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(SAD) ARRAY HAVI NG REDUCED SEM CONDUCTOR DI E AREA CONSUMPTION Fiel d of
I nvention [0001] The field of invention relates to notion estimation; and,

nore  speciywpGadsioyysed © @ motion estimation Sumof Al Dffer 84%53%§AD)
logic circuit having reduced sem conductor die area consunption. background

[0002] Digital video is typically enbodied as a collection of digital still
frames that convey notion when displayed in succession. Because visual

i nformati on (such as digital video) naturally consunes | arge anmounts of
data, data conpression is often applied to reduce the anount of data

w t hout substantially degrading the original imgery. Mtion estimation is
a conpression technique that is nost often applied to digital video. [0003]

According to tNMOTION ESTINATION SUM oFALiDIFFERENCES (SAD} ARRA¥' oken down
into small pi eces“éreferred to_as_"macro bl ocks"%' t hen, each macro bl ock
i s searched fdHAVING RERUCEDPSEMICONDUGTORDIEAREACONSUMRTION ) of a
second framﬁé]atoff!mérﬂlﬁ or precedes the first franme (in the sequence of
frames that rmation is conprised of). The macro bl ock being
sear ched f or [0801]be Theffield efinvention relatesstoemetiareestimation; ahdg kiorer a
"reference bl ock:. For each found r.efearen bl o i.deal ly all
reference e SPECTFAN) %pptlpgﬁﬁlqaﬁoq E"E‘gfd%]m%?%{}f:@figﬁd)d?g'& acenent
vector is regpésieRavingfediRed sehfiSoridittordiccaresicopbuinpgion.” ef erence macro

bl ock. Thus, conpression is achieved by preserving displacenent vectors

instead of aBaekgreumrdial content. [0004] Figure 1 dermpnstrates a sinple
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frame referr édnies thhbsonveymeotion when displayed in succession. Because visual
information (such as digital video) naturally consumes large amounts of
data, data compression is often applied to reduce the amount of data
without substantially degrading the original imagery. Motion estimation is
a compression technique that is most often applied to digital video.
[0003] According to the motion estimation approach, a first frame is
broken down into small pieces (referred to as “macro blocks”); then, each
macro block is searched for in a data field (referred to as a “search
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



current frame 103 follows a "previous" frame 101 in the sequence of franes
t hat convey novenent of the autonobile fromleft to right in 1 WO

2005/ 067303 PCT/ US2004/ 043669 Figure 1. The previous franme 101 corresponds
to the sec eferred to just above. A reference I 102b
t hat capt uﬁggzélﬁ)@%?\%se of the autonobile is depicted imﬁz!@("?gﬁ? frame
103 and a search w ndow 104 is depicted in the previous frane 101. [0005]
It is inportant to point out that other scenarios are possible as between
which frame is the "first” frame having the reference block and which frame
s the "second" frane having the search wi ndow. For exanple, alternatively,
the second franme may be a subsequent frane relative to the first franme
(rather than a previous frane as described just above with respect to
Figure 1). [ g Nolke previoustfreme rn61 eorespontdsdo thébecds framed be defined in

current frame 103, Notably, the sequence of 'the evi pus ,and current franes
101, 103 porf?févegﬁ%llh"'g?ﬂﬁ’fﬁ)igﬁf %d“%cfaibé?a%@hénﬁgcﬁmef%téﬁt. Accor di ng
to basic not 'ne&?]6FfHerEﬂtbﬁ|Bbilé‘isfdé¥Jide&fn hatcurdAframedr3 dMtha sgardacr o bl ock
is taken fromthe previous frame 101 and used as a search w ndow for

findi ng the méndavehosindepictedimthe previousframe1QUrrent frame 103. The search
w ndow 104 Lt ] ; current
frames rof ol FECPPRIZISHI Stinarithg sdfialibe AR pialig®en,’ | o

cfent ered, at betwasn w?hhéﬁan\vé fsthé “I?]rét"lﬁa(ijﬂe)ha\tihgetmdmrﬁ'enc? bloekiand tlhe exarrﬁl e
of Figure 1). Al t si ze sear.ch w ndqw 104 shou a s result in the
fi ndi gg of %N@'M&P@ﬁ%ﬁ‘%@?@‘{)ﬁw ALY qsqqg@wm%rﬁ hder goi ng
movenent doeg, il BREARLVEIS, MTebBAd Hafe may 6 eibisaguért fidifie Xampl & of

Figure 1, the reference nmac 102b of "the current frame 103 is
di scover ed i melative tocthe disstirame (rathes thanoa previeus frame as described just

above with respect to Figure 1).

[0006] Note that other reference macro blocks would be defined in
current frame 103. Notably, the sequence of the previous and current
frames 101, 103 portray the automobile moving a distance K to the right.
According to basic motion estimation, a field of data 104 larger than a
macro block is taken from the previous frame 101 and used as a search
window for finding the reference macro block 102b of the current frame
103. The search 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-
X%o),(YeYp)) = ((K-0),(0-0) = (K,0); where, “c” denotes “current” and “p”
denotes previous).

Figures



Ktothe left of its original position wthin the current frane 101. As
such, a displacenent vector of (K 0) is recorded for macro bl ock 102a
(i.e., ((xc- xp),(yc-yp)) = ((K-0),(0-0) = (K 0); where, "c" denotes
"current” 003 notes previous). Figures 2 WO 2005/

PCT/ U820047v891§%(%8673%007] The present invention is ill us#&é&ggo%f/“\?\%y of
exanple, and not Ilimtation, in the figures of the acconpanying drawi ngs in
which Iike references indicate simlar elements and in which: [0008] Figure
1 shows an exenplary depiction of two digital video franes; [0009] Figure 2
shows an exenplary depiction of SAD logic circuitry and its corresponding
macro bl ock data and search wi ndow data; [0010] Figure 3 shows an exenpl ary
depiction of an AD unit array coupled to receive a previous frame's data
and current [00OTE' sTHetpreserjt@rventiorrisglustrated by way of exarpiglamdynofiepi ct i on of

an AD unit havi L mproved power and surf.ace ar.ea consu ion and its
correspondi n@’“‘% 8‘”&%@‘859&&&&%@8?%“%%%\%}983? b4 'Cﬁ%‘fZ] Fi gure 4b

rel ates to thgedintbsimiidate SfRildileldmenty ahtgewhithSAD cal cul ati on process t hat
processes all bits Eer data value and an SAD cal cul ation process that

processes | el}008hanFigures| showan gxeraplagy depictigrofiteio digifelvideda shows an
exenpl ary deﬁ,'b te'gon of another AD unit enbodi nent having inproved power and
sem conductor “die’area consunption and its correspondi ng nacro bl ock data

and search w0009y Figure 2 SdWY aregemplabpdepitiidresf $ADtlbgicdirthitry ent

oS0l Ut i Ons Dt Y B ing Mokt oo ol s Ssart At Ggases @l ! bits per
[0010] Figure 3 shows an exemplary depiction of an AD unit array
coupled to receive a previous frame’s data and current frame’s data;
[0011] Figure 4a shows an exemplary depiction of an AD unit having
improved power and surface area consumption and its corresponding
macro block data and search window data;
[0012] Figure 4b relates to the different resolutions between a SAD
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¢ 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



Tarcuratlon process that can be perforned with the circuitry depicted in
Fi gure 5a; [0015] Figure 5c shows a nethodol ogy for determ ning which Mbits
to use for SAD cal cul ati on purposes when video data values are naturally
expressed as N val ues; [0016] Figure 6 shows a circuit that can be designed

into a Sywﬁ%ﬂﬁhos enpl oys vi deo conpression. Detai |l edp@res200400486806 3 WO
2005/ 06730 /' 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 Figure 2, SAD logic circuitry 201 cal cul ates the absol ute
value of the difference (i.e., hereinafter, 'the absolute difference")
between a data value (e.g., a pixel value) fromthe first frane's reference

macro block data 202 and its corresponding data val ue (e.g., a
cor r espondi nd0®1%el Inwsderde “findya maerokieek @ a seareh windew.chSuMmefow dat a 203.

Here, use of d @)g@d% a sen for

cal cul ating é‘%&qt%?feﬁ%ﬁéﬁ%sf nc @%ﬁgg’%ﬁ%ﬁg&ﬁ??@?g@%@% to their
posi tioni ng dapldtion of Acbdsia architecinme. Aacefding tothertrasioatchiiestuseaf a ref erence
macro block worth_o ta within,.the search, wi ndow data 2Q3. [0018] That
is, basic op%?f%a%Aaﬁwpﬁ%iW@b %fée%t%%ﬁhﬁga% t§|¥ﬁﬁ\erf8%h%ver absol ut e
di fferences fiferBAcd (iR2 HerBihafter, "MieRMISRIdHBIchcs® hitheeR@ldian the first
frame's reference maéro' bl ock data 202 and a specific nacro block worth of

data within tvabiesesg.ch phichualue)itiom the Srst lame’s referengammacre biockbsol ut e

basi o oper at (4 P07 D0 ecolrEaBBidf HaB Ve (g S, 8lochBsfondifig RGP ™ ne. 1 he
value) from the second frame's search window data 203. Here, use of the
term corresponding means that data values chosen for calculating
absolute difference terms are aligned with respect to their positioning
within the first frame’s reference macro block and a reference macro block
worth of data within the search window data 203. |
[0018] That is, basic operational flow involves calculating and summing
over absolute differences for each pair of corresponding data values
between the first frame’s reference macro block data 202 and a specific
macro block worth of data within the search window data 203. Once the
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 comer 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



macro bl ock worth of data within the search wi ndow data 203. Wien a sum of
absol ute differences has been determned for all macro blocks worth of data
that can be identified within the search wi ndow data 203, the nacro bl ock
vvorth of d the | owest sum of absolute differe d the
"found" rragi(gz Eﬁocﬁlﬂwthl n the search w ndow. [0019] Fo?ezélasﬁ%)?/ggg I gure 2
shows a "lower right corner” value 204 in the reference macro bl ock data
202. For purposes of calculating an absolute difference, the | ower right
coner value 204 is always conpared against its corresponding value (i.e.,
the I ower right comer value) of each macro block worth of data that can be
identified wthin the search wi ndow 203. For sinplicity, Figure 2 only
shows two macro bl ocks worth of data 4 WO 2005/ 067303 PCTI US2004/ 043669

205, 206 (anppgs206 (Eﬁnéﬁg’s‘l the mahy)that en bel ientifiec dithint thesealoh search  wi ndow

203. Calculation of the SAD for macro _bj ock 205 will therefore include

cal cul ati ng m%g’a%pélqunlatp@r@#a%sep REaces blogk SAgiwiY thes F ri ght corner
val ues 204 a ,%SQ ock 206
will incl uden&lﬂ ?al{n“ Lﬁ%?@kd&ibfegirféﬁ%goo iﬂqndgig%gggﬁﬂndl ng | ower

ri ght coner waﬂneesaﬂ@é mwrmm.n? Alikewise; calquiatibref the SAR forteacieen t he

ref erence magyo ck..an he search,w ndo o bl are simlarly
dealt with. ﬁm%&’ﬂﬁ@ inﬁ'ﬁs IS‘ﬁa@T ﬁegqrhsg\ﬁ}enaﬁ{&r?q @ﬁﬁéespondi ng

di scussi on aaﬁégpdrﬁiuﬁg Metr%ghh@orﬁémaﬂéés P4 bAY 2DBEAlfdRiregpbidiag si ngl e

ref erence nmacro Here, it is inportant to recall that the first frame

i s broken domluemb@meerptherr@ferechaﬁmqploaléa@d theceearsl windawp|1asro As such,

t he processi with respect to Figure 2 is performed many
ti mes over Emké%i %n&gjr?%gwrr@cro block within the first franme so that

conpr essi on [@020]be TaterdepltﬂubnfoirFigm 2:and its tomespomding:discussion | n order to
achi eve hi ghabove related to the processing involved for only a single reference macro
block. Here, it is important to recall that the first frame is broken down into
a plurality of many reference macro blocks. As such, the processing
referred to above with respect to Figure 2 is performed many times over
for each reference macro block within the first frame so that compression
can be achieved for the area of an entire frame. In order to achieve high
performance (e.g., reduced processing times) an array of Absolute
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



performance (e.g., reduced processing tines) an array of Absolute
Difference (AD) units is used to sinmultaneously calculate AD terns for a
plurality of corresponding data value (e.g., pixel) pairs as between a
reference macro bl ock and a macro block worth of data froma search w ndow.
[0021] Fi glWO2858¢BP%res the concept in nmore detail. Fi gRrEURMYIY® saD

|l ogic circuitry 301 conprised of an array 314 of AD units 11 through XY
each geared to calculate the absolute difference between data froma
corresponding | ocation within the reference macro bl ock and a macro bl ock
worth of data wthin a search wi ndow. For exanple, 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

racr o bl ook’ s dafdk Aty Qlofn SPEETAAEHEM WA /B HEmHEesd 0 data val ue

311 within mac resi 5 WO
2005/ 067303 P@iérmba0RAMY36BB9 search window s worth of data that is held

505, SaD uni + 1068 v ¥y the shednasra itk A 05 BAD A A UDETT I8 o ot fer ence
bet ween: 1) ao&?fgﬁeﬁ%‘éﬁlwﬂiétﬁé’%sdhﬁeHﬁféﬂeﬁ&él'%tWeénr ¢ph gb@yvate; and 2) a

correspondi ng tta value 307 to data value 304 within macro bl ock A 305.
Li kewi se, for 3@ddhat istheldwitBinzoegistey 302; and 2) acafiespgnding detavalyel at e t he

o 2 | G Sy Rl uBRE 5 kP B o, on, 0 o
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designed to calculate the absolute difference between data value 304 and

data value 308.

[0023] The absolute differences for all the data values are added to

together by an adder 315 to form a SAD value for the particular macro

block within the search window being analyzed (e.g., macro block_A or

macro block_B). The computed SAD value is then compared by

comparator 316 against the lowest SAD value obtained so far within the

search window (which is stored in register 317). When 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 referenca 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



bl ock within the search w ndow bei ng anal yzed (e.g., macro bl ock -A or
macro bl ock B). The conputed SAD value is then conpared by conparator 316
agai nst the | owest SAD val ue obtained so far within the search w ndow
(which is st regl ster 317). \Wen the search w ndaow,_ has

d
conpl et el y%ﬁ%&‘?@éd the macro bl ock W|th| n the search WTdo%® O‘fb{’g?efig?lg t he

| onmest SAD value is recognized as the "found"” reference block wthin the
search wi ndow. A notion vector is then calculated. Wth each new reference
macro bl ock | oaded into register 302, a new field of search w ndow data is
| oaded into RAM 303. [0024] A problem however, is that |arge arrays of AD
units consunme |arge anounts of sem conductor die area and el ectrical power.
[0025] In order to address the power and sem conductor die area consunption

i ssues, it i s Cr‘ﬂ?ﬂ & gde a conpar e
i keness bet ween szﬁﬂgf {5'% bat ftbftétne@d rfgérl;ttglufa Bélsplxéls?bl ock and
previ ous frantg allm:earrahge\ohdtnmsmvaluesfcn'mlnages mﬁsulfﬁclentd:mtsaseoe gi,c fields of
data t hensel ves.c data ai nts .t different intensity

val ues. As su agyha@{é Sgkeate ﬁaggﬁg m%e(,\@f @%0@9?5%%

PCTI US2004/ 0485@5\/d1tﬁ>§ﬁﬂébrﬂrhgnrtdéﬂysbhﬁne§§’gémeéfn flildsofgftded per data val ue
(e.qg., per pixel to allow a range of intensity values for inmages of

suf ficient colfGZ83t Sieply put, theresglution of fierdatadip tgm%pﬁthlesmgnh%nq,fr than the
TS OF G DO BB GBI o8 e kO BTSSR aERERen el vl
the number of doés for imege denderingl Aa) ADamit withtin ardéd arapeanthdrefgreber SAD
cal ol &t ons Bgwohea i oeess osn T bE bbb ABae Ao et Helbagy 20, 212
data val ue thgRat ihsHbvided By e HameR)théMSellés Hhe, A8 atonkEqsency)d. as a
consequence. conserve power and semiconductor die consumption.

[0027] Figure 4a shows an example. Note that Figure 4a indicates

that data values from the reference macro block 402 and the macro block

being analyzed within the search window 209 naturally take the form of N

bit wide data values (i.e., N bits per data value). Yet, the (x™, y*") AD unit

418 only processes M of the N bits per data value, where, M is less than

N. By processing less than all of the bits per data value from the frame

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

than an AD unit configured to process full width data values. Such

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



conserve power and sem conductor die consunption. [0027] Figure 4a shows an
exanple. Note that Figure 4a indicates that data values fromthe reference
macro bl ock 402 and the nacro bl ock being analyzed within the search w ndow

209 natur au’g&é’?’g&ﬁé{‘he formof N bit w de data val ues (IJCT%S,ZM)IQQ* per

data val ue). e ()", yth) AD unit 418 only processes e Nbits
per data value, where, Mis less than N By processing |less than all of the
bits per data value fromthe frame data, the AD unit 418 should be snaller
in size and consune | ess power than an AD unit configured to process full

wi dt h data val ues. Such efficiencies should extend to the array 414 as a
whol e because it is conprised of a plurality of efficient AD units. [0028]
Fi gure 4a suggests that the reduction in bit width fromNto M bits is

acconpl i shed tb\édée%%rra?ietefr@btz dNdVRAIA 308! AespRCtvely): gmthégé‘adhégefrarﬁéf erence

macro bl ock 402 (e.g., Tfromregister 302 in Figure 3) and t macro bl ock
wi thin the sedatamay rerpainasoN wide datarvaligsrowlithe wining isicgnfiguredhto and, storing

the N wi de da ' I | ' hen, only
Lhe M bite uolholS ey A BRF Shet T B3 by frbferred gvard "0, 27
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| oaded into rﬁﬁﬂ@r@@é&ﬁg@g%&% 9Rd tI’L@ﬁé‘?&ﬁ wirflow daer404 fahbasied frame

data may remain as N w de data values but the wring I's configured to
i gnor e t he unupitwith-an Miwidebiugri.e.ntheddwide bupisyremaved). transferred toward
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the question arises as to which bits should be ignored and which bits

should be selected for purposes of performing SAD calculations. The

following discussion outlines various approaches including: 1) ignoring

only lowest ordered bits in succession; 2) ignoring the highest ordered bit

and one or more successive lower ordered bits; and, 3) custom

calculating which bits are to be ignored based upon the data itself. Each

of these are discussed immediately below.

lgnoring Only The Lowest Ordered Bits In Succession

[0030] 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

original 8 bit value can be represented as
ignored bit and __is a non ignored bit. The full 8 bit data values are
capable of expressing a dynamic range of 0 to 255 with a resolution of 1
(i.e., 256 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



unit with an Mwi de bus (i.e., the Nw de bus is renoved). [0029] Wth the
understandi ng that efficiency is gained through SAD cal cul ations invol ving
| ess bits per data value than the inage data itself, the question arises as

to which bits should be ignored and which bits should f or

pur poses W%’Qﬁ%“? ng SAD cal cul ations. The follow nggg'r@g%@@)‘% Pout I i nes
various approaches including: 1) ignoring only |lowest ordered bits in
succession; 2) ignoring the highest ordered bit and one or nore successive
| ower ordered bits; and, 3) custom calculating which bits are to be ignored
based upon the data itself. Each of these are discussed i nmedi ately bel ow.

I gnoring Only The Lowest Ordered Bits In Succession [0030] Ignoring the
| owest order bits has the biggest inpact on resolution but the small est

i npact on dy &Jﬁl%%to%&a@g?aééu toggggﬁawcaftaﬁgebhoso Q&B%p?” si npl e

ternms. Before di scussing Flgure 4a, ver, 1t 1rs tirst hel to go
t hrough the besxﬂut}omai&(alm,tiibdlffa[erqbVaMSS @Cd 96024, .as248).exanpl e franme data

i npl t ed bi t = d

gﬁﬁﬁ”o?  $081h, Pahf? Rk BrpR S rablioin o b pofBRraoR e cossi on (i .. .
= 5). |In syiiredCatiove >gamen%4taa|ti%tfa'm§ an@rnbgtor@dalé) Hihe lefmast can be

represent ed as wher e is an gnored bit and IS a non

| gnored bi t. depkctibnA20gpravides aaualiigtive feak far the dyaamic rage@der essi ng a dynani ¢
range of 0 t egaﬁhém éﬂvﬁlc ‘?ﬁ rb'HoQ: d2ta \}aluéé c?rﬁpeﬁgré%e&‘ﬁr@ﬁt lues: 0, 1,

2, 3,..., nori ng omes ordere Its of an it data
val ue causes thabits pehdalasvadlie fréve sevidee fraimtel areenmifloyaD®. 9.6 alB8dits as

B 0 el Wbt SVl Sholed, Yhe R BAE ebfetbo M) Watiakgass, o © 1°

248) . [0031] dualitéfife fdxl ForitABRYAarmit rAGaR—IdTasbIMticH Al Which fife s@mBar i son
macro block data values can be expressed when a set of successive
lower ordered bits per data value from a video frame are dropped (e.g.,
the three lowest bits are dropped as discussed in the example above).
[0032] Here, note that the data profile observed in depictions 420, 421
of Figure 4b can be viewed as a plot of macro block data values. For
example, simply by reading macro block data values in some order (e.g.,
first row left to right, second row left to right, ... last row left to right) a
pattern unique to the imagery of the macro block will reveal itself. The
SAD circuitry essentially finds matching pattems 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



outlined above (albeit qualitatively and not to scale). The |eftnost
depiction 420 provides a qualitative feel for the dynam c rage and
resolution at which macro bl ock data val ues can be expressed when all of the
bits per data value froma video frane are enployed (e.g., all 8 bits as

di scussed iWO2MS06%pl e above). The right nost depi ctio?f’ HS2PHP936§2s a
qualitative feel for the dynam c rage and resolution at which the sane

macro bl ock data val ues can be expressed when a set of successive |ower
ordered bits per data value froma video frane are dropped (e.g., the three
| owest bits are dropped as discussed in the exanple above). [0032] Here,
note that the data profile observed in depictions 420, 421 of Figure 4b can
be viewed as a plot of macro bl ock data val ues. For exanple, sinply by

readi ng nmacro ' : f wleft to
ri ght, gsecondth%gv%%g%taa?%ﬁralng{ﬁds?pé%F@g? gérjdé{'/vvﬁf' ??‘?s?’é‘erdlagﬂ’?ﬁ’g pattern
uni qugat to t he(bietﬂsmﬁ 1he]i9r_fart=;I Ieecltmmt i dtbemd!?mtﬁel samalgaitr of heﬂ%dhntal'llinﬂs).SAD
circuitry essentiall, i nds matching .patterns as betwee e
ref erence, mact@e lﬂséd'ﬁ dM’éﬂm@rrﬁ“%&F @&%&g‘ééﬁ@ﬁ‘%%ﬁﬂdﬁg@"rf&@r‘%hﬂﬁock pattern.
Because the SpaEs BEANEDR ekpReisehd HerdtariAVlud fhal Bhad il fésdiutisip

ponds to a sane nuneric value, higher resolution (i.e., smaller

i ncrement s) i woulddalt ircthediadklistedaegiopid2Biveould bé givegua &lipped’s | ess space

bet ween nei ghboring |ipes: Lech, Jn tunrn, corresponds to nore horizontal
lines super| nﬁ’@&ﬂ?‘&)’@ﬂ"eﬂéﬁ%hl@?#%ﬂﬁg]be ) F?/'_aﬁﬁ‘é”q%ﬁ'f%st depi ction 420
has hi gher rempBy]i owith@nuhdetstahdiigioTisd lods in @ynamic43Age BAd exanpl e,
referring to the set of data points 422, note that the data_ points are

expressed wi tfesglutionfteataecurrineen lowpsomered Rits gee drPPREEERIEANS: i on 420
(Pocay=® s LeATaiaRa o & SHERAORRIRAL 0B i ki GTag, or' 7o
PCT/ US2004/ 04qulidatively observed in the leftmost depiction 420) is not necessary to

identify matching patterns or at least patterns having a high degree of

sameness. That is, for many practical situations, the resolution observed

in depiction 421 is “good enough” to identify matching patterns. A pair of

identical or nearly-identical macro block patterns as observed in depiction

421 (and expressed with the resolution and dynamic range observed in

depiction 421) should correctly produce a very small SAD value (so as to

mark sameness or near sameness between the pair of patterns) because

the unique features of the entire pattern as a whole is weighed into the

SAD calculation (e.g., the smaller left peak, the large right peak, etc.).

lanoring The Highest Ordered Bit And One Or More Succ'essive

Lower Ordered Bits

[0035] lgnoring 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
_____ X X, , 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



t hese sane data points nust be expressed with the sane data value (because
they are each binned between the sane pair of horizontal lines). The |oss
in dynam c range is depicted as a hashed regi on 423 where val ues cannot be

expressed. r val ue that under full resolution fall t he
blacklistedxﬁégﬁgg%%§3 woul d be given a "clipped" naxiﬁﬁ#&&%?@%”ﬂ?gthe

hi ghest space between nei ghboring lines. [0034] Wth an understandi ng of
the loss in dynam c range and resolution that occurs when | ower ordered
bits are dropped, depictions 420 and 421 help to enphasize the point that
full resolution (e.g., as qualitatively observed in the |eftnost depiction

420) is not necessary to identify nmatching patterns or at |east. patterns
havi ng a hi gh degree of saneness. That is, for nany practical si tuations,

the r esol ut | op.oieh ¢ Bettéringif it obeenéd n Uéplcﬁcﬂ?ﬂz‘F%‘PF filirelap, | denti fy

mat ching patterns. A pair o ntical or near |dent|cal macr o bl ock
patterns as oSpetifieally, whergasdhe fuil sbmdataavaiummeeaapablemﬁaxmessmgaaol ution

and dynamc r observe ct oul roduce a
very snal | %"%Jp'ﬁéa?g%oﬂgtq 85§H@b Hggﬁ@ﬁé@@ ? gf’égﬁ%%@é'é"‘%& ween the
pair of patteon1;)2 133 caU2E5), theexuni que_ )‘(wtap ﬂfagﬁﬁsbhg, &dpablecofrat tern as a
whol e is wei ghed into the SAD calculation smal l er | eft peak, the

| arge right pewNessing adynagierangg ofitor}24 a@%ﬁi\‘@ﬁ ¢f4 (i@dBlone O Mre
Successive L d t 003 gnoring the highest ordered bit has a
significant i ﬁp‘f@fﬁtgvgﬁfeg %?rhaz1rbang5‘]2€ it allows for better resolution. As an
exanpl e, cons[0036] ag}umpa‘rlngrtbe dghtmostdepiction 621 af FRyuret5b with thkat a val ue

(e gheat Chpiridet gRoiol §2F ok Pichin dbontie 0B Shebi Sogpzs®), 1 1cl Ui "o
the original §2®lﬁat‘6§i‘r§§pé‘fﬂi§ tolfynafig %ﬁgéﬂ&% ignuth largerin Fighrg.5b Where X is
an ignored bit and non i gnored According to the nunerics of
such an appr othéam, thﬁgure 4b however the resolutlon as measured%y the space

between neighboring lines is improved. The approach represented in

Figure 5b is an ideal approach when the macro block data is as observed

in Figures 5a and 5b: for the most part, “stuffed” in a particular half or so

of the full dynamic range. In such a situation, because the data is

“stuffed” in a particular half or so of the full dynamic range, a substantial

loss in dynamic range is acceptable because the data for the most part

does not exist in half of the full dynamic range space. Moreover, again

because the 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 pattemn that is stuffed into an upper half of the full dynamic

range.

11



dynami c range is nore than cut in half on a |inear scale; but, the 10 WO
2005/ 067303 PCT/ U52004/ 043669 resolution is better than that observed in
depiction 421 of Figure 4b. Specifically, whereas the full 8 bit data

val ues are capabl e of expressing a dynamc range of Ot 1th
resol ution WPPOS738 556 different values: 0, 1, 2, 3,1.9(.:. ,%’%"ﬁ’“@he "X

X X" approach is only capable of expressing a dynamc range of 0 to
124 with a resolution of 4 (i.e., 31 different values: 0, 4, 8, 12,...
124). [0036] Comparing the rightnost depiction 521 of Figure 5b with the

ri ght nost depiction 421 of Figure 4b, note that the hashed regi on 423, 523
that corresponds to dynam c range loss is nmuch larger in Figure 5b than in
Figure 4b; however, the resolution as neasured by the space between

nei ghbori ng | Ld?\j\ﬁé'nstﬁhdaifd?ﬁ{fgz %ﬁgwﬁgﬂm%f{&?{rgé%hﬁ%hfé oi’lj?i Wk 5D i's an

| deal approac e nmac ata 1s as observed 1 n Fidures 5a and
5b: for the nbatcapde appliedd6f anioffset calquiation emit&05H(whichosarse of the ful |

dynam c range. I n _suych | t.uatian, cguse the_data is "stuffed" in a
particul ar haFPngfu‘g%d mqhtﬁ‘mic FLGW'P'&}?Q?@E%P%@%T@%@UI?s% H}?tscroaﬁocﬁoss in
dynam ¢ range dafa SOZ ARAINFESIS DSARME Aalifg daed Galhies tHat areBeiffedaitb andoes not
exist in half of the full dynam c range space. Mbreover, again_ because the

data is stuff&aperhaf ef thadull dynasmicrangesand, in response, PIAvides ampfferte ¢ he
b hor, = RS RE el SBFOREIAAS vBhUTfo e PR gibpEeL s Ve es
as a consequerarge adaepittedin Figime Shv(riate it Figare Sbithat negative valuesnost part
Fi ur 65 5a andfebEPGRLT bl i ofsRERre YiPPEHES RIRIUC PR LRERI0TR of f set
fggggd Efgﬁ?g%ggépsMEad&-Wfrhﬁuefwt@ vhlue¥ tG Wbt Irihe drilSodiim@nt 81 dynami c

Figure 5a the additions are performed with N bit wide data values. The

AD unit 501 (which may also be implemented with logic circuitry) then

operates on M of these N bits per data value by ignoring the highest

ordered bit and one or more successive lower ordered bits.

Custom Calculating Which Bits Are To Be Ignored Based Upon
The Data Itself

[0039] In another (more sophisticated) embodiment to which the

architecture of Figure 5a can be applied, the 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 da;ta 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.

12



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 dynamc
range. 11 WD 2005/ 067303 PCT/ US20041043669 [0038] According to one

enbodi nment e architecture of Figure 5a can b

of f set cal éﬁéé(i? %173Mit 505 (which can be constructed %‘ﬁ%’@’gﬁ@g. rcuitry)
detects that the first frame's nmacro block data 502 nmanifests a pattern
havi ng data values that are stuffed into an wupper half of the full dynamc
range; and, in response, provides an offset of - (A-B) to effectively
"drop" the data values into the viewable dynamic range as depicted in
Figure 5b (note in Figure 5b that negative values after application of the
of fset are clipped to a value of 0). A pair of adders 504a, 504b add raw

frame data vapygey t oThiieodHdray, asldaoldid AIEGHHSEL 1 unbeHY i ¢ he

additions ar per or ne val ues AD unit 501 (which
may al so be isighificanttbitd tiattdan| beginasked qutiare fiystidetermingbbat,emddheM of t hese N

bits per data,val u rin hest ., ordered bjt and one nor e
Success! ve | dEnUTbREPElFT boRiendtbifh B &l o ke ol breieRiged, e

| gnor ed Baseds8omm onB'émbedient, 2Ré b6 &GS 86t torthe sihintim daed valg@itst i cat ed)
embodi nent to which the architecture of Fi gf|ure 5a can be applied, the

of f set cal cul @xistsin the refergnce macrrbipgkwerth ot data and thefaunaben ofanest of fset t o
be applied to b@ﬁcérft‘ﬂrtg@ﬁé’t tbeﬁ%ﬁbo"@ﬁtﬁ HeYou rﬂéﬁﬂﬁg%tlﬁtegérgpe N bits per

raw dat a value out so at on Its pér data value are
used for SAD cal dugzﬂ"f/MaxVahpbses Here, a Ieast significant bit is nmasked

o Lo whbe s B gl GA0 oBbdoh i ine AB0Rhe BB e o0t
none of the orth of data. For example, if M=8, N = 5 and MaxValue = 128, then the
number of most significant bits that can be masked out is
logz|2M/MaxValue| = log,|256/128| = log2|2] = 1 and the two least
X X). As another
example, if M=8, N = 5 and MaxValue = 64, then the number of most

significant bits are masked out (i.e., X

significant bits that can be masked out is logz]2"/MaxValue| = logz|256/64|
= log,|4] = 2 and the least significant bit is masked out (i.e., X X _
X).

[0041] Figure 6 shows a generic design that can be 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 5c) for the purpose of performing SAD calculations.
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nost significant bits are nmasked out | eaving the three | east significant
bits to be masked out; 2) the nost significant bit is nasked and the two

| east significant bits are nmasked out; 3) the two nost significant bits are
masked and significant bit is masked out; and, t e nost

si gni fi oo WedsigRks > I At D 0 2008 067905 PCT] R [ 0040]
Thus generally, as depicted in Figure 5c, the nunber of npbst significant
bits that can be nmasked out are first determ ned 551; and then, the nunber
of least significant bits that can be masked out are determ ned 552. In one
enbodi nent, the offset is set to the mninumdata value that exists in the
reference macro block worth of data and the nunber of nost significant bits
that can be masked out is the rounded down integer of 109212"~/ MaxVal uel
wher e MaxVal 4e043] rnhﬁe%ﬂﬁgsp@lcw@aﬁdmm/menﬁbﬁn@s beértesebedl ock worth
of data. For exanple, if 8, N =5 and MaxValue = 128, then the nunber of
nost si gni fi ouith referesce kaspecific exemplarambedimestsithepgaf: YWl val uel =
10921256/ 1281 = = : LanLL A e masked
out (1 ., x noweWRr, Beroyer tRavaricRs miduincEfiohs il SfphyEtiaye Bk TECUET e

= 64, then t theretorimthoot depasting fomrthé broader bpititandistopeof the masked out is
kst aSeek o oI at. T R Sos QORI b ne | ¢ ot
that can be .Lﬂ?ﬁﬂidg@ 8 YacordiRgly, fo'HY reBERIeANA an! iflierati08RahertHam 4 NCl uding the

SAD t echni ques di scussed heréfn. AccOrding to the system design of Figure
6, raw unconpeskictive sensgeo data is | oaded into a nenory 601. The nenory 601
, Which can be an SRAM nenory or DRAM nenory, is coupled to a video

conpr essi on

14



circuit 602 (e.g., having an architecture that resenbles the architecture
observed in Figure 3 where nenory 60 Is coupled to both register 302 and
RAM 303). A reference nacro block and its correspondi ng search w ndow is

| oaded into the video conpression circuit 602 fromthe menory 601. The

vi deo 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 purpose of perform ng SAD cal cul ati ons. 13 WD 2005/ 067303

PCT/ US2004/ 043669 [0042] In the foregoing specification, the invention has
been described wth reference to specific exenplary enbodi ments thereof. It
wll, however, be evident that various nodifications and changes nay be
made thereto without departing fromthe broader spirit and scope of the
invention as @eAiMg’th in the appended claims. The specification and

drawi ngs are, accordingly, to be regarded in an illustrative rather than a
restrictive S¥hsks claimeédAl M5 Wat is clained: A nethod, conprising: a)
determ ning a AHERRI, BbnPRsihg:Si gni ficant bits to mask froma reference
macro bl ock's data value and”a search w ndow macro bl ock's val ue; b) taking
an absol ute dia)f er eeemofing 4 humbeladfanost sigaifidanhbidstoumasinipore ssefereicdeo dat a

value froma reference macro block in . a first fra th said nunber of
most  signifi ¢2AtO lof’g'sﬁlﬁ%alé’é‘g{e adf ssfrch "E‘B??‘@é%ﬁ?jgﬁ’ﬁwaé@]é‘ei/al ue of an

unconpr essed \ﬁpdeo&aﬁ%ay%%ﬁtehf%&e@cro bl ock worth of data within a
w nd '

search wi ndow rn a sec
1) a data value with an uncompressed video data value from a

reference macro block in a first frame with said number of most
significant bits masked; and
2) a corresponding data value of an uncompressed video data value
from a macro block worth of data within a search window in a second
frame with said number of most significant bits masked, wherein said
data value and said corresponding data value being aligned with respect
to their positioning within said reference macro block and said macro
block worth of data within the search window;

c) calculating a sum of the absolute differences taken by step b); and,

d) calculating a motion vector based upon the position of said reference

macro block in said first frame and the position of said macro block worth of

data within the search window in said second frame.

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.

3. 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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frame with said nunber of nost significant bits masked, wherein said data
val ue and said correspondi ng data value being aligned with respect to their
positioning within said reference macro bl ock and said nmacro block worth of
data within the search window, c) calculating a sumof the absol ute

di fferences taken by step b); and, d) calculating a notion vector based
upon the position of said reference nacro block in said first frame and the
position of said macro block worth of data within the search window in said
second frame. 2. The method of claim 1l wherein said first frame is a current
frame and said second frame is previous frane. 3. The nethod of claim1l
further conprising |oading said reference macro block's data values into a
register prior to said taking. 4. The nethod of claim1 wherein said

reference marco blgoCRiesmetiidcofvsdineS wherein Baidreferssesmabsbleak’d | oaded. 5.
The met hod of claim3 further conprising | oading said search wndow "s data

val ues into &atvalups Q&HBQOVHBW&FW whes saidJoaded ad sridsparch windowsie net hod
of claim5b g{,&uégggﬂ? Gﬁ%&ﬁﬁ&gge%gﬂ sgldolﬁgdéd data val ues are

unconpr essed en sal search wndow s data values are
unconpr essed when 7sdihe tethibedof claimThurter bompdéing|determiningvtiielt Nconpr i si ng
determ ni ng V[!gt 3h N bits'from 1) said reference macro block's data val ue's
Mbits 2) sai ®Mch wi ndow macro block's data value's Mbits are to be

used for said taking tRhgsalsefdibhoelinhERIISI661Cs déta vilee'SH Blesl of claim 1
wherein determ ning conprises: determ ning the nunber of |east significant

bits that are to be na2kéedid seassh windawgnaeroddeck's daiasslue’s M bits
are to be used for said taking the absolute difference.

8. The method of claim 1 wherein determining comprises:

determining the number of least significant bits that are to be masked

from both said data values.

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 Iogz|2M/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.
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9. The nethod of claim8 wherein said determ ning the nunber of |east
significant bits is (NNM - (said determ ned nunber of not significant
bits). 10. The nmethod of claim9 wherein said determ ning the nunber of

nost significant bits further conprises cal culating 109212"'/ MaxVal uel were
MaxVal ue i s the maxi mum unconpressed video data val ue of said reference
macro bl ock. 11. The nethod of claim9 further conprising adding an of f set
value to said reference macro bl ock's unconpressed vi deo data val ue and
said search wi ndow macro bl ock's unconpressed vi deo data val ue. 12. The

met hod of claim 11l wherein said offset is set equal to a m ninmm val ued
unconpressed video data value of said reference macro block. 16 13. An
apparatus conprising: a) logic circuitry to performthe nethod of claima1l,
b) a register tgq store said reference nmacro bl ock, said register coupled to
said logic circuitry, and, c)..a random access nenory to store said search
wi ndow, saild: r ant®APRAAWE SOMPEHREY coupled to said logic circuitry. 14. The

apparatus of cl gj . : 1S ¢ Byl | logic circuitry to
determ ne an of ?dgg{)élggﬁgﬁeﬁ‘gg‘égg?%ﬁ“?)nglés?%?cggfréel?g{r]g’nce macro bl ock's
unconpressed Vi dgQ rdaister 1/ abtessaidiefbrente mairé bReRr sald miiitiawotpled @ blid tdgic
unconpressed video data value. 15. The apparatus of claim 14 further

conpr icichgryaald,r st adder having a first input to receive said reference

macro bl ock's un onlprgssed . . .
¢} a random access memory to store said search window, said random access

memory coupled to said logic circuitry.

14. The apparatus of claim 13 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.

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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vi deo 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 conprising a second
adder having a first input to receive said search wi ndow macro bl ock's
unconpr essed vi deo 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: determne the nunber of nost significant bits
that are to be masked fromboth said data values; 17 determ ne the nunber
of least significant bits that are to be nasked from both said data val ues.
18. An apparatus conprising: a) logic circuitry to performthe method of
claim1; b) a regidstermine tisé nurmberofdeastisignifivaat bits that brotkbe afsked egi st er
coupled to said logic  circuitry; c) a random access nenory to store said
search wi ndov@,rorﬁé’Pg‘ pAAHMA ¥alleSs nenory coupled to said logic circuitry;
and, d) a DRAM nenory coupled to said register and said random access
menory, said DRAM nenory to store said unconpressed video data value froma
reference macro block and said unconpressed video data value froma nmacro
bl ock worth of data within a search w ndow. 19. The apparatus of claim 18
further conprising additional logic circuitry to determ ne an offset to be
added to: 1) said reference macro bl ock's unconpressed vi deo data

18. An apparatus comptising:

a) logic circuitry to perform the method of claim 1;

b) a register to store said reference macro block, said register coupled to said logic
circuitry;

¢) 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 2 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

18
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val ue; and, 2) said search wi ndow macro bl ock's unconpressed video data
val ue. 20. The apparatus of claim 15 further conprising a first adder
having a first input to receive said reference macro bl ock's unconpressed
vi deo data value and a second input coupled to said additional circuitry to
18 receive said offset, said adder having an output that flows toward said
logic circuitry. 21. The apparatus of claim 19 further conprising a second
adder having a first input to receive said search wi ndow nmacro bl ock's
unconpressed video data val ue and a second input coupled to said additional
circuitry to receive said offset, said adder having an output that flows
toward said logic circuitry. 22. The apparatus of claim 18 wherein said
logic circuitry is also to: determ ne the nunber of nobst significant bits

that are to beesaigdkesid difsethdant Addati Having #n vdtbuehat fvetowand ddi@ nunber of
| east significant bits that are to be masked from both said data val ues. 19
logic circuitry.
21. The apparatus of claim 19 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.
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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