1 CACHE MEMORY SYSTEM The present invention relates to a cache nenory
systemfor a notion estimation circuit used in video processing or video
conpression applications. 5 Description of the Prior-Art Video conpression,
as performed by MPEG (Mdtion Picture Coding Experts G oup) standards, and
other simlar systens, is used prior to storage or transm ssion of video
sequences to reduce the data volune or data rate involved. CGenerally, it
has been found that when there is littl.e notion between successive frames,
there is a 10 high degree of tenporal redundancy between these franmes. As

such, it i GCACHE MEMGRY SYSTEMore or transnit an entire data bl ock of each
frame to r_?l lably recreate t at the decoder. Instead, the encoder
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transmtting or storage systemcan be greatly inproved by reducing the

anount gf Pedcigtiorsr the PSSR/ Mtion estinmation is a method of predicting
a current frame froma reference frane. A reference frane is any frane
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estimation between portions of successive frames of video. In this way, the efficiency
15 of the transmitting or storage systerh can be greatly improved by reducing the
amount of data to be processed. ‘ |

Motion estimation is a method of predicting a current frame 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 éstimation. In this scheme, a frame is
divided into blocks of p'ixels, 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 pixe!l 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 mation vector. Determining



t he reference macrobl ock and the co-ordinate of the nmacroblock in the
search area that best matches the reference macrobl ock gives the notion
‘'vector. Determining 2 the best match usually involves the conparison of a
further netric, commonly being the sum of absolute differences between

pi xels in the reference macrobl ock and the corresponding pixels in the

mat ched nacrobl ock. 5 Cache nenory is commonly enployed to store the search
area and reference macroblock to reduce nenory access bandw dth. Menory
access bandw dth can be further reduced2by ensuring a sequenti al
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15 macroblocks in the same slice. Generally, If the search area size and processing

time for motion estimation of every reference macroblock is the same, when

processing the [ast reference macroblock of a current slice, the entire search area of

the first reference macroblock of the next slice would have to be loaded to cache,

instead of just one macroblock column. This increases memory access bandwidth as
20 wéll as requiring the cache to be double-buffered.

us i:’atent 5,696,698 describes one such device for addressing a cache memory of a
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



range. Furthernore, efficiency is increased if forward / backward as wel |l
as 30 foreground / background notions are detected in certain cases. This
“invol ves performng notion estimation on two search areas for each
reference macrobl ock. Cache which is needed to mnimse nmenory access
bandwi dth is costly, and it is 3 desirable to provide cache nenory as
efficiently as possible. It is difficult to use a sinple cache device or
nmet hod such as described in US Patent 5,696,698 to support two search
areas sinmultaneously. In particular the Bwo search 5 areas do not

necessari | tro n ter refe nce frame source or
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Summary of the Invention

15 The present invention seéks 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 bperating 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



menory 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 nenory to forma
singl e contiguous address space; and the second node being characterised
by banks of nmenory fromthe first and second cache being stacked
vertically, and being arranged to be addressed as 4 two separate address
spaces. Preferably, wherein the first anq second widths are equal. 5
Preferably, the first node is for use with a notion estimation system

having a si g §epat@afeldresepacé¥.cferably, the second node is for use with a
notion estimati on system having two separate search areas. 10 Preferably,

the two search areas are of equal size. Preferably a notion estimtion

systemis pPFBfé:%Bﬂ, RSt iHaCrr s i dCRebRy WRINY dre eyl em according to a broad
formof the present. invention. 15 Preferably, the notion estimation system

is operable according to an MPEG standard. Preferably, the cache nenory
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t he neans f e cache nenory systemincludes: a start pointer
for indicatsegjchbeeastart of a search area; an update pointer for indicating
a bank being updated; and a search wdth paraneter for indicating the
extent of the 25 search area. G ven the dinensions of the |arge search
area pl us t Reefenatilyt theassndsmpdy 4] for uselwithae metign estimationesstemdagingdueh of

the two sma [ [ S plus the update area, 1is [w,h] (w thout any
necessity f%)%peqr%%%% gcmn%’eglgm | ar in dinension), and that Ww and
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Preferably, the two search areas are of equal size.

Preferably a motion estimation system is provided including the cache memory
system according to a broad form of the present invention.

15 | | |
Preferably, the motion estimation system is operable according to an MPEG

standard.

Preferably, the cache memory system is arranged to be addressed as a circular
20 Dbuffer.

Preferably, the means for addressing the cache memory system includes: 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

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



30 H>h, two caches can be designed wth 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
nearest integer) banks of nmenory of 5 height H and the second cache
(cache two) consists of [max(w U, 2x(Ww)/U)] banks of nenory of height
[max(2h-H, H2)]. For a cache to store two snaller search areas, a thick
node cache is configured by 5 concatenatinng cache one and cache two
vertically. Cache one is forned by arrangg]ng its menory banks into one row
by concat enaheiggt me&nchcrfs socyra bacheC(ivébﬁe tiveD chAsiéte dRefind (kA SgWviD))i t s
menory banks i’é \(N% vv? L%% t hen cache two has
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cache memory when (W < 3w/2) and (H < 4h/3).

For a cache to store a single large search area, a wide mode cache is configured by
concatenating cache one and cache two horizontally. Cache one is formed as

20 before. Cache two is formed by arranging its memory bank into two rows, each row
formed by concatenating a number of banks horizontally, and then concatenating the
two rows vertically. If (w/U > 2x((W-w)/U)) then cache two has [(WIU - 2x((W-w)IUV)]
banks which are not used in this cache mode. Each bank in cache one is one logical
memory bank, while a pair of banks concatenated vertically in cache two is one

25 logical memory bank. Wide mode cache is therefore formed by [W/U] logical memory
banks of height H. Wide mode cache itself is able to store a search area of [W,H].
Wide mode cache has zero cache overhead in term of unused cache memory when
(W = 3w/2) and (H = 4h/3).

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.



W de node cache has zero cache overhead in termof unused cache nenory when
(W2! 3w 2) and (H >- 4h/3). 30 By designing a re-configurable cache with a
‘thick and a wi de nbde using two such smaller caches, the overall size of
the cache nenory can be optim sed to support both a |arge search w ndow or
two smaller search windows. 6 The flexibility and efficiency of the
re-configurable thick/w de node cache is enhanced by neans of two pointers
- an update pointer indicating the current banks of menory in the cache to
be updated, and a start pointer(s) and aSsociated search 5 width
pararreter(s) for indicating the current search area(s) in the cache. The
update pointer points to one |ogical bank which is the current update
bank. The sTh tflgxibility eand pefiiciéncyt of dhe tesgfinfighrablien ithichkivide cardeaicashe e end
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row of "I ogumt-nga«m 3of|e¥ib|ﬁn$%F"Ch Aireah %%hFEFB%!%'aFuch fhat when performing

motion estimation across a slice there is no increase in memory access bandwidth or

15 need for cache double-buffering.

For perform‘ing motion estimation of a current frame, the frame is divided into several
slices of macroblocks. Each macroblock may have an associated search area 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 giveé 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 resuitant
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 method. An



menory bank being made up of either one physical, nmenory bank, or two
physi cal nmenory banks concatenated vertically. 30 The | ogical nenory banks

‘function like a circular |inked buffer. Having configured a cache for

storing the search areas, cache addressing uses the follow ng nmethod. An 7
update poi.nter indicates the current |ogical bank which is being |oaded or
witten wwth new search area data. The update pointer increnents by one in
a circular (nod-n, where n is the nunber of |ogical banks) nmanner, i.e. if
the current update pointer points to the? ast |ogical bank, it wi | poi nt
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cache is update with the non-overlapping search area region for the next
macr obl ock i PATEMmEtef|is isited/petheasition «f the vrslateopoinigst i mati on for macr obl ocks
near the left or right edges of the frame, search area

15 A current frame has N slices, each made up of M macroblocks. When performing
motion estimation on the m™ macroblock, one macroblock column corresponding to
the non-overlapping search area region of the (m+1)™ macroblock is loaded into the
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



wi dth reduction may take place. 25 In search area w dth reduction node,
notion estimation takes place on a snaller search area. The search width
‘'may be reduced for two reasons. Firstly, it may be that a GW is offset
such that part of or the conplete search area is outside the reference
frame. In this case, notion estimation generally takes place on the portion
30 of the search area that is still within the reference franme, or for
cases where it is conpletely outside the frane, a search area (generally
hal f of the full search area) that is "®& osest” to the GW. Secondly, it
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regi on for ebimatiomepdrioda.c trabdaniadf lodding thactoa-dverlagpieg sehrelh ateaoegiondenlod| ock
col um of. the searc rea for the first. . 0 !

Si nce t het e"F¥ fHS”ﬁElﬁC@e'g'Fc%Cﬁ? é%”pﬁ?)tﬁgt%gg‘ﬂ%%? R{ﬁ%gggéo(t}%r%%éﬁfté%é sedich
subsequent e&rda fon ties filstatdcogtdock oft the nextrslicd. n§incadberehib owksew rsetroh arear ent
slice take place,o reduce i dth., General ly. the search . dth w.l.l be
reduced by ﬁﬂ%ﬂtﬁﬁc{ﬁﬁgpﬁc‘wrﬁ"gé‘)\n@?'ys ?F&&Hﬁ’dkHt"‘ﬂ%ﬁ%‘H“@Sﬁ rf’ﬂhSn’%?".“?g 10
the end of b|31aicfktmlod:vammrcun'@ht?slﬁ:eaak&plwzdblhla\_mbdidc_egevimangne:cmity thle spartie| Iow )
two rmacrobl ogcks. en, performn tign estimation on the first nacr oc
of " ST Go. WidHh itk (uBEd b o raskotuogk wisveDiERs PR matoo saliBRidT BT ang
i's generi@ | thehahd dfheick ul Howewsre lthe keahewidtAlwill lyensmilly oot alvbp o wef t he
second macrobl ock of the slice, generally the start pointer does not

i ncrement aff@Ciapk®arch wi dth paraneter increments by one, such that the
search area of the second nmacrobl ock "expands” with respect to the
previ ous search area. On subsequent notion estimatjions, the start goi nt er

may remai hV{heeheatipE@ingnerotine estiration gndhe fisdmaagelipch®) & plicte M ESH one

until the gareq may be smaller than the full search area, and is generally half the full search
15  area. _ At the motion estimation of the second macroblock of the slice, generally the
start pointer does not increment and the search width parameter increments by one,
such that the search area of the second macroblock “expands” with respect to the
previous search area. On subsequent motion estimations, the start pointer may
remain unchanged and the search width parameter may increment by one until the
20 search area has expanded to the full size. Thereafter it resumes normal mode
motion estimation, where the start pointer increments by one while search width
parameter remains constant at subsequent motion estimations. For a thick mode
cache where there are two search areas, search area width reduction takes place
independently for each search area.
25
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.



20 search area has expanded to the full size. Thereafter it resunes nornal
node notion estimation, where the start pointer increnents by one while
‘'search width paraneter renmins constant at subsequent notion estinmations.
For a thick node cache where there are two search areas, search area wi dth
reduction takes place independently for each search area. 25 The present

i nvention provides an efficient and sinple nethod to mnimse the overal
cache size to support one w de search arga or two smal | er search areas
using a single addressing nmechanismfor “notion estination processes. The

present i nTR@bte3RAt iAVSioANASY Sippbiteyehbrl gRBEIMoRRCRRSorlbizeEvbIthl seserh r ol
when performng 30 notion estinmations across slices w thout sacrificing

vi deo qual i ¥4'99¥r increasing processing tinme or conplexity, thereby
elimnating the need to doubl e-buffer the cache or increase nenory
bandw dth at start of slices for search area preloading. 9 The present

i nvention abger SESRch BF ThE Hra@i@al nmotion vector offset of the search
wi ndow. Brief Descri ptclﬁ1on 0] THS Drfawi ngs 5 For a better understandi ng of

t Pfe pres 6Rt Fomy Be&e:erdafuﬂzlaﬁcﬁhglmﬁé ?vm_t gﬁﬂhtf)dm&arﬁﬁmfndéﬁataﬂﬂfh&n%ﬁi; bame nt (r)]
effect, the_inyention w 0 e descri pe way Or1, exanpl e nly, wt
ref erence tWaY*gn%fBB@HdB{?Mtﬁﬁén‘f% '%i"ﬂ'ﬂnfﬁ‘éib@ua%sr-‘i'b%gv@v%y Q?F’ 8 a
current fraomyWitHvefe?éRcL00Re BPSEfIRdAREWings th whisRCci ated GW and search

areas, and sequential relation of search areas of adjacent reference
macr obl ocks in the sanme slice; Figures 2a-c show an enbodi nent of the

present i NVEGLieONsKMAPA lidd & At fRRR Wit refdrBAciaBidBfcRY ah@Wssociated
macr obl ngs search areas of naxi mum six by 15 three

r two smal |l er g ¢ .
macr obl oc ksGB&c?ﬂd s98gEh 8@asAnd sequanial reiptiuelmsatchaireanefl Jliecantrefempemt i on
supporting MmatodRcREMINAE samb@fic®f ten by five macroblocks, or two smaller
y

search areas of maxi num seven b

Figures 2a-c show an embodiment of the present invention supporting a wide search
area of nine by four macroblocks, or two smaller search areas of maximum six by
15 three macroblocks each;

Figures 3a-c show an embodiment of the present invention supporting a wide search
area of ten by five macroblocks, or two smaller search areas of maximum seven by
four macroblocks each.

20
Figures 4a and b show a means of controling an embodiment of the present
invention in wide and thick mode;

Figures 5a-k show a series of motion estimations across a slice with GMV always
25 pointing within the reference frame;

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



four macrobl ocks each. 20 Figures 4a and b show a neans of controlling an
enbodi nent of the present invention in wide and thick node; Figures 5a-k
show a series of notion estimtions across a slice with GW al ways 25
pointing within the reference frame; Figures 6a-h show the cache activities
supporting one search area for part of the series of notion estimtions
shown in Figure 5; 30 Figures 7a-k show another series of notion
estimations across a slice with one GW _pointing out of the reference
frame for reference macrobl ocks near the18nd of the slice; and 10 Figure
8 shows the activities of a thick node cache supporting two search areas
for the two series of notion estimations associated with Figure 5 and

Figure 6. 5FinereBishewsdhe eriitiesrnisr thidkempde Faghecsnoepingi twerReargh gigaefof
shows an exg{Plwe Qrie of ﬂoﬂ&ﬁ%&ﬁn%&%é@&&e&%w#i@ﬁg%g;%' ﬁé@r‘é gearch area.
asl| s or odal nen

This illustration {orns the escri bing s of the present
I nvention. The nmacroblock is a matrix of r x s pixels in the current frane,

given by g I\/Bg{gi'r%,q%lﬂ?gioin%qqﬁe g}&gﬁjeg%qﬁﬁ%di k_rimcrobl ock nunber in the

current slice a €xX n designates t sl'TCe nunber in the current
franme. The EigareH shoves as exampist of a referéhce Mapiokisick dnd its pesamiated seéchne,

Qoncer ned.  Ho-| Suik st T, 4B BRSE TG CedcBp e Y ERSERE P RS P83 e
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Figure 1 is'r nc § assocl ated  sear ar ea
SA(m+1, AY. ihdex modesigrates e stices pambér ar the caegendrirdoed. wdéwe safjrelt @nda is a

(ol e enee TREHBPLPRE,§ Rl T BRIOREE o, e B G e PR
macr obl ock correspond to the reference macroblock concerned. The location of the search area
relative to the location of the reference macroblock is given by the global motion
vector GMV(n). All reference macroblocks in the same slice have the same GMV.
15 Also shown in Figure 1 is reference macroblock MB(m+1,n)- and its .associated
search area SA(m+1,n). The non-overlapping search area region between adjacent
reference macroblocks in the same slice is r x S pixels, and the common search
reg.ion is (R-r) x S pixels. Also shown in Figure 1 is a reference macroblock
- MB(k,n+1) from adjacent slice n+1 with a different GMV. For the sake of simplifying
20 the description of embodiments of the present invention, hereinafter R and S are
taken to be integer multiple of r and s respectively, and all description of the search
area dimension is hormalised to the macroblock dimension. Also, a frame consists of

N slices, with M macroblocks in each slice.

25 In an embodiment of the present invention, shown in Figure 2, the invention is
required to support a wide search area of 9x4 macroblocks, or two smaller search
areas of 6x3 macroblocks, all inclusive of the update area of one macroblock width.
Figure 2a shows the configuration of cache one 20 and cache two 21. Cache one 20
consists of six banks of memory, each of one macroblock width and four

30 macroblocks height. Cache two 21 consists of six banks of memory, each of one
macroblock width and two macroblocks height. Figure 2b shows the bank
configuration of cache one 20 and two 21 in wide caché mode. The wide mode



MB(k, n+1) from adjacent slice ntl wth a different GW. For the sake of
sinplifying 20 the description of enbodi nents of the present invention,
hereinafter Rand S are taken to be integer nultiple of r and s
respectively, and all description of the search area dinension is
normal i sed to the macrobl ock di nension. Also, a frame consists of N
slices, with M macrobl 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, ortkwo snmaller search areas of 6x3

macr obl ocks, ' | ! BEicHPEAHE &' ]
Fi gure 2a sh%é?vdvshlet %E%%%t%lg’a?@tei Igﬁ'cglf cagh(g ’ﬁﬁ‘ég%ggﬁb%?g@ﬁg'l‘ étt&véb I%@&@% he
one 20 consémg Hupmasiobldkiieightf Loginairhgnkeddh Sodrecaeh meadeolyy ot navireiriorand

four 30 nmacr (o] Lght. che | i Si.s._0of si n f ry,
each of one Q%é‘cﬁ%ﬁl%?bgv%ngt&aﬁgg'fg%bﬁc?g‘glﬁo%{?se%& g’ﬁ??q&i %ﬁ?@ E%%%\As
t he bank copdnkgdmat cachedivo@dcloacatesatdd vartidalywo 21 in wi de cache node. The
wi de nodez11 cache 22 consists of nine |ogical banks of nenory, each of

one macrobl ock width and four macrobl ock height. Logical banks 1 to 6 are

each nmade upFigérecreshmevinthe bdrkndonfiguratioraoh eadheeoriz020 laaditwal2 tbiartkick cached are
concat,enat ed

h d It b he t 2
Carti ooty PSe e BER o BRohR HLATEER AT s Befd SRS tRaMGive o6 ah
two 21 in thorek nesedtdockradiith drite sikhireicrobishk heighte  ABacto fggical Imérhos) b%r;k y
crohl oc

| ogi cal banks of , nrenor each of _one macroblock wi dth and six

hei ght. Eacr- YB3 ONRIIBRPHRIk B 68 61e, 20 G GREnDe PORAAON Tt cBhe
one 20 an0 awe ZEbhyatbwdtkd veRitamaC ThelBidkWodd caens 2BeBaRRioMRE! infAiMg/ -
The thick,node.cache 23 is partjtioned into two portions, the upper 24 and

| ower 25 porRAHNSe NURRES 443N b I9wes €3 RAICT 83Ch PRMBG OAe SRAWE aiRa- t/Aibeth

node, the cagibe ahs tHidofHodk the e8che 5N 0B%PILNSEd ebodi ment, shown in Figure 3,
the invention is required to support a 15 wi de search area of 10x5

nmacr obl ocks, or two snaller search areas of 7x4
in another embodiment, shown in Figure 3, the invention is required to support a

15 wide search area of 10x5 macrablocks, or two smaller search areas of 7x4
macroblocks, all inclusive of the update area of one macroblock width. FIG 3a shows
the configuration of cache one 30 and cache two 31. Cache one 30 consists of
seven banks of memory, each of one macroblock width and five macroblocks height.
Cache two 31 consists of seven banks of memory, each of one macroblock width and

20 three macroblocks height. Figure 3b shows the bank configuration of cache one 30
and two 31 in wide cache mode. The wide mode cache 32 consists of ten logical
banks of memary, each of one macroblock width and five macroblock height. Lagical
bank 1 to 7 are each made up of one memory bank from cache one 30. Logical bank
8 to 10 are each made up of two memory banks from cache two 31 concatenated

25 vertically. Since (w > 2x(W-w)), where w is the smaller search area width and W is
the wide search area width, both 'mentioned earlier, there is (w-2(W-w)) = (7-2(10-7))
= 1 unused bank 33 from cache two 31. Figure 3c shows the bank configuration of
cache one 30 and two 31 in thick cache mode. The tﬁick mode cache 34 consists of
seven logical banks of memory, each of one macroblock width and eight macroblock

30 height. Each logical memory bank consists of one memory bank from cache one 30
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



macr obl ocks, all inclusive of the update area of one nmacroblock width. FIG
3a shows the configuration of cache one 30 and cache two 31. Cache one 30
‘consists of seven banks of nenory, each of one nacrobl ock width and five
macr obl ocks height. Cache two 31 consists of seven banks of nenory, each
of one macrobl ock width and 20 three nacrobl ocks height. Figure 3b shows

t he bank configuration of cache one 30 and two 31 in wi de cache node. The
wi de node cache 32 consists of ten |logical banks of nmenory, each of one
macr obl ock wi dth and five macrobl ock herﬁh . Logical bank 1 to 7 are each

cach nade. o0 R SSRRRA P, SR B S2 a6 20 2o 80 oot ©
vertical | y. urdentrick iwozte By Nstwnter widemsode. i s the smal | er search area w dth

and Wis the wide search area width, both nentioned earlier, there is
(Ww2(Ww) = (7-2(10-7)) = 1 unused bank 33 fromcache two 31. Figure 3c

shows the bRiglreCo r¥hoger i 'esmmpa‘e efBédiMeAn flugPatmgdihbvappatatus dndi Mkasatne
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par ti ti onedUPFe8s dfg GiGHiar granner. the spajeh aea 4 i Ftaine yhesiedl bankBeh 12
storing one; 238, afl HRin @laﬂ%?dérv\'ﬁlﬁh tﬁé\fba)reﬁt”dpddré ﬁankl eﬁ? logltal 6aRe. i s

100% utilised under thick nmode but not under w de node gure 4 shows an

exanpl e entfd@HRéRshomsathickmeds ¢acbe 43indihadiPdAls RAKE St P@"tﬁh‘i’f&ﬁﬁ"dt he
confi guigd ée@ﬂih%idtt??ﬁ@ﬁeteﬂzbl%'f& archh ﬂ’é@ cﬁlew'aﬁe s@g?oiﬁ@h@o%d"‘ééal?ch the

updat e pointer, star oi nter and search w dth parane Since the cache
functions iWdt§ E?ﬁamﬂt%é'r ity fore search caarea gweh Jheaadazessm:@ﬁtﬂaﬁ meintery anggi cal

bank 8, 9, pa?am&efbalé’u!%%sSto' Egt Qﬂ"he\%rddf’cfr’ lﬂméﬂ%@tgﬁcgﬁé{] %tl e ghank

bei ng | ogi cal ure ows a thi t he
updat e poi rﬁxémesb&rRefoﬂﬂﬁ@ #ya sigte mAehin® search wi dth paraneter one for
search area one, and start pointer two and search w dth paraneter two for

search area two. The addressing of the pointers and
15 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 givés 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 Ioading 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 macrablock 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 ncn-overlapping region of the



parameter cal culations to be achieved for inplenenting the invention can,
for exanple, be perforned in a state nachine. 15 In an exanpl e enbodi nent
‘'of the invention represented by a series of notion 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 tine for notion
estimati on of one reference nmacrobl ock, where the index k gives the "cl ock-
tick" of MB CLK. Figure 5 shows el even "agap-shots" fromMB _CLK(k) to 20
MB_CLK(k+10) showi ng, at each instant, t current reference nmacrobl ock in
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instant, the position of update 25 pointer art pointer
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the same valdendRmdEbRERLERMN e:trhf‘r%l (Tﬁﬁ)e[:f Sﬁ? H}é nﬁs&%lgn ?oa'ﬂ!ﬂ%alhgar ca

wi th a macrobl ock colum sequen acent Sea
(the non- ovEtACERRNGKg Coligino sequentinly stacamixto shenratirent eedrchAareRBSEMQRI)3) ,

the update A& by 53, the start pointer at is bank 4 and the
search w dt Iﬁmlls set tiéa}g':%%p{ Search area SA(M3,n) of five nacroblock

col urms 16 stored |n banks {4, 5 6, 1,2} respectively. The right nost
macr obl ock ed. Lo bank earch
area 5 w dt red'u %rr%%‘ﬁ pc%lb?fssm %ﬂ%ﬁ'&&f&ﬁ%f’ﬁ“gﬁ‘%é?ﬁ"ﬁﬁt‘ﬂ"sﬁ% P%’)ag‘Ff
per f or med odea;rhmehtsl thy oseaSﬂt‘Malrleacomadtsbcﬁftdnlm&iuﬁhﬁcﬁol:ilcmkrtﬁmﬁﬁhs Mgteadef the
updat e bank_i Wi the ftno of fir
col um) of g&‘?’ﬁ* %Eigmpﬁ gd’pg?éeet@%’ | ﬂ%wtgﬁ 'frécf’tBEﬁsoth SE6 macro%}ock
sequent i al | golantpacfe SA(1, n+1)he At LMB eDLK &e6Y), adhotirRA mighiolt &stiation for the last
15 reference macroblock of the current slice, both pointers increment by one. Sirice the
pointers increment in a mod-six (since there are six logical banks) manner, the start
pointer is now “wrapped” around to point at bank 1. The search width is further
reduced by one, while the third macroblock column of SA(1,n+1) is loaded to bank 8.

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 afea SA(1,n+1). The search area
is three macroblock columns. At the same time, bank 1 is hpdated 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 macroblock 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.



indicated by XA in Figure 5. 10 At MB_CLK(k+5) both pointers increnent by
one and the search width paraneter decrenents by one. SA(M1,n) consists
of only four macrobl ock colums instead of a full five columms. The update
bank, now at bank 5, stores the second macrobl ock colum of SA(1,n+1). At
MB_CLK(k+6), showi ng notion estimation for the [ast 15 reference macrobl ock
of the current slice, both pointers increnent by one. Since the pointers
increment in a nod-six (since there are SIX | ogi cal banks) manner, the
start pointer is now "w apped” around t 4 poi nt at bank 1. The search wi dt h

is further ,R%'(y | n+1)
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| oaded with the fifth nmacrobl ock colum of SA(3,n+l), which is
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sequenti al | y _adj acent nstituting the rightpost macrobl ock
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is updat ed th a crobl ock col um s%!uenUa iacent to e current
search ar ea ASTRY yeedne gameig ?ﬂ?@tff%‘&laéﬂwg for '&)F%ﬂfﬁh Gfeasher next

search ar eama?ﬂge BQﬁﬂ‘é?@nﬁ%?érEﬁ’éé it S GRARIAY, TBHtHRTirk isEUME 1 and ME2 are
15 estimating for foreground/background motions, and for the second case, ME1 and
MEZ2 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 M8_CLK.



5 search area, and the pointers increnent by one at every MB _CLK, until
near the end of current slice where search area wi dth reduction takes

‘pl ace agai n. Anot her enbodi nent of the invention, involving two series of
notion estimations on a current frame, is illustrated by Figure 7 in
conjunction with Figure 5. Figure 7 and 10 Figure 8 show t he snap-shots of
a second series of notion estimations (hereinafter referred to as ME2)
conducted in parallel with the first serigs of notion estinations
(hereinafter referred to as MEl) previousty described using Figure 5 and

Fi gure 6. Typically, ME2 may use the sane reference frame as MEL for its
search areas use a different reference frame., Cenerally, for the

first case, V‘M’_“i “ﬁﬁa ’%/EQ“&W’IBW%FPW&M%@LF@Q te My ldtitRanck giaps sgarch

noti ons, anQrefaOMcﬁm?ecﬁﬁ‘ﬁsﬁﬂhtqasecukf(iltiﬁfbdcat&/lf?oraﬁr@lo%%bnatsmmfrﬂfn ME2
forward/ backward notions. Figureé 7 shows a nunmb reference macrobl ocks

near the en@Nds namagl |’E®%99¢fﬁ§°faatMBMk 6b(rmt§h9w infthe figureskpeq siege
frame sugh e ce
fram. 15 th oyl fducin Mook o R fordBoglthg 8 ShIPLEPOPTRE"S, e
search 20 ap@@admff%ﬂ(ﬁmﬂ%ﬁtaé@tat QK (ks3)t HeromhMBe Ko luotikthe shdrms
sequenti al | taak O s n of
the o co wiard Sga MboeLfsy the FEsERbreadard Ui Eibudfy of SpBRITBHGTE
node cache & rgfeten@gfreme EmMWkﬂ)n@ MBQC!;KMM theesemtrchwatdas ssear ch
area one fo gure
or 4 One Ol R FEAGH, ¥ b1 KACo Mo T RSB IRG Bl ool L0 &
i nstant caﬂiﬁ@r%{hlcedfmryhﬁupmﬂbacgusmeftbear&i@acnmgaﬁas Sﬁﬁ@ﬁ nWvBl and I\/E2 is
descri bed bel ow. The managenent of start pointer one (S1) and search width

paraneter one (SW) for search area one is sinmilar to that described by
Figure 6, aAdMBsCLK(K, sinte theseisiimeskduentially mdibeeal thacrobloek galuenrBto SRIMi-s t he

e e oo HBRIR T erk o) R Bnd e o Y TR aP R viti e

with no reIlatrmlmnghnnqrmhslotlheolemasch’rd:cq&edaay [ datc), avith, thetfamtsthaismﬂmipmlhtat at

oy o foreh i B el &, AR K e, ST e WS RS
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 coiumns.

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 SAZ2(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
SAZ(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



VWhile MEL is in normal node 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+l),
"ME2 * ends nornal node 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

prel oadi ng of SA2(1,n+1). The preloading of SA2(1,n+l) 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 conpletely out of the reference
frame. From MB_CLK(k+1) to MB _CLK(k+2), the search areas are reduced for

this reasongq sy %@Hﬂﬁ §Lp89tey%ghl|‘ﬂ( |5+®t’ME§ "@_K:‘(ﬁ%)cmo?fnﬁ%%tlﬁéﬁ?g P also

reduced for this reason because of e preloading f
MB_CLK(k), ®ierdass refﬁmeunsaqn@bl@@q@féh@ panrery stieg, éit%hmomf@émm@tﬂm%fﬁ byrang o

SA2(M 6, ”>to%’a%?<'1a\ghsf‘s éé}rét{‘\ﬁld‘h%&nfaﬁ{é tivB?é%cleQ%ﬂ o%léb k) e%('f@naw the

end of slice w I nvol vin macro | ock ¢ s1n cate ,
with the famacmoh@pkm@nes poBamIferB is5 lgaded ewitnttke tfyurﬂnén@nrolﬁodf y:om_rcpk and

search age SE@@ |ncI ude the update bank, macrobl ock colum (a) is
rel oaded to ca t the | ower portion of bank 6. At MB_CLK(k+1), search
wi dth paranmeter two (SW2) is reduced by one and start pointer tw (S2)

t ; ' k 1.
s oot YVENEy (MO Bl sSARAI Pl s SLATARS  BerhPEE o g BB
MB_CLK( k+2)stas pantér t\mdumm)ar amet torthie ficst insacrahlddikeroluranl of EA20yn-oh et bank st ar t

el oad to Tadle SErghAeaS 85 fsRbicdR it Ep 88 Bitaf & Al Lo e ar o

area of 10hrtﬂ:eiatarﬂmwmbtrmclmamdahlmie coRimnAtsebirfialy ladBcens ttar SAPAimtier Ao

junps by threge b Wi th search w dth r ter. t I i ni ng at

three. Rel rc}ﬂﬁi—ﬁfJRg‘f&ﬂéﬂg%Eﬁsb'Ws&ﬂ"U ode, uﬂe&?g-tﬂgge?@er ﬁwéaﬁﬁrﬁd because

search area cannot contains the update bank. Now preloading for SA2(1,n+l)

starts and tion of ban ock

ot um of - SR ooRlist g derdtRfint pPtne T Sphielbiest PRreicvaoR K 6

anfl 30 seartﬁm josit dhé fp&raamage th \¥Be lt@ﬁﬂe@éntaﬁvetriﬂbﬁendihﬁe rgtuBRsHsO M ock

te t t

f \(/)\Dupg %ngs sga app:\rgntlto th seaskitftjad in the art that fA here areqjtta(rne-rtl\)e wgysao co%ct)rgp er

the pointers and search width parameters for the given situations, and algorithms

exist for controlling the said pointers and parameters to handie 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 particularlj/,'thé invention may be applied
using other means of managing the configured cache other then the descrihed 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



bank 6 and search width paranmeter two remains at three. The third

macr obl ock 16 colum of SA2(1,n+l) is updated to bank 5. At MB_CLK(k+6),
nmotion estimating for the |ast reference macrobl ock of the current slice,
start pointer two increnents by one to bank 1 while search width paraneter
two reduces by one. Search area is now two nmacrobl ock colums. Bank 6 is

| oaded with the fourth macrobl ock colum of 5 SA2(1,n+1). At MB CLK(k+7),
notion estimating for the first reference_nacrobl ock of the slice, start
pointer two junps to point to the first fécr obl ock col umn of SA2( 1, n+l) at
bank 3. Th i r ok l; } ank
1S now 10 AN EIBRon BstAMiork MK, R 1AEon M epRLlg Al of
SA2( 1, n+1) . proceshBIEL kifgn-@ptioVEStimatinmnusing cpmaratasslicadders sNBlragtrrseaic| Prer
than ME1l. Thg,a r at) SCLi P i oNnguof eral i j-ONS
of present i%ﬁxy/enﬁ‘@ﬂh{l'éﬁqﬁu?%n\égfaqgn@% lr‘rsgn@'t@/ar)?é&fe oﬂﬁgerhseﬁg?glggﬁyo

i nvent i on unireensi¢reallydifferenti2Dioetrisas of elements. i s al so apparent to those
skilled ipn the art that there are alternative ways to control the pointers
and search width paraneters for the given situations, and algorithnms exist
for control lin the light ofsthiedopmgioimgedesceplibry irvelirbe efesir tothesskilled rdafh tat oadeis
situations. _In.an inplementation.of, the in ti adapted to a MPEGR vi deo
encoder not i"b‘?&f@g%réstn?i%ﬁﬁtbfe&c’{e‘ ‘?’@UP[‘“%‘{%"&Y%&P‘E‘%}“S& size of 16x16 pixels
supporting a wi de search area of ten macrobl ocks horizontal (including

o i sovaREnRERED! RECSR HBPLHES Eneb st R b reRfbigero6f Teatdies
macr obl otik's diselosed Akreirs eittgdraexphdifly SRAM gerreralization thereddirespeative ahahdtver. 25

As is apparent to those skilled in the art, varipus nodificatjons n be
mde tor & neordob  tsas 45 dhe R puRe: trsTteatEs B of el o g PoREms
i nventi on nmagdiees&ppl i ed using other neans of managi ng the configured

cache other then the described nmean involving update and start pointers
and search w dth paraneters. Furthernore, while



30 the invention is described considering sinultaneous search area updating
and notion estimation it is by no nean [imting or restricting; it is
apparent to those skilled in the art that the present invention perforns
equal ly well for non-sinultaneous searc® area 17 wupdating and notion
estimation. In particular, the invention may apply to any type of process
other than notion estimation, using conparators, adders, subtractors, etc,
or any c&i@ilhation of el ementary operators, with requirement of supporting
two dinensionally different 2D-matrices of elenents. 5 In the light of the
foregoing description, it will be clear to the skilled man that various

modi fi catilons mﬁyachemmﬂﬁy‘ﬂ?été‘ih Fortte i1% & afiof festitigtiddeRin, @Bmpfibiagpr esent
i nvention includes and nov feature or conbination of features 10

di scl osed her eBrfira} ¢ashe mspnry defingd iy tegms ofja disstaviddnandn firstcheightt, and a
( . f . _ e j -
ot obt ok MR LSty MRl |t 640 Ehah oy ST MOURI Ny

mtigates any or € pro esse

menory sysdidsedond haipht isrless that said figss height, i on system conprising: a first
cache nenory d fineﬁl interns of g first width anﬁc,i\ﬁa first height, and a
second cache n@?ﬁﬁ% HEEMRBYSYSIETR BFiRg stfctured &g 8ol HraRgEmESecond hei ght ,
wherein sald semeharrhifiefitht havihe Sank@fmiofy [Hoh? ind GoBRY calttemEAbR?
menory system being structured ih one of two arrangenents: a first

ar r angenependateniated viedtively shichnthab theirf comoateivaed heightdis ah ddest ograb toy the first

concatenated, vertically such tha heir concatenated heighi is_ _at |east
equal to PREYS ianiPaﬁﬁ@ﬁ%‘fl}mm#ﬁm&aﬁeaseéﬁfaﬁ)&oapaaﬁé}@ tgéfwl%r_ﬁroéﬁl@%d to
be appendggstt ©achfemindhyh t8f fdrhe a kingR BRGNRUTCIRIst ShalcOf Thd 21 ROM&

conti guous address space, and a second artangenent having banks of nenory
from the firgngement] haeingnbankscol snemayk&dm ther first adridy secand cachengtadked be

addr ess edv@rﬁcr}tﬂ% and Ql%l%«iﬁ & gg hddressel as fvo separate address spaces.

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 claim 1 wherein the first arrangement is

for use with a motion estimation system having a single search area.

4, A cache memory system as claimed in claim 1 wherein the second arrangement

is for use with a motion estimation system having two separate search areas.

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

areas are of equal size,

6. A cache memory system as claimed in claim 1 wherein in the second
arrangement, each bank of the first cache memory is stacked with a corresponding one
of the banks of the second cache memory, thereby forming a set of logical banks that
each include one bank of the first cache memory and the corresponding bank of the

second cache memory.



2. A cache nenory systemas clained in claim1l wherein the first and second
widths are equal. 3. A cache nenory systemas clainmed in claiml wherein
the first arrangenent is for use with a notion estinmation system having a
singl e search area. 4. A cache nenory d9stemas clained in claim1 wherein
t he second arrangenment is for use wth a notion estimation system having
two separate search areas. 5. A cache nenpry systemas clajned in claim4
wherein the twd SeHEr MEEOEE Y8l 25 celdimgde IpfClaiguH vhesgn w the S5e98 nenory

system a.sargtn%wi% ik %@Eéﬂagaté’s‘?gd’égg pi?\n&istd}g fﬁ&céﬁ'adsec&{af %d&ﬂ@s’%%ces,eﬁfch bank

of the first=cache menory Is h~a correspondi one” of the banks
of the sefishdddmsheparenintdirighfirse pyriions nofheach sfetheobarkegifcthe fahicschehat

each include one bank of t first cache ry. and. the cqrrespondi ng bank
of the sWEBAE ¥uLhe S%@agfeisaspa?‘? wa%"@%@}d tag S5coRf SeETaT RO i 1
claim®6 V\Qﬁrﬁbé}édc%ﬁg&gsd reglggfthg%ﬂm@ﬁrsrgme%&?par ate address spaces

are first an Ss spaces, the first addreSs space including
first portions of each of the banks of the first cache nenory and the

second address,space includi ng .the banks of the second cach ry .. and
second pgrt i on§ TBPUELEHT I_OPWgStBQnR%mB‘FS”%@C?? s‘fle%‘glé’h%'s%ghﬁ?gfn%&d%ﬁ mot i on
estimation sys§ em; aeHEPmkSoRYdéiFAGH SeriRNBY & fifsy Sl dnldad fitsh heigh€aind aa first
cache nmenory defined in terns of a first width and a first height, and a

second cassendreavhe ymegedriy delingdhint termsofd segondwiadit anfl @tsacanscheighi ewbeiginhei ght |

wherein sajid second, height, is less than said first height; the cache
nmenory sy¥ ?ﬁ%g‘?ﬁ‘&g@t?&%ﬁ&ﬂa@&a}dﬁr&m&el@ﬂ’tvvo arrangements: a first
arrangement hajeRgclafkfof syfRiPbdng Sdtirb@ i QRUTIwo atlafgdREms:y
concatenated vertically such that their concatenated height is at |east

equal to the farfisst arresiggment having hankscefraemenafrem hsriesoerarde RFEPYed to
be appended to the w.dt t fir I el M)
conti gu Ou%ongatg?%tgcg vgrﬁgg@y 912{:%1 dtlﬂgt thelr SheSAEAG HHERY af RalCldiaPioSthBHr
height, and said concatenated banks being arranged to be appended to the width of the
first cache memory to form a single contiguous address space, and
a second arrangement having banks of memory from the first and second caches

stacked vertically, and arranged to be addressed as two separate address spaces.

9. A motion estimation system according to claim 8 wherein the motion estimation

system is operable according an MPEG standard.

10. A motion estimation system as claimed in claim 8 wherein the cache memory

system is arranged to be addressed as a circular buffer.

11. A motion estimation system as claimed in claim 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.

12. A motion estimation system according to claim 8 wherein in the second
arrangement, each bank of the first cache memory is stacked with a corresponding one

of the banks of the second cache memory, thereby forming a set of logical banks that



a second arrangenent having banks of nmenory fromthe first and second
caches stacked vertically, and arranged to be addressed as two separate
address spaces. 9. A notion estinmation systemaccording to claim8 wherein
the motion estimation systemis operaBPe according an MPEG standard. 10. A
notion estimation systemas clainmed in claim8 wherein the cache nenory
systemis arranged to _be addressed as a circular buffer. 11. A nnéion

1
esti mat i ofchyinelads gae bpnk pEthe Arst cashe memap g Hy sreresrondine bapkipbiei ng t he

cache ne ' uding: a start pointer for indicating the start of
a searchn%:;%%(;?é/%h%ﬂﬁg[abt%' poi nter for indicating a bank being updated; and a

search width paraneter for indicating the extent of the search area. 12. A
notion esfjmtion systemaccording to claim@8 wherein in the second

arr angerrei#_t' ?E‘eglﬂﬁloﬁaﬁﬁél%?mphéy sem 3%008593% e {25 "’ré}:leé?fﬂe’&' § regpnd _
corr espongfgeaBer, e tvhd 3ddtbsst PRcECHO TstCAANR AR M dtess!PREADIe! OF M Ng
a set of logrcal banks that 20 each include one bank of the first cache

menory anfirst laddresy spaspandiudpgbfirsk poftianseof easboefdthealkdnks rafntbeyfirst 8achg not i on
estimati on system according,to claiml12.wherein i he secan arrangement,
the tvo JBpIPE B Feend afdess hape mefeite B Fee Shh Serdhd 8 00 e
first addiRseceiBsRtibmcdfUdtner the bakkdWTthd ORS che @amhorgf the banks of the
first cache nenory and the second address space including the banks of the

second cache nenory and second portions of each of the banks of the first
cache nmenpyy. 14. hod of I ng._a he r [y, emLi t jan
estimati glr%{'sys st ?ﬂg% “ghe ﬁecargr%emor V'ogigfsé%' Fﬁ%@oﬁ%&g}%ﬁ@ gt@%tgiglhgh%nenor y
defined iduch€m¥mnoey sstérhliféludingtafirsttdidh@ niehicsy dbfthegnin, temndoRa fiest evidthcache
menory defined in terns of a second width and_a second hei ght, wherein

sai d secoHy hifsyheights anda seqond sadheiaeneryielifed ghierms Ak AEOR Fidhamda; sing:
concat eni g, IEFRLK: RAUSnVaid B&eoif GRiMht GRRE HRRAY ACCRLgN%hd el Of

comprising;

=]

concatening memory banks of the second cache memory according to one of
two arrangements:

concatenating a first one of the memory banks of the second cache vertically on
a second one of the memory bank such that the concatenated banks form a single
contiguous address space with the first cache memory in a first arrangement, and
concatenating the memory banks of the second memory cache vertically with
corresponding memory banks of the first memory cache such that the concatenated
banks are arranged to be addressed as two separate address spaces in a second

arrangement.

15.  The method of claim 14 wherein the first and second widths are equal.

16.  The method of claim 14, further comprising using the first arrangement as a
single logical cache in the motion estimation system by simultaneously searching in the

first and second banks of the second cache memory as a single search area.

17.  The method of claim 14, further comprising using the second arrangement as
first and second logical caches in the motion estimation system by searching in the

memory banks of only the first cache memory as the first logical cache and searching in



two arrangenents: concatenating a first one of the nenory banks of the
second cache vertically on a second one of the nenory bank such that the
concat enat ed banks forma single contiguous address space with the first
cache nenory in a first arrangenent, aRdl concatenating the nenory banks of
t he second nmenory cache vertically wwth correspondi ng nenory banks of the
first menory cache such that the concatenated banks are arranged to be

addr essedhasnemary bepls of the sexmd vachspremery andinsapertign of themgewenbankss.  The
met hod of ai.m 14 wherein the fir N nd wi dths are equal. 16. The
met hod of°tg+%1hfﬁt E%he%??%ﬁs?ﬁn%??rﬁlr?glcgls‘l‘saﬁggt he first arrangenent as a
single | ogical cache in the notion estimtion system by simultaneously
searching in the first and second banks of the second cache ne?Dr as a
singl e sek¥ch Hieamethpd vheclpim hbl Whergimyi the 18carghipg h%?PSccﬂ%rP%“?fﬁ%dsi ng

t he seconsqmﬁftgsr?egﬁqg nt as first and second | ogical caches in the notion

estimation sy y searching in the nenory banks of only the first cache

menory as the first |ogical cache and searching in 21 the nenory banks of
t he second cache nenory and in_a portion of the ry banks., of .the first
cache menbty akbg H@t@éc@nﬂm%é?@él?erﬁgéﬁ%t?ﬁ‘?&‘nfhg%tlﬂgﬁgﬂ?"‘c@? Ansipass

wher ei n t r iﬁﬂwﬁﬁdﬂﬁa%k@«a RRGbAT RS viddoTH AR EM Keardfling Tinetn@et hod
of clai mé%gm\f\lg%r g(%}n sear chi ng 1|%n thle fclmrastwl ogl ng.‘ll cache i ncl uges.

sear chi ngsetand logicabeathd achwizs deanttting for doregrovndbeckgroneietiemaf heakdshi ng i n
the second | ogical cache includes searching for foreground/ background
mot i on of S*flH¥%i deo sequence. 20. A cache nenory systemfor use in a
notion estimation system conprising: a first cache nenory defined in
terns of a first width and a first height; and a second cache nenory

defi ned i30.t er frwadfc memenydtewi I hseamd: mokecentighation glkstem, giepPR§IRE sai d

second hei ght iii Isu‘slt Cac etn'rllc%‘rl]ogr iegnéc{ {nstgm;]seci)fgahtrifst 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;
the second cache memory having banks of memory concatenated vertically such
that their concatenated height is at least equal to the first height, and said concatenated
banks being arranged to be appended to the width of the first cache memory to form a

single contiguous address space.

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

widths are equal.

22, A cache memory system for use in a motion estimation system, comprising: 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, the second cache memory
having banks of memory stacked vertically with respect to corresponding banks of the

first cache memory, and arranged to be addressed as two separate address spaces.

23. A cache memory system as claimed in claim 22 wherein the first and second

widths are equal.



t he second cache nenory havi ng banks of nenory concatenated vertically such
that their concatenated height is at | east equal to the first height, and
sai d concatenated banks being arranged to be appended to the width of the
first cache menory to forma single coftiguous address space. 21. A cache
menory systemas clainmed in claim20 wherein the first and second w dths
are equal ., 22. A cache menory systemfor use in a notion estimation system
conprisi ng4 a 4 fache momasy sitaBray caimed dal claim 22, wherein each bask ofithetfirstnd a
first hei ; : h def i ' c wi dt h
and a secgn eﬁ@‘?g%‘?, l§%%%£?%igﬁ&s%f;§%s£§é%%gg ﬁ§?§g€ ﬁ%“gﬁ%g}s% tﬁ%ﬁ%@gi%&% rst

hei ght, t irensey,dhelebyddreming asetyof logicahighnka ias cash imelwde ons baglk efitheefirsi cal | y
W th respec&1 to correspondi ng banks of the first cache nenory, and
arranged B 5ESRYY S8 CRETCER of theggraukcaghameriorps A cache menory
systemas clained in claim22 wherein the first and second wdths are
equal . 22 24. A cache nenory systemas clained in claim22 wherein each
bank of tB® fi Astacheambmoresystemis chimddeih viaith 24 ediereds phedivogsepamateof t he

banks of t second caghe nory, thereby forpin set of, logic banks
that each R HET0AE WaRadEo? aqﬂr?%tspa%&éﬁ%gﬁé%%%ssawacqlﬁslugmg?flggtpondi ng
bank of therisRe 6N EachafiiBe BRARY of thé FirstRablRCRRmEIRM Y HRYSE&N ﬁﬂréés%g%’ed In
claim 24 wherein the two separate address spaces are first and second

addr ess sigbding thisdbanks of thedshcend caghaonemon udi sagofid pettionpfteacnsf tie each
of the bagﬁsc&g htﬁ&e {i rﬁt cache nmenory and the second address space

i ncl udi ng e 5 P YHREESnd cache menory and second portions of each
of the banks of the first cache nenory.




