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[0001] The field of invention relates to notion

estimation; and, nore specifically, to a notion

estimtion Sumof Al Differences (SAD) logic circuit

havi ng reduced sem conductor die area consunpti on.

Background [0002] Digital video is typically enbodied

as a collection of digital still frames that convey

noti on when di splayed in succession. Because Vi sua
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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



current franme 103 follows a "previous" frame 101 in
the sequence of franmes that convey novenent of the
WQiosikeid e fromleft to right in 1 WO 2005/ 06M30BS2004/043669

PCT/ US2004/ 043669 Figure 1. The previous franme 101
corresponds to the second frane referred to just

above. A reference nmacro bl ock 102b that captures the
nose of the autonobile is depicted in the current

frame 103 and a search w ndow 104 is depicted in the
previous franme 101. [0005] It is inportant to point
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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-
%p),(Ye-¥p)) = ((K-0),(0-0) = (K,0); where, “c” denotes “current” and “p”
denotes previous).

Figures



Kto the left of its original position within the

current frame 101. As such, a displacenent vector of

W@ §08)673683 r ecorded for macro bl ock 102a (i .e. ,PQI/KS82004/043669
xp), (yc-yp)) = ((K-0),(0-0) = (K 0); where, "c"

denotes "current” and "p" denotes previous). Figures
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present invention is illustrated by way of exanpl e,

and not Ilimtation, in the figures of the

acconmpanyi ng drawi ngs in which like references
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calculatlon 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 resolutlons 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




cal cul ation process that can be performed with the
circuitry depicted in Figure 5a; [0015] Figure 5c
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use for SAD cal cul ati on purposes when vi deo data
values are naturally expressed as N values; [0016]
Figure 6 shows a circuit that can be designed into a
systemthat enploys video conpression. Detail ed
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fb%rtwgerq ?ﬁ(é first fral ame 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 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



macro bl ock worth of data within the search w ndow

data 203. Wien a sum of absolute differences has been
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can be identified within the search wi ndow data 203,

the macro block worth of data having the | owest sum

of absolute differences is deened the "found" nacro

bl ock within the search wi ndow. [0019] For exanpl e,

Figure 2 shows a "lower right corner” value 204 in

the reference macro bl ock data 202. For purposes of

calculating an absolute difference, the lower rig
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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 D fference (AD) units is used to
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correspondi ng data value (e.g., pixel) pairs as
between a reference macro block and a macro bl ock
worth of data froma search w ndow. [0021] Figure 3
expl ores the concept in nore detail. Figure 3 shows
SAD logic circuitry 301 conprised of an array 314 of
AD units 11 through XY each geared to calculate the
absol ute difference between data froma correspondi ng
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bgd 418h IRAHIF] AN |§ s*torﬁﬁ% Pedibief 81%).0When 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



macro bl ock B). The conputed SAD value is then

conpared by conparator 316 agai nst the | owest SAD
woa1060680% ai ned so far within the search w nde@ir/UsdoD4eu3669

is stored in register 317). Wen the search w ndow

has been conpletely analyzed, the macro bl ock w thin

the search wi ndow having the | owest SAD value is

recogni zed as the "found" reference block wthin the

search wi ndow. A notion vector is then cal cul at ed.

Wth each new reference macro bl ock | oaded into

register 302, a new field of search w ndow data is
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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



that data values fromthe reference macro bl ock 402
and the macro bl ock being analyzed within the search
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values (i.e., N bits per data value). Yet, the (xt',

ytb) AD unit 418 only processes Mof the N bits per

data val ue, where, Mis less than N By processing

| ess than all of the bits per data value fromthe

frane data, the AD unit 418 should be smaller in size
and consune | ess power than an AD unit configured to
process full width data values. Such efficiencies
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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

X XX, ,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., 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



the question arises as to which bits should be ignored
and which bits should be selected for purposes of
We2005/06130g SAD cal cul ations. The foll ow ng drGRUS2DGM3669
outlines various approaches including: 1) ignoring
only | owest ordered bits in succession; 2) ignoring
the highest ordered bit and one or nore successive
| oner ordered bits; and, 3) custom cal cul ating which
bits are to be ignored based upon the data itself.
Each of these are di scussed i medi ately bel ow.
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2005/ 067303 PMUS2004/ 043669 nuneric values to be

dbgrtbwdowestabltg/amroppad@@ discupsed infig example above).

Ap03a1' | Blges nofe bt he- ol ol LERnaf I Fopighonoadyiay

dsfiFiguré 4b cmrwvlew@d astal plot o ehadpe Wiookaddie values. For
qualltatlvel and not to scale). The | eftnost

o@fﬁfﬁﬁ Poﬁ'"lpi!)bb FeRding snacrg @é@qh CéataW@lth@én sppte pxler (e.g.,
HBERLPIABTMechRATLMILES Bt FyTBfen B sl =
Vigditten funéquestorthe émagenef the enmrplbigc&ldwme'egeal islelf. The
bé}\B c?rscuitry essentially 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



di scussed in the exanpl e above). The ri ght nost

depiction 421 provides a qualitative feel for the
WQINaMm$7180F age and resol uti on at which the samePCTES2004/043669

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 exanpl e above).

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

depi ctions 420, 421 of Figure 4b can be viewed as a

pl ot of macro bl ock data val ues. For exanple, sinply

Bhese samedatapointsInyext hesexprossaskbwith the samediatavalue
(B e e B B 5RO B

IThe R siimageamicofangeds deploteddhe ekhashkel regionad23 whetd -
The SAD circuitry essentially finds matchi ng patterns

aalyes ﬁwptthﬁ*eexﬂf@?’?@% nidere, ﬁﬁg’r\/@'% ek upder il fegplytione
G Tl e oL hctlcif 23 BRLIGHE gar S KipER”
anaxiesymvaiue at the $rgheest space betredereneighbbrng tieesl ut i on

(J.e.. s ler increnmpnts) is represented in the
YopSal ; ot kngRelaninG of insdoSS prawaTnG aBds and

' i InESwhihi ' - d iR €
TRSHAGRIRR ddcapsuniolr o oo Y ARTRRL RS
@2fhahg 42hdeleia emphagdizpitibe poimt 420 fulhredoluflosy (e.g., as

ity abeitied i pCREARERE F20 LR il TiecSSary to
naéstifyaatchitg skteindor Bt Roast Fatteris PRIRY dhigh degree of
different numeric value in the |eftnost deFl cti1on 420

(spraeness. cthat isldoamanyrracticah sitwatipnse theerasoluion observed

heleicich 4215 oBoad BhbEE" Gt Moty el i
/i8edtichl @r felrly-idsticahmacemblack pattemsnassbbserved [ depietion

wth the sane data val ue pbecau they are each .
A 2hEnchemessed with s EesoktionandynarBirande hssived in

The . . . ) !
M50 BT ANt bol SN S Azl s
amgrivsdroenesmor neatesanenéss leetwieanitios painwiiipatteedd) begause
ttp\g u%c"ﬁ%( Jféa?ttlr%g of five 8Hti|*4é2§at¥éDrH la% abv%hgllevig r\]/vea}ghé:é it ?ﬁje

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
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maxi mum val ue at the hi ghest space between nei ghboring

lines. [0034] Wth an understanding of the loss in
WQ@INaMm$7180F ange and resol ution that occurs wheRCT/G82904/043669

ordered bits are dropped, depictions 420 and 421 help

to enphasize the point that full resolution (e.g., as

gualitatively observed in the | eftnost depiction 420)

is not necessary to identify matching patterns or at

| east patterns having a high degree of saneness. That

is, for many practical situations, the resolution

observed in depiction 421 isr;§$Od enou

h" to
resnluiion isrhetser hgn Saat csssvechindsmctism 421 h Figire 4.

AR RO VN R bl i o
cymaimhic range ef 0k 268 adth A resttiaH oo (422 1256 AiFfdrént values:

correctly produce a very small SAD value (so as to

rfark 25 Smeneddd)othendar_ sanereXsaprRioasbs PAY gapableef

RSl aYTRIRE radd ot O 54 MR A P ior 64 1Y, 5

o e I O . 14 Ghoas -y dor et L
eak, C. 1€, (

%335112 %OWWE‘Qéh%%%‘QT‘Q%tgd@LRﬁ?EQ" S et Elgused wﬁéﬁaﬁ

AR GRAODEN S27) ERAR B S A5 1BpBBl agencn

r&Zbthat icorrespendstoadyanaphio rangskisdds munhdargdrimirigurat 5b

BN ST g 85 feyieR, B8rsSllfon As iHiatsyr8a by typ shee
i W@h%@mﬁ)rmggih@%tis ahprRived. dine apiitdatih fepréBehtedast
S él.e., a mask of the original 8 bit val ue

or dered bi
dagure Shris gnddeatanpraachkwhen the macgo rlock gataris ax obgeryed

I affee oh gt o maR b S RABACH & patfiilirHefity

| 6f the gl dsamicuangs. hakliciva situbtiogdrecauskdhe data ist he
10. WD 2005/ 067303 PCT/ US21é114 [0 4 3.6 6 9 resolution
i stuftad’ & ainasiicularhalbese obide; il dypamic mnaes @ syostantial

T fodmeTRAg S Sbdptanithacanes WEGA b RHos R,
tdnezonotvexist im haf ©bthe fullrdymimic (ange spass Mlioféavesagain
Vt‘;iécua%ssé the data is stuffed into a particular region, it is helpful to improve
the resolution as compared to the appljoach 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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o, 1, 2, 3, ..., 255), the "X _ X X' approach

is only capable of expressing a dynamc range of O to
WA2506108 a resolution of 4 (i.e., 31 differePET/US2004/043669

values: 0, 4, 8, 12, ..., 124). [0036] Comparing the

ri ght nost 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 dynamic

range loss is nuch larger in Figure 5b than in Figure

4b; however, the resolution as neasured by the space

bet ween nelghbor|ng lines is inproved. The approach

r[9988% enfeaoiding 1 ene emblodingenirofithiatihegiphitecture/sfdrigure

£ oRB Perarbi o JLOTEL Bl R UFF 05 el e ot
QtorfsPrucedd \Ivhﬁ Iddic bwélMﬁ?)’@i@tebWﬁt thefirstftme ' ssinblds bledk
because the data is "stuffed" in a particular half or

sdptadO2yaaniigsts gyradiare hlaan@edata valuest that aeg stuffed intpran
B sl GFGE SPA ARG, LR PesodiRe ! Bicide ar Btset

r@fnqa-Bpan@ﬁedWe@OWDp” mdaita Wlﬁﬁ? theevidabble dynamlc

ffed |
13098 5 Cahigef R BIgHTRHb L0te hBiwie ¥ et aeaphve uakes

bat
8t bphatich bl dTRBt SRS Biniedl 43PV ARD o 0). RS of adders
calptay r‘i@éb&xicbraminamqm@ia ealyeddd the bffse’r darthe cenubcn:hment of
[ t f.ed. hi
Helefirg B3 the Scgiion fie mectormag v tifideidla Fatued it
SRD Mt 50%) (wlﬂéh ?nd? é1§<5 @ehﬁidenﬁént‘eﬁ@viﬂﬂdgm&j& F&Hng) then

range, an offset should be added to the data to nake

i Qperatasa M o thase N lmts pentdlata valyembyrighariagdbe huglw'te

e TBR 03 Peah e al st SRR ITT G 1

i s stuCisidm ChkulningdValichiBitd Ard To B fgnbrediBassd Cpon
range. tll WD 2005/ 067303 PCT/tJS2004/ 043669 [ 0038]

selh one enbodi ment of that the architecture

JooBopy o andthEAG® SRshistRAtdd) erffodiehtto GAlchtha! ! on

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 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.

12



constructed with logic circuitry) detects that the
first frame's macro bl ock data 502 manifests a
WQawse6130havi ng data val ues that are stuffed iPEGUSR04/043669
upper half of the full dynam c range; and, in
response, provides an offset of - (A-B) to
effectively "drop" the data values into the viewable
dynami c range as depicted in Figure 5b (note in
Fi gure 5b that negative values after application of
the offset are clipped to a value of 0). A pair of
adders 504a, 504b add raw frane data values to the
dopde] . Thus penenalipdasrdepictsid infAfigure 56atherurben ofiroast

ioeReu el iy el ol Al oRe B Riped 8P4 then

GheGiinierof 16 sighimfiatt Bfts BatNaplbé RrfRedl ot bFe @8termined
data val ue by ignoring the highest ordered bit and

2. oln ong emboditeeyi the oftsaiis setdertbe npinirumcata yalue that

TRSEIE YRR EP sisp By BRER AT LT Atpst o e

%I‘Qﬁﬂbﬁlﬁrﬁitstthawmﬁbe nfeskedrathiid #e rouddet! dowglineeder of an

be applied, the offset calculation unit 505 is
desi grf@ﬂﬂ?dMﬁ%tVad}l'my deternine an offset to be applied

| FnbRMERYABE yilitnardh i IRLE bR clth B irbianeb Hidtk

er raw a value are masked out
tveatth ofltlatei\/l Enna(anmledlat\/l;&al g aneé Msathldor 128Dthen the

cal c ses east significant bit is
nHYR gr lﬂ‘0$ 'gﬁ t%ﬁgﬁgﬂ%‘:ﬁ‘@- bp,mstkegl @'IHI'#I cant Ibl tls
t = d
IB§£|2 hen t%&elﬁeﬂ%%lz(lgt@ G?Ic?ﬂ ﬁ@@é?ﬁﬁﬁ%rgjetrﬁ\ae'rtf/vggﬁ §St§mnone
cﬁﬂgmﬁeantrmtgtarsurgasweddaﬂt i. eme are_nmeXRkRed A:suanchtbam ng

et RN F A MR 52, tich % AERGEobe

sdighificastais that Gartbé nigskeelcbud i log%KZWMQxV&De[TB%%Z]%G/Ml
significant bits are nasked and t | east si I cant

bT ool red Red thruleashsignifignnt bié is magkedoyt (i-esify i £ i cant

)S are nasked out. 12 WD 2005/067303 PCT/US211114 /0

6 6 9 [0040] Thus generally, as depicted in Figure
5[004t1]1e Figahe6 shbwstsyeneric 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 5¢) for the purpose of performing SAD calculations.
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significant bits that can be masked out are first
determ ned 551; and then, the nunber of |east

W@ R@ahéA3eant bits that can be nmasked out are JdRETEUSAONEEH3669

552. In one enmbodi nent, the offset is set to the

m ni rum data value that exists in the reference macro
bl ock worth of data and the nunber of nost

significant bits that can be masked out is the rounded
down integer of 10g212M MaxVal uel where MaxVal ue is

t he maxi mum val ue observed in the reference bl ock
worth of data. For exanple, if M8, N = 5 and MaxVal ue
:EOQ%] Irtﬂmerfotelg@mgmamﬁcacbrpnrrtb@tlnse@fmrf hasheenidescribed

d M Val =1 6/ 1281
W '{}béﬂrﬂ'ce Sﬁ%‘ta'f'? ﬁé(e&%‘g ggﬁa Xd"%'ieg'%l ‘l.'ieé%(ﬁg %%Yvﬁ's ar e
IRWeEr, DY elilet thaXvarious madifictiots and cﬁﬁﬂ?é@ fnay be made

exanple, if M8, N = 5 and MaxVal ue = 64 hen the
ﬁh@@é@ wdhoub@t@pargng ifon thenpropresspirband saope offiked

Wiprtha SELH AN d5leriehodapReotRe toodndRRid S 2

drawings_are, ¥¢cor{iPigfil ko begegardeddh @fﬁlll@st@iverraﬂwwmarga
that, can be used in any system that enploys video
dBaipicEe $BMSE-ncl udi ng t he SAD t echni ques di scussed
herein. According to the system design of Figure 6,
raw unconpressed video data is |oaded into a nenory
601. The nenory 601 , which can be an SRAM nenory or
DRAM nenory, is coupled to a video conpression
circuit 602 (e.g., having an architecture that
resenbl es the architecture observed in Figure 3 where
menory 60 is coupled to both register 302 and RAM
303). A reference macro block and its correspondi ng
search windowis |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/1LJS211114 /0 4 3 6 6 9
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[0042] In the foregoing specification, the invention
has been described wth reference to specific
We2®F067303 enbodi ments thereof. It will, howeRE&Er/USI964/043669
evi dent that various nodifications and changes may be
made thereto without departing fromthe broader
spirit and scope of the invention as set forth in the
appended cl ai ms. The specification and draw ngs are,
accordingly, to be regarded in an illustrative rather
than a restrictive sense. 14 WO 2005/ 067303
PCT/tJS2004/ 043669 CLAIMS What is clainmed: 1. A .
ek ABMS conprising: a) taking the absolute difference

X han all of the bits of an unconpressed
C%gf, %glfrie val ue froma reference macro bl ock; 2)
| ess thaAméﬂhogfcélhpngngs of an unconpressed vi deo
data value froma macro bl ock worth of data within a

search wi no‘fﬁ\ﬁﬁklﬁﬁl t%ﬁbﬁ@'&f@ Aifeseraaplor absol ute
di fferences bet ‘r"rgefé‘ss @ F@Pﬁﬂ IHe cﬁ%%ﬁ’cﬂnﬁﬁ%g%\%& Ul'dtﬁﬁ

said reference Ccro sal macr o

of data, said akdmeh uabueCﬁrd)rhEH mfemncbena@ocm@clof sai d
absolute differ en and, ul atin

C »
vect or based up@) ?q'?e '}5’6‘5@"‘?‘)&?334‘ ts of gn QQ[%QI’@ﬁ%%‘PVIdeO
macro block in té R/égjef fréEa AHErd BRCRWRH SF‘dathWIﬂﬁl*\ 9

macr o bl ock vvort ta in sald second frame, sald
sum of absol ut e s#iardlewdrdyg bei ng a | owest sum of

e e TS oy Ao o B
\C;Mt 23 g Wmicr CoeRpBAdiNgI4tA vafucdakithinisbit féfér%h@e?ﬁé’dr@ hblock
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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2. The method of claim1l wherein said first frane is a
current frame and said second frane is previous

WO 06738 The nethod of claim| further conprRGI/H§R004/043669
| oadi ng said reference macro block's data values into
a register prior to said taking. 4. The method of
claim1l wherein said reference nmarco block's data
val ues are unconpressed when said | oaded. 5. The
met hod of claim 3 further conprising | oading said
search wndow 's data values into a random access
menory prior to said taking. 15 WO 2005/ 067303
PCT/ U$k11ha metbod of clpie Hwhereim saideieferénoe marap black’s

e Tplhe3 e ko ERs o Bhe8 s2LEbaaRy i FealtR G s
(tita veRiegefealneoipressudwhen seltbidagaidd | oaded, 7. The
met hod of claim 1 further conprising determ ning which

N bits Themethpdohickpimek birlbgE sompeisinadeiermiingawhich N
ﬂs% .Mbits 2) said search wi ndow macro bl ock's
ata value's Mbits are to be used for said taking

t he absol utt gtiid fefersie. m8croBlecki®datdvalliesl Mibits7
wherein said deternm ning conprises: determning. the
nunber of rOSA SR WARPWIearorbiaek's fata valke's Mkiked

from bapho ?&é&%ﬁf??tt%\ﬁ@p tﬁéta%mu‘g% Bffr@5cdrunber of

| east significant are to masked from
bot h dhilhedaethodadfuelaim 3 whEneinnssith déterminihgicon®rises:
wher ei p,sai.d. det erm ni ng .t he .nunmher qf . | t

st gni 14%4SRInisG e nirikglgf most Sgnificar it tatPrs RS of
TRbsid Db Bsthsaidda®@)valdds;, The nmethod of claim9
wherein said determ ning the nunber of nost

si gni fdatamiinisig efnumberrofdeaglsigniicand bitsthat arg to be
ISR oG BB L o L e

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 logz|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:

16



reference macro bl ock. 11. The nmethod of claim9
further conprising adding an offset value to said

WO 2f080€i3¢e nacro bl ock' s unconpressed vi deo daRGI/USA0E043669
and said search wi ndow macro bl ock's unconpressed
vi deo data value. 12. The nethod of claim 11l wherein
said offset is set equal to a m ni num val ued
unconpressed video data val ue of said reference nmacro
bl ock. 13. An apparatus, conprising: a) logic
circuitry to take an absolute difference between: 16
WO 2005/ 067303 PCT/US211114 /0 4 3 6 6 9 1) less than
all of the bits Wflesmthanciinghitbeditsd ofianamcoirassad video
froma reference ss than,all of the
bits of an uncorﬂ?:{a @’@beW'Hedore%é@lnge\fﬁ"f‘q{g ‘?‘Eh’n a macro
bl ock worth of %tlé‘sé/\tﬁawéllﬁthé?ﬂ%@?awmmprééséd video
register to store said reference nacro bl ock, said

regi ster coupl edlata valiedrog Baero blmkwgortlh%data)\mﬁnn a
" random access ne re said search w ndow,

sai d random acceS: %%Wﬁ}c&%@oupl ed to said logic

circuitry. b)kregidier @istaresaid referehée Matro block Nedid

conprising additional logic circuitry to det erm ne an

of fset to HEIERERICPUPRd tgsayﬁulqglqaéfr@wwc@%cro bl ock' s
uncon”presserg Vi n{jg&?essvrﬁla d@saﬁ? %r@l‘?@rf
r I oc eo ata va

Wi ndow mac S unconp res

15. The appaidtarsionf acbesmmbﬁndryrobhpredctomard blgltgcla:mtry
first a firs t to receiv

Fef or che i BPEIAGR RY Sl da i Rbes campieiae SdgieRal ooise
A S CRAEIHAB i GRS Bt el : 20 L1 ol

circurtry t
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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receive said of fset, said adder having an out put that

flows toward said logic circuitry. 16. The apparatus
W@200806H303 14 further conprising a second adderPCHEYA0MH043669

a first input to receive said search w ndow macro

bl ock' s unconpressed video data val ue and a second

i nput coupled to said additional circuitry to receive

said of fset, said adder having an output that flows

toward said logic circuitry. 17. The apparatus of

claim 13 wherein said logic circuitry is also to:

determ ne the nunber of nost significant bits that are
to be deiekeine theswnhartofdeasy significank bile thatiarewwbe masked

zfgé)\r?b% 73%%#5%’\{&11182004/ 043669 determ ne the nunber of
I 7SI n

$1%s that are to be masked from
bot h sf8.dAdaipparaulcéomplsingn appar atus, conpri sing:
a) logic circuitry to take an absol ute_ difference
bet ween: 1)a)legis Girgaitryalo|take aniabsplute differance between:
unconpressed vid fil: r
ﬁ%sgﬂfﬁo%ﬁﬁ{)f’tﬂe 6.@'8]: Sﬁ&frﬁ@%%s@@ﬁgg

bl ock; 2) less than a he "brTs of an unconpresse

vi deo data val ugathnaloefromea refortepck macrorblogk;dat a
within a search w ndow; bL fa regi ster to store said
reference macro ) lgekthanglho th@j%l@ﬂéranclmmreereﬁ@e@wd&o

logi ¢ circuitry; goh \AIeHgna g%“c?éﬁldé‘k'w&ﬁh BPdéfa%@Tirég

said search wi ndow, sald random access Nnenory cou
to said | ogic cisearch wmndovend, d) a DRAM nenory

coupled to said register and sajd random access .
menory. sai ) HIGIPREIbTE SUg TGlarengs macro biock, Said

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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unconpressed video data value froma reference macro

bl ock and sai d unconpressed video data value froma
worawso6Bdock worth of data within a search w nRIGIUID04/043669

The apparatus of claim 18 further conprising

additional logic circuitry to determ ne an offset to

be added to: 1) said reference nmacro bl ock's

unconpressed video data value; and, 2) said search

wi ndow macr o 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

rreteiversedd pHgetosaidaddes haninengn evtpalithajifigws tawead waidie
nd. a. d i nput coupled to said additional
?P&S&"ﬁ@ﬂgo 18 WD 2005/ 067303 PCT/ US211114 /0 4 3 6 6

9 rece2ve THR shprhfrtof cidintl1 @deeier@mpriginga eetpHt adder
that flows toward said |ogic circuitry. 21. The

dRyingadisstinpel tairgraive mgid fearchyvipdowimaera biedkond

Cnaea fi : . . r
EimpreSed FigRo ddid Val RRid b 3ok B IRt 58U Sled 6/
aadtlidtorse ciroditnyrtp wéceive! p!a;moiﬁetss?éid adagdh%\gngl a:]m output that
cijrcujtry to receive said offset, said adder having an
cﬂﬂ"}fﬁj{o"‘f%glsa"; loglsCiENEY-d said logic circuitry. 22.
The a r ' bidhirS &bk [ R Cidi
o al S o BT RE OT el RIS 100G e e
Wots that are to be masked from both said data

Uhat - i fehf fuitior 8 Rststanin Gt b 4] 86 e MebRed
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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