; VWAKYe3e| v6T 1 | MAGE PROCESSOR BACKGROUND OF THE I NVENTION  This invention
relates to an i nage processor suitably used to decode i mge i

The conpressi on and deconpression of noving picture data is i @@HMM@"M’I y
st andardi zed by MPEG (Moving Picture Ifage Codi ng Experts G ol

after the working group of the ISOIEC A major elenent of an MPEESé&coder

used to reproduce noving picture data is a data processing unﬂmm m m mm]l
formed of a variable | ength decoder (VLD), an inverse quantiz "
i nverse discrete cosine transforﬁmﬁ(lmt}ﬁsm a notion conpensatdadoot 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 MPEGis that two franmes (i.e.) an earlier frane and a | ater
frame in tine) are used f@AGKERQAIIND ORISRt INVENEI@Nence. However, the
application of notion conpensation to every inmage produces propagation of
errors, andThieblieventiitdn spdatals rapraduictaos. pfocesper wsthtahégeused
drawbacks, an intra-coded picture ("Ipicture"), a predictive-coded picture
(" P- pi ctuoel@codadimabedin€otrmartdlany. predi cti ve-coded picture
("B-picture"), have been introduced. An |-picture, i.e., a picture of the
codi ng typeThe domprestsiief end dexympidesiomegesnatringl pidtére @apacture,
i.e., a picture of the coding type P, is subjected to notion conpensation
by an eai$i entéraaeiocAaRlp stuhdaridieed dWPWIMHBG e Mdvine EOctuge t ypegd, isS
subj ected to bidirectional notion conpensation by both an earlier frane and
a |l ater €vanrg Bxpestsr eroapd hainedsed tas aHeefwrmnioey fg@amep Whentled her
frames are decoded.

ISO/IEC. A major element of an MPEG decoder used to

reproduce moving picture data is a data processing unit that

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

requires a memory for a plurality of frames for motion

compensation and interlace conversion.

One 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-



A coding type prediction is now described. A bit streamof input pictures
is entered to an MPEG decoder in the order 10, P3, Bl, B2 for decoding. The
picture P3 is notion conpensated fromthe picture 10. The picture Bl is
motion conpensated fromthe pictures 1@ and P3. The picture B2 is notion
conpensated fromthe pictures 10 and P3. The display of the pictures is
made in the order 10, Bl, B2, P3. The order of decoding and the order of

di splay dis d it is therefore necessary to nmake a change in the
or der . A?&f%ﬁ%’l @',e'déc%d%:ﬁfjgd et‘ﬂg pPet GPEd gl tyme B2 dequivteieakad for

t wo irragecgrn%ngasr%gf t he rﬁ%c ures | O and P3, therefore requiring a frane

menory for° tWwo I Hage PRENER Ja%nab}’e?’ér%ﬁEéiF6 ABEMen cénmPeriativare, For this

reason, the MPEG decoder requires two frames as a reference to notion
conpensat’i‘§h.” Fhé o7 dire of g@&%d‘??l@%? tHBepBx el sasybtiketedddro of out put by
t he pi xel Cgé'dfthe MPEG are described. In the television system all the
even- numbarEF 9 RS} SPF R deempeRsRtient k¥ bedhnanberssd demdxanien ot her
wor ds pixel, output is performed 3 every other line, starting with the
upper | eff*%fy J@rﬁﬁ%gﬂ%’%- t - PLGERCeS ghte PAAtansgdnage aupederenee
even-nun%eFred lines is called the top field while on the other hand an area
made up OF ¥fe YOfd: AT dFaneesare éefPéedas the bottomfield. In the

interlace output, a top field is first provided fromthe upper left down to
t he | ower ”ﬁﬂﬁo atype prediction is now described. A bit stream

of input pictures is entered to an MPEG decoder in the order
I0, P3, Bl, B2 for decoding. The picture P3 is motion
compensated 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 IO and P3. The display
of the pictures is made in the order I0, Bl1, 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 requires
data for two image frames of the pictures I0 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. 1In the television
system, all the even-numbered lines are provided prior to the

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



bottomfield is then provided fromthe upper left dowm to the |ower right.

| rage data are 2-D data, and data adjacent in space to each other are

ctonsi dered having a strong correl ati on therebetween. However, for the case
of interlace output, paying attentiongto a specific top field' s line, its
overlying line, i.e., aline one line up of the top field line in question,
1s a bottomfield s line. Al though pixels of a line have a very strong
spatial correlation with pixels of its adjacent line, they are separated in
time. A ngtlyer whine nostentisgyveiyhadhieveippeherlefitnyamst emdipmssi bility
that a line has a stronger correlation not with a line one line up but with
a line twicth ities Lpweforighty | Ae adeacertiet mpeadh tdtehervam numeereéddsum ng
that such a possibility may exist, the order of decoding by the pixel of

t he MPEQirses aughtyliedi ted topoftieddt whede mamadhe tdtthemnendmd dheafeane
structure and the other for the field structure. Under the MPEG standard,
decodi ngnace cap roedtioeit od8-ngmberbyd 16 npisxdlss cad ladas cHeidot{itah | ed a
macr obl ock). The 4 macrobl ock is decoded fromleft to right. Here, the
rightnostigiel Db the upperlese bumeudf, an toppga dik Gantmired in the

ri ght nost macrobl ock of the inmage. Wien the decodi ng of the rightnost

macr obl qsiov Ba€@ NPt ehethet BpfefeaBs tt Qatvndaia they 1vdrd nesyHr aarttecpded.
Accordi ngly, the decoding of each of data for 16 lines is al nost

si mul t anewtisdy €08Dk i 8dthEAT ptbBeiaase rebmt R el PR StIdd Wdvn dad acHor one
i mage franme constitute a macrobl ock fornmed of 16 by 16 pixels, and decodi ng
i's perfordwshk peLgmacr obl ock. As a result, top and bottomfields are al nost
si mul t aneously decoded. This

Image data are 2-D data, and data adjacent in space to
each other are considered having 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 question, 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 unit (called a macroblock). The



produces a conpl ete di sagreenent between the order of decoding and the
order of inmage output. A change in the order is required to nmake. For the
tase of the field structure, one inage frame is divided into two sections,
atop field and a bottomfield. Each fgeld includes macrobl ocks, each of

t he macrobl ocks being formed of 16 x 16 pixels, and decoding is carried out
per macrobl ock. A single macrobl ock does not extend over both the top and
bottomfields. After all the data for the top field are decoded, the data
for the BeEFrohler| dsadecedsidediton tlefdedasdimigpght n texe cate® t he i nages
wi Il be provided in alnost the sane order that they were decoded. However,

t he ordeFightiesddpiagedn@ft Hdeorng@e mfosthegmewphuan donage agree perfectly
because of decodi ng by the nmacrobl ock. 5 I mage output is performed such

t hat t hecenpafnefidiof the miwddnostf mastrgirlmdiderf arite t treadet t owhénetlei s

t hen provi ded. Wen paying attention to the tinme point at which the out put
of the |dstoéigpt offi tbe aofi ghtimos tf imelatk citlardls,id heomipbededg this meansbl ock
for the last 16 lines of the inage frame nust be conpleted before the
starti ngtpetnfat@ahéoredsodiinest lrate idedcslatht Wwcdrdimegtecotiheg of the | ast
macr obl ock of an inmage starts that the values of the rightnost 16 pixels of
t he | astdecgdingi nfsearcth dft @atandathr Tleerlefmae,idadImdéde top fiel d decodi ng
and the bottomfield decoding nust be conpleted at the foregoing point.
From t hesppubtanacukche eioghtlette@.field |ines and all the lines of the
bottomfield nmust be provided sequentially; however, the data for them have
al ready beerogtethdedaselltd efty Erdnie tderst Bréy eqdaos SéHrefei imbgane
menory, the data will be |ost before they are output , therefore resulting
in no i nrpgemautpHbtithte @ weSrdbIdko MR JOrid ey PTeVbsxeDs pfandfrane
menory with an about half-frane storage capacity to store all the data for
the botteatbiaehd asdpbhech@d pedp adcglabilddies. A surespit A 2oprane nmenory
is required for notion conpensation, and an about hal f-frame nmenory is

requi r edobetol- pielHEe aird! enmee GAMMAMHMFbud 1Yy dddaa®r dsTiis| east an
about 2.5-franme nenory is required. Ishiwata et al. report, in a paper

entitl edprb8MebopEeEBbm@fl et MREEY 1R’ HedweeEfHL &ie MG Y
Al'l ocation,"” 6 Proceedi ngs of the 1994 |EICE Spring Conference, C- 659,

March ' 94e o881 NFEGhECEREC L dRa! 2GR dulput | AR JBRAMYY {Qr ik pi cture

interlace conversion. Takabatake et al”. report, in a paper entitled "DRAM

Interfacg-4of MPERqMidea ecadwe LS. "

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. 1In 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.



Proceedi ngs of the 1995 | ElI CE General Conference, C 586, March '95, an MPEG
decoder that enploys a one-franme nenory for B-picture interlace conversion
However, both the above-descri bed MPEG decoders are expensive because they
require a menory with a storage capacigy ranging fromone frame to one and
a half frames, for B-picture interlace conversion. In principle, the
B-picture interlace conversion requires just a half-frane nenory and
therefore there still exists roomfor a reduction of the required nenory
storage capadPPf¢ PTPELHIl& merfiomed echk obhet sthe. tepnvARYAOPITRR

| NVENTI ON Accordingly, it is an object of the present invention to achieve
a reduct iBAIBf 1EhELFEEr RFOVigsaciand dthen Yatlimn bkhetd Esptlgedpravired.
decoders. It is another object of the present invention to achieve

ef fi ci enfh@Bepayinhbeatitems ioondoy thEhe ipreegerint verwhbeh i théasetipoh t he
followi ng points. The first point is that once a B-picture is provided it
wi || notobetheudedt €hghdeddm@spoifnta itod hateld stapossi the decpdédgct when
the region of a macrobl ock currently being decoded i s provided by
anal yzi ngfaa mddirbtbdnek fofrortin ilastpdra ildmgsalf etheé hixealge " Framhe amushput
pi cture. The present invention provides an inproved inage processor with a
frame nebergomphéeted bpefotree thearst ardniory oimc! udise fressdm otkstheach of
the five blocks having a storage capacity to store a half imge-frane, and
a singl eiadilst nonahnhhidc khleavienypdd rgyradfl erhes tlasaigena@paicl dgk t bifinapach of
the five blocks, (b) four blocks, selected fromanong said five bl ocks,
serve toimagposaarky shate the aadies RBElGHE ctidgleandot hotpiweTsnpEnsati on
ref erence and the renmai ni ng one bl ock and sai d additional block together
froma deha hesergifat Bipect dre q¥tdnmticRe CONVEHatoforandodth thereapter,
the data nenory for B-picture interlace conversion is reconstructed using
one of theeseal astedihguand the bottom field decoding must be

completed at the foregoing point. From the point on, the
eight top field lines and all the lines of the bottom field
must be provided sequentially; however, the data for them
have already been decoded . Therefore, if the data are not
stored in frame memory, the data will be lost before they are
output , therefore resulting in no image output. This gives
rise to a need for the provision of a frame memory with an
about half-frame storage 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,"”



15 bl ocks and the additional block. Such an arrangenent makes it possible
to achieve, with about a 2.5-frane nenory, not only B-picture interlace
tonversion but also notion conpensation with respect to all types of
pictures. Additionally, for the case ¢ the three 20 or nore successive |-
and/or P-pictures, the data nmenory is not used for B-pictures, which
produces the advantage that one bl ock, which forns a portion of the data
menory, may be used for storage of |- and/or P-pictures. In the

above- de¥ee¢erdingmgef prbeed 884, IELCEs Sprdnegr ConfzFanng. (2)63ihe Naxeh

bl ocks and the additional block are divided into respective pluralities of
sl ots, ea®h, ofntMREG dgcodpst $hadvenylaysr eddt-érfintae stemame Tapaeity, (b)
the i mage processor further conprises a slot control nmenory for storing

sl ot nunbkectsuseadimtevhacel tenveosioont r Flakiabg tiakieh eteadl amkpsrt £ in a
operations of the data nenory by meking use 5 of the slot nunbers stored in
t he sl otpamet rehtiehedy!DBAM (o}etrlfaceofioroMPEG2MViide Dedadenundes” whi ch
was used in a wite operation of entering information to the data nenory,
to the sPoiceahings oBnbhy flep5pEEICENGRyeaale@dnd@eaaidedN ©fs@Lqui ri ng
information fromsaid data nenory. 10 As a result of such an arrangenent,

it becormsrqiossdb| eant MPEGdakeotibe chaterind 10y st e o3edif 08 mEmeBpory at
the tine of a wite operation of the data nmenory in such a way so as to

al | ow t heoflag apretry intbelneadconvergaonhect sl ot order. Accordingly, it
is possible to achieve B-picture |~ interlace conversion with about a

hal f - frane newev¥rbybbha aheaagewRrdelstali Hdte MY ald @buefs Witding to a
slot of the data nmenory is carried out imediately after the operation of
readi ng d:xpen s ive ShotatifeC@heyedequl rel Be mRi@S§Nwilthy Ntd 44y t her

provi des an image 20 processor conprising: a data nenory having a plurality

of sl ot sGa;]aasi@& EQAGLAL FRBRI YnbOEraher kbd ofleOtandUE &/ At dnddNtF et | er
for controlling read and wite operations of said data nmenory by naklng use

of said glpichurdelstdp18kar edniBredbd .Sl ah ¢RANALIE MMM [@ldresai d
control ler controls the operations of read and wite of said data menmory in

order thiltdr5h04 8$n§ék§1€ﬁt §e§ﬁ€f%)é g%létb% Wl el 8- {8 RS Yo ter said

slot is read and anot her slot of said ta menory is read in tthe 30 first

hal T POT{ROR Ofrd PRCEESPEL] BR: 2lbOcBbAd e Saldaiddidi dio g a memory.
-sa BRI EF DESCRI PTI ON OF THE DRAWNGS FIGURE 1 is a | ock di agram show ng

an exanpl&of - §&n 5%0'5’58985;3' BaBatet %‘%‘B‘PH&%:%@H’&&H’H Hf the

pr esent 5 |nvent|on concept ual agram show ng fﬂe i nt ernal
structuréél ﬁne menory shomn in FIGURE 1. FIGURE 3 is a conceptua
dlagran1 omnng the internal structure of a nenory bl ock shown in FlI GURE 2.

10 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 4 is a conceptual diagramshowi ng the internal structure of an

addi tional nenory block shown in FIGURE 2. FIGURE 5 is a bl ock diagram
showi ng the internal structure of a BSAU (bit stream anal ysis unit) shown
in FIGURE 1. FIGURE 6 is a block diagram showing the internal structure of
an inmage output unit shown in FIGURE 1. FIGURE 7 is a diagramshowing in
outline the operation of the imge output unit of FIGURE 1. FIGURE 8 is a
bl ock di agram showi ng the internal structure of a control unit shown in
FIGURE 1. FIGURE 9 is a diagram showng in outline an exanple of the
operation of the MPEG decoder of FIGURE 1. FIGURE 10 is a di agram show ng
in detail an exanple of the operation of the MPEG decoder of FlIGURE 1.

FI GURE ddcoded dentpnomided toy RIGURFzZ10g AMGUREdiIRZipsad conféormustion to

FI GURE 11. Fl GURE LS, cantL&Ea%ion to FIGJRE 12. FIGURE 14 is a
cont i nUYF oh°F o & 132 PPEUREC E 521 's 1PEI NPt %n to FI GURE 14. FI GURE

16 is a di agraén sphevsagtan oxpdd 2of phevhtesessadf dpdatied an (sl ot
control nenory) shown in FIGURE 8. FIGURE 17 is a continuation to Fl GURE
16. Fl GJREABSOE Hatloid varene dieagramvhe R QURE216 Whenfrhacaddinarinal

bl OC§( O:'In llu%J&E %f\ﬁef%rl%%qcsqf E\Q%hadgktigﬂgl fi\%s'blog‘lgs having a
storage capacity to store a half image-frame, and a single
additional block having a smaller storage capacity than each
of the five blocks, (b) four blocks, selected from among
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 is reconstructed using one of the selected four

15 blocks 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 compensation 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 1is
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



FIGURE 19 is an equival ent diagramto FI GURE 16 when the additional bl ock
of FIGURE 2 is fornmed of a single additional slot. DETAI LED DESCRI PTI ON OF

THE | NVENTI ON An MPEG decoder of the present invention for reproducing
noving picture data in real tine is now described by reference to the
acconpanying drawi ngs. Referring first to FIGURE 1, an exanple of the
structure of the MPEG decoder is illustrated. The MPEG decoder 10 has a
frame nenory 11 for storing about 2.5-frane video data, a bit stream
analysis unit (hereinafter called "BSAU') 12 for analyzing an input bit
stream I N, an image output unit 13 for providing an i mage out put signal OUT
and an interruption signal INTR, and a control unit 14 for providing, in
response to the interruption signal ZNTR an initiation signal INIT to the
BSAU 1251e5si dayiagt & Risedabriaingd a88pEagehGeParitys alklegiieeimpgs. In

additio yzi a riion of in ity st samd N, e BSAU
12 has EﬁégFggg%iog%g§§f£$fgﬁ%ﬁ%ﬁ%%%?nggofEQSEBCB%%V%%J'aﬁﬁ Wwife g&?esult
of the gdeeodhgg sdpar atimpibets tanel fa agenmeminy rllfofhese tinud fiurctbons of
the BSAU 12 are initiated by the initiation signal INIT received fromthe

cont rol re@adt and YIHeE S r GRBIAEABRY PE i §h¢ ofaSeomprf Rt MG id¢hpestat i on
L5858 IROSS AN Lgpol 1 SELACR CANVERS, Dl cTIEsheRer kR a3
(c) the controller writes a slot number, which was used in a
write operation of entering information to the data memory,
to the slot control memory for performing a read operation
of acquiring information from said data memory.
10 As a result of such an arrangement, 1t 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 interlace conversion with about a half-frame memory by the
arrangement that the operation of writing to a slot of the
data memory 1is carried out immediately after the operation
of reading from the slot is carried out.
The present 1invention 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.



and provides the image out put signal OUT in order of interlace. Connection
of the inmage output signal OUT to a display unit nakes it possible to

di spl ay a decoded noving picture on the screen. Additionally, the inmge
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 internal registers
of the HSAU 12 and the inmage output unit 13 and set a value to each of the
internal registers, over the register bus 17. FIGURE 2 outlines the frane
menory 11. FIGURES 3 and 4 show in degg;l the frame nenory 11. As shown in
FIGURE 2, the frame nenmory 11 is conp8Sed of five blocks 20-24 and one

addi tional block 25. These five bl ocks 20-24 are assigned respective field
nunbers, nanely, fromField #0 to Field #4, respectively. As shown in

FI GURE 3, one bl ock, SRLEF ORSERIRIIGN OF sTHB/ BNGH sl ots which are
assigned respective slot nunbers fromSlot #0 to Slot #N- 1. Here, note that
N is the anmount depending on the size of inage subjected to be decoded by
the MPEG decedeyri0.1 Fps exad & &izg38mf %dﬂ&ﬁa&ﬁ efkahpg NISC tNat i onal
Tel evi si on Systen1CDnn1ttee) i mge. Each of the slots is able to store

ei ght |YRBS gecrheri dugeccrdanes wheh brbcRmROdigeNthe abiiie tyresestore
datasfor 240 llnes of the image, in other words the block 20 is able to
store ohe Fietrq” (half a frame) of an NTSC i nage. Each of the renaining four
bl ocks 21, 2PIG@RE andig4al scoidepisel f dibgtam 12hohiMy Skolks. ifSe sf@wn in
FI GURE 4, the additional block 25 is made up of three additional slots
mhlchaﬁ%?%@%?ﬁ%eﬂfrésﬁéé??v@e§PSV ﬁﬂﬁﬂ@réan§§ REgllpt #N, Slot #N+1, and
Sl ot #N+2. T, y gﬁ%ﬁr y t ht
lines), a un??G% gggn{]féor})g a f o tﬁ%gﬁggﬁobﬁmﬁ{&vgpél é“fges]'l(rgéeg(m

| i nes) sﬁmh¢sur®eoﬁnatmemorgbbéouhiBhbwn in FIGURE 2.

10



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 byock 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 remaini ng one bl ock and the additional block 25
are used foFIBUKECturds inteoncrEtwahvéiagoan Fhewhngbtheofingleanslused for a
B-picture, e.g., N+ 3, is represented as Sn in the follow ng description.
For exanpke)cthret of amd ddstittdmrd elsnafy anldcki showe aneF3GUREd2i.n Sl ot
#0 to Slot #N-1 of Field #0 and in Slot #1 to Slot #N-1 of Field #1,
respectivel FIGURE tShelst gp wimbtholiagrdm esbiswbhgatPepinteraadr & tstuartede n
Slot #0 to Slot #N-1 of Field #2 and in Slot #1 to Slot #N-1 of Field #3,
respecti wél 9. BEAUa (biiel dtneashiaatelaydiop dnet ¥ sisowh ot edFIGURES 0r.st ei ght
lines of the top field 13 are stored in Slot #0 of the field, the next

ei ght |inesFAGYRE @& e i otk #liagwrdn SOhowind Bnpi thteenks stefiedure for
exanple, Slot #0 to Slot #Sn-1 of Field #4. At this tine, three additional
slots, i of. anshinbge’NuttputNuhitarshawgedin Not@urbat . which slots stare a
picture's top ffield varies depending on the image structure (the frane
structure apdcure 7 iied d sddiptani 9hokehi@uih ddBUEngdatBe 3peddtiildint ol
setting, are already witten to the fields of the frame nenory 11. For

exanpl e, tHat amagei valpit hittheLEued bl ack are witten to the franme
menory 11 and the default image continues to be output until an inmage as a

decode resulFtTGUREOW B .a RIBEE Diddtamt s§R6REngNthat hBaknalr eeiruiceudte t he
BSAU 12 shown in FIGURE 1. The BSAU 12 includes a header analysis unit 31,

a variabbe hesghRrdacesar (Wedn 3% micuswerse quantizer (1Q 33, an
inverse discrete cosine transformer (IDCT) 34, a notion conpensator (M)
35, and an ipricRiRERly ragiS i aBlam S ST IRl cheDi 86 €an3E6xBAD1ECRE the
regi sters, nanmely a coding type register  (CTYR), a structure register

(STRR), 8pbeavabd b%f eheneHd dbdfk SLFigrEop, (T FRFR), a forward
reference field register for bottom (B FRFR), a backward reference field

register fopreRe L.BRRNa @ié&é&%‘%ﬁo&fﬁ%%@ﬂmﬁ%ﬁ’)&ﬂdaﬁ?&kﬁhﬁﬁlef ® Raktom

(S BRFR), a wite field register for top , awite field register

for bOttB?EEﬁtX\EQRBf ﬂ%?@tﬁ%”dé@oééxotof %ﬁ {WBR1), and 14 a second

; q \
wite slot register (W5 e register serves to store the type of

codi ng for IF&%%tRﬁ NB98S aW:%Hﬁ%n?a’iﬂor?TRB ﬁf&lﬂ,ﬁﬁtf@_v\het her an input inmage

has the frane
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.



structure or the field structure. The four registers T FRFR, B FRFR, T
BRFR, and B BRFR each serve to designate a field nunber indicative of the
Storage location of a notion conpensation reference image in the frane
menory 11. The two registers T WFDR ang B WFDR each serve to designate a
wite field nunber of the frame nmenory 11. The two registers WSR1L and WER2
each serve to designate a wite slot nunber of the frame nenory 11. In
response to initiation signal INIT received fromthe control unit 14, the
header anal §3F5RENEP 35 Gn elewiviedegt &igaRm ate | FEGURFeht t Weehetber
analysis unit 31 is nade active, the header analysis unit 31 starts

decodi ngad@hgtonaidelorkf OENELCHREC @ntisi dedmad tdfe a rpngle taddiebemaN to
enter information about the inmage coding type and informati on about the

i mge st¢leture to the register CTYR and to the register STRR,

respectively. On the other hand, when the VLD 32 is nmade active, the IQ 33,
the I DCT 34, and t heDETAILERY PESCRIFTION |OF Mtk INVENEIONer eby 16-1i ne
video data are witten, over the data bus 15, to the franme nenory 11. This
anmount, i.eAn MBEGI desodes eduithal gntestem t 5 mesitobd o cksr whepr b hecbhgber of

| ateral pixels = 720. The MC 35 perfornms notion conpensation, creates the
final videoidgtpicandewdatesin reattheimecdrstiowtdsbadidsoidsga to the frame
men 32 provides the notion vector, M/, to the MC conpensation. The slots of
t he franeeflerenyebyoadidreasconpungiadddessvibgs  16. I n the BSAU 12, only the
MC 35 relates to The MC 35 nust know the | ocation of an image nory 11. The
VLD 35 for Refeerihy &hiesiped FISOREMS \arcatdmble fOf pli€dsttuotura the
frame nenory 11 for the purpose of notion conpensation. In order to specify
such a |etathenMpPtbeddEoderuses ilhastegitsier s ThdMERc Bdddder TLBRES and B

BRFR. A top field portion of the forward-reference data is stored in Sl ot

#0 to Sl gt r#and MEmaryi ehdrbhaktos i8S iairited [y dihend egi Sderadt&RRR
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



The registers T WWDR, B WFDR, WBR1, WSR2, and STRR are used to determ ne
slots to which the reconstructed video data are witten. The wite
focations are determ ned as follows. For the case of the frame structure,
the top eight lines are witten to a sliot that is specified by a field
nunber designated by the register T and a sl ot nunber determ ned by
the register WoRL and the bottomeight lines are witten to a slot that is
specified by a ffield nunber determined by the register B WFDR and a sl ot
nunber dehér piroeddey the riegicd asuMbRR. s{¥nadheoothen basdr ber the case of
the field structure, in regard to the top field (the first half portion of
a frame) intbeldpeer @oiHedtings o erig i ihede t OuBpetotifbhal bgTspeckfi ed by
a field nunber 16 determ ned by the register T_WDR and a sl ot nunber
det er m nadspyathenfiegimdkeys WiRbagi v he tOVWeispi gt al §888aaHEMBihEN tO a
slot that is specified by a field nunber determ ned by the register T-WDR

and a sl E&clﬁuﬂ‘ﬁebndftw Hdrekby tAwaietssdely WorBe iRab898GEphe LAetbottom
field (the second half portion), the upper eight lines are witten to a

sl ot thafsi §esRECILUICAHYY ithid ShibtHLDES i S0 BT PRIt §Y thBEchRQ8E EhLinBt WDR
and a sl ot nunber determ ned by the register WoR1 and the | ower eight |ines

are Wi tsgnebocheshainihialos Suaes 11 ohd¥eantisl duniben dehergbged by the

regi ster B WFDR and a sl’ot nu eterm ne y the register

descri be;ghaygqaii trel é&@pgﬁq}ﬁﬂg t l xt p of,,,om fields
does notlexista%n gﬁgsg{ot. Ad |t|2ﬁ% y% t e&sgégi%%agg ?gg g?ers of the

" egi Ster §3i Brlhgekneeiaald 4 Slh e coneer LERBEEO! oig

per f or med byntheecontro uhnﬁgi%% J}ggihe re%?%?%?ggﬂgé %. FIGUR% 6rdepicts
an interpak sbhychiure fs tihe i mage output unit 13 shown in FIGURE 1. The

i mge output unit 13 includes a timng generation unit 41, a read unit 42,
and an intep | Sher T, i ,Ster 43.) d ofy, four
regi sters, rllzg@mylf{/f%a realdﬂ??sel ?e%%%ﬁ%%?‘&ﬁ%ﬁ)ﬁé rgggégfggt gréglidst‘ler

(RSLR). g gutpuly oy ! SSSL A CRIR, onth an put gyl par )y Eagksber

(OPYR) . € réegister serves to ghate a read er of the
frame meppry 11. The 17 reqister RSLR serves t esignate read_sl ot
nunber | NSRS RS TR e Ok RETeke 28 3 obhReon

i ndi catign . of .where | i,n currently_bhei out pu is located.in qgne
fleld TRAOREACERDr TAORK Sy e TP Hram Wit Thdt 8atf oioer 2aniehedr ¢ op
and bottomfields is.currently being o ut, FlI o] Lh oytline the
operatioﬁegpefﬁévfngdéHﬁtfE%ﬂggﬁﬁT € the %E%Tg%{gi%hggoggptfegé ¥6rned of
a vertical bl ankin eriod (VH), a top field output. period, another VB, and
a bott onTEFBEG L SUERTt pdS &g rlQ»EiﬁH%E ?n ?%gu%%g%kofetﬂe'N#gﬁ, out put
i's made r 30 _cycles per second, The timng generation section 41

Goner ar eBLACK: APng 16, SRAMOAAS th DRl THAD (S | S LTReR pheSBEEELER 13
may operate at constant cycle. Further, the timng generation section 41
sends t 0StRE BYRPEES lfrﬂot“yfzththé*q e r 1Rt i B s g%’é@r?WF%rtgéEr&‘} ot put
of eight lines to the screen. The interruption signal |NTR is generated at
the startPRgapeorRt SeRSPGARE P t11e ahtrd Rt olidge| bIestefohd PR FI GURE
7(a). Thereafter, the interruption signal INTR is generated for every

out put ofleEPEREA bi¥ndde M?E@ﬁ%rﬁ%ﬁrza]tq on YR% re*ep1¢ mi Mg= sPGnEPT TG
generated by the tiningggenerqtion unit 41, the read unit 42 reads the

sl ots deSR§RaPEdthe HIES Bfatsicarpl Tekevspn\SuetenConpgbteal pifagegna
QUT. Aread slot is designated by a pair of registers, the registers RFDR
and RSLRE2Theo& tagi &t &lotRFOR @hleRIIR 9re eagkt olinest phgthe 18mage - set
by the control unit 14 via the register bus 17 at the occurrence of

i nt errupThef. iEur ther blidek radyitstse rith«ORWR kit ORYRs B e chabgelioby2tfe
timng generation unit 41. The value of the register OPYR becones "0"

i mredi at élipebebdir ¢headmafgesl dirs cithquutwetds tthetielockhpt2onisfabhe tarrent
state is that the next output is a top field, as showmn in FIGURE 7(b). On
t he ot hestbardopnehe iedlduq haflft e freghs) esf GRYRITSCoimsgé 1" Eédchhefctheent
state is that the next output is a bottomfield. The value of the register
ORWR beceBRsin@ng four blocks 21, 22, 23, and 24 is likewise formed



i mredi ately before each field' s output start interruption and is thereafter
i ncreased by one immedi ately before each 8-line termnation interruption,
as shown in FIGURE 7(c). FIGURE 8 depicts in block forman interna
structure of the control unit 14 of FR@URE 1. The control unit 14 has a
controller 51, a work nenory, 52, and a program nenory 53. The work nenory
52 has a slot control nenmory (SCM and twel ve works. These twel ve works are
a forward reference field work for top (T_FRFW, a forward reference field
wor k f or oboNt siotB . FREWY ,shavima s IGURE ef entciee f a@d it wonk1f blotkp26TiBRFW ,
a backward reference field work for bottom (B BRFW, a decode row nunber
wor kK ( DRNeMle apdecod@rieepeaddirdd qrahyY\§lotan vl ¢iut aty pes v0gKeQOTYW , a
decode structure work (DSTW, an output field work for top (T_OFDW, an

out put firebgewikel @Lokohmmerd OANY.,, ot ey o6t Wk e, shag EY6EP), and
a pointer for read slot (RSLP). The four works T_FRFW B FRFW T BRFW and
19 B BRF¥W+phich correspond to the four registers T_FRFR B _FRFR, T BRFR
and B BRFR of the BSAU 12, respectively, each designate a field nunber

indi cative ghel fFeasiedmgftocat i) dntrdbié@NbgosRensabon pekewence i nage
in the frame nmenory 11. The work DRNW serves to store a row nunber

i ndi cati pgigaw fiahekhe decpditneofcomady ants pioceess. tibenseoBYBBR! 5
i ncreases. For exanple, the row nunber is 0 during the decoding of the

first 16vkirBgsadndibie (NewinwEker 4 J dwrdhdde secedbng ehitheopext 16
lines, and so on. The work DTYWserves to indicate the coding type of an
i mage CUugegMthY with both the frame and field structures. More
specifically, slots are designated by field numbers and slot
numbers. For instance, the first of the slots in the block
20 is designated by Field #0 and Slot #0. The first of the
slots in the additional block 25 is designated by Field #0
and Slot #N and may be designated by 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



bei ng decoded. The work OTW serves to indicate whether the coding type of
an image currently being output is the coding type B or not. The work OI'W
is used to draw a distinction between the nenory control technique for the
coding type B and the nenory control t@chnique for a different coding type.
The work DSTW serves to indicate whether an inmage currently bei ng decoded
has the field structure or the frame structure and affects the setting of
wite slots and the access to the SCM The two works T OFDW and H OFDW each
serve toargediséareda in didhurbeart fitre ahield puthenngest Thehpoiliness aw®l P and
RSLP are used for nenory control in the case of the coding type B, which is
descri bedtbzedr inE&dle tof# It hearpbist ers. WEA B apilcRSLP tenstameldy imol deoran
address indicating a word in the SCM 20 Stored in the words at Address
#0 to Adéxesple#Snslodf #heecSEMatn #3re- Wosk Peebdy#52 ahe ichifsi alimeal ues
rangi ng by one fromO to Sn-1. These initial values result from assigning
nunber s tbreei bdddiltdimalsedlats decogli ngs Dbt an#Nmage#Né 2t hareodised .t ype B
which arrives first. The ten works of the work nmenory 52 are initialized as
shown beNowe TheRFWHdh BIRRNVstdrd BRFEAM tude Bs BREY £i818TYVALiels OTYW = | P
T OFDW= 0 B OFDW= 1 WSLP = 0 RSLP = Sn The controller 51 sequentially
execut es depehditig @ns tHESHEmidd tLirudtihe PtRgrapanBNMBEyu2Burkn ande thier st

pl ace, the controller 51 executes a normal routine for setting the internal
regi ster £3e1af sith&acBS9Md )1.2. DdENEBPONELgd 0ddhe, | A6 eahURhi @Aa3i gaalt 1inNTR
fromthe i mage output unit 13, the controller 51 shifts towards an

i nterruptiren apreedss wrditdie fortisettidmas her i fher pehmeefiember 43 .0of the

i mge output unit 13. 21 The control unit 14 executes a normal routine in
order toregnki@mplike BIAW lehuiNirespecs fikal ty1otherf sihew ageprocedures
1. 1 to 1. 14 are carried out. Procedure 1. 1: The header analysis unit 31

is made gelitten the tRAGSarnalamtdSy U tadd thenasehsitespaeki ve val ues to
the registers CTYR and STRR of the internal registers 36. Procedure 1. 2:
The val ugogh ihie s' 8 Yelodtht ish W1 td€MNimage 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



to the work DTYW Procedure 1. 3: The value of the register STTRis witten
to the work DSTW Procedure Z. 4: Wen the work DTYWindi cates either "I"
or "P" and when the work OTYWis "IP", a first and second field nunbers
necessary for designating wite fieldggare determned as follows. A field
nunber, which is not contained in any one of the four works T_FRFW B FRFW
T BRFW and B BRFW is chosen. For exanple, when these four works designate
Field #0, Field #1, Field #2, and Field #3, respectively, then Field #4 is
sel ect e a=damgd dvmutdesloWeagksted #BSRE)el d The, reigdlstetd CTHRI Fiel d #0
are indicated by the four works, then Field #1 is selected as field nunber.
The sel et d it8d dGstemdetheetype af thdihigr forf iiepd thumzeyes .Therhmal ue of
the work T FRFW serves as the second field nunber. 22 Procedure 1. 5:
Wien t heemgirdt 3T WYRR Endheatés"whethPt andinhen tibagaomasOEAY isran® , t hen
the value of the work T FRFWis the first field nunber and the value of the
wor k B ERARWGtutdeosedioadf ieedsppabenrelr othdureut. regi\¥ieird e RREK, DTYW
is either "I" or "P', then the four works T FRFW B FRFW T BRFW and B
BRFW ar 8_LARER edr_BRFR, sgedi Bi BRFRyeatheseakee tof delta gaerde B BRRNG s
witten to the work T_BRFW the value of the work B BRFWis witten to the
work B HRimWemnchdiwativsetoangheeseodageehdcation of a motion

compensation reference image in the frame memory 11. The two

registers T_WFDR and B_WFDR each serve to designate a write

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 1l6-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



nunbers decided in Procedure 1. 5 are witten to the work T_ BRFWand to the
work B BRFW respectively. Procedure 1. 7. The setting of notion
conpensation reference fields to the internal register 36 of the BSAU 12 is
perfornmed. Mre specifically, the valyg of the work T_FRFWis witten to
the register T FRFR, the value of the work B FRFWis witten to the
fegister B FRFR, the value of the work T BRFWis witten to the register T
HRFR, and the value of the work B BRFWis witten to the regi ster B BRFR
Procedur éhe @candttmidtied deidae d&xtai bot hbei iremeramemegiystldr. 36hef Vilide
BSAU 12. Mre specifically, when the work DTYWis either "I" or "P', the
val ue of 3tZhenoegiddsertlie BRRR o5 wectden MU, t he thegi BCeB5T f¥EDRoaddnt he
value of the register B BRFRis witten to the register B WWDR On the

ot her hamempsraa tivn workhdTeMWts §B8"thae frehd nunber, 1Whiagh isperairied
contained in any one of the four registers T FRFR 23 B FRFR, T_BRFR, and

B BRFR, by clddyess Bre 136d eddteds aeb@s nugber is witten to the register T
WFDR as well as to the register B WWDR Procedure 1. 9: A "0" is witten to

the work DRNW HROGSARELL, dly Theesrt! BBgrefiateist &oShiirdriys deertireyined.
This procedure will be discussed later in detail. Procedure 1. 11: The BSAU

12 decodehea MBIDK Kiodw 1hd i 1eSat PoRCEEURR imadd fUROBre@ARtebnon of
decodi ng of one franme, there is made a return to Procedure 1. 1. Procedure

1. 13: The woiek MY inferhdisy eps etbPYrRdepuPposedbEembdtidf: cohpedsativhde a
return to Procedure 1. 10 in order to decode a macrobl ock for the next 16
lines. In order to specify such a location, the MC 35 uses the
registers T_FRFR, B_FRFR, T_BRFR, and B_BRFR. A top field
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 write 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



The control unit 14 controls, by execution of the interruption process
routine, the image output unit 13. More specifically, the control unit 14
perfornms operations of determ ning whether the output inmage is a B-picture
or not, determning a read field nunbqig and determ ning a slot nunber. If
either an I-picture or a P-picture is being decoded, what is required is
just to provide a previously decoded inmage, i.e., a forward reference
image. A B-picture is output after a half-frane delay fromthe tinme the
decodi ngdeterméndpbyt Fhe SemritsterTIRMERR ean@dhansboB- pumbere i s bei ng
decoded at the tinme of providing the next frame, what is required is just
to provi detehmiBegdi byutde Megistex) Wikkidndathy, leweryeight ihnes are
interruption occurs the following Procedures 2. 1 to 2. 6 are executed.
Procedurer2ttén Wien sheot dfiast érs CRARISTLIED "band fbehdt hembeyi ster OPYR i s
at "0 (top field s output start)", the value of the work DTYWis witten to
t he wor kd&t¥vwhinkd Wyr K@Mt gisdiccat VR tdred anslotgeunhbat is provi ded
next has the coding type "B" or not. Mre specifically, when the work DTYW
i's eithedetefmanedPby 'thiéd' Hegyiwrtdrd eVBRD. t hen iosda A YA® thet betoebher hand,
when the work DTYWis "B", "B" is witten to the work OTYW Procedure 2. 2:
When t hefiefdst{ eheOR¥Bonsl Ha1lf whart idre) r eghist eppEP YR gist " Dihéspateel d' s
output start)", and when the work OIYWis "IP", the value of the work
T_FRFW i sriticehemot @ tshetwatatl iFBYeaoide id® vl alef Dé1d heumbek B_FRFWi s
witten to the work B OFDW At this tine, the forward reference inmage is a

previ ousigtdemoded bypitaleliregilstRP B WRDR| anhdes osibsit Phphbétr e.

Accordi ngly, during the decoding of the
determined by the register WSR1 and the lower 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. 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 ocutput 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 inmage is output. Procedure 2. 3: Wen
the register ORWNR is "0", when the register OPYRis "0 (top field' s output
start)", and when the work OTYWis "B", a ffield nunber, which is not
contai ned in any one of the four regigqtgers T FRFW B FRFW T BRFW and B
BRFW is chosen and the selected field nunber is witten to the work T OFDW
as well as to the work B OFDW A field of the frame nenory 11, to which an
i mge of the coding type B 25 is witten, should be neither a forward
referenc@eﬁﬂéFGrnB%Lg F&EwREr ¢ desianat g || geadr stefurembersinTibes| r eady
determ ned values of the works T_OFDWand B OFDW are set to the inmage
out put uframe3menpry dpeci ihGaltegistesn QRIR regiéeer toPyROvVEde0apwhen t he
next output is atop field)", the field nunber of the work T OFDWis set to
t he regi $ndicREDRNoP L Wheneage ldmeputcunnaentiBy pingecwther. haad, when the
register OPYRis "1 (when the next output is a bottomfield)", the field
nunber olothtedoik BnEFDWElS.setTheo napsl sty SORYR RFERVeS thepraugéeoanput
unit 13. Procedure 2. 5: The setting of read slots is perforned. This
Pr ocedur &n@icBtuph| olfe wiliistuodfed dratagrd ibptetrai fie Rigcksducer2enélyThe
interruption process is termnated. FIGURE 9 shows in outline the operation
of the MPEGndeouodeprutlO of FIGURE 1, in other word FI GURE 9 shows an exanpl e
of dealing with wite and read fields. The bit

FIGURE 7 shows in outline the operation of the image

output unit 13. One cycle of the output is formed of a
vertical blanking period (VB), a top field output period,
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. 1In 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



streamINis applied to the BSAU 12 in the order 10, P1, P4, B2, B3, P5
wth reference to FIGURE 9. The letter (e.g., | of the picture 10

i ndi cates the coding type and the nunber indicates the order of display
(output). At the starting point of thegdecoding period of the picture 10
(i.e., Period 1), the value of the work OI'YWis "IP". Therefore, in Period
1, according to Procedures 1. 4 and 1. 6 and based on the initial value of
Period 0, the 26 values of the four works T FRFW B FRFW T BRFW and B
BRFW ar e2tipdg&eé&dbvo the Tonkrahdirgit rlespeta i Viee yreghetenl besoll 7t hE Wbek T
BRFW i.e., 4, is used as a top wite field nunber, and the value of the
wor k B_BRFAprireace @f iigtigguhrdsicn botFwntlwert etlhé erelghatbes. ORKWB phdture
IOis witten to Field #4 and Field #0 of the frame nenory 11. In the
decodi ngOp¥Ri etteoChiangemi divurtthePitinirg gdeeradi@y awibrding ThbePratedures
1. 4~ and 1. 6, the values of the four works T FRFW B FRFW T BRFW and B
BRFW ar eofipdakedegd s4er0,0PKR drebdnes e5pecimwediatdhe vaFoeeokathe work T
BRFW i.e., 1, is used as top wite field nunber, and the value of the work
B BRFW £ield's, ouspused tas-thairttosrmuptiod | &f deineinberredAecotdiaghiy, the
picture P1, which is notion conpensated by forward reference to the picture
| O writtéhatothieehexdtd catbuft eilsd #0op SEVeid | eds t ohdwel In#ERTQUEEFT €byl. #2 of
the frame nenory 11. In the decoding period of the picture P4, i.e., Period
3, On the other hand, the value of the register OPYR becomes "1"

if the current state is that the next output is a bottom
field. The value of the register ORWR becomes "0O"
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



according to Procedures 1. 4 and 1. 6, the values of the four works T FRFW
B FRFW T BRFW and B BRFWare updated to 1, 2, 3, and 4, respectively. The
value of the work T BRFW i.e., 3, is used as top wite field nunber, and
the value of the work B BRFW i.e., 4,4ds used as bottomwite field
nunber. Accordingly, the picture P4, which is notion conpensated by forward
reference to the picture Pl witten to Field #1 and 27 Field #2, is
witten to Field #3 and to Field #4 of the franme nenory 11. In the decoding
peri od oB_BREWpI ehuilch BdrrespondPerd othd, fohe fegiswerksTTFRRRW BBFRRRW
T_BRFW and B BRFWare not updated. The field nunber, which is not

cont ai netl_BRF&ny ande BOBRHRe e ftoig BEAKS12 | . eespOctiseligedeashtop wite
field nunber and as bottomwite field nunber. The notion conpensated

pi cture Besihgnatiel e iled Fiminbetd) iandh dheitdree andi stopabeshotatabnt he
frame nenory 11. At this time, the picture P1 in Field #1 and Field #2 is
forward eefar mediod Bdhgdiasatiidine frémcéi ehagd31aneh&i ekdmédmemoRgckward

referred to. Also, in the decoding period of the picture B3, i.e., Period
5, the four wehks whrkRDANW fdhis Tt BRRWrand BoBPRMBES nabivRdahgd. The
field nunber, which is not contained in any one of these four works, i.e.,

0, i USBEwASakORLW ideRdd i@l JRuImdRy ﬁﬁh@sp@@éé@a@vw'@ﬁefrshdnﬁmhﬁr

Accordi ngly, the notion conpensated picture B3 is witten to Field #0 and
the t hregpaddiakie@nal rdioteScanf¥1d Nithd i78y Lhgodicisre EﬂthgFtSEd #1 and

Field #2 is forward referred to, and the picture P4 in Field #3 and Field

#4 is bagkwaudngebe te@ fQ.rst 16 lines and the row number is 1 during
the decoding of the next 16 lines, and so on. The work DTYW
serves to indicate the coding 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 technigue for the coding type B
and the memory control technigue 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.



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 28 B_BRFWare upgated to 3, 4, 1, and 2,
respectively. The value of the work T BRFW i.e., 1, serves as top wite
field nunber and the value of the work B BRFW i.e., 2, serves as bottom
wite field nunber. Accordingly, the notion conpensated picture P5 is
witten to Bieldd#inantheFiwadrlisiZzat Addtess t#0etot hedpessu#enPd bl khel d #3
and Field #4 is forward referred to. As previously described by reference
to Fl GURECM( bp, thBewsakumenioriyhe > egiestiari tRAR enoe®srafgihgnesyabaky
before each field' s output start interruption if the current state is that
the nextfeompot tbssa-10p Thelsd idid itdle walwes ofe et regbat &8s OhYRngecones
"1" if the current state is that the next output is a bottomfield. That
is, at thembepsf tel dretepyll otisanidd® RPid¥cod ey Vet Uen ofmbé e 6egtmker OPYR
changes from"1" to "0". FIGURE 9 shows that in synchronization with such a

change igotihggvaipe ef whhen' egirstals GRYR € onnd "td0 wdrks er Woh& SwdrFDW
and B OFDW are updated. At the starting point of the second half portion of

Period ZmedgeQr §bNErbOiRi@G@AULRF as? sHdVh VR 1Ks. of the two works T OFDW
and B OFDW are updated to 4 and to 0O, respectively, using the values of the

two works TpFRRWyand B FRFW Accordingly, the top field of the picture IO
stored in Field #4 of the franme nenory 11 is output in the second half
portion of Beggeg 2 gnd the bottomfield of the picture IO

T_BRFW = 2
B_BRFW = 3
DTYW = I

OTYW

"
=
e

T_OFDW = 0
B_OFDW = 1

WSLP

]
o

RSLP Sn

The controller 51 sequentially 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. In 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.



29 stored in Field #0 of the franme nmenory 11 is output in the first half
portion of Period 3. At the starting point of the second half portion of
Period 3, according to Procedure 2. 2, the values of the two works T OFDW
and B OFDW are updated to 1 and to 2, gqespectively. Accordingly, the top
field of the picture Pl stored in FieFJ #1 is output in the second half
portion of Period 3 and the bottomfield of the picture P1 stored in Field
#2 is output in the first half portion of Period 4. At the starting point
of the secoffdhehalontpurd jwniofl Paxrecuties agcoodinag trouPioeedur @rBer3 toa
field nunber, which is not contained in any one of the four works T_FRFW
B FRFW ToBREWL dame BSBRFW2. . #qrd), spacinfitcabhyt othbefodowdngs T OFDW and
B OFDW Accordingly, the picture B2 starts to be output after a half-frame
del ay frpmotkdudesode gt drd ilng lpoiare afartikedi chire B2, and the top field
of the picture B2 is output in the second half portion of Period 4 and the

bottom fi el @refceddiarepixt ure Bhd shemdetitanalybesf uhst Bal fspaadieon of
Period 5. Also, in the starting point of the second half portion of Period

5, accordcigvieQ ProeedigaRier ahalydiehthitinberthdhi s8tsSragpesdniai ned in
any one of the four works T FRFW B FRFW T BRFW and B BRFW i.e., O, is

witten ya1thbe ®6o the ks gh <MW amtrB LDV TRRCOF dthgl ¥ntbhgapi cture B3
starts to be output after a half-frane delay fromthe decode starting 30

poi nt of rkhe spleglsur® .B3, and the top field of the picture B3 is output in
t he second half portion of Period 5 and the bottomfield of the picture B3
i's output ipddiedudesti hadf poid iwned Fertrd Pegister CTYR is written
to the work DTYW.
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 fields 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.



At the starting point of the second half portion of Period 6, by making use
of the values of the two works T FRFWand B FRFW accordi ng 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 fighd of the picture P4 stored in Field
#3 is output in the second half portion of Period 6 and the bottomfield 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 inage is obtained in the
order 10, FAro¢RduBg, land:PWheR GURE w»rdhdRYHW hiag ,eitimexdi &I &lgral®Per the
top field of the picture 10is read out of Field #4 in the second half

porti on afd PereémdtRe whekbOTYWmiki éBd ,ofthieme ghiec tualaePhfi sthve iwdEn to Fiel d
#4 in the first half portion of Period 3. This achieves effective

utilizatT ofREW idetheefissof fikéddf namberemmdy the vAldeugh,tie omtihe
starting point of the second half portion of Period 4 to the term nation
poi nt ofBt¥RFWweronthéakécpndt farldf nBebiead 5, operations of wite and read
of Field #0 and the three additional slots are perfornmed at the sane tineg,
the 31 ocetoceaaeeof .psebl @i ncahebercxk0indEN s dotheent 10l owhiEeh, i s
described below. The wite slot setting procedure in relation to Procedure

1. 10 istxkmsctissefloun WorRsl T _Rapyhl B_greaki MY BRI, coid r®IBRIW tadd
perforns the setting of the registers WoR1L and WSR2 of the BSAU 12 and

t her eaf tiggaaeéd s frsrdetpacieieandit i @ps w1 B .thEhersx8t t1 IERIF L1de
regi sters WoR1L and WSR2 is first explained. Wien the work DTYWis either
1M oor wEieheh whenth8ewvekk TDERYNI, néheates ehe f e Wi Wksw the val ue
of the work DRNWis witten to the registers WSR1L and WBR2. Wen the work

DTYWi s wtitegn "to Phe”WorRng_wRew,t Baawehle RIPYH neic alRsordd e fd 1l d
structure, a result of (the value of the work DRN\W X 2 is witten to the

regi st erniWiirandedifgqulih okotkhRarwvahue 50farteh‘€vr"f&rt‘érp|%\$/\)tr?é okl 1S
vvrltten to the register WoR2. However, if DRNWX 2 ~ N, DRNW X 2 i s changed

to DRNWX grrw Nad@de DRMME Xwdrk & BﬁFWha Y%/etdh DRW X 2 + 1 - N By the

above-described setting, when the work IS elther "I" or "P", the top

field is wpitenahpedf el drlesigl ‘n{b? AAHQ%and t he
bottomffield |Ss vvrletten to a flesl (r}aC(LiLemgnat e reerbslster B WFDR,

regar dl u r N & I ight |ines
arg Wi teliséfén%%ﬁ% ot #%? t%é Eiél%t g(ral;c\é\#lgf]‘ r%rtfeelI:e\;vrs’l%t toteé;q:tﬂoé S]Eisépfde#lgll;'h and so
on. 3 p ontrol t t he

fol |l ow ﬁjg oce res 3 Q%-M bgecgfllc:?ﬁg de;%thteo Vsagtrﬂet k?éflregl st efrné W5R1 and

S SO S M A ot
recond oy Tyt it FoBfafohoh A S o,

Pr Ocedurtehg workT'PeBﬁﬁﬁogg gtct ntggr t%e evg\;’rllsttte%n'lt%l%}iiﬁ a%stler VBR2.
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_FRFR,



Procedure 3. 5: The first slot nunber Xis witten to the SCM for preparing
the setting of the register RSLR. Mrre specifically, when the work DSTW
indicates the frane structure, the first slot nunber Xis witten to a word
at an address of the SCM designated bgjg(the value of the pointer WSLP) + Sn
- (the value of the work DRNW. On the other hand, when the work DSTW
indicates the field structure, the first slot nunber Xis witten to a word
at an address of the SCM designated by (the value of the pointer WBLP) +
Sn. ProcBdHRER3. TeBRFR .oedel B BRifepdre ¢hhesert t i Aige ofelhetedgfsedd RSLR,

t he second slot nunmber Y is witten to the SCM Mre specifically, when the
wor k DST¥winhéicc dsewrtiltd efiy dive tSter uotairst e HE Wk nals svel Lnagbep Yhes
witten to a word at 33 an address of the SCM desi gnated by (the val ue of
t he poi ntegi¥gkePR) B+WBDR-. (the value of the work DRNW + N. On the ot her
hand, when the work DSTWindicates the field structure, the second sl ot
nunber Y i s Puoictetderret d .a 9vwr i dto'ani sader Estenf tb heh&GvbdrsDgNut.ed by (the
val ue of the pointer WBLP) + Sn + 1. Procedure 3. 7: The pointer WSLP is

i ncreased bPROGEDURE: Icormool The tsd¥t jxeg f of nBribe skbtsngsopetrtiermedi.sters
WSR1 and WSR2 of the BSAU 12 and thereafter waits for any one of the

fol | owl ngh€engdirbicedark twild tbe R gmissaddi sater necegstaylfor preventing a

slot frombeing witten by data before the slot is read.

Procedure 1. 1l1: The BSAU 12 decodes a macroblock for 16
lines.

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: There 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



Condition I: In Condition 1) the follow ng sub-conditions should be net,
nanmely, (i) the work DTYWis either "I" or "P", (ii) the values of the
works T_OFDWand T BRFWdi sagree with each other, and (iii) the values of
the works B OFDW and B BRFW di sagr ee th each other If Condition 1 is
met, this means that a field, which i current target of wite, is ready
to be witten by data because t he fleld in question was already read.
Condition 2: In Condition 2, the follow ng sub-conditions should be net,
namel y (sped¢hfiealky DT¥Wéry elimeean” interruptidi idcduies Wik £STVSéneycat es
the frame structure, and (iii) the value of the register ORAR is greater

t han t hepvede@uoést De work RDRNW akl Gaedidtedn 2 is net, this neans a slot
34 having a slot nunber snaller than the value of the register ORAR i s

ready to bepmbcébiipebyp.dat:a hpeaussd hedldied romomesid ononagn @l weady read.
Condition 3: In Condition 3, the follow ng sub-conditions should be net,

namel y (tne thegyetkr DB¥WRI sseitthen "(Kopoieidla'  idutgdte ke PETWhedi cates

the field structure, and (iii) it is in the period of top field decoding.

At the tyapudfo£athyi RErRUDTEWL Aer w@%‘fQ@nngzoOftM%ocﬂéj'dﬁlﬁyperﬂe York
decodi ng of the coding type P, one ffield at Ieast is available. top

field i SoWYtiﬁé‘léQtéEewﬁé%hlaébhﬁ fglgd a&%ﬂ g SRS s g&g ofygwite

operations. Condition 4: In Condition™4, t o I"ow ng sub-con I ons

SO BAPE! bl brt g cuor (i of the
poi nt er bI%DS@LI:%AI s gr eatgr %ﬁaﬁgtthe \ljlglgée(%e%lhe pag'lrlg’t erdﬁv%Iquqéll'ﬁ%

nunber, . 5i@g efs ak1 fhe pddE @S5 -0k pihe «3EM des 6 Ui RULE & Be%LP s
one for a sl ot currently being output, as descr ed later. Accordlng]y, a
sl ot havigeige S&'@ﬁéffhaﬂﬁpe&h%ﬂa@hbh%o&w qu]u@ef 'jBS" is written

to the work OTYW.

Procedure 2. 2: When the register ORWR is "0", when the
register OPYR is "O (top field's output start)", and when the
work OTYW is "IP", the wvalue 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- or P-picture, a previously decoded image is output.

Procedure 2. 3: When the register ORWR is "O0", 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
any 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



required 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. Wen the work OTYWis "IP', what is required
for the control unit 14 is to set the |l ue of the register ORMR to the
register RSLR. At the tinme of providing i mages of the coding type | or P,
the read field's 35 read sl ot nunber nmay be increased by one from zero.
Al so, the register's ORWR out put row nunber is increased by one from zero.
The val ugsowriheenegishivarl AORMRNeS tdadr ted fdewd i Sé Ler ot&R £YBEQ hbe work
OrYWis "B", the control unit 14 executes sinple processing, i.e.,

Pr ocedureackwatdt meferadnckeorfiedid.i ng the register RSLR This is a result of
t he preparation process shown in Procedures 3. 5 and 3. 6. The pointer RSLP

i S incremenpedckyugee 2f.0r4 :evearme dliysdapfaetghhiheédesalReocedutned. 1: A
slot nunber Z is extracted froma word at an address of the SCM specified

by the peonker TRSEBW Bhacedorew!.ard s = fhélUiefe Zouspit i bhed 19.the
regi ster RSLP. Procedure 4. 3: The pointer RSLP is Increased by one.

Ref erri ngopewspeckEGIRESy] Owhéh tdhe aRayadidn ¥y hes MREG wieeRdehe 10 Of
FIGURE 1 is described in detail. FIGURES 10-15 show the process of updating

each of hbgtregtpher ssand thipCdel )6 anthel & sy dligb ¥ asesenof wopkat i ng
the SCM Like
T_OFDW is set to the register RFDR of the image output unit
13. On the other hand, when the register OPYR is "1 (when
the next output is a bottom field)", the field number of the
work B_OFDW is 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: The 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 IO, P1l, 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



FIGURE 9, the bit streamINis fed to the BSAU 12 in the order 10, Pl, P4,
B2, B3, P5 (see FIGURES 10-17). The pictures P1, 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 sinplifyinggthe description, N=6 and Sn = 9.
Here, decoding 16 lines takes tinme necessary for outputting 36 16 lines,
and no decode operations are carried out in VB (the vertical bl anking
period). Referring to FI GURES 10- 15, periods, nunbered fromO up to 71, are
i n corresporel et f tisdi BaurowBrkisn@_FREFpuUt BpdRFGds . T_BRFW cind e8_BREW P1, B2,
B3, and P4 are output or displayed in that order. The decode starting point
of each drampdatedetoul puB, star tandg Opoirets pefc ttilvee tyop flited dvrasl iesdf ei ght
lines (OPYR = 0). In the figures, "FR' stands for the frane structure and
"FD' st artds wark theBRFW| distruclyr és derd, agay npmivretd ofidd Reumsk 24 of
FI GURE 12, the register B WFDR and the regi ster RFDR have the sane val ue,
i.e., 4.arldisheeeasuéhaf Ehel do#% BnBRFgQes .legd |nd awmiddE®na®per ati ons at
the sane tinme. However, in Period 24, the value of the register RSLR has

al r eady vepechedyfive andibonhhmbbke .valrue @fidthed a@i St ABRlerangb t he val ue
of the register WoR2 are zero and therefore there are produced no probl ens
at all. Fieora Pesi afd4Bigpdt @oPefi eteS%riahe me@iostyers .T WFDR, B WFDR, and
RFDR each have a value of zero. That is, in relation to the inages of the
codi ng typers, thkeldctdiand pelta daiore Ridigiaiale F0l st A e, reagigadz Wwitten
at the same tine. In any of Period 43 to Period 59, however, the registers
WBR1, WeRGondfhdRSER bayeeduiber ent svahes .ard ther efanf d her exrd erquipduced
no problens at all. FIGURES 16 and 17 show a process of updating the SCMin

works T_FRFW, B_FRFW, T_BRFW, and B_BRFW are updated to 4, 0,
1, and 2, respectively. The value of the work T_BRFW, i.e.,
l, is used as top write field number, and the value of the
work B_BRFW, i.e., 2, is used as bottom write field number.
Accordingly, the picture Pl, 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



relation to the wite slot setting procedure (Procedures 3. 1 37 to 3. 7)
when the work DTYWis "B" and the read slot setting procedure (Procedures
4. 1 to 4. 3) when the work OTYWis "B". In FIGURES 16 and 17, each row
represents a word of the SCM and eachsgol uim corresponds to an 8-1ine

out put period. As shown in the leftnost colum of FIGURE 16, initial val ues
fromzero to eight are stored in words at Address #0 to Address #8 of the
SCM The initial value of the pointer WBLP is zero and the initial val ue of
t he poi nFérlRSHR .| &sniwrd.t tHre &1 Gtigld chpanndytof F1aedSEM p§ 20ewdrdse The
columms, |ocated second and third fromthe | eft-hand side of FI GURE 16,
correspom@mpgyt Ad .decodi ng 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
peri ods, thédnsitéte Meduetiny imerkid acf ethérpicauner H2at 1Addr, ePeri®dofd ,t he
SCM specified by the pointer WSLP and the slot nunber 1 is extracted froma
word at the fextr wdokess, FHREW, BARREWS TIBRMMe ahdtBNBRPEr afei aowritten to
the register WoR1L and the slot nunber 1 is witten to the register WSR2. At
this timepdatedrdi Mhet o irlat edumtes 3.wibicindi 8. n6t ¢ondatredt anpaapavaet he
setting of the register RSLR, the slot nunbers O and 1 are witten to a
word at Addtiese#%Foard wiorkas war.tk af Addiesss#d Sasrespertivel ¥ieIhe pointer
WELP is increased by two. The colum, located ninth fromthe |eft-hand side
of Fl GURRuhbercande spomds: tich avrield ofli f a pr@wbéh Ng the mhbtsbnei ght |ines of
the top field of the picture B2, i.e., Period 38 43 of FIGURE 13. In this
period, thapshettedaicthdes ExXtiach: et {é®Mma Medd afo aanadédnessheket he SCM
specified by the pointer RSLP (Address #9) and is then witten to the

regi st er aB8LRiohAilS s3loals Wihele Erdnd heereirperl I hakt helibeenmes i then to
the SCM a half-franme period earlier. The pointer RSLP is increased by one.

The col ughgtulrecatedn§ qurdiRenfih Sl Fidieeps hid rogawaedl eéfeband sbde of
FI GURE 16, correspond to the decoding period of the first 16 lines of the

pi cture Baahawkngilcheird el 5t il &3 1afa . rRE1A Ofl8 £8 BAEkH48raf FI GURE
14. In these periods, the slot nunber 6 is extracted froma word at an

address offbhegCMospecified by the pointer WELP (Address #12) and the sl ot
nunber 8 is extracted froma word at the next address (Address #13). The

shiteh el CA Rl S St R R A
Period 5, the four works T_FRFW, B_FRFW, T BRFW, and B_BRFW
are not updated. The field number, which is not contained 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 Pl 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



and 3. 6, in order to prepare the setting of the register RSLR, the slot
nunbers 6 and 8 are witten to words at Address #1 and Address #2 of the
SCM respectively. The pointer WBLP is increased by two. The fifth | eftnost
col um of FIGURE 17 corresponds to a pgriod 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 nunber 6 is extracted froma word at an address of
the SCM specified by the pointer RSLP (Address #1). The sl ot 39 nunber 6
i s then BeBRFénare tpdatedi stoer3 ,RILR1,Thirsl s otrenpdetitels. t hEhene t hat
had been witten to the SCM a half frame period earlier. The pointer RSLP
i s increaskdebyfvhbe WbBKWRESBREFWiNd .E/. sSHow ddmtes nmanyopfwibeepeiedds t he
address of the "R' words (an "R" word is used for wite slot setting) is
great er nlvabetrhahdothehealVe Wi dhe &diad B ERFWY s ds 25 ssedekoasr ead
slot setting). This assures that a wite-target slot is an already-read

slot. Eveotwbgenwitheepgieod aumdesadi ngddrdimgsy begodasoshent er than the
period of outputting 16 |ines because the decoding of the 16 lines is

carried ethpehshtgh ppeedret Per @ swidi tieerpriasd uciedh ok Prohl epsesange.it is
arranged such that the control unit 14 waits for Condition 4 to be net. As

descri begt abpye, tihe, \ehe gacadele ¥ afn FiEIRE 43 nakesrid1@088i bke to

achieve the interlace conversion of B-pictures with one of the one-field
menory bfesksraOrdéecarndat ke .three additionally slots under the condition
that the decoding of the input bit streamINis not carried out in VB,

wher eby theast grage cudlscides Hidd vy AerdEdivy dd £28URE fedycedndown to

about 2. 5 franes.
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 "O". FIGURE 9 shows that in synchronization with
such a change in the value of the register OPYR from "1" to
"0" 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 IO



The nunber of additional slots may be reduced. FI GURE 18 shows an exanpl e
of inplenenting B-picture interlace conversion using N+ 2 slots (N = 6).
However, a colum, located fifth fromthe right-hand side of FIGURE I8,
requires a decode rate tw ce the otheg colums. FIGURE 19 shows an 40
exanpl e of inplenmenting B-picture int ?Iace conversion using N+ 1 slots (N
= 6). However, it is required by a colum located fifth fromthe right-hand
side that decoding for 16 lines be conpleted within a horizontal bl anking
peri od. fceosdi hgl FieBdp#kot vfe thet Eragee neoiv4SF Sl DN dTeyubeut Nph epeat ed
using N+ 3 slots. Even in such a case, it is possible to provide all
menory ffaest omalpnepessady bar pMPEGE W.th a single 16Mbit nmenory chip

41 The invention clained is: |I. An image processor with a frane nenory,

said frame geneh¥ kmekddn@gpdinte dH ates sty dlasai goft¥en bbpcksrhadi ng a
storage capacity to store a half inmage-fram-; and a single additional block

having &g sr@é&@faﬁgr@gepﬁaeéah% bhan eagh Qfaiifld df Uhd! BedSaofipyr

bl ocks, selected from anong said five blocks, serving to tenporarilx store

| - and/0T_6?$WCéH&eﬁ_éﬁbW”BEéoﬂpdated to 1 and to 2, respectively.
Accordingly, the top field of the picture Pl stored in Field
#1 is output in the second half portion of Period 3 and the
bottom field of the picture Pl stored in Field #2 is output
in the first half portion of Period 4.

At the starting point of the second half portion of Period
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, 1is 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



conpensation reference; the remaining one block and said additional block
together formng a data nenory for B-picture interlace conversion; and
thereafter, said data nmenory for 8-picture interlace conversion being
reconstructed using one of said selecggd four blocks and said additional

bl ock. 2. The inmage processor of claim1l, said five blocks and said
addi ti onal block being divided into respective pluzalities of slots) each
of said slots having a predeterm ned storage capacity; said i mage processor
f urt her ROHPY i &F nighe api¢bureoRBr oknAeibey toor fiedd wf $ihet migibares Band a
controller for controlling both read and wite operations of said data
menory GBS rakimigt ube bhe saedosfohahfinbers ionoodd Perisal & dAnst Wontro
menozy; and said controller witing a slot nunber, which was used in a
wite opmrtatdrorfipdl@&noErthg phédnnet Bén iso ondipa tddina tendriygst M ft o sai d
slot control nenory for perform ng a read operation of acquiring

i nf or matpaxrtforoeSaPertdadaéenory. 3. The i nage processor of claim?2
further conprising: a wite slot pointer for designating a storage |ocation
of said sl oatcumérstamtimngypbdntaocs ahenwsoendMhallt i ntsiath iof dPewridd
operation of said data nenory; and a read slot pointer for designating a

st orage 4 poaat imak ixig sasd sfotheontlaksnefforthel awoa wdlrkis MUIARRW dAridch | s
used in a read operation of said data nenory; wherein both said slot

poi nt er B_FRFWpted edd swghtbhbtoaedure 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 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 10, P1, 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 second 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



certain slot of said data nenory is witten imediately said slot is read.
4. The inmage processor of claim2 wherein each slot of said data nenory has
a storage capacity to store a data unit equivalent to half of the nunber of
lines as a decoding process unit. 5. BRe image processor of claim4 wherein
said controller uses two slot nunbers for controlling the operation of
wite of said data menory. 6. The i mage processor of claim4 wherein, when
said B picture has a frame structure, said controller uses two sl ot nunbers
f or cont PEFPEEGDCRe odpdrpbilemofcan ine afosdéd dnut alatnoeptirnlowtécht hat
data units for a top and bottomfields together formng said B picture may
be wittas gessziltbedatslivenory. 43 7. The image processor of claim®6
wherein said controller wites said two sl ot nunbers to at storage
| ocat i ons of’heaiwdigieots loontgent t ivegpyoadidcheatle sepatabadtbr Pmoeaduret her
by an anount of variation in a value of a read slot pointer nade in a
period filomlDhest disce@istd dm fdetlallls. daR@ugli By r €pdakdnghethemeoatird1bot t om
field s data are read. 8. The imge processor of claim4 wherein, when said
B pi cturenh&sla peelfdratsr utieursetisiaigl ebnthiel tegisisess t worRs! ahanushers for
controlling the operation of wite of said data nenory in order that an
upper habf dataBSAUl 12ndnd lthwedfidr dadBtsinfért dgeinetef coAUNgisasd B
picture may be witten to said data nenory. 9. The imge processor of claim
8 wherei nosaedmeantroller wites said two slot nunbers to said slot contro
menory in

The setting of the registers WSR1l and WSR2 is first

explained. When the work DTYW is either "I" or "P" and when
the work DSTW indicates the frame structure, the value of the
work DRNW is written to the registers WSR1 and WSR2. When
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 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.



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 i mge
processor of claim2 further conprising: a wite slot pointer for
designating a storage |ocation of saigpslot control menmory for a slot
nunber which is used in a wite operation of said data nenory; and a read
Sl ot pointer for designating a storage location of said slot control nenory
for a slot nunmber which is used in a read operation of said data nenory;

- 44 wher ei nWigind thentwaatk ITOONts o1B" t heheatoetoblsandtwilidt pesiformsoi nt er
to fall below the value of said read slot pointer. 5 11. An inage processor
conpri si hhe fodavwimgnminpodedinmes B pllurtad i3y of dhodbsdea sbotetomheol
menory for storing slot nunbers: and a controller for controlling read and
wite opeeglistirssoWS®di drdatwsReenory by maki ng use of said slot nunbers 10
stored in said slot control nenory; wherein said controller controls the
oper ati ons @frocedhrand Wwiie pff e sibbe fEAPEY knier deedt Bat arslot of
said data nenory may be witten i mediately after said slot is read and
anot her sbel etozaidd adatah EIEYesd off ek i SCM h@edbghbt sl bgl tnpeortion of a
period of tinme allocated to said witing to data nenory. 12. The inage
processopo@htelrawerPl further conprising a frame nmenory wherein (a) said
frame nenory includes five 20 bl ocks, each of said five blocks having a
storage capagiocedutrestrr @A haldeddmiesisanBumbsd @ skngbagaddict bgnal bl ock
having a smal |l er storage capacity than each of said five blocks, (b) four
bl ocks, @ekacktedrkaomtarapry neadtd ddaedd ocks, serve to tenporarily store |-
and/or P-pictures for 2~ notion conpensation reference and the remaining
one bl ock apgozaighradd tipnalTHy ogkrd oSt bernhRb8rshi dsdaratBADRY ok
B-picture interlace conversion, and (c) thereafter, said data nenory for

B- pi ct ur gehRLeEageraonversion is 30 45 reconstructed using one of said
sel ected four blocks and said

Procedure 3. 4: The second slot number Y is written to
the register WSR2.

Procedure 3. 5: The first slot number X is written to the
SCM for preparing the setting of the register RSLR. More
specifically, when the work DSTW indicates the frame
structure, the first slot number X is written to a word at an
address of the SCM designated by (the value of the pointer
WSLP) + Sn - (the value of the work DRNW). On the other hand,
when the work DSTW indicates the field structure, the first
slot number X is written to a word at an address of the SCM
designated by (the value of the pointer WSLP) + Sn.

Procedure 3. 6: In order to prepare the setting of the
register RSLR, the second slot number Y is written to the SCM.
More specifically, when the work DSTW indicates the frame

structure, the second slot number Y is written to a word at



addi tional block. .ANe. A&{Y. A | e. A&hFy. A&Yy. A{ Ye. A
CACA & AL L A[FAL, . AQUY?. AL. Fy. A . Fe. A"l e. AQUYy. ALl y. ALUF. ALI . A9Al . ALl
Ale. A Ye. A&h, . AQU. A&l . A I.A9.Y . AR AY . AQU . A9ly. A&y. A&, . ALl
LAy, A&Y. A&e. Ae. A(*. Al . AR Ahl .AU. AYR# 1l ;
0$56 4i _a| wmhc”Y] ca] ca] ca] ca] ca] ca] caJca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] cRaU] ca] ca]ca]ca! S8 s &YAV7 w 'y
, fI X} xsnid_Z]]ca] ca] ca] ca] ca] ca]ca] ca]ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a] ca] ca] em] adficeksapfatbe] &P dlecd]arad ttrdYBAf Al ixes nvall 7@ | cf] the¢cpdiatea] ca) ¢
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]c
a] ca! w=SASEP DEOQEM} . j(thenivelZle] wef] ddlec adaxl C2RN] ca]Xa] cep cbheapthgra]l ca] ¢
aJ ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]ca]calca]lca]calj Xl % a
P13 TTThARY, " Wheéd#thh Sbouk| wmsmcDddicattes the field structure, the
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] cal] cajeadnd] saptahumBe®1lyY is written to a word at an address of
1v1112N2g222373r 3333334E404445G555556} xsni d_ZU] ] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] catre] sehcakeabnakedl o8] q&h@]v@alw]&ﬂ]md s oef e wel e p] £aggalcal 6
606| 6666; 7W77777*8h8889Wn90999: 9: s:

; M| wr mi¢”YU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caj ca] ca] ca] ca] ca]ca]ca]ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal Mk<<<==7>t >>>' ?f ?Y @0
Al ACAAAASBr BBBéeaUWZe 3. 7: The pointer WSLP is increased by two.
DCGD#EMNE} xsni d_ZU] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] calrga] eahtabaakealcale flerdnals A REREEH KKLPE LLhe registers
MMVVMMNBN' Ce OOOPKPPPP<Q?Q?RRU} xsni d_ZU] ] ca] ca] ca] ca] ca] ca] ca] ca(fca] ca] ca] ca]

ca] ca] ca\hsalcahaaksa]zca]fcch@ahssmqlzc@rf@hq%f@dp@dlwaﬂ§aﬁ&ﬁ' AM/VELL S\ X_F
“aaaObnbbbc\ cccdCdvddd#eaeeef Tf f f

g9} xsni d_g¥| tra] ealealeabCeabadlitalndl calirlcalsalealsr] cahesd cod cal cal caj cal
ca] ca] ca] ca] ca]ca] ca] calca] ca] ca]ca! gGggggg;

hxhh3i bi h5EB k@ Ekk! bERMRRRRRP QAW st ol 44 16310 cad ¢ by g g8d ca] ca] ca
] ca] ca] ca] ca] ca] Ca] ca] ca] ca] ca] €a] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca] cal qq
q'r3r@ q,g Qs_ gs?&gttt t tQk‘-Ja uuv<vxvvv) wwwmy w mhc”YU] ca] ca] ca] ca] ca] caJ ¢
a] ca] ca] ca cal ca] ca] ca ‘ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca]

’)
coleal g i Fagfes Eﬁ{li“é@ﬁl"] o Ay ]W’P* AR PR O e

o] cal cal %ﬁ?%%? %Jé”ééxéé]“ ety dhy SR ?Zﬂ SRR BN %a’kﬁ?{ cani
Cal on] caf £5] o eaf aared) B3 %%#"%%o;fzé e SRR BN SRAVATIRERR
o] cal AD CabAPLEREf 20 s8N d 30 L8 CRTSat, a%éﬁﬂeéﬂoa%a] caiﬂf‘? CS?LS?LST‘ES
cajcalc akc a ca cal ca cal Y ni
A ma e W
i AR BRI R AN -
a] ca] calﬁ%ﬁ]iga%gFEaY%]%gg %]Y Q]aé:] g’]ﬁ':@]éﬁfla]% aéf-%ﬂf] {ﬂ_ ‘1)‘%‘%14/%76; % U] ca]
caj ca] Ca%]C‘E%f‘ali a%](%g] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calca

]calcalc al ETDVY—VA{ Ol @ xsnid_ZU]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] cal.ca).ca] ca]ca ca ca] cal ca]calcalcalcalcalcalcalcalcal!l T,d9
oho 60 Py xR PERPER] G CFCH GHTE S <o ] S LA 3§ B R4 G Lo 2 ca] ca
] ca] ca] ca]lﬁa caLca] cal ca] cagca] cal cal ca]ca! P

#=hA| 4nBs ] Pd™2t) | Baredlcdidaltdis &ﬂ%}%%a’]%a%%]}ec%] ch] X caf cal cal ¢
a] ca] ca] cal ca ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ' P$aor) c) e%:le qu b\ W caU
] ca] ca] chlz] éFcHP@EU}D c dpddredecaltdd ang T ediea) ca] cay
ca] ca] ca] ca] ca] ca] ca] ca! Ol s#Li ;

ADFz1n{ vghgbvilovaUpfalkbe] ca]gaa]tcac] ©ERWRa U= af e toe] cidjarm] Weg [ eale@] @8] ca] ca]
ca] ca] ca] ca] ca]l ca]ca] ca]ca]ca] ca]ca]ca]cal/ll eFL! 10% h& ()-! &

1098h3h&tfé- wotRYDREW( ) - TEOToh&it)i-of D0%sh&dt) - RH% h@dns sd ; ubEF" 10%

h& ()-&10% h& ()-& 10% h& ()-&"10% h& ()- 10% h& ()-&10% h& ()-$ dE, & 10%
h& ()-&%$10% h& ()- "10% h& ()-, F'10% h& ()- &@#10% h& ()-& 10% h&' () - 4i
dYNC
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(ii) the work DSTW indicates 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 I or decoding
of the coding type P, one field at least is available. A top
field is written to the available field and it is possible to
perform write operations.

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
required 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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from zero. The value of the register ORWR is set to the
register RSLR.

When the work OTYW is "B", the control unit 14 executes
simple processing, i.e., Procedures 4. 1 to 4. 3, for setting
the register RSLR. This is a result of the preparation
process shown in Procedures 3. 5 and 3. 6. The pointer RSLP
is incremented by one for every output of eight lines.

Procedure 4. 1: A slot number Z is extracted from a word
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 I0, P1, P4, B2, B3, P5 (see FIGURES 10-17). The
pictures Pl, P4, B2, and P5 have a frame structure while on
the other hand the pictures I0 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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the output starting point of the top field's last eight lines

(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 WSR1 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 WSRI,
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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is zero and the initial value of the pointer RSLP is nine.

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 1
are written to a word at Address #9 and to a word at Address
#15, respectively. The 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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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 RSLP (Address #1). The slot
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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 right-hand side of FIGURE 18, requires

a decode rate twice the other columns. FIGURE 19 shows an
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with a single 16M-bit memory chip.
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capacity than each of said five blocks;
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 reconstructed using one of saiq 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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said slot control memory for a slot number which is used in a
read operation of said data memory;

wherein both said slot pointers are updated such that a
certain slot of said data memory 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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time said bottom field's data are read.

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
sald data memory.

9. The image processor of claim 8 wherein said controller
writes said two slot numbers to said 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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5 11. An image 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
10 stored in said slot control memory;
wherein said contrcller 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

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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reconstructed using one of said selected four blocks and said

additional block.



