable signal ce3 to a low level uhder the
other conditions. |

As described above, with respect to the
relationship between the first layer and the sedoﬁd
layer, pixels in the lower or first layer Stored in the

first-layer memory 1 are read out as unit groups each

67



WO 99/ 40541 PCT/ JP99/ 00457 havi ng

three first-layer pixels, that is, three of the 2 X 2 first-|ayer-pixels--—
.h(ZS, 2t), h gs+1, 2t), h(2s, 2t+1), and h(2s+1, 2t+1) usedpE9u¥Q#@k§7

pixel int or second | ayer, excluding the final input piXxel :
h(2s+1, 2t+1). Therefore, the first-layer nenory 1 may perform a-function
simlar to that of a delay circuit which may externally connected as in

the previously nentioned arrangenent of Fig. 16. Thus, without utilizing
such a delay circuit, the inmage corresponding to the second | ayer can be
written havinghdhrege fimstcbayeti pixels hethiatstis aythreeneh thet@
respect to the relationship between the second |ayer and the third |ayer;

o R A A SR W P R WA

Is, three of the 2 X 2 second-layer pixels m(2m 2n), m(2mtl, 2n), m(2m - -
2n+1), aptHsmend 2h{2s+Hisetolonned ptaecfoirm tshepixeperdimrthéaird | ayer, .
excluding the final input pixel m2ml, 2n+l1). Therefore, the second-I|ayer

ggm)ry ZuSBXr %er.r'fs%.gogdf "ina%}ég? Selxrglluaéixtlg II:?xaet ton{ngldae.lna -tC'IL;:lcilillei

| 5(25+1, 2t¥1): _Thefefbre,_ﬁhe first-layer memo#yni'may'm

perform a function similér-to thét of a éelay_circﬁit'.'
“;ﬂ.“m which may externally connected as in the previédsiy”
mehtionéd arrangement of Fig. 16. Thus, without
-utilizing such a delay circuit, the image corresponding
to the second layer can be written from the image
cor:esponding to the first layer. Also,'with respecﬁ to
the relationship between ﬁhe-sécond layer and the third
layer, ‘pixels iﬁ the lower or second layet stored in the
sgcond—layer ﬁemory 2 are read out as unit groups each
‘having three second-layer pixels, that is; three of the
"2 X 2 second-layer pixels m(2m, 2n), m(2m+l, 2n), m(2m,
2n+1), and m(2m+l, 2n+l) used to form a pixel in the
upper or third layer, éxcluding fhe final input pixel
m(2mt+l, 2n+l). Therefore, the second-layer memory 2 may

perform a function similar to that of a delay circuit
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be externally connected as in the previous arrangenent--of--Fi g. -16: - -Thus;———

wi thout utiligigydpsgh @ delay circuit, the image correspondi pgTirodieas?
third layer can ﬁe witten fromthe i mage corresponding to the second.

| ayer. A description will now be provided for reading first-,
second-, and third-layer images witten in the above described nmanner. To
facilitate in the explanation thereof,. the reading will be described in

the order of .,the third layer, second |ayer and first er.. . In
Teading t rebfh ek ke fipragh IV, aliecteq, 49 “tn, 1BE BERVIBRRes the
third-layer nmenory 3 with the sanme address as that at the tine of witing,

and the - copragldeieftsols Riw. Wible arpbse wididuvedtidiziny suetelaand .
supplies the third-layer nenory 3 with the Ilowlevel wite enable signal -

we3. Further, the ,controller 5 supplies the thiyd-1ayer nqéﬁ,S wth the..
same chip dpdee GLEFRLtae Fhe Mg CARECEPRRLNT WFPt fcﬁ:’} HREED s since |
69 - o :

t he upper nine bits of each of
- layer can be written from the image corresponding to the -

‘'second layer.

P} .

A description wiil—now{be pro#ﬁded for:ﬂ
reading first-, second-; and third—iayéfiiﬁagé§ §fi§£§ﬁ“T:i;'
in the above described manner. To faéilitate-in the
explanation thereof, the reading will be described.;n:
the order of the third layer, secénd layer.and first
“iayer.

In reading the third-layer image, the address
supply circuit 4 supplies the thir&-layer memory 3 with
the same address as that at fhe.time éf writing, and the
controller 5 sets the write enabie-signal we3 to a low
level and supplies the third—laYer memory 3 with the
low-level write enable signal we3. Further, the
c;ntroller 5 supplies the third-layer memory 3 with the
§ame chip enable signal ce3 as that at the time of

writing. That is, sinde_the upper nine bits of each of
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address HA and vertical address VA is -supplied as - an address- from-the
address supply circuit 4 to the third-layer nenory 3, address - '
supplied to VRUP4d-1ayer nemory 3 each of the tinmes addr ess'ﬁeés?”ﬂ(%/r%é7
4n), (4m+l, 4n), (4m 4n+1), (4m¥l, 4n+1), (4m:2, 4n), (4m+3, 4n), (4m*2,
4n+1), (4mt3, 4n+l), (4m 4n+2), (4m+l, 4n+2), (4m, 4n+3), (4m+l, 4n+3),
(4m+2, 4n+2), (4mt3, 4n+2), (4m+2, 4n+3), and (4m+3, 4n+3) are outputted
fromthe address generation circuit 4A - Under the above

condi ti on, oxrizodtiadyaaddpesel Bramand vexdinalsaddress iVsisromthe sane -
address in the third-layer nenory 3. To avoid such repeated reading from

t he same address. the contr. r ' r € t i R le ,
i gnal ces SUPRLARHN 2 dbi SRR O ool A Yo aPp R, SRy BazeRNS 4

haO .and vaO of horizontal address HA and vertical address VA supplied as— -

a control wgnehel thirdel agdireae |8, aiddnesss(ms hpnisweeppdaiodd of
the bits hal and val (which are one bit higher in position than the | east

$bgn'f'Camignéﬂél%h&réﬂfg§grsgéﬁg§§c I%A@ﬁﬂgf %hgniimeS'addresses

(hm, my, (4mtl, dn), Chm, dnel), G, dmely, (b
4n), (4m+3, 4n), (4m+2, 4n+:;)’-:, (4;n+3, '4:141-)',2 (4m(- 4n+2),
(4me1, 4n+2), (4m, 4n43), (Amtl, 4ns3), (4m2, 4n42),
(4m+3, 4n+2), (4m+2, 4n+3), and (4m+3, 4n+3) are
outputted from the address generation circuit 4A,
 Under the above_condition,'a fhird—laYerV'
_pixel can be read out sixteen times frém the same . -
address in the third-layer memofyjs. i; avoid such
'repeated readiné from the same address, the controller 5
i; érfanged to set the éhip enable signal ce3 to a high
levelsonly when eéch.of the least s;gnificant bits hal0
and va0 of horizoﬁfal address HA and verticalladdress VA
supplied as a control signal from the address supply
circuit 4 is 1 and when each of the bits hal and val

(which are one bit higher in position than the least

significant bit) is 1, and to set the chip'enable signal
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I'ow-| evel under the other condi ti ons. consequent |y, addresses - -

(m- n reprﬁaegg}"g% variabl es mand n having integer val ugsy/irposiddss?
‘range of d and 0 to 269, respectively, are supplied to the ..

third-layer menory 3 in |line scanning order so that third-1ayer ptxels
g(m n) stored with the corresponding addresses are read out. The read out
third-layer pixels q(n1 n) are output fromthe data ternmnal D of the
third-l1ayer nmenory 3 in I|ne scannlng or der The readi ng of

the secom@d derai daye I#vel urdene Bﬁs&thﬁﬁ conditions. | thjis case,

the address supply circuit 4 suppl i es the second-layer nenory 2 mﬁth ah

address .. formed.of H%?%&??én@l t&&argggﬁghﬁlrdBQ“f%ﬁ&éEenﬁﬂH”

and vertical address e suppl yi ng the
above-descri bed address, as at the time of witing. The
cont rol | ariabbesi gs atd Bchavingyintegesnovglued tin |thel vangevofe
enabl e signal we2 while supplying the third-layer menory 3 with wite
enabl e 0 to 479 and 0 to 269, resgéctively, are supplied to the
m;hifd—leyér ﬁemery 3 in line scenning order so Ehat'
‘third-layer plxels g(m, n) sforea'with the corre3pond1ng i
"%;i?ﬁmmeeddresses are read out. The read out third-laye: pixels )
q(m, n) are output from the data‘terminal D of the
third-layef memory 3 ih line scanning order.

The reading of the second-layer image will
now be described.

In this case, the_eddress supply circuit 4
supplies the seeond—leyer memory 2 with an address
ﬁormed of the upper nine bits of each of horizontal
address HA and vertical address VA while suppiying the
third-layer memory 3 with the above-described address,
as at the time of wrifing; |

" The controller 5 supplies the second-layer

memory 2 with low-level write enable signal we2 while

supplying the third-layer memory 3 with write enable
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and chip enabl e signal ce3 such as' those---described--above-—Further, —the ...
controller 5 supplies-the second-layer nenmory 2 with the sane

signal ce2 WO t9F{é?54bt the time of witing. Ther ef ﬁﬂb}b&ﬂ@ﬁ
case, reading of data (second-layer pixels) in the second-layer nenory: 2.
Is perfornmed only at the tine of outputting address (2s+1, 2t+1) from
anong the tines of outputting addresses (2s, 2t), (2s+1, 2t), (2s, 2t+1),
and (2s+1, 2t+1) as conbinations (HA VA) of horizontal address HA and
verti cal aamgnaivweﬁr@ndrmhapdeaabkanLqmai1q¢3cauphAas -those

Further, the address supply CIrCUIt 4 supplies the second-layer nenory 2

air cos. acsRE b BRCRP e (CRUBRSley 1PnB. ChifteTHs2s WPARIEE che

circuit 4A such that address (m n) is supplied-to the second-layer nenory
2 at each gleddmd~lagyeyr akinesge? With 4the samé.chmp ah&hldnsigndanl
4an+1) , (4nw2 4an) , (4nw3 an), (4mt2, 4n+l) (4nw3 -

ce2 as that at the time of writing.

'Thétéfate;:iﬁ_this céééjﬁieadiné of data

) M

(second-layer pixels) in the sécénd-layééFmemory 2 is. .
performed dnlf §£m££e tiﬁéuaélbﬁéﬁﬁ?@l;;:géégéééffééii;1
.ét+1) from among the times.of'outpﬁtting*addresses.(Zs,
'Zt),.(2s+1, 2t), (2s, 2t+1), and (25fii}?;¥1)'as
combinations (HA;.VA) of horizontal address HA énd
vertical address VA from the address generation circuit
4A.

Furtﬁer, the address supply circuif 4
supplies the second—iayer memory 2 with an address
formed of the upper nine bits of each of horizontal
address HA and Qertical address VA output from the
.address generation circuit 4A such that address (m, n)
is supplied to the second-layer memory 2 at each of the
times -addresses (4m,.4n), (4m+1 4n), (4m, 4n+1), (4m+1,

4n+l), (4m+2, 4n), (4m+3, 4n), (4m+2, 4n+l), (4m+3
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4+ -(4m- - 4nt+2) (4mrl, 4n+2), (4m 4n+3), (4m+l, - 4n+3), (4m+2, 4n+2),
(4m+3; 4n+-2),vM§Q;4%5414n+3), and (4m+3, 4n+3) are outputted fropctlyeos/noss?
address generation circuit 4A Therefore, reading of data.f.rom-
the second-layer nenory 2 is perfornmed at the times of outputting --
addresses (4mtl, 4n+l), (4m+t3, 4n+l), (4m+l, 4n+3), and (4m3, 4n+3) from
anong the tines of outputting addresses (4m 4n), (4mtl, 4n), (4m 4n+l),

(4m+l, 4n+l), (4m+2, 4n) 3,. 4n (4mt 4n+1) 4 , +1 (4m
4n+2), (4m311,1+-{!m+2)(,41%4n%n§£§3§)',(4‘8%1'}\;_1,4}*{&1“?%&5, (%‘gimﬁ(“%im Lkr}*(“hﬁe 4n+2)
(4mt2, 4n+3), and (4mt3, 4n+3) fromthe address generation circuit 4A.
Consequent | dr @+ 2}. BhH uppin#eqd tantd Aatvl; | 2163 )nErEid 2 at
each of theMtril-?rzs' 'g?ﬁ%u?}'outti r@ﬁagdr esges (4rr?;i, E(4n+1)', (4m+3),n;e4n+1),
(4m+l, 4n+3), and (4mt3, 4n+3) fromthe address generation circuit, é 4A, and
data is readm#d,f di3 heagdittpuktesd) from the addgrss; gemexatianee
second-l ayer pixels m2m 2n), m2mtl, 2n), and m2m 2n+l1l) are stored

wi th circuit 4A.

T T Therefore, reading of data from the

------

2 e =

- second-layer memory 2 is performed at the times of

. outputting addresses (4mtl, 4n+l), (4m+3, 4n+l), (4mtl,
4n+3),'aﬁ& k4m+3, 4n+3) from among the times of
outpﬁttingfaddrésses (4m, 4n), (4mtl,  4n), (4m,.4n+;);.
(4m+1, 4n+l), (4m+2, 4n), (4m+3, 4n), (4m+2, 4n+l) .-
(4m+3, 4n+l1), (4m, 4n+2), (4m+l, 4nt+2), (4m, 4n+3),
(4m+l, 4n+3), (4m+2, 4ﬁ+2),-(4m+3, 4n+2), (4m+2, 4n+3),
and (4m+3, 4n+35 from the address generation circuit 4A.
Consequently, address (m, n) is supplied to the
.secoﬁd-layer'memory 2 at each of the times of outputting
addresses k4ﬁ+i, 4n+i)i (4m+3, 4n+l), (4m+l, 4n+3), and
(4m+5, 4n+3) from the address generation circuit 4A, and
data is read out from the address (m,.n).

Additionally; three second-layer pixels m(2m,

2n), m(2m+l, 2n), and m(2m, 2n+l) are stored with
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addr ess -( m-; - n}--i-n-t he -second- } -ayer—merpry—2:~—At-each-of-- t-he tinmes of
outputting addresses (4m+l, 4n+l), (4m3, 4n+l), (4ml, 4n+3k ﬁggﬁﬁﬁ§y3,
4n+3) from WRosehdtkess generation circuit 4A the three seco GT _ _
pixels m2m 2n), m(2m+l, 2n),  and m(2m 2n+l) are simultaneously réad
out fromthe second-layer nenory 2 and outputted therefrom through the
data termnals DI to D3, respectively. Also, at each of the tines of

out putting addresses (4m+l, 4n+l1l), (4mt3, 4n+l), and (4mtl, 4n+3) fromthe
addr ess ggaarﬁ_tg@n(ﬁi:r Ul tintAchet Betorid@cdageraysenpryels M edah, of

m 2m+l, 2n), and n(§n1 2n+1l) output fromthe data termnals D1 to D3 of

the second-1ayer nemory 2 are supplied to input/output termnals LO1 to
103 of ththeeitsnes 9f outputting \ﬂ‘ij#?\‘é?@rsené‘gn%g'#&ﬁi)z E‘h@'*éél ect or
9 selects, as a result of reading the second-layer inage, one of the

three secgud-ayefspipgel M AR (URFB). 4r%B) SpemTEHB adipssupplied
toits i_n%&%lfu%/pg%ﬁﬁér %ﬂr%?@| 01 t oml 03 (Jgr an o)ut put fromthe
adder-subtracter 11 supplied to its input/output : __

generation circuit 4A, the three second-layer pixels

. m(2m, 2n), m(2m+l, 2n), and m(2m, 2n+l) are

e

| SimulfanéOﬁsly;féad"butﬁffdm'the=Sécondélayet ﬁémo£Y.2~'
' and outputted thersfrom'through the data terminals Dl to
| D3;'respecti§ely, Aléo; at each 6f the times of

s t-outputting addresses .(4m+1, 4n+l), (4m+3, 4n+l), and

- (4m+l, 4n+3) from the address generation circuit 4a,
three second-layer pixels m(2m, 2n), m(2m+l, 2n), and
m(2m, 2n+l1l) output from:the data terminals D1 to D3 of
the:second—laye; memory 2 are supplied to input/output
termi#als I01 to 103 of the selector 9.

| With reference to Fig. 12, the selector 9

selects, as a result of reading the second-layer image,
‘one of the three second-layer  pixels m(2m, 2n), m(2mtil,
2n), and m(2m, 2n+l) supplied to its inpﬁt/output
terminals IOl to i03 or an output from the

. adder-subtracter 11 suppiiéd to its input/output
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~termrat--bl-62—+n-acecordance-w t-h-control- signals hal and val fromthe
controller (?99,4¢ij outputs the selected item fromits i nputpcqyiposrbosss
“terninal D01’ hat is, when each of the control signals hal and val is

O, i.e., when the address generation circuit 4A outputs address (4mfl, _
4n+1), the selector 9 selects. second-layer pixel (2m 2n) supplied from
the data ternminal DI of the second-layer menory 2 to the input/output
terminal 101, of the selector 9 and out s the selected pixel, from its
i'nput / oteFinalDi82 pter d ?%%ch$£QHC°§F§P$:?*ﬂmg;ﬁdhﬂi and 1 and
0, respectively,i.e., when the address generation circuit 4A outputs T
-.address g ¥ Bomd bl - coRLroA1ast 05, Jand Gitpaesondid yelepibed itemrl, .
2n) supplied fromthe data term nal D2 of the second-layer nenory 2 to the
~input/output terminal 102 of the-selector 9 and outputs the_sel ected pixel
from i tfrompltsodnprt{evipid trxpinalndI@he cFhatolissi whens eachand

val are 0 and 1, respectively, i.e., when the address generation circuit
4A out Py DT B3Rt i gAY hdCand SP I8 BS! KCle. FoGHY e Pl xel

address generation circuit 4A outputs address (4m+l,

a5 o

4n+1), the selector.9_seleétSLSecond-1ayér pixel (Zm,
f""j_.:"_i'f_7_'f‘f'_'_f}ﬁ'{"'f'":;{{'p;i'ieé.ff}éi.éaﬁ;".the'f“aa{'a;" terminal D1 of the
” éec6na—1ayer memory 2 to the iﬁput/output terminal IOl
~ of the selector 9 and'outéuts"the.selected.pixel.from )
its input/output te?minal DIOl. . When the control
signals hal and val are 1 ana 0, respectively, i.e.,
when the address generation-dircuit.4A outputs address
(4m+3,f4n+1), the éelector 9 selects second-layer pixel
(2m+1l, 2n) supplied from the data terminal D2 of the
second—layer_ﬁemory 2 to the input/oﬁtput terminél.Ioz
- of the selector 9 énd outputs the selected pixel from :
its input/output terminal DIO1. When the control
signals hal and val are 0 and 1, respectively, i.e.,

when the address generation circuit 4A outputs address

(4m+1l, 4n+3), the selector 9 selects second-layer pixel -
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(2m-2n+1)—supptied—fromthe data-term-nal- D3 of the second |ayer nenory 2
to thé input/Qutput termnal 103 of the selector 9 and out put

sel ect ed pixeww?ggﬂﬁ4}ts i nput/output terminal DI OL. Wen each iFE?ﬁEQ?Wﬁ7
control signals hal and val is 1, i.e., when the address generation_. -
circuit 4A outputs address (4m+3, 4n+3), the selector 9 selects data
supplied fromthe adder-subtracter 11 to its input/output term nal DI 02
and outputs the.selected data fromits input/output termnal DI OL.

As such, wh¢2mih@rnelddy esuppdidedit fvomcithaiidatadkeaminal Bddodssthiam:3,
4n+3), three second-| ayer pi xel s m(2m 2n), m(2mtl, 2n), and m(2m 2n+1)

may-. be ... output. fy . rgi pal 1 of _ -] a
merory 2 afteenpe ey es PRbnhC 08, S0 et Baralfy, BRRINLIYER o
these pixels. This sum value nay be supplied to the adder-subtracter 11.
Further, whef the aElleetogereraid ooutputs tthedsediggped pdsbeds sffdmmt3,
4n+3), third-layer pixel g(m n) may be read out fromthe third-I|ayer
menmory 3, %Pes input/output terminal DIOl. When each of the

%contr;i:sighalsmﬂgimégéfggimiémi:”i;é:;“Ghénnihg address
' Tgenéfation ciicuit'4A"Outp££:hadéress (45&3, 4h+3)} the
Hadder-subtracter 11 to its input/output terminal DIO2
3y éndfbﬁtéuts the Seiecte& data from its input/output

terminal DIO1.

As such, when the addreés generation circuit
4A outputs address (4m+3, 4n+3), three second-layer
pixels m(2m, 2n5,.m(2m+1, 2n), and m(2m, 2n+l) may be
output ffom the data terminals D1 to D3 of the
second-layer memory 2 and supplied to the adder 7 to
obtain the sum of the values of these pixels. This sum
value may be supplied to the adder-subtracter 11.

Further, when the addréss generation circuit

47 outputs address (4m+3, 4n+3), third-layer pixel gq(m,

.h) may'be'iéad out from the third-layer memory 3, as
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descri bed--aboeve: - Fhi-s- thi-rd-t-ayer—ptxet—a{m-—n)-nmay-be--out put to the
outside as a.result of reading the third-layer image and nmayp@tgeootR4s?
suppl i ed t oVOMO M ger - subtracter 11. . The adder-subtracter 11
subtracts the sum value received fromthe adder 7 fromthe third=tayer
pi xel g(m n) to obtain second |ayer pixel m(2m+l,, 2n+1) (= q(m n) -
(m2m 2n) + m(2m+tl, 2n) + mM(2m 2n+1))) and supplies the sanme to the
i nput/output termnal D02 of ,the selector 9. The sel ector el ect
and out pdtesqlt‘\bb¢écé\hﬂétﬁse03h&5|"aﬁm‘rgriéﬂ"’rﬁ 2Pr}§,ei2 Sl n? %%é
Thus, as shown in Fig. 13, three second-layer pixels m2m 2n), m 2ml,
2n),_and 2ps1 . s ideMidd age + eafl ewadimm the second- | ayer
menory 20%ttﬁ§r§q§§%x$€%%§g{“&q§(%é) ﬁﬁég%f be read'omrom t he
third-l1ayer nmenory 3. Then, as-shown in Fig. 14, the adder conputes the
sum of t lehiltd-ebayecorideageeandpimay sakson @Jupklifd tonkhesng nom.
2n+l) read outt fromthe second-layer nenory 2 and supplies the sum

'adder-subtracter-ll.

" The adder-subtracter 11 subtracts the sum =
value feceived from the .add:i::7 f;:om the I_._t_l.x;_i_;_-_'d-;'lay-er..
pixel q(m, 1) to obtain second-layer pixel m(2mtl, 2n+l)
(= g(m, n) l-'.(m(Zm', 'Zn) + m(2m+l, 2n) + m(2m, 2n+l)))
| and supplies the Sa;_i;_e_'td:-the .in_put/output ;tei‘minal DIO2
of the selector 9 The selector 9 may select and autput
the received second-layer pixel m(2m+l, 2n+l). -

Thus, as shown in Fig; 13, three secqnd-layer
pixels m(2m, 2n)-, m(21ﬁ+1, 2n), and m(2m, 2ﬁ+1) ﬁlay be
simultaneously read out from the second-layer memory 2,
and third-layer pixel g(m, n) may be read out from the
third-layer memory 3. Then, as shown in Fig. 1.4,'.the
adder 7 computes the sum of the three second-layer
pixels m(2m, 2n), m(2m+l, 2n), anci m(2m, _2n+1) read. out
from the second—laye_r memory 2 and supplies the sum

value to the adder-subtracter 11 which subtracts the sum
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val-ue fromthird-|ayer pixel g(m n).to obtain second-I|ayer, i m+1,

2n+1) whi cVQA¥*R8t "stored at  the tinme of witing. This se55ﬁ+- %3%$¥ .

pi xel m(2mt1, 2n+1) is supplied to the input/output term nal DI Q2 of

the selector 9 and is output fromthe input/output termnal DI OL.

Readi ng of the first-layer image will now be descri bed. In

this situation, the address_supply circuit 4 supplies the first-|ayer
‘menory 1value afirendidsird-layerePitelnd (Bhpat) t B/ Pt each of

hori zont al address HA and vertical address VA and supplies the

S ofETTgted, Bleebenl(AUALL 1AL o ngt Phgmeg o

~controller 5 supplies the first-Iayer menory 1 with lowlevel wite
~enabl e sithealtimé efdwritipgl.i eThi® secomdi+lkyyernpixel 2maRAmAdr, the
-third-layer nenory.3 with wite enabl-e signal we2 and/ or we3 and chip

ehab'¢ 35%¥i)cf§ %ﬁ%ﬁiigSBt%y%ﬁéﬁﬁﬁ38%9output terminal DIO2 of

“_—Ehe'égiéctgfdéméﬂa'Eéméﬁfput'ffdﬁ thé'input/oﬁtput

terminal DIO1.

;;ff¥3;¥;.- {:;m;:lﬁké§éiﬁ§ of thejfirst—léyer image will now be
described.

Ih-this=situa£ion; the address supply circuit

4 supplies the first-layer memory 1 with an address
formed of the upper ten bits of each of horizontal
address HA and vertical address VA and supplies the
second-layer méﬁory Z-and the third-layer memory 3 with
;he above-described addresses, as it does at the time of
writing; - The controller 5 supplies the first-layer
memory 1 with low-level write.enable signal wel and
supplies the second-layer memory 2 and/or the
third—layer memory 3 with write enable signal we2 and/or
we3.and chip enable signal ce2 and/or de3 such as those

described above. Further, the controller 5 supplies the
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descri bed above. Further t he controller 5 supplies the

78 . WD 99/40541 - - - -~ e e DCTL.JPO9/.00457.
first-layer RpHosNosky W t h t he sane chr p enabl e signal cel as aﬁctfmgiobm
of writing (chip enable signal cel at high level). e
Accordingly, in this situation, address (s, t) is supplied to the .-
first-layer nmenory 1 at each of the tines of outputting addresses (2s,
2t), (2s+1, 2t), (2s, 2t+1), and (25+1 2t +1) as conbi nati ons (HA, VA) of

hori zont al _addr.e HA and vertical . s VA fromthe ess rati on
circuit 4afiZstT %@Ffﬂ%ﬂ°¥%yirwﬁ% fﬁeh 5?3 lphﬁﬂéﬁi %%ﬁllh(ZS

2t+1) stored wth address (s, t) are srnultaneously read and respectrvely

outputted gedmddeatiathe arimeabs Wriwing (ehipeehablle @i amemaﬂy dc At .

each of the tinmes of outputting addresses (2s,2t); (2s+1, and (2s,
2t+1)fron1the addres generation circuit 4A, the three: frrst-layer pi-xel s
h(2s, 2t), h&ﬂ?@@ ?: and h(2s, -2t+1) output from.the data term nals D1
to D3 of the first-layer nenory 1 are respectively supplied to the

i nput/out put term nal sabdbAdin§By) it'ecREECEi¥udeion, address. (s,

€) is supplied to the first-layer memory 1 at sach of -

the times of outéutting ad&fesseé;(25,¢2£),:!23+1[uZt),
(25, 2t+1), and (2s+1, 2t+1) as combimations (HA, VA) of ©
horizontai address HA and.vertical address VA from the.
address generation qircuit-4A, ap§“Fhreeffirst layer
pixels h(2s, 2t), h(2s+l1l, 2t), and h(2s, 2t+1)_storéd
with address (s, t) are simultaneously read and
respectively outputted from the data terminals D1 to D3
of the.first—la&er ﬁemory 1. At each of the times of
outputting addresses (2s, 2t), (2s+1, 2t), and (2s,
2t+1).from'the address generation circuit 4A, the three
‘first-layer pixels h(2s, 2t), h(2s+1, 2t), and h(2s,
.2t+1) output from the data terminals D1 to D3 of the
first-layer memory 1 are respéctively supplied to the
input/output terminals IOl to IO3 of thé_selector 8.

The selector 8 selects, as a result of
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The selector 8 selects, as a result of ' ' 79

WD -99/40541 - ' _ : _

the first-layer inage, one of the three first-layer pixels h( 3y,

h(2s+1, 2t),Vﬁhﬂ”ﬂFg%, 2t +1) supplied to its input/output ter%?ﬁgf%%P6¥ t
103 and an output fromthe adder-subtracter 10 supplied to its - .-

i nput/output termnal DIQ2 in accordance with control signals haO and vaO
fromthe controller 5 and outputs the selected data fromits input/output
termnal DIOL.  That is, when each of the control_ signals ha0 and vaO is
0, i.e., wheadiheg arhie efirgdndrayennimiagri tona oduttip sthyeeess (2s, 2t),
the selector 8 selects the first-layer pixel (2s, 2t) supplied fromthe

data termipal DI of the.{inst- rgenor I tSe NP ternminal .
| O1 and-o&bﬁ?§' "s’é|8&?‘$&%i’£€ﬁ'fm'u &&?%%&w ?u%ﬁt%é??n{%'u OL.

“When the control signals haO and va0 are 1 and O, respectively, i.e., | :
‘when the aplgie3ys sagisl dedorociitsi fnpatoldypepatadenmsinal 8sI01 29, I0Re
selector 8 selécts first-layer pixel (2s+1, 2t) supplied fromthe data

term nal [Engfgg“%uhput-from the adder-subtracter 10 supplied to

0o

"—“mmm_%wiggwiﬁéﬁt)oﬁtﬁut“terminai DIbZ in accordance wi;h

-“éontrol signals ha0 and va0 from the controller.s,'and

"ﬁ“f';sﬁtputé-the selected data from its input/output-teiminai
‘'DIO1. That is, when each of the control signals.hao and
%5 ”_”V'va0 is 0, i.e., when the address generation circuit 4A-
outputs address (2s, 2t), the selector 8. selects the
first-layer pixel (2s, 2t) supplied from the data
.terminal D1 of the first-layer memory 1 to its
input/output teéminal I01 and outputs the selected pixel
from its input/output terminal DIOl1. When the control
signalé hao and.vao are.l and 0, respectively, i.e.;
when the address generation circuit 4A outputs address
(2s+1, 2t), the selector 8 selects first-layer pixel
(2s+1, 2t) supplied from the data terminal D2 of the
first-layer memory 1 to its input/output termihal I02

and outputs the selected pixel from its input/output

- 80
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first-layer nenory 1 to its input/output termnal 102 and outputs the

sel ected pixel fromits input/output - - - 80

WO 99/ 40541 a3 99740541 _ PCT/JP99/00457 pcﬁmm.}
DI O1. \When the control signals haO and vaO are 0 and 1, respectively,.
i.e.,when. the address generation circuit 4A outputs address (2s, 2t+1),
the selector 8 selects first-layer pixel (2s, 2t+1) supplied fromthe
data term nal D3 of the first-layer menory 1 to its input/output t erm nal

I 03 and outpuis the selecte fro | nput /.out er Dl OL.
Wien eacl¥ %‘Fmi-:ﬁés- R} ol ?g‘ti%h 1g“ﬁa %Q/iosg.gnf lgab ‘ﬁ‘\ 8% & ess
generation circuit 4A outputs address (2s+1, 2t+1), the sel ector 8 sel ects
data suppl igfaf 19MidwpeatddelsHpl 120l 6" Wileh OthleS ddbés8Uigiter£ETbRA!
D02 an outputs the sel ected data fromits i nput / out put term nal DI-OL.

As such, when the address generation circuit_ 4A outputs address (2s+1, ...
2t +1) , tmixgultsﬁAﬁﬂM¢Pugﬁxédﬁh?§§ (25, 2t?d)y, the sedeatiax 82t+1) .

are output fromthe data termnals D1 to D3 of the first-layer nenory 1:.
and suppldSfabst #8 AU0E] afelt® pixel (28, 2t+1) supplied from the

'data terminal D3 of the first-layer memory 1 to itd
input/output terminal IO3 aﬁﬁ?outbuts tﬁé-se;ected'pixel
from its input/output terminal'ﬁxbl;imWhénféaéﬁ”éffiﬁéﬂ:fffﬁfﬁfﬁ
control Signals ha0 and vaolis 1, i.e., when the address
generation.circuit‘4A outputs.addfess (2s+1, 2t+1), tygtm'
selector 8 selects data supplied from the . .';—'
adder-subtracter 10 to its input/output terminal D102
and outputs the selected data froﬁ its input/output
terminal DIOl. |

As such, when the address generation circuit
4A ouﬁputs address (2s+l1, 2t+l1l), three first-layer

pixels h(2s, 2t), h(2t+l, 2t), and h(2s, 2t+l) are
output from the data terminals D1 to D3 of the
first-layer memory 1_and supplied to the adder 6 to
ob;ain the'sum of the values of these pixels. The

obtained sum value is supplied to the adder-subtracter
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obtain the sum of ‘the val ues of these pi xel s. The obtai ned sun1va|ue i's
supplied to the adder-subtracter o - 81 e MDD

99/ 40541 ' PCT/JP99/00457

Further, WYOYPH4¥1address generation circuit- 4A outputs aa:aﬂ].gl?gm?%ﬂ

2t +1), second-layer pixel m(s, t) is output fromthe input/output_termn nal
DIOL of the selector 9, as described above. This second-1layer pixel n(s,

t) may be output to the outside as a result of reading the second-Iayer

i mmge and may al so be supplied to the adder-subtracter 10. The
adder -sul2 ¢ acter 10 subtracts the sum value received fromthe adder 6 from-
second- | ayer pixel nm(s, t) to obtain: first-layer pi xel h(2s+1, 2t+1) (=

5l 125 P o, Wb gh Sy Ao Bl 1 s

sel ect and output the recelved flrst-layer plxel h(2s+1, 2t+1). : .
Thus, whim cttpatds esddgeser {2l ¢i Redil) Alsecond+layelrr pisxel (s, ot +1)
which is. represented by (4mtl, 4n+l1), three first-layer pixels h(4m 4n),

h(4HW1’t) is output from the input/output terminal DIO1 of -the

selector 9, as described above. This second-layer pixel

m(s, t) may be output to the Qutsgde'as'; :ésultwof:;,w_
'reading the second-layer image and may 5156 £;M§£§§iiéd.iTlTT """
to the adder-subtracter 10.

‘The adder—sﬁbtracter 10 subtract$ th§ sum
value received from the_adde? 6 from second-layer. pixel -
m(s, t)_to obtain first-layer pixel h(2s+1, 2t+1) (= m(s,
t) - (h(2s, 2t) + h(2s+l, 2tn) + htzs, zt+1))j and
supplies the saﬁe to the inpuﬁ/oufput terminal DIO2 of
the selector 8. The selector 8 may seléct and output
the received first-layer pixel h(2s+l,_2t+1);

Thus, when the address geheration circuit 4A
outputs address (2s+l, 2t+1) which is represented by
(4m+1, 4n+l), three first-layeﬁ_pixels h(4m, 4n), h(4m+1,
4n), and h(4m, 4n+1) may be simultaneously read out from

the firSt-layér memory 1 and second-layer pixel m{2mi'
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4n), and h(4m 4n+l) may be sinultaneously read out from the flrst-layer

menory 1 and second-| ayer pixel m(2m .82 - e
WO 99/ 4054136 90140541 PCT/JP99/ 00457 pc-mﬂg,)mmy be
read out fro ?he second-l ayer nenory 2, as shown in Fig. 15. Then,. the

adder 6 may conpute the sum of the three first-layer pixels h(4n1-4n)
h(4m+l, 4n) and h(4m 4n+1) and supply the sumvalue to the
adder-subtracter 10 mhich nay subtract the same from second-|ayer pixel

m2m 2n) to obtagin f|r e 4nw1 whi ch was_ not stored
2 e 4ms BRY B9 FREY AL FrOW Bhe HegPRE LRVAK IReROEY Fmy a8
supplied to the input/output terntnal DIl 02 of the selector 8 and outputted

from t heghHRH! /ﬁytnwg t @51 NafheR), OtHd1&i@@ér 6 may. compudienthbesasdress .
generatlon circuit out put s. addr ess (2s+1, 2t+£g mhlch is represented

(4mt3, 4n+l), three first-layer pixels h§4nw2 4n); ~ h(4m+3, 4n), and
h(4m+2 ot rthendihrre s Edmstarkayery Pixaks ol 48y ot he hi(Am+1 ayéh)nerory 1

and second-layer pixel m(2m+l, 2n) may be read out from the second-| ayer

MEMDry ZyndSh{dg" 4H+Ei)gan]c?'s11_ﬁ§ﬂy Wife AER" vAITY to the
éddéf—subt;actér-lo which may subtract the'SAmétEfdﬁ'
sécond—layer pixel m(2m, ZB;%ZO o;tain fifstflayef'pixel
h(4m+l, 4n+l) which was not stored at the tiﬁe éf;_t;; |
writing. This first-layer pixel h(4m+l, 4n+1)'may be
supplied to thé.input/output terminal'D102 of the
selector 8 and outputted from the input/output terminal
DIO1 thereof.

When the address generation circuit 4A
outputs addressf(25+1, 2t+1) which is represented by
(4m+3, 4n+l1), three first-layer pixels h(4m+2, 4n),
h(4m+3, 4n), and h(4m+2, 4n+l) may be simultaneously
rgad out from thg firét-layér memory 1 and second-layer.
pixel m(2m+l, 2n) may be read out from the second-layer
Memory 2,'as shown in Fig. 15. Then, the adder 6 may

compute the sum of the three first-layer pixels h(4m+2,

4n), h(4m+3, 4n), and h(4m+2, 4n+l) and supply the sum
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conpute the sumof the three flrst-layer plxels h(4nw2 '4n), h(4nw3 4n)
and h(4m-2, 4n+l) and supply the sum- - - S

WO 99/ 40541 PCT/JP99/00457 value h?
t he adder - subVOR48%4110 whi ch may subtract-the same fron1seconﬁcw§?gp 7
pi xel m(2m+l, 2n) to obtain first-layer pixel h(4mt3, 4n+l1l) which was" hot
stored at the tinme of witing. This first-layer pixel h(4mt3, 4n+1) may
be supplied to the input/output termnal D02 of the selector 8 and out put
fromthe input/output termnal DI Ol thereof. When t he address
gener at i onvalweli to4theo Hgdes-sadtosacteéx+10 Arhirhwmayh subtepcdsditied - by
(4mtl, 4n+3), three first-layer pixels h(4n1 4n+2), h(4mtl, 4n+2), and

h(4m 4n+3) e si mul t aneousl read f thg first-layer _menory 1
and second® rBW&599ﬂ§§1£ #ﬁﬁ 3 Qéﬂf% 5?90$9wﬂ9€8&8na"1ayer
menory 2, as shomn in Fig. 15. Then, the adder 6 may conpute the.-sum of.

three firsifjlaer] ayed piKdn hﬁﬂm@3 bh 41 wHDOR) wasn thd¥ 4gtoteiBatnd

supply the sumvalue to the adder-subtracter 10 which:-may subtract the

same from second-|ayer pixe 2 2n+1). .to obtain
the time %f &%ﬁk&ng( mTh{E 1rsttiayer pixel h(4m+3,

4n+1) may be supplled to the lnput/output tefﬁlﬁéi 5562
of the selector 8 and outpu:w;rom the lnput/output
terminal DIOL thereof. ' . o

When the.address gené;atibn'circuit 43
dutpﬁts address (2s+1, 2t+1) which is represenﬁedlhyV
(4m+i, 4n+3),ethree firstélayer-pixels h(4m, 4n+2),
h(4m+1l, 4n+2), and h(4m, 4n+3) may be simultaneously
read out fiem the fitst—iayer membry 1 and second-layer
pixel m(2m, 2n+i) may be read out from the second-layer
memory 2, as shown in Fig. 15. Then, the adder 6 may
compute the sum of three first-layer pixels h(4m, 4n+2);
h(4m+1l, 4n+2), and h(4m, 4n+3)eand supply the sum value
to the adder—subtracter 10 which may subtract the same
from second—leyer.pixel m(2m, 2n+l) to obtain

first-layer pixel h(4m+l, 4n+3) which was not stored at

the time of writing. This first-layer pixel h(4m+l,
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first-layer pixel h(4mrl, 4n+3) which was not stored at the tinme of
witing. This first-layer pixel h(4mtl, : '

84—

WO 99/ 405446 99/40541 | PCT/ JP99/ 00457 pcT/yPbordds7 may
~ be supplied to the input/output termnal DI02 of the selector 8 and output
fromthe input/output termnal DI Ol thereof. - When the address

generation circuit 4A outputs address (2s+1, 2t+1) which is represented
by (4mt3, 4n+3), three second-layer pixels m2m 2n), m2m:l, 2n), m2m

2n+1) may he sinul f aneously, read oyt, fromthe second-| ayer I and
t hi rd- | §9&3 )pimAY Fmsumfhﬁé gPs&*b% BBy R EPBh ﬁ?@*ﬂwﬁ"ﬁgﬁé merory
3, as shown in Fig. 15. Fromthese pixels, second-layer pixel m2m+l, °

2n+l) ngy keeohidlsedor 8 hendabetiiesErbe tH@NDRpudybWEpati ed fromthe .
i nput/output termnal DIOL of the Selector 9 to the adder-subtracter -10, -
Further, in this case, three- first-layer pixels h(4mt2, 4n+2); h(4m:3, - -
4n+2), hegmimatnDI0dnthe¥e9fpe sinul taneously read out fromthe -
first-layer nmenory 1 and supplied to the adder 6 so as to conpute the -sum

of the values of thgRgPipid Sadddess generation circuit 4A .

outputs addzess (2541, 2t+1) which is represented by <

B,

(4m+3, 4n+3), three second;lgferlbixels ﬁ(2m,_2n)g_
m(2m+1, 28), m(2m, 20+1) may be similtaneously read out |
from the second—layef memory 2 and third—layer pixel q(m,
‘'n) may also be read outifrom'the third—laye:,mgqo;yJ?r
as shown in Fig. 15. From these pixels, second—lgyer
pixel m(2m+l, 2n+l) may be obtained in the
'above—described.manner and supplied from ﬁhe
input/output terminal DIOl of the sglector 9 to the.
| adder-subtracter 10. Further, in this case, three
first-layer pixels h(4m+2, 4n+2), h(4m+3, 4n+2), and
h(4m+2, 4n+3) may be simultanequsly read out from the
first-layer memory 1 and supplied to tﬁe adder 6 so as
to compute the sum of.thg_values of these pixels. Such

sum value may be supplied to the adder~subtracter 10

which may subtract the same from second-layer pixel
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sum val ue may be supplied to the adder-subtracter 10 which may subtract

t he sanme from second- {_.a.yer' DI X@ I+ e o e e e @B
WO 99/ 40541 S - PCT/ JP99/ 00457 ﬁgzh@gm
2n+l) recei vedOP8Mi% he selector 9 to obtain first-I ayer pi xell7 4rn+3,‘_,3‘_‘57
4n+3) which was not stored at the time of witing. This first-layer -

pi xel h(4mt3, 4n+3) may be output by way of the input/output term nal
D02 and the input/output termnal D OL of the selector 8. As
descri bed above, wth respect to the_relationship between the first |ayer
and the sedfrmtlay@ntd)xeeseivedicfromeths seiectorn & o oPbEaiR the

first-layer menory 1 are read out as unit groups each having three

S e WO, ) Wi e s R e,

the upper or second l|ayer and excluding final input pixel h(2s+1, 2t+1).
Ther ef or e, the timet dfiyeribtimg.y IThis firsirelapersipiizet bhfdmtar, of a
delay circuit externally connected as in the previously-described

arrangement; 13y may be output by way of the input/output terminal

DIO2 and the input/output terminal DIO1 of the selector

N [
- As described above, with respect to the = .

relationship between the first'léyer'and the second-

ad layer, piiels_in the lower or first layer stored in the
first-layer memory 1 are read’oﬁt as unit groups each -
having three fi;st-layer éixels, that is, three of the 2
X 2 first-layer pixels h(2s, 2t), h(2s+l, 2t), h(2s,
- 2t+1), .and h(ZS;l, 2t+1) used to form a pixel in the
upper or second layer and excluding final input pixel
h(2s+1, 2t+1); Therefore, the first-layer memory 1 has
a function éimilar to that of a delay circuit externally
connected as in the preyibgsly—described arrangement.
Thus, without such a delay circuit, the first-layer
image can be read out whilé_obtaining the first—layer

pixels not stored at the time of writing. Also, with
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Thus, w thout such a delay circuit, the first-layer inmge can be read out
whi'l e obtaining the first-layer. plxels not stored at the tine of. ww;tlng

PCT/JP99/0045?”)mmm?gspect to the relationship between the seco l'ayer  and.

the third layer, pixels in the lower or second layer stored in the .-
second-|l ayer nenory 2 are read out as unit groups each having three
second-l ayer pixels, that is, three of the 2 X 2 second-|ayer pixels m 2m

2n), m2mtl, 2 2n+ and np(2mtl, 2n+1 sed to fo |er- -in
t he upper 6?sﬂﬂ$"d géyg}‘ ]@EFB&%Hll'H%FW tt ‘Bl §§I°°rﬂ‘%mr§¥g§nwaﬂ
Therefore, the second-layer nenory 1 has a function simlar to that of a

del ay circygpp t‘lﬁf‘&“ﬁhkﬁrﬁm}f@ﬁéig 3% | ¥heNe oRfely i GHSbEcHIRE1896r

arrangenent.  Thus ut' such a delay circuit, the second-I|ayer inmage
can be read out while obtaining the second- Iayer pi xel s not stored at the
time of wstomed in the secomdzlayen imemarypeahe IESS Quk agyumdte a
relatively small size and nay be capabl e of high-speed reading of inages

corr espond anxé)% LLLA" 8AvidY StRree second-1dyks 5iaBIYS dargE! B8l

enbodlnent

“'three of the 2 X 2 second-layer plxels m(Zm, 2n), m(2m+1,

2n), m(2m, 2n+1), and m(2m+1 2n+1) used to form a plxel
—  in the-upper or third layer and excluding final inquLjfw
~ pixel m(2m+l, 2n+l). fhefefére, the'second-layer memory
1 has a function similar to that of a delay ci:cﬁit;_
exterﬁally conneﬁted as in the previopsly—described,
' arraﬁgeﬁent. Thus, withouﬁ such a delay circuit, the
secdnd-léjér image can be read out while obtaining the
_'second—layer piiels not store& at the time of writing.
As a result, the p;esent appar&tus may have a
‘relatively small size and may be'capable of high-speed
reading of images corresponding to different léyers.
In ?he above-described embddiment, address
designation is perférmed by.supplying.each of-éhe
first-layer memory.l, the second-layer memory 2 aﬁd the

third-layer memory 3 with portions of horizontal address
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designation is performed by supplying each of the first-layer nenory 1,

t he- seeond- |-ayer --merpr-y-2--and—t-he—t-hi-+-d-1-ayer-nenory--3- wi-th portions of
hori zont al address 87 WO 99@39 %
PCT/ JP99/ 00480 99/4058A and vertical address VA output by the ad&FAgE?9/00457
generation circuit 4A. However; the present-invention is not linited to
such addressi ng net hod. In the above-described enbodi nent,
~horizontal and vertical addresses corresponding to the position in

hori zontal and vertical directions of each of pixels -formng an i nage are
suppli ed HA el vexrthiccdlr address VAeoatpul bypethec@addteser nenory 2
and the third-layer nmenory 3 for access to the same. However, other

t echni ques for ceSS|n he first-| menory, 1, the second-| menory
2 and the SSRSRAEAPE SEAORY TS Wy BUVEVER »otPe PEESSRLEYeRFLRRY cos

on-a time base may be utilized wherein second- Iayer or th|rd | ayer pixels
may be foripdhéy addiitgedi tot shteraddressisrptmethdd.with time as well as

first-layer pixels scattered along "spatial directions (horizontal and
vertical directions - Further, _in, the present invention, each
of _ ' ) In the above-described embgdiment, horizonta

and vertlcal addresses correspondlng to the pos1t10n in’

horizontal and vertical dlrectlons of each of plxels
'eforming an'imege"are?segéiieé%to each'eflthe*first-layer
memoxyll, theTSesond-laYef memory 2 and the thir&-leyer
_memorye3 for access to the same. However, other
- techniques fbr'accessing”tﬁe first-layer memory 1;Zthe
second-layer memory 2 and the third-layer memory 3 may
be utilized. For example, an address on a time base may
be utilized'wherein second-layer or third-layer pixels
may be formed by adding first-layer pixels scattered
ﬁith time as well as first-layer pixels scateered'along
spatial directions (horizontal and vertical directioms).
Further, in the present invention, each of
the first-layer memory, the second-layer memory and the

third-layer memory does not have to be formed as a

memory separate from the others. As an alternative, the
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the first-layer nmenory, the second-layer nenory and the third-layer nmenory
---does-not-- have to -be formed as a nenory separate fromthe others. As an -

alternati 88 Wo 19579406451

: PCT/JP99/8§9§;/EW54l three nenories may be conbined into one nenory. havi ng
storage areas allocated to correspond to the first, second and t+hifd
menories 1, 2, and 3. Each of the conponents of the storage

apparatus shown as bl ocks in Flg 2, not particularly specified above, can

be for ped a8 ARAependsy! pd NEsADINEA CLAEH! bneAnikikbeyChdving! rangerent

may be e-chip conpl enentary netal OXIde sem conduct or
“(CMOS) structure or the like. In the above-descri bed

enbodi Bydragbe anenerallocatied bosiconxesposdcitd ikhe- Eaxat pixel is 8,
and the = data Iengths of menory cells of the first-layer nmenory 1, t he

e ST Yo A UL Y T gRPTY 3, e st fo 0, 10, and
and third-Iayer pi xel s. However, the present invention is not so
limted. As an altegqehi o€ tHe componsmptisodil themsiyorage
_ ;5E§5f§fﬁ§“shown”as“blocks“in Fig. 2,'not particﬁlarly
specified abo&e, can be for&éd as an independent
 integrated circuit, and the entire arrangement.may be -
constrﬁctedfbn-a one-chip complementary metal oxide
seﬁiconductor_(éMOSj_structure or the like.

In the above-described embodiment, the number
of bits assigned'to each first-layer pixel is 8, and the
data'lengths of memory cells of the first-layer memory 1,
the second-layer memory 2 and the third-layer memory 3
are set to 8, 10, and 12.bits, respectively, avoiding
omission of digita for first—; second-, and third-layer
pixels. However, the present invention is not so
limited. As an alternative, tﬁe'data lengths of memory
cells of the first—layef memory.i, the aecond-layer

memory 2 and the third-layer memory 3 may be uniformly

set to 8 bits. However, in such situation, a value
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cells of the first-layer nenory 1, the second-|ayer menory 2 and the
Ph++dfFayef—ﬂEﬁﬁfy -3—ray-be-uniformy - set.to 8 bits. However, in such
situation, a valu _ 89 :
00/ 40541 WO SsiAbsa1 PCT/ JP99/ 00457 Pﬂ'mt?%ﬁgi'sged
by discarding two |ower bits of the sumof 2 X 2 first-layer or .. -
second- | ayer pixels (a val ue corresponding to a quarter of the sum
i.e., the average) is stored as each of second- or third-1ayer

pi xel s. a.res S| n of \ b yyof "the
data is-i8btal tE’YSdﬁsfc ﬁq’og ]t'&fg%l gllt S P%fp#el\%ef\s{ 6¥| ?stx?l ayer
and second- Iayer .plxels (plxel val ues) not stored can be accurately
obt ai ned by fiileseqlayeensdrs wesontdelayetiopbxels i (a value omission of
digits occurs, first-layer and second-| ayer pi xel s not stored nay be
obt-ai ned -not -as accyr,ate val-ues : egt .a OXLnate Vgl ues.
In the ab@ﬂ@ﬁﬁﬁﬁ??éé&geﬁﬂbd?nEHFrgfr of t 5%&%3 i s"processed
to be hierarchically coded. However, the present i nvention is not

so Limi t_egver'age)aﬁlg E6 8 48B! e of Oséedﬂa-erd»ﬁceﬂiiﬁmqpayer

pixels. &S a Fesult, Gmissicn ‘of digits occurs and

-3 '.._

reverSLblllty of the data lS lost. That is, if omission

___:;_i':t'::-'};__f;_j'_;;f-_';-_'e_;ff digits is prevented, first-layer and second-layer

ee:pixels.(piiél-falues) not stored can be accurately

'Tieeﬁtaiped'by'ehe equatidns shown above. However, -if
“6missionjef digits occurs, first-layer and second-layer
pixels not stored may be obtained not as accurate values
but as approximate'values._

In the above-described embodiment, a
progressive image is processed to be hierarchically
ceded. However,_the presént invention is not so limited
and may be applicable to an ihterlaced image.

- Although the above-described embodiment has
th;ee (3) layere, the present invention_is not so.
limited. 'glternatively,_the present invention méy have

2, 4, or more layers.
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Alfhough t he above-descri bed enbodi nent has three (3) layers, the"

present—invention-is-not-so - - - limted. Alternatively, the present
i nvention-m 2, .4, or nore |ayers. PCT/JP99/00457
90 R 41 PCT/ JP99/ 00457

I n the above-described enbodi ment, the sum of the values of 2 X 2 four -
pi xel s of a lower |ayer is set as a pixel (pixel value) of an adjacent

hi gher | ayer. However, the nethod of formng a pixel of a higher |ayer
s not so limted|f arpikfle GhdvéldBeldBed eipddEmlt |’ the Huk! &

ot her than four pixels,each of the "unit groups of pixels each having N-1
pi xels fromthe first-layer nenory 1 or second-layer nenory nmay be read.
The storadheppalmes efiodnX 2 Heur)pixelpaefcal ilowenl layexn risasehar e
form  Alternatively, such storage apparatus nmay be realized by use of a

I The aba RoBireieq BFEed, Vartie) "BF En T oty HLONER Hher, o oq i1y

a nenory. such as a random access nmenory (RAM or the like. Alternatively,
pi xel s ‘nmayHdwevear,cctlie ecmethed) off foradorgli agpimélirof a higher layer

iéwhaé¥§6;limiteal*;If“é“pixel'of'a higher layer is

._:J_formed_from“N“pixels qther;égzn f;ur pixéls,ieach of fhe
7 unit groups of pixels ‘each having N-1 pixels from the
'”firﬁt—layer memory 1 or second-layer memory may be read.
_f_The_storagejapparatus.shown in Fig. 1 is
- basically realized in hardware form. Alternatively,
such storage apparatus may be realized by use of a -
computer progiam which performs the above-described
processing.
In the above-described embodiment, pixels
(pixel values) may be stored.in a meﬁory such as a
random. access memory (RAM) or the like. Alternatively,
pixéls may be stored (recorded) on a recording medium,
such as a magnetic disk, a magneto-optical disk,-é
magnetic tape, a memory card or an optical card.

'In the above-described embodiment, writing"is
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such as a magnetic di sk, a nmagneto-optical disk, a magnetic tape, a

-—frerpr-y-card or an opti cal card. In the above-descri bed
enbodi nent, witing is . 91 PCT/P
99/ 40541 WO 99/40541 PCT/ JP99/ 00457  FSEHFEINEQ wi.t h

respect to unit groups of three pixels, as is reading of pixels, fromthe
first-layer nenory 1 and the second-layer nenory 2. Alternatlvely writing

may be perforned with respect to a unit of one pixel. As is apparent from
t he abqve descri | mages. corre nd to I can_he

il REherpe it FREREER & oRBlY Shdnt, o FHecd pigels
corresponding to one layer alone can be read out . The preseht

. inventigm itenreadingief pdxelstfrom mige Hirstrldyari ﬁéﬂl@rfy
‘According to the storage apparatus and the. witing nethod of the present

invention xel s of Iomer-la ge e witten and a ynit group of N
o o sEBF pecondr LN oo MOy f - AL P ERASAT LT, BRAEIMGel of an
upper-layer image is formed fromthe N - 1 pixels constltutlng the | ower -

. :Oflg(/glrS'm%ange@ﬁw@wwﬂw%e@gebl&eﬂd)veruhﬂerofr@ﬂé paxer fotal of N

- ;”Aéfiémépparent'from the above description,
| images COrrespondingfto'lay;;: ca; be siﬁﬁltaneousiy
iﬁi;;?hhé;#ffgibmlthe storage apparatus, or an image -
co?respohafﬁg to one- layer alone can be read out.
-The present invention can be applied to a
. .still image or a moving image.
Accoxrding to the storage apparatus aﬁd the -
writing method of the present invention, pixels of a
lower-layer imaée are written and a unit group of N - 1
pixels of the written lbwe:-layei image is read out, one
_pixel.of an.upper-layer image'is_formed from the N - 1
pixels constituting the lower layer image and one input
pixel of the lower layer image for a total of N pixels,
and fhe formed pixel of the uppe¥ layer image is written.

Thus, one pixel of the upper—layer_image may be obtained

from N pixels of the lower-layer image and the.obteined :
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and the forned plxel of the upper layer image is witten. Thus, one pixel
of--t he- upper-rayer~rnage~ﬁay -be—obtat-ned-—-from N-pixel s of the |ower-I|ayer

i mge and. t he obt ai ned 92 pCT¥P99/00457
99/ 40541 WO 99/40541 ' PCT/ JP99/ 00457 pi xel may be
stored without using additional delay devices for .delaying the .

| oner -1 ayer i mage. According to the storage apparatus and the

witing nmethod of the present invention, N - 1 pixels of a lower |ayer

d f f
RO ™) ofien 530,34, SRR Sul PR, Bifipe kit ity oty one of

of the " |lower |ayer inmge may be output which is forned fromone pixel of

an_upper |gagicksngostdetdying hchephewdmybayexst dmage devi ce and the N -
1 pixels of the lower layer image read out' fromthe 1ower |ayer storage
device of the N plxels of t.he | owner yer Il mage used to formt gne
pi xel of the upper |aff Fé&é‘g THRIst hé'”tfq%‘ge RRBRT HTRE| a&r{] eN
pi xel's of - the | ower-| ayer inmage used to obtain one pi xel of the

upper - | ay%riﬁlgg YRS 8% HHEprekeat sventdaddi f iwnal 1dg) e ievoges

for delaylng t omer-layer |nage

'a lower layer lmage ‘may ‘be read out from the lower layerf
storage device, and one. of ;;e;N ;_1 plxels'read ogt may
“be selected and output.' A final input pixel of the
lewer'lefereiﬁage may be output which is formed from one
._pixel'qf eq”gpper_layer image stored:ig-theuupper]layer
storage'deviee and the N - 1 pixels of the lower layer
lmage read out from the lower layer storage device of_
the-N.pixels of the lower layer image ﬁeed to form the
one pixel of the upper layer image. Thus, the final
input pixel of the N pixels 6f the lower-layer image
ueed to:obtein oneipixel of-fhe'upperflayer image may be
obtained without using additional delay devices for

delaying the lower—leyer image.
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WO 99/ 40541 CLAI NS | - - 1. A-storage -~
appar-atus, for storlng a first i mage corresponding to a | ow | apemsr@ndoss?
havi ng a R of pixels and a second image corresponding to a.high-

| ayer and haV|ng a plurality of pixels, in which a pixel of the second

image is formed fromN pixels of the first inmage, and in which the pixels
‘of the first 1image are inputted one by one in a predeterm ned order,

'said apparatus conpri sing: Fm&ﬁ%gr storage device for storlng
:the first image correspondi ng to the ayer; a high layer

' storage device for storing the second i mage corresponding to the high

| ayer; . a controlierdf stoxage oappagatas {0 Wwiamingopefdidsths with
‘respect to said Iom1|ayer and high | ayer storage devices, said controller

reading oy the U MespbBRYRS o8 185 Y dlPVah) HavitRgoge device as.a

uni t

plurality of pixels and a second image corresponding to -
'*f“””“'“é‘highﬁlayer and having'a'plﬁrality of pixels, in which~ -
' alplxel of the second 1mageJls formed frem N plxels.of
. _the first image, and in which the pixels.of-the first .
image are inputted one by one in a predetermined:order,
said apparatus comprising:
a low layer storage device for storing the first'
-image.corresponding to the low layer;

a high layer éterage device for storing the second
image corresponding to the high leyer;

a cphtroller for contfolling reéd-and write
oéerations with respecf to said low layer and.high layer
storage devices; said controller reading out the fiﬁst
image stored in said low layer storage device.as a unit
group of N-1 piiels; and

.a pixel generator for generating one'pixel of the
second image by usiné the N pixelslef the first imegem

I
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group of N-1 pixels; and a pi xel generator for generatlng one plxe
of the -second-image by-uskng the-N-pi-xets—ef—the-first- image-

94 40541 PGEﬂ&ﬁ@Q%@EﬂS?
whi ch |ncwﬂ%é¥%ﬁz{hkl pi xel s of the first image read out from satd.low-
| ayer storage device and one i'nput pixel ‘of the first image. - 2. A
storage apparatus according to claim1, wherein said controller

reads out the first image stored .in said |ow |ayer storage device as the
uni t of ; 2¢ tbR9 e 8%S ifladei dehdwouyer
storag‘gﬁgg’ cle&#:n acc%a?geimﬁqﬁ%;?tgfoFﬂaé vertlgcal aggl%r ess and a
hori'zontal address which respectively "correspond to a position in a '
vmwlCﬂtomrsaidohownd&yepostDMﬂgérdth§ﬁ:ﬁ#daPnﬁlA&R@Bnpéﬁﬁ%xels of ..
the first |nage . A storage apparatus according to claiml,
wher ei n_sai.d M/I%yer iiorage device-stores onty N-1- pixels-and excludes
a flnan {# N pi xel s~ of t he flrst i mge used to formthe -
one pi xel of t he

2. A storage apparatus accordlng to claim 1,

| wherein”
said.controller reads ou% the flrst 'If_imagé;_-r stored
in said 16w layer storage device as the unit group of N-
1 pixaLs-by designating_aa.addreas of said low layer ..
storage devica in accordance with parts of a vertical
_addresé and a horizontal address which respectively -
correspond to a position in a vertical direction and a
position in.a hofiiontal direction of pixels of the
firat image.

3. A storage apparatus according tq-claim.l,
wﬂerein,said low layer storage device stores only N-1
pixels and excludes a final input pixel of the N'pixels

- of the first image used to form the.one pixel of the
secoad image, the final input pixel is inputted in the N
pixels of the first image; and said controller reads out

the corresponding N-1 pixels of the first imaga with a

o




second imge, the final input pixel is inputted in the N pixels of the
first.image, .and said controller reads out the corresponding N-1 pixels of
the first image with a .- WD 99/40541 PCT/JIP99/00457
PCT/ JP99/ 004%®@ 994054 i ng corresponding to the inputting of the final. .input
pi xel in the N pixels of the first imge. . 4. A storage apparatus
according to claim1, wherein said pixel generator includes a first adder
for addi ng values of the N-1 pixels read out fromsaid low |ayer
storage deyi ce to generat d | o f di ng
the added=¥R#+-B8 ﬁarﬁeﬁgf:g]éﬁg?gadgg F‘iﬁ%al%n lgﬁ?li%(éff tgﬂge%g'?%]é ?’l&%ﬁgne _
pi xel of the second i nage. 5. A storage apparatus according to

claim 3, piwbardim shedNpipdateenefatire ifitstiedmadesst adder for adding. -

val ues’ of the N-1 plxels read out fromsaid Iom1 | ayer storage device to

generate an added val second add agﬁ Q%ﬁﬁﬂﬁ dded val ue.
and a val ue of 'tﬁeﬁ=QEﬁq?nBBPﬁﬁ%&Hstﬁcﬁ 3 of the
second i mage. 6. A storage apparatus according to clalnll

e o, A sken prasmsydRcaton caclates 12 izan widesndor
~————--gdding values of the N-1 pixels read out from sald low
L léyer storage_dev1ce to.genéfate an'added_value, and a
”"7ff§é§pnd”adder for adding the added value and a vélue.of a
final input pixel to generate the one pixel of the
secoﬁd,imaée._

5. A storage apparatus according to claiﬁ.3,
vherein said pixel genefator includes a first adder for
adding values of the N-1 pixels.redd out froﬁ said low
layer storage-déﬁice to generate an added vaiue, and a
second adder for adding the added value and.a value of
tﬁe findl input pixel to generate the one pixgl of the
second image.

.. 6. A storage apparatus according to qlaim.l,
wherein gaid low -layer stordge device storeé only N-1
pixels and excludes a final inpu£ pixel of the N pixels

of the first image used to form the one pixel of the

-
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of the fi
96

rst image used to formthe one plxel of the

WO 99/ 40541 - PCT/-JPY9/-00457 ————

second i mage, the final input p| er is i nputted in the N . pi xelgc9ipoblbus7
first image, YP8%BA roi ler reads out the one pixel of the second image in

sai d high
pi xel of

out from
| mage rea
not bei ng
further c
| mge rea
storage a
I ncl udes

'said | ow
'subtracto
correspon

|nput p|x

| ayer storage, said pixel generator generates the final input
the first inmage by using the one pixel of the second inage read
said high | ayer storage device and the N-1 pixels of the first

sanionduimeday CRRWRA LoBRRoRANLcEe AMPILERy i ing X

onprises a selector for selecting one of N1 pixels of the first

%i&@lsfbimﬁﬁedeQwﬂEﬂﬁﬁgépdshmﬂf¢6ﬁtruﬂmﬁrrmea&s out tHe__A e

aratus according to claim®6, wherein said pixel generator
a first adder for adding, values of the | s rea out rom
ane pizedr /f HRei seqandchmages ih %aaédh?ﬁhéfam $to ager
r for subtracting the added value froma value of the = '

Udis OBE A1 | §enBLuehy YehbPatewrthe! FAGRL cLgswer PiksDeofi nal -

the first image by us1ng ‘the one plxel of “the~ second

image read out from said-high-layer storage devicefand,;
the N-1 pixels of the flrst 1mage read out from seia»iow
layer storage device, the final input pixel not being

stored in said low layer storage device, and

said. apparatus further com?rises-a.selecto: for -

. selecting one of N-1 pixels of the first image read out

from said low layer and the final input pixel..

7. A storege apparaths_according to claim 6,

‘wherein said pixel generator includes a first adder for

‘adding. values of.the N-1 pixels read out from said low

layer storage device to generate an added value, and a
subtractor for subtrectinq the.added value from a value
of the correspondiné one of the pixels of the secood :
image to generate_the.finaI input pixel of the'first

image.
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I mage. _ ' 97 WD 99/ 40541

PCT/ JP99/ 00457 8. A nmethod for witing an inage to a-storage ---- ...
apparatus to store a first imge corresponding to a |low | ay, ing a
plurality WO9%4%¥ls and a second inmmge corresponding to a H?g ﬁﬁ%@@éyand :
having a plurality of pixels, in which a pixel of "the second inage-is
formed fromN pixels of the first inage, and in which the pixels of the
first image are inputted one by one in a predeterm ned order, said nethod
conprising the steps of.: storing the fjrst ipmage corresponding to

the low [ayed-in & MRFRAGefoR; &%Elggvia&‘e;lmage T & $PBAT & he first

i mage stored in said |ow "l ayer storage device as a unit group of N1 )

pi xel's; g paratdEa! sRHreN 6y PEXPL+Ofint SééQ'%dﬁmiﬁij ¢+ g 1éwe N

pi xel s of"the first inmage which include The N-1 pixels 6f the first inmag
read out fromsaid | ow | ayer. storage device and one_input pixel of the
first ihager and haVingst%thgr@R}é%%&)ﬁdpi#ﬁé@ @ndedpsediondto the high
| ayer in a high |layer storage device. : | - -
image corresponding to a high layer and having a"ﬂ-
plurality of pixels, in which a pixel Of £hé séé?hd”
image is formed from N pikef:=6f éhe'firs£ image, and in
"which the pixels of the first image are inpuﬁtédi&hé by
‘one in a pfédeterﬁined order, said method comp:iéing'the
_steps of:
"storing the first image corresponding to the low. -
layer-in a low layer storage device;
- reading out the first image stored in said low
layer storage device as a unit éroup of N-1 pixeis;
| -génerating one pixel of the second image by ﬁsing
_:tﬁe N pixels of the.first image which include the N-1
pixéis of the first image read out from said lbw iayer
storage device and ﬁne input-éixel of the first im;ge;
and

storing the second image corresponding to the high

layer in a high layer storage device.

08

"+ ¢ L M 0§ %



98 WD 99/ 40541 : PCT/ JP99/ 00457

9. A nethod according to claim8, wherein the- reading-step reads outthe —-

first imge gﬁ&g j said lowlayer storage device as the uniRCEARINO045F
N1 pixels eS|gnat|ng an address of said |ow |ayer storage. devi-ce in
accordance mnth parts of .a vertical address and a horizontal address which
respectively correspond to a position in a vertical direction and a
position in a horizontal direction of pixels of the first inage. 10.
A met hod accordiglg top Chféﬁﬂ&d sbebYididgetof idldinm @yewdieareng thep stores
only N1 pixels and excludes a final input pixel of the N pixels of the
first imge used to formthe one pixel of the second inmage i.n saigd_ |l ow

| ayer stonzamdiing stephrvepdsalovhpthe Fibest | imageutgieered. HRaﬁ@kﬂxels of . -

the first image, and said reading step reads out the corresponding N-1°

pi xel s of the ' di Ethr1 1§émg of
the final ]Tch‘f)ui' Q:el ‘E'F#e ﬁ%l’%‘(% SQQO]SE}{%E@ ?';Es "ﬁq’mag t &y

met hod accor di.ng to cIa|n18 wherein.said generating step |ncludes addlng
val ues of pyeddisignating an address of said low layer storage :

device in accordance with parts of a vertical address

and a horizontal address which re;pectivéiy correspond

to a position in a vertical direction and a position. in . =

a horizontal direction of pixels of the first image.
10. ° A method according to claim 8, whe;ein_the_
first image storing étep stores only N-1 pixels and '
~excludes a final input pixel of the N pixels'of thez
'first_image used td form the one pixel of the second
imége.in said low layer stdrage device, the final input
pixel.is inputted in the N pixels of the firSt.image,
'aﬁd séia reading step reads out the corresponding N-1
pi#éls'of the first image with a timing corresponding to
tﬁe inputting of the fiﬁal input pixel in the N pixels
of the.first image.
11. -A method according to claim 8, wherein said

genératiné ste§ includes adding values of the N-1 pixels

R R
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read out fromsaid | ow | ayer storage device -to-generate --.an-added-value —— .
and adding the added val ue and a val ue of a final input pixel to generate

t he one pi xel of second i mage. - 12. A nethod acggud

claim 10, m‘@P@P’HI‘Q‘i d generating step includes addi ng val ues o*ﬁg 6@7

pi xel s read out fromsaid | ow | ayer storage device to generate an added

val ue, and addi ng the added val ue and a val ue of the final input pixel to
generate the one pixel of t he second i mage. A storage '
appar at usgas” autr fnpm™ saidt lpﬁfagleayeeosrt@s?ﬁﬁe ﬂSVF-GeaI‘}%\AHPW%d

having a plurality of . pixels and a second inage correspondlng to a hlgh

oy | U RMARR, SR A i) ol i et Yot

of the first inmage are inputted one by one in a predeterm ned. order,. saldm~
appar at upftcapfisiadg.input pixel dw | ggperstie dgeedonec ixelsodr mig?—t he
flrst i mage corresponding to the Iom/Iayer said Iom/Iayer - _

second image.

12. A method according to claim 10, wherein said T

Yoy
[

generatlng step includes addlng values of'the N-l plxels
_read'out from said low layer storage ‘device to.generate:iiri;;jiz
an added value, and adding the edded'value and a eelue.;

M _'of the final'inéut pixel to'genérate the.qne_pixelldf:
the second image.

13.d A storage apparétus for storing a first image
corresponding to a‘iow 1aye£ and having a pluralitf of
pixels and a second image corresponding to a high‘layer

~and having a plufality of pixele, in which a pi#el of -
;ihe:second image is.fermed from_ﬁ pixels of the first.
image, and‘in which fhe pi#els.of the first image are
inputted one by one in a p:edetermined'ofder,'said
'-.hbpératus comprising:
a low layer storage device for storing the first

image corresponding to the low layer, said low layer ~ =
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-mst0fage devi ce storing only N1 pi xel s and excludlng a final input pixel- -

of - the. N eng?‘ 94f1 the first image used to formthe one pi xptTOPoW(0as?

" second i mage, ﬁ final input pixel is inputted in the N pixels of-the -
first image and is not stored in said |low |layer storage device; -- =~ a
hi gh | ayer storage device for storing the second inmage corresponding to
t he high Iayer said high | ayer storage device storing one pixel of the
second Iﬁ@&f t f Ne | 5B uge the
N1 pixe ?’ thﬁ{jrlg? ?%’gﬁ%gﬁﬁ%& fror#%glé%s | ow %ggﬂglc%gg devi ce
and the final input pixel _of the first inmage a controller for

control Ifiitnaleinpaid pixed Qﬁxﬁbﬂlﬁnylﬂﬂlﬁréﬁp@hﬁtﬁi%&tdﬂﬂﬂg¢ayer and _- -

high | ayer storage devices, said controller reading out the one pixel of

the ???3?}%”5%:3%@3&?%“52% PR o e p32L0L UagL SR 3908? of
N—1 pi xel s; an

final input pixel is inputted in the N pixels of the
‘;;;;“;*mfirstmimage'and is not stored in said low layer storage
_devicé; -
. a high layer storage device for storing the second =
~image corié@ponding to the high layer, said ﬁigh iaye:
'storagehdevice storihg one pixel of the second image by
fusing the N pixels of thé first image which include the
ﬁ-l pixels of the first image'reéd out from said low -
léyer storage device and the final input pixel of the
first imagé;. |
a controller for éontrollipg read and writé

oéerations with respect_to said low layer and high layer
storage devices, said ééntroller reading out the one
pixel of the second image in #aid high layer storage, -
said controllef reading Qut the first image stored in

said low layer storage device as a unit group of N-1

pixels; and

e T Y-
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pi xel generator for.generating the-final -input-—pixet—of—the first—image -

by using = the one pi xel of the second image read out fr pgrgpdotbols?oh
| ayer storagWOWste and the N1 pixels of the first image read out- .from
said | ow | ayer storage device. - - 14. A storage apparatus according to
claim 13, wherein said controller reads out the, first imge stored in
said.low | ayer storage device as the unit group of N 1 pixels by

desi gnating an . address_of said |ow layer _stor | Ce gls C ce wth
parts of a verti%aﬂ’l"ﬁ&dﬂ&%e’éﬁgoé' 'z%ﬁ?ﬁFamgggh%hFé‘%‘ a?%s#eﬂ??vel y

correspond to a position in a vertical direction and a position in a

horizont al, L eCHifORé Pixehs idhagsebyl isingnepe. one pixéh of stheage . ..

appar atus "according to claim 13, Wwheréin said pixel generator includes an -
adder for adding values of the N-1 pixel S'é ag 8“ . fromsaid | ow tayer
storage desecendo igage areash QitlcErom Faidplg g"@éﬁ GLcTHPTASS

subtracti ng_ t he added value froma value of the correspondi ng one pixel of .-
the second;i)pde thd the N-1 pixels of the first image read out. ‘

from Said Tow layer Storage device:

Ao
2T e

14. A stbrage.apparaf s“acéérding £o_dlaim';3¢"
vherein said controller reads out the Eirst image stored
in.said.loﬁrlayer storaée device as the1uni£ group of-NQ--
1 pixels'by dgsignating'an add#egs.éi.gaédilow?1ayer‘j

- stor;ge device in acccrdapce wi#h"parﬁs of ‘a vertical
address and a horizontal address which réspectively
correspond to a position in a vertical direcﬁion and a
position in a horizontal direction of pixels of the
first image.

| 15. A storage apparatus acéordiﬁg to claim 13,
wherei_n said pixel generator includes an adder for
adding'values of the N-1 pixels read §ut from said low"
layer storage device to generate an added value, and a |
Sustractor'for subtracting the added valué from a valug.

"of the corresponding one pixel of the second 'image' to -

[
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-generate—t-hefinal -i-nput-- pi-xel of the first inmage. - 16.- A . nethod. for
readi ng out _an | froma storage apparatus for storing a fg '
correspondiﬁﬁo?gﬁgngM/Iayer and having a plurality of pixeLgkgﬁgw%ﬁgggond
i mage corresponding to a high layer and having a plurality of pixel-s,-in
which a pixel of the second image is formed fromN pixels of the first

i mage, in which the pixels of the first image are inputtedone by one in a
pr edet er mi ned_order,, angd.in i.ch. sai t or Ag PRA. s.j.n¢l udes a | ow

1 ayer -st?ﬁ%ﬁﬁaif&vi%ef +n§}o%l?hglg‘ﬁa5tofn§8§ %‘gpﬁﬁggﬁ } to the low
| ayer, said |low | ayer storage device storing only N1 pixels and excl udi ng
a final input pé&el Af method Poxereadinfeotity sn i nggeusarbihoaf orm the .
one pixel of the second imge, the final input pixel is inputted in the N
pi xels -of the first image and is not stored Ln %aLd | ow | ayer storage

devi ce, #ePRragPyRBRAE t&?o&?d% stRYing & o#-?-:ﬁﬁ t B3R ond i mage
corresponding to the high layer, said high | ayer storage device storing

one pi xghoPfebPontBtrgdtbMa0adW Layes Hitd havialys #fplhfality of

'bi#eis aﬁé;ﬁwéééﬁﬁd°ima§é“Ceresponding to a high'layer

"and having a plurality of piﬁZlé,‘in which a pixel of

'7;;fhé §éé6ﬁé1iﬁagéiiémﬁbxmed;from N pixels of the first
imége,'in.wﬁich the pixels of the first image are

_ inputted,qne by one in a ?redetermiﬁed order, and in
which said storage apparatus includes a low layer
storage aev;ce for storing the first imagé corrésponding
to the low lafér,'éaid loﬁ layer storage device storing
only N-1 pixels and excluding a final input pixel of the
N pixels of the first image used to form.the one pixel
of the second image, the final input pixel is ipputted

in the N pixels of the firsf'image and is not stored in.
said low layer storage device, and a higﬁ layef storage
dey%ce étoring the second image correqunéing to the
high layer, said high layer storage'devicé storing one

pixel of the second image by using the N pixels of thé

R
a * [ L M S *




103 WO 99/ 40541 PCT/ JP99/ 00457
first image -which-include-the hk&—pfxe4s—ﬂf the-first--i-mage ‘read out from
said:- |ow layer st orage device and the final input pixel of ptirgpésssoas?

i mage, said PRitpS4 bonpr|3|ng the steps of: readi ng out one pixel .of
the second image in said high |layer storage device; readi ng out--t he
first image stored in said low |ayer storage device as a unit group of N1
pi xel s; and generating the final input pixel of the first i mage by
usi ng 't he i xel of t e Secon g e o] er

st or age degl'-Eﬁga |%€§u§a t%f“?faqEI %tgﬁﬁg&gﬁr %i%%ysal d
low | ayer storage deV|ce : 17. A met hod according to cIa|n116

wher ei n t hgnaghi Adad B@e Fasth Ngasdefowedivyent stiordge sdevieee andt ored
in said |OM/|g er storage device as the unit group of N1 pixels by

desi gnating an address of said 0 yer_storage device in acgqrdance
wi't h partsgb¢ finakrinpyt M%%s°£n&?‘§ Hot¥s 3&\ %ddr%%%gvﬁegﬁmg _
respectively correspond to a position-in a vertlcal -

comprising the steps of:’ '

ren.

said high layer storage. dev;ce,.
“reading out the first imige stored in ‘said low
'layér storage dévice-as'ﬁ unit. group of N-l-pi#els; and

_gene:atigg th§ fipal:input'pixel=o£ fhg'first. B
image by using Fhe'one-pixel-of the second image read
out from said high layer stofagé device and the N;l
pixels of the first image read out from said low layer
storage device.

17. A method according to claim 16, wherein the
first image reading-stép':eads out the firstjimage :
stof;d in said low layer storage device as the unit

- group of N-1 pikels by designating an address of said
low‘layer storage device in accordance with parts.of'a
vertical address and a horizontal address which

respectively correspond to a position in a vertical

LT —




104 PCT/ JP99/ 00457 WO 99/ 40541 direction and a
. posi-t-i-on-- p—-a-hoeri-zont-al--di-recti-on of-—--pi xel s-of the first inage.

18.- A nethod according to claim16, wherein said gener at i Ngp&t/gidooggTUdES
addi ng val ¥9Q%M#9%he N-1 pixels read out fromsaid | ow | ayer stor.age
device 'to generate an added val ue, and subtracting the added value from
a val ue of the -correspondi ng one pixel of the second i mge to
generate the final input. pixel of the first image. : 19. A nethod for
witing in and,reading out an, .inaaf frgﬂ1a.stora 'aggaQﬁius tggstore a
first i ndgEectdnn «apnd RPTHELOPoWT £ POLAF IREAhgOELHUr PPt § ot

pi xel s and a second i mage corresponding to a high |ayer and having a

| p_l__u..r._ql.___i__tg;igtelﬁ.w.Sthé_n.ﬂMﬂm. PmAiges! of  the second inmage is fornmed from
N pixel sT-of- the frrst - . image, and in which the pixels of the first inage
are. inputted one by-one in a predetermned order, said met hod
conprising thel8tepd grethod acaarding b glaim lfageReredfp&fidg to
the low .- layer in a |ow'layer storage device, the first inage storing -

step StO&Sﬁé@gé&ﬁﬁ1SEESﬂfhé§@dE§CH&th& §Eiﬂes of the N-1 pixels

" read out from said low layer storage device to generate

- an' added. value, and.subtiac{iig the added value from a

7 value Bf"_?i}tne'_.__'céa:;éé;‘;;ﬁaiﬁg“bziéi‘ﬁifxéif_ of the second image

t§ Qénefatéﬁfhe final input-pixel-of the first image.

_'1?¢ _A.ﬁgthod for writing in and reading out an
imége from a storage apéaratus-to store a first image
corresponding to a low layer and having a plurality of
pixels and a second image corresponding to a highllayer
aﬁd having a_plﬂrality of pixels, in which a pixel of
thé second image is formed from N pixels of the first
iﬁage; and in which the pixels of the first image are
inputted one by.one in a predetermined order, said
'methéd comprising the steps of:

storing tﬁe first image corresponding to the low

layér in a low layer sto:age'device, the first image

storing step stores only N-1 pixels and excludes a final

R /|11 11T
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pi xel--of—the—N —p+xe+s~et the-first-inmge used to formthe one pixel of the
second i mage, ahs ‘f’g“? input pixel is inputted in the N pixelgc©QirobMess?
fi-rst imge; ‘WO 95/ eading out the first inmage stored in said low .layer .
storage device as a unit group of N1 pixels; generating one pi xel.-of "t he
second i mage by using the N pixels of the first imge which include the
N1 pi xel s of the first |nage read out fromsaid Iom/Iayer st orage

devi ce and pne nput L xel f|rs the secon I mage
cor r espondi Hg P&tﬂ?&x gﬂf Ph¥& g‘?fﬁé{?&r 88\‘? é’ése ©
readi ng out the one pixel of the second i mage in sald hlgh | ayer storage;
and BepaY aiegohbepliixell ofptheDisedtondl iade, Sthe Fimea binpaing.

the one plxel of the second i mage read out fromsaid high layer storage
device and the - pixels the first nqgi §d<%$ fromsaid |ow | ayer
st or age de%Pb%ehﬂkﬁf%ﬂHPQQﬂ4H1$|§ S BoPdd the Lirsy iMadeier
storage device.. - ' A et hod according to claim 19, wherein the

' ..readlng out the first image stored in said low -

~layer storage device as a unit group of N-1 pixels;

'_:”generating one pixel’i% the;second'image'by ﬁsing
.—m”;ijtﬂgﬂﬁ—plxels of ‘the flrst lmage whlch include the N-1
'plxelS'of'the first image read out F:om said low layer
¥{ _:'mtmgﬁgxggé devicg‘and'one input pixel of the first image;
'Mstéring the second image corresponding to the high
layer in a high layer storaQe'deviCe;
- reading out the one pixel of the second image in
said high layef storage; and
generating the final input pixel of the first
image by using the -one pixel of the second image read
out from said high layer.storage device and the N-1
pixels of the first image read out from séid low layer
‘storage device, the'final input pixel is not stored in

said low layer storagé device.

20. A method accdrding to claim 19, wherein the

- 106
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first..imge--readi-ng-step- read5~ouL—Lhe—t+rst«Fnage --stored in said | ow

| ayer stora\§§9gﬁxg4ge as the unit group of N1 pi er s by dep¢gmnbloogs7an
-addr ess of [ | ow | ayer storage device in accordance with parts. of a-
vertical address and a horizontal address which respectively .-
correspond to a position in a vertical direction and a p05|t|on in a
hori zontal direction of pi xel s of the first imge. A

met hod agg¢qr ei [ g step-
stores o s% ﬂﬁéggl g:%a{a '9 g@c éggf PHa #%%u?%&'eﬁ&éghe N pi xel's
of the flrst I mge used to fornlthe one pi xel of the second I mage ‘in
_nsw(ilOwstdﬂﬂdSinrsg&dﬂinwelagn&tétbfagetdev1aagasrmhhrumstep reads
. out the correspondlng N1 plxe|S of the first-inage with a timng -
correspondi n he Jn f-1-he |naI I np I xel the N pi xel s
of the fgir?ﬁ’% Plx éyggoqﬁ&%a &&ﬂ)r?ﬁ‘nﬁaé (ﬁsdlcﬁfl erein

t he ‘step of generatlng one pixel includes addi ng val ues of the N-1
pi xel s reay Alyéf OBDHdhé OdeviXQ . i O4886rdance with parts of - a

~gertical address and-a horizontal-address which

respeqtively.cq:;espond_po_Qﬁgqsition_inﬁé.vertical”;_,

 direction and a position in a horizontal direction of
Pixels-of £Fe-fi;st'ima§e;u--

21. A method according to claim 19,fwherein_thef
first image sfofing-stép«éfo:es only N-1 pixels and._
excludes a final input pixel of the N pixels of the
first image used ts fdrm.the one pixel of the second
image in said iéw layer storageldevice; and the first
image reading step reads out the dorrespénding N-1
pixels of fhe first_image with a timing corresponding to
.ﬁhe inputting of the final input pixel in the N pixels
of_the first image.

22. A method according to élﬁim 19, wherein the
step of generating one pixgi includes adding values of

the N-1 pixels read out from said low layer storage .

i UL
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dev%ee~%omgenefate an-added- val ue, and addi ng the added value and a val ue
of the fi.nal §9 i xel to generate the one pixel of the secpafiybysrpes?
23. A netho&mb Y497 ing to claim?2l, wherein the step of generating. ope
pi xel includes adding values of the N-1 pixels read out fromsaid Lew

| ayer storage device to generate an added val ue, and addi ng the added
"value and a value of the final input pixel to geherate t he one pi xel of

Step of Ger@PRRRRy thoTPRRRANE AR ARREH | YT WBes AR THALDE S AI0RE . 1

pi xel s read out fromsaid |low | ayer storage device to generate an added
val ue, and §FW€*§H&”H aawdded MEEUQﬂHéInﬁnPQHJ pintel heo ermesgbadi ng
one pi xel’ Y he second inage to generate the Tinal input pixel of the
first imge. - A net hod according to claim19, said nethod
further conphESnnftmbxgﬂepﬁﬁtQEnéﬁﬁﬂnﬁ;%WEGFrnm i nput pi xel of the
first image fromthe one pixel of the second inage stored in said high

| ayer Storage'devfgg"A'method-according to claim 21, wherein the

step ‘of generatlng one plxel includes adding values of

the N-1 pixels read out from sald low layer storage

'tﬁ?aevkeeffe;éeﬁeraﬁe an added value, and adding the added
. value and a value of the final input pixel eo generate:
“the one piiel of the second image.' |
24. A method according to claim 19, wherein the
step of generating the final input pixel includes adding
values of the N-1 pixels read out from said low layer
storage device to generaﬁe an added vaiue, and
subtracting the added value from a value of the
corresponding one pixel of the second image to generate
fhe final input pixel of the.first image.
25. A methed eccordinj to claim 19, said method
'further comprising the step of genereting the final
input pixel of the first image'from the one pixel of the

second image stored in said high layer storage device

108
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and the N-1 pixels of the-first. |nage -st-or-ed- +n-sa#d-+9mpu4ayep st-or-age- -
devi.ce, the put pixel is not stored in said Iom/Iayerpc¢mrmuuMs7
device, the yb3ghesal ed POLSFRILST
and the N-1 pixels of the first image stored in said low

layer storage device, the final input pixel is mot = .

stored in said low layer storage device. =~ =

_____
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