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[0001] The field of invention relates to notion

estimation; and, nore specifically, to a notion

estimation Sumof Al Differences (SAD) logic circuit

havi ng reduced semni conductor die area consunption.

Background [0002] Digital video is typically enbodied

as a collection of digital still .franes that convey

noti on when di spl ayed in successi on. Because vi sual
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window”) of a second frame that follows or precedes the first frame (in the
sequence of frames that the video information is comprised of). The
macro block being searched for may be referred to as a “reference macro
block” or a “reference block”. For each found reference macro block
(ideally all reference macro blocks are found in the second frame), a
displacement vector is recorded that describes the movement of the
reference macro block. Thus, compression is achieved by preserving
displacement vectors instead of aétual visual content.

[0004] Figure 1 demonstrates a simple example of motion estimation
for a digital video that depicts an automobile moving from left to right. A
“current” frame 103 corresponds to the first frame referred to above. The
current frame 103 follows a “previous” frame 101 in the sequence of

frames that convey movement of the automobile from left to right in



frames that convey novenent of the autonobile from

left to right in 1 WO 2005/067303 PCT/ US2004/ 043669
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second frane referred to just above. A reference macro

bl ock 102b that captures the nose of the autonobile

is depicted in the current franme 103 and a search

wi ndow 104 is depicted in the previous frane 101.

[0005] It is inportant to point out that other

scenari os are possible as between which franme is the

"first" frame having the reference
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(103e. The $earch window 104 may be centered around the center position
of the current frame’s reference macro block 102b (i.e., the search
window 104 is centered at a horizontal offset of K from the frame origin in
the example of Figure 1). An aptly size search window 104 should
always result in the finding of the reference macro block 102b (if the
object undergoing movement does not change its own features).
According to the example of Figure 1, the reference macro block 102b of
the current frame 103 is discovered in the search window 104 a distance
K to the left of its original position within the current frame 101. As such, a
displacement vector of (K,0) is recorded for macro block 102a (i.e., ((Xc-
%p),(Ye-¥p)) = ((K-0),(0-0) = (K,0); where, “c” denotes “current” and “p”
denotes previous).

Figures



xp) +(yc-YP)) = ((K-0),(0-0) = (K 0); where, "c"

denotes "current"” and "p" denotes previous). Figures
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invention is illustrated by way of exanple, and not

limtation, in the figures of the acconpanying

drawi ngs in which like references indicate simlar

el enents and in which: [0008] Figure 1 shows an

exenpl ary depiction of two digital video franes;

[0009] Figure 2 shows an exenplary depiction of SAD

logic circuitry and its correspondi ng nacro

and its ¢ | ock
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SAD cal cul ati on process that can be perfornmed with
nagsreblank datg anssearey windovwdgid e 5a; [0015] Figure 5c
05 2 FGLPOYB! RfbYed B tHASHREZhE b bdMveh $RD
calculation process that processes all bits per data value and an SAD
calculation process that processes less than all bits per data value;
[0013] Figure 5a shows an exemplary depiction of another AD unit
embodiment having improved power and semiconductor die area
consumption and its corresponding macro block data and search window
data;
[0014] Figure 5b relates to the different resolutions between a SAD
calculation process that processes all bits per data value and a SAD
calculation process that can be performed with the circuitry depicted in
Figure 5a;

[0015] Figure 5¢c shows a methodology for determining which M bits to
use for SAD calculation purposes when video data values are naturally
expressed as N values;

[0016] Figure 6 shows a circuit that can be designed into a system that
employs video compression.

Detailed Description




use for SAD cal cul ati on purposes when vi deo data

values are naturally expressed as N values; [0016]
WO-2@a/067363 shows a circuit that can be desi gnedPCTIUS2084/043669

systemthat enploys video conpression. Detail ed

Description 3 WO 2005/ 067303 PCT/ US2004/ 043669 [0017]

In order to "find" a macro block in a search wi ndow, a

Sum of Absolute Differences (SAD) approach is often

used. Figure 2 shows a depiction of a basic

architecture. According to the basic architecture of
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sum of the absolute differences for the specific macro block worth of data
is determined, the basic operational flow is repeated for a next specific
macro block worth of data within the search window data 203. When a
sum of absolute differences has been determined for all macro blocks
worth of data that can be identified within the search window data 203, the
macro block worth of data having the lowest sum of absolute differences
is deemed the “found” macro block within the search window.
[0019] For example, Figure 2 shows a “lower right corner” value 204 in
the reference macro block data 202. For purposes of calculating an
absolute difference, the lower right corner value 204 is always compared
against its corresponding value (i.e., the lower right corner value) of each
macro block worth of data that can be identified within the search window

203. For simplicity, Figure 2 only shows two macro blocks worth of data



Is deenmed the "found" macro block within the search
w ndow. [0019] For exanple, Figure 2 shows a "I ower

WO p@ho6303 ner” value 204 in the reference macPOI/bEm0k043669
data 202. For purposes of calculating an absolute
difference, the lower right corner value 204 is al ways
conpared against its corresponding value (i.e., the
| ower right corner value) of each nacro block worth
of data that can be identified within the search
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Difference (AD) units is used to simultaneously calculate AD terms for a
plurality of corresponding data value (e.g., pixel) pairs as between a
reference macro block and a macro block worth of data from a search
window.

[0021] Figure 3 explores the concept in more detail. Figure 3 shows
SAD logic circuitry 301 comprised of an array 314 of AD units 11 through
XY each geared to calculate the absolute difference between data from a
corresponding location within the reference macro block and a macro
block worth of data within a search window. For example, for macro block
A 305, AD unit 33 is designed to calculate the absolute difference
between: 1) a data value 311 that is held within a register 302 that stores
the reference macro block’s data; and, 2) a corresponding data value 312

to data value 311 within macro block A 305 which, in turn, resides within a



[0021] Figure 3 explores the concept in nore detail.
Figure 3 shows SAD logic circuitry 301 conprised of
w@rooanemy3s 314 of AD units 11 through XY each PEHUSIHOL/G13669

cal cul ate the absolute difference between data froma
corresponding |l ocation within the reference macro

bl ock and a nmacro block worth of data within a search

wi ndow. For exanple, for macro block A 305, AD unit

33 is designed to cal cul ate the absolute difference
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r §EQBRIVARBoRIWH is<P81ed in F&disle? 399). LIHh the search window
has been completely analyzed, the macro block within the search window
having the lowest SAD value is recognized as the “found” reference block
within the search window. A motion vector is then calculated. With each
new referencé macro block loaded into register 302, a new field of search
window data is loaded into RAM 303.

[0024] A problem, however, is that large arrays of AD units consume
large amounts of semiconductor die area and electrical power.

[0025] In order to address the power and semiconductor die area
consumption issues, it is helpful to recognize that a SAD calculation acts
to compare likeness between two fields of data (e.g., current frame’s
macro block and previous frame’s search window macro blocks); while,
the specific fields of data themselves contain data points that express

different intensity values. As such, efficiency can be realized by



within the search wi ndow. A notion vector is then
cal culated. Wth each new reference macro bl ock
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efficiencies should extend to the array 414 as a whole because it is
comprised of a plurality of efficient AD units.

[0028] Figure 4a suggests that the reduction in bit width from N to M
bits is accomplished by reading a full N wide data value from both the
reference macro block 402 (e.g., from register 302 in Figure 3) and the
macro block within the search window 409 (e.g., from RAM 303 in Figure
3); and, storing the N wide data values into respective register space 410,
411. Then, only the M bits used for SAD calculations are read from the
respective register space 410, 411 by the AD unit 418. In other
implementations, the loaded frame data itself may be properly reduced

beforehand from N bits per value to M bits per value (e.g., prior to being



data, the AD unit 418 should be smaller in size and

consune | ess power than an AD unit configured to
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shoul d extend to the array 414 as a whol e because it

is conprised of a plurality of efficient AD units.
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CtbSOtS%T Ignoring the lowest order bits has the biggest impact on

resolution but the smallest impact on dynamic range. Figure 4b
demonstrates this aspect in simple terms. Before discussing Figure 4a,
however, it is first helpful to go through the binary mathematics at play.
Consider as an example frame data implemented as 8 bits per data value
(i.e., N = 8); and, consider an example of ignoring only the three lowest
ordered bits in succession (i.e., M = 5). In such a case, a mask of the
XXX, ,where Xis an
ignored bit and _is a non ignored bit. The full 8 bit data values are

original 8 bit value can be representedas
capable of expressing a dynamic range of 0 to 255 with a resolution of 1
(i.e., 266 different values: 0, 1, 2, 3, ..., 255). Ignoring the lowest ordered

three bits of an 8 bit data value causes the richness of the expressible



cal cul ating which bits are to be ignored based upon
the data itself. Each of these are discussed
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amevmreehlomet bits)am:@ro@aed asaliseisssedrin itiee exqmplssalbvglen

558 . PEee giote Bt 48 el Brcdeo GSTBe I ARclpE 28 £21
eFFTBUPe 3B be iBRed 4 pRtlof ARRir6 toleUk diRa valwe, dasr a

qual Itative feel for the dynam c rage and resol ution
a@xaplensimmly by feading cracraibleck driaa/alugsiasomeorter (e.g.,

SO B5P R BT S aeha TR SFTRLC, hEUBL B A
t ;ls@ttérh mﬂqdemethe ilmatyeresfethd magredlask willsreusaldtselfn THee
eézgpcwcu%ry ess)entlally finds matching patterns as between the
reference,macro block pattern and the search window’s macro block
pattern. Because the space between a neighboring pair of horizontal lines
corresponds to a same numeric value, higher resolution (i.e., smaller
increments) is represented in the depictions of Figure 4b as less space
between neighboring lines; which, in turn, corresponds to more horizontal
lines superimposed over the data.

[0033] Clearly the leftmost depiction 420 has higher resolution than the
rightmost depiction 421. For example, referring to the set of data points
422, note that the data points are expressed with a different numeric value
in the leftmost depiction 420 (because each data point is binned between

a different pair of horizontal lines); while, for the rightmost depiction 421



[0032] Here, note that the data profile observed in

depi ctions 420, 421 of Figure 4b can be viewed as a
w@bk@bs/oaf3odracr o bl ock data val ues. For exanpl ePCHUSIDY043669

by readi ng macro bl ock data val ues in sone order

(e.g., first rowleft to right, second row left to
right, ... last rowleft to right) a pattern unique
to the inmagery of the macro block will reveal itself.

The SAD circuitry essentially finds matching patterns
as between the reference, macro bl ock pattern and the
search window s macro block pattern. Because the

dhase sbatadala pointsingisidra expressed with tae samet datalvaluss

(BeGEIEERED & AchHMEnd BEder el g hALET nRRRut i)

dﬁm rdslsqnayﬁémﬁi mﬁge lébie@ﬁ:téd?% adizted regiones2B where
nelg orlng(hlnes |nturn correspondsto nor e

healyes aarmot be exyes rHﬁrﬁa@@&V@u@thaﬁendatﬁJ" reeolvpn

ERR T bhe SacRE ffof st pava §lbreg;
anamnhmn ve&feeaifﬂwegnghegtlgpae@bebﬁeeiﬂhelgpboﬂng lindg.2,
note that the data point re expressed with a

dOPR8} enWVithLaR HNdersianding Pﬁthenles 1 dyRAImicdapreasn 420
J?%?ﬁl‘t‘iﬁﬁ tﬁé’tccgbc@gé %PBH'IG\Fvef érd%:réli‘ Bs BR medadeplcﬂons

erent pair ori zont al nes
r42fhand 421 detp t emhasmeghmmmtdawmmnon (e.g.,as

PCT/ 1S2004/ 04366 h dat. t b
R absavenin st toarhien Bl hdtonssany e

qaéht. 'rﬁé‘t%ﬂ:r@%éﬁﬁsbh@t ﬁa%%?p@l@éﬁ'ls(ﬁavﬂ? é’égree of

l'ines The "l oss in dynam c range is as a

teameniess: gTfat is.Jar meéwaoraatheé§ltum th@r t@s@hﬁerved

(T FRdh 420 #2obd® eolPgf *Ezéémfﬁé’%ﬁ‘ng%%e”ﬁg' A pdit b

"idehiie &r neﬁﬁy-lldenﬁc‘aahmwblobh palteficss obpaved lmtmfhﬂon
ne|1ghbor| ng litnes, [0034] Wth an understandin

421 (angkexnressachwite ﬂa%ﬁ@%ollam amcégmmlcaﬁngﬁa}bsee\m ig

"SP4 (RRIERLLS, BByl SRR sy RSB e (s o
rreark sémenegeognearrsameuess betWeeaItlye olaermf\padtems)tﬁeeause
ltﬁzetunntl)c%e ee tl,lr%ts o(imhe4 %gglrel Sa e% ageacvev %r ig V\t/é)lghed into the
SAD calculation (e.g., the smaller left peak, the large right peak, etc.).

lanoring The Highest Ordered Bit And One Or More Successive

Lower Ordered Bits

[0035] Ignoring the highest ordered bit has a significant impact on
dynamic range but allows for better resolution. As an example, consider
again frame data implemented as 8 bits per data value (i.e., N = 8) where
3 three bits are to be ignored (i.e., M = 5) including the highest ordered bit
and the two lowest ordered bits (i.e., a mask of the original 8 bit value can
_____ XX, , where X is an ignored bit and _is a

non ignored bit). According to the numerics of such an approach, the

dynamic range is more than cut in half on a linear scale; but, the

10



identify matching patterns or at |east patterns having
a high degree of saneness. That is, for many

w@e@shetsad situations, the resol ution observedPCT/IS2004/043669
depiction 421 is "good enough” to identify matching
patterns. A pair of identical or nearly-identica
macr o bl ock patterns as observed in depiction 421
(and expressed with the resolution and dynam c range
observed in depiction 421) should correctly produce a
very small SAD value (so as to mark saneness or near
saneness between the pair of patterns) because the

uuesqm@oneabat’t@stheﬂ tha’reobﬂm%lqmnl@ﬁm 421 af Figure 413

V%?‘?g ey WRat2R 20 BB e sl Gebandblitof fibriiling o
IReAIE réh?@bf»’d t&%s/eﬂm SnesdiitidPor1 Hus.C256 idifferehiOrlies:

Ordered Bi 0035] Ignoring the hi ghest ordered bit
Has!, 2, S gni 23Dathe * ct_ oX Xdgpaigashriaegly eanablig pbws

SlordSihe o dipRt ke of8 G TR A Wpée?eﬁﬁoﬁ*véf%g%?%f‘,
I\djﬁe@ntwbﬁ,ree 03481 . b]ﬂz4)are to be ignored (| M
i ncl udi ng. the hj ghest ordered b|t and t

1 §1 op@@?F@ﬂ'ﬁgl the rightraost enigtian 941 PﬁE'Q}Fﬂe&thMth éhe
M%htﬁfﬂi't‘ﬁeﬁi%ﬂon 94 o?@’”l Fé”&l?gwﬁé tﬁ%t—the hasheén%j?loa 423,

I'sS™an nored non
23 tha&con'edpmg:is o dynamlu range k)ssfls mudin larg&rplp |Fmgmie, 5b

tF' e is retgncutln Pn
[ hanaR Figlrecab Jiifvever ot Soeil 860 SRraoanaa by the Space
obser ?e%%%?ﬂ%?%gﬁdﬁ HF:-Fhlja?gﬁS [Sr%técﬁ g%@glgeﬁ{ggll?y

viﬁgluea{)bt imeanf ldeal appspachiwhenthe mrartéom@abl is agfobserved

B35BT SHa gno P T8 e BE& . ¢ BuliRe o Hakdbufor npif o so
3of the full a?r’iémlct @ﬂgexhlsuclla_snﬁa%n dygyandelihé sagnisy
E)bleo expr essi ng gnamc range of 0 to 124

stuifed” in agaiticuar kalf ar %cp ogthe fgli dyaaméraﬂﬁe eaiubstantigl
o551 o abéls b AIENC SHERS: o LA, 9 S
ddgeschotoexigtad haff dFitIg.uft&l diimamio randehspacer eMossdvet, again
rbe causeﬁ%e data is stuffed into a particular region, it is helpful to improve
the resolution as compared to the approach of Figure 4b so that the data
values can be better differentiated and the overall data profile better
captured as a consequence.
[0037] In order to treat data that is for the most part stuffed into a
higher half of the full dynamic range (as observed in Figures 5a and 5b)
or a middle half of the full dynamic range, an offset should be added to the
data to make it viewable within the limited dynamic range. Figure 5a
presents a basic circuit architecture; and, depiction 520 of Figure 5b
shows a data pattern that is stuffed into an upper half of the full dynamic

range.
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523 that corresponds to dynam c range | oss is much
larger in Figure 5b than in Figure 4b; however, the

WO e®slem3pdn as nmeasured by the space between PCT/US2004/043669
nei ghboring lines is inproved. The approach
represented in Figure 5b is an ideal approach when
the macro bl ock data is as observed in Figures 5a and
5b: for the nost part, "stuffed" in a particular half
or so of the full dynam c range. In such a situation
because the data is "stuffed" in a particular half or

so of the full dynam c range, a substantial 1loss in
oﬁﬁ)ﬂaﬂi c Asngringtcaone priisideneaicafitbat mwleeardhlt@ctum oft Figure

5 b Bl U o i ot b b8
Séotisteidtddivith fodi@ Eirtditty Pleteet) At thd fmsﬁframeoj Hiacks)block

i nprove the resolution as conpared t he approach

Mafarad24mapests & patiesn daving d@taw@weﬁathaberea%tu ed into an

e S E R NGO T I PR PR B ptfoet

deft-g A-BRto éffedtivelyt Mdropbiiie gatatvaties h&dthmwewabiem)@*mm
hal f of the full dynanic range (as observed in Figures

@nsﬁcﬁ%rﬂsplct@ﬂ in Figure 3 (apte '%F'QW@ s thatnpgative values

| S appiEation, 5 he et S BUARAFQ 4 CalliBor o3P of Bers

56043y r58lbradd @ -\A]E)ﬁls;ma dataoaivesaodhe béfsb’;Jr ke, thta{minbocz imetnt of
t 520 i gur a ern

it A0S Aclont 415 parrmeR i Nkt Wi S5 aies. Thie

' RD Uit énd1 {«0@\1&9%&%&% iFfplérHOREAA B4 R cird i Pthen

g one énbodi nent of that the archltecture
odperatas en Mholthase & bifpperedatas/alumbyignasingdhe highaston

PR By il i omSeu cRBSHIGHEF okt BB o b ok

data S5QdstornChReling WhidheBits ARY To BalRindradBased Uptn
are stuftfed 1nto an upper halt of the full dynamc

elf i n response, provides an offset of -

to
(oSt 1358V Sl SR T
| architgeture ShFigume Sacgsmt bey epplidd)dise offset calculation unit 505 is
designed to not only determine an offset to be applied to the raw data but

also determine which bits of the N bits per raw data value are to be
masked out so that only M bits per dafa value are used for SAD
calculation purposes. Here, a least significant bit is masked out for each
of the N-M most significant bits that cannot be masked out. For example,
if M=8 and N=5, then there exist four possible scenarios: 1) none of the
most significant bits are masked out leaving the three least significant bits
to be masked out; 2) the most significant bit is masked and the two least
significant bits are masked out; 3) the two most significant bits are
masked and the least significant bit is masked out; and, 4) the three most
significant bits are masked out.
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after application of the offset are clipped to a val ue
of 0). A pair of adders 504a, 504b add raw frane data
WO 2000067300 the of fset. In the enbodi nent of FPQUDS2088043669
the additions are perforned with N bit w de data
val ues. The AD unit 501 (which may al so be
i npl emented with logic circuitry) then operates on M
of these N bits per data val ue by ignoring the highest
ordered bit and one or nore successive |ower ordered
bits. Custom Cal cul ating Waich Bits Are To Be Ignored
Based Upon The Data Itself [0039] In another (nore
J004DEt i Ehu$g¢nenaﬂpda$rdapicted ntfrigure e, ther mirnbecofumest

f li ed h ff |
riontgen b IngEdn e dhieRutans fetkibmined BT prd ten
L elHRinatpet df%’aét%ldrﬁﬁ:efrﬁ\ﬁltg Hhat daf be PRRkeHYufaRd A6termined

which bits of th bits per raw data value are to be
nefkebh ong e&bcdhmntome,/offaejus sefderthaaninimumudata velugstbat

Plnte e B LB G Bl B Aot 39S bywogy gf most

f@éﬁlﬂéaﬁfbltfsl thanéarPbé nddkad dlang e RRINdeS RNV ntegdr Of
exanpl e, M=8 and N=5, then there exist four

possi HD@zl%c/MﬁiNad)%el 1) none of the nost significant

%ﬁérefailfﬂgéméqg ﬂ?éjtnalxgrﬁt\fhr\%(fj@ 8b§$fv§§)lh he Feferetnce block

si gni
sworth fof datzi. Fortexasnpiesik 8=8 N =t5and ‘MBX\@M = 128, then the

signjficant bits_are nps out; 3) the two nost
l?mbﬂ' efmestigaifigant b'WégﬁE@% 8 MpARkaAdQUS s gni f i cant

0 OBl Ol P8 128) G5 GearEPie it 8B4 | cant

mtilsamﬁmscaﬂf%ﬁaske[cbmtc(] eThus _ggner)ﬁl)()y Asaantnﬂapr ct ed

 Bam@en s N 25 I REBiud R, e P hERBees! Mast,

té]@ﬁlflcaﬁﬁtﬁtsﬁhab@én Bé rh&Aed Suitdsid zpé/\nmamm %h%gm/w

be masked out are determ ned 55 I n one enbodi nent
m&ng‘ﬂsez and the:leash significanhbitismasked oat (ie.hd_ _ _

kf‘ts in the reference macro bl ock worth of data and
tHe ' nunber of nobst significant bits that can be
Neoday cRigure 6tsheowsal gdrericidesigh thaigein bé used in any system

that employs video compression including the SAD techniques discussed
herein. According to the system design of Figure 6, raw uncompressed
video data is loaded into a memory 601. The memory 601 , which can be
an SRAM memory or DRAM memory, is coupled to a video compression
circuit 602 (e.g., having an architecture that resembles the architecture
observed in Figure 3 where memory 60 is coupled to both register 302
and RAM 303). A reference macro block and its corresponding search
window is loaded into the video compression circuit 602 from the memory
601. The video compression circuit contains AD units that process less
than all of the bits per raw data value (e.g., as described from Figure 4a
through 5¢) for the purpose of performing SAD calculations.
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| 0g212M MaxVal uel where MaxVal ue is the maxi num val ue

observed in the reference block worth of data. For
wex@spésp3 i f M=8, N = 5 and MaxVal ue = 128, t hRCT/UR®04/043669

nunber of nost significant bits that can be nmasked out

s 109g212M MaxVal uel = 10g21256/1281 = 1092121 = |1 and
the two least significant bits are masked out (i.e.,
) X X). As another exanple, if M8, N =5

and MaxVal ue = 64, then the nunber of nost
significant bits that can be masked out is

| 0g2j 2M MaxVal uel = 10g21256/641 = 1092141 = 2 and
t{oe42kbsthedorpgding apecititations thesipkedtiauhasg been dexcribed

e
HOWEVRP HhBvidBat Hh%'t vanélhbem'éeifﬂctaﬁéﬁ@ Al %ﬁaﬁgé§ Hﬁ%ﬁﬁb made
herein.” According to the sgsten1 esign of Figure 6

rtheretm withptbdeparting ifiged theabreader spisit and iseope &f Higror y

%ﬁ’yﬁwm?ﬁﬁ”‘imﬁﬁh bt atiled"Gpll TAR spRCRbARIPAN o

Girawitigs £182accbraingly)ay begegardetdnidnelitistrativiehather than a
resenbl es the architecture observed in Figure 3 where

festiclivesgense.coupl ed to both register 302 and RAM
303). A reference macro bl ock and its correspondi ng
search w ndow is | oaded into the video conpression
circuit 602 fromthe nenory 601. The video
conpression circuit contains AD units that process
less than all of the bits per raw data value (e.g.,
as described fromFigure 4a through 5c) for the

pur pose of perform ng SAD cal cul ations. 13 WO

2005/ 067303 PCT/ US2004/ 043669 [0042] In the foregoing
specification, the invention has been described with
reference to specific exenplary enbodi nents thereof.
It will, however, be evident that various
nodi fi cati ons and changes nmay be nmade thereto w thout
departing fromthe broader spirit and scope of the
invention as set forth in the appended cl ai ms. The
speci fication and
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drawi ngs are, accordingly, to be regarded in an
illustrative rather than a restrictive sense. 14 WO
WQ2BSHEBTIBO03 PCT/ US2004/ 043669 CLAI M5 What i SPCT/EBI984043669
1. A nethod, conprising: a) taking the absolute
difference of: 1) less than all of the bits of an
unconpressed video data value froma reference nacro
bl ock; 2) less than all of the bits of an unconpressed
video data value froma macro bl ock worth of data
within a search wi ndow, b) calculating a sum of
absol ute differences between correspondi ng data
VGLABMSW t hin said reference macro block and said
r@%r . bllock worth of data, said absolute difference
b iﬁ'g'so?@' "sai d absolute differences; and, c)

cal cul pt pArfietholPEbPPrividgt Or based upon the position of
said reference macro block in a first frame and the
posi tion o) taking the @bsobite diffefeneaolf data in said

second frame, sajde syl ApaluS il {RARGESEF AL

a | owest sum of SO anongs her suns O

absol ute differ eiutavahs fomed esfelericeanacealock;ef er ence
macro bl ock and qQther nmacro bl ocks worth of data

wi thin said sear Hes# W%\/@" of therRits Rftanodncompressed yi.deo
e £ 1L Ao £ S o7 90 iy

second frane is previous
1 further conprissanch iwradbwig sai d reference nacro

Dk S ot Aol ST ik Botech
reference neyrfdpBh8g data values within said reference macro block
and said macro block worth of data, said absolute difference
being one of said absolute differences; and,
¢) calculating a motion vector based upon the position of
said reference macro block in a first frame and the position
of said macro block worth of data in said second frame, said
sum of absolute differences being a lowest sum of absolute
amongst other sums of absolute differences calculated
between said reference macro block and other macro blocks
worth of data within said search window.
2. The method of claim 1 wherein said first frame is a current
frame and said second frame is previous frame.
3. The method of claim 1 further comprising loading said reference
macro block’s data values into a register prior to said taking.
4. The method of claim 1 wherein said reference marco block’s
data values are uncompressed when said loaded.
5. The method of claim 3 further comprising loading said search

wndow ‘s data values into a random access memory prior to said taking.
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data val ues are unconpressed when said | oaded. 5. The
nmet hod of claim 3 further conprising |oading said
w@e@sobr3oxwwndow s data val ues into a random acRE€BES2004/043669
menory prior to said taking. 15 WO 2005/067303
PCT/ US2004/ 043669 6. The nethod of claim5 wherein
said reference marco bl ock's data val ues are
unconpressed when said | oaded ad said search w ndow s
data val ues are unconpressed when said | oaded, 7. The
met hod of claim21 further conprising determ ning which
N bits from 1) said reference macro bl ock' s data
val ue'® Wheimethey of slaimsewheteinisaitbreference ndrcolbleck’s

dat.a value's Mbits ar 0 _be. used for, said takin ,
(A yhigard W ritendid when 3hid Ry @o sy bepfi Midows
Vit Salucsadre (iRopipressstbwhenpaicadeddet er m ni ng the
nunber_of nost significant bits that are to be masked

f r om bot hhe anethad ©of claimuelirthgs cemprisinggdeteeminingwhichf N
ltﬁﬁﬁorﬁi gnificant bits that are to be masked from
b0 sai d data values. 9. The nethod of claim8

wher ei n sai 1) giid esferaioeomab® blosios daed valueasy bits
significant _bits is N"\% - (said determ ned number of
n

mot si gni f i9A/Id spaickwindow maeroflpalps dgta kalkes M bits
wher ei [ Wl :

si gni f#gzﬁtb%bl S 19 E}s? l@k@gﬁﬁg%gmﬁﬁﬁﬁﬁ%g

| 09218V Viexviethoe ofrelaien 7Mhevainusaid sletdreniniagiconmprises:
unconpr essed. video data val ue of said reference cro
bl ook SetaTning (hemiabaroaaT A Rt Barar o
afdsre RIMBItA%aid Yala\mllés;sai d reference macro

bl ock’ s unconpressed video data value and said search
wi ndowlatermiping heknumbercefipasisignificantditsdhataredb e

éﬁag‘gehqe%g%tg]&ﬂ S%fld %%i \%I&&s.merei n said offset is set

9. The method of claim 8 wherein said determining the number of
least significant bits is (N-M) — (said determined number of mot significant
bits).

10. The method of claim 9 wherein said determining the number of
most significant bits further comprises calculating log;|2"/MaxValue| were
MaxValue is the maximum uncompressed video data value of said
reference macro block.

11. The method of claim 9 further comprising adding an offset
value to said reference macro block’s uncompressed video data value and
said search window macro block’s uncompressed video data value.

12. The method of claim 11 wherein said offset is set equal to a
minimum valued uncompressed video data value of said reference macro
block.

13. An apparatus, comprising:

a) logic circuitry to take an absolute difference between:
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m ni mrum val ued unconpressed vi deo data val ue of said

reference macro block. 13. An apparatus, conprising:
W@200506¢i3e3 circuitry to take an absol ute differPCIES2004/043669

between: 16 WD 2005/ 067303 PCT/ US2004/ 043669 1) |ess

than all of the bits of an unconpressed video data

value froma reference nmacro bl ock; 2) less than all

of the bits of an unconpressed video data value from

a macro block worth of data within a search w ndow,

b) a register to store said reference macro bl ock,

said register coupled to said logic circuitry; and,

c) a random accegdessthanyall of thedits daﬁnmrwmprbss@dwdidm

sai d random acce coupl.ed to said,lo
circuitry. d'lsai%"ﬁg’%a PR reerencsimage i her

conpri sing add| gz‘ggéf’éotria‘hgélpof 1heHitd! dffah irHtoRRiressed 9idaB

offset to be ad T) said reference macro bl ock's
unconpr essed vi didavatue fromlaimacemblocRwarth @If@arwuthma

" Wi ndow nacro bl ock unc )ressed video data val ue.
15. The appar at lfsea5 3 (f ’14 further conprising a

first adderp) gt@rﬁ) $tofeé baidBiErehfe hRERd BRCRAsE
reference nacro s unconpressed video data val ue

and a secorréglstmmqup&ﬁ;bt%%ald dp@aictlcwér_m andbnal
o reuirY ) a fafiiohY éeadsdrH Sal?g‘to sibf Qafads%%rrcif‘%

an out put t ogr c circul

The appar atszsd fénddrﬂka&céé’s mmmvrcouplﬁdrtbﬁaiwlo@@@mﬂdy
adder _ hayi n%Ba first E'El;t to receive said searc

wi ndow4rath® appa@tus of faﬁ ﬂﬁrfygesacwae%na@ﬂgltwab@mc
GRS RRErhiRB YN SRsHttE Bl SRR 10

1) said reference macro block’s uncompressed video data
value; and,

2) said search window macro block’s uncompressed video
data value.

15. The apparatus of claim 14 further comprising a first adder
having a first input to receive said reference macro block’s uncompressed
video data value and a second input coupled to said additional circuitry to
receive said offset, said adder having an output that flows toward said
logic circuitry.

16. The apparatus of claim 14 further comprising a second adder
having a first input to receive said search window macro block’s
uncompressed video data value and a second input coupled to said
additional circuitry to receive said offset, said adder having an output that
flows toward said logic circuitry.

17. The apparatus of claim 13 wherein said logic circuitry is also
to:

determine the number of most significant bits that are to be masked

from both said data values;
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additional circuitry to receive said offset, said

adder having an output that flows toward said |logic
W@R0sM6130y. 17. The apparatus of claim 13 wherBCHUSBENH043669

logic circuitry is also to: determ ne the nunber of

nost significant bits that are to be masked from both

sai d data val ues; 17 WD 2005/ 067303 PCT/ US2004/ 043669

deternmi ne the nunber of |east significant bits that

are to be masked from both said data values. 18. An

apparatus, conprising: a) logic circuitry to take an

absol ute difference between: 1) less than all of the

bi t s odetarminectbeprussbrrdiVeant significant bits tkatfarertode masked

fere ro block; 2) less than all of the bits of
ﬁo'ﬂrpé)gﬁ'ﬁ?g’saé%ta ‘(ﬂ%eeso data val ue froma macro bl ock

worth o Aﬂta?wréﬂgncmpﬁgagch wi ndow, b) a register
to store sai reference nmacro bl ock, said reqgister

coupl ed t o @dpgid aiguiinciortake enabsejuta differenee hebuesn:

recesy momry cobppea TRl EhotnBIof At Bty yideo
d) a DRAM ”E”DVYd@tQUA@IL%ifrbm @aeférdrwmé@:fo il6dk;sai d
random access nmenory nmenory to store said

unconpr essed Vi d%Ueﬁﬁﬂéﬁr\/@l QEthﬁerﬁ%f arrew&@nec@Sﬁa@Msieo
bl ock d d
oro bl ock wor t RS 36§ idtRo BRI WithyBs G5B Hhin 2

macro bl ock wort searc
The appar at us ofseérah mlmﬁ)vf/ur t her conpri sing
ggd:’ighggalt o) g reglster {o store )éald re eerteﬁcr:em mnaecrgl rt‘)l(%ckf %glld to
register coupled to said logic circuitry;
c¢) a random access memory to store said search window,
said random access memory coupled to said logic circuitry;
and,
d) a DRAM memory coupled to said register and said
random access memory, said DRAM memory to store said
uncompressed video data value from a reference macro
block and said uncompressed video data value from a
macro block worth of data within a search window
19. The apparatus of claim 18 further comprising additional logic
circuitry to determine an offset to be added to:
1) said reference macro block’s uncompressed video data
value; and,
2) said search window macro block’s uncompressed video
data value.
20. The apparatus of claim 15 further comprising a first adder
having a first input to receive said reference macro block’s uncompressed

video data value and a second input coupled to said additional circuitry to
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1) said reference macro bl ock's unconpressed video
data value; and, 2) said search wi ndow nacro bl ock's
wapesnpBessed video data value. 20. The appare€TBESWH4/043669
claim15 further conprising a first adder having a
first input to receive said reference macro bl ock's
unconpressed video data value and a second i nput
coupled to said additional circuitry to 18 WO
2005/ 067303 PCT/ US2004/ 043669 receive said offset,
sai d adder having an output that flows toward said
logic circuitry. 21. The apparatus of claim 19 further
despivesiaid) offsele saidcadiu dravirtgaan aytpat that fiowstpward said
recei ve ﬁaid search w ndow macro bl ock's unconpressed
Jpggﬁnﬁgfghvalue and a second i nput coupled to said
addi t i nalThd asprkius fTlAiae 80 Yerttsst cdniirisiR) a seabfld adder
adder having an output that flows toward said |ogic
chaving erfigst ipput tpHeceiypseid searsh vindewhmacratleek’s sai d

| .agi ' ' i ; ' el,..of
BceRie vidée' Btd Y8R a0 aSEBRE IR LHERRUBRA , |
sadditioled] ireaittyas recsive saldeffsdiesaid mader bavihg ast output that
sjignificant bits that are to be masked from both said

JSlaws toyyardsaid lpgic circuitry.

22. The apparatus of claim 18 wherein said logic circuitry is also
to:

determine the number of most significant bits that are to be masked
from both said data values;

determine the number of least significant bits that are to be masked
from both said data values.
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