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invention is directed generally to digital video S|gnal
nore particularly, to integrated decode systens, nethods and articl es of

manuf act ure which all ow sel ective scaling of video presentg&?o 'eﬁséb
predeterm ned reduction factor, while at the sanme tine all GE educed

external menory requirenents for frame bliffer st or age.

2 Background of the Invention The MPEG 2 standard
describes an encoding nethod that results in substantial bandw dth
reduction by a subjective MEES WIDEOPDECGHER WIaH OMEHGRATED | 0SSl ess
conpression. The encoded, corguaessedaNd ghtsHLaYaFaNcsIGNbSequent|y
deconpressed and decoded in an MPEG 2 conpliant decoder.

The present invention is directed generally to digital
video signal processing, and more particularly, to
integrated decode systems, methods and articles of
manufacture which allow selectlve scaling of video
presentation by a predetermlned reduction factor, while at
the same time allowing for reduced external wmemory
requireménts for frame buffer storage.



Vi deo decoding in accordance wiwth the MPEG 2 standard is described in
‘detal”l in commonly assigned United States Letters Patent No. 5,576, 765,
entitled "Video Decoder”, which is hereby incorporated herein by reference
ilnits entirety. Vi deo decoders are typically enbodi ed as general or
speci al purpose processors and nmenory. For a conventional MPEG 2 decoder,
two decoded reference frames are typicdally stored in nenory at the sane
time. Thus, the cost of nenory can often domi nate the cost of the decode
system For exanple, an MPEG 2 vi deo decoder m ght enploy 2 MB or nore of
external nenory, which gener ghLy-cQHY Io¥CenDyRar g sBandom

3 Access Menory (DRAM . External nenory 1s used for various data areas,
or buffers such as franme buffers. _In practice, the MPEG 2 video
decoder is typicalhge MbBﬁ;tEdstiahcﬁrﬁBd@fscﬁiﬁ? @l eHBERL g iu{zetmblalethfbe_

m nim ze cost_Q e.en t .. r rfor its
functions w tﬂelé;]u#% %gl g%g%tg%ﬁl Eggﬁgg(gﬁ%l%dugﬁ%%%r c%léa?rb%ﬁ%gyteance i's
enabl i ng out ptASFOCBBRERSEHRN ERldipwed R¥rkctosflicer gpPPreRsiathe Mhe
standard gf ggzﬁcodediao comphessa® Aigyitatih@ath Sis fmrblsetmuﬁi::qh utili zefs t he
NTSC st andar nﬁﬁ% I.de C ' V, { f, t : ] o]

ext er nal rrerm?%é?l m ts\aé,!tegoﬁl,ﬁi(?&édéahg?fgn gg@%%is 2t 0 ﬁéri%%rﬁ%nf%é&g\%'deo-
decode and di %8s daroddngndn| agCorIARnCe Yhkl Lhgs MPESsPhFeandrrgt ddér to give
t he remai ni ngdememibed drotibeaibuin tedumohept A SinasIChigad oS Len

graphi cs. Lect ¥ DUt tzfrg?09,’33{6%57%%9'O%hgg@é@t'ﬁig&f\)ﬁééode%ﬁo called

frame buffers, consune the l[argest part xt'erna L.
which is hereby inCorporated herein by reference in its
entirety.

Video decoders are typically embodied as general or
special purpose processors and memory. For a conventional
MPEG-2 decoder, two decoded reference frames are typically
stored in memory at the same time. Thus, the cost of memory

¢ can often dominate the cost of the decode system. For
example, an MPEG-2 video decoder might employ 2 MB or more
of external memory, which generally comprises Dynamic Random



therefere they are the prine candidate for nenory reduction/conpression.
The frame buffers contain final pixel display and MPEG reference data, and
hence the reduction technique nmust also retain high video fidelity..

As the MPEG video decoder market becomes nore and nore conpetitive, there
is a need for high level of feature integration at the |owest possible cost
to achi eve success in the marketpl ace. ?he such feature that, in the past,
woul d have required circuitry external to the video decoder function is
.video scaling. The kind of scaling desired is to reduce the size of the

di splay picture by a factor, such as 2 or 4, in both the horizontal and
vertical axisAccess Memdry DRAMDL tHrercaRNEwmenddy ik Q{géar £b9 estakid sh

comer ci al a e #ﬁgg

4 vi deo scgﬁpﬁgg?%§$u?gy%§fg %Qﬁnhfa% gg§g eo0 ecoder such t hat
advant ageous use of existing decoder har dwar e can be_applled to the
processes requir edItcpyacdoes ahéi@WEGHzﬂdﬂd¢osdebdubﬁ-m&geypiaavnﬁ princi pal

aspect, the p&%&ﬁ@éd'ﬂNQ?%hp%fagﬂﬁéﬁéﬁf Nefdorder to minimize cost
Di scl osure of the. |l nvention Br | ef 4?; mari ze thi's T nvention

conprises in 6ﬁb%8§p%% BIQAUFEo - dBRD ASRPISFs FURE WPREIPT halddes i deo _
decoder for dévmgthgnarwiticoddliist témitatfion.deBodatxanict,aodeci mation unit

coupled to th@a‘ﬁtd@ﬁldﬁcﬁﬁiﬁfx‘ta-ﬁ'&@ Yéd&%ﬂ%@d%ﬁtﬁﬁedf&?%o% d@ﬁgded stream

| adapted_ to scale the decoded
g{rg;gfgfdataE%E% EQE gg} é@ﬂ#ﬁgghugtiliégs t % PAL standard of 576 wvideo

scan lines and the U.S. market which utilizes the NTSC
standard of 480 video scan lines. Even if there is no 2 MB
of external memory limitation, it is advantageous to perform
the video-decode and display in as small a memory spacé as
possible in order to give the remaining wmemory to other
built-in features, such as on-screen graphics.

The MPEG-2 decompressed video data buffers, also called
frame buffers, consume the largest part of external DRAM,
therefore they are the prime candidate for memory
reduction/compression. The frame buffers contain final
pixel display and MPEG-reference data, and hence the
reduction technique must also retain high video fidelity.

As the MPEG video decoder market becomes more and more
competitive, there is a need for high level of feature
integration at the lowest possible cost to achieve sﬁccess
in the marketplacé. One such feature that, in the past,
would have required circuitry external to the video decoder
function is video scaling. The kind of scaling desired is
to reduce the size of the display picture by a factor, such
as 2 or 4, in both the horizontal and vertical axis.

In view of the above, and in order to establish
commercial advantage, a novel design is desired wherein a



video data for display. The scaling occurs within the video decode system
prior to storage of the decoded streamof video data in a frame buffer."

I n anot her aspect, the invention conprises a digital video decoding system
whi ch includes a video decoder and a video scalar. The video decoder
decodes an encoded stream of video data and produces therefroma decoded
stream of video data. The video scalar is coupled to the video decoder

for scaling the decoded stream of vi deo*dat a prior to storage thereof in a
frame buffer. The video decoding systemincludes a normal Video nbde and a
scal ed video nmpde. The video scal ar scales the decoded stream of video

~data when thevﬂagbtééalvu@e@e%ﬁf@lm m&&emé dHE maeSCéésshe deyrode.
The digital video decodi o%ﬁtemfu Inq%ﬁﬁﬁf hag ay Imo € swtch
logic for switERPhgAD¥ W@%{‘? USR 7 x’\?’l 488 S G2EAEER oF Y R deo
nmode, wherei n ehpliedi te Hihey procassestdairegete apashicedeghialatduailidfy t he
di'spl ay of thesé&@@deﬂnﬁé £amnObn¥ gﬁﬂi}&%hi aspect, the present
a
3,

5 In yet, ano;éhgr reect e vi deo decodi ng systemis provided
havi ng a nor maf-VFded 'Ph) AN 8 ‘é SA'deo node. When in the nornal
video node, full size frames are output for display on a video display

coupled to the digital video defsewlidihreyst Chhe AMmFeni@@sni N t he scal ed vi deo
node, scaled frames conprising a fractional size of the full size franes

are output for display on the video di'splay. A frane buffer is provided for
tenporarily storingsrhefiylduriaxd zbaaneisi mrisiveheiss atanprfisageinabher a

decodi ng {1118 tagieRal 220dans | leddlnd. S SPLRYHIAPInaNGEAl B Lages 15 a

predefined | aten bet ween_t he tine an time. The
predefined | at de&t hREnde RN 68 RECedate s&ﬁﬁa‘?h‘éf d‘f’s‘%"a?af:?nén‘éo?rprl ses
a first | atencyladisatiibae dnyt tadupliedetodesndiidgosiisteder s iThenoddab vi deo
nmode and a secqibdqdheRS¥duces a decoded stream of video data and the
decimation unit is adapted to scale the decoded stream of
video data for display. The scaling occurs within the video
decode system prior to storage of the decoded stream of
video data in a frame buffer.

In another aspéct, the invention comprises a digital
video decoding system which includes a video decoder and a
video scalar. The video decoder decodes an encoded stream
of video data and produces therefrom a decoded stream of
video data. The video scalar is coupled to the video
decoder for scaling the decoded stream of video data prior
to storage thereof in a frame buffer. The video decoding
system includes a normal video mode and a scaled video mode.
The video scalar scales the decoded stream of video data
when the digital video decoding system is in the scaled
video mode. The digital video decoding system further
includes display mode switch logic for switching between the
normal video mode and the scaled video mode, wherein the
switching occurs without perceptual degradation of the
display of the decoded stream of video data.



when the digital video decoding systemis in scaled video node. In
still another aspect, a frame buffer is provided for a digital video
decodi ng system having video scaling capahilities. The frame buffer

i ncl udes nultiple defined nenory areas for receiving I, P & B franes of a
decoded stream of video data. The multiple defined nenmory areas conprise a
first area and a second area for receiving full size |I and P frames of the
decoded stream of video data, as well asgat |east one third area for
receiving scaled 1., P & B franes of the decoded stream of video data
commensurate with the first area and the second area receiving the ful

size | and P ffa”e n,vet apot graaéuﬁgééﬁe asgeciy mfea A¥EB4LP éiFHHEn{ ses a

frame buffer for Ita codi n ste avj ng Vi lin
capabilities. #ﬁeplfq’ do&?ﬁf’é’flguﬁc*il%@sl Ngﬁﬁg %13 é‘?éﬁaif‘?h‘”t d| 3. t al
vi deo decodi ngmegst erfhethdn tbeongrmal o:fldaOpmedef i i siize. £Tamed raxree
buffer furthergyeput for display on a video dlsplay coupﬂéd tolﬁﬁélﬁkﬁhééﬂﬂr(ﬂ
| ogic for partltlonléngAI of Hg r edef L SIZ 0 thr e buffer
areas when t heVafigPt ﬁﬂ§b8§§E§ﬂiﬁﬁl ng@h%ﬁs Fﬁ BERS $?d3% $rode,
wher ei n the t heealedffmmes copprising e findctdopal | size &thhﬁaﬁﬂe%l ofize
ggf?fifd st [ ﬁamfefam&bd@% Qﬂif@utTESrC@ﬁﬁﬁy loRgichel idas tdl@plaﬁaptﬁdf%&ne iy
ion the i nto fi.ve are e i ecodin
systemis in aggl%g?%dl’?/l% ’T‘?t?&e ée‘?‘?c\’/%%:o\ygf g}:&grﬁé% %Iurﬁsgfg first )
area and a secdémamngsecand dihe §@é{1¢ﬁn§r¢lﬁ¢$ afitex p éﬁ@@‘?‘-’ré’-ﬁ%‘? sherpef
decoded st reamagly gsrs!e@ et didplagt tigestwiereinr dhereais faoprelesirad and

fifth area for 1a%%%l Qgt‘%:eeﬁ Q:%e degogﬁ.l?gfl{iqt{ge%naf tﬁgedlsplay time. The
predefined latency between the decoding time and the display
time comprises a first latency when the digital video
decoding system is in normal video mode and a second latency
when the digital video decoding system is in scaled video
mode.

In still another aspect, a frame buffer is provided for
a digital video decoding system having video scaling
capabilities. The frame buffer includes multiple defined
memory areas for receiving I, P & B frames of a decoded
stream of video data. The multiple defined wmemory areas
comprise a first area and a second area for receiving full
size I and P frames of the decoded stream of video data, as
well as at least one third area for receiving scaled-I, P &
B frames of the decoded stream of wvideo data commensurate
with the first aréa and the second area receiving the full
size I and P frames.

In a further aspect, the invention comprises a frame
buffer for a digital video decoding systewm having video
scaling capabilities. The frame buffer includes memory
associated with the digital video decoding system. The
memory is of a predefined size. The frame buffer further



decoded stream of video data. Met hods and articles of manufacture
corresponding to the above-outlined systens and franme buffers are al so
descri bed and cl ai ned herein. To restate, disclosed hereinis a
digital video decode system nethod and article of manufacture which
present an integrated scaling capability. The decoder is arranged such
that it reduces the overall bandwidth to external nenory when in the

scal i ng node. For exanple, the display%icture can be reduced by a factor
of 2 and/or 4 in both the horizontal and vertical axis. Advantageously,
the integrated scaling function for the video decode system presented

herein uses exkshddd SRRAr 16@&9@{@ ga;}taelgeaﬁﬁgfc%@in% abkt Mn%cal fdt |
I-mage. error.mn ec 1 QN cal L n a ecC e .ne e Oota
onory bandwPHERCF R A Anre. FORtR A EHR PRER SRS T AYSB &Rt dt h
avai | abl e t ovédherdeéeedinesystamhigsinp normpievidgeapiidss. whereinsthei ng

i erre?t ed itﬁrféécﬁtﬁﬂﬁéf%ré&st h}eba')we Lﬁﬁ/ﬁn'@siilQ@ Eeapi & 65 dRwResesEernal
menory (1. e€. a urtrer [ t han gyl r.ed . a st -

7 by ocesel REABRRaatteT of VIdeH) apily B0l BonCrbf Rl o PoRRlk
size frame b@Ppersd Farpaerition sbeoremeice iRton five sPRERRINEISRS WWPPChi ng

bet ween non- kel Wagieal eikdd M@coddng sasenndls RhOHUSEaThd pH@oAkodkact s.
Scaling in acagr dadgenptbile el BYGBELOD L31250-he SIRIOYRA M D B frame
menory reduction in fu frame format, as well as wth [etterbox format.

area for receiving full size I and P frames of the decoded

stream of video data, and at 1east_a third area, fourth area

and fifth area for receiving scaled I, P & B frames of the

decoded stream of video data.

Methods and articles of wmanufacture corresponding to
the above-outlined systems and frame buffers are also
described and claimed herein.

To restate, disclosed herein is a digital video decode
system, method and article of manufacture which present an
integrated scaling capability. The decoder is arranged such
that it reduces the overall bandwidth to external memory
when in the scaling wmode. For example, the display picture
can be reduced by a factor of 2 and/or 4 in both the
horizontal and vertical axis. Advantageously, the
integrated scaling function for the videoc decode system
presented herein uses existing decoder hardware to produce a
high quality scaled image.

By performing decimation/scaling at decode time, the
total memory bandwidth requirement is reduced, making more
wemory bandwidth available to other features, such as on-
screen graphics. Thus, scaling implemented in accordance
with this invention requires less external wewmory (i.e.,
frame buffer memory) than would be required by a post-



Brief Description of the Draw ngs The above-descri bed objects,
advant ages and features of the present ‘invention, as well as others, wll
be nore readily understood fromthe followi ng detail ed description of
certain-preferred enbodi nents of the invention, when considered in

conjunction with the acconpanying draw ngs in which: Fig. 1 shows an
exenpl ary pair of groups of pictures (GOPs) ; Fig. 2 shows an
exenpl ary macrobl ock (MB) subdivision Df a picture (4:2:0 format);

Fig. 3 depicts a block diagramof a video decoder; Fig. 4 is block

di agram of a video decoding systemto enpl oy the principles of the
present inventd¥essing appFodbh,dil.8.a dedAidied srhodt FRl1Preuyideo
decodi ng sysé emin gccordatnce Wlbtfj':l t he pr'}uncthI es,of the doresent
i nventi on:- our full size frame buffers. rt er,81n accordance with
: this invention, switching between non-scaling and scaling
modes does not produce display artifacts. Scaling in
accordance with this invention can also be employed with B

frame memory reduction in full frame format, as well as with
letterbox format.

Brief Description of the Drawings

The above-described objects, advantages and features of
the present invention, as well as others, will be more .
readily understood from the following detailed description.
of certain preferred embodiments of the invention, when

considered in conjunction with the accompanying drawings in
which: '

Fig. 1 shows an exemplary pair of groups of pictures
{GOPs) ;

Fig. 2 shows an exemplary macroblock (MB) subdivision
of a picture (4:2:0 format);

Fig. 3 depicts a block diagram of a video decoder;

Fig. 4 is block diagram of a video decoding system to

employ the principles of the present invention;

Fig. 5 is a detailed embodiment of a video decoding

system in accordance with the principles -of the present
invention;



Fig. 6 illustrates frane buffer subdivision in a normal node and in a

vi deo scaling node in accordance with the present invention; Fig. 7a
is a timng diagram showi ng del ayed display tinming in a video scaling node
i n accordance with the principles of the present invention; . .Fig. 7b
il lustrates one exanple of switching of the small frame buffers 2, 4 &6
of Fig. 6 in accordance with the present invention; Fig. 8is a

bl ock di agram of one enbodi ment of a dE&cinmation unit in accordance with
the principles of the present invention for the video decode system of Fig.
5; Fig. 9 is a block diagram of one enbodi nent of display node

svm'tchlogicinaﬂ‘é)r \ | Ng] f Qﬁ-'sqrs t i yon for
t-he vi deo decode syst ﬁqg?u%ggt%%]efa%éd&%%g% l%lﬂaé1 1 |°gl gﬂf Foiquéc‘ ar% of
one enbodi nempdefanpt cgessivideo séajpingrawvded ibyatherdammee génbr ther of Fig. 9
i n accordancgres#ht hdhaohRci pl es of the present invention.

Best Mode for Carrying Qut the Invention _ As the present invention
may be applied in connection wth an MPEG 2 decoder, in order to

facilitate an unB&SstZmdisng shiming dingran ehowingedebayddheispdspect s of
the MPEG tzhc%ﬁﬁﬁé.six‘?”a 1 EQHE;&R@ :EécieStin[ %‘é’g‘%‘é’ﬁgncé teith 4@ Pe noted,
at n al so be applie

however, heT7invention can a I )
principles of the present invention;

Fig. 7b illustrates one example of switching of the

small frame buffers 2, 4 & 6 of Fig. 6 in accordance with

the present invention;

?ig; 8 is a block diagram of one ewbodiment of a

decimation unit in accordance with the principles of .the
present invention for the video decode gystem of Fig. §;

Fig. 9 is a block diagram of one embodiment of display

mode switch logic in accordance with the principles of the
present invention for the video decode system of Fig. §5; and

Fig. 10 is a flowchart of one embodiment of processihg.
implemented by the sync generator of Fig. 9 in accordance

with the principles of the present invention.

Best Moae for Carxrving Out the Invention

As the present invention may be applied in connection
with an MPEG-2 decoder, in order to facilitate an
underétanding of the invention, some pertinent aspects of -
the MPEG-2 compression algorithm are first reviewed. It is
to be noted, however, that the invention can also be applied



9. to:other video coding algorithns which share sone of the features of
the MPEG 2 al gorithm To begin with, it will be urderstood that the
conpression of a data object, such as a page of text, an inmage, a segment
of speech, or a video sequence, can be thought of as a series of steps,

i ncluding: 1) a deconposition of that object into a collection of tokens;
2) the representation of those tokens by binary strings which have n1nlwm
| ength in sonme sense; and 3) the concat@nation of the strings in a _
wel | -defi-ned order. Steps 2 and 3 are lossless, i.e., the original data is
faithfully recoverable upon.reversal, and Step 2 is known as entropy

coding. Step ltcastika eiitber cb@msd %&%o@ithr%%lldih g8A8E domdRH thkdeo
conpressi on al ﬁ&éé&z@.@;o r@ *eoﬁﬁé/G ge%a 3&; t(:)h stringent bit- rate

requi renents. A success 0SSy conp ESSI on algorithmelimnates redundant
and irrel evant |nformat|on, allowing relatively large errors where they are
not |ikely to be viBuddginsiitih f i:ﬂam:LlanHecl&km‘nddo)bdr epaeseny i ng aspects of

a sequence to WehGHeddionWEFey or chs %@ na%%shgégeoﬁﬂ} S eghni ques

enpl oyed in the EG 2 algorit Cri
predi ctive/ i nt PP atd \ﬁ?gﬂ‘ﬁf‘Fo oL aP%oa h‘{/’iﬂqod sB@‘FPBF’E]VIQ?éUh@g Huf f man
codi ng, al so khoewglts ofamisabl setigidf sodpsy,includiegd:ip) Siep 2. The

MPEG- 2 vi deo sgasstfpsh e bEeend: Eﬁﬂ%‘é&l ?‘2%‘23‘79%2?%63&85 St qﬁﬁg_gr 2)

transm ssion a set forth in,l SO |

Mbvi ng Pi ct ur e5 antPIRRaSRtaFLgn i "g‘qsﬁ"f 5PkeRs fy bimary, S‘F’F&ré&ﬁwét’fnil&hal
St andar d, 1994havt@eaninigwli length Uesiogeedetse pperdattd chei obsrdtaead ioh

non- i nt er | acedog OpRONEYHin g'sdﬁﬁ a RAON RIGEHES Safed T 88e eBaMPC Sy o

!I_E;n C?ggg ((j;% glﬁgglc | Or . Iffgflgn&:@ g(n.cra)l dgt[.]ad Jj?Sl ueal%%lf&rl.lylrecoveerl‘%%l(e )
upon reversal, and Step 2 is known as entropy coding. Step
1 can be either lossless or lossy in general. Most wvideo
compression algorithms are lossy because of stringent bit-
rate requirements. A successful lossy compression algorithm
eliminates redundant and irrelevant information, allowing
relatively large errors where they are not likely to be
visually significant and carefully representing aspects of a
sequence to which the human observer is very sensitive. The
techniques employed in the MPEG-2 algorithm for Step 1 can
be described as predictive/interpolative motion-compensated
hybrid DCT/DPCM coding. Huffman coding, also known as
variable length cbding, is used in Step 2.

The MPEG-2 video standard specifies a coded
representation of video for transmission as set forth in
ISO-IEC JTC1/SC29/WGll, Generic Coding of Moving Pictures
and Associated Audio Information: Video, Intermational
Standard, 1994. The algorithm is designed to operate on
interlaced or non-interlaced component video. Each picture
has three components: luminance (Y), red color difference
(Cr), and blue color difference (Cb). The video data may be
coded in 4:4:4 format, in which case there is one Cr and one



coded:in 4:4:4 format, in which case there is one O and one

10 Cb sanple for each Y sanple, in 4:2:2 format, -in which case there are
hal f as many Cr and Cb sanples as |um nance sanples in the horizontal
direction, or in 4:2:0 format, in which case there are half as many Cr and
Cb sanples as |um nance sanples in both the horizontal and vertical

di rections. An MPEG 2 data stream consists of a video stream and an
audi o stream which are packed, togethep with systens infornmation and

possi bly other bitstreans, into a systens data streamthat can be regarded
as layered. Wthin the vi deo | ayer of the MPEG 2 data stream the

conpr essed dat shfipl 4 4i0TaY 97 Sttt 09304 BLpOBoBhad NO0LA3BAZ8ALEN, Of

the layers w al’d 1n understa ]g | nvention ese |layers o
MPEG- 2" Vi deo “R&Y8r FF Siahic A BABY € tﬁi%qbnsla—‘}"‘@%es 12% Jélmlﬂ%‘cﬁayer s pertain
to the operaskoples imeleoimordgenomnl aligmdtilom, asrweh| 4 ¢&: 0 feramatposnt i on of

Someay L?ﬁ;eg“E%‘F%S‘t’é@@r““eqé.eg%gﬁgﬁ S8y T BRa D URREe YT
the next laydfmiga gaa&a@-%s Lo B e HiorigophRl | Bra STEHERL de nr ot ur b,

each known asilacet'cmgup of Pictures" (GOP). A general illustration of this
| ayer is shown in Fig. 1. Decodi ng may begln at the start of any GOP,

nunber of  pi ot ur SR ITRR i e SE RS LRSI 86 it SR BERgtal
nunbers of piasdicestraan|yvhighpare packed, Tipgathierdwdkthpeystans | ayer is a
singl e picturi;mfcAmagebar ahd idddeibigt beReBibidHtrdadir ihfo SHWYEtemsH 9. 2.
The  Tum nancg, coMRoNgH! vl GAGN bR' Ehihfald SHOEAGY | Richitd dhe

video layer of the MPEG-2 data stream, the compressed data

is further layered. A description of the organization of

the layers will aid in understanding the invention. These

layers of the MPEG-2 Video Layered Structure are shown in

Figs. 1 & 2. The layers pertain to the operation of the

compression algorithm as well as the composition of a
compressed bit sﬁream. The highest layer is the Video
Sequence Layer, containing control information and
parameters for the entire sequence. At the next layer, a
sequence is subdivided into sets of consecutive pictures,
each known as a "Group of Pictures" (GOP). A general
illustration of this layer is shown in Fig. 1. Decoding maf

begin at the start of any GOP, essentially independent of
the preceding GOPs. There is no limit to the number of
pictures which may be in a GOP, nor do there have to be
equal numbers of pictures in all GOPs.

The third or Picture layer is a single picture. A
general illustration of this layer is shown in Fig. 2. The

luminance component of each picture is subdivided into 16 x
16 regions; the color difference components are subdivided
into appropriately sized blocks spatially co-sited with the
16 x 16 luminance regions; for 4:4:4 video, the color



16 regions; the color difference conponents are subdivided into
approprlately si zed bl ocks spatially co-sited with the 16 x 16 |um nance
regions; for 4:4:4 video, the color di fference conponents
are- 16 x 16, for 4:2:2 video, the color difference conponents are 8 x 16,
and for 4:2:0 video, the color difference conponents are 8 x 8. Taken
together, these co-sited | um nance reglpp and col or difference regi ons nmake
up the fifth layer, known as a "macrobl ock” (MB). Macroblocks in a picture
are nunbered consecutively in |exicographic order, starting with Macrobl ock
1. Between the Picture and MB | ayers is the fourth or "slice" |ayer.

Each slice coasifgesenfe SEdpITHREr afE TONSEML ifde VB2S2 Haw, | ytheeach IVB

consi sts of f% hof é&féf‘éﬂ&a fioBhOAKS £x 46,0hp8 £ ‘5 b $ia

and 4:2:0 v chrom nance bl 0eks eq uence ﬂLne an éllc
| ayers all ha\F@ehé?QEI@Fsd’a%%Qﬁﬁnﬁee&oﬂpPﬂe%%rﬂrel'ﬁ"exhéade'?%k%dﬁoﬁe\ﬁpﬁﬁv
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field-structured or .frame- structured ame-structured, pictyre contains
i nformation t EACHOBASCKE IR A RAQLUrE prgpumbered copsecPihbyel#t ¥ of one
field contai nilexidograptiti omdernndthreiogheith iMdatobdntki hi ng t he even
l'ines. A-field-structured picture contains information to reconstruct one

field. If the wdth of each | um nance fra i gtu ts or el
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fiel d-struct urtsligedt deyeront Bacls slifcer pansbsts o?f GopeRNPMpeR edfs.
consecutive MB's. Finaily, each MB consists of four 8 x 8
luminance blocks and 8, 4, -or 2 (for 4:4:4, 4:2:2 and 4:2:0
video) chrominance blocks. The Sequence, GOP, Picture, and
slice layers all have headers associated with them. The
headers begin with byte-aligned Start Codes and contain
information pertinent to the data contained in the
corresponding layer.

A picture can be either field-structured or frame-
structured. A frame-structured picture contains information
to reconstruct an entire frame, i.e., the combination of one
field contéinihg the odd lines and the other field
containing the even lines. A field-structured picture
contains information to reconstruct one field. If the width
of each luminance frame (in picture elements or pixels) is
denoted as C and the height as R (C is for columns, R is for
rows), a field- structured picture contains information for C
x R/2 plxels

The two fields in a frame are the top field and the
bottom field. If we number the lines in a frame starting
from 1, then the top field contains the odd lines (1, 3, 5,

.} and the bottom field contains the even lines (2, 4, 6,



The two fields in a frame are the top field and the bottomfield. If we
nunmber the-lines in a frane starting from1, then the top field contains
the odd lines (1, 3, 5, .) and the bottom-field contains the even lines

(2, 4, 6, 12 .). Thus we may al so
cal | thetopfleldthe odd field, and the bottomfield the even field.

A macroblock in a field- structured picture contains a 16 x 16 pi xel segnent
froma single field. A macroblock in a f2ane-structured picture contains a
16 x 16 pixel segment fromthe franme that both fields conpose; each

macr obl ock contains a 16 x 8 region fromeach of the two fields.
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previously displayed | or P pictures and two reconstructed fields froml or
P pictures that w IWithdn a GOP, three types of pictures can appear. The

distinguishing difference among the-picture types is the
compression method used. The first type, Intramode pictures
or I-pictures, are compressed independently of any other
picture. Although there is no fixed upper bound on the
distance between I-pictures, it is expected that they will
be interspersed frequently throughout a sequence to
facilitate random access and other special modes of
operation. Predictively motion-compensated pictures (P
pietures) are reconstructed from the compressed data in that
picture plus two reconstructed fields from previously
displayed I or P pictures. Bidirectionally motion-
compensated pictures (B pictures) are reconstructed from the
compressed data in that picture plus two reconstructed
fields from previously displayed I or P pictures and two
reconstructed fields from I or P pictures that will be
displayed in the future. Because reconstructed I or P

pictures can be used to reconstruct other pictures, they are
called reference pictures.

With the MPEG-2 standard, a frame can be coded either
as a frame-structured picture or as ‘two field-structured
pictures. If a frame is coded as two field-structured
pictures, then both fields can be coded as I pictures, the
first field can be coded as an I picture and the second



di splayed in the future. Because reconstructed |I or P pictures can be used
to reconstruct other pictures, they are called reference pictures.

Wth the MPEG 2 standard, a frame can be coded either as a
frame-structured picture or as two field-structured pictures. If a frame
I's coded as two field-structured pictures, then both fields can be coded
as | pictures, the first field can be coded as an | picture and the second
13 field as a P picture, both fiel dd3can be coded as P pi ctures, or both
fields can be coded as B pictures. If a frane is coded as a
frame-structured | picture as two field-structured | pictures, or as a

field-structugedid &4 CeI l#%lEQhEQV\BﬁoQY i d1iagl daftbeicdddRd B picture, we say
that the frane,i reconstruct W t hout using picture
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picture or as two field- structured P pictures, we say that the frame is a
P frame, it can bexfeé;oxfﬁx@qtseéo&éanaér&(ﬂﬁ&fel-aamatﬁm Quphephré! age and
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di screte structured P pictures, we say that the frame is a P frawme;
it can be reconstructed from information in'the current
frame and the previously coded I or P frame. If a frame is
coded as a frame;structured B picture or as two field-
structured B pictures, we say that the frame is a B frame;
it can be reconstructed from information in the current
frame and the two previously coded I or P frames (i.e., the
I or P frames that will appear before and after the B
frame). We refer to I 6r P frames as reference frames.

A common compression technique is. transform coding. 1In
MPEG-2 and several other éompression standards, the discrete
cosine transform (DCT) is the transform of choice. The
compression of an I-picture‘is achieved by the steps of 1)
taking the DCT of blocks of pixels, 2) quantizing the DCT
coefficients, and 3) Huffman coding the result. In MPEG-2,
the DCT operation converts a block of n x n pixels into an n -
x n set of transform coefficients. Like several of the
international compression standards, the MPEG-2 algorithm
uses a DCT block size of 8 x 8. The DCT transformation by
itself is a lossless operation, which can be inverted to
within the precision of the computing device and the .
algorithm with which it is performed.



cosine:transform (DCT) is the transform of choice. The conpression of an

| -picture is achieved by the steps of 1) taking the DCT of bl ocks of

pi xel s, 2) quantizing the DCT coefficients, and 3) Huffman coding the
result. In MPEG 2, the DCT operation converts a block of n x n pixels into
an n x n set of transformcoefficients. Like several of the international
conpressi on standards, the MPEG 2 al gorithm uses a DCT bl ock size of 8 x 8.
The DCT transformation by itself is a | désless operation, which can be
inverted to within the precision of the conputing device and the al gorithm
with which it is perforned. - 14
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It is important to note that QP can vary from MB to MB
within a picture. '

Following quantization, the DCT coefficient information
for each MB is organized and coded, using a set of Huffman
codes. As the details of thif§ step are not essential to an
understanding of the invention and are generally understood
.in the art, no further description is needed here.

Most video sequences exhibit a high degree of
correlation between consecutive pictures. A useful method
to remove this redundancy'prior to coding a picture is
"motion compensation". MPEG-2 provides tools for several
methods of motion compensation.

The methods of motion compensation have the following
in common. For each macroblock, one or more motion vectors
are encoded in the bit stream. These motion vectors allow
the decodef to reconstruct a macroblock, called the
predictive macroblock. The encoder subtracts the
"predictive" macroblock from the macroblock to be encoded to
form the "difference" macroblock. The encoder uses tools to



Most video sequences exhibit a high degree of correl ation between
consecutive pictures. A useful nethod to renpve this redundancy prior to
coding a picture is "notion conpensation”. MPEG 2 provides tools for
several nethods of notion conpensation. The met hods of notion
conpensati on have the following in common. For each macrobl ock, one or
nore notion vectors are encoded in the bit stream These notion vectors
allow the decoder to reconstruct a macrd®l ock, called the predictive
macr obl ock. The encoder subtracts the "predictive" macroblock fromthe
macr obl ock to be encoded to formthe "difference" macrobl ock. The encoder
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| or P frame. the previous I or P frame. 1In a B picture, backward (B)
wotion compensation can algo be used; in this case, the
predictive macroblock is formed from data in the future I or
P frame. In a B picture, forward/backward (FB) motion
coﬁpensation can also be used; in this case, the predictife
macroblock is formed from data in the previous I or P frame
and the future I or P frame. =~

Because I and P pictures are used as references to
reconstruct other pictures (B and P pictures) they are
called reference pictures. Because two reference frames are
needed to reconstruct B frames, MPEG-2 decoders typically
store two decoded reference frames in memory. '

Aside from the need to code side information relating
to the MB mode used to code each MB and any motion vectors
associated with that wmode, the coding of motion-compensated
macroblocks is very similar to that of intramode MBs.
Although there is a small difference in the quantization,
the model of division by wmn times QP still holds.

The MPEG-2 algorithm can be used with fixed bit-rate
transmission media. However, the number of bits in each
picture will not be exactly constant, due to the different



Because | and P pictures are used as references to reconstruct other
pictures (B and P pictures) they are called reference pictures. Because
two reference franes are needed to reconstruct B frames, MPEG 2 decoders
typically store two decoded reference frames in nenory. Aside from
the need to code side information relating to the MB node used to code
each MB and any notion vectors associated with that node, the codi ng of
not i on- conpensated nmacroblocks is veryWésinmlar to that of intranode MBs.
Al t hough there i's a small difference in the quantization, the nodel of
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conpr essed tﬂ‘by a hypothetical decoder. The buffer is filled at a
constant bit-rate with compressed data in a bit stream -from
the storage medium. Both the buffer size and the bit-rate
are parameters which are transmitted in the compressed bit
stream. After an initial delay, which is also derived from
information in the bit stream, the hypothetical decoder
instantaneously removes from the buffer all of the data
associated with the first picturé. Thereaftexr, at intervals
equal to the picture rate of the sequence, the decoder
removes all data associated with the earliest picture in the
buffer.

Fig. 3 shows a diagram of a conventional video decoder.

The compressed data enters as signal 11 and ig stored in the
compressed data memory 12. The variable length decoder

(VLD) 14 reads the compressed data as signal 13 and sends
motion compensation information as signal 16 to the motion
compensation (MC) unit 17 and quantized coefficients as
signal 15 to the inverse quantization (IQ) unit 18. The
motion compensation unit reads the reference data from the
reference frame memory 20 as signal 19 to form the predicted
macroblock, which is sent as the signal 22 to the adder 25.
The inverse quantization unit computes the unquantized



stream. After an initial delay, which is also derived frominformation in
the bit stream the hypothetical decoder instantaneously renpoves fromthe
buffer all of the data associated with the first picture. Thereafter, at

intervals equal to the picture rate of the sequence, the decoder renoves
all data associated with the earliest picture in the buffer. Fig. 3
shows a di agram of a conventional video decoder. The conpressed data '
enters as signal 11 and is stored in th&7 conpressed data nenory 12. The
variable I ength decoder (VLD) 14 reads the conpressed data as signal 13
and sends notion conpensation information as signal 16 to the notion
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memory if the macroblock comes from a reference picture or
sends it out (to memory or display) as signal 28. Reference

frames are sent out as signal 30 from the reference frame
memory.

Various techniques have been proposed for reducing
memory requirements of a decode system by storing decoded
video data in compressed form. One such technique is
described in the above-incorporated patent application
entitled "Multi-Format Reduced Memory MPEG-2 Compliant
Decoder," Serial No. 08/958,632. This co-pending
application relates to a method for reducing memory
requirements for frame buffer storage for an MPEG-2 decoder,
and to editing or wmodifying the video output, e.g., from a
4:3 form factor of television to a 16:9 format of motion
pictures. A significant aspect of the technique is
decimation of the B-coded pictures within hardware of the
'video decoder. This technique includes first motion
compensating the P-coded and B-coded pictures, followed by
" decimating the B-coded pictures during the decode phase, and
increasing the size of scan line fetches for the I-coded and
P-coded pictures to enable their horizontal decimation
during the display phase. '



sends it out (to nenory or display) as signal 28. Reference franes are sent
out as signal 30 fromthe reference frame nenory. Vari ous techni ques
have been proposed for reducing nenory requirenents of a decode system by
storing decoded video data in conpressed form One such technique is
described in the above-incorporated patent application entitled

"Mul ti-Format Reduced Menory MPEG 2 Conpliant Decoder,” Serial No.

08/ 958, 632. This co-pending application Y&l ates to a nethod for reducing
menory requirements for frame buffer storage for- an MPEG 2 decoder, and to
editing or nodifying the video output, e.g., froma 4:3 formfactor of
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OSDY audi o FI FO 50. A Menpr y coqéroILer 2 wll place video data into a
correct memory compresse ideo data is then retrieved by the video decoder
54 from DRAM 53 and decoded as described above in connection

with Fig. 3. Conventionally, the decoded video data is then

stored back into the frame buffers of DRAM 53 for subsequent
use as already described. When a reference frame is needed,
or when video data is to be output from the decode system,
stored data in DRAM 53 is retrieved by the MEM controller
and forwarded for output via a display & OSD interface 58.
Audio data, also retrieved by the memory controller 52, is
output through an audio interface 60. '

As discussed initially herein, this invention addresses
‘the need for a decoding system with integrated scaling '
capability which can scale the size of an MPEG-2 video
presentation by a predetermined reduction factor. At the
same time, the invention preferably allows for reduction in
external-memory rquirements for full-frame buffer storage
as well, e.g., using the above-described B frame memory
reduction technique. As the MPEG-2 video decoder market
becomes more and more competitive, the need for high level
of feature integration at the lowest possible cost is
important to achieving success in the mafketplace. The
present invention acknowledges this by providing a scaling
mode to reduce the size of a display picture by a predefined



buffer .w thin dynam ¢ random access nenory (DRAM 53. MPEG conpressed vi deo
data is then retrieved by the video decoder 54 from DRAM 53 and decoded as
descri bed above in connection with Fig. 3. Conventionally, the decoded
video data is then stored back into the frane buffers of DRAM 53 for
subsequent use as al ready described. When a reference franme is needed, or
when video data is to be output fromthe decode system stored data in DRAM
53 is retrieved by the MEM controller ah¥ forwarded for output via a

di splay & CSD interface 58. Audio data, also retrieved by the nenory
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one enbodi nent” of , a ecode system_ I n accordance he prlnC|pIes
of the presentalYﬁéﬁﬂ dqeoder 54 and provides video data for display

through video display unit 90. In accordance with the
principles of the present invention, video decode system 65
of Fig. 5 includes numerous features which implement a video

scaling mode capability.

For example, decimation unit 82 is modified to include
both a normal video decimation mode and a video scaling
mode. Frame buffers 53 are modified to accommodate storage
of decoded video data in either full-frame format or a
combination of full-frame format and scaled video format.
Display mode switch logic 96 is provided within video
display unit 90 to facilitate seamless switching between
normal video mode and scaled video mode. Frame buffer
pointer control 86 is modified to provide the correct frame
buffer pointers based 6n_the novel partitioning of the frame
buffers when in normal video mode and when in scaled video
mode. Further, as described in the above-incorporated, co—.
filed United States patent application, a flicker reduction
mechanism is preferably integrated within video display unit
90, and in particular within vertical upsample logic 94.
Each of these features is described in detail below, with
the exception of flicker reduction which is described in the
co-filed application.



Thi s vi.deo decode system i ncludes external nenory 53, which in the

enbodi nent shown conprises SDRAM frane buffer- storage. Menory 53 interfaces
with a menory control unit 52. Menory control unit 52 receives decoded
video data froma video decoder 54 and provides video data for display

t hrough video display unit 90. In accordance with the principles of the
present invention, video decode system 65 of Fig. 5 includes numerous
features which inplenment a video scaliﬁ% node capability. For
exanpl e, decimation unit 82 is nodified to include both a normal video

deci mati on node and a video scaling node. Frane buffers 53 are nodified to

ac;:rgmm?ate S]EO][ a|9|© fei:aéfsﬁwﬁﬂr Vlaeheﬂpd@t npt eiﬂdlée][ sbutde f:rsaledfOI’n’B.t or a
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buf fer poi nt ermemdamolae86aes TIZJ,dI]frlv%d's"eOQﬁ&mim t7lag Coverssd DOTams, buff er

poi nt er s basedyGn the. RYELPALY 144 QlagaBlx (4, FAR BUREersh When i n

normal vi deo nodé an n scal e Furt her, as descrlbed in

t he above-i ncolerfihed aPQYelee%P%ﬂqté&nSY’h?lésﬂt?at"éﬁF%ﬁ% €k Fn Fig-
flicker reductgon AE%@&%‘rﬁH&' ?r&éé‘éﬁrabﬂoyw@iﬁgééit&é Wi Bb Ngaddiro di spl ay

unit 90, and in particular within vertical upsanple |ogic 94. Each of these
features i s deprot¢dssl and,ddnaptcoedange with the pd Lef of the cker
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Operational | Yo E ut VI gh nmenory
control un|t s¥RgRe Y &t %\/%@g-EZg\all é’ta%ggé?uéﬁee‘} gl\%ﬁj“g’g decoder
54. Decoder 54behveemlesLqr example, normal video dlsplay and scaled video
display. This signal is referred to in Fig. 5 as a "“host

controlled format change" signal. 1In response to host
format changes, control signals are sent from internal
proceséor 70 to Huffman decoder 72, Inverse Quantizer 74,
Motion Compensation 78, as well as to upsample logic 94,
display fetch unit 92 and display mode switch logic 96
within video display 90. Again, these control signals
direct the video decode system in accordance with the
principles of the present invention (and as described below)
to switch the display output between, for example, normal
video mode and scaled video mode.

Full size macroblocks of decoded video data are
sequentially output from video decoder 54 to decimation unit
82 where, in one embodiment, the full size macroblocks
undergo one of two types of compression. First, if full
size video is desired, then decimation of the B-coded
pictures only is still preferably performed as described in
the above-incorporated application entitled: "Multi-Format
Reduced Memory MPEG-2 Compliant Decodef". In this normal
video mode, decimation is a process of reducing the amount
of data by interpolating or averaging combined values to get
an interpolated pixel value. Interpolation reduces the



Huf f man decoder 72, Inverse Quantizer 74, Inverse DCT 76, Motion
Conpensation 78 and adder 80, which functlon as descri bed above in

" connection with the video decoder of Fig. 3. An internal processor 70

oversees the video decode process and, in accordance with the principles of

the present invention, receives a signal froma host system whenever the

host desires to switch the video displ &) between, for exanple, normal video

di splay and scal ed video display. This signal is referred to in Fig. 5 as a

"host controlled format change"” signal. In response to host format

changes, control signals are sent frominternal processor 70 to Huffman

decoder 72, |mwbee o@@mkézer At tmkéear@m%kteﬂna?ﬁme%r?eag as to
upsanpl e Iogl c 94, re(g 81%1%\ e‘;cr nit gﬁ de. switch |ogic 96
within video HTLPIEY 90 TAGaPTE e SESEGN ¢ ?%dt t he video
decode systenﬂ??ﬁ@ﬁﬁ&ﬂnd&néé 3@tQﬁHﬂQENErPH@FEEE§CGﬂlPﬁe1$wﬁﬂﬂ9ﬂdanﬁﬁent|on
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under go one ohotiwortele sndf vepopessixds.. First, if full size video is

desired, then decimation of the B-coded pi ctures onl y is still preferably
perfor rred as described in _.the above L ncorporated application entitled:
"Mil ti-Format RediteRE WYy Prepiiing Sseimphien MEHdd8R" Vith & 1fit<re3st nal

video node, de€i gatoded ifnlad -pieeasscibloeaci niddde@eantant aload taide ly
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value. Interpolatjon re
P gch lets decimation unit 82 know when a macroblock has

been completely decoded. Similarly, dec;matlon unit 82
-provides a “decimator busy" signal on line 85 to motion
compensation unit 78 of video decoder 54. This "decimator
busy" signal informs the motion compensation unit when the
decimation unit is busy and when the unit has completed its
operations, after which the motion compensation unit can
proceed to the next macroblock.

Motion dompensation unit 78 of video decoder 54
provides read video addresses directly to memory control
unit 52, and write video addresses to decimation unit 82 for
writing of decoded video data (full size) and/or scaled
macroblocks to external memory 53. In parallel with the
read video address and write video address, pointers are
provided by frame buffer pointer control 86 to the memory -
control unit. These pointers define which frame buffer
areas within SDRAM 53 are to be accessed by a given read
video address or write video address in accordance with the
.partitionings of the frame buffer memory space pursuant to
this invention (as described further below). These pointers
are referred to in Fig. 5§ as current pointer and current

small pointer, with current pointer comprising a pointer for



nunber of pixels, and therefore, |ess external nenory is required in the
overall system In a second node, decimation unit 82 perforns picture
scaling in accordance with the principles of this invention. By way of
exanple, the type of scaling enployed nmay reduce the overall size of the
di splay picture by a factor of 2 or 4 in both the horizontal -and verti cal
axi s. Al ong with providing decipation unit 82 wth a stream of
decoded full-size nmacrobl ocks, video decoder also sends a "notion -
conpensation unit block conplete” signal on line 83, which |lets decimation
unit 82 know when a nmacrobl ock has been conpletely decoded. Simlarly,

deci mati on unit £821 ppimg desrabldeli rtdocubusyt snigjialpodntér neo@irisdingot i on
conpensati on HNpbidGePfrod deQcdee@dRicrobiodhl s “deci mator busy" signal
inforns the notion conpensation unit when the decimation unit is busy and
when the unit has conpleted its operations, after which the notion
conpensation unit Reeimatdowetinid 8$hareusivesnthoidendded full-sifdti on
gorme?lsatiton Hla'bi:oﬁﬁo'@fs,V:Megfcgﬁrin%mat?aﬁdﬁ&éﬁﬁgé&i 888 ﬁ?dresses _
irectly to control, un an i V] addr esses..to. -
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scal ed macrobedeNs t T extne nHeder WRgmatfop it 82 gutputsedeeedesl vi deo

address and wwiideoviades maddresse ﬁ@d:fcstﬂrolszkar €o RéEmyH ebrltyol I anet ]Emife\rm h'
poi nter contr 8 €, uni isnte efine iC
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vi deo addr ess SGCifptien \\ ity 8208Faises | thepfadldahee Wraebleekspardi ti oni ngs
of the franme kufthbetsneoaled spatebpocksaid vemoriyhtédntrvleriniansgagsodescri bed

further bel ow)sto'pg?geigo' & Surdbfsreferred to in Fig. 5 as current '
poi nter and curren sha pointer, with current pointer conprising a
k4 . ) .

poi nter for 22
Frame buffer pointer control 86 is significant and

controls rotation of the frame buffers, i.e., frame buffer
assignments, when in normal video mode and video scaling
wmode in accordance with the principles of the present -
invention (described further below).

As described in the above-incorporated applications,
decimation unit 82 also functions as part of video display
unit 90 when retrieving data for display. Specifically,
decoded video data comprising full-size scan lines is
retrieved from ffame buffer storage 53 and fed through
decimation unit 82 for B-frame re-expansion of pictures as
explained in the above-incorporatednpatent application
entitled “Multi-Format Reduced Memory Video Decoder With
Adjustable -Polyphase Expansion Filter." This is done so
"that consistency is maintained for the video within a group
of pictures, and thus reduced resolution of any one picture
is not perceptible. After re-expansion, the full-size scan
lines are provided to display output interface 98.



a- full- size macrobl ock, and current small pointer conprising a pointer for
a scal ed nmacr obl ock. Decimation unit 82 receives the decoded
full-size nmacrobl ocks, buffers the information internally and if scaling
node is activated, perfornms scaling as described below. In a nornmal node,
decimation unit 82 outputs decoded video data full-size macrobl ocks to
menory control unit 52 for storage in £2Banme buffers 53. When in scaling
node, decimation unit 82 scales the full-size nacrobl ocks and out puts
scal ed macrobl ocks to nmenory control unit 52 for storage in frane buffers
53. Frame buffer pointer control 86 is significant and controls
rotation of the fmamerhativery,iwhEn 1hranaedndda&ﬁngSﬁé@ﬁunaacsdemhen in .
nor mel Vi deo s, otk 48Ry SEA 10 saRAe) %&@&QEPE&‘V&& 'ELoh8xBhLNC! Pl es
escri

of the present |nvention el ow escribed in
the above-i nclt ’éﬁ@&rég%l§%é?Fbﬁ§@-G%E?ﬁ&&X(ﬁ? GRPR By dEePunct i ons as
part of vi deobdf&gtsa\B4uni TheOsadenlinesr aee i digvidetiabbowesh Slpinﬁ.yiance

Specifi cal 'y, afgcadeshivadea é@ééiéﬂdnwbtﬁ'Qgcﬁfﬂéntsbéénsffﬂb' nﬁ?
retrieved fromf{rame buffer stonﬁgi 53 and fed t v}ﬁgh deC|nat|on unlt 82

for B-frame rBEEHHEHHEE precifbsrn §§?)?af'r’rf?d P A5 Pe 84 EBr por at ed
pat ent appl i cuerohcahtand bdrixpmtdl Fmsﬁa\plﬂemeﬂ 9%k noVsatipleo Decoder W th
Ad] utstablg Fohbsit&b?éﬁsh d@ﬁaa&abeﬂvgdlﬁwm EBigy | ferd®NEnge é.‘i‘atwrﬁ%fi' Stgncy s
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full -size scaf:RrAacepsamwlingyi dud ﬁkiqmegpra?u@knqnn(1nnae¢¢&ﬂ&nd§3Wlth '
23 the principles of the above-incorporated, co-filed patent
application) . ‘

Display fetch unit 92 provides the read video address
for retrieval of scan lines from frame buffer storage 53. A
.Y"current pointer, current small pointer" synchronization
(sync) signal for display is received by wemory control unit
52 from display wmode switch logic 96 of video display unit
90. As notéd abové, the current pointer, current small
pointer signal points to the patrticular frame buffer area
from which scan lines are to be retrieved, while the read
video address signal designates the particular scan lines to
be retrieved within that frame buffer area.

Display wode switch logic 96 is provided in accordance
with the principles of the present invention in order to
ensure seamless switching between, for example, scaled video
mode and normal video mode. Logic 96 receives as input a
control signal from internal processor 70 of video decoder
54, as well as a vertical synchronization (VSYNC) signal
(from display output interface 98) and a B picture "MPEG-2
repeat field" signal from Huffman decoder 72 of wvideo
decoder 54. VSYNC is an external synchronization signal
that indicates the start of a new display field. Output



Al ternatively, when in video scaling node, decoded video conprising scal ed
scan lines is retrieved fromfrane buffer storage 53 and fed directly to
scan line video buffers 84. The scan lines are divided between | um nance
and chrom nance data and both a current scan |ine and a prior scan |line are
fed fromscan line video buffers 84 to vertical and horizontal upsanple

| ogic 94. Upsanple controls are received fromdisplay fetch unit 92, which
coordinates letterbox formatting, SIF apsanmpling, 4:2:0 to 4:2:2
upsanpling, and flicker reduction (in accordance with the principles of the
above-incorporated, co-filed patent application). Display fetch unit

92 provi des idhenl ago¥AylGRcaldneesn  WalllYel CYA! 28A1£6AD dd RER Trom frame
buf f er st or a e 53. A currentqum nter current snal |%",
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exanpl e, scal and “nor
input a cont®¥Ickioggafisplay ifHeEenhP heer awsige fyopf tb? dEsderowden 54, as
wel | as a vergwinAlhifgnbhtesdT aliisplal inydks . sivgaro d(at:aom Chbesd iapecomicput

i nterface 98) @gi .8 ‘é Mg%g% I eP&SRtdS L lof 1O Huffrran
t

decoder 72 of _vi P 32c %&%ﬁ‘%i’ $&e| s an exte naIi g%ghr{)mrz;ﬂ I on

si gnal that *Pfél’r“taétléél PRt st Hfame PuE ERE WP S igpinge| fraes ipififer
pointer coéntrol and display mode switch logic, all
implemented in accordance with the principles of this
invention, are described in greater detail below with
reference to Figs. 6-10.

First, the frame buffers. The frame buffers are used
to store the constructed pictures for display, as well as
for prediction of subsequent pictures. Since a B picture is
not used for prediction, its frame buffer is available for
use after the picture has been displayed. For I or P
pictures, the frame buffer needs to be‘held after display,
particularly for predicting B pictures.

Fig. 6 depicts frawme buffer allocation for both normal

- video mode and scaled video mode in accordance with the
principles of this invention. In normal mode, there are
three frame buffers to support the decoding and display
processés. Frame buffer 0 and frame buffer 1 are allocated
"for I and P ﬁictures, while frame buffer 2 is assigned to B
pictures. The frame buffers are tagged by buffer pointers,
i.e., the current pointers from frame buffer pointer control
86 of Fig. 5.



24  fromdisplay nmode switch logic 96, in addition to the current pointer,

current small pointer sync for the display, is a "display format sync for

di splay" signal fed to display fetch unit 92, as well as a "display format

sync for decode" signal fed to the decode | ogic of decinmation unit 82.

Di splay node switch logic 96 al so outputs a "block video" signal to display

output interface 98 which is enpl oyed,og n accordance with the principles of

the present invention, to block one display frame to keep noise fromthe

di spl ay when sw tching between display nodes. Video data is received at the

di splay output interface fromupsanple logic 94. The decimation unit, frane

buffer partitioni hg, the ssmmled redeparddesr atonbast Btk dirzakeapuibdesswi t ch

logic, all i e n d h I NGl s invention,
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are descri be er_deta Ference to
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predi cting Bgantirgdes. These smalilgbubfeepiares maiahy Bedd eﬁoxaldlmpaayon for
bot h nor nal z%%eﬁodﬁeanﬁlss“c’al%a Vi 888 dBE I&hécsﬁfmeaf@

principles of this_ inventi

A here re frarre buffers
to support tHE%fed8d h e’én'&oaqlstpltgﬁ ﬁ?‘%%%s%cé?mﬁf'a ‘%B %"éﬁ%aﬁ ame .
buffer 1 are @f |Badcsdreorthe ganstrpctedreictune e Stfamd bigftice e iZ hieg

assigned to Bnpifdrunesr bherés anadpehiien @&1 whgeRdvey Hufderiipeiet ers,
I.e., the curgent, D RLeEnt" AN LATE QUL e RAN 8F ER0LQle 88 Rl 9 5
is stored-into one of the smaller buffers, i.e., frame
buffer 2, frame buffer 4 or frame buffer 6. The full size
video is then used for prediction, while the small sized

video in the small frame buffers is used for display of the
scaled down picture. "

The frame buffers are configqured by'microcode during
initialization of the video decode system. A memory base
address is assigned to each frame buffer, and these memory
base addresses are selected by the buffer pointers generated
by frame buffer pointer control. The read and write video
addresses refer to specific addresses within a selected
frame buffer. Unless otherwise indicated, the term "frame
buffer" is used herein below as inclusive of all frame
buffer memory configured during initialization. “Frame
buffer area" refers to one of the specific frame buffers
depicted in Fig..G.

The video display operates in real tiwe, and therefore,
frame buffer pointers must be switched according to the
VSYNC timing. Since decoding is always ahead of the
display, a frame buffer must be made available to store the



25 : In the scaled video node, at least five frame buffers are

enpl oyed. Franme buffer 0 and frane buffer 1 again accommopdate full size |
and P picture video. The at |least three other buffers, which are | abel ed
frame buffer 2, frame buffer 4 and frame buffer 6 in the exanple shown, are
tagged by small pointers generated by the frame buffer pointer control.
These small buffers are mainly used for display purposes when in scal ed

vi deo node. The buffers are small size 20 order to fit the video scalings
When decoding an | -or P picture, the constructed picture is stored into
either buffer 0 or buffer 1 depending upon whichever is available. At the

same tine, a %%%b@@ddﬁi\@td&eer S ‘i‘ﬂeg%?c%{@ St%@ef{?éﬁé L&S@ffesc ?B@.fﬁ ks NhQ Qne of

the small er byffers , frame r ame u fer
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by the buffer %m@mbugéﬁﬂemmeb‘ymrm epphged pat rithat ddmerol . The read

and wite vi d&ibvitﬁlfé&esieswiﬂf Hotl QeS\Qeé‘dfuzftladdbgﬁsteﬁsﬂméwlpalﬁtéel eshed
frame buffer. _,Unl.ess ggse%vvl Se .indi Ls used
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herei n bel ow as inclusiv
initializatiorPf TraRe Bode dpuLfiexapointer §fqt(§1téﬁ§ % dercuihed bPedowrane
buffers depicted in Fig. 6. The video display operates in real

time, and-therefor r B?Hf n l[qil& b e q?c ng to
the VSYNC tim ng. erél ntfoaggw a%rﬁugtggl %/\gﬁé %5 g?ﬂ Flég] R %%Qh frane
buf fer nust bePPERETAFINLAbRERY d:"ﬁ’t Ellﬁstﬁ‘é indicate which °ne °f t e

three frame buffers (buffer 0, 1 and 2) is being accessed.

. current pointer - indicates the frame buffer to be
used for the constructing picture;

. display pointer - indicates the frame buffer to be
used for the display;

. future pointer - indicates the frame buffer to be
used for the backward prediction; and

.. past pointer - indicates the frame buffer to be
used for the forward prediction.

At startup, the future pointer is initialized to %iv
and the other pointers are set to "0". At the beginning of
an I or P picture decode, the value from the pést pointer is
loaded into the current pointer and the value from the
future pointer is loaded into the display pointer. The
values in the future pointer and the past pointer are
swapped. If the decoding picture is a B picture, the
current pointer and the display pointer are set to “2%.



26 -decoded picture. Therefore, the frame buffer pointers nmust be
swi tched before decoding starts. To avoid the disturbance to the display
frame buffer, a copy of the display buffer pointer is naintained. The
buffer switching tinme is at the begi nning of each picture decode. The
di splay buffer pointer is also changed at that tinme, however, it will not

be used until copy display pointer tln% whi ch is the beginning of picture
di spl ay. One enbodi nent of normal node Buf f er pointer rotation is described
bel ow. The foll owi ng assunmes four buffer pointers, with each pointer
containing two bits to indicate which one of the three frame buffers
(buffer 0, 1 Bnam@)buffeiei2ngsacesssesdl, in one éxampleyr Eenttipoimter -

i ndi cat es t he uf f C cting
o orer” | MepAeAIRRLI b HChts poiner s LB RGN 1O |
used for the HPE’B‘P%%Fd "Pol ter switghing pBi RPERRL Modgi A5t RSEHP S de
buffer to be greater detaﬂednf Unitdid Sratlewapdteate diuntbeans, 66@l, 599 by

past pointer chéﬂQw@éeélth%nfc&aﬂ@dbtﬁér&;rgtﬁaﬁsgement For Antmgbf r. the
forward predi start e

future ang 'S |n|t|aI|zed
to "1n  hnd t FEUBLHERE RAGAIETs "abhe setims oot iECH fe BEEPRRI ng of - an |
or P picture dscoupprated \henednf bpnrefamrepaet. pointer is |oaded into the
current pointer and the value fromthe future pointer is |oaded into the
di splay pointer. Tgn scaled video mode, the display time of a picture is
delayed by an additional field time in accordance with the
present invention. The purpose. of this delay is to decouple
the decode and the display processes so that the decoded

scaled video can be placed anywhere on the screen. Fig. 7a

depicts one example of the delayed display timing in scaled
video mode. This display timing is adjusted dynamically
according to the mode, i.e., whether normal wmode or scaled
video mode. The one field time delay is needed in
accordance with this invention to properly manage the
buffers. At least five buffers are again assumed in the
video scaling mode. As described above, two of these five
buffers comprisé full-size frame buffers, and are labeled
frame buffer 0 and frame buffer 1 in Fig. 6. These full-

size frame buffers are the same as the corresponding bufferé
used in normal video mode. The at least three small frame
buffers, i.e., frame buffer 2, frame buffer 4 and frame
buffer 6, are allocated in the same wemory space occupied by
frame buffer 2 used in the normal video mode. These three

small frame buffers are controlled by a different algorithm
than described above.

_ Specifically, four additional pointers are used in
scaled video mode. These pointers are:



values in the future pointer and the past pointer are swapped. |If the
decoding picture is a B picture, the current poi nter and the display
pointer are set to "2". 27 Frame

buffer 2 is reserved, in one exanple for the B plctures The future
pointer and past pointer renain unchanged. Poi nt et switching in normal node
is described in greater detail in United States patent nunber 5,668,599 by
Cheney et al., entitled "Menory Manage?d®nt For An MPEG 2 Conpli ant
Decoder," the entirety of which is hereby incorporated herein by reference.
In scaled video node, the display time of a picture is delayed by an
additional field tdrnaismaaacaﬁfﬁﬁnnapdlhhethe jr@Esetesi AVeRdlDbuflg: pur pose

of this delay is to de%lfpltgetggcﬂgg%gecggg Hg Oﬁs@hgxupéocesses so t hat

t he decoded scal ed video can be any € Screen. Fig. 7a

depi cts one exanple of the del ayed display timng in scal ed video node.
This display timng is ambjlllsueslptk;mapdimlelry- ateiirdditeg toshAEL MatkEed . €.,
whet her normal node or:§£@I é%ﬁh The one field time delay is
needed in accordance with t |s I nve on to properly manage the buffers. At
| east five buffers are again assuned in the video scaling node. As

descri bed above, two ofsudlds€&ufuve pguifters -cingi¢atesf ghe- snakl frahter

buffers, and are | abel eghd rtqi@efggﬁ{-@rd,gpqa .fgeqe buffer 1 in Fig. 6. These
full- size franme buffers are the sanme as e correspondi ng buffers used in

normal video node. The at least three snmall frame buffers, i.e., frane
buffer 2, franme buffer Sméelddtﬁt‘aaﬁﬁtmmin@?rareimilmeuhEnsmmblsarre

menory space occupi ed by oRUthertardsSedohn the normal vi deo node.
These three small frame buffers are controlled by a different algorithm

When  the decoder is initialized, the small current
pointer, small display pointer, small future pointer and
small transition pointer are set to 0, 2, 4 and 6,
respectively. At the start of each picture decoding, the
small current pointer is loaded from the small transition
pointer and the small transition pointer is loaded from the
small display pointer. If the decoding picture is a B
picture, then the small display pointer is loaded from the
small transition pointer and the small future pointer
remains unchanged. If the decoding picture is an I or P
picture, the small display pointef is loaded from the small -
future pointer and the small future pointer is loaded f£rom
the small transition pointer. One example of small frame
buffer switching in accordance with the present invention is
depicted in Fig. 7b. '

The full-gize frame bﬁffers, frame buffer 0 and frame
buffer 1, are switching as if the decoder is running in
normal mode. These two buffers are needed for prediction,
but are not for display in scaled video mode. When an I or
P picture is being decoded, the picture is stored in both
buffers indicated by the current (full frame) pointer and



t han descri bed above. Specifically, four additional pointers are
used in -scaled video node. These pointers are:

28 : smal|l current pointer - indicates a small buffer ' for
t he deci mated constructing picture; * smal | display pointer -

I ndicates a small buffer for the display; : smal | future
poi nter - indicates the small buffer for the future display;, and

' smal| transition pointer - indic@es the snall buffer for the
transition. When the decoder is initialized, the small current

pointer, small display pointer, small future pointer and small transition
pointer are egé du@id, oarrénarpbﬁmterxespeﬁt:iﬂgla/.s /gstldcheesaééédmg each

i cture deco I e es
Pransi i on porafe iletT? inSHi{e HhOibCbubfendd0tL EBIL  Holiqr .
smal | di spl afipbitftere peefpe %F@d’bdﬁhﬁ?g SB‘PHU ’éa“i‘% b ffe é@ﬁﬁ%lf%%rbl' he
smal | di spl ayhe obumd e durrbnadpmhﬁﬁernﬂshasedafbrtuhﬁuadcumatéal@ietuﬁ@d t he

smal | futurespo,bfl7 %Eg%lnﬁ pe; degodi p & an | or
P picture, ﬁe Sha I S Iag 0|nter goﬁ % €r0n1t%gré§%%?i%%
poi nter and Whél§r&ﬂls g%ﬁrWQQEH §hFo§H%H fQ%ﬁﬁyﬂWéP§ﬁﬁFPrt%§n5|tlon
poi nter. Onasedanpite dfwes baffet rawdktching algorithms operate

simultaneously at the beginning of each picture decoding.

The buffer pointers are simply selected depending upon which
mode the decoder is in.

-

Next, Fig. 8 depicts one embodiment of a decimation

unit 82 (¥ig. 5) employed in accordance with the present
invention.

In previous implementations of the decode decimation
unit, e.g., described in the above-incorporated patent
application entitled "Multi-Format Reduced Memory MPEG-2
Compliant Decoder“, the decimation unit was limited to
operating on B pictures only, for either letterbox or memory
reduction purposes. In a scaled video mode as presented
herein, however, the decode decimation unit processes all
picture types. This is desirable in order to save memory
bandwidth at display time, since (in one embodiment) scaled

pictures and multi-plane, high resolution OSD graphics way
be mixed at the output.-

In the embodiment of Fig. 8, the decimation unit

~ includes decimation logic 200, which receives the decoded
video data from the video decoder and outputs a decimated
data flow to a decimation buffer 220. Output from
decimation buffer 220 is multiplexed 230 with the
undecimated, decoded video data received from the wvideo
decoder such that multiplexer 230 outputs the decoded video



buffer  switching. in accordance with the present invention is depicted in
Fig. 7b. The full-size frane buffers, frame buffer -0 and frane
buffer 1, are switching as if the decoder is running in normal node. These
two buffers are needed for prediction, but are not for display in scaled
video node. Wien an | or P picture is being decoded, the picture is stored
in both buffers indicated by the curr 56 (full frame) pointer and

29 the small current pointer. During®a B picture decoding, frane buffer 2
i ndicated by the current (full franme) pointer will not be used. Only the
small frame buffer identified by the small current pointer is used for the
deci mat ed pi cdaga. asnwedinaé tiolecailled daspilhogksi fiber storageddf drathespl ay,

while in scalggesd,deq, mMdep tHeRR LxdhspbAbdOaRbEE WRetiSEA scHl"eéV\D
- buffer svmtchln afﬁgltﬁ{[{g erate., |rruI neou?% aé t he begi nning of each
pi cture decod/H Suf 187 'gﬁ’rtrﬁ & egrﬁ B Ehe e ndi ng upon
whi ch mode t heomeanRedrionsupht of the viidee  detqgers igefedt &0 aremaabodi nent  of

a decnt mation wiite &brdricds 230 &mﬂmxeféhbnd@@ﬁwﬂiwanmt heitfeh RIRe
i nventi on.

unit, e.g., d&s J(E‘?ub%d’% ﬁak:ﬁe’?ﬁ%‘ge erren%?t%ra\?%% 2?§nt gﬁ%leﬂng]a? S’r?‘deerﬁ itled
"Ml ti - For mat aRGYRRRRE Medbsher MeEeh D1CHHb pmdwmpn seabirfpciang i on unit

was |inited tolspesdiputy tdtoBgRi & {185 paekyr 450" tRJ ther mbadiperdune 1 menory
reducti-on PUr DOSES (sdd' FL scgbed vi deo node as presented herein, however,
t he decode decCi matfon uni Ocesses all

Multiplexers 230 & 250 are controlled by decimate
control signals 210. The decimate control logic receives as
input a signal called "MCU_block_complete" from the motion
.compensation unit of the video decoder. This signal
indicates when the decimator can begin to write the scaled
_macrobloCk. The decimator informs the wmotion compensation
unit that it is currently busy through a signal labeled
"decimator_busy".

_ For a given macroblock, there are two phases. One
phase is for the luminance, and the other phase is for
chrominance. Each phase requires a write of one full-sized
macroblock and one scaled macroblock, again, aséuming scaled’
video mode.

Various specific changes to the decimation
hardware/process described in the above-incorporated *Multi-
Fofmat Reduced Memory MPEG-2 Compliant Decoder" application
are intended herein. One change in the data flow of the
decimation process is the addition (in one example) of a 4
to 1 horizontal reduction, which is implemented in the
horizontal decimate function of the decimation logic. This
is to support 1/16 size scaling.



pi cture types, This is desirable in order to save nenory bandw dth at
display tinme, since (in one enbodi nent) scaled pictures and nmulti-pl ane,

hi gh resol ution OSD graphics may be m xed at the output. In the
enbodi ment of Fig. 8, the decimation unit includes decimation |ogic 200,
whi ch receives the decoded video data fromthe video decoder and outputs a
decimated data flow to a decimation buffer 220. Qutput from decimation
buffer 220 is nultiplexed 230 with the1 undeci mat ed, decoded vi deo data
received fromthe video decoder such that nultiplexer 230 outputs the

decoded vi deo 30 data, as well as

t he scal ed macr oblaekhetothsigy d@e tonihétedsd WhHeeBscOmatdion vfeyd 6 as
descri bed aboyg, enabn,sgal vi d ' l.deo_address fromthe
noti on conpensati on 3?.%‘ 96? dces°vi ggo?ﬁ%%%ﬁ&ic\g#%g %%gn%ﬂ%%ssvﬁdls'te

control s 240 W% HiWl i FdZae PIMIIRHHLE, WHkh kP ConMEBPTYYy i ¥ikke dthedata from
deci mati on buddé@imad2d sthkesrddvn theenmaadobrsdent ehehsame tiindrand t hout -

deci mati on scgd I t hro 5%ﬁ?'- e t he nenory
control unit i&%@&kﬁag 5 #Sa?gﬂﬁﬁ¥%h ?&g?ggé%% ) %5§h2§§£%%§q%%ﬁtrolled by
deci mate cont g*@%i“d‘%al@ s18izethdagEopiack 1% HEGteRoGPCMeRREY véd s i nput
a signal cal |l @ecingliorbwudkes ol atceiledf maordlikockotticoanoohperiset fen unit of
the video decodedeich vl rhifiNbmdAHl GlCS Phahe i edeChMENLLLAR;ARIL N, 1O
wite the scal ed nacrg?l ck. The eC|natoi | forqs the nption conpensation
unit that it 5 TifFte Wf%eﬁugy"?h"aﬁu@’faﬂp 'Fg‘%é‘?v abel'88 18ES$Fat or busy".
decimation buffer allows for the storing of the swmall : :
macroblock.

The decimate state machine logic is also changed to
allow two modes of operation, i.e., again assuming a scaled
video mode. The first mode is B picture processing and the
second mode is reference picture processing. For B picture
processing, only the small macroblocks are written to memory
through decimation buffer 220. The data is paced through
the decimation unit as fast as the motion compensétion unit
can deliver it, since the decimation buffer can hold a
complete scaled macroblock. For reference picture
operations, the full-size macroblocks are written to memory
_first through multiplexer 230, followed by the writing of
the scaled macroblocks. This requires the data flow to be

paced by the memory control unit responding to requests for
writing. '

Since the size of the source compressed image may vary,
there are exceptions to the above process. The decimator is
only required if gome type of reduction is needed to form a
scaled picture. Certain video sources will already be small
in size, and one dimension, or both diwmensions wmay not
require scaling. For example, it is common to have 352 x
240 sized images (typical MPEG-1 size). In this case, it



For a-gi ven macrobl ock, there are two phases. One phase is for the

| um nance, and the other phase is for chrom nance. Each phase requires a
wite of one full-sized nmacrobl ock and one scal ed nacrobl ock, agai n,
assum ng scal ed vi deo node. Various specific changes to the

deci mati on hardwar e/ process described in the above-incorporated "Milti -
Format Reduced Menory MPEG 2 Conpliant Decoder™ application are intended
herein. One change in the data flow of3%he deci mation process is t he
addition (in one exanple) of a 4 to 1 horizontal reduction, which is

I npl emented in the horizontal decimate function of the decimtion |ogic.
This is to swppbttbelvbBesegsaigcald dg. any decimation to provide a 1/4

31 Anotglgé \Ng @S e | n 32 X
32 bits. As an]a cto urgé@%é&fé&%&ﬁ%?ﬁ}ﬁg@ Llioa g?@écf% r?acr&’glutélc
C

witten to rreh%rf/eq‘quet{ah‘é H%%I m@&@cﬁa%?cft}?%ck at the
sanme tine andrefererscen fammke| buten linooknpny t exdebiematoobhd uifsgylad20. After

the full-sizefdr-SRE U REK 1hSmdthddy erglh@eneﬁ@rdlsﬁlfa@ gdeckart Ofs V&dlfyes the
scal ed macrobl ock to anot gﬁr $ uf fer locatio ., frame
i

buffer 2. fraRESTRIFTAS oF h%%laa'ufffsweeb?#’“%?%%&spﬁa%me) The

| arger decimation buffer allows for the storing of the small macrobl ock.
The deci mate st at ergR At @amBgifads ﬁz&otahaagﬁhd&dalcbom//ia\osémee@ of

operati on, s¢

pi cture proceggleﬁgg‘gé\}fheegleggn e%’(E‘J"sn‘"’dr:‘g eren&’e pi cf%ur%g%]r%’m%%‘ﬁ?g For
B pi cture prod8sanngrcentiipn pa §1Ma$lcaf?@erobl ocks are witten to nmenory

t hrough deci mation buffer 220. The data is paced through

One of the objects of the scaling feature is .to remove
interlacing artifacts. On true MPEG-1 images, there is no
interlacing since the pictures are exclusively frame
encoded. MPEG-2 can allow interlaced pictures of the same
resolution (352 x 240) and the decimator only uses the top
field picture to create the scaled macroblock. The bottom
field is discarded. Therefore, for a reference picture, the
MCU would be required to write the macroblock for the top
field picture to both the reference frame buffer and display
buffer. For B pictures, the MCU would only need to write
the top field picture into the display frame buffer.

The video decode system in accordance with the present
invention provides smooth transitions when entering and
exiting small picture mode. Since frame buffer 2 is used
for capture and_displéy of small picture images (including
reference and B pictures) when in video scaling mode, care
must be taken to prevent interference between the decode and
display processes at the time of display format switching.
Also, there is a latency adjustwment of one field time that
must take place during the transition. Normal display modes
have a 1.5 frame latency between decoding and displaying
reference pictures, and a 0.5 frame latency for B pictures.



the decimation unit as fast as the notion conpensation unit can deliver it,
since the decimation buffer can hold a conplete scal ed macrobl ock. For
reference picture operations, the full-size macrobl ocks are witten to
menory first through multiplexer 230, followed by the witing of the scal ed
macr obl ocks. This requires the data flow to be paced by the nenory control
unit responding to requests for mﬁitiﬁg. Since the size of the
source conpressed image. nay vary, there are exceptions to the above
process. The decimator is only required if some type of reduction is
needed to forma scaled picture. Certain video sources wll already be
smal | in sife suwgld pheturenmnsicon ther réfarengenénsnentatencmds require

scal i ng. Forciexajgdl €o twol Sr4mBRAd hday Erdad Xatdddy Sig athandeaeso(t ypi cal
MPEG- 1 size)OHAI} this case, it 32

woul d be unnecess?aafn;‘/a'to do any decimation to provide a 1/4 scaling. For

reference franmes, the notion conpensation unit is required to wite the
full -si zed macr ol#cacC khkodi Bpl1deffraaeechimye doubkeari @ea:femyssa,y,aMelt hen to
t he di spl ay %EE far | S| i C P y
operating oné'l[ e a%)g%lsgyn%?a%%f grbgﬁg?%‘%%gggﬁlghgéfyﬂé’ ae%slgélr%t?l%g sane

i mge size t¥eR theyfeegstbian rREE! i AERCT RS tRGUPHCHERI Yid e a

deci mati on sagpeaXriicstagbed,. T ficreanteacsiptiioanmupt t Balse qAle ~ One
of the objec fot LNy € hS3 SR ignt i j facts.
On true I\/PEG‘K-v ex?n%g%&f%%gl?egt’ésag%é’ilﬁt gréflré%dnlg s:é gg 'tﬁ'gﬁfgc%%rfg{séégsg

excl usi vel y FPaRPRSTE &e fhenPERF2Can UFER § MAFIERCEIRHRLEEr 683 the sane

the first frame of the new sequence is a reference frame,
and the display is acting on the last frame of a previous
sequence. -

During the transition into and out of small picture
mode, the hardware must make the adjustment in latency
without disturbing the decode or display process. Frame
sync must be adjusted to the new mode. Further, field
parity must be maintained. As a result of wmaking the
adjustment into small picture mode, a delay of one frame
time is introduced, which wmay effect PTS comparison.
Subsequently, a skipped frame may be required in order to
make up the time difference. This only occurs whéen entering:
small picture mode. When leaving swmall picﬁure mode, there
is no loss of synchronization. The transition could also

come at a time when a picture is already being skibped or
repeated.

Referring to Fig. 9, the display format change signal
is written asynchronously by the hogst. The format is
received as a control signal into a display format register
310, and wicrocode waits until processing the sequence
header before writing the information into display format
register 310. This information is then seen by sync



o

resol ution (352 x 240) and the decinmator only uses the top field picture to
create the scal ed macrobl ock. The bottomfield is discarded. Therefore,
for a reference picture, the MCU would be required to wite the macrobl ock
for.the-top field picture to both the reference frane buffer and display
buffer. For B pictures, the MCU would only need to wite the top field
picture into the display frane buffer. The vi deo decode systemin
accordance with the present inventioR4provides snooth transitions when
entering and exiting small picture node. Since frame buffer 2 is used for
capture and display of small picture images (including reference and B

pi ;:t u][ es) \Ahe@eﬂé}:aeditegosc;aéé NEe ND G, (zjﬁéi@teﬂl!ﬁ:fagge taahsetm%m zﬁ{o?\é%'bt.f

i nterference e ecogde. an SpLay proc es _a e ti o]

di splay forna g@ﬁ%i"’%@]‘g g\lgf(;o é:PgerL%gllﬁf%ncy%é ?u%‘f rr%ﬁ n()""ch‘%:one field
time that nuS¥ape&™S-acBeglde IRFAIRESEFaNES tHhsh stREend| regigiesy Iaddes

have a 1.5 fran® tid Qigplhagt peeresirgodisagrtRadsitigepBayeggsteeimence
pictures, and a 0.5 frane |atency for B pictures.

33 In smal | picture node, the reference frame |atency is changes to two
frames and the B f¥ifie ICRUBREY 340 EHaWd¥dcovnhdawgfgom a startdgig ¢ he
di spl ay for mhuabengef tfieddeuinseaftarsity, at velul o Ay andtewed be in the

process of di 3pbayidld &RnRke! ¥5¢ MNDAA bF AL IfURRGEYE S3oOtIRL VY Se the
rbed. herefore, tTansi ?( pla

picture will appear_distur tiron nust take ce when
a reference pFERGFR! iBIFAINGSIFRINLy e FYRPHOISNPEAYQS 300 RISALFPERH LTSS t he
m crocode dur thg USHNC uEignalheadewelWsan thheoitpst dfr segef 1t hegiwver

sequence 1S a3l eroAGe iAol od NErleal! Blirds AN, Oahiby! 2t frame
of a preVIous“%%gggng§hc“ signal, a "new picture" signal and a "block

video" signal. The "frame sync" signal indicates to the
decode process when to begin decoding a new frame. The "new
picture" signal indicates to the display process when to
begin displaying a new frame. "Block video" is used to.
selectively suppress one frawe of video image during
transition of the video decode system from a normal frame to
a scaled frame. The frame sync and new picture signals are
‘pulses that are created once every two field times. - In
normal mode, the signals are 180° out of phase, but in
scaling mode (in accordance with this invention) the signals
are in phase. This is described further below in connection
with the flowchart of Fig. 10. '

In all cases involving a switch into scaled picture
mode, there is a repeated frame which is blocked from view
at the display. The block is necessary due to buffer
conflicts between the current reference frame and the
reference frame that is currently being displayed. When
video is blocked, the output of the decoder can be forced to
a background color, such as black.



During the transition into and out of small picture node, the hardware nust
make the adjustnent in |atency wi thout disturbing the decode or display
process. Frame sync nust be adjusted to the new node. Further, field parity
nmust be maintained. As a result of naking the adjustnment into small picture
node, a delay of one franme tine is introduced, which may effect PTS
conparison. Subsequently, a skipped franme may be required in order to nake
up the tine difference. This only occ®s when entering small picture node.
Wien | eaving small picture node, there is no | oss of synchronization. The
transition could also cone at a tinme when a picture is already being

ski pped or repeat«me latency a89u§t&ﬁémg ﬂsopEfsem?ea taéesebﬁpéétytﬁ@rrmt change
si gnal vvg_il tteg aes%lng_‘eron us host . n%m % recei ved as
a control aPcint® Spfag™ |§Fe? Snd n?c?fﬁﬂ?ﬂe wai t s
until proces§Vﬁg Vhec%@ﬂd@ﬁ’@ethﬁe‘éwerﬁeﬁéﬁﬁlwlﬁ#w tieebenschedulesh into
g|4 splay formgb repgast eI’Tﬁél@.;ynEhgénéﬂiKUxfT&héﬁnad%éédEfth%egﬂathé{

_gener at.ar te egi ster
stage 1 330 &apPaoas ffaftfine MchrEhS sy piBRRR, "Cunedtiy BRE fRtend
processes usédﬂﬁét§%aﬁe ﬂ“ﬂ@gﬁhﬁbﬁ BERRatedd FeRRTR LD I TP oBBS sekdege t he
stage 3 regi disebld6Red for ondifghflecoitd er 320 sinply counts down from a
starting nunber of fields in a frane to a value of 1, and then repeats.

Counter 320 is Ioaded bg sync generator 300 via a_,
Fig. is a owchart of one embodiment of processing

implemented by sync generafor 300 (Fig. 9).

With initiation 600, processing waits for a VSYNC
signal 610 representative of the start of a new field. Upon
receipt of the VSYNC signal, processing generates a "new
picture" sync signal and 1nqu1res whether the fleld is being
repeated based on received MPEG-2 syntax 630. The initial
field counter (FC) value depends upon whether the field is
to be repeated. If 3:2 pulldown is employed then the
initial value of the field counter is 3 640, otherwise

normal interlace is desiréd'and the field counter is loaded
with a value of 2. ' ‘

Once the field counter is set, processing inquires
whether scaling is to be implemeﬁted 650 and 670,
respectively. If no, then the decode system is in non-
scaling or normal video mode. In this case, processing
waits for a next VSYNC signal 680 and then inquires whether
the field count equals two 690. If no, (e.g., because the
field counter was loaded with a value 3), the field counter
is decremented 710 and processing waits for a next VSYNC
signal 680. Once the field count equals 2, the "frame sync"
signal is -generated 700, after which the field count is
decremented 710 and processing determines whether the field .

- count value now equals 1 720. If the value equals 1,



control signal as shown. Sync generator 300 al so receives the VSYNC signal,
as well as the output of stage 1 register 330. Sync generator 300 creates
three signals, nanely, a "frame sync" signal, a "new picture"” signal and a
"bl ock .vi deo” signal. The "frame sync" signal indicates to the decode
process when to begin decoding a new frane. The "new picture" signal
indicates to the display process when 4¢ begin displaying a new franme. .

"Bl ock video" is used to selectively suppress one frame of video inmage
during transition of the video decode systemfroma norrmal frame to a
scaled frane. The franme sync and new picture signals are pul ses that are

creat ed ONCepLy@sysintd gehekdtés I neknpeEwPdr MidRalt BeoSherats are
180[ err] out Qitf%ﬁ: i B”%e&“v§§§8‘d¥3 node (in accordance with this
Re-si'gha phase.

i nvention) t s areiIn This is described further below in
connection with the flowhart of Fig. 10. In all cases involving a

switch into scal exsqintiing’ ecalifg mddecrie d6shredpaedictdplrbagesidch is
bl ocked fro ' t .di Vaeal CK. .S, 1 r uf fer
conflicts bg%’\%g#cti ef%%ﬁﬁeﬁég%gfse?roen%%egkﬁagn% vgangzet%ﬁ%sgr é}%‘#ﬁ‘_{,%@“?r ane t hat
i s current|y7B8r REERS pitdybddetpaninakigaois e qhsFhernthguEdeddof the
decoder can keuhtreguhl= 1 g4backpt aod thel field uddurerbliaclecremented
35 Thenbabedtds Sl thiBlhs | o RAILEOESRG ARaR0URvAR: 6. ST 28CH
register changes. There I's an,absence of a frape sync which al]lows the
current di spFaflfr SAent Fajdesdfietuldien & P@ﬁeﬁ’t‘?t"‘i"lx?e SYPRc SgER_Lat®r t hen
adj usts the fGeameatgdc7’i® oTbhereaftghatdewkiald heourderpiist doededawsthng t he
latency adj ugl e EETI Nhd REc! BRSAL G detl 818RLE fd YBrerbleaVyEE0 1S
bl ocked for %pe.franﬁ t.ire. . .- ] .
gain, the b}ock video signal is outppt from the sync
generator to the display output interface (see Fig. 5) for

blocking of a next frame of video.

After sending the block video signal, processing enters
a steady state, video scaling subprocess beginning by
waiting for a next VSYNC signal 780, after which processing
determines- whether the field count equals 1 790. If no,
processing inquires whether the field count equals 2 840,
and again if no, processing decrements the field counter 860
and returns to wait for the next VSYNC signal 780.
Otherwise, a determination is made as to whether the scaling
command has now been turned off by the host system 850. If
no, the field counter is decremented and processing waits
for a next VSYNC signal 780. If the scaling mode has been
switched off, then the field counter is decremented at
instruction 710 in the non-scaling process described above.

If the field count equals 1 at inquiry 790, then
processing generates both the "new picture" gignal and the
"frame sync" signal in the same phase. Again, to implement
scaling it is necessary to'change the latency between the
decode process and the display process from one and a half



Fig. 10 is a flowchart of one enbodi ment of processing inplenented by sync
generator 300 (Fig. 9). - Wth initiation 600, processing waits for a
VSYNC signal 610 representative of  the start of a new field. Upon receipt
of the VSYNC signal, processing generates a "new pictures sync signal and

I nqui res whet her the field is being repeated based on recei ved MPEG 2
syntax 630. The initial field counter (FC) val ue depends upon whether the

field is to be repeated. . If 3:2 pulldgewn is enployed then the initial value
of the field counter is 3 640, otherwise nornmal interlace is desired and
the field counter is |loaded with a val ue of 2. Once the field
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gener at ed 708ntafriaeingiorh 3: Re DRl dfieWre oum tdeisd ede c r B it nk@@%nd’y

processing d@b@hntneﬁgm/re&i hetjusbReht el 10ty Va8l Weaaom eiels £b 720. | f

t he val ue eq processi ng
generates a. l‘”!%e\%vm&\bd Y‘ﬁ ea,ny &l °§28r%1‘?? erratv('?alctmver 1°na ﬁgfte\?SYNC 610.

_settlng the flel counter, proce851ng returns to wait for a
next VSYNC signal 780.

Those skilled in the art will note from the above
discussion that in order to implement smooth switching
Between normal wmode and scaled video mode it is necessary to
pass through a transitional phase before reaching the steady
state scaling process. Further, it is necessary to adjust

the frame sync signal to occuf¥ within the same phase as the
new picture éignal.

The present invention can be included, for example, in
an article of manufacture (e.g., one or more computer
program products) having, for instance, computer usable
media. This medié has embodied therein, for instance,
couwputer readable program code means for providing and
facilitating the capabilities of the present invention. The
articles of manufacture pén be included as part of the
computer system or sold separately.

Additionally, at-least one program storage device
readable by machine, tangibly embodying at least one program
of instructions executable by the machine, to perform the
capabilities of the present invention, can be provided.



Assum ng scaling node is desired, then processing proceeds frominquiry 650
or 670 to wait for a next VSYNC 730, after which determ nation is nade
whet her the field count equals 1 740. If no, the field counter is
decrenented and processing returns to wait for a next VSYNC 730. If the
field count value is 1, then a new picture sync signal is generated 750.
Thereafter, the field counter is |loaded wth a value of 2 and the. bl ock

vi deo signal is generated 760. Agmlﬁsthe bl ock video signal is output from
the sync generator-to the display output interface (see Fig. 5) for

bl ocki ng of a next frame of video. After sending the block video

Ei gnal , pr Bcess! n_qnen]g%‘s dﬁ.a@rt%ﬂl\d?w\i{'é\réfét?bd Wie&‘é%n%ﬁéiﬁiﬂ:v&d!éﬁ[} Bpeasy

egi nni ng by itina.for ex | - i C rocessi ng
det er ni nes whe ﬁtécra&‘gﬁg'fi e %‘Aecén&ﬁ'tsb%qﬂ%f%r@o?éogbl Eﬁ%%‘{ BPIESEEi R i nquires
whet her the fihg gtepgniorerezrtiopad deserikgd hereinorithomteSepagting
decrements t herdu €éhd epupieroBtBeatiflvértioms Forwanétdide ! iy gexta¥Vd®YNC

si gnal 780. Wi ; I nat | i t t he_scaling

command has EIEOW Séeﬁﬁteufg%%%égw %% #ggf%%%étgigsstagﬁgg#bel K tgﬁe field

counter is de%‘i"%ﬂ?eﬁlaé(dbﬁnﬂd%‘?%c@épﬁﬁdm%?t‘%oq"&"eg-neﬂ-l \BEyNBegegnal 780. | f

t he scal i ng nuaisidwionise ane sepnaitededf o ¢dnpriisiec parel df ahenpieseat

decr enment ed ain&éHEﬂH%F%FOPegﬂééd'1H3Qﬁenééﬁ§ﬁﬁ%d RYPRocess described above.
i , t

If the field count equals 1 at 1nquiry hen processing generates both-
the "new picture"” signal and the "frame sync" signal in the sane phase.
Agai n, to inplemerihilsc&heninventiombeeskesy descetibagein hietdzitle heyeliat ween
g ge gecodet Piﬂ(&?c%ﬁ&%c%hﬁiéhf&ﬁ%i]@r 99@@:?4&&@8&@@&@ tidlreot,
rame U Mesy wodi¥ cat30hs 'and chadges LS 2N wly he' &ftected by

those skilled in the art. Accordingly, it is intended by

‘the appended claims to cover all such wmodifications and
changes as fall within the true spirit and scope of the °
invention. '



ki ng the new picture signal and frame sync signal in phase. Processing
t hen determ nes whether the MPEG 2 repeat field is set 810 to.decide ™
whether to load the field counter with a value of 2 830 or 3 8 o
upon whether normal interlacing or 3:2 pulldown is desi rx““ gg\i\g‘ﬂﬁm\f\“\
necessary even though an adjustnent in |atency is nmade inls ptom s
accommodate any type of frame rate co rsion. After setting the field
counter, processing returns to wait for a next VSYNC signal 780.
Those skilled in the art will note fromthe above di scussion that in order
to i nplenent snmooth switching between normal node and scal ed video node it
is necessary to pass through a transitiqngls phase before reaching the
steady state scaling process. Further,”Tt. Is necessary to adjust the franme
sync signal to occur within the sane phase as the new picture signal
The present invengion £anifR_graebdefied e3B! Bystdhn @pRiilkiahe Of
manuf acture (e.g., one or nore conputer program products) having, for
i nstance, conputer usable nedia. This nedia has enbodied therein, for
i nstance, conputer readesies geggfam Eorddenadingf an enendefl mFream of
facilitating the ¢apabiddtd esada vieedr@seitder proahtdly decoldd cl es of
manuf act ure can b%tk%{q_u(?gdw_ ﬁco%gi:??faﬁge conput er systemor sold

[ y, a

separately. I ona | east one program st orage device
readabl e by machi ne, tangibly enbodying at |east one program of

instructions executabl & &ycidietitichinie, coeple tor Baidevidepaliddddres of the
present 'nvent'Onanﬁggd2§t85Q¥5g&ﬂectively scale said decoded stream of 38

video data for display.

2. 'The video decoding system of claim 1, wherein said
video decoding system further comprises a frame buffer, and
wherein said decimation unit compriseés means for scaling
said decoded stream of video data pridr to storage thereof
in said frame buffer. '

3. The video decoding system of claim 2, wherein said
frame buffer comprises multiple defined memory areas for
receiving I, P & B frames of said decoded stream of video
data, said multiple defined memory areas comprising a first
area and a second area for receiving full size I and P '
frames of said decoded stream of video data, and at least
one third area for receiving scaled I, P & B frames of said
decoded stream of video data commensurate with said first

area and said second area receiving said full size I and P
frames.



The flow di agrans depicted herein are provided by way of exanple... There -1y
be variations to these diagrans or the steps (or operati’6ons) descri
herein wi thout departing fromthe spirit of the inventio m“ﬂ\mu‘ﬁm“? n
certain cases, the steps nmay be perforned in differing o“ y
be added, deleted or nodified. Al of these variations aré cbnsidered to
conprise part of the present invention as recited in the appended cl ai ns.
Wil e the invention has been describedOin detail herein in accordance wth
certain preferred enbodi nents thereof, many nodifications and changes
therein may be effected by those skilled in the art. Accordingly, it is
i ntended by .the appenuhd eiddc@eccodinyesysaldm oECcBLaDEI T, caldrenn adda
changes as fald - Bnlehéhifd*%%@ Eb&\pﬁ{'&ss%%p&‘ QLtt{ﬁéé“éfi%%'sF?“- aid
39 al ns” . L Rn°rniegrated vid&s
decodi ng syst¥mI&HShr £Brag: areas receiving\gajch sgadedet. fg‘br& Fels@me§ an
encoded streanf afaid devbded siatemm & ¢idéoleintte coamenguiratie ivigha sgagoded
stream of vi - | ; a [ |4 Nt s led. ; id
vi deo decode?ﬁﬁﬁtg%&aagg%tsea %gescgpgc??gilfgaééé’a Egsg%l ?e{glold%d&%t r%gam of

|

vi deo data f Rk frapes of said dpceded sbreptt &F Nide9dakd of claim 1,

wherein said

5. The video decoding system of claim 2, wherein said
frame buffer comprises wmemory of predefined size, and
wherein said video decoding system further comprises a
normal video mode for displaying said decoded stream of
video data without scaling, and a scaled video mode for
scaling said decoded stream of video data prior to display,
and wherein said video decoding system further comprises
frame buffer pointer control logic for partitioning said
memory of predefined size into multiple buffer areas when
said video decoding system is~in said normal video mode,
wherein said multiﬁle buffer areas comprise at least three
buffer areas for receiving decoded I, P & B frames of said

. decoded stream of video data, and wherein said frame buffer
pointer control logic comprises means for partitioning said
memofy of predefined size into at least five buffer areas
when said video decoding system is in said scaled video
mode, said at least five buffer areas comprising a first
area and a second area for receiving full size I and P
frames of said decoded stream of video data, and at least a
third area, a fourth area and a fifth area for receiving
scaled I, P & B frames bf said decoded stream of video .data.



vi deo-decodi ng system further conprises a frame buffer, and wherein said
decimation unit conprises neans for scaling said decoded stream-of-vi-deo. -

data prior to storage thereof in said frame buffer. e video
decodi ng system of claim2, wherein said frane buffer co ﬂﬂ "illl
defined nenory areas for receiving I, P & B franes of sal

of video data, said nultiple defined nenory areas conprising a fi rst area
and a second area for receiving full giize | and P franes of said decoded
stream of video data, and at |east one third area for receiving scaled I, P
& B franes of said decoded stream of video data commensurate -with said

first area and saigl sefmdv@as@ dQLRI NGNSy §@ézﬁ' deulchagZ g, | windyh i fd-a08eS-

40 4. The .vi deo d?c 1?1 q3;f$tem of cl ai mf3 wherei n sal d at | east
one third areXCEoMrTednd F%‘B% 95 BS20F 5T REFEFIHADE BTG e areas
recei vi ng sai demery extductRog eénly amesadl dafadett cddedmsof eubded ddatdeo dat a

commensur at e whéh said Jidest déé@&u?‘%y%bﬂ §§cgncéaaaeﬁo&aafwidwo said full
size |l and P fr es_ of %a decod The

moqae sSa e [g% rTEOf VI ? e O
vi deo decodi n§PETstBDE EFEI B ie FEORCE AP Y tferlé’f?epﬁﬁ PEPe} RIHEG% &
menory of pre8ePragel of fachaBdfvime aifh seadddeceras @&aedmngt sytdeandana her
conpri ses a neanNBiidi fied e rE9r di spl ayi ng sai d decoded stream of video
data w thout scaling, and a scaled video node for scaling said decoded
stream of video data prior to display, and wherein said video decodi ng
system further conpri séhe vifeohdes 1%|Sﬁrﬁ‘éﬁmc@ﬁtq]ﬁlm dgi vhepein said

partitioning saddonge®sdingf spcednl fuethed zemppigednd tirdie butfer, agwads when
sai d video de%ﬁ@&:@ﬂn%’éﬁf*&éc&mﬁ@zéﬁ"@nﬂ?rés%riégg%émgse’for scaling
: said decoded stream of video data prior to storage thereof

in said frame buffer, and wherein said video decoding system

further comprisés a normal video mode and a scaled video

mode, and wherein said decimation unit is adapted to scale

said decoded stream of video data for display when in said

scaled video mode.

8. The video decoding system of claim .7, wherein said
decimation unit is adapted to perform B frame memory
reduction only on said decoded stream of video data. prior to
storage for each B frame in said frame buffer when said
video decoding system is in said normal video wode.

9. The video decoding sYstem of claim 7, further
comprising display wmode switch logic for switching between
said normal video mode and said scaled video mode, wherein

said switching occurs without perceptual degradation of the
display.

10. The video decoding system .of claim 9, wherein said
display wmode switch logic comprises means for blocking a '
frame of video from said display when switching between sald
normal video mode and said scaled video mode.



wherein said nultiple buffer areas conprise at |east three buffer areas for
receiving decoded |, P & B franes of said decoded streamof "video data, and
wherein said frame buffer pointer control |ogic conpri m
partitioning said nenory of predefined size into at ﬁ ‘\“‘ ar eas
when sai d video decodi ng systemis in said scaled VI e, nsaFd at | east
five buffer areas conprising a first area and a second area for receiving
full size | and P frames of said decod&d stream of video data, and at | east

a third area, a.fourth area and a fifth area for receiving scaled I, P &B
frames of said decoded stream of video. data.
41 6. The deqh@ees?&wqie%a&ﬁ SYsidh R1aYRE{ ] Inadedndeci mati on

uni t COprI’I Ses S erform ane nenory re uction on y on sai d
decoded str eaﬁ?’g&:a‘i}‘l d Qe\/\?l‘é‘r*:‘g‘a?&%?d‘é‘?}“%@&&l RSB tBRETEPE  sai d
normal video saud syw dgeBeratoe ouhpmtyingdactnen pieknge heriigmatedngraor to

Et ]9][ age of eacflrﬁaé rs?%«ofs@ﬁaﬂ c&ﬁp%@réiﬁegam@fsy&sbdggngfé&f n said frame
urrer.

ecodi S of cla er | aid

i deo decodi USSR FEAPAoROs CHHHEEERY I oy pREF P4, A sai d
deci mati on unfai oﬁm%@ynﬁeamnalorlrs(éélfifﬁge%umta@ecvbeﬂ in s@dd of vi deo
gat adprl or t ?néhﬁﬁ?&d’d&ﬁh@ﬂé | S akchnls’ &OB Mﬁwmngnea%@%ée& @:ll%%hég\éi deo.
ecodi ng sys nd a sca vi deo
node, and V\herg%'fr‘lﬂsal d{cf(eég‘qur% ?@% %’rﬁlfé{?ha%agr?g’égt%% geat et i d“ﬁecoded
stream of vi dégaded avidse @odglay when in said scal ed video node. 8.
The video decoding systemof claim.7, wherein said decimation unit is

adapt ed to perform B fraP JIREB" debGibi 19B:0R! 3 W13, dafaslad, & ream of

vi deo data prior
frame of said decoded stream of video data includes an MPEG-

2 repeat field signal, and wherein said display mode switch
logic comprises means for ignoring said MPEG-2 repeat field
signal when decoding said frame simultaneous with switching

between said normal video mode and said scaled video mode.

13. The video decoding system of claim 9, wherein said
video decoder comprises a decode process, and wherein said
display cowmprises a display process, and said display wode
switch logic comprises means for changing a latency between
said decode process and said display process when switching
between said normal video mode and said scaled video mode,
said changing of said latency ensuring that said decoded
stream of video data is accommodated within said frame
buffer when in said scaled video mode.

14. The video decoding system of claim 1, wherein said
decimation unit's scaling of said decoded stréam of wvideo
data comprises at least one of one-quarter or one-half frame
reduction.



storage for each B frane in said franme buffer when said video decading
systemis in said normal video node. 9. The .vi deo décodi ng system

of claim?7, further corrprl sing display nmode switch |o ““‘\
between said normal video node and said scal ed vi d wg\‘ mm sai d
swi tching occurs w thout perceptual degradation of t a *

10. The video decoding systemof claim9, wherein said di spI ay node switch
| ogi ¢ conprises neans for blocking a 48rane of video from-said display when
swi tching between said nornal video node and said scal ed video node.

42 11. The vi deo decodi ng system of claim 10, wherein said display

mode switch | Ogl 6150Wmlﬁ@ata18¥ﬂ&e@€&@fo@tla§ s§§t&nsé’di£pﬁ%l1§§at or
outputting a "new picture” signal and a "frame sync" signal, and wherein

sai d sync generator conprises means for outputting said new picture signal
and sai d frane sync siyriaidegm dgrefier ckpr slesedindenni enaeded séxream eEdeo
nmode, and neans fehidedtqutd, r@iGavddeeVddqticden’ profgoihg ailthredirduf RaNe sync

signal in phase W?gg?agd %drcg\ﬁ?]nc%kegla&?ec&ﬁode 12. The video

decodi ng systemo reina trane ‘'of said decoded stream of video
data includes an MPEG 2 repeat field signal, and wherein said display node
switch | ogic conprisesanebds fsaalagnbor ngcalding BREG decopeits thiealnd ofi gnal

when decodi ng sai [#l {@aegu M tr% ng,, bet S5 or mal
vi deo node and sa? Eéar?a%é ciL %8 ét&é& g0k %g %l eo deco%e%gj system
of claim9, mhereyﬁegg;a said v1deo decodlng system comprises a normal

video mode and a scaled video wmode, said video scalar

scaling said decoded stream of video data when said

digital video decoding system is in said scaled video
. mode; and ' '

display mode switch logic for switching between
said normal video wmode and said scaled video mode,
wherein said switching occurs without perceptual
degradation of a video display of said decoded stream
of video data.

16. The digital video decoding system of claim 15,
wherein said display wode switch logic includés logic for
blanking said video display for a defined period of time
when switching between said normal video mode and said
scaled video mode.

17. The digital video decoding éystem of claim 16,
wherein said predefined period of time for blanking said
video display comprises one frame time of the digital video
decoding system.



vi deo ‘decoder conprises a decode process, and wherein said display

conpri ses a display process, and said di splay node swi'tch | 6gi ¢ conpri ses
means for changing a | atency between said decode proce

process when sw tching between said normal video node 1glﬂﬂguﬁﬂ“ﬂuﬂl ﬂIFdeo
node, said changing of said |atency ensuring that said adeceded streamr*of
video data is accommodated within sald frame buffer when in said scal ed

vi deo node. 14. The video decoé‘ng systemof claiml1l, wherein said

decimation unit's scaling of said decoded stream of video data conprises
at | east one of one-quarter or one-half franme reduction.

43 15. A di3ft alThe dégitaLodidep sgsbéimg opprtien of: claim 15, a video
decoder for dﬁé@é’ixﬂ%a@i@ %&aaeegcéié@aiamghses yidleaofatan aaid video
decoder produci ngé er ef ecoded % o({ vi deo_dat a;

a video scal §P"PoT% sthId é’éﬁiﬁ%‘%"c“cﬂﬂ%ﬁ gfte ed to §cgds §atS prior to

st or age t her detoded stixeame ofuiride data wirdpwi po sEtiaragedgbedecbdimg system
conprises a eawaframe BURe maéﬁ 2K i eh@dvﬂd@ketaé&éangsaygtémdfg

scal ar scal i n eam_Q eo data when _sa digital
vi deo decodi Ag E? a?'s%eﬁ'lgﬁf’d @ S §3808e&’ e gﬁdw‘g‘% data

di spl ay rrodec@WPFéﬁlech B & Bsﬁrﬁmﬂ-*ﬁ ragldbéﬁwée@ecmatm gnisr heingi deo node
and sai d scabadpvbdego NBile said Y)eP & 1B FRbleS HiLdd D @EeuageW t hout

per cept ual thereof in said frame buffer.

19. The digital video decdding system of claim 18,
wherein said decimation unit is further adapted to perform B
frame wemory reduction only of said decoded stream of video
data prior to storage of B frames thereof in said frame
buffer when said digital video decoding system is in said
normal video mode.

20. The digital video decoding system of claim 18,
wherein said video decoder comprises a decode process and
sadid video display comprises a display process, and whereln
said decode process and said dlsplay process have a first
latency when in said normal video mode, and a second latency
when in said scaled video mode, and wherein said display
mode switch logic comprisés means for switching between said
first latency and said second latency when switching between
said normal video mode and said scaled video mode.

21. The digital video decoding system of claim 20,
wherein said display mode switch logic comprises a sync
generator, said sync generator comprising wmeans for ignoring
an MPEG-2 repeat field signal of a frame of said I, P & B
frames being processed when switching between said normal
video mode and said scaled video mode.



degradati on of a video display of said decoded stream of video data—
16. The digital video decoding systemof claim 15, wherein said-display

mode switch logic includes logic for blanking said videodi'spla W“\\
defined period of time when swtching between said nornal g !ﬁ%\\ o
said scal ed video node. 17. The digital video decé&\‘\\“ m df
claim 16, wherein said predefined period of time for blankkng said video

di spl ay conprises one frane tine of theé®digital video decoding system

44 18. The digital video decoding systemof claim15, wherein said
vi deo scal ar conprises a decimation unit coupled to said video decoder and
adapted to scale said decoded stream of videqQ.data prior to.storage thereof
in said frame buffef?nhePSSgLERGIY eq, S5 HRE JH w0t EHTH A sai d
scal ed vi deo nwtieresni skhidtkcyuedgsherannfonrpdts adtnew wipchsehgsignal & B
franes and sai dndegi FBEARD dific BehAsh adaPhed 1A SodtiRviagdfiom s frames

prior to storage there In said frane buff.er. 19. The digital video
decodi ng syste r@?cﬁ%ﬁ%ﬁ@%?@ﬁﬁy?g (fa&gcfirerﬁ??%% T gﬁf‘l’ff fer
adapt ed to perfdata, Bvherein rasich gynedgensatosn pytpts fad ddaewdeiicteream of
video data pri @ign@1ShAfageidfrBmkr 3R diRia00fini phasd dichagri8uUa{igitahen
said digital Vivq. eodggggcilggsf tsémeTsi ?.ni Ha i3 is%a'ig{in@idélé q“%(&er:mde.

23. The digital video decoding system of claim 18,
wherein said frame buffer comprises multiple defined wmemory
areas for receiving I, P & B frames of said decoded stream
of video data, said multiple.defined memory areas comprising
a first area and a second area for receiving unscaled I and
P frames of said decoded stream of video data, and at least
-one third area for receiving scaled I, P & B frames of said
decoded stream of video data commensurate with the first
area and the second area receiving said unscaled I and P
frames.

24. The digital video decoding system of claim 23,
wherein said unscaled I and P frames comprise full size I
and P frames, and wherein said scaled I, P & B frames
comprise a fractional size of said full size I and P frames,
said fractional size comprising at least one of one-quarter
or one-half said full size.



20. The digital video decoding system of claim 18, wherein said video
decoder conprises a decode process and said video dirsplay conprises &

di spl ay process, and wherein said decode process an i i ocess
have a first |atency when in said nornmal video m)deEl! E@mmﬁm tency
when in- said scal ed video node, and wherein said di | ogi c
conpri ses neans for swi tching betweenggaid first |atency and said second

| at ency when switching between said normal video node and said scal ed video
node. 21. The digital video decoding systemof claim20, wherein
sai d display node swtch |ogic conprises a sync generator, said sync
generator conprisi2g maaddgioal igiisd dgcodind/REEt2n eprptidéiet.d signal of a

frame of said I, .P & B frames being processed when swit ching between said
normal  video node and said scal ed video
45 22. The digi% QPWPEIeYSl‘%F’é{:&?Pﬁga%?s‘% etfiadedc Vafae Med8vher ei n sai d

sync generator outyhemeian Whew pncsaid hosmghavidenl wdsf, r fokl syiwe’ signal for
use in retrieving £romesaid Bﬁéﬁ@t b of %&sgﬂgydam MisRg a%% coded stream

of video -data, wherein sai enerat . outputs said cture signa

and said frame syntoRIfIco ﬁa%ﬂag THdn vide WHRIRDS FYgEe™ Lystem
is in said scal ed imdemalwideidec mode, 28al@fiefxhngd alompirdebnglecodi ng system

of claim18, wher efﬁaé@idilaflr %Eﬁebefﬁlchﬁmi' §£5c BYieR! QrdebudiRet NEIOr Yy
areas for receivin ecoded stream of Vvideo data,

said nultiple def|&%ﬁp}ﬁﬁnﬂpysﬁFgaXIQ§ﬁnﬁi ‘a first area and a second

area for receiving unscaled I and P franes of sai d decoded stream of video-

data, and at |east one § hirhedbQBEEPI£d1ECRIMPOPGr BOAl RbrlingPsgi B Fypures of
sai d size frames and said scaled frames after a decoding
time thereof and prior to a display time thereof, -
wherein there is a predefined latency between said

decoding time and said display time; and

wherein said predefined latency between said
decoding time and said display time comprises a first
latency when in normal video mode and a second latency
when in scaled video mode.

26. The digital video decoding system of claim 25,
wherein said decoded stream of video data comprises an
interlaced format, and said first latency comprises one and
one half frame times for reference frames, and said second '
latency comprises two frame tiwmes for reference frames.

27. The digital video decoding system of claim 25,
further comprising display mode switch logic for switching
between said normal video mode and said scaled video wode,
wherein said switching occurs without perceptual degradation
of said video display.



decoded stream of video data comensurate with the first'area'and t he

second area receiving said unscaled | and P franes. . -The -
digital video decoding systemof claim23, wherein sald unscaled | :
frames conprise full size | and P frames, and wherein Imum]ﬂﬂ’mm lﬂ & B
frames conprise a fractional size of said full size |

fractional size conprising at |east one of one-quarter one-hal f said
full size. 47 46 25. A digital video
decodi ng system conpri sing: a normal video node and a scal ed

vi deo node, wherein when in said nornmal video node, full size

frames are output fr dﬂh%_ph%ﬁ]le@l% eBetbafhdbyst mcegpéfynﬁ Aaid

di gital video deco st e g. 3 eo, node, ‘scal ed
frames conpri¥® ?\’@E’a{‘ Sal"%lfiééi’?‘%éwdsﬁ zgé"*(‘}f:hs]a‘?%l”? d1"|°1§fi?§ ¥ERES e out put

for di spl ayankirsnishid ¢édedi péphay for a predefdnkdaperied fafi tige
tenmporarily S&ﬁéh”&vﬁ?&lﬂrﬂcgubletween AR Mo ik dlodeSsRGCSLId ames after

a decodi ng eof and prior to a display tinme thereof,
wherein ther eSng‘ggp‘F% €G- 1 at ency between said decoding time and
sai.-d display time; and wherein said predefined | atency between
sai d decoding jye ﬁi’éj g'l@aﬂlﬁﬁhé’é’ déc@&:LﬁQnWétiéiﬁo% Ehash 27, |atency
when in normal . video nD<f<f second I%;%nix wq-%' n scaled vi deo
mode wherein sai 1sp1ay mode swi gic includes

generator, said sync generator including means for

ascertaining during said switching from normal video mode to

scaled video mode whether a next frame to be displayed

includes an MPEG-2 repeat field signal, and if so, for

suppressing said MPEG-2 repeat field signal when displaying
said next frame.

30. The digital video decoding system of claim 25,
wherein said frame buffer comprises multiplé defined wmemory
areas for receiving I, P & B frames of a decoded stream of
video data, said multiple defined memory areas comprising a
first wmemory area and a second memory area for receiving
full size I and P frames of said decoded stream of video
data, and when in said scaled video wmode, at least one third
area for receiving scaled I, P & B frames of said decoded
stream of video data commensurate with said first area and
said second area receiving said full size I and P frames.

31. The digital video decoding system of claim 30,
further comprising a video decoder for decoding an encoded
stream of video data and producing therefrom said decoded
stream of video data, and a decimation unit coupled to said
video decoder and adapted to scale said decoded stream of
video data for said video display when said digital wvideo
decoding system is in said scaled video wode.



26. The digital video decoding systemof claim 25, wherein said decoded
stream of video data conprises an interlaced format, and.saidfirst |atency

conpri ses one and one half frame times for reference frane \““
second l-atency conprises two frane tinmes for refere m\“&‘&&“‘ 27.
The digital video decoding system of claim 25, furt si ny di | spl ay
node switch logic for sw-tching betweep said nornal vi déo node and said
scal ed video node, wherein said switching occurs w thout per cept ual
degradation of said video display. 47
28. The digital video decoding system of claim 27, wherein sai-d display

nmode -swi t ch | ogi ¢ 3kncl ndesakd BuE eker f8£aakn@gtaal dlaé@l%dadsﬁbaxéy%%ma

Card scal od vFaaaoyiBeB s b HabORL M B s Rkend ey cyetemof

claim27, whe&tBTisidpg:di spl ay node swi tch I ogi c includes a sync generator,
sai d sync generator including means for ascertaini ng during said swtching

from normal video node 'f?lg?é Iy ?@ggg,\g}g]ta e rgmi t e
di spl ayed includes an K‘/é re ef\éllLt g? na 8 g H%&gu;l 9', Q‘
suppressi ng sai d FPEEaBeBPEA J9c0084d sﬁbﬁ%qm\&feﬂlﬂfegp‘li%'iﬁ'n@% d next
frane. 30. mﬁmlgﬂ.gl def insd eendegoarens spabetsdhgel ai m 25, wherein
said frame buffer conprises multiple defined nenory
(i) a first area and a second.area for
receiving full size I and P frames of said decoded
stream of video data; and

(ii) at least one third area for receiving
scaled I, P & B frames of said decoded stream of
video data commensurate with said first area and
said second area receiving said full size I and P
frames. -

33. The frame buffer of claim 32, wherein said at
least one third area comprises at least three areas, said at
least three areas receiving said scaled I, P & B framés of
said decoded stream of video data.

34. The frame buffer of claim 33, wherein said
multiple defined memory areas comprise a predefined region
of memory coupled to said digital video decoding system,
wherein said full size I and P frames of said decoded stream
of video data are employed by a decode process of said '
digital video decoding system and said scaled I, P & B
frames of said decoded stream of video data are employed by
a display process of said digital video decoding system when
said digital video decoding system is in a scaled video
mode.



areas for receiving I, P & B frames of a decoded stream of video data, said
mul tiple defined rrem)ry areas conprising a first nenory area-and” a second
menory area for receiving full size | and P frames of-said dec eam
of vi-deo data, and when in said scal ed video node, at “\m ar ea
for receiving scaled I, P & B franes of said decoded o "dat a.
comensurate with said first area and said second are Gel vVing said full
size | and P frames. 31. The d&9%ital video decoding systemof claim

30, further conprising a video decoder for decoding an encoded stream of
video data and producing therefromsaid decoded stream of video data, and

a deci mation uni t3goupl §g:akie ﬁéfﬂeer&!r_e% RGadan @%@Qﬁ&%@nﬁ ﬁ y5eLe said
[

decoded st f deo d wh tal
Vi do0 decodt YRy VAR S L0 HoSEa HAF e SoRaELote Buster. © 9118

48 BEQmPF gome: buffer for a digital video decoding system having
video scaling capabilities, said frame buffer conprising
mul ti pl e defined nenory_ areas for

decoded stream of vide e“&?a]’?’aasggcaagg ! n%? alldedagf‘F%]éd er?ogse?cgaéﬁg

conpri si ng: system, said fepozy f bedag a?feai »xgdgfinedmrfizgica for
receiving full size | and P franmes of said decoded st ream of :
vi deo data; and i t r receiving
scaled I, P & B frames® tJ%oall &ogé(%o ﬁaé#"g%%ong%% EQ&&%&{&% ot

predeflned size into three buffer areas when said
digital video decoding system is in a normal video
mode, wherein said three buffer areas receive full size
I, P & B frames of a decoded stream of video data; and

wherein said control logic is further adapted to
partition said memory into at least five buffeér areas
when said digital video decoding system is in a scaled
video mode, said at least five buffer areas comprising
a first area and a second area for receiving full size
I and P frames of said decoded stream of video data,
and at least a third area, a fourth area and a fifth
area for receiving scaled I, P & B frames of said
decoded stream of video data.



vi deo ‘'data conmensurate with said first area and sai d second area
receiving said full size |l and P franes. 33. The frane
buffer of claim 32, wherein said at | east one third area conprises at |east
three areas, said at |east three areas receiving said scaled I, P &B .
frames of said decoded stream of video data. 34. The franme buffer
of claim33, wherein said nultiple defined nmenory areas conprise a
predefined regi on of nmenory coupl ed t 0°%ai d digital video decoding system
wherein said full size | and P frames of said decoded stream of video data
are enpl oyed by a decode process of said digital video decoding system and
said scaled I, P && fmams:heﬁ S&t pritreesety Sdn eaBoakdVvseeand ¥ vakto
SRS, Y, Raslbablan dyiQeeasafls o Gihed) Aalod P LR L YRGB ON
said digital vi g systemis’In a sca of

49 35c°¢P¥+%&ﬂ9tnﬁfer for a digital video decoding system having
video scaling capabilities, said.frame buffer conpr|5|ng

menory associ at ed Wthé&oﬁlﬁg%ﬁéleaeaa%a Q@E&‘&hr& videoSYSEE£MNg sai d memory
bei ng of a predefined._size oglc or partitioning said

menory of pr eREPTHE asid‘z’8°$1ﬁ‘?0“(’?ﬁa§b°5u’ﬁ‘é‘?° when said

digital video decoding systemis in a normal video
scaling the decoded stream of video data when the
digital video decoding system is in a scaled video
mode, said scaling producing a scaled decoded stream of
video data; and

after said scaling, buffering said scaled decoded
stream of video data in a frame buffer to await display
thereof . '

37. The method of claim 36, further comprising
displaying said scaled decoded stream of video data upon
" retrieval from said frame buffer, wherein said decoding and -
said displaying occur in phase when said digital video .
decoding system is in said scaled video mode. -

38. The method of claim 37, wherein said decoding and -
said displaying occur out of phase when said digital wvideo
decoding system is in a normal video wode in which said
decoded stream of video data does not undergo said scaling.

39. The method of claim 38, further comprising
switching between said normal video mode and said scaled
video mode, said switching comprising transitioning said
decoding and said displaying from out of phase in said
normal video mode to in phase in said scaled video mode.



node, - wherein said three buffer areas receive full size . I, P&B
franmes of a decoded stream of video data; and ~_Wherei-n -said
control logic is further adapted to partition sdid nenory intao at
|l east- five buffer areas when said digital vid mmmmﬁ\l\“gn is in
a scal ed vi deo node, said at l|east five bufferemlm i a
first area and a second area for receiving full sizex ¢ Y &nd P franes of

sai d decoded stream of video dat a, land at least a third area, a fourth
area and a fifth area for receiving scaled I, P & B franmes of .said
decoded stream of video dat a. ' 50
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igital vide ' J i d. (o] [ e ecodi ng
t he encoded snggg%g%w]}'/l éeo%ﬁgatgfﬁw%ro%dggé géag%cg' e gfuraréam of video
dat a; . transi§igping Retaegecsadd RATEANVaReQ| B dida SHhdnseaked
di gital vi deorideooatibdg.systemis in a scal ed video node, said scaling
produci ng a scal ed decoded stream of vi deo data; and after

said scaling, buffering said _scal ed decoded stream of video data in a
franme buffer to afidi-t dreprefjpod of ghaimo¥d, wherein said switching

between said normal video mode and said scaled video mode
comprises delaying switching until said display is
displaying a reference frame of said decoded stream of wvideo
data.

42, The method of claim 36, wherein said decoded
stream of video data comprises I, P & B frames, and wherein
said scaling comprises scaling said I, P & B frames when

said digital video decoding system is in said scaled video
mode.

43. The method of claim 42, wherein said buffering
comprises buffering unscaled I and P frames in said frame
buffer commensurate with buffering scaled I, P & B frames
when in said scaled video mode.

44. The method of claim 43, further comprising
performing B frame memory reduction only on said decoded
stream of video data when said digital video decoding system
is in a normal video mode, said B frame memory reduction on
said decoded stream of video data being performed prior to

buffering of said decoded stream of video data in said frame
buffer.



37. The method of claim 36, further conprising displaying said scaled
decoded stream of video data upon retrieval fromsaid frame buffer, wherein
sai d decodi ng and sai d displaying occur in phase when said digital video

decodi ng sy Jﬂ cal ed vi deo node. 38. The nmethod of
cl aim 37, V\ﬁm"mumuﬂﬂ mi ng and- sai d displ ayi ng occur out of phase when
said digital*vided décoéliny systemis in a nornmal video node in which said

decoded stream of video data does not sgndergo said scaling. '39. The
met hod of claim 38, further conprising swtching between said normal video
node and said scaled video node, said switching conprising transitioning
saidd tdeg:odi ng anag.safrHe hSthayY idTY gﬁé@ﬂl 96! wHer@Rasgaid éfg}i?kaln%ir&iﬂo_r\r/]i deo
node to in c /i dgo e

nmet hod of clcgea%%é?g \Aggggﬁnﬁj%cgjﬁldyswgtcn%ﬁl% |vnl(ﬂet?dten§d8[anﬁl<| ng Qid di spl ay
for one frarfethosk CRABHIERRA MY EBHNGgLEEVERR Paisi acrmrinyideddwdmde and
said scal ed andleaiddealed vided odEhean@twitskain eh&dmsﬁﬂtcﬂhgj ein said

SW tchi ng be {, £ 9 H EEH& A G”Edﬁgﬁé‘% Sﬁ'e‘idsgiéﬁ%lvé

conpri ses delaying sw %Funtl sai d ayl ng_ a rgtference

frane of sai®f d'élﬁ)d’@tﬂ’@?ffieﬁ A\t ¥ddgat ‘éata Being EE°°%%eM%d of claim
36, wherei n dbsplageohead seiteaingibetivden datd momali sdéded, mdi& dhd r anes,

and wherei n g@i 4 =6AldaNS;1688PhbSES scaling said |, P & B frames when



said digital video decoding systemis in said scal ed.vi deo*rmde 43..

The met hod of claim 42, wherein said buffering conprise unscal ed
| and P franmes in.said frame buffer comnmensurate V\“‘“\ &‘mﬂ} led I, P
& B frames when in said scal ed video node. tfod *of claim
43, further conprising performng B frame nmenory r éducti on only on said
decoded stream of video data when said digital video decoding system is
in a normal video node, said B frane rF@m)ry reduction on said decoded
stream of video data being performed prior to buffering of said decoded
stream of video data in said frane buffer.

52 45. The4fret Hoduatrhod] §0m Becasdngi AN senePrdidyistaean; @Iéovzsl@@@dl ng
system i ncl udesaaeRploRing iad@egiese, valkd Sacdding hekueaimpaiysag W t chi ng

bet ween sai d %ml -y gqnd&dgnawgéfézpe S eaggf tﬁlgo éwaggie d wherein said

sw tching conprises i gnoring gna % frame of
the decoded SOPREAP&RIYi deo data bei ng processed for display when switching
bet ween said nornmal video node and said scal ed video node.

decoding the encoded stream of wvideo data to
produce a decoded stream of video data;

scaling, when in said scaled video mode, the
. decoded stream of video data prior to storage thereof
in a frame buffer; and

switching between said normal video mode and said
scaled video mode without perceptual degradation of a
video display of said decoded stream of video data.

47. The wethod of claiw 46, wherein said switching
includes blanking said video display for at least one frame
time when transitioning between said normal video wmode and
said scaled video mode.

48. The wmethod of claim 46, further comprising
decimating, when in said normal video mode, the decoded
stream of video data prior to storage thereof in a frame
buffer, said decimating comprising performing B frame memory
reduction only on said decoded stream of video data.-

49. The method of claim 46, wherein said swiéching
comprises ignoring an MPEG-2 repeat field signal of a frame
of the decoded stream of video data being processed for
display when switching between said normal video mode and
said scaled video mode.



53 ' 46. A nmethod for processing an encoded stream of video _data
enpl oying a digital video decoding system having a normal video node and a

scal ed vi deo node, said nmethod conpri sing: encoded
stream of video data to . produce a decoded streléulluﬁmmmmullﬂM'
scaling, when in said scaled video node, the detoded st 'eatn of vi deo

data ‘prior to storage thereof in gaframe buffer; and
swi tching between said nornal video node and said . scal ed vi deo node
wi t hout perceptual degradation of a vi deo di splay of said decoded
stream of video data. 47. The nmethod of claim 46, wherein said
swi t chi ng i ncl udes0-bl ditld mgtbaddo®icledmiépl Eyrfhmr atompaeastingne frane tinme
when transi tum@gnﬁyrmé VARG 38b8aQ fBleati Be0viasse @it wRbf seekedyyi deo
node. fré . {1?5/: tt%?g) g% cl ai.m 44 ngéh r ‘?(Eff risi ng ngm mat i ng,
when in sai d-fiorn&d i%‘ HELSF h S RERES e 52121 15 fPdeb?&ta prior to
st or age ther 8dfpPlaying ragaur Bof pbase sdie gaddndigipl oridepsdagogimd or ming B
f4 r9 am% hrrerm { Ksyéﬁfé&icié Ofh Zaréalm g8agad dvimpd\egﬁtémmaﬁd Wed8aifgt #ng

: e ne . m rein.s ng.. < ri.ses lgporing an
MPEG 2 r epeag gf.L ?e.%gﬁa Eisd c#‘(gérf ?%?regf g’fh%\gﬁe% ée%gsa%:éi)s llgégﬁ?oﬁ’gg?‘aeo dat a
bei ng proces$e§ofdng eysipmis ABnsaif tndrmed MédeRared®ri d normal vi deo node
and said scal ed video node.



54 ’ 50. The nethod of claim46, further conprising.-di-spiaying said
decoded stream of video data upon retrieval fromsai'd frame Tgéfer wher ei n

sai d decodi ng and said di splaying occur in phase tal video
decodi ng systemis in said scal ed video node, and said
di spl ayi ng occur out of phase when sald dlglt oudéboﬁlng systen1|s I n

said normal video node. 51.

A nmet hod for processing an encoded strean1of vi deo dat a enploylng a digital
vi deo decodi ng system having a normal video node and a scal ed vi deo node,
sai d nmet hod conpri sing: decodi ng the encoded stream of video
data to prodikce A detbdédfst neamesisingden eateded stream of - vbaéderi ng

the decoded &&E@aéﬂ\ﬁlfoyﬂn@eﬁ d%ﬁt&l v:Ldeo decodifl SH M hatBBgYf f ered
decoded stream of_ vi é N q vid a cont%Plllgg sai d
di spl ayi ng aﬂﬂrﬁﬁ}dwﬁg%bﬁpﬁﬁ iy §&fiea video mode P{d met

comprising:

decoding the encoded stream of video data to
produce'a decoded stream of video data;

buffering the decoded stream of video data;

displaying the buffered decoded stream of wvideo
data; and

controlling said displaying and said decoding such
that there exists a first latency between decoding time
and displaying time for a frame when said digital wvideo
decoding system is in said normal video mode and a
second latency between decoding time and display time
for a frame when said -digital video decoding system is
in said scaled video mode.

52. The method of claim 51, wherein said decoded
stream of video data comprises an interlaced format, and
wherein said first 1aténcy comprises one and one half frame
times for reference frames, and said second latency
comprises two frame times for reference frames.

$3. The method of claim S1, further comprising
switching between said normal video mode and said scaled
video mode, said switching including changing between said
first laténcy and said second latency of decoding time to
display time, wherein said switching occurs without

perceptual degradation of the display of said decoded stream
of video data.



t-hat there exists a first |latency between decoding time and di spl ayi ng
time for a frane when said digital video decodi ng systemis.in said
normal vi deo node and a second | atency between decoding tine and

di splay - tine for a frame when said digital vyi “WH temis
in said scal ed video node. 52. The net hod\u'“lm“ﬂﬂ J] w,m ein said
decoded stream of video data conprises an interlaced férnft,®and wherein
said first latency conprises one and ogg half frane tines for reference
frames, and said second |latency conprises two frane tinmes for reference

franmes. 53. The nethod of claim51, further conprising swtching
bet ween sai d nornmal video node and said scaled video npbde, said swtching

| ncl uding changi ngsgoet ‘f-ﬁ@r&nééiéh e Cihit LN hatRd, S Pdss%&%%lhgtency of

decoding time, to ereln sald sw occurs w
per cept ual deb‘?'cald’éstelso 16@‘%1‘1% TR dppay SERTY adé’ESG@'Sl%%‘? RaRLosF ofi deo
dat a. time when switching between said Gformal vidéd.mddwe amet addof

claim 53, whegghib$AidedMnbg8i Ng i ncl udes bl anking said display for a .

predefined period of time when sw tching between said nornal video node and

sai d scal ed vi deo node. 55. The method of claim54, wherein said .

swi t ching conpri se&5 asfbet mehnod afhaladwi Sthiw@ﬁerinn’sabdm:lt\dtdm node to -

scal ed vi deo aeﬂ,_@rﬂwé fa%eeeta@eﬁng AR &R1i0enTHe HraweHothe]l UbR AhodMREG 2

Cﬁgﬁa;i fslple1313| EI 90& J';ecf1 1deo #3de wtfpé?:hee%SI n&e:%@'tdral\n/lgEgbzbé eé)'eat iy % d st gnal
1ncludes an MPEG-2 repeat field signal, and if so,

suppressing said MPEG-2 repeat field signal when d:.splay:n.ng
said next frame.

56. The wmethod of claim 51, wherein said buffering
comprises buffering the decoded stream of video data in a-
frame buffer comprising multiple defined memory areas for
receiving I, P & B frames of &aid decoded stream of video
data, said buffering comprising, when in said scaled video
mode, . buffering full size I and P frames of said decoded
stream of video data commensurate with buffering scaled I, P
& B frames of said decoded stream of video data.



sai d next frane. 56. The nethod of claimb51, wherein said buffering
conprises buffering the decoded stream of video data in a frame buffer
conprising multiple defined nmenory areas for receiving |; P-&-B franes of
sat d decoded stream of video data, said buffering conprisi %lm when in said

scal ed video node, .buffering full size | and P frarres ﬂm m(ﬂmm"
stream of video data conmensurate with pufferl ng scal ls of
sai d decoded stream of video dat a. "os s 57
57. A nethod for allocating a frane buffer for a digital video decoding
system havi ng video scaling capabilities, said nethod conprising:
partitioning the Brameabuéflesd isdxoallbéapiey e EREMe buffed &% hor receiving

o BB {1 230002 8860 URE R By seom 18yt §9088! Goarsgifd partiti oni ng

conpri sing aflrs area an cond area for
recei vi ng ful9eRRidirigad ¥ é‘f?éé‘oéf comEpPH a5 ded stream of
video data, and defining at least one third area for
receiving scaled I, Et gmgofth%awaﬂ@cm&%r 1nt Lt s ?tlr e@\g}nggyw deo
data commensurate vvlth t area and e sec 3 area

receiving the ful [2reafe fpr receiving I, (Pp(B fames of '8 decodsa stream
of wvideo data, sald partitioning compr1s1ng.

defining a first area and a second area for
receiving full size I and P frames of said decoded
stream -of video data, and

defining at least one third area for
receiving scaled I, P & B frames of said decoded
stream of video data commensurate with the first
area and the second area receiving the full size I
and P frames. '



58 - 58. A nethod for allocating a frame buffer for a di gital video
decodi ng system having video scal.ing capabilities, said. nethed-conprising:

partitioning the frane buffer into three buffer areas whe '
di gital video decoding systemis in a nor nal vi dimmmm\!mgmﬂm\sal d
three buffer areas receive full size I, P &Bfr ol

stream of" video data; and 58 partitioning said frame buffer
into at | east three buffer areas when said digital video decoding
systemis in a scal ed video node, said at |east. three buffer

areas conprising g fi ritS area, a d a_second area for receiving full
size | and P frane¥ of PsHPHRR e @llocating & frgme Pukee %, @aand at | east
one third aredidgigral videpedecoding syaited havihigR vBadboasesliofg sai d decoded

stream Ofaparhed tddlks?. said metdd cORfri®ifpd of claim 58, wherein said
at least one third area conprises at least a third area, a fourth area and
a fifth area for receiving said scaled I, P& B franes of said decoded
stream of video data, Wwextathoning the Iferamwe hufifed anba, thire Muffeea and

fifth area each coif¥dss@hleASsaddaRiditan ¢2déb fddaiagedyeraisd j5eg0nd

area. normal video’mode, whérein said three buffer areas
receive full size I, P & B frames of a decoded stream
of video data; and

partitioﬁing'said frame buffer into at least three

- buffer areas when said digital video decoding system is
in a scaled video mode, said at least three buffer
areas comprising a first area and a second.area for
receiving full size I and P frames of said decoded
stream of video data, and at least one third area for
receiving scaled I, P & B frames of said decoded stream
of video data.

59. The method of claim 58, wherein said at least one
third area comprises at least a third érea, a fourth area
and a fifth area for receiving said scaled I, P & B frawes
of said decoded stream of video data, wherein said at least -
third area, fourth area and fifth area each comprise less
area than said first area or said second area.



59 60. An article of manufacture conprising. =~ a conputer program
product conprising a conputer usable medium having conput er-readabl e

program code nmeans therein for use in processi t ream of video
data enploying a digital video decoding syst ermﬂmﬂm Wi@ eadabl e :
program code nmeans in said conputer progran1pr0ﬂu@t co

conput er readabl e program code neans f causing a conputer to effect
decodi ng t he encoded stream of vi eo'data to produce a decoded stream
of video dat a; conput er readabl e program code neans for

causing a conputer to effect scaling the decoded stream of video data
when the digital €¢PdecAn artigdeo@fnyaryfadmnes compgiséaged vi deo node, said
scal i ng produci ng a scal ed decoded stream of video data; and

buf feri ng 52?3“5§af’2895a5%“pq%%5”§@§§r%ﬁe%r°d ct, gt s TS e
to awai t d|§§?§}etmﬁ§¥ﬁﬁ having computer readab e program codeg( 61.
An article of nmanukaakutkersirprios nge in processing an encoded stream

of video .data employing a digital video decoding

system, said computer readable program code means in

said computer program product qomprising:

coﬁputer.readable pfogram code means for
causing a computer to effect decoding the encoded
stream of video’data to produce a decoded stream
- of video data;

computer readable program code means for
causing a computer to effect scaling the decoded
stream of video data when the digital video
decoding system is in a scaled video mode, said
scaling producing a scaled decoded stream of video
data; and '

computer readable program code weans for
éausing a computer to effect buffering said scaled:
decoded stream of video data in a frame buffer to
await display thereof.



a conput er program product conprising a conmputer usabl e nedi um havi ng
conput er readabl e program code neans therein for usé’i'n processing an

encoded stream of video data enploying a digi taI syst em
havi ng a norrmal video node and a scal ed vi deo no 'ig !Emgwm r eadabl e
program code means in said conputer program produe

conput er readabl e program code neans for causing a conputer to effect
decodi ng t he encoded stream of vi @@o data to produce a decoded stream
of video dat a; ' conput er readabl e program code nmeans for
causing a conputer to effect scaling the decoded stream of video data
prior to storage t&ieredfr pnticle of framnEadiufrecrcombenssagd di gital video
decodi ng systemis in said scal ed vi deo node; and

conput er readabl e program code means for causi ng. a conp puter to effect
swi t chi ng bet ween & E3MRYHY rr?ﬁflc’ TR IR gﬁﬁpﬁgﬁn%caa FRAHGE0 node
Wi t hout per cept ualusidgjeanativn kFviagy coupuens glegdable PrQﬂr@mG@d@ecoded
stream of video daiéans therein for us621nﬁm@désscihg aﬁ &R Hehr@am

conpri si ng: ué r oduc eé | n ut er usabl e
medi um havi ng corrp é&grég)a S%? “%%_ g%% 2 %1 iedl g0 3ec°&lnr§) system
having a normal video mode and a scaled video mode,
said computer: readable program code means in said

computer program product comprising:

computer readable program code means for
causing a computer to effect decoding the encoded
‘stream of video data to produce a decoded stream
of video data; '

computer readable program code means for
causing a computer to effect scaling the decoded
stream of video data prior to storage thereof in a
frame buffer when said digital video decoding
system is in said scaled video mode; and

computer readable program code means for
causing a computer to effect switching between
said normal video mode and said scaled video mode
without perceptual degradation of a video display
of said decoded stream of video data.



means therein for use in processing an encoded stream of video data
enpl oying a digital video decoding system having a normal video node and a
scal ed video node, said conputer readable program code means in said’

coirput er program product conpri sing: rogram
code neans for causing a conputer to effect demmﬁﬂm m"j% m
stream of video data to produce a decggied stream

conput er readabl e program code neans for causi ng a conput er to effect
buffering the decoded stream of vi deo dat a; conput er
readabl e program code neans for causing a conputer to effect
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conput er readabl e program code neans for causing a conputer to effect
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in said scal ed video
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said computer readable program code means in said
computer program product comprising:

computer readable progfam code means for
causing a computer to effect decoding the encoded
stream of video data to prdduce a decoded stream
of video data;

computer feadable_program code means for

causing a computer to effect buffering the decoded
stream of video data;

computer readable program code means for
causing a computer to effect displaying the
buffered decoded stream of video data; and

computer readablefprogram.code means for
causing a computer to effect controlling said
displaying and said decoding such that there
exists a first latency between decoding time and
displaying time for a frame when said digital
video decoding system is in said normal video wode
and a second latency between decoding time and
display time for a frame when said digital video
decoding system is in said scaled video mode.



a conputer program product conprising a conputer usable medi um having
conmput er readabl e program code neans therein for allocating-a frame buf f er

for a digital video decodi ng system having video scaling ca al sai d
cornput er readabl e program code neans in said conputer “iﬂ H\“ m‘

conpri si ng: conput er readabl e program cod

causing a conputer to effect partitioning the frame buffer | nto
mul ti pl e nenory areas for receivifig |, P & B franes of a decoded
stream of vi deo data, said conputer readabl e program code means
for causing a conmputer to effect partitioning conprising: '

(i) conputer read#3l.e progroiclboddE manufacturgeemprieingausi ng a conputer
to effect defining a fi rst area and a second area for

receiving full size |l and P fr sa oded str mof
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in said computer program product comprising:

computer readable program code means for
causing a computer to effect partitioning the
frame buffer into multiple memory areas for
receiving I, P & B frames of a decoded stream of
video data, said computer readable program code
means for causing a computer to effect
partitioning cowprising:

(i) computer readable program code
means for causing a computer to effect
defining a first area and a second area for
receiving full size I and P frames of said
decoded stream of video data, and

(ii) computer readable program code
means for causing a computer to effect
defining at least one thlrd area for
receiving scaled I P & B frames of said
decoded stream of video data commensurate
with said first area and said second area
receiving the full size I and P frames.



a-conput er program product conprising a conputer usabl e nedi um having
conput er readabl e program code neans therein for use i n-aldocati ng a frane
buffer for a digital video decoding system having vi de cal i ng ’
capabilities, said conputer readabl e~ program code ne b’i

orrput er
pr ogram product conpri si ng: conput er reada
means for causing a conputer to efgect partitioning theL N

buffer into three buffer areas when.said digital video decodl ng system
is in a normal video node, wherein said three buffer areas receive
full size |, P & B franes of a decoded stream of video data; and
conput er readabl e pfogrimn Tddeleeafisndmefacturecaosprigsimgconput er to ef f ect
partitioning said frame buffer into at Ieast three buffer areas when
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| east three buffer areas o ® PEFHY BFHF tcﬁtp%ﬁl% & SeWBhEeEr ea for
receiving full si zésﬁb&ﬁd“@#%#éylﬁﬁ sempit¢ac sgadable progremncodevi deo

data, and at | east meafAst théteiaf @@r use {®ralNRRALYhH0a SErahRdbherBr&eBf r ames
of said decodgd 3355 2" Waed gggogfﬁéLsYstem having video scaling
' " capabilities, said computer readable program cbde means
in said computér program product comprising:

computer readable program code means for
causing a computer to effect partitioning the
frame buffer into three buffer areas when said
digital video decoding system is in a normal video
mode, wherein said three buffer areas receive full

size I, P & B frames of a decoded stream of video
data; and

computer readable program code means for
causing a computer to effect partitioning said
frame buffer into at least three buffer areas when
said digital video deéoding system is in a scaled
video mode, said at least three buffer areas
comprising a first area and a second area for
receiving full size I and P frames of said decoded
stream of video data, and at least one third area
for receiving scaled'I, P & B frames of said
decoded stream of video data.



