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to a cache nenory systemfor a notion estimation circuit usedmmwmﬂlmﬂ”ﬂmr
the_ Prior

processi ng or video conpression applications. 5 Description o 8kl
Art Video conpression, as perfornmed by MPEG (Motion Picture Codi ngl 9I*:%?perts

G oup) standards, and other simlar systens, is used prior to s
transm ssion of video sequences to reduce the data vol une or dammmﬂ@mﬂm""”"”m
i nvol ved. Cenerally, it has been found that when there is little notli

bet ween successive frames, there is a 10 'hi gh degree of tenporal red#8ancy

bet ween t hegd FHENEMORY SUSTEMIt is inefficient to store or transmt an
entire data_ bl ock of each frane to reliably recreate the inage at the

decoder . | n$besaeseanhinvention plairsclasa GAFRE Mempsy GYFsE fir maige estagpanges
or motion ofiQRRelh Qaéa\ﬁﬁ‘dee?éiﬁ&@ﬁ%éf&cérﬁ@rz?on %@ﬁati&m.s i nvol ves motion

estimati on between portions of successive mes of video. In this way, the
efficiency 15 of the transmitting or storage systemcan be greatly inproved

by reducigngpb§ -mjgh”&fpﬁ!@gg\nto be processed. Mdtion estimation is a
met hod OF predﬁlztl ng a current frame froma reference frane. A reference

frame is anYidepaempoessian, enperioreed by MITRG f(Matien Pisture fndingnExgartsn@touph can
20 be used 0] g r Y, t t : he
st comont SpEs Cpid WPl SAIE 16 <8 WRF o el W fanslud of 0° 4
frame is divideedequensedtomsikicethedatal wluremohdatacete inedleed. ebeneradly, ihhas

« maer obl 0Ckpee FAGRIREXCNEF Y 1 TRBGHBIGEREE0 JuBAIRVY Oho: (REr" AT, s
wel | as an THt egral value représenting Tumnosrty Content Ay ha
co- or di rifit ehigikdepreexf tempork retagdancydetasaotheae fdmes- dysdsucht i s inkfficient s

Iy th t - | ' " . K
lrJr;;J ?on?/ ea(a:th s‘r?érgrcgebiiahgﬁutiaﬁf%r&@étgaﬁ%ﬁ%k f:%ércr:@%r er{ec?%é{?@gfe%g?tgééé 'I}}r?ée(feer ence
macr obl ock"at the decoear dustearhitine encrmier obédsctrdly tndesaribgioo encddeatheathangesce 30

frame (herejnaft.er I ! r rea" ). T | ff . bet ween the

co- ordi nat eérofmi“ﬁ@ &gf’é@gﬁc §Sﬁ§%50%f%%ﬁg“é%cf%%ﬁ%' coﬁg%gictﬁ'gt @V\éﬁe? h'@gt'c’n

macr obl ock éstimdtien betwasn portens dfaticdessive Mahases videe. Inthizrea eherafficiondyoc k
gives t tjon vector. Determnin 2 the best .match usually.inyol ves
Phe - compir | SoltSorH Sy finenet SHE cVoleBnfigh oy BaRR, PRISVEd Tbrediig Hiee

di f f er encesarhelimeedataita ®eprodesséd: ref erence macrobl ock and the
correspondi ng pixels in the matched nmacrobl ock. 5 Cache nenory is comonly

enpl oyed to store the search area and reference macrobl ock to reduce nenory
access bandvbtiirnestiviztionys aewtissd dfgmedictitigha carenbame from a reference frame. A

reference frame is any frame other than the current frame, and motion estimation can
20 be used to exploit temporal redundancy between the frames. One of the most
common approaches is block-based motion estimation. In this scheme, a frame is
divided into blocks of pixels, each block referred to as a “macroblock”. Each pixel
has an associated co-ordinate within the frame, as well as an integral value
representing luminosity content at that co-ordinate. Each macroblock has an
25 associated co-ordinate, which is usually that of the top-leftmost pixel of the

macroblock.

To estimate motion, each macroblock in the current frame (hereinafter called
“reference macroblock”) is compared against macroblocks in a region of a reference
30 frame (hereinafter called “search area”). The difference between the co-ordinate of
the reference macroblock and the co-ordinate of the macroblock in the search area
that best matches the reference macroblock gives the motion vector. Determining



urdher reduced by ensuring a sequential relationship in search areas of
sequential ly adjacent reference nmacrobl ocks. One way of achieving this is
to have the sane search area offset for reference nmacrobl ocks in the sane
row (also called a slice). 10 The non-overl appi ng regi on of search areas
corresponding to two adj acent reference macrobl ocks in the sane slice has
exactly the width as one nmacrobl ock and the sanme height as the search area.
Except at the first reference macrobl ock of each slice, the nethod

descri bed above requires only one macrob?ock colum to be updated to the
search are ' ' ' ' e :

et obl ockan geerialh, dRl Bk B bifodtieon of BRRN InE R PEGHABY being
processi ng the semf afrabsotute diffesgnces betweeofpixaleinthe eéference anamoblotd swkthes t he

sane, when d%ﬁ-r%gg%gcjirngpigglg i# ?‘?@'{‘5@‘?‘5 BRCELIRRN obl ock of a current slice, the

entire search a ef erence macrobl ock of the next slice
woul d have to be | oaded to cache, instead of just one nacrobl ock col um.

his incge ndw a equi.ri che to
be doubl e- buiTé€red. at en 4 s escri bes one suc evice for
T  S308he"RIRIoh A GERA AT WAL AR SrdShe B3 dCONld RY LRSS
addr essi ng raaaralolhek toeneduge menwryetdess bpndwidihe Mempryessesmbandwidthtcaniba whi ch
banks of [y are. ar ed to store. [ sive
ot 1 on_est TR sROTesi A BETinb % ShePbftdt WiaBshano 2e8Rn 4105 BPIRGUERERS, o
area when tdifaceakteferchee enaobiacksobOae kwdasf acliedjue this ad tadipee ¢md same
relati onship wt reference macr It is, found

h to. th t f | )
har ool ettt g0 IRFChy IretdlBe Thag alboksoh g A e TBY Ao fld ARl o
r ang 8. f Hur t'merrrmnc?megebﬁihgir@gtgry of ?a'rcﬂcaneas edrrétasfpohdiggm tvd a?jacdm éfdrmeyr\ﬁ! I
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vl ves. oanalocts ROt SAaS iR e exBHS: fiE GELT B DeCRRtPhbeE 3Rf the
ref erence mameoigigittkas {hecsdearsthincda. | Exdepede thet firstiaférahse maerablockasf Gash
nory

bandwi dth is costly, . .and,it |s ~V T 3 desirable to provide cach

as efficiefies B8 Metiodypescripgd ;aboyp refu[Fs opY orie: MPCEgalnik: SRR ce or
met hod suclupdstedetocihebsshrem aks Cathmnforom6@n 68tBnationsofopaockessive refemncd ar eas
simul tapeously., In particular, the,tw se h 5 areas _do not necessarily
have anp r agoniode B the Seat s SeIRDhTeNE BRI A AN BRSO
the other MWigfdfori motiof OkstimadNUGH RYed Weeferenbe dRxdr6IBIBCK 08 thel PSné,i Whed WO
search areas, the de%/\j ces .cannot be i

asi Ly conbj ned to support ,a single
Wi de. sear o RIGEEERNG Greyash aIIEHOT BAGEIGROf SSHTAN Skt Ve AnHEea v asa Mo o
will tbe antlﬁ(?/ﬁfsh@éfdrdn@?tﬁdf&bl_eék Iﬁﬁthléen_ ém%ma’wﬁhlaeqavéwﬁidﬁé?iﬁbﬁ?d ak'batgalelt he
wor st case.di mensj.on o e si Wi search area an e S er
Search ar cASHEIE AR ene AT ORFSRE. TS SRTS40RS AN SHredFOLR? | on
seeks tZp mwellmssequitiey heatashé tebe Heutse-bafferkd. particular it seeks to
mnimse total size of a cache which can be used for storing a single |arge

search area, or two snaller search areas. The present invention also ains
to facilit &fEPaeADS B96,608 dasdribas ondishcic daviceofor alidessipg aahchgmaatopssf sl i ces
to elimnate the. . o .
motion picture compression circuit, in which banks of memory are arranged to store
the search area, whereby successive motion estimation requires only partial loading
25 of the required search area when the next reference macroblock has a sequential

adjacent relationship with respect to the current reference macroblock.

It is found that object motion typically has a wider horizontal range then vertical
range. Furthermore, efficiency is increased if forward / backward as well as
30 foreground / background motions are detected in certain cases. This involves
performing motion estimation on two search areas for each reference macroblock.
Cache which is needed to minimise memory access bandwidth is costly, and it is



need for double-buffered cache associated with the prior art. 20 In a first
road form the present invention provides cache nenory systemfor use in a
notion estimation system including: a first cache nenory defined in terns
of a first wwdth and a first height, and a second cache nenory defined in
terms of a second wdth and a second hei ght) wherein said second height is
|l ess than said first height, 25 the cache nenory system being operable in
one of two nodes: the first node being characterised by banks of nenory
fromthe second cache menory being concat@nated vertically such that their
concat enat ed Lt |, ol @ & [N height, and said

concat enat edd%zﬂﬁglsg tgg?%‘géeaérar%gralté%%gﬁ agee‘?f%é@sg'gﬁgéggf?b the wdth of the
first cache nmenory to forma single contiguous address space; and the

second node i ng. racter] b f ry fr he fi.r d
second cac heﬁgse({'}ﬂ'ﬁ&g 2l ee% S@??F%ﬁ @Q‘}'{C;en% 'Bgtﬁﬁg Sﬁ?*} 5???8%“@8‘15%?}%%&8%%
as 1 4 twos5,60H88atesHpdrices sepechesreaPsiaidnabdusly. Wneragiiouldrhthef twosdearond
second w dt hs arﬁ e Eal. 5 Prﬁferablﬁé tthe 'fi'rﬁet m)gefis for. use with a
moti on es?i nHEFD °£\§ PReRSRAUY AgVely figtenstuR ju [rap &F refpienpe frapie, sourge-Cr
second node pasitfoar use with a notion estimtion system having two separate
search areas. 10 Preferably, the two search areas are of equal size.
Preferably a notion estinmation systemis provided including the cache

menory syst eDn alee othér hgnd,0inaa bolotkeh Gisingntwd suble deviessefdr suppetiihg AWwo sbarch

Preferably, the npti timati ystem | bl ding t MPEG
Ct andar d. * PrPEHIRY §SEROCTMEh B RARY oRYCELAY PO A GG MoCReaT R e

as a cireol agiteBothudiger homtoatatraalll vertidahsize® amerd &l Rl i @%&iheadtii erfRcdfe
menory system jncludes: a start )pm nter for indicating. . the start of a
0

sear ch ar ea;c35Re JPRIAPY i85 nYRiFallYofakINgdihe v Pl case Jimensiamef Hisaginels; widkd a

search w dt seRpihedres ahd tH twiolyhalieF sédich BRagxbebinedf the 25 search area.
G ven the dinensions of the large search area plus the update area is

[V1J, H, and the maxi num di nensi ons of each of the two smaller search areas
pl us the updgimakgaf tHeSinbentidn (W t hout any necessity for themto be

simlar in dinension), and that Ww and . . )

15 The presentinvention seeks to minimise the overall cache size. In particular it seeks
to minimise total size of a cache which can be used for storing a single large search
area, or two smaller search areas. The present invention also aims to facilitate
memory access bandwidth control when operating across slices to eliminate the
need for double-buffered cache associated with the prior art.

20
In a first broad form, the present invention provides cache memory system for use in
a motion estimation system, including: a first cache memory defined in terms of a first
width and a first height, and a second cache memory defined in terms of a second
width and a second height, wherein said second height is less than said first height,

25 the cache memory system being operable in one of two modes:

the first mode being characterised by banks of memory from the second cache
memory being concatenated vertically such that their concatenated height is at least
equal to the first height, and said concatenated banks being arranged to be
30 appended to the width of the first cache memory to form a single contiguous address
space; and the second mode being characterised by banks of memory from the first
and second cache being stacked vertically, and being arranged to be addressed as



30 H>h, two caches can be designed with each consisting of a nunber of
banks of nenory having the width of the update area U. The first cache
(cache one) consists of [WU ( | denotes division with rounding up to
near est integer) banks of nenory of i 5 height H and the second cache
(cache two) consists of [max(w U, 2x(Ww)IU)] banks of nmenory of height
[max(2h-H, H 2)]. For a cache to store two snaller search areas, a thick
node cache is configured by 5 concatenating cache one and cache two
vertically. Cache one is fornmed by arrangtng its nenory banks into one row
by concatengt [] tally. Cache two is fornmed likewise with its
memor y bank?&oggp%%f{%@ﬁi%%kf%'/w) then cache two has [2x((Ww)/U)-(w U]
banks which are not used in this cache node. Each bank in cache one

toget her wit e WSS ndj verticall. concate ated bank in cache two
10 fornms on rf‘h#(?fﬁ (’:‘élwr}%ﬂ&?h ﬁﬁﬁ@"ae (ég r#;rd% rc?aecqjilg is therefore forned by
[Wi U |ogical nenory banks of hei ght [H + max(2h- H H 2)]. The thick node
cache is |zotaII int.o uppe | ower portions,

portion a I}ﬁ-@%@%i@ E"%Q’éﬂ‘{éHs elifed’i"gﬁv%%fm?ﬁ atlet Wﬁ) e‘é"@?&tﬂ?&?n t he

upper porti @Baick died.ei nafter called search area one, and the search area
stored in the lower portion is hereinafter called 15 search area two. Thick
node cache has zero cache overhead in terns of unused cache nenory when (W
5 3wl2) and Préfefabhh) 179 sed?cﬁfd Mo8& & or Lse WitArLmadtish BetiBaticly YRt&e Madig awea, a
wi de node cache |s c ured by concatenating cache one and cache two

hori zont al | PEPHRERE %ﬂba 8Sformed as 20 before. Cache two is formed by
arrangimpits rrermry bank |nto two rows, each row formed by concatenating a
nunber of b% r| zonta , and tEhencg concatenatl ng the two rows
vertically. W) FERY AR RIAFRE t wo has [(WU - 2x((Ww)/U]
banks whi ch are not used in thls cache node. Each bank in cache one is one
| ogi cal mam)sg/fﬁbank whi | e pai.r of banks concgt enated vertically in cache

two i s one BGiYc 8l mﬁﬁ%r%? 'E@H‘R” NFER fRodeevidednipciudinghtheafashe rsmeBy by
[WU | ogi cgystgmraawrdn@rxts% oall iraHr e peld iAgoache 1tsel f is able to
store a search area of de node cache has zero cache overhead in
term of ®nused cache rrermry vvhen (W>_ 3w 2) and (H >_ 4h13). 30 By

desi gni ng aPFéfeFa@lV | ET RipkiBn Castinfativh t §ystent hbcgpéﬁﬂeaa&dﬂﬁng‘)@e aHSMpgd Wo
such smaller cachés, the overall size of the cache nenory Can be opti m sed
to support Blgngarg. Iarge search wi ndow or two smaller search w ndows. t 6
The flexibility and efficiency of the re-configurable thicklw de node cache
i s enhanced by means of two pointers - an update pointer indicating the
current banRE¥emRbleit gashe m?é"%csﬁéteffb‘soé"ﬁ'tﬂfét ogbe Addressed Ast a siFvekr s)
and assogi apggbrsearch 5 wdth paraneters) for indicating the current search
areas) in the cache. The update pointer points to one |ogical bank which is
the current update bank. The start pointer points to one |ogical bank which

contai ns onpr&@dbRf thd1theaParteh addiedsing ik théheeifleitiry sttbﬁﬁm%ﬁlaé§ha atfe

given by a search w dt h paraneter which val ue indicates th respect to
the | ocati oRoBterdereingdicating s alegrof 3 AeAFR ARAE AN E?ﬁﬁé%@&tthefof lic8ng Fanks
t hat bank being updated; and a search width parameter for indicating the extent of the

25 search area.

Given the dimensions of the large search area plus the update area is [W,H], and the
maximum dimensions of each of the two smaller search areas plus the update area,
is [w,h] (without any necessity for them to be similar in dimension), and that W>w and
30 H>h, two caches can be designed with each consisting of a number of banks of
memory having the width of the update area U. The first cache (cache one) consists
of [w/U] (/ denotes division with rounding up to nearest integer) banks of memory of



10 contain the search area. By utilising the update pointer and start
p0|nter a nethod is provided for cache updating with a flexible search
area width reduction such that when performng notion estination across a
slice there is no increase in nmenory access bandw dth or 15 need for cache
doubl e- buffering. For perform ng notion estimation of a current frane, the
frame is divided into several slices of macrobl ocks. Each macrobl ock may
have an associ ated search area offset 20 (hereinafter called global notion
vector or GW) to enhance effective search range. Al nacrobl ocks in the

same slice mayghawe dnidetheassomMcdche S(cAHd two)Casiiishd of Thag(wel %WIMPJ*)] the
| ocation of the search area in the reference frane with respect to th

| ocation of PaEksRiEmesRey Ok height Imax(3hyg, 'E,Ué’e\,]hes can be regarded as being
concatenated "logically", resulting in a "logical cache" that is either a
wi de node cache or a thick node cache. The resultant |ogical cache is nade
up of one rofieiod caghsyiocHpreptmeksnaier gearsh wreasyatthick axadel eaghe ds configurad Byank
bei ng madg ueor&fatéiat.k@rcaens W%heaéaamenmov vQ%@KHy orciim Bh§5k0ﬁ4rm€@w
banks concatenated vertically. 30 The g)ca nmenory unction |li'ke a
circul ar | i nRE3NING nt%memqawbwsc@ﬁefqr‘gupw Yapo@ééﬁéatiftﬂrthgﬂ‘d’iqfﬁgn&aﬂke Gaeliech
areas, cachenaidishuldkeh oSyt hehbRbdtks MHRAY < Alw.yi/Lf) teARLEPRloNt er

i ndi cates the current I's beilng

new sear ch ahas[244Y\aw)/Prévhideanks pdiaht are noh aseshiaribis CBth)ﬁ@dBn E@cbubaclulnar
(mod-n, mer@ac’ﬁe'a%ettggetﬂé'ﬂﬁﬁ{ |tQEonjr oﬁé‘ihi;l%% Eﬂy @'&?fe{nﬁtégotfaﬁk'lﬁ c Pﬁe rrent

updat e pointer palnts gl ca ) I rst
| ogi cal Bankfoams iane Ingizal Mamogbank. Fhitksnade cpetienisetheeaforesformedh by [ddW]

paranmeter in { ﬁg‘js o] rch
area whi ch |Ig ‘lé%ll rﬁartnp @ag or E‘@“ﬂ@f I on és f F\{ n”fﬁ&.?t&%?g&&%}%&ﬁge?ﬁ%fw
start point edwleledihemnwly\mdwlpppmmwer pwmomasedcrﬁ portieaahledeataré aaaeaech Each

set [ 1 NIenSRICHNICOTHE QLLRS. okl bIeRnCAE 150t MRrich s UIBREY Elhed” ©2°

are each con roI Separate se node set
is used. Forsma;marsaame aad ﬁMaeardhrmeast;md mttbel l@mmmqm Mhhrqxnaf@rrealled

gi ves the.nu cans agi gal

poi nt ed t?g b{/%?%hegietaatra{a Sﬁf:‘ﬂr:# K%d%c% ﬁg(pg%sgkots at‘ aé%é%dd'qurég'gkg search
area. The vadacke ofemdrg whear(ths wi) Anpddand/®r is |imted by the position of
the update pointer. 15 A current frame has N slices, each nmade up of M
macr obl ocks. Wen perform ng notion estimtion on the m" macrobl ock, one

macr obl ock cEdrunEacherts eape adinle lafgd bearoio arefzverv«h@@ﬁioﬂg caech¢ tsrboa:ﬁg@ea @gi on
of the (mtl macroblo%klslo ded. into hec

t" e on
estimation FACNCAENELAG CREe RER A5G GRAPe MR ngﬁa@ypopﬁ%‘? Wﬁc‘?efﬂﬁﬂ?% By
one, the2gt aydfo@0iCHcRE tivo (s formaed By Byrangieg |t§\/ﬂ1dnmry Ibanis gad Ao vawd| heacl row
paraneter r rranlb%f?at fu tion estimati

e T on BT v ortatanabnd b uole AP has B2V R8O afedt demebtelna By o ¢

t he non- overtivappwsyesgiealc hif amja> Re@\ew)/UPrthed eamu/vorimsr [6ladUo€ Rx((VW-w)ig)]
slice. When form.n tlmatlonfor ks, near.the |left or
Lot ctnes Haks et BOF ugdh R PR Ra0R FRRCATRIA CHEL Sk s P legtALg |
search ar ea méembly bartk)othilena rpadeof hsm(socmnestenateunmnt:daayers catle evos @ne

ar.ch rea The ced

| .
st ly, 251 1RG5 ronk ok T THF Fate BeTe LT e oY B Dog i R ot o
sear chI i’:lr ea Uaﬁhk@ldff akight Hha/r\{rdefrmsma@crfggmf is hblettblsﬁorﬁ&ssearcﬂ)ﬁteﬂquw Hp?t i on
enera t t he orti.on 0 e searc rea that 1S Tl
MR e AR BAES SroE e TP prse R B B Viiked, aras BRASLIEPBe ¢ he
frarre a seqwhmﬂz;&nﬁqarheu&tsj y half of the full search area) that is

"closest” to the GW. Secondly, it may be to cater for the prel oadi ng of
t he

30 By designing a re-configurable cache with a thick and a wide mode using two such
smaller caches, the overall size of the cache memory can be optimised to support
both a large search window or two smaller search windows.



8 search area of the first nacroblock of the next slice. In order to limt
menory access bandw dth, only one macrobl ock colum is |oaded to cache per
macr obl ock notion estinmation period and the preloading is spread over a few
macr obl ock notion estimation periods. Instead of |oading the

non-over |l appi ng search area region for the 5 next macrobl ock, the cache is
updated with one macrobl ock colum of the search area for the first

macr obl ock of the next slice. Since there is no new search area updated for
the current slice, subsequent notion estifations of the renmaining

macr obl ocks in the current slice take place on a reduced width. Generally
the search width will be reduced by one macrobl ock at every subsequent

nmot i on esti nidei daxibifityi land Oeffibieneyn ddf ofhes rg-cenfigkicaldes ghickmide yeade rcasheltin wi | |

enerally n : C f.on.l t i gation
gn t he f?/r s% tnrl'}gr(q:ro %k\%\gg% @@%Q@Whéﬁggﬁg%og&%ﬁ%t etﬁgr%'yﬂ'ggt?@a{nh n Ithe
full search chresmoraiirdthescaphado dklupdhtedf andha start pointea(sy bnd associsted Atarthe

notion estinmation of t ecand.. r.aobl of .t e eneral | e
srart porht S dReebrELEF AR el el I B ARBT Tt Heddfen:
by one, suclpotrtartpdirte tcere Dhical Benkofhithizs the comehtrpdaeibanék Thexgiangsinteni t h
respect to the evi aus. search area. .On subsequent nption estipatiops, the
Start poi nt EPTHLY T assaRkleticuntart Ros EaY PERe55tor Haraand Be SHE!

i ncrenment byf treeseath laréd givE0 yearsehrcarwidthhparasmeangeich tvaluehiaditatek, witlze.
Thereafter it resu nor. mal {1 estimation ere the star

poi nt er i ncle ﬁf@qﬁéloﬁﬁé%ﬁ tﬁgggaﬁo%tg&jﬂbe[ 'f?“gglpgﬁ%qsém“’ ﬁgg'ﬁie' b@BE‘%{hgﬁt at
subsequett rontaimrtheseamhtarens. For a thi ck nbde cache where there are two
search areas, search area w dth reduction takes place independently for
each search area. 25 The present invention provides an efficient and sinple
net hod to nByidtilisiagtthe Wpdatabbintsrcdie Startepdintes L pwBthod e prdvitRdsRarcabheir ea
or two snaller sear&h areas, usi n&a Si %I E agdressi%r@h ni smfor notion
estimation HPERINGswLn arﬂsx'ﬁ'ﬁeé%%{ iR MG A SAUFton BYElL Al whe PEIfIMiRgor v
access bandwiotibh es@bticH astbssa Bidel thera i8 @ o Jtbreayel i Mettdry HREé SR andGAdYS Br

slices t hout  sacrifici video quality, or increasing processing time or
conpl exmsy, n?%&éﬁ?“@&?ﬂ%w '"Bhe need to doubl e-buffer the cache or

i ncrease nenory bandw dth at start of slices for search area prel oadi ng.

9 The present invention al so supports general global notion vector offset
of the search window. Brief Description O The Drawings 5 For a better

under st andi Agr gédrdrthgheseméstinittion of arcuast fizine)NEeframansldiviadtifte seasral may
be brought into o?f fect, C%heg nventiqn | | Eow be descri ped aﬁ way _of
exanpl e onl §"'cefiof MaCERoRKE c £k MAcEPRINRs IR R AWATROSAGH $GATciharea offset
20 (hereinafter called global motion vector or GMV) to enhance effective search range.
All macroblocks in the same slice may have the same GMV to simplify caching. This
value gives the location of the search area in the reference frame with respect to the

location of the macroblock.

25 The two caches can be regarded as being concatenated “logically”, resulting in a
“logical cache"” that is either a wide mode cache or a thick mode cache. The resultant
logical cache is made up of one row of “logical banks of memory”, with each logical
memory bank being made up of either one physical memory bank, or two physical
memory banks concatenated vertically.

30
The logical memory banks function like a circular linked buffer. Having configured a
cache for storing the search areas, cache addressing uses the following methed. An



Figure 1 shows a slice of a current frame with reference macrobl ocks and
‘associ ated GW and search areas, and sequential relation of search areas of
adj acent reference macrobl ocks in the sane slice; Figures 2a-c show an
enbodi ment of the present invention supporting a wide search area of nine
by four macrobl ocks, or two snaller search areas of maxi mum six by 15 three
macr obl ocks each; Figures 3a-c show an enbodi nent of the present invention
supporting a wi de search area of ten by five nacrobl ocks, or two smaller
search areas of maxi num seven by four macrobl ocks each. 20 Figures 4a and b

show a neansgdat€ PBini& ihdibste @ thetbthRM BIRGI BdnktificPls [obB¥@BE Whfler WithV de
and thick node; Figures 5a-k show a series of notion estimtions across a

slice wth OWWEEAENsares dat. nf he grdaternaintehiacreaienise iy &ne i desircHiag (inednea- h

show the cacfifeRChiiyifd REmBEPBPIdgicAl bane) $RaTneh idd. §tHeOLurRa tupBbte! ;ﬂﬁ?ntéﬁr les
of notion estinmations shown in Figure 5; 30 Figures /7a-k show another

series of mopeinis tedha katipginal keskokwilpointite thefirstogierl benkvabits nextingrernentof
the refergncg LoBoh® 4 YeBRhe Wil pRLA? RERke i BdoR%of B Shife:

and 10 Figure ows the activities of a thic e cache supporting two
sear ch ar eascdrgainingethevauresst isearchfaraatwhich ésbeinatrean foratwoniotior @stination
Figure 5 and, /50 € e %etDSF Q{aheﬁ‘?iﬂt%ﬁ%apééa% fdtﬁ %%ré?ﬁ&fefﬁg %gec?'fPP?éJdFP”t S
Figure 1 sho an exanpl e of a reference nmacroblock and I'ts assocrlate

sear ch ar ea. senchs arda. uEachasétois independently ¢ombioied. oin thiskceadhiermoderb dli twent s

of the prese | 1L.OR. 0, ' trlx. of | S-i.n the
current f rarr%ar%dqé':e%gbaggﬁggﬁ]%ﬁﬁmf\%\ﬁgﬂryeglgﬁiﬁi@nﬁeg g"rffa%t %%Chéhﬁo%a)érﬁlgqu&k
nunber i M0t hestdsiusexht Faldach séartipdidter,ritieassoaiied gearck svidtheasdreter piuedbthe i n
the current AE. T rch ' kX O [ xels i

reference f rrgu;re,ergqfvcgﬁs%cﬁﬁgg\(lﬁéf,%a\hﬁsé?séé@nﬁih)émn{hg c%grﬂlégp p‘%ﬁ%gt@ bk’ ﬁg@ start

r ef er ence nuwmintbt, dicdt aoostitetasdte widik df Heataanch adeat Ndneswduer bf theesaarabl witithve t o

e or tove A | PLPrBERRTRRRAR 08 Reflpilahy L 9 phol TRLICD
GW. 15 Also shown in Figure 1 is reference nacroblock MB(m+l,n) and its
botween 18] 25 SHIPCFaREES NatrshiseRerar et MMHAHEES] Tt Soffiar
and the commotigesstinnatioagiroihei " (RaardblackS opé xedcsoblétkscolshnwormespdridingrte 1 i s
o PR TR BRI Fedithbrdd RUAUARE The B REerBiicokls' Badodnld f6°™
cache. At the motion estimation of the (m+1)" macroblock, the update pointer
increments by one, the start pointer increments by one, while the search width
20 parameter remains at full width. In normal mode motion estimation, motion estimation
is performed on a full search area and the cache is updated with the non-overlapping
search area region for the next macroblock in the slice. When performing motion
estimation for macroblocks near the left or right edges of the frame, search area
width reduction may take place.
25
In search area width reduction mode, motion estimation takes place on a smaller
search area. The search width may be reduced for two reasons. Firstly, it may be
that a GMV is offset such that part of or the complete search area is outside the
reference frame. In this case, motion estimation generally takes place on the portion
30 of the search area that is still within the reference frame, or for cases where it is
completely outside the frame, a search area (generally half of the full search area)

that is “closest” to the GMV. Secondly, it may be to cater for the preloading of the



20 the description of enbodi nents of the present invention, hereinafter R
and S are taken to be integer nultiple of r and s respectively, and all
description of the search area dinmension is nornalised to the nacrobl ock

di mrension. Also, a frane consists of N slices, wth Mmacrobl ocks in each
slice. 25 In an enbodi nent of the present invention, shown in Figure 2, the
invention is required to support a wi de search area of 9x4 macrobl ocks, or
two smal | er search areas of 6x3 nacrobl ogks, all inclusive of the update
area of one nacrobl ock width. Figure 2a shows the configuration of cache

one 20 and GaghA drd® ofthe flrRGhACroMECI2Er thOREKSHiSe.Ofn Srid¥r RAMEmaMoREARYs €each
of one macrobl ock width and four 30 nacrobl ocks hei ght. Cache two 21

consi sts of b@PQW'Hth@é"Vo@nQrE}?ﬁF%WOCéé‘@W”M isplqadeh ko eANg e inAkrablas motien

macr obl ocks 3ehglin th&!”é?!d29\es? @%%a@oa\flérgyr@w MachiblSRChRtigne 20
and two 21 in w de cache node 11 cache 22 consists of nine
| ogi cal banlestimptioferasiogs. &xtandsf lwgﬁemmqyéﬂam'm seagpitiategUrginaéIrdin ock
hei ght . L@g'neﬁﬁ mQ@r‘BBFBcIl e Siché & ﬁe&&em S &fac%%cwamra( e@;ﬁe %éa%ﬂ cache
one 20. Logical bank to 9 are each up of two nenory rom cache
two 21 concaf@wwé@p fx@ttma,caqmlgck @‘tlhagWéslzv@ shipEs there lb@ﬁkn%ﬁeargmaa@a on of
cache one 2Qp3iida 4P thd %mrénh's%gecmqmemoﬁgf dsliraliolP4f i8CHas

consi sts of siIXx I ca anks of ‘nenor each one macr obl ock w h and
si x macr obl aacrcrbéqogﬁﬂn thsawwenbsjm@éakerﬂmm pagruced widtat §e@ﬁradjn§1emmly bank

from cache b”é‘ a‘aesd %%J%géﬂfoékré?"é\/g %Ss%&e%i"ﬂnoﬁ&n ESHHIA oﬁ%ttxﬁd
vertically. nDde I'S partl |one Into two portions,

upper 24 0anthe emérofzﬂcgoerwﬁV@ame seafich nyidtinwils ganeraliyanet dram bslowhtwei de
and thick BrobidiRs cache is 100% utilised. In another embodi ment, shown in

Figure 3, the mven?lon is required to support a 15 wi de search area of
10x5 macrobl ocks, or two small er search areas of 7x4 nmcrobl ocks, all

i nclusive o r : I . i S e
configurati M""@f %@gﬁe ﬁ‘gﬁ%%%tﬁrﬁ&goé‘c e t?%%giﬂﬂéaéﬁ%( gﬂng %ge c@%\gisegkésil‘ of
seven banksarsh meyrbesmaliac thapf therfell rearclsires; kandi isligenenally half ¢hevhudirsslabck s

hei ght . C two i I[@:{E;D h
macr obl ogﬁ e\nr%ét h atﬁ% @%%?he%ééaﬁﬁf’a%rgg %%Sﬁ‘%el gI:ﬂ Jfﬁ?%gg% %Ber%ﬂﬁw bank
conf i gur at i startgivintercdresorat irB0enent aerhaseathIdtb p@emh@enmaaméﬂh@by\pde nmode
cache 32 co S f agﬁw gﬁgla 0 [RE[L Iock
wi dth and f‘%l\?/ég ttr?%tc{r?’ob% oc'l“’<'l %el gﬁﬂtthgis%g;g%d;% ank C)l( 4 ar Bev'tggg Pg’ep’
one nenory pramious rsearabastea. ode Shseqogitcadbtidraaitingatioos 1ﬂ1eastartemtmtenm up of
two nmenory hanks from cac (w >
2 (via) ) R i EReRE SR bF Sen IRRMFRRCES ey MERMSF LY ne UEBeL ey cn
area w @0h, sdzoth amenhasrexgardad teethe fillesize.i sTheredtewitgsumeg 7n@@naDadde = 1
unused ban , Louration of
cache one 380%er <BTRERET SuldlR, g st Bnfer e RH, by GBSl v
consi sts of paremeter|regiaisl cdnstans atbfsuhiﬂﬂblﬁyt metioh estimatiaasalcerod lthick meiddt h and
ei ght macro g ﬁa{ menory
bank from C%cﬁgﬂ%h:ége g@érgh,; ° tﬁgcs}r%gn%réég roﬁ%ﬁlﬁéﬁ%b@&f?ﬁ%ﬁ%ﬁat ed
verti cal | y.inJégendantikfonedeh seastlea®a. i s partitioned into two portions, the
upper 33gzand | ower 36 portion each

The present invention provides an efficient and simple method to minimise the overall

cache size to support one wide search area or two smaller search areas using a

single addressing mechanism for motion estimation processes. The present

inventions also enables flexible memory access bandwidth control when performing

30 motion estimations across slices without sacrificing video quality, or increasing
processing time or complexity, thereby eliminating the need to double-buffer the
cache or increase memory bandwidth at start of slices for search area preloading.



12 storing one search area. Since (W<_ 3wl2) and (H _< 4h/3), the cache is
100% utilised under thick node but not under wi de node. Figure 4 shows an
exanpl e enbodi nent illustrating the apparatus and neans to 5 manage the
configured | ogical caches. Figure 4a shows a wi de node cache 41 with the
update pointer, start pointer and search width paraneter. Since the cache
functions in a circular manner, the search area 42 is contai ned by | ogical
bank 8, 9, 1, 2, 3, 4 and 5 in that order, with the current update bank

bei ng | ogi cal bank 7. Figure 4b shows a hi ck mode cache 43 with the updat e
poi nter, stapb pRAeht RleRP AWsdPors Jehbralyidbl) MAIATRICR of8& dfdfe S&REICH
area one, and start pointer two and search wi dth paraneter two for search
area two. TWEOQWdr essing of the pointers and paraneter calcul ations to be
achieved for inplenenting the invention can, for exanple, be perforned in a
state machine. 15 In an exanple enbodi nment of the invention represented by

a series of rated in Figure 5 and Figure 6, a
BW&LDQE? o X Tﬂ@ﬁrhhﬁrﬁ% g g

configured cac oglca is used for storing the search areas.
MB CLK i $ t Her @b@@@wa@kténm étherpaéseﬁmneérﬁﬂoﬁvdndqa Widesind Rivetengme

macr obl ock, where the index q ves the " Lock ti of MB CLK., Figure 5
shows el evefay Heyousfy;iato ?fFE’&Fn IRvERER) Wilbnaw b %ER?‘F& by ey HFeRG'e at
each i nst angply twigh @wré@égtortﬁégpmdrmgmagé PGMhitm the current frame, its
GW and searc% area in the reference frane (the reference franme is shown
superinposed on the current frame), the current content |oading to cache,
and the curFigofe £oRdviNa shdeOsrRfcirfent #aRR. with @fErénde MRErGBIoekIANd S8R0t S
fromM CLK(k+3) to MB CLK(k+10) show n at .each instant, the rp05| tion of
update 25 p M\"t@?d?ﬂcrhﬁ@%t%ﬂdt e9yERtal e ’(‘tSW of SRArch Areas Qfradiacspielerpraen

par anet er (,ﬁ\é\)&mb@,@ﬁg inRe eaMb&Nte:€ach bank is storing. MB CLK(k) to MB
CLK(k+3) show normal node notion estimation, where the nmaxi num search area
(of five nmacrobl ock colums) is used, and the start pointer 30 increnments
by one at eﬁ?bre@% d\@ﬂ-gn‘é’ﬁ"!do@m'i@itm €Her|:5r8§bntt hﬁeﬁ@éﬁsd@'oHﬁlgfé)ﬁvldbr’s%a&‘FlarCh
wi dth paraneter, and the cache is updated with a nmacrobl ock col um
sequenti al | Freadyf ainenby f@urtmacrebipeksnior dua setalian eaareh ReeasHf- HPEMUED X Ry

regi on a5 tfee madobBsks S&H cCh area). At MB CLK(k+3), the update pointer is
at bank 3, the start pointer at is bank 4 and the search width is set to 5
banks. Search area SA(M3,n) of five macroblock colums is stored in banks

{4,5,6,1, 2}F|§§r§9%§td MﬁHWan Eh@oaingém BPfHe dr@ﬁn@mveﬁdrbrpﬁlﬂwﬂmgfa %@Meamn) i's

| oaded to bank 3. C%( search area reducti on node
starts. Al tafea@ﬁt%w BYP qum Brri tyosymalier 5%%@% Frimarmury$gves iy ch
area and bobhir RatRbRERs £4¥H, enent by one, the update bank is |oaded with the
| ef t most _nmacr obl ock columm (or first colum) of SA(1l,n+l), instead of
IoadingZQhe macr obl ock col umm sequentially adjacent to the current search

area SA(M Zriplrek il GRHCH dMowXA Bahd B @nlollidg N eh@o%ﬁ"b’ff) thBOpRs@i nters

i ncrenent by one and the search wi dth paraneter decrenents by one.

SA(M 1, n) doyaitiepd widegmdythickmodgacr obl ock col urms instead of a full five
colums. The update bank, now at bank 5, stores the second macrobl ock
colum of SA(1,n+1). At MB CLK(k+6), show ng notion estl mation for the |ast
15 ref er endd9wge SaHf 8w Gt sqries QfURPtian estimatians Bgtass Foslicecnith GMY emays by

one. Sipsge F;mm@%m,ﬂhg rbfafdrRESRIMmd: N a nod- si x (since there are six |ogical
banks) nmanner, the start

Figures 6a-h show the cache activities supporting one search area for part of the

series of motion estimations shown in Figure 5;

30 Figures 7a-k show another series of motion estimations across a slice with one GMV
pointing out of the reference frame for reference macroblocks near the end of the

slice; and



pointer is now "w apped" around to point at bank 1. The search width is
further reduced by one) while the third macrobl ock colum of SA(1,n+l) is

| oaded to bank 6. 20 At MB CLK(k+7), showi ng notion estimation of the first
reference macrobl ock of the next slice, the start pointer junps by three to
poi nt at bank 4, the bank that contains the | eftnost nmacrobl ock col um of
current search area SA(1,n+l). The search area is three macrobl ock col umms.
At the sanme tinme, bank 1 is updated with the nmacrobl ock col um sequentially
adjacent to SA(1,n+l1 ), which is also th® fourth 25 macrobl ock col um of
SA(2,n+1 ). At MB CLK(k+8), the search width increnents to four. The start
poi nter does not increnent since the | eftnost nacrobl ock col unm of

SAI( 2, n+1]2 i Bigatd Blshaivs bmhctﬂatneBauMa tﬂleSrl'ldidBach@de\wbbbrtli‘i@tvflm sédrchaeslrbock
colum o sequenti a acent At MB
GK( ko) ot sties il maliot SxibR arsherted T FRite S807ERA L) | & how at

full width. The start 30 pointer still does not increnent since the

| ef t rost _na I SA i,S at bank 4. Bank 3 is |oaded with
the macr &bl ﬁﬁ%bh@g ”?ga{]é’glﬂ?e& @éﬁﬁi}ﬁwﬁl""{% A(3,n+1), constituting the
ri ght nost n&gu@hcsr#omoam&;aambletdﬁea lﬁ@mfjen&e&ﬁ&}?olﬂbaﬁand it&éhdsbmeﬁgtga?hrmti on
estimations are perfor nor mal, nop ile at subse

Ccr onent o ehe DiEHBISatop dTBag b5 e b O EEBR TS O Pl

adj acent t OinbdYRtioRUTHE HharERbENisd AatMNbERX GOFIRdIS Tl trRSclirfeht Flagly, Reh by

macr obl ock col umm of the next, 6 search area, and rmtlon estl mation is

per formed oMB{R&)fWheregndmdesignates taﬁmcm?'%. 0 K& Hesht sis? ade at

every NBoCLuKdemtaés.gmés tﬁeesnwadnmﬁbé‘rwhrtﬁ@tcualehtcﬁaw{eerwhéeamh #ABgas W dt h
reducti on takes ce a%al n. . Anot her engodl ment %*Leg f: i pvention, involving
Afr,

two series BAMORG BnX & BiXeist iNoR Selrensec liaPengiveR .| Wherer Bk aaf By

Figure 7 incRRpoREtd PR réfckdhckl rBadrebleck Edriddred/ TRdoddliohid tieesdhrsthamat he
snap-shots of a second series of nption estimtions (herel nafter referred

to as ME2) 'e@tdedednei Ipcatan A 1the raferance HBagrPRIQek iegiver byf thadipka motion

estimat | Onsve(cttﬁr@MWffgt Al Fé?ér‘éhé@%atc?bb@&kyﬁrltﬁe erﬁalsﬁé@havéiﬁécganbee@w' ng
Fi gure 5 and Flaﬁrg”@ pically, ME2 may use the same reference frane as

MEL for 19t Alge wnameﬁyurebﬂ iFaiefereace ra@qwfé?%w BrdrBndnd fip sAfsociated

General |y, ddafcH Bal A +15RS erheVieh- mabﬁﬁg BB&rch Br&P FgiBH béteb R adjacent
f or egr oundl background notions, and for the second case, MEl and 2 are

esti mat i ng BHEEAGS NACEALREKR U the ﬁ@i"?cﬁlﬁe T uP PIXEIS RNRSthS FRTFDRR Sgarch

reference megiAbIOGKH ReESIpitdle A8 WhoWnSini Fi@u#éaw 1392 arefddhdehAfacRpideks out
of the reference frane such thatwgart or all of the search areas are out of

the ref er edB(n*iadrom adiagend sisepp! with grdifferenteCWy FrSithe salof simplifiiag

referengg ftﬁ@ra%scﬁﬁt%nseraérﬁbodmemrse@f e qstedant ulmht.@rm Krb%haﬁéﬂ Rnaridsstahé three
macr obl ock col unms sequentially nearest to the except for the | ast

not i on est i{AERN BhPRintegrs RyltiRia ofihapd St’ﬁb"%\ﬁ%lﬂ”&ﬁ!‘ %%CUPH%‘ %frtee agérah

Figure 8 shpus dandrdidikis mBARaIRaE Rethaim&driblbadifahsiBRNKREoSH AR doRgisisVied
search areas, wth search area one for ME1l and search area two for ME2.

Ref er enci ng¥ ﬁ'i'cﬁﬁr‘é't%M’P?@’GP@C‘Ys B RFChiSYtfe 8, with index k in each figure 25
referring to the same MB, CLK i nstant, cache activity supporting the search
areas f r VEL and ME2 is de cri bed beI ow. The rranaq__errent of start 0| nt er

one (S1¥° ar@ ¥bsMBLdReRtPTpARPrEs BYRIEBNENIWR & Tle h thedavetian;

simlar to réﬁlﬁfedj@ﬁ@dpi fith ide s SHIER afba 8Mgkd ﬁma&ﬂ@ﬁf&»ek@torc{ﬁa@m&@ﬂsmﬁ in
detail. In Figure Al i s the search ‘garea corresgondl ng to Fi ure 5 and

SA2 is the %@ %6);;1( BacEblocks Frasinyva 8 BEdipdaterarea of gnp fracebfockny N}’EZ are

I ndependentrigire QRSsHRWs Whé Boﬁf%txrambabr BAEHRI dhel 2D diecazRaNGdI 281 €Ach®ER RONS, it
is assuned that at ever the cache i s updated with gt% inferring

that the ufgagitspef n‘f'ér%’/%ﬁ'ﬂsl °§|’ﬁ5’|“§’rybee‘i‘°r'i‘cr°é éﬁa%9b'8ﬂ‘e"é! e P8y fUB CLK.
15 Whi | 80 MpdadreblotksRéigRl  OBREHR: fWP IdBnsisti(df )sixt Barks &Etdﬁérhd:@) eatilopbas t S
search area w dth reductlo at MB CLM)@T;) tg%BcatFer fo preI oagw of SAl
(1, n+1 ), eEscrabigek K7 N e Jpasg !@@Rel S diliis Mn the
figures) an@nfg@blicn of TEEHL BB 121 eflwadd eactd miyBe CLFHekWidauinoaet for
prel oadi ng of SA2(1, n+l ). The preloading of SA2(1,n+l) starts at M
CLK(k+3). From MB CLK(k+1) until the end of the slice at MB CLK(k+6), the
search areas are either partially or conpletely out of the reference frane.
From MB CLK(k+1 ) to MB CLK(k+2), the search areas are reduced for this
reason. From MB CLK(k+3) to MB CLK(k+6), the search areas are



10 al so reduced for this reason because of the preloading for SA2(1, n+l).
‘At MB CLK(k), since there is no sequentially adjacent macrobl ock colum to
SA2( M6, n) available in the reference frane, and subsequent ME2 till the end
of slice will be involving macrobl ock colums indicated by {a, b, c}, with
the fact that update pointer 15 increnents by one at every MB CLK and
search area cannot include the update bank, macroblock colum {a} is

rel oaded to cache at the |l ower portion of bank 6. At MB CLK(k+1l), search
wi dth parameter two (SW2) is reduced by dhe and start poi nter two (S2)

| ncrement s %cﬂaezz Sl &bbpﬁ.hﬁ%gr,mappé of ﬁqernedrwgedﬁ éroor@aﬁlaeroatoctefm&hl
ME2 is now on red uce searc ea of four macrobl ock col ums.

CLK(k+2), seaartddhummat:n@bmk asehbr Lagieal bankyut théare éé@tt@@dgydpcq{@narmle@@rar t
pointers t oi I ldﬁ‘g\”

reload to I(I:Igoc ngqgﬁ%g%gghg %, hII'IsgII%IrIstﬁEI? %IV%I\@IQS?QI%I&\I’\IQ%r?CgI)r uég%le s&gr ch
area of thrd@nhaﬁpmma@b&t\ﬁ@%nwscat%tedVmedIILK(k+3) start pointer two
junps by three to bank 6, with search wi dth paranmeter two renaining at
three. Reloadi ng of macrobl ock colums {a,b,c} thus is required because
search area Riguwadc simmsathabanheonﬂtgﬂmt@nwmchwom @P0etrshitvong?! frothickAcachen+1 )

tart d I - g L) j I
sharts and L GUe S e lhghae 3o SrkBRIS N Bk bPhoRE EASE |
and 30 sear cdme\/\mnmbim:kaweltferanﬁv\mx rremhbclatheﬁghteeEaGImdogﬁeaIOMmmcrb@bk ock

colum o SBhi ke o BIHER i A e 4 0P K)o o B 1

two remains a arc ar arfet ar
third nat® olhvocd corikﬁte:natadmemu’:allsAZﬂ'ﬁe Iﬁhiﬂ:.k made cquthat 23 ig patblaurkecﬁmtd\ﬁwdi/B

CLK(k+6), moti,on estimati f g t he ef ck_of
current sli cpé’rt %8P a Lf?é}eﬁ?gr "? e %é @%e'ﬁf's agﬁ%g&%gto %%E&ia i IIéIhQsoéIér ch
wi dt h par ansfids amd\mme'dmshebqaohaes 1@ andilisedr ea i s now two macr obl ock
colums. Bank 6 is |oaded with the fourth macrobl ock col um of 5
SA2(1,n+1). At MB CLK(k+7), notion estimating for the first reference
macr obl ock of ahbires Ie'rrmedmsetrm,r $hawoi imt EnguteNB jhenipserttionpisi ratuiteal tohsmfpiortsa
nmacr obl o col um of SA2 n#t earch area i s fou
Tmor obl ofk SIS HREEn Bl SpolBPoRasRaRE o (onsale SRABRedear b 7t
nacr obl ock emdonsblockepaleintiusivé vf thejupdetetarea oS rhacreblock MdthBFIGL BA khd@ys ME2
resunes nor er. th The above | ust r at |
descri pti ongﬁ%thI‘I%'Iﬂ'gHe?fa‘Iac%pﬂrIea%(I A La M%izént Eaﬁ%ﬁf‘f’o‘w PSR Iust
one of many stewsbérmsuﬁ endringy peazhedfiione rnwamn:bblmk widtheand five gavebloskd bigightons.

i t here a

It 15 I th th hat
al tornat i ve GRES EBSL 6P Of Frep SPKE PP AN B A Lo ST BEIP St 279 or
the givaw s Itjﬁraammt Ioc&cls?weaﬁrgoﬂgumsb ;shows tﬁ@bar&@mﬂnﬂghdatlorg of bacheadnd 30

t ers. .to _hand erence
Pl erent at PO 6 THB Wi Sanne fodasiris B8 Hodbesdie, 28 2antifte 3 tsn Igisebn 20
estinmati on eankudftmambiy, eacrrmfrcmblmwdcolsloczlewrdfh arikflve macreblecls bgigbt tliagizah w de
search area _of

s ho izontal (Jincludi t by .. fi

nmacr obl ocks b@@f' I ?%glare 87091{ %II%P e ggg}opﬁﬁgrﬁ(efgogn g%ﬁ&%ﬂﬁh Isae/q'/%aﬁggnk
macr obl ocks 8(tontd aei eugphupd@é aep diidwo zuemherdy banks diom nacheotoodk soveatenated |
single t SRAM ar ne.an [e t hose
skilledT™n tﬁ'é'cI\IIyt §I) vaSu Q’I%GWISI YEYFolS I:IIgnvIﬁa"e?%éAI%F a%%&Pa@P IE(I)IIégsd
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and one memory bank from cache two 31 concatenated vertically. The thick mode

cache 34 is partitioned into two portions, the upper 35 and lower 36 portion each



updating and notion estimation. In particular, the invention may apply to
any type of process other than notion estimtion, using conparators,
adders, subtractors, etc, or any conbination of elenmentary operators, with
requi renent of supporting two dinmensionally different 2D-matrices of
elements. 5 In the light of the foregoing description, it will be clear to
the skilled man that various nodifications may be node within the scope of
the invention. The present invention includes and novel feature or

conmbi nati on of features 10 disclosed her'@ n either explicitly or any

gener al i sat nd AL S0l LEESRIRL 46 <Ol NP < SHa1 9o Liaodl 3685 ikde, o

cl ai med i nven es an

CLAI M5 1. Mmmh&ckmme}ausmwderfmdema n a notion estimation system
including: a first cache nenory defined in ternms of a first width and a
first height, and 5 a second cache nenory defined in terns of a second
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estimation ysheter imvaumoas Ston gé eachiivied hfolr igRdlerddntig tﬁecmé@ncmee@rﬁ chﬁySt em
as clainmed in any one of the precedi cl ai ms wherein the second node is
for use w t%agp}%PP@ﬁﬁe@?mqpﬁﬂtegpgq ‘havi ng two separate search areas.
30 5. A cache nenory systemas clainmed in claim4 wherein the two separate

search areas are of equal size.
In an example embodiment of the invention represented by a series of motion

estimations illustrated in Figure 5 and Figure 6, a configured cache of six logical
banks is used for storing the search areas. MB_CLK is the processing time for
motion estimation of one reference macroblock, where the index k gives the “clock-
tick" of MB_CLK. Figure 5 shows eleven “snap-shots” from MB_CLK(k) to

20 MB_CLK(k+10) showing, at each instant, the current reference macroblock in the
current frame, its GMV and search area in the reference frame (the reference frame
is shown superimposed on the current frame), the current content loading to cache,
and the current content stored in cache. Figure 6 shows eight snap-shots from
MB_CLK(k+3) to MB_CLK(k+10) showing, at each instant, the position of update

25 pointer (U) and start pointer (S), the value of search width parameter (SW), and the
content each bank is storing.

MB_CLK(k) to MB_CLK(k+3) show normal mode motion estimation, where the
maximum search area (of five macroblock columns) is used, and the start pointer
30 increments by one at each new MB_CLK while maintaining the same value for the
search width parameter, and the cache is updated with a macroblock column
sequentially adjacent to the current search area (the non-overlapping region of the



19 6. A notion estimation systemincluding the cache nenory system of any
‘one of the preceding clains. 7. A notion estimation system according to
claim6 wherein the notion 5 estimation systemis operable accordi ng an
MPEG standard. 8. A notion estimation systemas clainmed in claim6 or 7
wherein the cache nenory systemis arranged to be addressed as a circul ar
buffer. 10 9. A notion estimation systemas clained in any one of clains 6
to 8 including neans for addressing the ?: che nmenory systemincluding: a
start pointer for indicating the start of a search area; an update pointer
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20 At MB_CLK(k+7), showing motion estimation of the first reference macroblock of the
next slice, the start pointer jumps by three to point at bank 4, the bank that contains
the leftmost macroblock column of current search area SA(1,n+1). The search area
is three macroblock columns. At the same time, bank 1 is updated with the
macroblock column sequentially adjacent to SA(1,n+1), which is also the fourth

25 macroblock column of SA(2,n+1). At MB_CLK(k+8), the search width increments to
four. The start pointer does not increment since the leftmost macroblock column of
SA(2,n+1) is still at bank 4. Bank 2 is loaded with the fifth macrobiock column of
SA(3,n+1), which is sequentially adjacent to SA(2,n+1). At MB_CLK(k+9) motion
estimation resumes normal mode. The search area is now at full width. The start

30 pointer still does not increment since the leftmost macroblock column of SA(3,n+1) is
at bank 4. Bank 3 is loaded with the macroblock column sequentially adjacent to

SA(3,n+1), constituting the rightmost macroblock column of the next search area.
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column of the next search area, and motion estimation is performed on the full

5 search area, and the pointers increment by one at every MB_CLK, until near the end
of current slice where search area width reduction takes place again.

Ancther embodiment of the invention, involving two series of motion estimations on a
current frame, is illustrated by Figure 7 in conjunction with Figure 5. Figure 7 and
10 Figure 8 show the snap-shots of a second series of motion estimations (hereinafter
referred to as ME2) conducted in parallel with the first series of motion estimations
(hereinafter referred to as ME1) previously described using Figure 5 and Figure 6.
Typically, ME2 may use the same reference frame as ME1 for its search areas, or
may use a different reference frame. Generally, for the first case, ME1 and ME2 are
15 estimating for foreground/background motions, and for the second case, ME1 and
ME2 are estimating for forward/backward motions. Figure 7 shows a number of
reference macroblocks near the end of a slice having a GMV that points out of the
reference frame such that part or all of the search areas are out of the reference
frame. In this example, when the GMV points out of the reference frame, the search
20 area used for motion estimation is the three macroblock columns sequentially
nearest to the GMV, except for the last motion estimation of the slice where two
macroblock columns are used. Figure 8 shows a thick mode cache of six logical
banks supporting two search areas, with search area one for ME1 and search area
two for ME2. Referencing Figure 5, Figure 7 and Figure 8, with index k in each figure
25 referring to the same MB_CLK instant, cache activity supporting the search areas for
ME1 and ME2 is described below. The management of start pointer one (S1) and
search width parameter one (SW1) for search area one is similar to that described by
Figure 6, and is thus not described here in detail. In Figure 8, SA1 is the search area
corresponding to Figure 5 and SA2 is the search area corresponding to Figure 7.
30 Since ME1 and ME2 are independent processes with no relationship in the search
area locations, it is assumed that at every MB_CLK, the cache is updated with data,
inferring that the update pointer will simply be incremented by one at every MB_CLK.
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While ME1 is in normal mode from MB_CLK(k) to MB_CLK(k+3) and starts search
area width reduction at MB_CLK(k+4) to cater for preloading of SA1(1,n+1), ME2
ends normal mode operation at MB_CLK(k-1) (not shown in the figures) and starts
5 search area width reduction at MB_CLK(k) but not for preloading of SA2(1,n+1). The
preloading of SA2(1,n+1) starts at MB_CLK(k+3). From MB_CLK(k+1) until the end
of the slice at MB_CLK(k+6), the search areas are either partially or completely out of
the reference frame. From MB_CLK(k+1) to MB_CLK(k+2), the search areas are
reduced for this reason. From MB_CLK(k+3) to MB_CLK(k+6), the search areas are

10 also reduced for this reason because of the preloading for SA2(1,n+1).

At MB_CLK(k), since there is no sequentially adjacent macroblock column to SA2(M-
6,n) available in the reference frame, and subsequent ME2 till the end of slice will be
involving macroblock columns indicated by {a, b, ¢}, with the fact that update pointer
15 increments by one at every MB_CLK and search area cannot include the update
bank, macroblock column {a} is reloaded to cache at the lower portion of bank 6. At
MB_CLK(k+1), search width parameter two (SW2) is reduced by one and start
pointer two (S2) increments by one. Macroblock column {b} is reloaded to cache at
bank 1. ME2 is now on a reduced search area of four macroblock columns. At
20 MB_CLK(k+2), search width parameter two is further reduced by one and start
pointers two incremented to point at bank 3. Macroblock column {c} is reload to
cache at bank 2 at this instant. ME2 is now on a reduced search area of three

macroblock columns.

25 At MB_CLK(k+3), start pointer two jumps by three to bank 6, with search width
parameter two remaining at three. Reloading of macroblock columns {a,b,c} thus is
required because search area cannot contains the update bank. Now preloading for
SA2(1,n+1) starts and lower portion of bank 3 is loaded with the first macroblock
column of SA2(1,n+1). At MB_CLK(k+4), start pointer two remains at bank 6 and

30 search width parameter two remains at three. The second macroblock column of
SA2(1,n+1) is updated to bank 4. At MB_CLK(k+5), start pointer two remains at
bank 6 and search width parameter two remains at three. The third macroblock
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to bank 1 while search width parameter two reduces by one. Search area is now two
macroblock columns. Bank 6 is loaded with the fourth macroblock column of

5 SA2(1,n+1).

At MB_CLK(k+7), motion estimating for the first reference macroblock of the slice,
start pointer two jumps to point to the first macroblock column of SA2(1,n+1) at bank
3. The search area is four macroblock columns. Lower portion of bank 1 is now
10 updated with the macroblock column sequentially adjacent to SA2(1,n+1). At
MB_CLK(k+8), ME2 resumes normal mode, one MB_CLK earlier than ME1.

The above illustrative descriptions of the general applications of present invention is
but just one of many ways to use the present invention under the given situations. [t
15 is also apparent to those skilled in the art that there are alternative ways to control
the pointers and search width parameters for the given situations, and algorithms
exist for controlling the said pointers and parameters to handle difference situations.

In an implementation of the invention adapted to a MPEG2 video encoder motion

20 estimation circuit with a macroblock size of 16x16 pixels supporting a wide search
area of ten macroblocks horizontal (including update) by five macroblocks vertical, or
two smaller search areas of maximum seven macroblocks (including update)
horizontal by four macroblocks vertical, single port SRAM are used for cache one
and two.

25
As is apparent to those skilled in the art, various modifications can be made to the

disclosed preferred embodiments. More particularly, the invention may be applied
using other means of managing the configured cache other then the described mean
involving update and start pointers and search width parameters. Furthermore, while
30 the invention is described considering simultaneous search area updating and motion
estimation it is by no mean limiting or restricting; it is apparent to those skilled in the
art that the present invention performs equally well for non-simultaneous search area
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5
In the light of the foregoing description, it will be clear to the skilled man that various

modifications may be mode within the scope of the invention.

The present invention includes and novel feature or combination of features
10 disclosed herein either explicitly or any generalisation thereof irrespective of whether
or not it relates to the claimed invention or mitigates any or all of the problems

addressed.



1096& () - VHW XX- YYZz[ 9r S4 1! #9*" 10965&' () - @

1096& ()-!& $"10985& ()-!& $" 109658 () -,

1096& ()-!9"10965& ()-@h[\\\\\\]}oP1 10% & ()-&10% & ()- 1055 1055

1055! " 93" 109%%5&' () - S! 93" 10%%5&' () - S! 9*"10%%5& ()-@2]]1~_"5 }[ <oP1nl0% & () -
" 1098S& ()-f!"109%k& ()-f

10% & ()-! F"10% & ()-f10% & ()-5 yabebScccz[ <oP1.10% & ()- ("10% & ()-S! (
"10%t& ()-S

10% & ()-1°$"10% & ()-f1"10%X& () - @ d®BPeQeReUef f uS49" 10% 0& () -! 9" 10%00
& ()-"10% o&(AmslOf f 10ff 10ff!4"10%f& ()-1 10% & () - gf hhhhi i aBuS49"

10% 0& ()-!"10% 0' 0& ()-f& 10% 0& ()-& 10% 0& ()-f10% o0& ()-. .

10% o& () - zilj- . | mrRche Memayy gystam(fpc usegp@EBotiarERstigation system, including:

10E0EO! ~ % 10%E0E0& () -!9% 10% 0; 0& () -! % 10%E0E0& () - &

10% o&' () -f npVpppgg"<"P19! s"10922&' ()-!s"10% : & ()- .

10% & () - S1@irgt qache preroory gefined is termmogt & firsigridthsand alinst beipht agd 1090N&' () - S!
‘$"10%; '( . | 0, ! - " ', " 04 - R - .

10% & () - O)SV%\?\:D?Qé)%Véb Ie@qéc%@%%g( %eéﬂggjcﬁ 4 s§l:o§1)d width and a second height,
10EE! &0" 109@hergin saids@cond/reight( iy less than saidderheightad L* " 109EES () - Gxxy@{| ~}[
OML! #10%20208&' () -! #10%@D @& ()--10% 0& ()-!v "10%0& () - z!

"10%008& ()-2510% 0& ()-~G oPls 10% & ()-y&10% & ()- 107070 107070

107070! - " 10%F0Faskie(fhengry systeoleisg pperablein 096 of W& mpdedy' a?0P1s

1s"10%uu&' ()-!"10%iu& ()-fs 10% & ()- &10% & ()- 10% & ()-

10% & ()-',zsaBoPls !. 10% & ()-9 -10% & ()-"' 10% & ()-@610% & ()-'$

10% & ()10 sthe0figah¢de dengStiractediadl bydianks of Ga@n¢ry- frardt thesectod tache

! _ " ! " ! _ N
10, Glovi () "TOReNY B Prtsi Rl STt 48 coppgierstet peightipatfeast
10, 10%4&’ () equdl%ad&'tife -firét" heéighis' gnd fshid concatenated banks being arranged to be
F"10%PP& () éEée\r{la%(y Io%é Bth{s)fﬁsfgajgﬁeSH%%ory to form a single contiguous address
space; and
15
the second mode being characterised by banks of memory from the first and second

cache being stacked vertically, and being arranged to be addressed as two separate

address spaces.

20 2. A cache memory system as claimed in claim 1 wherein the first and second

widths are equal.

3. A cache memory system as claimed in claim1 or claim 2 wherein the first
mode is for use with a motion estimation system having a single search area.

25
4, A cache memory system as claimed in any one of the preceding claims
wherein the second mode is for use with a motion estimation system having two

separate search areas.

30 5. A cache memory system as claimed in claim 4 wherein the two separate

search areas are of equal size.
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7. A motion estimation system according to claim 6 wherein the motion
5 estimation system is operable according an MPEG standard.

8. A motion estimation system as claimed in claim 6 or 7 wherein the cache

memory system is arranged to be addressed as a circular buffer.

10 9. A motion estimation system as claimed in any one of claims 6 to 8 including
means for addressing the cache memory system including:
a start pointer for indicating the start of a search area;
an update pointer for indicating a bank being updated; and
a search width parameter for indicating the extent of the search area.



