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I NVENTI ON The present invention relates to a menory t ster

met hod of transfer control for video |ine data and macqgl ogANa2O0 T))e
menory transfer control l er can be a bri dge between a video system and a _
standard bus system for: access to an external 10 nenory. BACKGROUND OF THE
| NVENTI ON The prior art has generally focused on the organi sati on of data
in menory and the use of 15 controller circuits to facilitate the
efficient transfer of video data between a video system and external
menory. US Patent No. 5,581,310 by Vinekaciet al., entitled "Architecture
for a Hgh Definition. Video Frame Menory and an Acconpanyi ng Data

Organi sation for ‘Use therewith and. -20 Efficient Access therefront

descri bes an archit-e ' - ' } | -
particul arly sui !} ggsﬁ(%#&ﬁgégggﬁgkhﬁgﬁ’&?e%%lﬁ%{%ﬁdb\%gﬁﬁzg%%ﬁsg%m)r_y
and an acconpanyi nGONEROL GF VIDEOALINE DATHYANDXMACROBLOCKDATAO -
facilitate efficient block and raster access therefrom Specifically, the
menory relies on storing n-byte words (n=m xnR) across n2 i ndependent
menory segments with pre-defined positional offsets 25 between ni-byte
words stored.in _successive nmenor segnents Al these segnents are
si mul t anectis | KIEAR OFEHEINVENEION or write basis. This structure of storage
allows two wdely differing forms - of menory access, part of raster line or
sub- bl ock of mmcrobl ock, to be accessed easi'ly using appropriate pipeline
shuffling ci rlhei pregent MemﬁnPaﬂlzacs td\e. mﬁpﬁgmﬁﬁ&rmpnmﬁri zmd pethodl | efcrdnbfet hod
?rgghégpg;]gt g%ﬁgort urswr %{? P 10€ dxga(x%grgivb Scrglylo&r 3a%a 0 ewggr%or[gre anster controqlser can es a
bndae between a video system and a standard bus system for access to an external

and

10 memory
_BACKGROUND' OF THE INVENTION

The prior art has generally focused' on the organisation of data in memory and the use of
- 15 controller circuits to facrlxtate the eff' cient transfer of video data between a vrdeo system

and e'<tema.l memory.

~ US Patent No. 5,581,‘31_0 by Vinekar et al., entitled "Architecture for a High Definition

" Video Frame Memory and an Aecompe.nying Data Organisation for Use therewith and
20 Efﬁcient'Access therefrom” describes an architecture for a memory w1th a wide word
width partxcularly suited for use as a high definition video frame store memory and an

' _accompanylng organisation for stonng pixel data therein to facilitate efficient block and -

raster access therefrom Spec1ﬁcallv the memory relies on. stonng n-byte words
(n-—mlme) across m2 mdependent memory sebments with pre-defined posruonal offsets

' 25 between ml- byte words stored in successive memory segments. All these segments are
simultaneously accessed on a read or write basis. This structure of storave allows two

widely dlffermg forms of memory access, part of raster line or sub-block of macroblock to

be accessed easily usmg appropnate pipeline shuffling crrcurtrv

30 US Patent No. 5,892,522 by Moutin, entitled "Method and Appetatus for Addressing a
Memory Area of MPEG Decoder”, describes a method and apparatus - for add_res'sirig a



menory area assigned to bi-directional imges. froma decoder according to
al MPEG standard and organi sed in rows of nacrobl ocks constituted by

bl ocks containing data relative to. a group of pixels of the imge. The
met hod, by dividing each data block into a half block of odd lines and a
hal f bIock of even lines and then sequentially arranging all 5 half-blocks
of the sane type in the sanme row of macrobl ocks, enables t he reduction of
menory area for storing bi-directional imges. U S. Patent 6,028,612 by
Bal akri shnan et- al., "Picture Menory Mapping to Mnimse Menory Bandw dth
I n Conpression and De conpression of Data Sequences", ‘describes a 10

- method of partitioning the picture into 2 _Qr- nore stripes, each having a
pre-det erm ned nunber of col umms and sequentlally mappi ng each row. of the
stripes to a subsequent word in nenmory that can reduce bandwi dth when -

retrieving an arr ortion,of .the picture from nenor Thi's, was ext ended
for .the case 'B‘Fm??f/?é'g? éisé%‘e@/lt‘d(?bgg%‘g

stored in a fdlddrdOBURBighMGedTRIRIWs Wi &hm%bmcka&o&eaeém Sataage naafén data"
atypi cal video encodi ng and decodi ng system- a@ge anounts- o eo data .

are requi r ed.relative toea grpumfmmléaf@@emaee sﬂmmeth @Weitvildmg eaghilath blvelyintoa .~

support. of ot r vi deo _encodi ng'. :
systens |ike }%B{ggggdf% IE.JeS ?fmh?lxg bIOCE%??rV\% re thd gﬁ% setuS}n ta,rrg?gmg all S
estimatiorp analﬁmmwnhn sanm typelum(yre saﬁ(e 1Opt oﬁmlacmbtmks; dmaﬂémld:trladma@e,f s

I mportant for r’q) i n%,e @nvent ional nethods that nininise -
bandw dt h usé‘éér“? oraxg F g étnﬁé required to be perfor,rred for

exanpl.e by inplenenti: ng a-smal | er notion estimation-search w ndow or
reduci ng or elininati vi.deo pre- or.post processn ng.- Oten,. theseée

et hods. achibSaPR AT o B oA o hebihpe Menoy Mapbinedo el
gquality. On M&nor?tﬂaﬁdwﬂﬂpﬁlx c&n%é{?t&ranaflﬁ é’&nﬂﬁéssronr@'mta/ S@rﬁﬁﬁ&%"

devel oped t.o I ncrease . to maintain picture qua s can
however , . i0nc meghod qfammtmmssthmqtm iatec? prrploestetripey, icach bavipg expreayleterrmned -

1984} mages feme? degqderaccordingitp s MBEGhe -

- number of columns and sequent1ally mappmg each row of the stnpes to a subsequent word - | o

. .in memory that can reduce bandw1dth when retrieving an array portlon of the picture from
“memory. This was extended for the case of 1nterlaced video sequences where a frame,' .
S p1cture can be stored ina ﬁeld orgamsed memory w1th s1m11ar mappmg schemes L

In a typtcal video encodmg and decodmg system la.rge amounts of vxdeo data are reqmred_ L |
o be transferred over a shared system bus, which may support of other penpheral dev1ces, A
especrally for video encodmcr systems like MPEG-2, whrch elrrmnate temporal redundancy R
‘ - by motion estxmatron and 1nter-p1cture codmg L '
20 '

Optxmal memory bandw1dth usage is unportant for lmplementanon Some conventronal o
methods that minimise bandwrdth usage limit the data processmg requ1red to be
~ performed, for e‘cample by 1mp1ement1ng a ‘smaller motion estrmatlon search w1ndow or
| reducing or elumnatmg v1deo pre- or post processmg Oﬁen, these methods achreve a ,‘--

25 lower bandwrdth at the expense of encoded prcture quahty

On the ‘other hand a faster and wrder memory access can be developed to mcrease -
- bandwidth to maintain plcture qualrty This can however mcrease power consumptlon
. and unplementauon complexxty ' '
30 '



30 -3 The problemof. bandw dth usage can be descri bed nore specifically
o relation to an MPEG conpressi on systemthat consists of a video :
pre-processing . sub-systemthat. processes data at the video |line rate and
a video encoder sub-systemt hat processes data at the nacroblock rate..
This represents two independent periodic data transfer events on the 5

system bus. The difference between video |line data rate and macrobl ock data

rate on the systembus gives rise to a situation, where both types of data
transfers. occur sinmultaneously, known as. peak nmenory access bandw dth.
Thi s may cause unacceptable |atency- in data transfer 10 which may crash
the video pre-processor sub-systemthat isj3receiving digital data input in
real tinme and may cripple the real ti-me processing of the video encoder
sub-system The morst case nenory access bandwi dth may be further

aggravat ed | of.hex '

devi ces. Whgf‘ g?‘q ef na?%ﬁhd&‘d& uéagggsalslsogn ?ﬁ&%ﬁ xHXre éﬁ%glﬁcag pﬁol}g’hotﬁ op
of the peak nePeG/ camp&saoxbaystemdtﬂat ebngiste of v vsdcb pxyespremssmg Tdubsystem that
addi ti onal bus | oad di ctabl.e and diffi t to n

STt one. sudosSo i YR iR Sl A0 Sebdir St brite B biessrngatg o
using a | ar gehe niHeFIBIock Ratt ! ThisGepraseagawolindepettiene pétiodidaty Gamférievbdaoy tHeut
have t he drawback of 20 i'ncreasing inplenmentatiaon costs significantly.

Duri ng noriraISYétﬁélrlalﬁ on, the frequency of . macrobl ock data transfer -i's _
hi gher than that of.. video. |ine transfer. The 'vi.deo pre-processor

sub- system reqm res video line data transfer at 1east every 64 ps and 63.6 . _,

us ‘fora PAL dfie diffeEneybateeen widereling dath yate ind macblock taeratznoe thessyigergytais em

e e o BRGSO B Bt lol Sl ol b ©

transfer tharpeahmemmyracdmbnbmmkadm tTlasnsﬁzqrcauﬁonn&nqmﬂlelatmdyumdammsfennge :

-video lin r|se 30 of 720 bytes Whha helum.narlcde .mage
A “gl‘lél? eooqre-fs%:ewr Sub-system that 1s recexvmg dlgl ata mp mn v

nmacr obl oc
. real tlme and may cnpple the real tlrne processmg of the v1deo encoder sub~system

The worst case MEmOory access bandWIdth may be further acgravated where add1t1onal bus I
' load is caused by other perlpheral devmes and or external memory access on the same '
15 system bus on top of the peak memory access bandw1dth of the two sub-systems -Thxs'_
_ addmonal bus load may be unpredrctable and dtfﬁcult to control ' -

. Solutlons such as h10her memory access and system bus throughput and/or using a larcer B |

o memory buffer or usage of cache can unprove efﬁcxency but have the drawback of U

20 mcreasmg 1mplementatton costs s1gmt1cantly

: Dunng normal operanon the frequency of macroblock data transfer is hrgher than that of . -._'
_ 'v1deo hne transfer The v1deo pre-processor sub-system requtres video. lxne data transfer at
| least every 64 us and 63.6 ns for a PAL and NTSC system respect_xvely._ The video -
2_5 encoder .sub-systern requires "rnacroblo'ck data transfer at least every 24.7 us for a DI’ -
'picture'.l _ _ L o S
On the bther hand, the video line transfer has a larger amount of data transfer than'the _
| '_macroblock data transfer For example a lummance image video line transfer compnses '.

30 " of720 bytes while the lummance image macroblock transfer comprises of 25 6 bytes



-4- SUMMARY OF THE | NVENTI ON The present invention provides a nethod of
transf-erring sets of video |ine data and macrobl ock data, conprising the
steps of 5 determ ning a nacrobl ock period and a video |line period | onger
than the rmacrobl ock period; dividing each set of video Iine data to be
transferred within the video line period into two or nore portions
according to the.difference between the determn ned macr obl ock peri od and
video line period; ": 10 aligning a burst transfer of each of the portions
of the divided set of video line data and each set. of macrobl ock data to
the macroblock period; and initiating the burst transfer of the sets of
vi-deo line data. and nacroblock data at _gmcrobl ock period intervals. 15-
The present invention ' also provides ‘a nmenory transfer controller havi ng*
means for executing the method as described above: The present ‘i nvention-
al so. provi [ [ wepotroller for controlting the transfer. -
of - rraclroobl oc@%@{%cﬁrhﬁm RS encoder and the trang-fer of video -
line data 20 to or ‘froma videa pre- processor, wherein the size of a unit”

of the video |ine data is_ larger than-the SIZE% .unit of th
macr obl ock. dE#e p&ﬁaﬂt ngentioan@rpyfeon MetBodé S ] et qfsvideq fhéetdéa ol o

first predet 4t f theGRAL gt erised in that the nmenory. transfer _
controller rﬁ apt eg H%ogr‘f; 1'l\‘)lgéel tehteaw deo line data into two or nore.

portions 5or tr ardstaminifg eackecobloski perinsk eidres Videor dinpeperiade langers than2 theof S

said first pgggc%gglt% ed. time period. The present .irvention also provi des a

vi deo conpr erﬁ conprising a nenory transfer: controller as-

described above. d[hdurgreaeleset of ividentline datal tocbepramsfesied .within ithte videte thoenperizalsi- on o

etermme macro

'syst em conpr.i si ‘a menor
y mp té\% rence betwe

that the vide® rerpg?@wﬁsrea ’éEl?nt sel

_ penod and vrdeo line period; . _ . _ _
10 h ahgmng a burst transfer of each of the portlons of the d1v1ded set of vrdeo line data -
' and each set of macroblock data to the macroblock penod and ' ‘. o
initiating the burst transfer of the sets of v1deo line data and macroblock data at_

macroblock penod mtervals :

15 The present mventron ‘also provrdes a memory transfer controller havmg means for o

executmg the rnethod as descnbed above

The present mventron also provrdes a memory transfer controller for controllrng the. .

E transfer of macroblock data to or from a video encoder and the transfer of video lme data’

transfer ¢ ntrfgller as ggshcré bed .above, b?ocie pt -~

20 toor from a v1deo pre-processor ‘wherein the size of a unit of the video line data i rs larger = G

than the size of a unit of the macroblock data and the transfer of the macroblock data i is -

effected in a a first predetermrned time period, ' - - .
"~ characterised in that the memory transfer controller is adapted to drvrde the video

line data into two or more portions for transfer of each of said portrons in respechve ones.

25 of said frrst predetermrned time penod

~ The present 1mentlon also provrdes a vrdeo compressron system compnsmg a memory .

transfer controller as descrrbed above



decoder and the video pre-processor. is instead a video post-processor. 5 1In
generafF terns, enbodi nents of the i-nvention split the set of |arger and

| oner frequency video line data transfer into two or nore smaller data
transfers at the higher frequency macroblock timng [evel. In this way,
the video line data transfer rate is aligned with the macroblock transfer
rate and the correlation in data transfers between the video pre- processor
and vi deo encoder sub-systens reduces the peak nenory access bandwi dth 10
usage. In addition, video line data transfers at nacrobl ock timng |evel
allows for a-finer priority differentiation wthin the set of .video |ine
data. transfers and the flexibility of higlfer priority assignnment over
macrobl ock. data transfers at macroblock timng | evel since the 15 video
pre-processor.-sub-system has a real tinme input of video data. By splitting

and al i gni ng The piséie indehtich A 9rowr@a§fmeot&cérﬁ&ea%d %ﬁ@%@tf% ARy

transfer and assigning priority to video |ine data,
i nventi on cantransfRs feneolinsrastdesqribgd Abeye; exeepintbat rth%@dnermpo;der lis wghcplatvxémxj

t hus incr eas eq ¥ ad el B ViddoROGE } )| ement at.i on cost.
Furt her nore, enbodl ment s 100’E?ﬂg S%Eeﬁfns%%gg%ﬁeé%&teddggée he inpact of the
wor st case bandwi dth by differentiating and fine-tuni ng t he real ti me

requi rements b~ re-hroces stem o
has a har dgdelgoéen%rh Fﬁ‘ﬂPs s ‘i’ff"c?é% (ffr{ﬁ md%{’(%gnfgle ttth%rget %frg?‘vaéﬁqﬁ‘g‘/ef rqq;u e
real tinme i npdied lineTdita efansferdimeo 666 or mbieERA%ridAe Hrflels AN aROBEe TAuskst em .

date_a _soft deadline for the racrobl.ock data Co

can-be designed tqﬂé(c mrq ﬁ

since the rdBcretloek tnimgdevel-nln tigwae ﬂas'pu#%hneat!at@ Frénﬁfﬁl‘cltatﬁlé aligned |wittpipe
taking into GRRssMISIAthMfer hiRCald BRCEorRiatidR " da déﬁ dt,agoo Q%'

bus | oads, a 30 nmacrobl ock processing period t |s sna an re

time |imt ofPrgegsspr @ad sidpoaensoderesub- %iétgmﬁ heduces ﬂwpmalit mngoeff &moessebﬂnkiyndnhrt -
not at fujd city can be desi-gned. " ‘In the event of the worst case
bandw dth S|t on occurring, the deadl ine for the set of macro-block -
dat_a_t_ransfers ~and hence the proce55| ng tinme for the vi-deo encoder sub- .-

In addrtlon video lme data transfers at macroblock trmmtr level allows for a firier pnorlty
drfferentratron w1th1n the set of vrdeo line data transfers and the ﬂexrbrhty of hlgher R
' pnonty a551gnment over macroblock data transfers at macroblock txmmg level smce the

15 video pre-processor sub-system has a real time mput of v1deo data

: By sphttmg and alrgmng the vrdeo hne data transfer to the penod macroblock data transfer
- and assrgmng priority to video line data, the ernbodunent mventron can’ schedule burst
_transfers to maximise memory throughput and thus 1ncrease system performance whxle '

- 20 controlhng rmplementatxon cost. '-

. Furthermore, embodunents of the present mventron reduce the 1mpact of the worst case : o

" bandwidth by dlfferennatmg and fine-tuning the real tune requirements of the two sub- o

systems. The: vrdeo pre-processor sub-system has a hard deadline for the video hne data

that is driven by a ﬁxed real time input format of vrdeo data, whereas the video encoder -~

N
w

'Sub-SYStem can be desruned to accommodate a soft deadlme for the macroblock data since R

_the real time constraint can be apphed at the picture level

By taking into consideration the irnpact of m'er'nor'y overheads and additional bus loads, a - o
30 macroblock processmo penod that is. srnaller than real time Irmlt of 24.7 us- and a system o

| bus that i is operatmg efﬁcrently but not at full capacrty can be desxgned



system can be extended for one macrobl ock period while the real tine
constriaint for the 5 video encoder sub-systemis still met. Further
prioritisation for the video line data to be transferred at the extended
macr obl ock timng can be introduced to neet the hard deadline of the video
pre-processor sub-system By scheduling both types of data transfers -in
thirs prioritised manner and handling the worst 10 case bandwi dth si tuati on
gracefully for the video encoder sub-system enbodiments of the invention
increase the overall reliability of the video conpression system w thout -
conprom sing inplenmentation cost and picture quality. The invention can be
~applied to a generlc vi deo conpression systemw th a video encoder . 15
sub-system and a' video pre-processor sub-system or .a generic video
de-conpression systemw th a video decoder sub-system and a video

post - processor sub-systemthat is linked to the external nenory via a.
st andard shared system bus; to which other peripheral “devices may be . o
attached. 20pThe &REOGChe Wstctss@gs{mdtﬁ iR BrcRirRiee FRe dla%ﬁﬁné for mcgegskock
format .according to an. G standard and organised’I n rows macr o
constituted b;acmblwksia@oh‘amfw,n@d bence the pmcesséing meafagrthe p/ldﬁo pricadsr ssubor
the entire pig dre. r
second for PR Ahd a‘N‘ng‘? ysS d"eii;r%r §rﬁ%%%!éraht|°% %r?éefﬁgf;ll gl”?rrealgc%‘rﬂo lInoc gr §f°r%e
‘accesses. 5t ovided encmdler mbp@stym 12 Still hveet. piFaﬁhmqnmsrssat@naﬁod t}mﬁﬂeqoﬁm:m:stm@

' sub-systens, on th ss data video, | i ne ra _
format accor W&er{ ?@ﬁdﬁ?g%@ﬁ %%céﬁdﬁfr&mé!?‘fﬁe%ﬁ"g‘a‘?ﬁ g’?—?d‘af‘ﬁéeadlme -
sequentl al |bﬂﬁ6vmfaopi-e¥1ﬁb@essdibsal§lsyst3ﬁﬂe constituted of two fields and: -

require. V|deo line data accesses.to external- menory within a specified

line interval. 30 -7- Enbodl nents. of .the invention provide a nethod and

apparatus t 0%2 Eﬁﬁﬁxfxlﬁ{% es'dfUBA thahf¥ers éﬁi sgdaﬁfaﬁger%d hgx?dlifﬁg the worst '

ef fici ent I y tween the. vi eo system-an rna menory
case bandwidth situation gracefully for the v1deo encoder sub—system embodlments of the
invention increase the overall rehablhty of ‘the video compresswn system w1thout' e

compromising 1mplementat10n cost and plcture quahty

o The mventxon can be apphed toa genenc video compressxon system thh a vxdeo encoder }

15 sub—system and a v1deo pre-processor sub-system or a genenc vrdeo de-compressmn :
| system with a vxdeo decoder sub-system and a v1deo post-processor sub-system that is
linked to the external memory viaa standard shared system bus, to whxch other perxpheral

'dewces may be attached

20 The encoder and decoder sub-systems process data in macroblock format accordmg toan -

- MPEG standard and organised in rows of macroblocks constrtuted by blocks containing -

'ocks - -

" data relatrve toa group of pmels for the ent1re plcture runmng ata real time rateof 25 or .. -

30 frames per second for PAL and NTSC svstem and reqmre frequent macroblock data

_ accesses to extemal memory.

18]
(9

The pre—processmg and post—processmg sub-systems on the other hand process data in
~video line or raster, format according to the ITU-R BT. 601/656 standard and orgamsed in -
sequennal lmes of pxxels in an unaqe constrtuted of two ﬁelds and reqmre V1deo lmc data . ,

accesses to e‘ctema.l memory w1thm a spec1t1ed lme interval.



according to the differing rate, format and size. transfer requirenents of
t-he individual sub- system 5.. At the systemlevel,. a nacroblock period
and a video line period is first determ ned. The former relates to the
nom nal timng interval wthin which the encoder or decoder sub- system
processes one unit of macroblock data. The latter refers to the specific
line timng constraint within -which the pre-processing or post-processing
processes one |line of video 10 data. Each set of video line data to be
transferred in the video line period is divided according to the nunber of
macr obl ock periods which fit. within the.video |ine period. The set of
macrobl ock data transfers. within the macrobl ock period and divi ded vi deo
line data 15 transfers are then aligned with differing priorities at the
‘macr obl ock period'interval and . subsequently transferred in bur st nmode on

t he systentsg b ;he oc rence of t iﬁ ?% cast bandwi dth tuat|8

usual Iy cause®®B “lfl‘%s ee‘“’é‘?ﬂd“’“lﬂf% f 2pd apparaug loatF?sf’ls e video line
peri pheral s. 444 ah8ensers816¢KR w,efﬁasdteasaeeémaer ﬁ&@@@?ﬁeﬁrl PA3 e&ann&xeﬁwgl of '
the data transfers of the sub-systens. In the event that the set of o

macrobl ock ccerdingirdhedisfering vt frmprnd der fnsier Frrayirements 06 Btedeqhwsaal iselt,

t he processwg,g‘ {4 me of the -current macroblock is. extended by one .
macr obl ock I'od, hence del.aying the onset of the- next set of transfer of
macr obl ock . data .25. I'n event that the set ‘of divided video | i ne. data
.transfer is one. .macrobl o k pe

e AR PR ASAE & MM B RRo0a TRE b SRleR Tt BREO0 & Bt tiithal T

dat a transf gomhér dRkeatodhel Rbtninat By’ MEEVL rwitin WHSCHS the! €186dek & defodd} ytuﬁed
video line data is conpleted.. I n event ‘that, the video |ine data_ transfer

's' not comsYBFRPTOYSIRIORC BHboNPaRBbIPTkdath o holatierreliat fo the sBRrA iveiad is
enpl oyed t o0 bpgalidtSFtlia %?dhelhe Brelftbeessing or ?ﬂtﬁﬁm%ﬁr@d@s% & 1itEles AWV NGS" o

Figure 1 |Ildustrat es a genera structure -of a video conpressi on. system
ata e : _ .

' Each set of video line data to be transferred in'the video line period is divided accordinc to
' the number of macroblock pertods which fit. wrthm the v1deo line period. The set of :
' '-macroblock data ‘transfers. wrthm the macroblock penod and divided vrdeo lme data
15 ' transfers are then ahcned with dtffenng pnonttes at the macroblock penod mterval and -

: subsequently transferred in burst mode on the system bus.

The occurrence of the worst cast bandwrdth sﬁuatron usually caused by drscrete and'
. 'hrgher priority data transfer of perrpherals on the system bus, increases the response time :
20 - interval of the data transfers of the sub-systems In the event that the set of macroblock
| -:dam transfers is not completed w1tlun one macroblock penod the processmg time of the
' current macroblock is extended by one macroblock penod hence delaymg the onset of the

: ne*rt set of transfer of macroblock data

.25 | In event that the set of d1v1ded v1deo line data transfer is. not completed wrthm one
- macroblock period but within the v1deo line penod the. next set of macroblock data or
“divided video line data transfer is delayed untll the transfer of the current set of divided

_ 'v1deo line data i is completed In event that the vrdeo hne data transfer is not. completed -

: wrthm one vxdeo lme penod asoft recovery method is employed to localtse transfer error.



Figure 2 illustrates the I/O transfers of a video pre-processor sub-system
5 Figure 3 illustrates the I/O transfers of a video encoder sub- system
Figure 4 illustrates a preferred architecture of a menory transfer
controller; Figure 5. is atimng diagramfor a set. of nmacrobl ock data
transfers; Fi gure 6 is atimng diagramfor a set of video |line data
transfers; Figure 7 shows a general state machine for operation of the
menory transfer. controller; 10 Figure .8 is a timng diagramof a ENC PANIC
~situation; Figure 9 shows a. general state machine for operation of nenory
transfer control | er ‘equi pped-wi th worst case bandw dth handling; and
Figure 10. is a tinming di agram il | ustrat i 18- degradation handl i ng method for
video line data: ‘transfers including a VPP PANIC situation.' 15 DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS A preferred enbodi ment of the

I nventi-on |sgjgwm§ggmm[@w@p@gﬁpnﬁwm§sl whi ch shows a MPEG 2 video
corrpressl on system 100, including a video pre-processor sub-system 10.1 20
and vi deo encoder subsystem 102. The vi deo pre-processor sub-system 101

nmakes a set l.ine period while .
t he vi deo. eng \éé pﬂ&ﬁ&étgseafg&%’%lwﬂ%ggagﬁg&e?&ﬁo&e#gbcnr%%{%odk line transfer -
requests in Eimke Zrtmtstod!enhk I/peranefdrs o'ﬂaendhtpae-pmqebseﬁ subesystehe two -
sub- syste 01, ar.e | ed de i cated hardware 25 block, - - -
referred 3?3 é@“%%ﬁ&‘%ﬁt?s&ﬁgpgu@gbﬁ [ Y4F<0 CREPSCT FUPAYYSIBEei ves data requests
fromthe subigsysd BRBrat&la préflded Achitichirk SESmeRBM trardtdricakesiipus prot.ocol s
and schedul es dat a transfers to the ne )fr?é 105 via a_shared system bus..

104. The st afigsreot isadioning diagrameior ¢ sefoé acionlpck dafafrapafersed. back to the = -
Sub-systems piilre 682 dlhouEbrabifolla 1106 vIRH 1if8 AP kEnotld. 2 per i pheral bus.

30 -9- An exa e enb e video pre-processor sub-system 101:is
shown in Fi gEigare/ shows a general state machine for operation of the memory transfer controller;

10 Fi 1gure 8isa t1m1ng diagram of a ENC _ PANIC. srtuatron . _ _ _

- Figure 9 shows a general state machine - for operatxon of memory transfer controller '
equipped with worst case bandwxdth handling; and _ N
Figure 10is a trrmng dtagram 1llustratmg degradatton handlmg method for vrdeo lme data A
transfers mcludmg a VPP PANIC srtuatron o ' .

DETA_ILED DESCRIPTION_Z _oF THE PREFERRED EMBODIMENTS

A preferred embodiment of the i'rlventiort is described in relation to Figure 1, which shoWs -
_ a MPEG—2 video compressron system 100 including a deeo pre-processor sub-system 101
.20 and vrdeo encoder subsystem 102. The v1deo pre-processor sub-system 101 makes aset of
" video line data transfer requests in each line perlod whrle the video encoder sub-system -

107 makes aset of macroblock lme transfer requests in each macroblock period.

The datareciuests of the two 's11b¥systems 101, 102 are handled by a de:diclated. hardware .

25 block referred to as memory transfer controller 103, that receives data requests from the B
sub-s}'stems 101, 102 pr1onnses them mmates bus protocols and schedules data transfers oo
“to the memory 105 via a shared system bus 104. “The status of each transfer request may -

then be fed. back to the sub-systems 101 102 through path 106, for example via a o _

penpheral bus



A video. input interface 201 extracts video data. and synchronisation
signals froma real tine digital input. A spatio.-tenporal noise filter .
202 reduces spatial and tenporal noise on the video image. A filmdetector
203 performs inverse 3:2 pulldown and a format 5 converter 204 filters and
decimates the original video.to a desired format for encoding. Wen a

vi deo pre-processor sub-system 101 is processing a field n, an exanple set
of possible data transfers includes |um nance and chroninance video |ine
data of the previous field n-1 205 and n-2 206 for noise reduction and
inverse 3:2 detection, chroma-sanpled 10 and noise-filtered Iun1nance and
chrom nance vi deo . I|ne data output 207 of @ main picture and

- chronma-sanpl ed.. and noi se-filtered | 'uni nance and chromi nance vi deo i ne
data output 208 of a "picture in picture" appllcatlon (for exanpl e, where

a small pictuye is Laid o lcture a full scyeen
pi cture runni Wﬁ%ﬁ?@?’t‘%‘gﬁfwedvé%eor%ffé’fmf ot %%ﬁ?&% épésr%B‘HP% B St“the
vi deo encodera sideo S d@heﬂteﬂféb% 209 &dawvw vhdbolaawmi Synchivhisationl 8ignalp GodLs real
subsystem 102 i ncl udes a notion estipmator_301 that searches for mtion

vectors and GEcdigital dnyt efiseatiogRmaarehnqise,fier 42 rediigss AEY g tsTarer BOERPR, a :
DCT I oop enﬁ&d%f §%ag9atA RAR| Q&tB&or 903 %Eﬁhﬁnsc AReRE 3:D3BWIBIAION format

quanti sati on, m)tl conrpensat | on on the-video data and reconstructs
t he vi deo Sdatcamtehat 20idfilesy dalecintates decariginal 7(leo taia desited iforiad fargnepdingc oder’
303 that -perfornms zigzag scan, run |ength and huffman .encoding to form -
MPEG 2 bitstreans. For the vi deo -encoder * sub-system 102 the possi bl e data -
transfers i nGVhedea video Ipeapiiotessaf subksystemef(dr is preacessing raafmid rand exhmpleiseant e

nmacr obl ock dat a, i nto.the. tion esti or for g
oo ot on dRVRitle R HERGHS DEES O RnGieg CRe IR AR S0% WBFioMhe
noti on' vect ofeRear 205 and nijt!’OSSfthbEQ réducih @id! i8derSd B 200k tat86h Ohtordémpledhe
reconstructed .. 1uninance and.chrom nance.macrob] ock data 307 s out put

f rom t he CTandbegisehitaed umiggee m chipmingreeaigod ing dataorntei 07 10 2 msin Ripture

vectors 308

| engt h codi ngIli out pu%!tssaﬁloﬁea Elgd %Mnge(r) ﬁeﬁé{%@ﬁ%‘:ﬁﬁi?&?ﬁ%ﬁs g%gfdho K@%Hﬁ?éﬁput
. 208 of a "picture in picture” apphcatron (for example, where a small prcture is lald on top

. of the main plcture, whrch isa full screen prcture runmng at the refresh video rate)

15 . -An e*cample embodrment of the video encoder sub-system 102 is shown in Fxgure 3 The -

R _. vrdeo encoder subsystem 102 rncludes a motlon estimator 301 that searches for motion

: ‘vectors and generates prediction data from the searched motlon vectors, a DCT loop-
- _encoder .302 that performs drscrete cosme transformatlon quantrsatron “and’ motron L
o compensatron on the vrdeo data and reconstructs the vrdeo data that appears on the decoder .' _
20 and a vanable length coder .70: that performs zrgzag scan, run length and huffman o _'
o encodmg to form MPEG-2 brtstreams ' '

_ For the video encoder sub-systern"IO" the possible data transfers include the loading of the
: reference lummance and chrominance macroblock data 304 mto the motion estunator for - "
25 -_codrng and predrctlon data generatron the updatmg of the search wmdow 305 for the
. motlon vector search and the storing of computed motion vectors 306. The reconstructed -
 luminance and chrommance macroblock data 307 is output from the DCT loop encoder |
'.:02 for motlon compensauon and the motron vectors 308 are input to the vanable length . .

coder 303 for vanable length codmg outputs of the encoded MPEG-2 brtstreams 309
30 ' '



The video line transfers occur at a line frequency. determ ned. by the real
ti'me constraint of the input video format. As an exanple, a PAL. system
has a line period of 1/(625 lines per franme * 25 franes per second) = 64
us while an NTSC system has a |line period of 11(525 |ines per franme * 30
frames.per second) = 63.5us. 5 As an enbodi nent, the macrobl ock data
transfers can occur.at a nacroblock frequency that is designed to satisfy
t he maxi mum processi ng period of macrobl ock data for each conponent in the
vi deo encoder sub-system 102, the period required for nmaxi mum sum of al
|/ O transfers that may occur. in processing a macrobl ock and the software
processing - 10 overhead tinme incurred for-&eh macrobl ock. The chosen
macr obl ock period nust be under the real tine. constraint of 1/(1350 _
macr obl ocks per NTSC frame * 30 frames per second) or 1/(1620 macrobl ocks

per PAL' fraffge Vidé® lihé eunsrer@ Sécus AEPHAD frcquaﬂcﬂdeweml@acasae 184 tine! Bfdfraint of

per| ods ot her than 1620 15.- PAL frane or 1350 p NTSC frame nust also.

be consi der edtheringit yideot @ml?é AB @ example S RAHe systam a@da tmemodmfst/(ﬁbaumsam

frame and or - he I {es’
and size on t sys@r%g%? ggezfcfuﬁ 6~‘ﬂﬁ§ @vhllb%ﬂaﬁ’l?ucfﬁs bandvb\f% H’qé 38???3’(555
defined as. thhnem:lerfrprhe*Gt)ftahresperc&cmﬂhta&lmsk frequency of 20 the.bus: g
| deal |y, . %he system bus 104 shoul d be designed to operate. effici ently at
100% capacity but there are overheads in bus hand- shaki ng. protocols. The

| ower operatiAg anfeheeumw th® inak @103k ataY trais frdTedD6 dtud RE a%a&tbtéukeﬁéq%eﬁey
i ke row acti vat i on I nt doub}ly thgdata rate synchronous dynam c rand
I

access nenor yihgis 0§28 mafimum | progesingypernd, of miogrosl %&ﬂéwfét ﬁabh 'I
capaci ty than tramlmevt&% PRSI SH-&y AP AR, the pe?iéd\%bﬁmreaf% dRBGmHRAT |

bus load 'conditions, an.average nmenory. access band - guarantees
relatively c @ikV@riransfers thatwiey oecus in prasessagi othacreblogk atiéfthmmftme processing

alternati Y6 oJeﬁle%MeE@gﬁ%%gW%&oﬁS&@SS bandwi dt h, defined as the

maxi mum :.Menory access any p0| nt in t| e, shoul d be bel ow - o
capacity. . . . .

' The chosen macroblock period . must be under the real t1me constramt of l/(1350;- _
' macroblocks per NTSC frame * 30 frames per second) or 1/(1620 macroblocks per PAL ...

., frame * 25 frames per second) = 24.7 ps. Excess macroblock periods other than 1620 per - .

15 - PAL frame or 1350 per NTSC frame must also be consrdered in order to be able to respond o

. to addmonal bus loads and frame and or slice processmg

The data transfers occur at d1fferent rates and size on the system bus 104 that has a )
' ', maxrmum bandwrdth capacxty defined as the multxple of the width and clock frequency of h
20 _the bus Ideally, the system bus 104 should be deswned to Operate eﬁictently at 100%

capacxty but there are overheads m bus hand—shakm protocols The lower Operatmg: R

B frequency of the memory ‘and memory operatron overheads hke row actrvanon in double ;
data rate synchronous dynam1c random access memory (DDR-SDRAM) results ina lower -

o memory access bandwrdth capacrty than system bus 104 bandwxdth capacrty

- .Due to the changing bus load 'conditions ‘an average mernory 'access'band'width" that
- guarantees relatrvely constant bus loads in a time perxod can be deﬁned as an alternatwe c

E target ‘The peak memory access bandwidth, deﬁned as the max1mum ‘memory access

bandw1dth at any pomt in time; should be below capacrty



-11- By dividing each set of video line data to be transferred within the
video line period according to nultiples of the macrobl ock period wthin
the video line. period, the peak nenory access bandw dth can be reduced
and then an average nmenory access bandwidth is achleved. 5 For a line
period of 64 p.s and a macrobl ock period of 23.1 us,. there are at |east
two and sonetinmes three nmacrobl ock clock edges between two |ine clock
edges. - As an exanple enbodinent,. the set of video.line data transfers can
be divided into two sub-sets: one consisting of input video |ine data of
field n-1, output | um nance video |line data of main 10 picture and picture.
in picture; and the other consisting of the.input video line. data of field
n-2, output chrom nance video |ine data of main picture and picture in
picture.” For each entity of data transfer, there I s an associ at ed IatenCy

bet ween the tj g v ' i ti n_t st.em

and when thewwﬂ]u?%g%%nsseb °g {gtmlles rt%d‘Zl Vet errec?gv@gﬂetﬂ%l od’ﬁletff%’og
gr ]E:PI tectur ﬁ)le)rodordrlhg tbuaﬂutpleleo(e@ madreolmmbatodohtEhhhér:rgﬁ@eoam peridadﬂife peak -
uffers, nunmber o S nunber, size an '
pre-enption H’fe“?"&f]ﬁ 'Pangwﬁﬁ*r nll"tﬁeﬁ‘é‘i‘FB g"ﬁﬂ a&r%"ﬁﬁa? Jaemqry gceestbagdwidth ng.
of data_requgsgcg;eved‘l_'he entity of - data transfer .can be inplenented-as a .. .

series of ~short transfers driven-by.. 20 fullness of buffers at the bus
interfacedor as one | ong transfer at a pre-determi ned time. coupled wi th.

doubl e buff
| t?;nst?eru Igfbjﬂ;&égﬂe ﬂedbﬁdt{@us 28 £:858bioc B&lddadft 1 5”:8&@@??

resent- inventironto re c the Sverh %Qmem)ry
operations i mmﬁmesehanW@ermeﬂgemUetwmmtwﬁ lihe elock Iaégesentnsr gn euanrp&s

bandwi dt h £l 2 h f
i ded oot Do B e agviite dps e Bl T 0¥ Gridkd S8 0P one

macr obl ock. datuaistiog of inpurmigécolkerdite DEFE: . dtpuk VMBS Gecfind ba W HER

| i ne dat can be ali.gned to the fji st and second_ macr obl ock peri ods o
encount eﬁlgd PIRtUr R‘%@’er}érpi‘cé'd'e ang,the pihereqneising ?bﬁeéﬂpl’émoélﬁt’rd@t? obfieldat a :

transfer relabi Wfpit@hiokndet vidbo HaS dard bARASH P turdiahd) itturtt}zem _obl ock |
per| od can be done. The sequence of data transfers V\Athl ‘eac set can be -

For each entrty of data transfer there is an assocmted latency between the trme when the’
o request is first actwated on the system bus and when the ﬁrst response packet is recelved
15 dependmg on the archttecture of the bus node (eg the number of arbtters and size of :
: _buffers number of penpherals on the shared bus number size and pre-empt1on of requests - .

granted currently and pnortty, size and groupmg of data requests)

' .The entrty of data transfer can be 1mplemented as a series. of short transfers dnven by_. .
- 20 .fullness of buffers at the bus interface or as one long transfer a.t a pre-determmed time-. |
| ._coupled w1th double buffermg at the bus mterface "The latter ‘known as burst mode_ |
transfer, is used in the present mventron 0 reduce the overhead memory operatwns in for ; .

example DDR—SDRAM and thus utthse the memory access bandwrdth more efﬁclently

} 25 By ahgnmc the burst transfers of a drvrded set of v1deo lme data transfers and an ongmal '

set of the macroblock data to-the macroblock period, the two subsets of the v1deo line data . . .

can be aligned to the ﬁrst and second rnacroblock periods. encountered in the hne penod |

‘and prioritisation of each ent1ty of data transfer relative to. the set of data transfers wrthm -

the macroblock period can ‘be done. The sequence of data transfers wrthm each set can be | ) I

30 -'ﬁne-tuned for more graceful degradatlon measures Degradatxon here refers to the -~

processmg of erroneous data by the vrdeo pre-processor ansmg when the vrdeo lme I/O .



30 fine-tuned for nore graceful ‘degradati on neasures. Degradation here
refers'to the ' processing of erroneous data by the video pre-processor
arising when. the video line UO -12- transfers are not conpleted within a
i ne period.. Sonme neasures to mnimze the inpact of  erroneous data can

i ncl ude sof t war e programm ng of the transfer controller in order to effect
‘nore quality-critical I/Otransfers prior-to. less quality-critical 1/0
~transfers. 5 Burst transfers of the divided set of video line data are
processed before the set of' macroblock data as the video. pre-processor
sub-system 101 has a tighter real - time .constraint of |ine period whereas
t he vi deo encoder sub-system 102 is desigped to have spare macrobl ock
periods. For higher differentiation of priorities, the set of video line
data transfers. can be given higher priority than ot her data.requests on

encoder - sub. EunEy e P! 1 4 05 (EREACBLAE RS il e pfiBer

are initiateerrateothdats tcan tmalnideesmlwamaprogtdmlno qfethé arhnsfan sestiliey @l yrder to _
i ncr easi ng t maxi mal ..r espo tra sfers t hu redum ng
e bocsi B | PR BN Rty RRBRANQ b proftosy BT U ks  ©

required by the 15 peripherals. .. :. In the event that the. nacroblock
data transfers are not conpl eted-before the start of the next. nacrobl ock

cycl e whef e BaY transierp ofcthe divided pet ofi widep dine sints amprospssed hefiave theoatsof t he.:_ .
processing af,ad:B8o8e hta"BE 'tll%blrldﬁd( sdil@gfbgbssbr QU sy Ollllogiésegeﬁé(l{t’g r%?ldtx_lm? .

menory - 20 transfer control ys.the. onset of L
macr obl ock tqoaststiety of ling nelmad Wltreqae thesvidep embdides mbadysml&)lsodﬂsrgn;cbtoehamne .

to conplete 0 f ers '
macr obl ock cs?Ql;‘e 'ﬁ&l&?ﬁ(ﬁa &lizlse?)J og?\i@hg'aarlﬁ.ege I&Q% H‘u"%ggs ll’ﬁesegc?d’é%f’ ilﬁsf’ata
hlh gher Zyst etranisfiss tanabé igivenrhigher $hona8&abmﬂfbmdd§]ahreqag‘stbenhﬁé\gyﬂdn \Mgs hoyt = -
t he nee ation ani.sns i-n, -t | deo, encoder sub-system ™ -
102 or fhété?c B&n ﬁ@ﬁl‘lﬁlﬂf’a a&%’é}s’ég’f G&W‘l’?&?@a@ﬁﬁg‘ t%e. robustness of

t he. vi deo corrpre55| on system 100 -at | i ttle: _inplenentation.cost. A nore -

-gracef ul. radati on rrechani smis included as a separate embodi ment- for -the "
he burst transfer of two sets of data transfers are initiated at the start of each macroblock . . -

penod consecuttvely, mcreasmc the maxrmal response time of data transfers and thus -
- reducmg the possrbthty of the data transfer not bemg completed before it rs requtred by the .
- 15 -'penpherals ' ' e -

" In the event that the macroblock data transfers are not completed befo:re- the ..start'of Jthe"
= ] next macroblock cycle where they a.re processed, the video encoder sub-system 102 holds
the processing of the next macroblock data for one macroblock penod and the memory '
20 transfer controller 103 delavs the onset of the next set of macroblock transfers so that there -

is an addttxonal macroblock cycle ttme to complete the current macroblock data transfers B

B By desrgmno spare macroblock cycles in'the v1deo encoder sub-system 102, the occasronal | _

hrgher system bus traffic or worst case bandwrdth can be handled wrthout the need for any TR

25 L degradation mechamsms in the video encoder sub-system 102 or faster or wrder memory |
access, thus mcreasmg the robustness of the vrdeo compressron system 100 at httle .

unplementatron cost.

"A more graceful degradatton mechamsm is mcluded as a separate embodrment for the
30 video lme data transfers that have a more cnucal real time constraint, The n divided sub- o

sets of a set of video line transfers_ can be classified into the _ﬁrst n-1 subsets and the nth



30 video line data transfers that have a nore critical real tine
constraint. The n. divided sub- sets of a set of video line transfers can
be classified into the first n-1 subsets and the nth -13- subset for

handl ing of the worst case bandw dth. The fornmer has to conplete the data
transfers.wthin one macrobl ock -period while the latter has to conplete the
data transfers before the start of the next line period. 5 In the event
that the former does not nmeet the macrobl ock period constraint, the next
subset of video line data transfers (instead of the current nacroblock dat a
transfers) is initiated inmediately after the current subset of video:line
transfers conpletes. In this case, the cusrent macrobl ock data transfers
are del ayed until the next.subset of video line . transfers conpletes and
the video encoder sub- systen1102 is on hold as ' described 10 previously.

The priority I ity cr d ransfer .and the
of -video Ii ngé‘lg gt@tj l?a{r&gg%gf tf w%%{rg QO ?W@ho?&?%g OrHiSF 3% 49 F?'Bﬁllemttﬁ?ngata o
constrai nt oftranls&rspmdnn pnommorocls pbﬁodsbvhm {3 latter|Has &y evhpleltathe e tlagdterer
does . not neg%f ﬁB I|n erlo cons raint, the menory transfer 15
control | er Iy SEe qqﬂ: Hﬁ?°1 deo line data, terninates any
out st andi ng requests of the current sub-set to the.menory and enters a =~ -
waiting state until all Lgﬂsqant ed requests have been handl ed before resuming:

nor mal opeY alR ¢he evEAk thas dhy Srmer dess wg meet (the magepbioekeperiodeconstrainte thephext al s
for .burst tr %&E@Bf gﬂg@ thQﬁta' ﬁgfe n&egdst%fathg'cﬂﬁ'eﬁla{ngfrtohfoﬁﬁ fc% S angfel'éé' s%r

current- line perio n1s transparen Frepr 0ce -
sub- syst em 1(Qritiated uﬁmedlptehaaﬁem rtbe camernt sulseaef mideordine (teansfeps corfipluved. Stn ddse

P ot er BB iR IBR: FonfTags JoF Shishe b2 Pt SEidea B
conpr essi on traﬁsfaysdoﬁmle‘iéwaﬂitﬁ‘tlhdlgtcﬁo rmmsdey SubdpSeRr 10018 réHl held ADdeRfibed

illustrated in Fi %}’rﬁ&g In-this  particul ar enbodinent, the video :
conpr essi‘on Bif¥o% PéW“BV%W%FFP“éSfﬂlEﬁ?tﬁP%@@%d%?amfﬁhmd @eﬁlﬁﬁé!@f the "

‘operation of vidag ié 8@ th’rﬁfeP'lé’&&r%sﬂrwédv‘Q)ﬁﬂéhﬁl@ éﬁ@cal ttl?ﬁ‘e ¥6r{§§8n?5‘f391geﬂre- o '.

- processor subsystem 101

c In event that the latter does not meet the Ime penod constramt the memory transfer o
L controller 103 i tgnores the i mcomrng video hne data terrmnates any outstandrng requests of
. the current sub-set to the memory and enters a wattmg state until all granted requests have
'Ilbeen handled before resummo normal operatron The double bufferrno of the bus 1nterface' .
of penpherals for burst transfer mode localises the outstandmg data transfers to the current o n
line penod Thrs degradatron is transparent to the preprocessor sub-system 101 as .

R 20 operatrons contrnue as normal (except if worse case bandwrdth is prolonged)
Reference i_s_made hereinaﬁer to Figures 410 10.

_ In a further embodlment the mventlon may be 1mplemented usmg a video compressmn' .

- system 400 havrno a memory transfer controller 401 as lllustrated in thure 4 In this - T

N .
. W

particular embodlment the video compressron system has an overall system processor 402 -
" that controls the operatron of the v1deo pre-processor sub-system 403 ‘the vrdeo encoder
'sub-system 404 and the memory transfer controller 401 and is responsxble for generatmg- -
| * data transfer requests v ' L L
30 '



sub-system 404 and the nenory.transfer controller 401 and is responsible
fof generating data transfer requests. 30 -14- Doubl e buffering of
macr obl ock data is done at the interface between the video encoder
subsystem 404 and the menory transfer controller 401 while double buffering
of video line data is done at the interface between. the video '
preprocessor subsystem 403 and the nenory transfer control ler 401 to
facilitate the burst transfers of the nacroblock data and 5 video |ine.
data. The doubl e buffer accunul ates the- out put macroblock data and video
line. data for transfer. to menory in the next macrobl ock period and =
various macrobl ock periods of the next |Lpg. respectively. Sinilarly, the
doubl e buffer collects the input macrobl ock data and video line data from
menory for the vi deo~encoder subsystem 404 processrng in the

next . macr obl I and.t he .enr oc k ) em 403 i the next =
l'ine 10 per ?@8” rl’&ﬁda‘a‘t%@ Wg?{glﬁg%g 8?% lgg%[teh&?ﬁ% mta!sfzt eyn%ett gﬁ(ﬁfp RS ﬂcoélgr
made - pr ogr anmlbkﬁtém40¢1a1dstnshemorpnm%somoﬂemwmm@dmmé bmﬁngoﬂniaadlme _
‘regi sters, for macrobl ock data tyansfer

wnl ded a 6 i
rdoder oA i Ronbat (5 THTRCa HEOHEEH A ORI, PR fsEeos SuppHEmGATS, and Te
transfer S to g gﬁndgyetr&fsf& %@rﬁf&ﬂlcx‘:mr@cf {akQnb lblrfs?&aﬁs(fgrs ofRRS BRfobIb& IR

transfer. contr har dwar-e schedul es i ndividual data transfers according
to.the methodvidereling datae dTherdouble buffepaccumuleiasdhg pwiputynagrobloek dathpnd yderckine .

al l ows for fi |
data transf erd;a?a %G%Aef&rrtgﬁégg%%ﬂ%a Jr%én Ck S ﬁg@ 5H %P’#&%‘Isgsed}m?cﬁ%tengés R

. res pect to tdfe;hemextdhrlepmlspaehodk a‘»imilarlyl;ldwndoublel:btgfare:oﬂects theanpxaarpdbdock o
macr'obl ock pesio Q t he tem ner ) macr obl.ock -~
dat a request S 0 i R Rammherhory dat Po iR eneh sulbiigm 4% el
encoder sub- 36 hexd hidoblotk ?éﬁbdsﬁﬁi {hBeriddo/ Plepotaassresubayster 408 Gh IhShéktang -
sends themto menory transier controller 401 via path 406 for storage in
t he encodkl ®sAA®nd 25 FI FO buffer .408. In: the next rracr obl ock . perr od" 502
t he - rrerrory transfer controller 401 " S _ : .

_The data transfers for both sub-systems 40.3 404 can be made programmable by the system . -

" processor in the form of DMA command reglsters downloaded via path 406 for

. macroblock data transfers to an encoder command FIFO buffer 408 and path 405 for vrdeo" o

15'_ lme data transfers to. an pre-processor command FIFO buffer 407 whereby the memory

-transfer controller hardware schedules 1nd1v1dual data transfers accordmg to the method o 3

'-descrlbed above The soﬂware flewctblhty of this scheme allows for ﬁne pr1ontrsat10n by 2

- sequent1a1 ordennq wrthm the set of data transfers

20 The rnacroblock data transfers are processed thh respect to the macroblock clock as -

_ .shown in thure 5. In-an etarnple macroblock penod 501, the system processor 402

generates the macroblock data requests of all sub-blocks for a macroblock processrng in. -

the’ v1deo encoder sub-system 404, ‘organises ‘the T/O mformatxon in reg1sters and sends

: 'them to mernory transfer controller 401 via path 406 for. storage in the encoder command '

25 FIF o buffer 408. In the next macroblock period 502, the memory transfer controller 401 , _. -

reads from the FIFO buffer 408 and serv1ces the data transfers sequentrally accordmc to'_ i

their priority so that data is ready in the video encoder sub—system 404 before the start of .

' .the one after the next macroblock penod 303 for further processmg

30 The video line data transfers_,'on the other hand, are 'processed'.with' respect to both the -

macroblock clock and _line clock, as shown in F igure. For an example line period of 64 us- '



‘reads fromthe FIFO buffer 408 and services the data transfers sequential ly
according to their priority so that data is ready in the video encoder

sub- system 404 before the start of. the one after the next nacrobl ock
peri od 503 for further processing. 30 ‘The video line data transfers, on the
ot her hand, are processed with respect to both the macroblock clock and
line clock, as shown in Figure. For an. exanple line period of 64 us -15-
and naCrobIock period of 23.1 is, the set of video line transfers is
‘processed in two nacrobl ock perlods The system processor 402 checks a
.new |line indication flag given by the menory transfer controller 401. If a
new | ine 601 is detected at the start of .yhe nacrobl ock period, the" '
software of the system processor 402 has the flexihility to generate 5 half
of the VPP requests for the line in the current. macroblock period 602 and.
the other h C QH%? l: gﬁggg :
transter_con?#% zﬂﬂ%ﬁ%&qﬁﬁﬁggﬁﬁﬁggbghgggglg?qh&gqﬁghro Fo%ﬁy g%%%ﬁ S. - %5,
606 of the nmeatrobbek penielssThe tsy;stem @rocesser mz ¢hetksen newitice mclmanen flag given by

transfers fof the 10 cur rent mBcr o er, 0 that .the
o bo6 1 o eagmon e RRbso IR Sy o B8 BaP Gl BAD B aREis by 2, iR s e
start of themaessblotk periddethe@OfGAR% dfdlie : ysrem(t}ﬁbcessmes $ias the flekilgligdy aeteres
of the- schene.are to. mninse peak bandwi dt h. usage of system bus. and to.. .

sinplify Phehdlbef G VRF gk for thmbinein e supentmacrohleckspirind 907 andbe other -
schedul i ng Olflalpﬁl‘}ﬁ@m&acﬂoﬂlolcl?ﬁeﬁdtﬁé@m processor. 15 Wen triggered by the. .
macr.obl ock clock, the menory transfer controller 401 reads the command - = =
ent:ri es fromthe two command FI FGs. 407 and 408 through a prioritisation o
-l ogi c. CII‘CU | \
machi ne of ‘%’ll)féé’ﬁ‘ll QFE‘%W ng%tfér o lgjr)lelae\r%g g?et(e:%r}lll fg&M méscnsrslbd car?%eﬁ‘)ds o
reset to MIG03)I6E6 sifahee n&a Jnerine 804 e semige zha&t)the%deobhm: Hataltmkfe)SI fon &{e,
the -nme y 't ransf. controller, 401 poves to. state . .70 rocess
vi deo ﬂ@ CEHFEERY i % pach, acroRjpek gerRe 9 High s g% ¢ 508 O o8 tﬁr

line data gtxa&et&rsﬁb-tﬁte:ﬁm BefbicqRs szarasrta@heekm@péamorrot Rthef ﬁo&sﬁﬁgssot
comrand FI F _

The advantages of the' scheme are to mlmmtse peak bandwidth usage of system bus. and to _
. simplify the desrgn of memory transfer controller and srmphfy the schedulmg of processes B
_ _'m the system processor. o R o '
' :_'When tng ered by the macroblock clock the memory transfer controller 401 reads the SR
command entries from the two. command FIFOs 407 and 408 through a pnontxsatlon logic - _
_ c1rcu1try 410 (the function of Wthh is. descnbed by the state machine of thure 7) The | :
_ ' memory transfer controller 401 is normally reset to MTC_] IDLE state 701. On detectmg a |

20 -macroblock clock szgnal the- memory transfer controller 401 moves to MTC_VPP state
' '702 to process v1deo line data requests ifa VPP done sn,nal is low or there are v1deo lme '

' data transfers for the current macroblock penod 1n the pre-processor command FIFO

' buﬁ'er 407 ' ' L ' .

25 After the completton of burst transfer of all vrdeo hne data and if ENC done is low or
- there are ‘macroblock. data transfers for the current macroblock penod in the encoder
command FIFO buffer 408, memory- transfer controlter 401 moves to a MT C_ENC state’ .-. o
: _703 to process macroblock " data rec{uests,_" else if ENC_done is high or there are no . . B
B macroblock data transfers, the memory transfer controller resets back to MT C_IDLE 701. -
.30 - : : : :



buffer 407. 25 After the conpletion of burst transfer of -all video |ine
data and if ENC done is low or there are macrobl ock, data transfers for
the current macrobl ock period in the encoder conmand FI FO buffer 408,
menory -transfer controller 401 noves to a MIC ENC state 703 to process
‘macrobl ock data requests, else if ENC done is hi gh or there are no

macrobl ock data transfers, the menory transfer controller resets back to
MIC I DLE 701. 30 -16- Q herwi se on det ecti ng a macrobl ock clock in

MIC I DLE state, if VPP done is high or there are no video l'ine transfers
and ENC done is |ow or there are macroblock data transfers for the current
macr obl ock period in the encoder command-E6FO buffer 408, the nenory .
‘transfer controller moves to MIC ENC. state 703 to process video |line data
5 requests and noves back to MIC IDLE. on conpletion. A conmand processor
409 co- or di n@tbawish@najeesceihg @mafobldek dmknh)leCafBEElstate; GHVPD| done is Kigh or

~interprets t commnd les fromt FO byffers 4Q7, 408 initiates -
t he bur st s e 80 (Yf hé“ertﬁﬁflsgeé? Bﬁ‘sk]%éﬁjd-dlof‘?lés AW 1 Ws?rér@acé?’fd“&r@ﬁ?des )

feedback r es RQASTSEs 6t thé) Burkéht AAEFoBlocR BefdPinUtfie BhcddBecSHmbRAIF NS 208 498
vi'deo pre-processor. sub-system 403 and _video encoder sub-system 404.

menory transmemosn rensfer eqntrpdier mmsOsﬂs MaIQ;eENG state d43 datnrocqsarvgieerhrecdm _
A bus re%ue%gﬁggr&d#‘ldq‘lé’%bmgl g éﬁ’g‘%{‘?ﬁt ‘protocol s. and i nterfaces-

with the peri evi ce system bus 413. fora
STORE operation.: Aprlorltlsatlon fleld may al so. be set for individual

data transfers to facilitate an arbitration's or ‘the sys embu 413 -
On the ot her “hSR Ilfﬁges?oésll? n&er ﬁtﬁfih4‘lpfr$’é)8rer‘?efv § PeROTY § gontrg E‘kets_ |

from the sysn@rmrﬁte@r@@ thei dUnehiraCatriosi fedin tthee FITRY bffersad07) @08 Ciafiated thePb@sd
data for - LOAD &rse ons. 20 The situati-on when the macrobl ock data -
transfers ar@ang %@&?EP@F@& logkand Hing Aesa dramsters gnd prvides feedback response on the

10 operatton status of the system processor 402, ‘video - pre-processor sub-system 403 and L

o vrdeo encoder sub-system 404.

'_.The memory tra.nsfer controller 401 employs a centralrsed data transfer scheme. A bus'

s ~ request module 411 handles the. bus request protocoIs and 1nterfaces with the penpheral
.15 _ devices to download data to. system bus 413 for a STORE operatron A pnontlsatron ﬁeld' o

f _may also be set for mdmdual data transfers 10 facrhtate an arbttratron scheme for the
system bus 413 On the other hand a bus response module 412 receives the response
packets from the system bus and mterfaces thh the pertpheral dev1ces to ‘upload data for :
L LOAD operattons ' -

: The situation when the macrobloclc data transfers are not complet.ed before the start 'of the

‘next macroblock cycle where they are pmcessed is defined as ENC PANIC as rllustrated
in Figure 8. In'the example illustration of Frgure 8, macroblock data transfers ENCI1 are o
servxced in the first macroblock period. More macroblock data transfers ENC2 and a first - . - o
25 subset of video line data transfers VPP1 are serv1ced in the second macroblock penod A

. second subset of vxdeo line data. VPP7 is serv1ced in the thn'd macroblock penod

"The state diagram in Figure' 9 illustrates the operation of the memory transfer controller
401 On software reset, the memory transfer controller 401 enters a MTC IDLE state 901
30 and waits for events to trigger its operatxon In response to a ﬁrst macroblock clock trigger

L (eg ‘as shown in Frgur\. 8) the memory transfer controller 401 enters a MTC_ ENC state - |



next macrobl ock. cycle where they are processed is defined as ENC PANNI C, as
ilfustrated in Figure S. In the exanple illustration of Figure 8,
macr obl ock data transfers '"ENC 1 are . serviced in the first macrobl ock
period. Mdire. macroblock data transfers ENC2 and a first 25 subset of video
line data transfers VPPl are serviced in the second macrobl ock period. A
second subset of video line data.VPP2 is serviced in the third macrobl ock
period. The state diagramin Figure 9 illustrates the operation of the
~menory transfer controller 401. On software reset, the nmenory transfer.
controller 401 enters a MIC | DLE state. 901 30 and waits for events to
trigger its operation: In response to a fri3t macrobl ock clock trigger
(e.g. -as shown in Figure 8) the menory transfer controller. 401 enters a
MIC ENC . state -17- 903 where ENC 1 is serviced i mediately in the first

macr obl ock peDO?dvh@?e EREN §s §ér@1ce@9nm¥c?§telyr e%@m rﬁ&r&lﬁo&@ﬁ&loﬁeﬂ the%ta?er no
conpletion of the 10 '"transfer, the nenory transfer. controller

transits backViPE reqeesime heDEEl@at«Aeﬁ@GPmP etign|of th@yﬁbﬁg@ferothehgemmdmsfer_ e

bl ock cl. troll 401 t t "
0 ook v (et A Bk BN IR o ol Ler A0, transits
first in. the second’ nacroblock period (as it has hlgher prlorlty t han
macr obl ock .d tran est it transits ENC
ot o b5 inalropides? LG skepdi BatrobiooE Rlstk it e B niRRS bbb o™

case ENCZ di diraiits ﬁeﬁmaet\rr@nmmﬂstatt@eor to amoavm) seare rgok| visdfe NPPI @siseaﬂeted .
thi's gives rise to.the ENC PANI.C situation,. On detecting ENC PANNI C, the

menory. transiiet ik pespnd magteblock esipd oy, itchest kighereprionir: thespmacrablock olata -
! y. A
i mredi at ely %‘r‘éﬁ@rg@&j Oiﬂ]'ef YrhidlOR st fo Be° permegsb %taté('gﬁrqﬂﬂet@ezr&ats

transfers VPP e next -macro stall'ing - curren

macrobl ock. 1@r‘deﬂtdamtthetm€emcrpblnpiopqul yIn this caskdENC2rdid nhecomptete withimttef er

cPonal 41301 areRAROA DR eSS B840 B FREL PRNIE Ao "yt o 404
that can be used to di sabl e generation of macrobl ock data transfer = - -
okl O S T 81 ol (B 361 el 8 k"™

- . MTC_VPP state 902 1mmed1ately and gives priority 905 to the processrno of video line -
data transfers VPPZ aligned to the next macroblock penod stallmg current macroblock -

15 . data transfers temporanly

E In addition, the memory. transfer 'eo-ntroller 401 ‘raises'the' hold sighal 801 'and outputs the |
: same hold sxanal 414 to the system processor 402 and video encoder sub-svstem 404 that
.- can be used to dtsable generatxon of macroblock data transfer requests m the system |
20 processor 402 and or can be used to mask out the macroblock clock to the vrdeo encoder
sub-system 404 such that the current macroblock processmg is e*ctended automatxcally bv '

' one macroblock pertod

o _A degradatron handhng method for the vrdeo line data transfer is shown in qure 10.- In .
25 this example there are five vrdeo line transfer request grants RGI to RGS in the respectlve '
txme penods as shown by example 1001 During normal operation (example 1002), the S

video line data request semces RSI to RS3 are completed before the macroblock data -

_ request semces (denoted by E)

30 However, if the first n-/ divided subsets of '\ritleo line transfers (in this exhtnple, the

request service 1, or RS1) are not completed before the start of the next rnacroblock period,



" sub-system 404 such that the current. macrobl ock processing is extended
"automatically by one macrobl ock period. A degradation handling nethod for
the video line data transfer is shown in Figure 10. In 25 this exanple,
“there are five video line transfer request grants R@ to RG in the. .
respective tine periods as 'shown by exanple 1001. During normal operation
(exanpl e .1002), the video line data request services RS 1 to RS3 are '
conpl eted before the macrobl ock data request services (denoted by E). 30
However, if the first n-1 divided. subsets of video line transfers-(in this
exanpl e, - the request service 1, or RS 1) are not. conpl eted before the
start of the next nacrobl ock period, -18-_tghe nmenory transfer controller
401 continues RS 1 and gives priority. to request service 2 (RS2) -over the
current outstanding set of macroblock data transfers service E, as

i1 lustrated exa 03..5 h a Lf. th nth di v

subset of vi cf'g% “fef’?’?gyo ltrlags%o %’Pgo%‘?hoﬁ hﬁggprgueg#psﬂ ar%s%’es gnorhty to Ee@t"}fﬁt é?ré’ﬁ:e 2
before the St(RISQ) ver tiieccu@nt outstamlingeset ofnadrbisl oMt PHMMsTers kérviat Epls. lllﬁstrated
defined (as _illustrated by exanple 1004) and the nenory transfer .

control | er 40Y BRI Y003¢ rom the -MIC VPP state 902 to a MIC RECOVER state -
904, where it conpletes the current bus request. The menory transfer
controller 401 flushes the remaining video |ine data transfer 10- requests,
for the currém theiothsr hand, Haherth@itided subset afvideo line transferp (indbis example BSRyisd

R{jgn |Ogrslal : lyne% ﬁ&%@%ﬁ& gefto th% rgg%f H{eeneQ ﬁ)rie%egﬁﬂ &19 S/;i Piyse aﬁ\f%‘%ﬁat}on is de ntedon -
onl'y resunes (ammnstaitéd bzeerdmp@e 6021 and thesmemmartmefer oorgradice 40 btransvteﬁ-om”lﬂhe

the' nenory t nt IIer 1 I’ISI ion baktot l\/rI'C
VPP state 90 ‘gﬁé‘? & Fggg’q’ﬁ?ﬁé"’ ‘Efﬁé ¢ormplptgs q’Eé

The schene heéquktte mdaeamayd&amraaen&hm 401 fliishet &arramarr@rrgt villéd mma&y@a:@t&- S
processor 402 and _video pre-processor sub-system 403 and the |ine error is

| ocal i sed by reqvestyi B shecustent i indhe BIFQ bpdfersgndr doge agt unlpagethe recejved prggious
worst case bapdwhath the vides 'ppeﬂae&*ese&%uﬂ%tefm%@ 1 A8G6RS, th’eamf  Ghnic_hold |

srgnal 1005 is rarsed Normal operatlon only resumes when all pending system bus

transactions are recewed and the’ memory transfer controller 401 then makes a transrtron
~ back to the MTC_VPP state 902 for processmg the video line data request service RS3. .
157 " The scheme has the added advantage that it is transparent to the’ system processor 402 and “
| video pre-processor sub—system 40: and the line error lS locahsed by the double buffering

: of the mterfaces -

. : -However' if the worst case band'width is prolonged and new video line data transfer
20 requests for the next lme are contmuously generated in the two constraxned macroblock
o _periods, there may exist a srtuatxon when the pre-processor command FIFO' buffer 407
overﬂows and the system processor 402 is 1nterrupted at 1006 via a hardware pin 415 to
_resend its video line data transfer request at a later pornt of time. * Ideally, ‘this situation

- should not happen given careful consrderanon of the F IFO buffer srze and the detalled

25 s1mulat10n of possible bus trafﬁc condrtmns

) The "operatien of the mernbry' transf'er contreller 401, mcludmg handlmg of both .~
VPP_ PANIC and E\IC _PANIC s1tuatrons is represented in the state diagram of Frgure 10. '_
The occurren_ce of E_NC_PANIC cailses a transition from the MTC_ENC state 902 to a
© 30 'MTC_VPP state 903 to. process the next sub-set of virieo line data transfers (if neeessary)

before the current set of macroblock data transfers. However, both operational states



20 requests for the next line are continuously generated in the two
constrai ned macrobl ock periods, there may exi st a situation when the
pre-processor conmand FlI FO buffer 407 overflows and the system processor,
402 is interrupted at 1006 via a hardware pin 415 to resend its video line .
data transfer request at a later point of tinme. Ideally, this situation
shoul d not happen given careful .consideration of the FIFO buffer size and
the detailed 25 sinulation of possible bus traffic conditions. The
operation of the menory transfer controller 401, including handling of both
V. PP PANI C and ENC PANIC situations is represented in the state diagram of
Figure. 10. The occurrence of ENC PANI C cagises. a transition fromthe

MIC ENC. state 902 to a 30 MIC VPP state 90 to. process the next.sub-set of '

video line data transfers (if necessary) before the current set of

505 and_wc. AT fie PR ERG o et RB B b2 et AT e 05 o

PANIC, as it VIRB_RAWNIQ)iagickds thé highist Yriofy. F OF 8% ,,ﬂﬁQnéPﬁB@rtYanEfea&ﬁfthler
controller 401 transitions to MIC VPP state 902 iT there are. outstanding

video |ine ddt® trangiersioMTE, VPR state 903 ifhereaqe outstandingvideorlinedatadragsters, or - -
out standi ng rags RPLAEK ENRT Gade’ ARSHHiSe apfoﬁstéﬁdé%} %Qt‘obtl%kt&ibﬁ Erﬁt?s?érs,'\@;%lseDLE

state 901 if there ar€ no-‘data transfers to forme present

i nvent i on adwhaek tnde resetyMBEQl ke statg 9 gftbere’ arerm;sdﬂtattrartstﬁemfo b@wﬂoymai;cess
bandwi dt h control at the.macrobl ock |evel for -vidéo |ine data and video
macrobl ock data nenory read/wite transfers. It .advant ageously enabl es :
operation . of Ehespresent dnveatigre alivantabBouslyo peovides ar hrgﬂdakesblmubh&famah&g&acﬁes@r y. ”

‘access bandw dt e ion si on system 400
descri-bed ab&@Ee W’t‘?gy %?‘gg?tﬁt&? l"t}“ﬁt"@’ %E?e‘@ktgﬁd’ ‘%’Grﬂ) %t%%ﬁdﬁe%ﬁﬁ?t’]@ﬁlé Aea
syst em havi Nen&Rsry Qe4ipReieehnsieate oncteoett@geoaglsi cRibis oﬂr&t‘cﬁw i}@teﬁtébfé >éS§e%HB

15 -20- CLAI Ms:
10 close to or equal to the average memory access bandwidth.

The operation of the video compréssion system 400 described above. may altemaﬁt/ely be
embodied in a v1deo decompressmn system having correspondma video decoder and post-
processmg subsystems ' ' '



1. A nethod of transferring sets of video |ine data and macrobl ock dat a,
conprising the steps of 5 determ ning a macrobl ock period and a video |ine
period | onger than the macroblock period; dividing each set of video line
data to be transferred within the video line period into two or nore
portions. according to. the difference between the determ ned nmacrobl ock
period and video line period; 10 aligning a burst transfer of each of the
portions of the divided set of video |ine data and each set of nacrobl ock
~data to the nacrobl ock period; and initiating the burst transfer of the
sets of video line data and macrobl ock data at nacrobl ock period
intervals. 15 2. The nethod of claim1l1,  wiperein the step of determ ning the
macr obl ock period conprises the steps of determ ning a macrobl ock _
processi-ng rate, estimating an overhead " processing and I/O rate, and

det er mi ni ng tOEAMASE obl ock. period according to the macrobl ock processing
rate and the estinmated overhead processing and I/Orate. 20 3. The. nethod
of claim1 or 2, wherein burst transfers of the divided set of video line

data o e, Per o ok BERASAAASIEE So0br Aok Bl IRCESBLBRK K01 Sl

met hod of clal m 1 or erern ransfers
| i ne data arkesiepsexd: hi gher priorlty relative to transfers of the set. of
macr obl ock. dat a. cl.aim3 or 4 fyrther conprising the -

Th f
steps of extendi né ?ﬂ%‘nﬂggﬁs‘i"‘ﬁ‘fr"ﬁ@ﬁ‘ 2007 1 as¥ideer Ling, derpd Jengeathan fibe

one macr obl oelacRpldcR@peddd] del aying the transfer of a next set of ,
macr obl ock data by: one ‘macrobl ock périod if the current set. .of macrobl ock
data is not conpl é’t‘@“}/g F#cﬁri‘ﬁ‘f%fr‘fléﬁ!’ lige data ta he trangfercedt withizy the lvisler anetpenoﬂ 30"

L PELT 20T Ldeh bded of ﬁoi'e]ﬂo]-ﬂdds abedrdﬁc ﬁ) the dlfference between the determmed macroblock
period and video line period; - o - .
10 ~ aligning a burst transfer of each of the portions of the drvrded set of video line data
and each set of macroblock data to the macroblock penod and L
1n1t1atrng the burst transfer of the sets of video line data and macroblock data at

macroblock penod mtervals -

15 2.  The method of clalm l whereln the step of determmmg the macroblock penod .
: compnses the steps of determrmnc a macroblock processmg rate, estimating an overhead ,
processing and /O rate, and determrmng the macroblock _period .according to the

' macroblock proeessmg rate and the esumated overh ad processma and VO rate.

i 20 3. . The rnethod of claim 1 or 2 wherern burst transfers of the dlvrded set of v1deo hne

data are performed before transfers of the set of macroblock data

4, The method of claim I or 2 wherem burst transfers of the d1v1ded set of vxdeo hne :

data are glven hrgher pnorlty relatrve to transfers of the set of macroblock data '

| 5 The method of clarm 3 or 4, further comprising the steps of e*ctendrno the transfer o
of a current set of macroblock data for one macroblock period and delaymg the transfer of -
a next set of macroblock data by one macroblock penod if the current set ot‘ macroblock '

data is not completely transterred wrthm the current macroblock penod

I |l|||| |I IIII



-21- 6. The nethod of c¢laim3, 4, or 5, further conprising the steps of

del aying the transfer of a next divided set of video |Iine data and a next
set of macroblock data until a current divided set of video line data is
conpletely transferred if ‘the current divided set of video |ine data is
not conpletely transferred within the current nmacrobl ock period. 5 7. The
met hod of claim®6, further conprising the step of performng a recovery
operation if the current divided set of video line date is not conpletely
transferred within the current video line period. 10.8.- A nmenory transfer
controller having nmeans for executing the nmethod of any one of «clains 1 to
7. 9. Anenory transfer controller for controlling the transfer of
macr obl ock data to or- froma video encD%bT and the transfer of video.line:
data to or. froma V|deo pre-processor, ' 15 wherein the size of a unit of-
the video line datais' {|arger_than the size of a unit of the macrobl ock
data and the trahas@eethed of damhds ebt,cferthaapalpnanamemm@mnlawngrt@ttransfer

predet erm ngd, t'lfvt &f se? f vid @rlt tdgtra ‘{p Settogq'{tactghel?dl? %X\S{jlr%%%

controller-ls a a te I VI |ne _ '
portions fodivtdeéﬁstftrfrwdﬁo Ieaofhta efcomledelpmansfcrrsi if the espent dividedoseest vidéb of

df ' I pd... 10, Th . f |
of clai m o I ks olieaElablRalife Vit ¢EpTRA P ot B one of “sai d

portlonssls not ' conpleted within a particular first predet er mi hed . tinme
peri od then the transfér. of said._ qne portion js. conpleted and the . '
transfer -of7-a- 25%5@@1?999’& clgime 6o further d:OB‘BF‘f‘PE) fae |51§‘Pe‘l’ﬁ perfermning, apeedvenence

to the trangfedioffif fﬁ@uﬁ@dt%d&ﬂe@ of videb lrﬁé"theFl?hhf %rﬁéte{y’l tl'ﬁltsfe ed within -

predet ernined ti ne period The nmenory transfer co er o A 9,
further chdh&@@@@ﬂséEOMnePﬂuﬂ |f ‘the-.transfer of one or nore: of sald
portions is not conpleted within a second predeterm ned 30 tinme period,
t he nenory: transfer control l er enters a recovery node, mhereby processing
of lO 8. Amernory transfer controller havmg means for executmg the method of any one of

clatms 1to 7

9. A memory transfer controller for controlhng the transfer of macroblock data to or' - ..
'from a video encoder and the transfer of vrdeo line data to or from a v1deo pre—processor
'wherern the srze of a unit of the vrdeo line data i is larger than the size of a unit of the
macroblock data and the transfer of the macroblock data is effected in a first predeterrruned

. ttme penod R _ ' ”

| characterrsed in that the memory transfer controller is adapted to dtvrde the v1deo

- 'lrne data mto two or more porttons for transfer of each of said portrons in respecttve ones - - |

20 of sard ﬁrst predetermmed time penod

- 10. The memory transfer controller of clatm 9, ﬁ.trther characterised in that 1f the--- -
transfer of one of said portions is not completed w1thm a partrcular first predetermmed':'
ttme pertod then the transfer of said one portlon is completed and the transfer of a
25 subsequent one of said port1ons is effected in preference to the transfer of macroblock data -

- for sard partrcular ﬁrst predetermmed ttme penod

~11.- The memory transfer controller of clatm 9 further charactertsed in that, rf the |
 transfer of one or more of said portions is not completed wrthm a second predetemuned

30 time period, the memory transfer controller enters a recovery mode, whereby processing of

AR RO




Frrerert 222222 teeer reerr rr il * CL MS -22- other data transfers is
suspended to allow conpletion of the transfer of said one or nore
portions. -12. The nenory transfer controller of claim9, further
characterised in that, if the 5 "' transfer of one or nore of said portions
I's not conpleted within a second predeterm ned tinme period, the nenory
transfer controller enters a 'recovery node, whereby processing of other
data transfers is suspended to all ow conpletion of active transfers of said
one or nore portions and uninitiated transfers of said one or nore :
portioons are cancelled. 10 ' 13. . The nmenory transfer controll er of any
one of ‘claims 9 to 12, further' characterj,sed in that the first-
predet erm ned. . tine perlod i's deterntned‘gccordlng to a determned

macr obl ock processing rate and an estimated overhead- proceSS|ng and .1/0
rate. - 14. The nenory transfer. controller of claim1l or further
charact eri s@dleif datartzansieriels syspepgsdsio hlosrearenlpionerf e r‘i@nfféf Pf)?ﬁl‘il eneYomerep3
is to 25 |sp§ Jhe second predetermned time period is about 63 Ens to 65
s. .15. A video: conpreSS|on system conprising the nmenory transfer.’
control | er. of -any one of -clainms 8 to 14. 20 16.. A V|deo deconpre55|on o
system conpr,isi ng,t he nennr rans t.r.ol Ler of one of 9 to
14, except t rL"lat {1hE TP % %dé"?n'i“gﬁqr {4 g 91“@155 %8‘88?6 &f‘ i deo
pr e- pr OCes's @fankfer bﬂsﬁeeadm&evofctem mﬁtnsms Qroeeanpleteaamthm a s‘e?cdxﬂﬂﬁrkaet&thed .
111111111171211111112 S C

time penod the memory transfer controller enters a recovery mode whereby processmg of
other data transfers is suspended to allow completlon of active transfers of said one or

' more portrons and unmmated transfers of sard one or more portrons are - cancelled.

10 13, The.memory transfer controller of any one of claims 9 to 12, ﬁmher'characterised
" in that the first predetermmed trme period is determmed accordmg to a deterrnrned"

SR macroblock processmg rate and an estrmated overhead processmg and I/O rate;
'14.  The memory transfer eontroller'of claim 11 or 12, further 'characterised in that the o
15 first predetermmed time penod is about 23 ps to 75 pus' and the second predetermmed time .

- perrod is about 63 |.l.S to 65 ;,ts ) :

- 15. A video compressron system compnsmg the memory transfer controller of any one

' ofclarms 8to 14..

20 _ |
16 A vrdeo decompressxon system compnsmg the memory transfer controller of any o
" one of clarms 9 to 14, except that the video encoder is mstead a vrdeo decoder and the -
: v1deo pre-processor is mstead a vrdeo post-processor '
.25
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