.e3e| @N6T 28 Decenber 2002 V 1 BACKGROUND OF THE | NVENTI This i tion

relates to an i mage processor suitably used to decode in& q0ﬁF®FH&¥ n.

The conpression and deconpressi on of qoving picture data is internationally
mage Codi ng Experts G oup) naned

st andardi ze ving Picture
after the w leu of the ISOI1EC. A major elenment of an MPEG decoder
used to rep picture data is a data processing unit that is

formed of a var '8¥MP% | ength decedlice( ¥rBcEsdba Nver se quantizer (1Q, an
i nverse discrete cosine transfornmer (I1DCT), and a notion conpensator (MC).
Such an MPEG decoder further requires a nenory for a plurality of franes
for notion conpensation. and interlace conversion. One of the outstanding

features of the MPEG is tBabxERBukbabes rde SNvENT lier franme and a later
frame in time) are used for notion conpensation reference. However, the

appl i cati ofinpfs TRLY O £OPEOSAELANLEOBY Sn Jd RIS UQANICES, A gpAgati ey of

errors, and probl'ens wi th Special reproddctio 0 cope

drawbac@%,d%&gégééﬁéﬁgi f%f&g{g?é"lpicture"), a predictive-coded picture

("P-picture I'tectionalTy predictive-coded picture

("B-pictur eI‘X'%e %%Xér%%%foﬁ ngﬁSngggmpg‘gﬁéig&Pt@g %foJi‘n%l})'i%Acqiigcet u&agl?of the

codi ng type refer to any I I mages “at

Decenber, 2 j.ct [ Lcrure. of ding type. P, is _subjected
o moti o comsarar A SrandrPaftohond vRER PEVARS HRtstrd TR e of
t he codhg% ed to.bi onal tion_conpe

both an eariltr’%/gg‘r%“?%rearlr;czs Zcﬁrgéxggf a?%?e?ragﬁégc%hﬁ- BPEﬁgﬁﬁegrgF@ :O-%Z%yeﬁgggya.s a
e TGS W SLeT LS 21 €,0oG0teca 8,00 g s Prediotion I
in the %E%%%AJ%elﬁ%vf%B 5§%€£§eq§§89if§'aTQSt2iEégégsginbsuggEi%%at

is formed of a variable length decoder (VLD), an inverse

quantizer (IQ), an inverse discrete cosine transformer (IDCT),

and a motion compensator (MC). Such an MPEG decoder further

regquires a memory for a plurality of frames for motion

compensation and interlace conversion.

Cne of the outstanding features of the MPEG is that two

frames (i.e., an earlier frame and a later frame in time) are

used for motion compensation reference. However, the

application of motion compensation to every image produces

propagation of errors, and problems with special reproduction.

To cope with these drawbacks, an intra-coded picture ("I-

picture"), a predictive-coded picture ("P-picture"), and a

bidirectionally predictive-coded picture ("B-picture"), have

been introduced. An I-picture, i.e., a picture of the coding

type I, does not refer to any other images at all. A P-

AR
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conpensated fromthe picture 10. The picture Bl is notio ens from
the pictures 10 and P3. The picture B2 is notion conpensgpigggpgﬁfééé?

pictures 10 and P3. The display of the pictures is nade in the order 10,
Bl1, B2, P3. The order of decodi ng and 2he order of di splay disagree and it
is therefore necessary to make a change in the order. Additionally,
decodi ng of the pictures Bl and B2 requires data for two i nage frames of

t he pictpiesur®, andeR3, at pdrogfnre afeditie icmdindg raypenBpoly Eobjewteidmage
frames as a reference to notion conpensation. For this reason, the MPEG
decoder tequotisnt nombpeasesian dyr efrereenckidn fimamen chnpepsatumoe., The
order of decoding by the pixel and the order of output by the pixel of the
MPEG ar ei gescrabpiictupet bE ttelec\dotiiony swaies, ald shejevesdnyebered |ines
are provided prior to the odd-nunbered lines, in other words pixel output

is perfasi@drec28obetenben oA0@dmpetiti o hey Bdtie, ast 84+l DErWwEEAmkhe upper
| eft and ending with the lower right. An area made up of the even-nunbered

lines isac@ldedathe Eopmbi el @-Whidta @y the aiderudand.ana arefe pageeup of
the odd-nunbered lines is called as the bottomfield. lii the interl ace

out put, @Er-dep dhehdotBell FhmRicOV@dedfddqvd he upper left down to the | ower
right and a bottomfield is then provided fromthe upper |eft down to the

lower righty baaﬂﬁgd@g@eab%e%igﬂ%ﬁﬁ’i@%v@ﬂé‘s@a@i@@@f‘t Anp$pagerkameach
ot her are considered having a strong correlation therebetwen. However, for

the casepfiAplerpaceuPEtPYt, cAREHRY Al @B MIEd AWASREE! {h CthOPofhgkd s
line, its overlying line, i.e., aline one line up of the top field line in

quest i ongo i o, bt t 0By f EBLdaschivagg Al iheugh Aigel 911 @ hdaeofave a very

strong spatial correlation with piXels of its adjacent line, they are

separ at @b iddPed from the picture I0. The picture Bl is motion
compensated from the pictures I0 and P3. The picture B2 is
motion compensated from the pictures I0 and P3. The display
of the pictures is made in the order IO, Bl, B2, P3. The
order of decoding and the order of display disagree and it is
therefore necessary to make a change in the order.
Additionally, decoding of the pictures Bl and B2 reqgquires
data for two image frames of the pictures IO and P3,
therefore requiring a frame memory for two image frames as a
reference to motion compensation. For this reason, the MPEG
decoder requires two frames as a reference to motion
compensation.

The order of decoding by the pixel and the order of output

by the pixel of the MPEG are described. In the television

system, all the even-numbered lines are provided prior to the

odd-numbered lines, in other words pixel output is performed



Accordingly, when notion is very active, there may be th L] t hat
a line has a stronger correlation not with a line one |i?§qﬁﬁﬁhﬁ?l%?¢% a
line two lines up, for they lie adjacent to each other in tinme. Assun ng
that such a possibility may exist, thé order of decoding by the pixel of
the MPEG is roughly divided into two types, nanely the one for the frane
structure and the other for the field structure. Under the MPEG standard,
decodi nevergasthefl Duheyskrartny whGmitted suSen Da@st Catai En@aalgl ed a
macr obl ock). The 28 Decenber 2002 4 macrobl ock is decoded fromleft to

right. Hertnh the 1698:MesHhRI. Xehnofarihe Mymeru®sés | tne efeanniiBaeelds
contained in the rightnost macrobl ock of the inage. Wien the decodi ng of

the rightimsd smcEoPi ogkths Qegp&%q@ W% MBANghd Netn &Rt Rah 8T a46akkReS
are decoded. Accordingly) the decoding of each of data for 16 lines is

al most  sidad taneorstye COARL aheBerERr 1lihe Lase Af1ide éé apBe ShoYELMr &, data

for one imge frane constitute a macrobl ock forned of 16 by 16 pixels, and

decodi nge i1 Per for nede Pk £ BRELLR %k:ﬁd/%s & r 'flei@pl§n§lPQ£t om fi el ds
are al nost sinultaneouslv decoded. This produces conpl ete di sagreement

bet ween ﬁf@vﬁéjcfrf%md@ﬁgdhggeé”ﬁe%t&e R Pl AL Pone AugBagoe [0

the order 1Is reqU|red to m For the case of ructure one

| mage. fr i&'ef_'s' E'fg? oVE Gkl O%f% {rﬁtth%o rﬂégéfzgc_ﬁé@%admﬁt £g" jc

Each fie |nclu €S nacro s eac e nmac el ng forne of 16

X 16 pi X qL qﬁg@codlng IS carrled out per macrobl ock. A single
macr obl ock does hot~ ext end over both the top and bottomfields. After all

the data fOf éd%co Iﬁaféf?jadgabedg%%od%gﬁ tcﬁet daa K%n%k&e b%élégg] Ebel d are

subj ect ed to" hi"s “casé nages e pr ed rn al nost
the sam%é% (%fﬁé¥na§ egoxgggegggoggv1ng a strong correlation

therebetween. However, for the case of interlace output,
paying attention to a specific top field's line, its
overlying line, i.e., a line one line up of the top field
line in guestion, is a bottom field's line. Although pixels
of a line have a very strong spatial correlation with pixels
of its adjacent line, they are separated in time.
Accordingly, when motion is very active, there may be the
possibility that a line has a stronger correlation not with a
line one line up but with a line two lines up, for they lie
adjacent to each other in time. Assuming that such a
possibility may exist, the order of decoding by the pixel of
the MPEG is roughly divided into two types, namely the one
for the frame structure and the other for the field structure.
Under the MPEG standard, decoding is carried out using 16

by 16 pixels as a basic uvnit (called a macroblock). The



However, the order of decoding and the order of inmage ou ree
perfectly because of decoding by the nacrobl ock. 28 De?§#§§§9§%8%m§9|nage

output is perforned such that the top‘iield of an image is first provided
and the bottomfield is then provided.”Wen paying attention to the tine
poi nt at which the output of the last eight |lines of a top field starts,
the decoding of a macrobloc:ic for the last ~.6 lines of the inage frane
nmust be maspbBledkbekore ddte Stardn Nk MO 6 . rTHetL eagepel, Stheat it is not
until the decoding of the | ast macrobl ock of an inmage starts that the

val ues ofighemtsghpimet b6 pinechppdrdie: | Bsde ebghinl inggeang det erm ned.
Therefore, both the top field decoding and the bottomfield decodi ng nust

be conpl géetladhebhenl @RROGIRG HRIJY mdd:UB1dex POENEnBNimEBE . € ghknt eRefi €l d
lines and all the lines of the bottomffield nust be provided sequentially;

however , 34 Hga gAY aogoiEﬁbp%’I‘g'?ﬁ‘ﬁ%ﬂ AL DESD, degodet o 1881 efcggg, mtbnkhe

data are not store rarme nmenory, the data wll be | ost before they are

out put , 4 ler eLos e-besyk! 109 den 9. IdRARAY! PUlcoTPhsrglyesthbse Lo a need

for the provision o rame nenory wth an about ha rame storage

capacitydégbgig%eoglé?kgeOga%%gng&guaéuﬁgﬁggf%%lglﬂggtthe eight top field

lines. To sumu rame nmenory IS required r notion conpensation, and

an aboutgshal{£fra MLWhSHegquired for B-picture interlace conversion)
in othersmords at gggt anpéboﬁﬁﬂ2.5-frane menory is required. Ishiwata et

| . t, ol ' d g I d | -
i ci ont Mo 0" Fasst ian e St saonestuh, Bafioeee BEEThebd o0
| El CE Spgj - '

|5, SPELG POLSEERRE.  BIRCMLER, Bnl APER 8500 i Dol TR GY @
report, aper _entitled "DRP-d_Interface for, MPEQ Vi oder AS I

Pr oceedi neg g%£n he® 15533%?3&“&@ égﬁefnglcr&?n]foec 'nce]'s,‘s & 556, uﬁﬁ‘? cﬁgg 9%? an MPEG

decoder Lhat, enpl oys.a,00e-frame mamny for Bl e Lot erfape conversi on.

produces a complete disagreement between the order of
decoding and the order of image output. A change in the
order is reguired to make.

For the case of the field structure, one image.frame is
divided into two sections, a top field and a bottom field.
Each field includes macroblocks, each of the macroblocks
being formed of 16 x 16 pixels, and decoding is carried out
per macroblock. A single macroblock does not extend over
both the top and bottom fields. After all the data for the
top field are decoded, the data for the bottom field are
subjected to decoding. In this case, the images will be
provided in almost the same order that they were decoded.
However, the order of decoding and the order of image output

do not agree perfectly because of decoding by the macroblock.



However, both the above-descri bed MPEG decoders are expensiye t hey
require a nenory wth a storage capacity ranging fron1ongﬁ%$%ﬁ%&%%5§§% and
a half franes, for B-picture interlacgsconversion. In principle, the
B-picture interlace conversion requires just a half-franme nmenory and
therefore there still exists roomfor a reduction of the required nenory
storage capacity for B-picture interlace conversion. SUMVARY OF TFi E

| NVENTI ON Armagdi ngltputi tis et amertswih ttieapresentopnyestionft anachi eve
a reduction of the storage capacity of a frame nenory enpl oyed in MPEG
decoder sima$ei $sapnikber pebyededfardd ey esetdon NVt d os t th@shpeyeided.
efficient use of the franme nenory. The present invention is based on the
fol | owi nghewipagindhettenstiopoitat the thate g & phreict ethe Paoyhded it
will not be reused. The second point is that it is possible to predict when
the region ohe araver ebbnek16nesentd ¥\ RRIPG 1128 Slegerdert D03 dsg0dgd i s
provi ded by anal yzing an additional information portion (called "header")

of an i npaitz phetrHEB1odREFBEESRRE TiaRMenls an QYOI das ani jigk o¥ednd RS
processor with a franme nenory wherein (a) the frane nenory 5 includes five

bl ocks, gackepd1ébeal bueobkoeks BRUGY YOMAGe CARAGI YL 4 0keag hal f

i mge-frame, and a single additional block having a smaller storage

capaci tys ¢ hap £8eNustsLNentl ¥BcBLatS o thd awsDlfcksy mebectedud T om among

said five blocks, serue to tenporarily store |- and/or P 10 pictures for

mot i on ﬁgﬁ@%@s&afasr%s&eege a4 ukhe JremRiNing ane A ok and sai gk

addi tior lock together froma data nenory for B-picture interlace
conversigly gk (£1ghhei eAbLCE et RG +d2h3 nTRTOT »fcﬂe%ﬁ-:@ Clyld, 'z{ﬁ@ré@ﬁe
conversion is reconstructed using one of the selected four 15 bl ocks "and

t he addigd I a I ' o achi eve,
wth abo%%%f%?‘?%ﬁ%sgngﬁo?e? {ﬁ%t%@gﬁrgaé}gﬁ?t%aoggﬁn%ﬁ%cgj%onver si on but
al so not | nsat | j ect. . al of__ni es.

Addi 1 ore T5E R R S ¥ bR ERB Eb LY 0 e b e R i % o

P- pi ctures a LS t ed. for, .B-pi ctures, Nel 0 es the
advant ageglqkhéa[]"e%‘ge%%?ggﬂ?ix %cﬁggofﬂr@ gh[ie)OI;f-Llﬁg% o% tJc & gygo%e%rolreﬁgnny be
used for_storage of 1z and/or P-pictures, |n the_abhove-descrihed inmage

pr ocessénru,s? tba?qsprpr%%%?ge%eﬁge?ﬁg?iég) E‘ﬁgef’le% ljj'?‘ cl??te?n C’trhte}:(:l\}fdndi tional

bl ock ane divided into respecti.v luralities of .slots, each of th 28
DecenbePQﬁﬁx?£§ﬁééYo?%e%a@?ﬁadggp?edigsFﬁFﬁgﬁ'sﬁ r%@g gg%ﬁbﬁﬁﬁ Wﬂ) t he

i mage prqcessor, further conprises,_a slot cootrol ry for storing _slot
nunber o SHFSE Cht TERTE TPBPEE ontPal RRRG BOLh PEadoANd RREFEE SRSPAtiEhe. of
the data nenmory by nmaking use 5 of the slot nunbers stored in the sl ot

cont rol MRty Y?ﬁogﬁerﬁﬁﬂ%FbPﬁanmPPté@agesPBFpﬁﬁnbe 2hFhiSY SRas used
in awite operation of entering informatigon tqo the data nmemory, to the
slot coftrSf TerfbrifedrEper F3¢ nPRGVASEeadO6per ATPBR BEMRLHu Mty 2P

information fromsaid data nenory. i
about half-frame storagé capacity to store all the data for

the bottom field and the eight top field lines.

To sum up, a 2-frame memory is required for motion
compensation, and an about half-frame memory is required for
B-picture interlace conversion, in other words at least an
about 2.5-frame memory is required.

Ishiwata et al. report, in a paper entitled "Development

of an MPEG2 Decoder LSI - Efficient Memory Allocation,"



10 As a result of such an arrangenent, it becones possibuﬁléo u dagﬁoghe
contents of the slot control nenory at the tinme of a wit g f the
data nenory in such a way so as to MIéwvthe data nenory to be read in a
correct slot order. Accordingly, it is possible to achieve B-picture 15
interlace conversion with about a half-frame nenory by the arrangenent that
the operation of witing to a slot of the data nenory is carried out

i medi atrdoeefd8igd her opgeatibon 9k Teadinia fg W¥dMe-sled, i6-69s1 i gdreut .
The present invention further provides. an imge 20 processor conprising: a

data menoyy, havinge@ ®bdbakict ¥nak shehsyd & at. CoUsmd fERdFy £#0F storing
sl ot nunbers; and a controller for controlling read and wite operations of

sai d datg JIRITY Vi PYe FREEBICHRGRE 19810 Tl AR 2% 5! fgdhip, Sajd,s! ot
control ‘nmenory; wherein said controller controls the operati‘ons of read and

wite of,5ai.d Jata NEFOF YRR gﬁg?EfEE@t 3 Sh@le fv%@ihe% C!?el[@o ypmay be
SIO er slot o

witten'imediately after sai t I's read and anot sal d data

o sal d oG 15 05 a nembry® t360pkeafal sHB ¥l o Bhach PTI N oF
THE DRAYNGS, FISURE 1 ispa blogl di 803m.5004.00 a0 exanpl.c. glodhe, WPEG

decoder "1 n accordance Wt odiment o pr e€sent nven . FI GURE
21is a cep gi? LN internal structure of a frame nenory
shown i%% Igféigéf g£ﬁ£;§?$§gag8%gggégégr di agram showi ng t he internal
structure peoor o] shown _in Fl GURE 2 28 cenber 2002 9

FI GURE 4 igkg&%oncéﬁgﬁg* g#ﬁg? ﬁygﬁgﬁfﬁﬁlggg Mﬁggw%ﬁc%;%{ﬁn?ﬁ% of an

additio%gl enory bl ock shfmm in FlGURE 2. FIGURE.i i .S bl ock di agram
showi ng TRE TS TATCRFUctiTE DPIRTERAD PEIPPT Yt Fé&R Bnd &% uni t) shown
in FIGURE 1. FIGURE 6. 1i5sS bl ock diagram show ng_t.he in |__strucfure of
an | magS BETHY NS SRR TR PHELEERE EPCORE 0fs o NHLdg A Bow TF | n
outline_the qperation of the imge output _unit of FIGURE 1. FIGJRE 8 is a
bl ook AFAgRE TR TP T 1RCF rE 2 TEr SL0P ot BRoP b RG1BdRrr SR RHGHE | n
FIGURE 1. FIGURE 9 is a djagram showing in outline_an exanB{e of ng
oper at | R tEF1ERE FHRY T TSI EF SPRENSE &) BRRE- 15318 DERCZgr &A% howi ng
in detail an exanpl e of the operation of the MPEG decoder of FlGURE 1.

FI GURE FRereferéottisfifatohlt =¥ &R qpm for a reduction of the

required memory storage capacity for B-picture interlace
conversion.
SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to
achieve a reduction of the storage capacity of a frame memory
employed in MPEG decoders. It is another object of the
present invention to achieve efficient use of the frame
memory.

The present invention is based on the following points.
The first point is that once a B-picture is provided it will
not be reused. The second point is that it is possible to

predict when the region of a macroblock currently being



FIGURE 12 is a continuation to FIGQURE 11. FIGJURE 13 is a continuation to
FIGURE 12. FIGURE 14 is a continuation to FI GURE 13. FI GRReggmber 2002
continuation to FIGURE 14. FIGURE 16 is a diagram showi ng an exanpl e of the
process of updating an SCM (sl ot control nenory) shown in FIGURE 8. FlI GURE
17 is a cont~. nuation to FIGURE 16. FIGURE 18 is an equivalent diagramto
FI GURE 16 when the additional block of FIGURE 2 is forned of two additional
sl ot s. 28 Decenber 2002 10 FIGURE 19, is an equival ent diagramto Fl GURE
16 when the additional block of FIGURE 2 is forned of a single additional

sl ot. DETAI LED DESCRI PTI ON OF THE | NVENTI ON An MPEG decoder of the present

i nvention for reproducing noving picture data in real time is now descri bed
by ref edepededo itshePaevbApanyingadprakkigs. Ref éddifg onialst ipdoFmayREN1, an

exanple_of, the structyre, of the MPEG decaoder, is, illustrated. The MPEG
decoderpiﬁth%g §;?$;ﬁ§ ngﬁﬁpﬁrli i ragt&ﬂﬁﬂfaﬁﬁEEUEFS-frane video data, a

bit stream aﬂl@éySFS:elé'éintt_(hfrﬁﬁélﬁl@ibﬁr ealdvele BSALL) Ihdmiveanal ymbge an
input bit stream [N, an inmage output unit 13 for providing an inmage out put
si gnal mXACeSECBNYWiiherd uptros gAY | WTRreand @ cohbpolfnama neamesy

provi di n i h_respaonse.t.0 the interruptd o ig I ipLtkatio
sigﬁglﬁﬁ&%u?%étH%REEAﬁ%ﬁékﬁS ?§u§1d§?; g&%. ?gbﬁshgﬁbgggregg%%ﬁé. %7 is a
regi st est dtisge | Bapdaiitiyontd osabakyz nga Bf haadeje rdnen ahdt ke spglebit

stream I N, the BSAU 12 has the function to perform decoding of a nmacyrobl ock
and w3305 + @Rl t PSPCkhBayd 8ifdian SRkl | SROFBYBhE 2PR&HE Yy @achThese

uoor it 208, ChOD ISR A6 BUAL A NS 20c! BngM T
said five blocks, serve to temporarily store I- and/or P-

10 pictures for motion compensation reference and the remaining
one block and said additional block together from a data
memory for B-picture interlace conversion, and (c)
thereafter, the data memory for B-picture interlace
conversion 1is reconstructed using one of the selected four

15 Dblocks and the additional block.

Such an arrangement makes it possible to achieve, with
about a 2.5~frame memory, not only B-picture interlace
conversion but also motion dompensation with respect to all
types of pictures. Additionally, for the case of the three

20 or more successive I- and/or P-pictures, the data memory is
not used for B-pictures, which produces the advantage that
one block, which forms a portion of the data memory, may be
used for storage of I- and/or P-pictures.

In the above-~described image processor, it is preferred

25 that (a) the five blocks and the additional block are

divided into respective pluralities of slots, each of the



menory 11 is for storage of notion conpensation reference inmages and for
interlace conversion. The irnage output unit 13 reads re@8ixcentieed0dz deo
dal :a out of the frame nenory 11 28 Decenber 2002 11 and provides the
i4tage output signal QOUT in order of interlace. Connection of the inage
output signal OQUT to a display unit nakes it possible to display a decoded
novi ng picture on the screen. Additionally, the imge output unit 13 sends
out the interruption signal INTR to the control unit 14 to the timng of
output. The control unit 14 can read igternal registers of the HSAU 12 and
the i mage output unit 13 and set a value to each of the internal registers,
over the register bus 17. FIGURE 2 outlines the frame nennry 11 FI GURES 3

and 4 shomlln detail the frame nmeno 11. As shown in Fl , the frane
rnemory LGS RviREed BFefjie\FérB‘IW@l% SR AgangeBAE Lidi ?# | YexI25.

These fga 4% U kS Z&Bélhélfe ééﬁlg%%sr e%oecélé(@‘ fbsherewnbﬁ{e%oﬂmefdr from
Field #0 to Field # respecti vel shown 1 n FI QURE 3, ~one bl'ock, e.gqg.

t he bl o®tw Zhg |slcbOr meshbafr SN 51hdt 2 worbrat teasdiggnedonespédtnge tsdtm

nunbers fromSlot #0 to Slot #N-1. Here, note that N is the amunt
dependl F§ash 3Me ¥ir>ECofoRSiRfel Q) 8Et & Bk dEEEREY RY t Re XWPEG YRk oder

t e ;of ( anal i Si
System CQ,OH{%% ee}%mngjgllg%c Qe?féﬁ lﬁ tfots |§Gabcf}mﬂto strg%-@bgyéhta I nes
of the |(m:age;heThainﬁJsolléle brbtks28 kastt munddsEd, twhich svas eudata ihora 240
lines of the im jn ot?er words the plock 20 | able t%?store one field

(hal f a“fFridie)° %ﬁ%‘f\ﬁs@ FEGEL B D OFH%'C%@P@ 1d'S oUPCBI BERS LYY, 22,

23, andig4 die | Kkewi %%ﬁtqrdlneﬂemogg @%@@@ffamzn82 HOf rdh ! Bb%ra%%o'ihov"n
in FIGURE 4, the additional block i's
of acquiring information from said data memory.

10 As a result of such an arrangement, it becomes possible
to update the contents of the.slot control memory at the
time of a write operation of the data memory in such a way
so as to allow the data memory to be read in a correct slot
order. Accordingly, it 1is possible to achieve B-picture

15 1interlace conversion with about a half-frame memory by the
arrangement that the operation of writing to a slot of the
data memory is carried out immediately after the operation
of reading from the slot is carried out.

The ©present invention further provides: an image

20 processor comprising:

a data memory having a plurality of slots;

a slot control memory for storing slot numbers; and

a controller for controlling read and write operations
of said data memory by making use of said slot numbers

25 stored in said slot control memory;

wherein said controller controls the operations of read
and write of said data memory in order that a slot of said
data memory may be written immediately after said slot is
read and another slot of said data memory is read in the

30 first half portion of a period of time allocated to said

writing to data memory.



made up of three additional slots which are assigned respective sl ot
nunbers) i.e., Slot #N, Slot #N+1, and Sl ot #N+2. " .L'he 28 ReenmeEr@00211 is
controlled by the slot. A slot (eight lines), a unit of control, is half of
the macrobl ock's vertical size (16 lines) and is the nost suitable unit for
dealing with both the frane and field structures. Mire specifically, slots
are designated by field nunbers and sl ot nunbers. For instance, the first
of the slots in the block 20 is designated by Field #0 and Sl ot #0. The
first of the slots in the additional bjpock 25 is designated by Field #0 and
Sl ot #N and may be designated by Field #1 and Slot #N. O the five bl ocks
20- 24, four blocks are used for the storage of notion conpensation

ref erence i nages and the_remaining one block and _the additional block 25
are used for B—picturéB$%§ErP§§8RgBHEQFSPgn?HﬁhQFﬁﬂﬁﬁg¥5of slots used for a
B-picture, e.g., N+ 3, is represented as Sn in the follow ng description.
For exanple, the top and bottomfields of an I-picture are stored in Sl ot
#0 to Sl ot #WIGURE Flelid 0 hhdckn Slagiratl $bo@liog &N lexdmpiel df#lthe
respectively, and the top and bottomfields of a P-picture are stored in

Sl ot #oMtPEC%Id&C%@rl of gF@PGdﬁ?CSnd’litﬁ‘ Aot eHAOE M bt OENED P IS TR #3,
respect i;yglhtilgy . a field in which a top field is stored, the first eight

| i nes o# t:he top field 28 Decenber 2002 13 are stored in Slot #0 of the
field, the n&iGUREgh2 liisnes apacspduad idisSyatm#Bhoavichgotba. iAtBrpiack ure
is stored in) for exanple, Slot #0 to Sl ot, #Sn- ield #4. At this tine,
hr oo aGHFECHAE Sioes 1% TEToRY Shovs #ReBICuRE dsed. Note that whi ch
slots store gIRuREUre’ $st op bbpkdptakiess tepeidi RGA nlhe-hamge talhuat ure
(the frame structure and the field structure). Default “i mage data, as an

i nitial ssetcitnge arfe aalmegemsy ivlectlenshaown henf FEEABEoR .t he frane nenory 11
For ﬁxanple, data equivalent to the color of black are witten to the frane
nen6 y 11 and the default image continues to be output until an inmage as a
decode result is



output. FIGURE 5 illustrates an internal structure of th383§ ?&£¥n in
FIGURE 1. The BSAU 12 includes a header analysis unit 31 &P&PPabr e ength
decoder (VLD) 32, an inverse quantizer (1Q 33, an inverse discrete cosine
transf or ner (IDCT) 34, a notion conpeBsator (MC) 35, and an internal

regi ster 36. The internal register 36 has ten registers, nanely a coding
type register (CTYR), a structure register (STRR), a forward reference
field regléﬁer f or bég (T FRE%% a forward reference field re |ster for
bottom (D_ IEneT T E?%%c%l?QEFH FB@W%F@rtFSrlpﬁﬁrg? BRFR), a
backward reference field register for bottom ( % awite field

r egi st eF LFYF UGS Pf'Wﬂu@dd%f%ﬁqﬁ%aW?%Q%Vr%b?§¥e?h?8 b8t FSRPRB WFDR), a
first wite slot. reglsl er (WSR1), and 28 Decenber 2002 14 a second
wite slot FEEYRE & iEngrRAloghediagran efherimasERpedntsraadr tENELUESe of
coding for input images. The register STRR indicates whether an input inage
has t he®fr anBSeUr (&t &toreamhaada by i sttt Ur ghoqRelr otiIGYRE| dters T FRFR,
B FRFR) T I3kl ~H, and B BRFR each serve to designate a field nunber

i ndi cat i ve FaIGURFe 6stict ayeblecatdbrooim asshoving thapénternen ssfrucsmre i nage
in the frame nenory 11. The two registers T WFDR and B WFDR each serve to
desi gnaté anwimagef icaltdpuwiungert ofhavwre I aNEGUWREDIY 11. The two registers
WSR1 and WSR2 each serve to designate a wite slot nunber of the frane
menory 11. AIGURES porise a cdiagtamt sloowsignah obitTinectheedpéreatmibheofontro
unit 14, the header analysis unit 31 or the VLD 32 is nmade active. \Wen the
header &bal yskegeuoutBlt iwitadet dCIGURE I he header analysis unit 31 starts
decodi ng i mage header information contained in the input bit streamINto
ent er i nf oFTEUREN Sabicuta tthkodckradiea goan nghoypegatble i hhbematiloatabottirehe

i mge structure to the register CTYR and to the register STRR

r espect iofely cottriole wiiterstiand, imdEIGURER VLD 32 is nmade active, the |1 Q 33,
the IDCT 34, and the MC 35 are sequentially made active whereby 16-1ine

vi deo dat a FIGURN i tig,a Q¥BigtdR SladwimySidooutDihdeahr SRBmPREDLY khe This
anount, i.e., 16 lines, is equivalent to 45 macrobl ocks when the nunber of

| ateral opeXx@ltson 620-thEheids 3R RRILOTd® FIGURE 1.

FIGURE 10 is a diagram showing in detail an example of the
operation of the MPEG decoder of FIGURE 1.

FIGURE 11 is a continuation to FIGURE 10.

FIGURE 12 is a continuation to FIGURE 11.

FIGURE 13 is a continuation to FIGURE 12.

FIGURE 14 is a continuation to FIGURE 13.

FIGURE 15 is a continuation to FIGURE 14.

FIGURE 16 is a diagram showing an example of the process
of updating an SCM (slot control memory) shown in FIGURE 8.

FIGURE 17 is a continuation to FIGURE 16.

FIGURE 18 is an equivalent diagram to FIGURE 16 when the
additional block of FIGURE 2 is formed of two additional

slots.



nmotion conpensation, creates the final video data, and 'Tﬁﬁ 2 Zﬁ?penber
2002 15 the reconstructed video data to the frane nennr$&§ : ?ﬁg eL 32

provi des the notion vector, MV, to the MC 35 for notion conpensation. The
slots of the frame menory 11 are spedi®ied by address on the address bus
16. In the BSAU1Z, only the MC 35 relates to nenory control. The MC 35
must know the | ocation of an inage for prediction in the frane nenory 11
for the pu of, otion conmpensation,.ln order to specify such

| ocati on, FHOURE 38 ot 1 BiRLent dagrrR te ERERRETIARK ?“aﬁgeB BRFR.
Atop field portion_of the forward-reference data is stored in Slot #0 to
Slot #NPE9GEIgnale Pl i FIRER fatl IRt PhgR sFergFe ppefki tipaal
registers T WWDR, B WFDR, WBR1, WSR2, and STRR are used to determ ne slots
to whi cAlPle reconstructed video data are witten. The wite |ocations
are~determ ned as follows. For the case of the frame structure, the top

eight lines are w i FePEEDR REHYERIFBEON SOEpERET INUENFIGNf j el d numnber
designated by the register T WFDR and a sl ot nunber determ ned by the

regi ster WBRLMEES decsing o ciyhtPresent ateventieenfos geproduchag is
specified by a field nunber deternined by the register B WFDR and a sl ot
nunber devangi padtiyret 9 treedinstra MBRmMe Cs tihew odéecrhbad, bfor the case of
the field structure, in regard to the top field (the first half portion of
a franmeyefemengppér ¢hghtaddamgmmarimgwdrdvweing®. a sl ot that is specified by
a field nurnher 28 Decenber 2002 16 determ ned by the regi ster T~WFDR and
a sl ot nunikrerf edatiergmfiigcs thytd HEIGUERE S eran\GERtampilet b€ kheesteughtirki nes are

of the MPEG decoder is illustrated. The MPEG decoder 10 has

a frame memory 11 for storing about 2.5-frame video data, a

bit stream analysis unit (hereinafter called "BSAU") 12 for

analyzing an input bit stream IN, an image output unit 13 for

providing an image output signal OUT and an interruption

signal INTR, and a control unit 14 for providing, in response

to the interruption signal INTR, an initiation signal INIT to

the BSAU 12. 15 is a data bus. 16 is an address bus. 17 is

a register bus. In addition to analyzing a header portion of

the input bit stream IN, the BSAU 12 has the function to

perform decoding of a macroblock and write a result of the

decoding operation to the frame memory 11. These two

functions of the BSAU 12 are initiated by the initiation

signal INIT received from the control unit 14. The frame

memory 11 is for storage of motion compensation reference

images and for interlace conversion. The image output unit

13 reads reconstructed video data out of the frame memory 11



witten to a slot that is specified by a field nunber detgn e
register T_WFDR and a sl ot nunber deteim zred try i:|ze ?gégggggeeg?dil I n
regard to the bottomfield (the seco hal f portion), the upper eight |ines
are witten to a slot that is speC|f| d by a field nunber determ ned by the
regi ster B WFDR and a sl ot nunber determ ned by the register WSRL and the

| onwer eight lines are witten to a slot that is specified by a field nunber

rogt st e b VAT %%ove 3, & t%%ngttbttcﬁ?tﬁ%te% Wure of top
and bot gLl ds d%eg},{t%tf&t cipone st e%ﬁgﬁgtgg%ggggt gosgtting of

regi sters the reg| ers erna r g menory
control ﬁerfor t he, control the reg atgr bus 17. FI GURE
6 deplcg% Brdntt ?ﬁuﬁtn%?%ﬁl? %aéé 2¥ut HRFPI%S BR¥HAYI n FI GURE
1. The |na e output unlt 13 inclyu les, A ti ng eneration unit 41, a read
rinit 49° O R ?%Qﬂst%$ %ﬁoﬁﬂ Ynt PﬁatmﬁgﬁlgPEPuE3“P§tnade up

of four re |sters nanely, a read fiel e % a read_sl ot
regi st er3( RSERYS, zﬁt(ﬁﬂﬁnﬁnt?ﬁFQQiﬁ?ﬂeﬁl?%géngTgnHOaﬁ BUFPRETRAr BRI L
register (OPYR). The .register RFDR serves to designate a read field nunber
of the ffalk® iyt Pg'ﬂﬁaOUEHPTbcé%%%rc?@@?°i7u9é§|éﬁeFaF§EF?§erves to
designate a read slot nunmber in the frane menory 11. The register ORWR
serves t3IFFOGEIE A SHRITRT o OIBRMEr 82 a2hdnEheciiprent PYTBEF NG it put, is
| ocated_in one field. The register OPYR serves to provide an iiidicai~ion
of which3 oﬁnﬁoﬁ%%u?lﬁﬁ%%ﬁn??eﬁ%ﬁPi%fcﬁ?@eh@??rﬁéinﬁeﬁﬁﬁbﬁ¥s FPEERE 7 shows
in outline the operation of the inmage output unit 13. One cycle of the
out put itaef se@d@ter PukerkTcal bl anking period (VB), a top field output
period, another VB, and a bottomfield output period. For exanple, in the
case of th&@I¢URE Duwrputinesnbie foamgomeper¥slper EEGURES Fhandi di ng
generation section 41 generates a timng

show in detail the frame memoxry 11. As shown in FIGURE 2,

the frame memory 11 is composed of five blocks 20-24 and one

additional block 25. These five blocks 20-24 are assigned

respective field numbers, namely, from Field #0 to Field #4,

respectively. As shown in FIGURE 3, .one block, e.g., the

block 20, is formed of N slots which are assigned respective

slot numbers from Slot #0 to Slot #N-1. Here, note that N is

the amount depending on the size of image subjected to be

decoded by the MPEG decoder 10. For example, N = 30 for the

case of the NTSC (National Television System Committee) image.

Each of the N slots is able to store eight lines of the image.

That is, the block 20 has the ability to store data for 240

lines of the image, in other words the block 20 is able to

store one field (half a frame) of an NTSC image. Each of the

remaining four blocks 21, 22, 23, and 24 is likewise formed



signal TMNG in order that the image output section 13 na¥8 é@%grgé
constant cycle. Further) the timng generation section 4I"sends to t
control unit 14 the interruption signal INTR for every output of elght
Lines to the screen. The interruptioiZignal INTRis generated at the
starting point of providing top and bottomfields, as shown in FI GURL;
7(a). Thereafter, the~interruption signal INTR is generated for every

out put of elght lines. In synchronization with the timn gnal _TM\G
gener at 8§ By S Hﬂ?%lrnﬁﬁ;%ﬁﬂﬂﬂe&?cﬁﬂ@ﬁﬁ@ 41, theecafdafignp 920F8a8§ flige
slots designated in order of scan so as to provide the inmage output signa
QUT. A Fé8¢ porh $hges gididalionah o ts ofhieli arer assigeefegi sters RFDR
and RSLR. These registers RFDR and RSLR for read slot Se'Ltlllg 28
Decenbef e3P@Z tigearsd ofetnuibare, comrol Slott#44 Slatt AN+ReghntieFlbls 17 at
the occurrence of interruption. Further, the registers ORAR and OPYR are
changed #y2t.he tim ng generation unit 41. The value of the register OPYR
beconmes "0" imedi ately before each field s output. start interruption if
t he currentllst dimanes memedry hel nextcontpoailed hyt tpef iséod,. ad shown in
FIGURE 7(b). On the other hand, the value of the register OPYR becones "1"
if the derightt lsiness) | s tdratt tde eextrolf pus hald b6t the heekdbldbi 'wal ue
of the register ORWR becones "0" inmediately before each field s output
start i weertriall aizand i6 1imsepfded igfcrieasadsbysaneabmeedhatelfygrbef ore
each 8-line termnation interruption, as shown in FIGURE 7(c). FIGURE 8
depi ct s defa1dnecC kviftor Mah itHerMtdmetandt i €1 ef sthaceanesol Mok 14 of
FIGURE 1. The control unit 14 has a controller 51, a work nenory 52, and a
progr amspeisarei dad. 1ylhes Mot K Aedod /s bh H86d b $l pleta@nhtidbe®many 656k and
twel ve works. These twelve works are a forward reference field work for top

( T_FRFVWhumb for wardk riaferenee, fiied devwsk dorthet 08¢ 6Bi FREME, baokrckwar d
reference ffield work for top (T_BRFW, a backward reference field work for

bot t om @&a@F\Hesﬁ_;r%@ﬂeo{%mbﬁ 408 ks {DRNYY . ardecedestype ‘ﬁﬁék

(DTYW, an output type wor , a decode structure work (DSTW, an

out put  igheledy Vi(f'{Iﬂ:ﬂé)rad&ptia-l?g%oc}gnz9”1@”&e£i§hgt¥\8rgyf?E.eQQtP@m (B
OF , a pointer for wite WSLP), and pointer for read slot (RSLP).

The fouryprdes, e iiRfaMa Ba iRV Je@f@ygt@cﬁldby Field #1 and Slot #N.

Of the five blocks 20-24, four blocks are used for the
storage of motion compensation reference images and the
remaining one block and the additional block 25 are used for
B-picture interlace conversion. The number of slots used for
a B-picture, e.g., N + 3, is represented as Sn in the
following description. For example, the top and bottom
fields of an I-picture are stored in Slot #0 to Slot #N-1 of
Field #0 and in Slot #1 to Slot #N-1 of Field #1,
respectively, and the top and bottom fields of a P-picture
are stored in Slot #0 to Slot #N-1 of Field #2 and in Slot #1
to Slot #N-1 of Field #3, respectively. In a field in which

a top field is stored, the first eight lines of the top field



28 Decenber 2002 19 B BRFW which correspond to the four jgeQi-shees2dodFRFR
B FRFR, T _BRFR, and B BRFR of the BSAU 12, respectively, each designate a
field nunber indicative of the storage |ocation of a notion conpensati on
reference inmage in the frame nenory 18 The work Ul~NWserves to store a
row nunber indicating how far the decoding of one frame proceeds. The row
nunber increases. For exanple, the row nunber is O during the decoding of

the first 16 lines and the row nunber is_1 during the decoding of the next
16 Iine?Feaﬁ§Q£?QNin1$%PVn#Q v ef ¥849t o thRdNE e N8 tcddPFF BFSe of an
i mge current|ly being decoded, The work OTWY serves to indicate whether the
codi ng Sy9&est 1an Shrlgef burdebt$9 ®Ri ngRoBrplietipset A8 648G d¥pe I@%r not .
The work OTWY is used to draw a distinction between the nmenory contr ol

t echni q@&ammrle.hé iy t9pelat athent heofieRdeydcdhtr oitt &blsi ddeef.or a
different coding type. The work DSTWserves to indi cate whether an inage
curr ent Ibhrss rfddciorral hatothe fiel d sietst Netor #N1@ .f pxee useduct ure and
affects the setting of wite slots and the access to the SCM The two works
T OFDW &fud B tORM\WwEEcth selokst stondi gapécauteebdtapniidellovazn esut put

i mage. The pointers WSLP and RSLP are used for nmenory control in the case
of the degengiingerB, tiwhi Thage dbsectbred [ aher frEmeh safruchiareoiamntde thaBLP
and RSLP constantly holds an address indicating a word in the SCM 28
Decenberfiz20GP 2~ Sttoresl) i n Défawbt dsmage Addtassag0ano iAddiesds seSt-ihagaf t he
SCMin the work nenory 52 are initial values ranging by one fromO to Sn-1.
These i nirdd allnsddiesvriesueh £oothassighidngofiunher sramewmetnergl als used in
decodi ng of an inage of the coding type B which arrives first. The ten

wor ks off dihexdpdl e rdd ya S@qaiealenti abi 2Bd aslshoui belhew aFeFRFW = 0 |3

FRFW= 1 T BRFW= 2 H BRFW= 3 DIYW=1 OITYW= IP T OFDW= 0 H OFDW = 1
written to the frame memory 11 and the default image
continues to be output until an image as a decode result is
output.

FIGURE 5 illustrates an internal structure of the BSAU 12
shown in FIGURE 1. The BSAU 12 includes a header analysis
unit 31, a variable length decoder (VLD) 32, an inverse
quantizer (IQ) 33, an inverse discrete cosine transformer
(IDCT) 34, a motion compensator (MC) 35, and an internal
register 36. The internal register 36 has ten registers,
namely a coding type register (CTYR), a structure register
(STRR), a forward reference field register for top (T_FRFR),
a forward reference field register for bottom (B_FRFR), a
backward reference field register for top (T_BRFR), a
backward reference field register for bottom (B_BRFR), a

write field register for top (T_WFDR), a write field register

for bottom (B_WFDR), a first write slot register (WSR1l), and



WELP = 0 RSLP = Sn The controller 51 sequentially execut i nst | NS
INST witten in the programnenory 53. In the first placggDFﬁ@“é§ﬁ%?o | er
51 executes a normal routine for setting the internal register 36 of the
BSAU 12. In response to the interrupttdon signal INTR fromthe inmage out put
unit 13, the controller 51 shifts towards an interruption process routine
for setting the internal register 43 of the imge output unit 1. 3 . 28
Decenber 2002 21 The control unit 14 executes a normal routine in order to
cont r ol 3t FRCEEAUWI 2 teVEle ts pedistedt |WSRAe- f heowedlpieecdl¥®s 1. 1 to 1.
14 are carried out. Procedure 1. 1: The header analysis unit 31 is nade
active. sqheéesechdeftangl ydies tiymer oFfl adiEimGdiar rigaypect ivageal uetheo t he

regi sters CTYR and STRR of the internal registers 36. Procedure 1. 2: The
val ue ofeghetergbtRBr iGYRate swwihtettdret aart hisnpwotr KincAg®NV hés ocleeluf rathie 3: The
value of the register STTRis witten to the work DSTW Procedure 1. 4:
When t hetmockuBPE YWt nHec fied deisttrerctur'e or TH fode whei $§ berswr KPRERW i s
"I'P*, a first and second field nunbers necessary for designating wite

fi el ds BrERHRt eTnBRed, aanidoE GRFR Addreldbmuarher ,dedigiate aofiedat ai ned in
any one of the four works T FRFW B FRFW T BRFW and B BRFW is chosen.

For exanphbBerwheditheseef odr ther st cdegjggriadentthical b#0 moeleh #1, Field #2,
and Field #3, respectively, then Field #4 is selected as field nunber. Wen

Fi el d #2omperkdt#3n Fefledchte anthde ald #He antandtamdegl Dy. t Ehé otwowor ks,
then Field #1 is selected as field nunber. The selected field nunber serves

as the feégsbtérel U wepReandlpe walRie ah tde-wdrio TadH ses vieswasté he
second field nunber
field number of the frame memory 11. The two registers WSR1
and WSR2 each serve to designate a write slot number of the
frame memory 11.

In response to initiation signal INIT received from the
control unit 14, the header analysis unit 31 or the VLD 32 is
made active. When the header analysis unit 31 is made active,
the header analysis unit 31 starts decoding image header
information contained in the input bit stream IN to enter
information about the image coding type and information about
the image structure to the register CTYR and to the register
STRR, respectively. On the other hand, when the VLD 32 is
made active, the IQ 33, the IDCT 34, and the MC 35 are
sequentially made active whereby 16-line video data are
written, over the data bus 15, to the frame memory 11. This
amount, i.e., 16 lines, is equivalent to 45 macroblocks when

the number of lateral pixels = 720. The MC 35 performs

motion compensation, creates the final video data, and writes



28 Decenber 2002 22 Procedure 1. 5: Wen the work DTYW i j "danoor " P
and when the work OTYWis "B", then the value of the mrésﬁe&%ﬁé\?ﬁisootzhe
first field nunber and the value of the work B FRFWis the second field
nunber. Proceauz~e 1. G When the worte DTYWis either "I" or "F', then the
four works T FRFW B FRFW T_BRFW and B BRFW are updated. Mre
specifically, the value of the work T BRFWis witten to the work T BRFW
the value of the work B BRFWis witten to the work B FRFW and the first
and secdR§ FEAP HuHEred dekierRdieha pE8cEhar Eramesmgparyy it enThE VRE wor k
T BRFWand to the work B $RFW respectively. Procedure 1. 7: The setting of
noti on SEnPEIYAdesh e dRehERN fYRTERT t oMY hetPntBEnlLC BEgiferemotdonf the
BSAU 12 is performed. Mre specifically, the value of the work T_FRFWi s
Wi tt enCraPeRs atddinst erThe FRFE s t¢e Vg uramet nemasik 1B BEREWSPSChMEieden to
the regi ster B~FRFR, the value of the work T_BRFWis witten to the

regi st ePYT aBRER s sarh ttHee vaddiees$ e Work B BRFWis witten to the

regi ster B BRFR Procedure 1. ti: Wite fields are set in the internal

regi ster 3@GmftheeBBSAULA 2. olby etspeHCf Béalkkkyatwiserrot hemamyk cOhYWbIS ei t her
“I'" or "P", the value of the register T BRFRis witten to the register T
WFDR anOhieh®ivadienwdt theow echst bocdt BRFRofsawr iinhgs Fort peedggtsbar B
WFDR. On the ot her hand, when the work DITYWis "B", a field nunber, which

i s not dentthieneirdme ammarye bf fée €oarpuepgostess mokRBR, comB8nbacevher
2002 23 B FRFR, T_BRFR, and B BRFR, is chosen. The selected field nunber is
Wi ttenIno odier e dpgciltyFbitiasa webtatsoh) the Megest aseB YWRER Procedure
1. 90 A"0" is witten to the work DRNW PRGCEDURE 1. 10: The setting of
wite shelgddtemerf orrerl, BIWRrFpr OCEBRFR, Wahl BeBAFRCUSAedopaggelin detail .

portion of the forward-reference data is stored in Slot #0 to
Slot #N-1 of a field that is designated by the register
T_FRFR.

The registers T_WFDR, B_WFDR, WSR1l, WSR2, and STRR are
used to determine slots to which the reconstructed video data
are written. The writé locations are-determined as follows.
For the case of the frame structure, the top eight lines are
written to a slot that is specified by a field number
designated by the register T_WFDR and a slot number
determined by the register WSR1 and the bottom eight lines
are written to a slot that is specified by a field number
determined by the register B_WFDR and a slot number
determined by the register WSR2. On the other hand, for the
case of the field structure, in regard to the top field (the
first half portion of a frame), the upper eight lines are

written to a slot that is specified by a field number



Procedure 1. 11: The BSAU 12 decodes a macrobl ock for 16kigembgrogsgur e
1. 12: Upon conpletion of decoding of one frane, there is made a return to
Procedure 1. 1. Procedure 1. 13: The rk DRNWis increased by one.
RProcedure 1. 14: There is nade a retd&g to Procedure 1. 10 in order to
decode a macrobl ock for the next 16 |lines. The control unit 14 controls, by
execution of the interruption process routine, the inmage output unit 13.

More spagicbirialne ﬁweaf@r%é@ise@ft IdrpRr hAEMR eRetahlueBsof deternining
whet her the output i'mage is a -plcture or not, determining a read field

number, d@%b@nﬁ?&ﬁfQ%QHﬂﬂaarééfﬁt@EnW§ﬁl éﬁdetﬁgeﬂoﬁgl eR ﬁkuﬁgn%s Are

P—plcture i's being coded, What 1s required Is just rovi

output SFLS S Ral A e Wit SR RS ﬁ?%s%@??ﬁabéﬁ he B pi cture
starts. aLRgLaloe ke %}@E&&E%'ﬁrﬂ?ﬁ' Badgeased flnble i o

prOV|d|ng t nex S requrr ust to prOV|de t he
B- pi ct ur.e,

interru tFSﬁ"B%%ﬁﬁﬁ“?ﬁ§ﬁ$g$$%ﬁf %rFﬁg%Zgﬁflflcal|¥Po%veté abg%gfgbuted

Pr ocedure Wen the.re "0" and when ister OPYR is
o Eis i Birn St LS 5r TR ot he BPEReCIPt GRELAEE w1t ten
to the work OTYW The wo i ndi cat es et her _an_inage.that is provi ded
next ha¥rﬁﬁée@o$9uftiﬁﬁF"%?aBrlﬁo?PeRbféeéhBXiFiEéFFQ aﬂBﬁrthe moPk DTYW
is eith " "P' "IP" is witten to the work, OTYW On the other hand,

when th eﬁ&leﬁP@mHX;mﬁ? re@@sy%rw§+yggg 289t ReSWBFKBIYRE Procedure 2. 2:

When the register. ORWMR is "0", when the register OPYRis "0 (top field's
out put Sed F&Win eh PXHIE tFROTBFGT OFSRY | and) Bhe Lauegapdghbs LiRESWArR T
FRFWis witten to the work T OFDW and the value of the work B FRFWis

wri tt enYEdHHe@ &Y 12 Bltbwhat s spechElednbys ar harddr BRBPEHce inmage is a
previ ously decoded |-picture or a previously decoded P-picture.

Accor di H§ItermdiEhPR Hdr @l fgeBf BLWEPR and a slot number

determined by the register WSR2. As describe above, it is
arranged such that a mixture of top and bottom fields does
not exist in one slot. Additionally, the setting of
registers of the registers in the internal register 36
concerning memory control is performed by the control unit 14
via the register bus 17.

FIGURE 6 depicts an internal structure of the image output
unit 13 shown in FIGURE 1. The image output unit 13 includes
a timing generation unit 41, a read unit 42, and an internal
register 43. The internal register 43 is made up of four
registers, namely, a read field register (RFDR), a read slot
register (RSLR), an output row register (ORWR), and an output
parity register (OPYR). The register RFDR serves to

designate a read field number of the frame memory 11. The



|- or P-picture, a previously decoded inage is output. P ,  \When
the register ORWNR is "0", when the register OPYRis "0 (?ggﬁgﬁéﬁﬁggog%tput

start)", and when the work OTYWis "B", a field nunber, which is not
contained in any one of the .four redidters T FRFW B FRFW T BRFW and
B BRFW is chosen and the selected field nunber is witten to the work T
OFDWas well'as to the work B OFDW A field of the frame nenory 11, to

whi ch an i mage of coding |l:ype B 8 Decenher .2002 25 is. .witten
shoul 4" BE OIS RO RS St r et P taneFe) § RePOasbackRaPherotll SRo 11 el d.
Procedure 2. 4: The Ireaq% deternifed éﬁ%KES of thg morks.g OEDW and B
OFDW ar E788€ MK itteige OUF P9t et 195 KoP 8T ¥BEciPi BEPM%wA8n t he
regi ster, QPYR.is "0 en the next output is a 't field)", the field
nunber - SPONEMGRK Of GRS & STt o PHET BT : BP L REDRIGPUEhe LPmage out put
unit 13. On the other hand) when the register OPYRis "1 (when the next
out put i+&CaYEE tidmamee|fheld ¢+ hethe FIhERBEr OBYRt RETHBFK LR3POPPRLEs aBet t 0
the register RFDR of the inmage output unit 13. Procedure 2. 5: The setting
of read islddca ionpaf ofieeh ofhioprareédpebtom Eiqlis be auseessdd |ater in
detail. Procedure 2. 6: The interruption process is termnated. FTGURE 9
shows i Redd iovdBdte operation of the MPEG decoder 10 of FIGURE 1,~ in
ot her word FI GURE 9 shows an exanple of dealing with wite and read fi el ds.
The bit st F&GHRIN T shws i b eetihee BEAe eperptina efdéhel dmage P4, B2,
B3, PS5 with reference to FIGURE 9. The letter (e.g., | of the picture 10
i ndi cat 3tpwE adithd 3y pOrmdcIdke efbelre | pdtpatesst fervedepfof di spl ay
(output). At the starting point of the decoding period of the picture 10
{i.e.) Peritggal) bliankingd upeniod heVEbr ka CTapV fseldPoutPhér peoied.in Peri od
1, according to Procedures 1. 4

another VB, and a bottom field output period. For example,

in the case of the NTSC, output is made for 30 cycles per
second. The timing generation section 41 generates a timing
signal TMNG in order that the image output section 13 may
operate at constant cycle. Further, the timing generation
section 41 sends to the control unit 14 the interruption
signal INTR for every output of eight lines to the screen.
The interruption signal INTR is generated at the starting
point of providing top and bottom fields, as shown in FIGURE
7(a). Thereafter, the .interruption signal INTR is generated
for every output of eight lines. In synchronization with the
timing signal TMNG generated by the timing generation unit 41,
the read unit 42 reads the slots designated in order of scan
so as to provide the image output signal OUT. A read slot is
designated by a pair of registers, the registers RFDR and

RSLR. These registers RFDR and RSLR for read slot setting



and 1. 6 and based on the initial value of Period O, the B%%VEB qﬁﬁ r 2002
26 val ues of the tour works T_FRFW B FRFW T _BRFW and EP are updated
to 2, 3, 4, and 0, respectively. The value of the work T BRFW i.e., 4, is
used as a top wite field nunber, and8& he value of the work B BREW i.e.)

O, is used as a t~ot~Lomwite field nunber. The picture Ois witten to
Field #4 and Field #0 of the frame nenory 11. In the decoding period of the
picture P1, i.e., Period 2, accordlngﬁto Procedures 1. f and_1. 6, the

val ues GFet K& Hur WI&O”I’“F‘N:W“B*:F Wit BREW eI tBTBREW éﬂea&pé’r&teed to
4, 0, 1, and 2, respectively. The value of the work T BREW 1,
used as OCSHTRENCE el kP FRFBEPLiand t ReTVARTe SPet HEWEILRTS Qﬁﬁﬁ/apde 2,
is used as bottomwite field nunmber. Accordingly, the picture P1, which is
nmot i on OF¥Fergst changgdrivarthe et tndngegeperhéipncnis HO-wr TheeNadgeri el d
#4 and Field #0, is witten to Field #1 and Field #2 of the frame nenory
11. | n e tiecadiais trar i QRYBDf bedemes ct OF eimaediiate lyPbeifode3eagbcording to
Procedures 1. 4 and 1. 6, the values of the four works T FRFW B FRFW T
BRFW arid eB dBRFWidme: Wpdtaed imtdrr@ptBponanfl 4her espeehitvesaye TIhe val ue of
the work T BRFW i.e., 3, is used as top wite field nunber, and the val ue
of the whak BhBRAWxYT .cutpdl is astdpasibddt oaswshbenfial #IGURBe7(b) .
Accordingly, the picture P4, which is notion conpensated by forward
referencsa tihe leh@cthasd Pltive i taPaet of Ftrédrédiandr OR§rRDeeenhes 2002 27
Field #2) is witten to Field #3 and to Field #4 of the frame nenory 11. In
t he decddi hepeniraterof dteet@i L4 utleaB2the. rextPeutpdtdis a bottom

field. The value of the register ORWR becomes "O"

immediately before each field's output start interruption and

is thereafter increased by one immediately before each 8-line

termination interruption, as shown in FIGURE 7(c).

FIGURE 8 depicts in block form an internal structure of

the control unit 14 of FIGURE 1. The control unit 14 has a

controller 51, a work memory 52, and a program memory 53.

The work memory 52 has a slot control memory (SCM) and twelve

works. These twelve works are a forward reference field work

for top (T_FRFW), a forward reference field work for bottom

(B_FRFW), a backward reference field work for top (T_BRFW), a

backward reference field work for bottom (B_BRFW), a decode

row number work (DRNW), a decode type work (DTYW), an output

type work (OTYW), a decode structure work (DSTW), an output

field work for top (T_OFDW), an output field work for bottom

(B_OFDW), a pointer for write slot (WSLP), and a pointer for

read slot (RSLP). The four works T_FRFW, B_FRFW, T_BRFW, and



the four works T FRFW B FRFW T BRFW and B BRFWare no d i4e
field nunber, which is not contained in any one of theseEPg%?g&ﬁg&%qaq.ea,
O, is used as top wite field nunber and as bottomwite field nunber. The
moti on conpensated picture B2 is with%n to Field #0 and the three
additional slots of the frane nmenory 11. At this time, the picture P1 in
Field #1 and Field #2 is forward referred to and the picture P4 in Field #3
and Field #4 is backward referred to. Also, in the decoding Reriod of the
pi ct ur e BBBRFW ..o whipsdy iGRF e SRR f&ir ther kU FREYY ter sREW RFRBREW RERd
B~BRFW ars not.updated. The field nunber, which is not contained in any one
of thes@& BBER wéyids BiBRFR qf the RBIAU ak2t opesPeEbiveeYd RafbBer and as
bottomwite field nunmber. Accordingly, the notion conpensated picture B3
is witfesigoatieclad THE Ithumee ¥ hirdleadive opdl the ostoraget hpeatins, the
picture Pl in Field #1 and Field #2 is forward referred to, and the picture
P4 in Frél @ #®taca Romipensatiomhackierencef bnage in. te fhamet metbnyg poi nt
of the decoding period of the picture P5, i.e., Period 6, the value of the
wor k OTW .i s The" wokke NI eseve Petd osit Gre ag covdi mgmber Piodkdatesgl. 5 and
1. 6, the values of the four works T FRFW B FRFW T BREW and 28
DecenbehoR0@2r28 e BReieWdimgy upilatreel foamBe drodeedsd 2Theespechumbey. The
value of the work T_BRFW i.e., 1, serves as top wite field nunber and the
val ue ofintlre asersk HIBRF\WxdmEle, 2thsaravesnasbdot ond Wiutengi €hd nunber.
Accordi ngly, the notion conpensates pic:Lure r5is witten to Field #1 and
Fi el d #BecAdinly oft ithe firestpild ind¥ amd Ftied dréd mudbétreis #4dusihgrward
referred to. As previously described by reference to FIGJRE 7(b), the val ue
of the rheg SetoddRIFECENEH 16MELhas £l yndesoren eachhé i wbek Spoulput
start interruption if the current state

serves to indicate the codlng type of an image currently
being decoded. The work OTWY serves to indicate whether the
coding type of an image currently being output is the coding
type B or not. The work OTWY is used to draw a distinction
between the memory control technique for the coding type B
and the memory control technique for a different coding type.
The work DSTW serves to indicate whether an image currently
being decoded has the field structure or the frame structure
and affects the setting of write slots and the access to the
SCM. The two works T_OFDW and B_OFDW each serve to indicate
a field number for an output image. The pointers WSLP and
RSLP are used for memory control in the case of the coding
type B, which is described later. Each of the pointers WSLP
and RSLP constantly holds an address indicating a word in the

SCM.



is that the next output is a top field, and the val ue of sgltceres 802 OPYR
becones ".1" if the current state is that the next output is a bottom
field. That is, at the top field output starting point, the value of the
regi ster OPYR changes from"1" to "0"20 Fl GURE 9 shows that in

synchroni zation with such a change in the value of the register OPYR from
"1" to "0" the works T OFDWand B OFDW ar e updated At the starting point

Val ues of &b br S WePthy ShaRAIGREN 400 %&d‘?@&@%ﬁ%%d“requo%* e

respecti e val ues the ¢ FRFW an
Accor di 5 éﬂ%% 12 ok aiandiy B 5F8tapétftéisffslgas. RSBOaPg #hYornhe
frame J,C % put_in the seC%Ed hal f portlgn of Period 2 and the
bott om Ooftq é“& ot UrReFD 1nHBLBLRAHEPS2565U3E LLGRe@SEA IBIAN #0 of
t he frarre menory 11 is output in the first half portion of Period 3. At the
starti n§UBGERS & t"‘ﬁé‘-*%eec%ﬁﬂ thHarfedotRi 8ACBALPEY PgdaS ipggsr @tngheo
Procedure 2. 2, the values of the two works T OFDW anc~ B OFDW ar e updat ed
to 1 an§o9gDg tyeepdttWhAtly amekvedi AEFSE - t hEReopeni ¥Paksf ofhdhei etomke P1
stored in Field #1 is output in the second half portion of Period 3 and the
bot t om Me&ICFYof> 2 B epiidiiireaized opedshawri bedow2 is output in the first
hal f portion of Period 4. At the starting point of the second half portion
of Period A_F3dbrdithg to Procedure 2. 3, a field nunber, which is not
contained in any one of the four works T_FRFW B FRFW T_BRFW and B_BRFW
i.e., 0, i BHHR en o the two works T OFDWand B OFDW Accordingly, the
picture B2 starts to be output after a half-frane delay fromthe decode
starting pditBREW = he picture B2, and the top field of the picture B2 is
output in the second half portion of Period 4 and the bottomfield of the
picture B2B BREM put3in the first half portion of Period 5. Also, in the
starting point of the second half portion of Period 5 according to
Procedure 2T¥ =a X¥ield nunber, which is not contained in any one of the
four works T FRFW B FRFW T BRFW and B BRFW i.e., 0, is witten to the
two works DIRDW arel B OFDW Accordingly, the picture B3 starts to be
output after a half-frane delay fromthe decode starling

T_OFDW = 0

B_OFDW = 1

WSLP

0

RSLP Sn

The controller 51 seguentially executes instructions INST
written in the program memory 53. In the first place, the
controller 51 executes a normal routine for setting the
internal register 36 of the BSAU 12. 1In response to the
interruption signal INTR from the image output unit 13, the
controller 51 shifts towards an interruption process routine

for setting the internal register 43 of the image output unit

13.



28 Decenber 2002 30 point of the picture B3, and the topfield of
picture B3 is output in the second half portion of Perio&%éﬁﬁﬁH&Fﬁg&g%ttom

field of the picture B3 is output in the first half portion of Period 6. Al
i-.| ~e starting point of the second hagf portion of Period 6, by nmaking use
of the values of the two works T FRFWand B FRFW according to Procedure 2.
2, the values of the two works T OFDW and B OFDW are updated to 3 and to 4,
respectively. Accordingly, the top field of the picture P4 stored in Field
#3 is out ptihg FaHer skdombt hht fepernien of nPamadd revaddae Ha wodeamta el d of
the picture P4 stored in Field #4 is output in the first half portion of

t he nexcopdiriodd thRefBHAU N + o NOIXRREPOcifheaddyputhenfigéloyiobt ai ned in the
order 10, P1, B2, B3, and P4. FIGURE 9 shows~that, imrediately after the
top fielpadocfedurespilct ur etd G i sl4 eae otarpfiedi ebt.#4 in the second hal f
portion of Period 2, the bottomfield of the picture P4 is witten to Field
#4 in the fHrastedatd borli onThé Peaded 8nallgsssachieved dfsf ealdeve
utilization of the fields of the frame nmenory 11. Although, fromthe

starti ngcpdiviet. offHehechesebonchrnml fsportnbdh 8f Prenodedist pekbectersi nati on
poi nt of the second half portion of Period 5, operations of wite and read

of Fi el dai@eadndd hthd i sidshtd | OIER 8h@t STRREoPether Mdeghalihe same tine,
t he 28 Decenber 2002 31 occurrence of problens can be avoi ded by sl ot
control pelyiGh drs dgescri bed bel ow. The wite slot setting procedure in
relation to Procedure 1. 10 is discussed in detail. Roughly speaking, the

control unigpodeéayed for NB: t hensevding f the reghsterscBRl ignd MBR2nof the
BSAU 12 and thereafter waits for definite conditions to be net. The setting

of the regitsieermr BBRIrAaNd WSR2 is first expl ai ned. Wien the work DTYWis
either "I" or "P' and when

Procedure 1. 3: The value of the register STTR is written
to the work DSTW.

Procedure 1. 4: When the work DTYW indicates either "I"
or "P" and when the work OTYW is "IP", a first and second
field numbers necessary for designating write f£ields are
determined as follows. A field number, which is not
contained in any one of the four works T_FRFW, B_FRFW, T_BRFW,
and B_BRFW, is chosen. For example, when these four works
designate Field #0, Field #1, Field #2, and Field #3,
respectively, then Field #4 is selected as field number.

When Field #2, Field #3, Field #4, and Field #0 are indicated
by the four works, then Field #1 is selected as field number.
The selected field number serves as the first field number.
The value of the work T_FRFW serves as the second field

number.



the work DSTWindicates the frane structure, the value o he wgrkzdiﬁ\l\Nis
witten to the registers WsRL and WSR2. When the work DT SELPEHer 1" or
"P" and when the work DSTWindicates the field structure, a result of (the
value of the work DRNW X 2 is witte&dto the register WBRL and a result of
(the value of the work DRN\W X 2 + 1 is witten to the register WSR2.

However, if DRNWX 2 ~ N, DRNW X 2 is changed to DRNW X 2 - N and DRNW X 2

+ 1 is changed to DRN\WW>C 2 + 1 - N By t bove-descri hed sett,ing, when
the work D%%\Rﬁeéi“é‘iet er SC1 '?W’b‘?“"%h‘? Yﬂ%ktgﬁ‘f?i éFdengB\%Fit en®o a field
designateq by the register TAWDR angd the bottomfjeld is witten to a
field dagagwﬁeaﬁw g’ﬁ’& & s B{Jl : ,e?eb%?d}’éigeo?ftﬁ‘éeiwﬁﬁé
structure, Wthin each field, the first eight lines are witten to Slot #0,
the next—BREN: 16i £B& & sir itk (et 29d the ¥BlBR. of dBepBeskber 2002

32 When_the work DIYWis "B"', the_ control unit 14 performs the follow ng
ProceduPeERBW ist §hg spcqnd dripetd (18RRIt he regi sters WBR1L and WBR2.
Procedure 3. 1: A first slot nunber X is read out of a word stored at an
addr ess of PEgsegayeddsi dhat ehey the porht BEYWSLp. eptbesdlifé 8r 2F"A second
slot nunmber Y is read out of a word stored at the next address. Procedure
3. 3: Thbep ke Soor works TXERFWu iBLERFWo ThBRYWg) arérBVBRAW frecedure 3.
4: The second slot nunber Y is witten to the register WoR2. Procedure 3.

5: The fipdstedl.ot Momebhepecifksigaily enthe vabusOM f bhe pvepkir TnBRFHelsgetti ng
of the register RSLR. Mre specifically, when the work DSTWindicates th'e
frane swrattenetot idef iwogtk ST ARFHntere Xakuer £t thet workwBrBREY &8 address
of the SCM designated by (the value of the pointer WSBLP) + Sn - (the val ue
of the woiktBPRNWp. tOe woerkotBefREVANgndhERe t Hitrswr &an@®STe¢eondi €aeed t he
field structure, the first slot nunber Xis witten to a word at an address
of the SGhbdes greaticickdyin thasdwee of. t heapei wttt¥GL ) th&nwoPkocedure 3.
6: In order to prepare the setting of the

T_BRFW and to the work B_BRFW, respectively.

Procedure 1. 7: The setting of motion compensation
reference fields to the internal register 36 of the BSAU 12
is performed. More specifically, the value of the work
T_FRFW is written to the register T _FRFR, the value of the -
work B_FRFW is written to the register B_FRFR, the value of
the work T_BRFW is written to the register T_BRFR, and the
value of the work B_BRFW is written to the register B_BRFR.

Procedure 1. 8: Write fields are set in the internal
register 36 of the BSAU 12. More specifically, when the work
DTYW is either "I" or "P", the value of the register T_BRFR
is written to the register T_WFDR and the value of the
register B_BRFR is written to the register B_WFDR. On the
other hand, when the work DTYW is "B", a field number, which

is not contained in any one of the four registers T_IRFR,



regi ster RSLR, the second slot nunber Y is witten to thegBehbmbbr®02
specifically, when the work DSTWindicates the frane structure, the second
slot nunber Y is witten to a word at 28 Decenber 2002 33 an address of
t.he SCM desi gnated by (the val ue of e poi nter WSLP) + Sn - (the val ue of
the work DRNW + N. On the other hand, when the work DSTWi ndi cates the
field structure, the second slot nunber Yis witten to a word at an

Procedure 3. T A Nt P PadEeg ”ﬂﬁep%%étsé‘ﬁtﬂ Sunit 14
per for My [RS8l G Qfed NE, T S’%]‘%?ov%w b ‘3,%\5& twel sBpaYhg and

thereafter wai t's for any one 0 'ons 1°t 6 4 6 be net.
This is nece sar reventing a slot from being WW|tten by data before
the sl ot 9 %gérd)ﬁ-(‘%rrpd?tl on 1. In Condition 1, the foll ow ng sub condi tions

shoul d be , ( the, wprk DTYWis " "p i)

t he. vaIuesqF 5 #)CFgNV%ndl% %ﬁFVFSPsE@rEEemFPﬁﬁeggﬁ ther and
(1i1) the values of the wor ks B OFDW and B_BRr W di sagree with each other.

| f Cbndltlcﬁﬁqpﬁgp%%tl't%?s nERAsSehiing PFeWHltﬁhF&ﬁthlé EGF?@ﬁWeFarget
of wite, is ready to be MW|tten by data because the field in question was
aIreadyﬁnﬁﬁquﬁﬁﬁﬂ%anWEg I?P(ﬁ%ﬁﬁ¥$%%dzla¥%€ }Bl 8H~kd - sub- condi ti ons
shoul d be net, nanely l the work DTYWis either "I" or "P"%egll) t he work
DSTM/lnm<uﬁ¥£Fq¢RF¢rhﬂe 3¢ r utherBSAENY2 (APPpdeReavBRGE OB OFKe TPEGILSL er
ORWR is greater than the value of the wor)c DRNW If Condition 2 is net,
this neddfef-slot 28 Decenber 2002 34

Procedure 1. 12: Upon completion of decoding of one frame,
there is made a return to Procedure 1. 1.

Procedure 1. 13: The work DRNW is increased by one.

Procedure 1. 1l4: Tﬁere is made a return to Procedure 1.
10 in order to decode a macroblock for the next 16 lines.

The control unit 14 controls, by execution of the
interruption process routine, the image output unit 13. More
specifically, the control unit 14 performs operations of
determining whether the output image is a B-picture or not,
determining a read field number, and determining a slot
number. If either an I-picture or a P-picture is being
decoded, what is required is just to provide a previously
decoded image, i.e., a forward reference image. A B-picture
is output after a half-frame delay from the time the decoding
of the B-picture starts. Therefore, when a B-picture is
being decoded at the time of providing the next frame, what

is required is just to provide the B-picture. More



having a sl ot nunber smaller than the value of the regis CRV\E& i eady
to be witten by data because the slot in question was a?$§?89“ %&épdé

Condition 3: In Condition 3, the follow ng sub-conditions should be net,
nanely (i) the work DTYWis either "ba or "P", (ii) the work DSTWi ndi cates
the field structure, and (iii) it is in the period of top field decoding.
At the time of carrying out either decoding of the coding type | or
decoding of the coding type P, one field at |least is available. Atop field
i s witsRacibleabl vvafvable timel @narig terriup tdesiddauns e fiekdawing
operations. Condition 4: In Condition 4, the follow ng sub-conditions
shoul d Brogedureanzt y1(tp Lhebwarie PReMited.B" and (ii) the value of the
pointer RSLP is greater than the value of the pointer WSLP. The sl ot

nunber, stBrededtren2addres¥hen tthe SEFidessgreRWRl by 'td'e ool ndleen RSLP, s
one for a slot currently being output, as described |later. Accordingly, a
sl ot hashegragsseet e@PHBRMher atthd t(hepf dieddl 'ng cutthelr dtsartefu) riace t o have
al ready been read and it is therefore possible to performwite operations.
The reataBhotosethe ngopkobedtur dsi wriitltan oo tthePwaasd 0. Srhes wiRSeri bed
in detail. Wien the work OTYWis "IP") what is required for the control

unit l4TwytDngbtatde whktheef ahhemzge shert GR\RAR itdw magistiels RANK At
the tinme of providing inmagea of the coding type | or P) the read field's

28 Decefheing00gp85"Beadrshet .numbee TR AT iid3NIGASGhdlY QN Wdyn zer o.
Al so, the register's ORAR out put row nunber is increased by one from zero.

The valpeywfisheitggbster ORVRpS seatpnt q st Ra e tey R o Mhesrithe wor k
OTYWis "n", Llie control unit 14 executes simpl e processing, i.e.

Procedusestie dther4hadd, f AhebethinGokhe Diesi SlemBRSLRE" tY Sd & @ esul t
of the preparation
to the work OTYW.

Procedure 2. 2: When the register ORWR is "0", when the
register OPYR is "0 (top field's output start)", and when the
work OTYW is "IP", the value of the work T_FRFW is written to
the work T_OFDW and the value of the work B_FRFW is written
to the work B_OFDW. At this time, the forward reference
image is a previously decoded I-picture or a previously
decoded P-picture. Accordingly, during the decoding of the
I- oxr P-picture, a previously decoded image is ocutput. |

Procedure 2. 3: When the register ORWR is "0", when the
register OPYR is "0 (top field's output start)", and when the
work OTYW is "B", a field number, which is not contained in
aﬁy one of the four registers T_FRFW, B_FRFW, T_BRFW, and
B_BRFW, is chosen and the selected field number is written to

the work T_OFDW as well as to the work B_OFDW. A field of

the frame memory 11, to which an image of the coding type B



process shown in Procedures 3. 5 and 3. 6. The pointer R LS L0CE nt ed
by one for every output of eight lines. Procedure 4. 1: 2&£p%§é¢éﬁ%ggpﬁz i's
extracted froma word at an address of the SCM specified by the pointer
RSLP. Procedure 4. 2: The slot nunber2¥ is witten to the register RSLP.
Procedure 4. 3: The pointer RSLP is increased by one. Deferring nowto
FI GURES 10-17, the operation of the MPEG decoder 10 of FIGURE 1 is
described in _.detail. FI S 10- 15 show the process of updat.i each of the
ool stens T B RSB A be 170 LEBEF et prUBESS T8 CBpaEE: 3] the TEVA Li ke
FI GURE %, he bit streamIN is_fed to the BSAU 12 in the order 10, Pl, P4,
H2, H3, PBSKWaTd FedFiePA®-4¥§1dThe pictures P1, P4, B2, and P5 have a
frame structure while on the other hand the pictures 10 and B3 have a field
structure. Brcediresake df sThHPI PLYERGYt RetgeBdrept vaAPeR ©f6 thgd Sn = 9.
Mere, decoding 16 lines takes time necessary for outputtin% 28 Decenber
2002 36 WPEHS FIhRHD Bl aperaetohs the émpgpeduspvrti ynyB (8he
vertical blanking period). Referring to FI GURES 10-15, periods, nunbered
from 0 Moeneo sPeCifricahlxorvikepohlde ngeghsheonOPBR8iEI N dwhpot tperi ods. The
pictures 10, P1, B2, B3, arid P4 are output or displayed in that order. The
decode steaxlt iowFmui nits o eephfieddr" i sthaefdalpunusbert pfigtpei workf the top
field s last eight lines (OPYR = 0). In the figures, "FR' stands for the
frame st OFDW esarset R thandsgistetr hRFPRebfl theutimage. olkpat pagitng
attention to Period 24 of FIGURE 12, the register B WFDR and the register
RFDR have .t h®msahe wathver hamd, whedhtkenneagsstéat OFYR| ds#41ufdbegoes read
and witten operations at the sane tinme. However, in Period 24, the val ue
of the re@ sieert Reltputasial 4 ebslytoeachedd) ' yetnadrhet i hhmbeal v ahet he
regi ster WeR1 and the value of the register

work B_OFDW 1is set to the register RFDR of the image output

unit 13.

Procedure 2. 5: The setting of read slots is performed.
This Procedure 2. 5 will be discussed later in detail.

Procedure 2. 6: Thg interruption process is terminated.

FIGURE 9 shows in outline the operation of the MPEG
decoder 10 of FIGURE 1, in other word FIGURE 9 shows an
example of dealing with write and read fields. The bit
stream IN is applied to the BSAU 12 in the order I0, Pl, P4,
B2, B3, P5 with reference to FIGURE 9. The letter (e.g., I
of the picture I0) indicates the coding type and the number
indicates the order of display (output).

At the starting point of the decoding period of the
picture I0 (i.e., Period 1), the value of the work OTYW is
"IP". Therefore, in Period 1, according to Procedures 1. 4

and 1. 6 and based on the initial value of Period 0, the



WSR2 are zero and therefore there are produced no proble t I m
Period 43 up to Period 59 the registers T_WDR B WDR, gﬁ&%ﬁﬁﬁkeégg have
a value of zero. That is, inrelation to the i mages of the coding type B,
Field #3 and the three additional sl@®& are read and witten at the sane
time. In any of Period 43 to Period 59, however, the registers WSR1l, WBR2,
and RSLR have different values and therefore there are produced no probl ens
at all. FILGURES 16 and 17 show a grocess of ugdating the SCMin relation to
the wi V81E8SoPEis &t dPYr T el ¢ PRO¥edBr BRI, T.BRSY. paRenBeBRIB02 37 to
3. 7) when the work' DTYWis "B" and the read sl ot _setting procedure
(Proced@résupdated, tp &) Hneh: t ARAWDr kTEARSFELVERY - | AhE| @BRES 06 and 17,
each row represents a word of the SCM and each col um corresponds to an
8-1ine &bepHOTkel FRFWs kippwn $n ifeusedtapsa tobuwnise ELELREnuGbemiti al
values fromzero to eight are stored in words at Address #0 to Address #8
of the sGM thiee visdiug &f vidhraieworkt BeBROWnt &reWSLP. | $szesedand ghe initi al
val ue of the pointer RSLP is nine. The storage capacity of the SCMis 20
wor ds. TPhdlool wnide |[fdeat®weeend abldetbictufeohdt he wefittkandosi de of
FIGURE 7.6, correspond to the decoding period of the first 16 |lines of the
pi ct ur eFB2 ldaidn@ncheé” falahef Gtoficthe eframe. meiReryodld. 36 and 37 of Fl GURE
13. In these periods, the slot nunber 0 is extracted froma word at Address
#0 of the S@GMtdpedidemilimhy pleipdi nfeth¥bhPcandet Be ,shotk .nuiFleerioll i2s
extracted froma word at the next address, i.e., Address #l. The sl ot
nunber @cicendrinigt ero tRrddeduegs sler4\Wakl andét hehsl ohlnesbef thies fomirt t en
to the register WSR2. At this tinme, according to Procedures 3. 5 and 3. 6,

i N or dewolr&spITe [FRFN ,t B2 _FFRW ) N7 BRFWheani@ B SBRFWRSLR, upliataliotonunber,s 0
and 1 are witten to a word at Address #9 and to a word at Address #15,
respectilvelana Bhe apdefi vy, | sThacygasedobythdoworheTcarenn, il.ecat ed
ninth fromthe | eft-hand side of FIGJRE 16, corresponds to a period of

rFJ)r ovi gl ng tike JddbtaLity wines pleilientMPeti ehfaotnbhealet ketBd, i.e.,
eri o

work B_BRFW, i.e., 2, is used as bottom write field number.
Accordingly, the picture P1l, which is motion compensated by
forward reference to the picture I0 written to Field #4 and
Field #0, is written to Field #1 and Field #2 of the frame

memory 11.

In the decoding period of the picture P4, i.e., Period 3,
according to Procedures 1. 4 and 1. 6, the values of the four
works T_FRFW, B_FRFW, T BRFW, and B_BRFW are updated to 1, 2,
3, and 4, respectively. The value of the work T_BRFW, i.e.,
3, is used as top write field number, and the value of the
work B_BRFW, i.e., 4, is used as bottom write field number.
Accordingly, the picture P4, which is motion compensated by

forward reference to the picture Pl written to Field #1 and



28 Decenber 2002 38 43 of FTGURE 13. In this period, the slot nuynb 2 i's
éxtracted froma word at an address of the SCNIspecifiequip?qﬁgﬂﬁﬁghQ r
RSLP (Address #9) and is then witten to the register RSLR This sl ot
nunber O is the nunber that had been2witten to i.he SCM a half-frane
period earlier. The pointer RSLP is increased by one. The columms) | ocated
fourteenth and fifteenth fromthe | eft-hand side of FIGURE 16, correspond
to the decodjng period of the first 16 lines of the picture B3 having the
field strdddirt? i1 WrPEFPBasosBighe 49 SRarteUREEE #4 Thdhe JaraitRis,
the slot nunber 6 is extracted froma word at an address of the SCM
speci f i SETREYE el poi nter WBLP (Address #12) and the slot nunber 8 is
extracted froma word at the next address (Address #13). The sl ot nunber 6
is witten I® the degpdieg PsRiodn@Lt hbes|pdctmnehdt2 8 4 < v iReriododt he
regi ster WeR2. At this tine, according to Procedures 3. 5 and 3. 6, in
order tdhs drite Mok cTLTREWof Bt AiBFWeglsBRFWRSERA Ba@RSvotanmummer s 6 and 8
are witten to words at Address #1 and Address #2 of the SCM respectively.
The poi nelatgglP (B¢ ntieddedubperwowhIpd fiki holt lcehtbadste & dlruramyoford GURE
17 corresponds to a period of providing the first eight lines of the top
field ofof hhgretiver Beorkse. 1.Peri 6d 55 okell GIREoP, wrirtet Hiielgkri od, the
slot nunber 6 is extracted froma word at an address of the SCM specified
by the poimiexr KR8l R4 Adodtess #ijteTleedlBohumbad .Dederbarota@i? 39 nunber 6
is then witten to the register RSLR This slot nunber 6 is the one that
had beercompdrentdd phetSEM B2hakf wkiatenpeo deddr [fioemandltthepaiitess RSLP
is increased by one. FIGURES 16 and 17 show that in any of the periods the
additional slots of the frame memory 11. At this time, the

picture P1 in Fileld #1 and Field #2 is forward referred to
and the picture P4 in Field #3 and Field #4 is backward
referred to.

Also, in the decoding period of the picture B3, i.e.,
Period 5, the four works T_FRFW, B_FRFW, T_BRFW, and B_BRFW
are not.updated. The field number, which is not contalned in
any one of these four works, i.e., 0, is used as top write
field number and as bottom write field number. Accordingly.
the motion compensated picture B3 is written to Field #0 and
the three additional slots. At this time, the picture P1 in
Field #1 and Field #2 is forward referred to, and the picture
P4 in Field #3 and Field #4 is backward referred to.

At the starting point of the decoding period of the
picture P5, i.e., Period 6, the value of the work OTWY is "B".
Therefore, in Period 6, according to Procedures 1. 5 and 1. 6,

the values of the four works T_FRFW, B_FRFW, T_BRFW, and



address of the "R' words (an "R" word is used for wite slot se t;ﬂﬁb IS
greater than that of the "W words (a pair of "W words #8HFSEEPOe! ead
a§lot setting). This assures that a wite-target slot is an already-read
slot. Even when the period of decodi 28 16 |ines becones shorter than the
period of outputting 16 |lines because the decoding of the 16 lines is
carried out at high speed, there will be produced no problens since it is
arrange gu§g that the control_unit 14 waits for Condition 4 to be met. As
descri bBaPEbYvarer NRIEE detotiert 10! of 2% GURECESHAKEEVELYposIPBl e to
achieve the interlace conversion of B-pictures with one of the one-(field
nmenory BROERsC301R#2 #edk He-BHrbe hd¥li i bnafeyvesors taHevrifke EdA4HLI on
that the decoding of the input bit streamINis not carried out in VB,
mherebynﬂﬁée§téﬂggéh@aMﬁﬁQ%/Qﬁ the YorkeBoBREWyY iLlecan2besesdesedsdown to
about 2. 5 frames. The nurnber of additional slots may be reduced. FI GURE
18 showbostiomxamplte &fieldiramresr ng Bepirdimely nt ehéawettonver si on using N
+ 2 slots (N = 6). However, a colum, located fifth fromthe right-hand .
si de of cBhGEREat8d peguiues b dexzodel tiadre tovFieldhil odhér Feelldmig. Fl GURE
19 shows an 28 Decenber 2D02 40 exanple of inplenenting B-picture

interl adé tbasetdmen ddiengpidture PhHtin (NLeld)#3 Hom@veieldt #4sisequired by
a colum located fifth fromthe right-hand side that decoding for 16 |ines
be conpfetredrd tleiferaeldrticzont al bl anki ng period. Accordingly, B-picture
interlace conversion may be inplenented using N+ 3 slots. Even in such a
case, it | aspeseivilemdloy plesdtitbad Ibyeref¥rénoet toNBICBRESIEDY ,f 6he VPER
with a single 16Mbit nenory chip. 28 Decenber 2002 41

value of the register OPYR becomes "0" immediately before
each field's output start interruption if the current state
is that the next output is a top field, and the value of the
register OPYR becomes "1" if the current state is that the
next output is a bottom field. That is, at the top field
output starting point, the value of the register OPYR changes
from "1" to "0". FIGURE 9 shows that in synchronization with
such a change in the value of the register OPYR from "1" to
"O0" the works T_OFDW and B_OFDW are updated.

At the starting point of the second half portion of Period
2, according to Procedure 2. 2, the values of the two works
T_OFDW and B_OFDW are updated to 4 and to 0, respectively,
using the values of the two works T_FRFW and B_FRFW.
Accordingly, the top field of the picture I0 stored in Field

#4 of the frame memory 11 is output in the second half

portion of Period 2 and the bottom field of the picture I0



The invention clainmed is: 1. An inmage processor with a frane nenor
frame nmenory including: five blocks, each of said five b?é@%@eﬁﬁﬁfﬁgp
storage capacity to store a half inage-frame; and a single additional block
having a snal |l er storage capacity th each of said five blocks; four

bl ocks) selected fromanong said five blocks, serving to tenporarilx store
| - and/or P-pictures for notion conpensation reference; the renai ning one
bl ock and said additional block together formng a data nmenory for

B- pi ct us¢omederiinaddl edlghviEr st hanfirathereahtey, 13aid datputedor yhior
B-picture interlace conversion being reconstructed using one of said

sel ect ed iftedr Malldt kpranibrsaifl Redidd okhal bl ock. 2. The i nage processor of
claim1l1, said five blocks and sai d additional block being divided into
respective At ursd idtastnig spetst eachhef seabddshalls pavitignaofr edetieygri ned
storage capacity; said i mage processor further conprising: a slot contro
menory Hr sdcvndig st prsheisre and A, conbrohlessf o €nBt £Qbl wWBgxhot h read
and wite operations of said data nenory by maeki ng use of said slot nunbers
stored mogaind S5IOB_CHIW UrdBip ¥t e@Neo SRI gngopbr ol | sEsPeltipg19.slot
nunber, which was used in a wite operation of entering information to said
data memRibrdimfyeaddelop 002 A2 ¢ 6Ré dpstetrEOPi T Lo PBALEY FOL1a

perform ng a read operation of acquiring information from sald data nmenory.

3. The iyTage RAAGRSSAM Hh&| A dbrta IME1ACEoFOIBAT S NBerfoldl bl 8ndl PhePOI N er
for designating a storage location of said slot control nmenory fur a slot

nunber WitGn § S8 df i S QRET Y | 9PoPla S drfai @ #’E”S?&ybuﬂ?gta read
sl ot pointer for designating a storage |location of said slot control nenory

for a shgt vpwriarwhireh ¢ S4Sehih bR Period 4.

At the starting point of the second half portion of Period

sai d
4

4, according to Procedure 2. 3, a field number, which is not
contained in any one of the four works T_FRFW, B_FRFW, T_BRFW,
and B_BRFW, i.e., 0, is written to the two works T_OFDW and
B_OFDW. Accordingly, the picture B2 starts to be output
after a half-frame delay from the decode starting point of
the picture B2, and the top field of the picture B2 is output
in the second half portion of Period 4 and the bottom field
of the picture B2 is output in the first half portion of
Period 5.

Also, in the starting point of the second half portion of
Period 5, according to Procedure 2. 3, a field number, which
is not contained in any one of the four works T_FRFW, B_FRFW,
T_BRFW, and B_BRFW, i.e., 0, is written to the two works
T _OFDW and B_OFDW. Accordingly, the picture B3 starts to be

output after a half-frame delay from the decode starting



read operation of said data nenory; wherein both said sl ol nter e
updat ed such that a certain slot of said data nenory is %ﬁﬁ&?@ %q#QQEately

said slot is read. 4. The inage processor of claim2 wherein each slot of
said data nenory has a storage capacigigy to store a data unit equivalent to
hal f of the nunber of |ines as a decoding process unit. 5. The inmage
processor of claim4 wherein said controller uses two slot nunbers for
controlling the operation of wite of said data nenory. 6. The inage
processBPiBt EFaithes Difddien Bivhandathe B:¢p cfigbd has ’éh?rahét%?ug@ur e,
said controller uses two slot nunbers for controlling the operation of
write olSsabdryat dnmdder weaaenst derlf erigkem ohiferied a apg bBheE bottom
fields together formng said B picture nay be witten to said data nenory.
28 Decehbetop0d2edd 7L The indrdgwrerit ebsorutuic| fi ntise whdret nhadfd
controller wites said two slot nunbers to at storage |ocations of said
sl ot conorblionepdr Pewtiioch Gare separated from each ot her by an amount of
variation in a value of a read slot pointer made in a period fromthe tine
said top fiael dlie deater @imyg rpacht cof hehe | secemd chddft paortiehdbs #Hatrdoadre
read. 8. The inmage processor of claim4 wherein, when said B picture has a
field sbrubyumekisg Giseontfr dHeervaloess tod ot twiinberiss fDIFRPWt andl i ng t he
operation of wite of said data nenory in order that an upper half data
uni t ang_priaweechaldindatta wrdcddpges her 1 ortidigvsbads Bopi tharewany be
witten to said data nmenory. 9. The inmage processor of claim@8 wherein said

cont r ol {yerk¥r irt @FpRIathd W0 GHIN dnahgidatiad sed i3 sAd €®ndfol nenmory in

order that a read slot pointer may acquire, in succession,
respectively. Accordingly, the top field of the picture P4
stored in Field #3 is output in the second half portion of
Period 6 and the bottom field of the picture P4 stored in
Field #4 is output in the first half portion of the next
period.

Referring to FIGURE 9, the output image is obtained in the
order I0, P1l, B2, B3, and P4. FIGURE 9 shows that,
immediately after the top field of the picture I0 is read out
of Field #4 in the secénd half portion of Period 2, the
bottom field of the picture P4 is written to Field #4 in the
first half portion of Period 3. This achieves effective
utilization of the fields of the frame memory 11. Although,
from the starting point of the second half portion of Period
4 to the termination point of the second half portion of

Period 5, operations of write and read of Field #0 and the

three additional slots are performed at the same time, the



data for said upper half field and data for said |ower foleI & The
i mage processor of claim2 further conprising: a wite sI ?
designating a storage |ocation of said slot control nenory for a slot
nunber which is used in a wite operaqon of said data nmenory; and a read
slot pointer for designating a storage |ocation of said slot control nenory
for a slot nunber which is used in a read operation of said data nenory;

28 Decenber 2002 -44 wherein said controller controls the value of said
wite sPEEUBEERECEr ofo Bl lefs ovan hiee vayedded BYj glpsagosteplpyidesdr. 5 11.
An i mage pr.ocessor conpr|5|ng a data nmenory having a plurality of slots; a
sl ot confr SeseEidef fl¥toring sl ot nunbers; and a controller for
controlling read and wite operations of said data menory by maki ng use of
sai d sl ot Hilehdslte) stak ezet izai precedurentinoredstipy; twh@reiae dsaied
controller controls the operations of read and wite of said data nmenory in
order tRat 1@ dlsodicfcusaafl diat aletembly nRyupklw speakingpethat ebntabler said
slot is read and another slot of said data nenory is read in the 15 first
hal f porhidn ldf perferned Wie tsatet hd ochit et Peghsdersi WERY baddwsr2menory.
12. The inmage processor of claim1l1l further conprising a frame nmenory

wher ei nofa)theaB$A U driee arehotherewt teleswdive £Orbieckaiteaebnafitsang five

bl ocks having a storage capacity to store a half imge-frane, and a single
addi ti oral bl eelk .having a snaller storage capacity than each of said five
bl ocks, (b) four blocks, selected fromanong said five blocks, serve to
tenporari | yrisd et dindinsl ofthd- Pegistessf WER25a8t WER2COBPEASSEI on ref erence
and the remai ning one bl ock and sai d additional block together formsaid

dat a MeeRpY afidledd- PinHdH ecldtvdihacerewnyer 81 eRerangd (61 ther gafit @hensai d
data nenory for B-picture interlace conversion is 30 28 Decenber 2002 45
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- AN, B Ao i Ald % Alén A\ end réY s fer M isrE Yan & WsrAS- AlfRefly- Al AUE
the work DTYW is either "I" or "P" and when the work DSTW
indicates the field structure, a result of (the value of the
work DRNW) X 2 is written to the register WSR1 and a result
of (the value of the work DRNW) X 2 + 1 is written to the
register WSR2. However, if DRNW X 2 = N, DRNW X 2 is
changed to DRNW X 2 - N and DRNW X 2 + 1 is changed to DRNW
X 2 + 1 - N. By the above-described setting, when the work
DTYW is either "I" or "P", the top field is written to a
field designated by the register T_WFDR and the bottom field
is written to a field designated by the register B_WFDR,
regardless of the image structure. Within each field, the

first eight lines are written to Slot #0, the next eight

lines are written to Slot #1, and so on.
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hand, when the work DSTW indicates the field structure, the
second slot number Y is written to a word at an address of
the SCM designated by (the value of the pointer WSLP) + Sn +
1.

Procedure 3. 7: The pointer WSLP is increased by two.

The control unit 14 performs the setting of the registers
WSR1 and WSR2 of the BSAU 12 and thereafter waits for any one
of the following Conditions 1 to 4 to be met. This is
necessary for preventing a slot from being written by data
before the slot is read.

Condition 1: 1In Condition 1, the following sub-conditions
should be met, namely, (i) the work DTYW is either "I" or "P",
(ii) the wvalues of the works T_OFDW and T_BRFW disagree with
each other, and (iii) the values of the works B_OFDW and
B_BRFW disagree with each other. If Condition 1 is met, this
means that a field, which is a current target of write, is
ready to be written by data because the field in question was
already read.

Condition 2: In Condition 2, the following sub-conditions
should be met, namely (i) the work DTYW is either "I" or "P",
(ii) the work DSTW indicates the frame structure, and (iii)
the value of the register ORWR is greater than the value of

the work DRNW. If Condition 2 is met, this means a slot
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Condition 4: In Condition 4, the following sub-conditions
should be met, namely (i) the work DTYW is "B" and (ii) the
value of the pointer RSLP is greater than the value of the
pointer WSLP. The slot number, stored at an address of the
SCM designated by the pointer RSLP, is one for a slot
currently being output, as described later. Accordingly, a
slot having a smaller number than the foregoing number is
reqguired to have already been read and it is therefore
possible to perform write operations.

The read slot setting procedure in relation to Procedure 2.
5 is described in detail. When the work OTYW is "IP", what
is required for the control unit 14 is to set the value of
the register ORWR to the register RSLR. At the time of

providing images of the coding type I or P, the read field's
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at an address of the SCM specified by the pointer RSLP.

Procedure 4. 2: The slot number Z is written to the
register RSLP.

Procedure 4. 3: The pointer RSLP is increased by one.

Referring now to FIGURES 10-17, the operation of the MPEG
decoder 10 of FIGURE 1 is described in detail. FIGURES 10-15
show the process of updating each of the registers and
FIGURES 16 and 17 show the process of updating the SCM. Like
FIGURE 9, the bit stream IN is fed to the BSAU 12 in the
order IO, Pl, P4, B2, B3, P5 (see FIGURES 10-17). The
pictures P1l, P4, B2, and P5 have a frame structure while on
the other hand the pictures 10 and B3 have a field structure.
For the sake of simplifying the description, N = 6 and Sn = 9.

Here, decoding 16 lines takes time necessary for outputting
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(OPYR = 0). In the figures, "FR" stands for the frame
structure and "FD" stands for the field structure. Here,
paying attention to Period 24 of FIGURE 12, the register
B_WFDR and the register RFDR have the same value, i.e., 4.
This means that Field #4 undergoes read and written
operations at the same time. However, in Period 24, the
value of the register RSLR has already reached five and both
the value of the register WSR1l and the value of the register
WSR2 are zero and therefore there are produced no problems at
all. From Period 43 up to Period 59 the registers T_WFDR,
B_WFDR, and RFDR each have a value of zero. That is, in
relation to the images of the coding type B, Field #3 and the
three additional slots are read and written at the same time.
In any of Period 43 to Period 59, however, the registers WSR1,
WSR2, and RSLR have different values and therefore there are
produced no problems at all.

FIGURES 16 and 17 show a process of updating the SCM in

relation to the write slot setting procedure (Procedures 3. 1
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The storage capacity of the SCM is 20 words.

The columns, located second and third from the left-hand
side of FIGURE 16, correspond to the decoding period of the
first 16 lines of the picture B2 having the frame structure,
i.e., Periods 36 and 37 of FIGURE 13. In these periods, the
slot number 0 is extracted from a word at Address #0 of the
SCM specified by the pointer WSLP and the slot number 1 is
extracted from a word at the next address, i.e., Address #1.
The slot number 0 is written to the register WSR1 and the
slot number 1 is written to the register WSR2. At this time,
according to Procedures 3. 5 and 3. 6, in order to prepare
the setting of the register RSLR, the slot numbers 0 and‘l
are written to a word at Address #9 and to a word at Address
#15, respectively. Thé pointer WSLP is increased by two.

The column, located ninth from the left-hand side of

FIGURE 16, corresponds to a period of providing the first

eight lines of the top field of the picture B2, i.e., Period
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10%VE () o ¥XdERRCof FIGURE 16, correspond to the decoding
period of the first 16 lines of the picture B3 having the
field structure, i.e., Periods 48 and 49 of FIGURE 14. 1In
these periods, the slot number 6 is extracted from a word at
an address of the SCM specified by the pointer WSLP (Address
#12) and the slot number 8 is extracted from a word at the
next address (Address #13). The slot number 6 is written to
the register WSR1 and the slot number 8 is written to the
register WSR2. At this time, according to Procedures 3. 5
and 3. 6, in order to prepare the setting of the register
RSLR, the slot numbers 6 and 8 are written to words at
Address #1 and Address #2 of the SCM, respectively. The
pointer WSLP is increased by two.

The fifth leftmost column of FIGURE 17 corresponds to a

period of providing the first eight lines of the top field of
the picture B3, i.e., Period 55 of FIGURE 14. In this period,

the slot number 6 is extracted from a word at an address of

the SCM specified by the pointer RSLI (Address #1). The slot
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write-target slot is an already-read slot. Even when the
period of decoding 16 lines becomes shorter than the period
of outputting 16 lines because the decoding of the 16 lines
is carried out at high speed, there will be produced no
problems since it is arranged such that the control unit 14
waits for Condition 4 to be met.

As described above, the MPEG decoder 10 of FIGURE 1 makes
it possible to achieve the.interlace conversion of B-pictures
with one of the one-field memory blocks 20-24 and the three
additionally slots under the condition that the decoding of
the input bit stream IN is not carried out in VB, whereby the
storage capacity of the frame memory 11 can be reduced down
to about 2. 5 frames.

The number of additional slots may be reduced. FIGURE 18
shows an example of implementing B-picture interlace
conversion using N + 2 slots (N = 6). However, a column,

located fifth from the ;ight-hand side of FIGURE 18, requires

a decode rate twice the other columns. FIGURE 19 shows an
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four blocks, selected from among said five blocks, serving
to temporarily store I- and/or P-pictures for motion
compensation reference;

the remaining one block and said additional block together

forming a data memory for B-picture interlace conversion; and
thereafter, said data memory for B-picture interlace
conversion being reconstricted using one of said selected

four blocks and said additional block.
2. The image processor of claim 1,

said five blocks and said additional bloék being divided
into respective pluralities of slots, each of said slots
having a predetermined storage capacity:;

said image processor further comprising:

a slot control memory for storing slot numbers; and

a controller for controlling both read and write
operations of said data memory by making use of said slot
numbers stored in said slot control memory: and

said controller writing a slot number, which was used in a

write operation of entering information to said data memory,
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read operation of said data memory;

wherein both said slot pointers are updated such that a
certain slot of said data memoxry is written immediately said
slot is read.

4. The image processor of claim 2 wherein each slot of
said data memory has a storage capacity to store a data unit
equivalent to half of the number of lines as a decoding
process unit.

5. The image processor of claim 4 wherein said controller
uses two slot numbers for controlling the operation of write
of said data memory.

6. The image processor of claim 4 wherein, when said B
picture has a frame structure, said controller uses two slot
numbers for controlling the operation of write of said data
memory in order that data units for a top and bottom fields

together forming said B picture may be written to said data

memory.
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8. The image processor of claim 4 wherein, when said B
picture has a field structure, said controller uses two slot
numbers for controlling the operation of write of said data
memory in order that an upper half data unit and a lower half
data unit together forming said B picture may be written to
said data memory.

9. The image processor of claim 8 wherein salid controllerxr
writes said two slot numbers to saild slot control memory in
order that a read slot pointer may acquire, in succession,
data for said upper half field and data for said lower half
field.

10. The image processor of claim 2 further comprising:

a write slot pointer for designating a storage location of
said slot control memory for a slot number which is used in a
write operation of said data memory: and

a read slot pointer for designating a storage location of

said slot control memory for a slot number which is used in a

read operation of said data memory;
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a data memory having a plurality of slots;
a slot control memory for storing slot numbers; and
a controller for controlling read and write operations
of said data memory by making use of said slot numbers
10 stored in said slot control memory;
wherein said controller controls the operations of read
and write of sald data memory in order that a slot of said
data memory may be written immediately after said slot 1is
read and another slot of said data memory is read in the
15 first half portion of a period of time allocated to said

writing to data memory.

12. The image processor of claim 11 further comprising a
frame memory wherein (a) said frame memory includes five
20 blocks, each of said five blocks having a storage capacity
to store a half image-frame, and a single additional block
having a smaller storage capacity than each of said five
blocks, (b) four blocks, selected from among said five
blocks, serve to temporarily store I- and/or P-pictures for
25 motion compensation reference and the remaining one block
and said additional block together form said data memory for
B-picture interlace conversion, and (c) thereafter, said

data memory for B-picture interlace conversion is

30
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