.;e3eol \j>6: TTe_ADAPTI VE EARLY EXI T TECHNI QUES FOR M NI MUN DI STORTI ON
CALCULATI ON I N | MAGE CORRELATI ON BACKGROUND 5 | mage conpressi on techni ques
can reduce the anobunt of data to be transmtted in video applications. This

is often done by deterninin arts of the inmage that have stayed the sane.
The "not | on ARAPHRYEJFARLECEXLE RECHNIOUES HORMIMMEN DISTORTIONng

nmet hods. Mbtion esti maé' @ﬂﬁAT?OﬁtfheWkddfddﬁﬂEi%ermt mat ch bet ween a
rane an

source bl ock bel onging to sone a search area. The search area
can be in the same frane N, or can be in a search area in a tenporally 15

di spl aced franme N-k. These techniqéﬁggégéggﬁ conput ational ly intensive.
BRI EF SCRI PTI ON OF THE DRAW NGS ot her aspects will now be

described in ZQIdetaiI with reference to the acconpanyi ng draw ngs,
wher ei n:  Fi gur e 12 Fhovd B Sttt gFﬁhﬁlﬁHﬁssééPcﬁeSP88ktg@iﬁ&o ar ed
agai nst one_another;, Figure 2 shows a basic accumulation unit for 25
measuri ng A 13 i bh; PEiGErRSHAtLERd 3B TheRe appPhécakiopsrti ThéM A of the
cal cul ations anong nmultiple SAD units: *159159* 1 Figure 4 shows a
tradeof f beitverendeae |lyyesetesniningypaatsubdt thes imadeathadt halvet ot al
calculation; Figure 5 shows a flowhart of the early exit 5 strategy;

Fi gure 6a stwyed atheasayeexi fhestagtaBneakkyngxibnfl a@chhiigitee i shows
early exit using a hardware status register 10 Figure 7 shows a flowchart
of opgpat i e®@fikNeapdanti ¥eq88M b¥as¥h! mehakeqy-
Motion estimation is an attempt to find the best
match between a source block belonging to some frame N
and a search area. The search area can be in the same
frame N, or can be in a search area .in a temporally

15 displaced frame N-k.

These techniques may be computationally intensive.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects will now be described in
20 detail with reference to the accompanying dfawings,
wherein:
Figure 1 shows a source block and search block Eeing
compared against one another;
?igure 2 shows a basic accumulation unit for
25 measuring distortion;

Figure 3a and 3b shows different partitioning of the

AT

*159159*

LT

*G00002*

calculations among multiple SAD units:;




/15 DETAI LED DESCRI PTI ON Motion estimation is often carried out by

cal culating a sum of absolute differences or "SAD'. Motion estimtion can
be used in many different applications, including, but not limted to
cellular 20 tel ephones that use video, video caneras, video accelerators,
and ot her such devices. These devices can produce video signals as outputs.
The SAD is a calculation often used to identify the | owest distortion

bet ween a sour cBigpsek dasdowsnantteradsio B dukeween ceaehby céx®Pt regi on search
bl ock. Hence the best match between these bl ocks. One way of expressing

this is N dtnatebg(callul@itions-and = Adddl Kol Ex0cdl:Congeptually
what this neans is that a first frame 5 or source block (N) is divided into

conponent part sSpefuleNss Wk Bl aalsdida T&h?%@réafi’%*péﬁfg to a second
frame (N-K) 102. The frames can be tenporally displaced, 1n which case k~0.
Each N-sK fggggtégg;is an Mr2nml x N+2nl area. The source block 100 is shown
in the center o he 10 area in Fig. 1. The parts of the imges that nmatch
can be detected rrel ati ng each rt of,.each, image franme against other

i mage frane usiﬁggy%% % %PF%Oﬁqﬂ§§§}¥ng%%éu%HW%r s?%ﬁfgcﬁgﬁ% uses this
det ection %gﬂcgnpress the data, ,and hence send |l ess information about the
15 i mage . Pé device can also be part of a general -purpose 20 DSP. Such a
device is contenplated for use in video canctorders, teleconferencing, PC

vi deo cards, an8ipBT¢ 6bn shedis iedrly exigensiny -aunpodeabsSPstatalsso
contenpl ated for use in connection with other technol ogies utilizing
digital sigegispeegessing such as voice processing used in nobile

t el ephony, speech recognition, and other applications. 3 The speed of the

overal10 di st ort Fagudel eCidHInPIDESSv SR PEo F NEpERSEHonOBe WRY | S by using
hardware that allows each SAD device to carry out nore operations in a

cycle. Thi g4;BeWe¥%eLG3N J58FUIJ: 5§% expensive 5 hardware. Another way.
isto increagg t he e?feg?ive piggi tgi%ughput by addi ng additional SAD

devi ces. This can

15 DETAILED DESCRIPTION

Motion estimation is often carried out by
calculatiné a sum of'absolutg differences or “SAD”.
Motion estimation can be used in many different
applications, including, but not limited to cellular

20 telephones that use video, video cameras, video
accelerators, and other such devices. These devices cén
produce wvideo signals as outputs. The SAD is a
calculation often used to identify the lowest distortion

between a source block and a number of blocks in a search



.al so increase cost, however, since it requires nore SAD devices. 10 Faster
search algorithnms attenpt to use the existing hardware nore effectively.
The bl ock SAD conpares the source group agai nst the "search group”. The
source group and the search group nove throughout the entire image so that
the SAD 15 repElod is@id e G ates t & bet ween the two groups. Each
bl ock in the source group Wl I beﬁ%é%a&é%p?%smﬂ:'ﬁ?gﬁFUEﬁ§ theggch of
the searchpnegikans. Ad YA SAD uni t, operates on two, 16 by 16 el enents
to overlay those ‘el enen%c%%?lgfoneex%ﬁeoﬁfe’?. M B9 overlay process
calculates 16 X 16 7 256 differences. These are then accunulated to

represent the L ortyons, The, SAD;requi res certain fundanental
operations. A g???e,_ L%¥€k%% ?ﬁ%’ﬁglfcg X?Lza d1fnd2s&4rch Yij nust 4

be formed. An absolute value I Xij-Y~~I is formed. N1 n-1 Finally, the
val ues are accu = =% 2] -yx~ ~ . i_o J.o A basic accunul ation
structure is shg&#aqﬁ |%§¥%2W§ﬁﬁrﬁﬂ&%<ﬁ%§ﬁﬁcﬁﬁnﬁha90@ feestvEsae~ and Yij

fron1dq§a g b%ses 192f19 Cﬁﬂnected,theretp, and calculates Xi~Yij. The
out put 201°Fs “PHVEFt &Q£%i ertSerdiXpideoint e heonperen edpantpudE and t he
original, are sent to nultipl exer 204 which selects one of the val ues based
on a sign BN SOYICE Sdeeks &0Q.hméthiasd agic aompardd 4 §088e6ES these to
formthe absolute value. The final values are stored in accumnul ation

regi ster 268amef (HckK)valOg. tIes frammess @Y BeMMpStdl I RCh 1 sgPSOLYL €,
accunul ate as shown in Figure 2. Figure 2 shows a single SAD conpufation

et ases the-hebogmm: P HRER SR BHEOATAD SR UER 4IRS
area. The source block 100 is shown in the centér of the
10 area in Fig. 1. The parts of the images that match can
be detected by_correlating each part of each image frame
against_other image frame using the distortion measurer.
The-compressidn scheme uses this detection to compress
the data, and hence send less information abbut the
15 image5
This device can also be part of a general-purpose
DSP. Such a device is contemplated for use in video
camcorders, teleconferencing, PC video cards, and EDTV.
In addition, the-general—purpoSeIDSP is also contemplated
20 for use in connection with_other technologies utilizing

digital signal processing such as voice processing used

in mobile telgphony, spéech recognition, and other

applications.



units is increased, that increases, in theory, the pixel throughput per
cycle. The present :inventor noted, 'however, that increase 20 in pixel
t hroughput is not necessarily linearly related to the nunber of units. In
fact, each franme is sonewhat correlated with its neighboring franmes. In

addi tion, diffefggtsgﬁéhsfgftﬁgyo' %ggﬁgﬁg%gag%%gmaégégé§£gwth ot her

parts of the imge. efficiency 0 ression nmay be based on

characteri sii f .the I ... Lhe present .application.allows using the
mul tiple PSR chlilRe 1IRYRR T & WRdp iR B A M Bncy  of

conpressi on. The. present p%Iic tiqn uses the architecture shown in Figures
3A and 3B.CHak %ﬁﬁ@wéoﬁﬁggtiéﬁ %§V3§§HWQ1qﬂﬁq¥IQ%%MWQF%NPEﬁEF?H?n%ut the

calculations are partitioned in different ways. Figure 3A shows each SAD
devi ce 300in3@2cyeing 10his 20owevERyuced de@iveo im0 SARXERRSLGAD r ecei ves
a different block, providing N block SAD cal cul ations. Effectively, unit
301, tHerehardwaralcul ates the relationship between a 16 by 16 reference
and a 16 by 16 source, pixel by pixel. Unit 2~, 302 calculates the result

the difference Afobielbwaqurige tnd ridieake bhel & meatietvdi xeke Dy pixel. The

alternative shown in Figure 38. In this alternative, configuration each

singl e SADtﬁQngﬁgatp%&f U Yy far&gfﬂiggehsaq{ /%ﬁid&}ﬁ:éﬁ ocﬁ@f?hg%cul ation.

Each of the N c utation unit’s provi of the outp s "partial
SAD" operat i 1 at ch.of the 8 hit suftract absolute nmul at e
units haveg%gﬁcgﬁégéa&% ﬁogh%’t r?%wfetﬁeier’ ADTEH U dﬁ%lﬁl%%%frﬂﬁﬁ? (aa%ﬂ#o t hat
unit. The 8venal| systemthat determ nes the whole or partial should be
used based®8Bi*fPBvi ous results as 6 '

10 Faster search algorithms attempt to use the existing
hardware more effectively.
The block SAD compares the source group against the
“search group”. The source group and the search group
move throughout the entire image so that the SAD
15 operation calculates the overlap between the two groups.
Each block in the source group will be compared to
multiple blocks in each of the search regions.
A typical SAD unit operates on two, 16 by 16
elements to overlay those elements on one another. This
20 overlay process calculates 16 XIIG = 256 differences.
These are then accumulated to represent the total
distortion.
The SAD requires certain fundamental operations. A

difference between the source Xij and the search Yy must



~described herein. This in turn can reduce the nunber of cal cul ations that
is carried out. One way to determ ne whether whole or partial is used is to
assunme that tenporally close imges have 5 correlated properties. A first
cycle can be cal cul ated using the whole SAD node, and a second cycle can be
cal cul at edPRst RGP efle pht RRECSAbenyed ueTH&: pyMul ¢ Whi ebrivenks faster is
taken as the winner, and sets the SAD node. This cal cul ation can be

r epeat ed ever l? cyg#es, 0 where X is the nunber of spcl es after which
| ocal tenporal ¢éfr &gt VBHIEEN %S P@ﬁ@@MlB§6dssdhﬁE==zr§s ean-g |done in a

l ogic unit, which carries out the flowhart of Figure=o{s. described herein.
Thr oughput can al so be increased by an "early exit" 15 techni que as

descri bed herei%.bﬁﬁéccéﬁﬁﬂ@ﬂéaSADncatmubaukeni%o@h%@%l@ne@ngngs can be
witten a%a~“£lr - p~s | +1 pzr - pzs | + ... ~ pzsss _ Pzssr ~. . (1
) . If al |IAgfthmekbccibgitatindhs 20€r ecaet vakl ¥, Cahk € Qo cal cul ation
coul d take 256/ N cycles, 20 where Nis the nunﬁgr of %AD Uﬂl?%%ﬁt i's

desi r aBl e huses 0p98 hegsatenhatten 25.$QQR ag,A0SS Interimresults' of
the calcul ation are tested. These interinfre?ul?%hgpgaﬁggdﬁébmééternine i f

enough | nfarsiepubazoboes Tnvedeber wned,e:Lindea M ggym gistort i on

The act of testing, however, can cons | ication

descri bes g, € en_thi s, consunption of cycles and the
deterninafiaﬁﬁ% t he %?hiﬁ%ﬁ]gpst8F%ggﬁ§9Fi@Eﬁes§n¢Iﬁ@strates t he

tradeoff f 16 c ulation using 4 SAD devices. Line 400 in Figure 4
represents %é?é%%%%?cgéﬁtwaﬁﬁﬁ i F@gﬁsoﬁé edr theexiafl ueshbalsiede drs

hori zontal_repre enting that the cycle count without early exit is always
256/ 4=64. al@*ﬁfés%’yfm% ountB $8EOBAr hyitRinetstr dbedicesnate 29own i n t he
sl oped |ines 402, 404, 406 and 408. Line 404 represents one test every
si xt edf piceExines feha®e tepfesmntheoabsbeateevalyet, hi hy- ttwa i xel s (1/8)
and _

values are stored in accumulation register 208.

Effectively, this forms a system of subtract, absolute,
accumulate, as shown in Figure 2.
Figure 2 shows_a single SAD computation unit. As
15 noted above, multiple computation units could be.used to
increases the throughput. If £he number of éomputation
units is increased, that increases, in theory, the pixel
throughput per cycle.
The present;inventor noted, however, that increase
20 in pixel throughput is not necessarily linearly related
to the number of units. In fact, each frame is somewhat
correlated with its neighboring frames. 1In addition,
different parts of any image are often correlated with

other parts of the image. The efficiency of the



line 408 represents one test every sixty-four pixels 15 (1/16). Note that
when the |ines 402-408 are above |ine 400, the attenpt at early exit has
actually increased the overall distortion calculation tine. Line 402

represents the cycle consunption where zero overhead is obtained for exit

testing. Hiipisssibieiny! 88! phicuds, chaﬁa%etri's%l%% Yays, successtul .

Line 402 is the desired goal. An adaptive early exit schene 1s disclosed
for doing ocC Si r [ rat egy known in
for doing Spnodlockale ! B-LLERE BopeaEd. @2%1 g st.fﬁg test patterns,
whi ch can b actual,, nd t fortio Thi s
n1n|nun|mqﬁ iﬁl%ébuggalggstﬁg 8&§E%iﬁ&§ q%’li& Zkh%lockl
+ n, where n |s smal |, has that same m ni numdi stortion. Two ba5|c

paraneten?ﬁ#%ﬁ%%%ﬁy BfKéﬁmPEﬂFsﬁéﬁresents t he nunber of pixels that have
been processed previously for a search region before an early exit is

achi evéd. AexitTig prpsensnippilicadtiane uskst Hdepaudhalt eatoumall sitewn si gn
bits, at the time of the last early exit 10 for a search region. For these

bl ocks | +im, FidperSAD3paked 3H.0NThe saneeldbntaiad ovhers theedistorti on
exceeds that threshold. This forns a causal system using previous

i nf or mat i QhotRaki §ErkBOWA APRUBH, heugeaneh Jag ot dehdheryisual systemis
based on the inmge Characteristics within a search regi on bei ng sone

probabilit i BN +C teristics fromtine to tinme. The
e ENLe S0 comm el

time bet ranes 1 s betwe 1/ 30 of second often fast enough
that m ni mal 20_,change ur dur.i s tlne ne. noi se fl oor
related to maasE?’gBFg é@sts “ EquttPT vcheA %%?Qb?ﬁ'%goften regi ons
of an i mage which maintains simlar te characterlstlcs ver time. 9
Accor dPng EeREREUBREsESt 2apialeatiith, {3%9 AT 2ESIVeRi @ AoFLREBRTSAD can
be | oaded with the value (- least/n), where "least” represents the m nimum
di storti onblbak, i prowdsumen N bldek AL kcatori bat ses ch Effectivielyegi on.
Many SAD s are cal cul ated for each search region. The first SAD cal cul ating
for the reghtt Belassh@nafdﬂaa'Uaﬂnnratkﬁnmheuie&atf@mﬂhépswéxwaea
conpared to this, to see if a new "Least" val ue has been established. Wen

t he aCCUﬂUéalerﬁyCh@n&%faézgéhcé hehd G M @igpm ¢li sé@Féé pnphasibegn reached.
Moreover, this is indicated using only the existing SAD structure, w thout

an add't'oﬁﬁkeﬁglcﬁhiw(ﬁl FY enae A0 1p0ab e SYEL efhe difference

15 16 by 16 source and the 16 by 16 search pixel by pixel.
The alternative shown in Figure 3B. In this altérnative,
configuration each single SAD 300, 302 performs a
fraction of a single block SAD calculation. Each of the
N computation units provides. 1/N of the output. This

20 “partial SAD” operation means tﬁaﬁ each of the 8 bit
subtract absolute accumulate units héve calculated 1/N of
the full SAD calculation configu;ed to that unit.

The overall system that determines the whole or

partial should be used based on previous results as



for the test. Atest of the character of the imge can be used to 15
determ ne how many of the accunul ators need to switch before establishing
the early exit. For exanple, if source and target regions are totally
honogeneous, then all the accunul ators shoul d change sign nore or |ess at
the sane t FRECTWRES DR Iappdisls diy tomen ofan eedwemi the 20uSMY of

cal cul ati ons _exceedi ng the previous | east neasurenent can be used to

‘i ndi cat e t Falcadaddans dghat iis igamridst .odhi s, however, assunes total inmage
honbgenei ty. Such an assunption does not always hold. In many situations,

the nultiple acOmeuhatyors afettdrenitid fidthed QrhoRdDb+Nbdsc i1 | yot be
increasing at the sane rate. 5 Mdreover, the different rate of increase

bet ween t h@sadcumuhal sy e & &t i 7.eC Os Ll al frequency
characteristics of the differences thﬁks%\)gs%i%se%mle%%&?%gl%s%%r ce and
target 9l ogkrral@+ASY A #@ th f | i he data.. This can require
nore conpl exrways of %orﬁ%let erlér%' h%v Jbrssd%@#%eé%%r?? %?(H@i‘—b%%@d on what
happens w the SAD uni-ts. e operation is based on the probability
associ at edh%h%tv%’metﬁv Olse]olsiz\(aI $t AR RGP CYFIe ANtPR SAD units
are in the sirre sréa:late. This difference in rate of increase between the
culpked

accumul at of§ &P (e ARtial (SRR RS- chBiracereletwiichf t he

di fference between the source and target block. Since these spati al
frequency ¥REKScfastiey ds drakest &8 dthe e tnnelr anamy sebpotiad | SABI i | ar
frames, the information fromone frane may al so be applied to anal ysis of
fol I owi ng ficdess. Thiis icalexilatiined dwei abd Mépdated eseaeg % ocyaréabl es 20 -
where Al, A2, A3 ... An are defined as events associated with a split
SAD~calCul aheae. XTHe etRNtfun®b¥r e doféres ascdplhpven Fyept A.= SADi >_ 0

where SAD < O for i '
temporal correlation can no longer be assumed. This can
be done in a logic unit, which carries out the flowchart
of Figure 7, .described herein.
Throughput can also be increased by an “Yearly exit”
15 technique as described herein. |
The complete SAD calculation for 16x16 .elements can
be written as |pir - pis| + |per - pas| + .. |pases -
P2sér|...(1). If all of thesé calculations were actually
carried out, the calculation could take 256/N cycles,
20 where N is the number of SAD units. It is desirable to
'stop the calculation as soon as possible. Interim results:

of the calculation are tested. These interim results are

used to determine if enough information has been



. Thi s conceptual |y nmeans that the event A is defined as occuring when SAD
unit i is positive and all the m renmaining SAD units are negative. This
woul d occur, for exanple, when the accunul ators were increasing at
different rates., This can, al so be defined as conbi ned events, specifically:
5 Event BAetjermimed \rq\ find gpipipum distpprion.o Th&néc\‘»;h@rfe SADK < 0
for k Vii, j. This nmeans that event B~,, | is defined as "true" when Al

exi sts andesAjing e hawWeRvebutcan| consiene Akyatestal se. The concept of
defining the operations in terns of events can be extended to include 10

all the possi blBhe@ie et oaspbicatipnaddskridbssaybelidace GetdresAD units,
a total of 16 conbinations. For |arger nunbers of SAD units, it leads to

ot her nunheris oA H1dh 085, cPBUe HOSAHDE N UGLRE rABHE tY BF alH Qe SUCh as
i, J, kand mor others. 15 Describing this scenario in words, each event

o by ot dfsual, theygee § e ALEUTVLAL ors hsinggreater than

0. Each of t ese co natTons is ned as a probabi |ty SAD units,
there are otal states_of  a | ators. These c be grouped

120 accordl #ﬁﬁf&ﬁgﬁf aﬁbﬁalgﬁlnﬁ‘#igggnHFV&FSF poé&qﬁléahl%% p (B
"AlL ~ A2 n A3 n A4 ) - This nmeans that the probability that sum of
t he accum§¥QQﬁ§;4sggpﬁﬁsﬁﬂpént?ﬁaﬁyﬁ%ﬁeC@ﬂthHhQ@cG &t drss s exceeded
O, is 0. The opposite is also true: 5 P( B~A n Az n A3 nA) - 1;

Wi ch nearerthatexHe. prBpablineylsf hohdzonkndf rapreskatiacurhiiat dtheis set,

gi ven that none of themare set,, is also 1.
cycle count without early exit is always 256/4=64.

10 The cycle counts for early exit strategies are shown in
the sloped lines 402, 404, 406 and 408. Line 404
represents one test evefy si#teen pixels, line 406
represents one test every thirty-two pixels (1/8) and
line 408 represents one test every sixty-four pixels

15 (1/16). Note that when the lines 402-408 are above line
400, the attempt at early exit has actually increased the
overall distortion calculation time. ILine 462 represents
the cycle consumption where zero overhead is obtained for
exit testing. That i1s, when a test is made, the exit is

20 always successful. Line 402 is the desired goal. An
adaptive early exit scheme is disclosed for doing so.

Block I is first processed using any normal strategy
known in the art to find a minimum distortion. This can

be done using test patterns, which can be part of the



_Excl:uding these trivial characteristics there are 10 14 nontri vi al

conbi nations. The first group includes four cases where one of the

accunul ators is set and the remaining three are not set: Al a ( Aa n A3 n
AQ) . p(B~AZ ~ (A-n As n A4) . 15 p(B~A3v (A ,nA2nAd), P ( s ~ A9 a
(Al n AZ nagBupl, imageheitogfdmg réyw eberitcsrttiose CTiE trmbmwdher e two of
the accunul ators are set, and the other two accunul ators are not set. These
conbi nat i od§sapetiont ten uBedass the HR A Al A Vi€ ABs e Mifed B ~ Al nA3
)a ( A2 n AQ)P (B~ (Al n AMd)v (A2 n A3)P( B~AZnA3 )v (Al n A )5 P (B
| A2 nAg) v £tREtNbA3LR € B n,AZheAd ) i(s @mar!LlAZ Rad 18 Vsa Qem%r?irlﬁw ng

group represents the cases where three accumil ators are set one
accunul at o3 58opel oset ¥JoPphsB P(B~A2nA3n
AQ) v Al ) (BS~ng3nSAA?)p§Eaﬂ§é%é% @%gélnAZnA4)aA3).
The present - enb r I.ZeS t of t ese 15 gro and in fact
each o these sggh{gﬁzms%ggggrse%s‘erﬁ s%f cﬂ e%‘rerﬂ FOHER 1S o‘f‘Pa{)rP%‘ﬁ% i mage.
Each grou each S|tu§;|on gan handl ed different|ly. This system

operates a 33809€°C§ﬁ8e PEEYAF; \EQH1ﬁwﬁ&ﬂ%ﬁhm#QQiQméb¢f@mehamt of
Figure 5. The_final goal 20 is to conplete the calculation, and hence to
exit, soon®*rl¥nhp¥iftsishawhiewed-g 5 by first, deternining matching
characteristics of two i mages a source inmage arid a search i mge at 550.
The mat chi ng chBexdtdNistrepsebentsarthec altmtleatef] thd hputtaay early exit.
The m ninum distortion is found at 55S and the conditions when that m ninum

di st orti onaeximtizd tatre siignndisls 56k EHEEﬂEMEﬂdﬁ(ﬂﬁbfﬁa§@0e§§ﬂy'8£iﬁde a
grouping type 5 that existed at the tinme of mninmumdistortion, or the

speci flocc copdi bi gBazeBNGeli®nl4 possibilities. At 570 a subsequent i mge
part is tested. This subséquent part can be any part that is correlated to

the For these blocks I + n, the SAD calculation is
terminated when the distortion exceeds that threshold.
This forms a causal system using previous information
that is known about the search region.

15 The usual system is based on the image
characteristics within a search region being some
probability of maintaining common characteristics from
time to time. The time between frames is between 1/15
and 1/30 of second, often fast enough that minimal

20 changes occur during those times above some noise floor

- related to measurabLe system characteristics. Also,
there are often regions of an image which maintains

similar temporal characteristics over time.



test part. Since tenporally correlated i mages are 10 assuned to be
correlated, this can extend to any tenporally correlated part. The inmage
source and search are tested, and a determ nation of the .specific

groupi ngs that occurred at the time of mninumdistortion is found at 575.
An early 15 exiAccsrtheg est Zhlei phedentt apPLicHE @8r Ihhexit, once

determ ned, can be carried out in a nunber of different ways. Figure 6a

shows a systeimelacatr ¥nAg Foir LReredNY @ bdISUdHHAD Wk Yeigxi t or "EE"
flag. N SAD units are 20 shown, where in this enbodi nent, N can be 4. Each

SAD unit i pglyges-t heaskiuot uLh diescusaar Ahaus o Al SRAEL T EA e ALLS.

inverters, and accunul ators. e out put e accunu ors is

coupled to tnatorial .l ogic unit. 600 whi arranges the 15 out put s.
ThiY can paTaERRRLER BheS' anr Hehe e S s RIS TR etk “The
conbi n tor%al go ic unit is carried out using discrete_ |logic gates, e.g.,
def i ne% i n-R4r BRGr ESePMni t MoRY UG ETrente fiated ofer ppagt ammed with an

option based on the selected group. Different images and parts may be
processed &eesFHi AgIiendi f fidveefiltght IS cagrulatcinept¢onthe heegbobi nat i on
of states, e.g., the group discussed above, is coded. The conbinatorial 10
| ogi ¢ noni {erssshgnadciimel Afleastdt dddigreetiSAD urfwisur&aghiDstate i s out put
to a multiplexer. Wien those accunmul ators achieve a state that falls within

t he sel ect egmpadedgroamhad,| wX¥de fiAY 4 14w odusosh ~ g1 garhys exéénf | ag
means that the hardware 15 has determ ned an appropriate “fit". This causes

the operatb@Rab0i8Kieh. Flide 6% %féﬁsﬁ%ﬂrha@c#@&?éﬁc}‘é SY§heMnin which the

states of the accunmulators are sense y a hardware”status register C00.
e PR S SR B RGP S S PLabbE PR gn o e
indicated using only the existing SAD structure, without
an additional calculation, and.hence additional cycle(s)
for the test.
A test of the character of the image can be used to
15 determine how many of the accumulators need to switch
before'establishing the early exit. For example, if
source and target regions are totally homogeneous, then
all the accumulators should change sign more or less at
the same time. When this happens, any one of the running
20 SAD calculations‘exceeding the”previous least measurement
can be used to indicate thét an early exit is in order.
This, however, assumes total image homogeneity.

Such an assumption does not always hold. In many

situations, the multiple accumulators of the different

10



represents the early exit. Wen that specified condition is reached, the
early exit is established. 16 The way in which the adaptive early exit is
used, overall, is described in reference to Figure 7; At 700, the video
frame starts. 7,05 represents buffering both frane Mand frame Mrl. 710 is

a determi naAbonniitst kel Moackediisidrensmielaagls gpdateJhis can be
determ ned by, for exanple, nonitoring of the tinme since a previous frane

updat e. FoRog¥aTRly, eheSemadv o i pUBOISNEIL A Gfddie L7 @ 2 new

update is necessary. If the nodel nee ating, then e process 10
continues by-l|;Rqasll he umyl at | 4t FFQl and setting the | oca

vari abl e Nzlcat %@%r tﬁ"?%% t hgalsa%{de\nqlo%cg&%qﬁ% eeaﬁ%tlr%]gi on N and
uses the periodic exit test TeXit, =1/16..., at_step 725 the exit test is
perforned.ﬁ%%agﬁgggsg r?%?ﬁ?ﬁ%ﬁlﬁ%f%gﬁh?Iéiﬁﬁ?ﬁ@?cqiiWﬁﬁ%ﬁ?1%§¥he pi xel s
beforezfxi and Aexi t which is an summary of accunulators 1 through 4

f (N)
bef or e %exi PEFHELHr Ehe FRMNS And, drakgnte Ml dakaland i absememtthe at step 730.
This establishes the | ocal paranmeters, and the process continues. 20 In a

subsequentmgibpd Oife shimpding dther Wadfa updities domrs meduiveedndre be redone at
st ep~710, and. hence control passes to step 735. At this step, the

previ ousl ycempilest keyist ofhctodERtdr i HRato Tdutse ikins ash BBy tdei pew count
at step 740 to set target block flags. m At step 745, a search for bl ock

Nis estabbggaadonaWh@teﬁgpp@H$Iﬁ@@ﬁ gﬂéesggkqﬁ§£§1 step 750. Nis

incremented. At step 755a a determination is made whether N is equal to

307 397 15 akeneasdhn b, Gladud 1AM d LS Eg aslacenthgre are

396, 16x16 bl ocks in“a 352x288 | mage. wever S Wou d for

di ffergnt sk [ &S li,cable. .Again, the fenporal variatjons of |arge
porti oﬁg o?l"gﬁ ?rrégé‘l%r éﬂ%lolféqa\j:et’o "flé%%ﬁ ﬁi%c‘ﬁai\ggﬁ.t%&@o?%%t%en 10 the
partial accunmulators have a specific sign bit, their state produces

si gni fi canBLEdvAntifeSaMb SR S (Thls iHl fRtered irareteiefusual I'y on the

order of 1/15 to 1/30 of a second. Finally, regions within the image
mai nt ai n t kBFEeRr§€abietagashdher taaggdunulatormdis heebdved S their spatia
frequency may be correlated. Although only a few enbodi nents have been

di scl osed, spahénlnfdiequenidy characmsisties &0 tige di¥péréscsl aimed is: 1
A et hod conpri si ng: - _
between the source and target block. Since these spatial
15 frequency characteristics are also correlated among
temporally similar frames, the information from one frame
may also be applied to analysis of following frames.
This is explained herein with reference to variables
- where A;, Az, Az .. Ap are defined as events associated

20 with a split SAD calculation.

The events can be defined as follows:
Event A; = SAD; =2 0 where SAD < 0 for i # j.

This conceptually means that the event A; is defined

as occuring when SAD unit i is positive and all the

11



determning a mninnumdistortion between two 5 regions;. |oading a value
related to said mninmumdi stortion into an accumul ati ng el enent;

accurul ating results of subsequent inage distortion calculations into said
accurul ating 10 el enent; and establishing said mninmumdistortion for said
subsequentrefed ting i ShDexnitahanesaedasivenul Fhisg welde ricaesc s a
predeterm ned value. 15 2. A nethod as in claiml1l, wherein there are a

plural ity efamsple, adtemuthei agcahalletbes aaiesahd:ﬂe@@qin?g a&onpri ses | oadi ng
said value into each of said accunul ating el enents. 20 A nmethod as 'in

claim2 wheifaremt dreseabl | 9HLBICRACHN S oWRRN duRaGidd &g et i ng
el ements of said plurality of accunul ating el enents reach sai

predet er m &egh val 9¢ic43118.method as in claim2 wherein said
est abl i shi ng occugﬁpaéenlgé%lgf said plurality of accumul ating el enents

reach Said pred erngﬂég val.ue. 5 5. A nethod as-in _claim2 wherein said
est abl Pshi ng occtfs" 18 Sindf Padc Fhati AgTere R elchdldsai d
predeterm ned value. 6. A nmethod as in claim2 wherein said value rel ated

to 10 said m niwvherei SADgt< dh fer ab wnpuh! offhdissimeshisorhadi \eivéerd by a
nunber of said accumul ating elenents. 7. A nethod as in claim2 further

i si det I Qi \ , th A : d.det ining, f 15
Said char a2 er £o adtRled ERPREEED) ShehgRul SRLAPE PR 2YATE TH M each cai d
predeterm.,ned val ue_before said_establishing. 8 A nethod.,as in claim?7,
wher ei n sa@rdc ch a%?%?ro%ktﬁﬁezﬁa fage ?hﬁngP€§Pﬁ RéNBGEABIRS th&ge, and

said establishing said m nimumdistortion is based on results froma single
accunul at dfperations in terms of events can be extended to include

10 all the possible combinatibns of i, j and k. This
yields, for 4 SAD unité, a total of 16 combinations.
For larger numbers of SAD units, it leads to other
numbers of combinations, and possibly using more
.variables, such as i, j, k and m or othersf

15 Describing thls scenario in words, each event “B” is
defined as the sum of the specifiéd accumulators being
greater than 0. Each of these combinationé is defined as
a probability. For 4 SAD units, there are total of 16
possible states of accumulators. These can beé grouped

20 according to how they are handled. “

A first trivial possibility is

P (BlAi A B2 Bsn A = 0.

12



20 - 9. Amethod as in claim7, wherein said establishing conprises

. establishing said early exit based on results fromplural accunulators. 5
10. A nmethod as in claim9 wherein said early exit conprises determ ning
probabilities of each of the accunulators establishing certain states, and
sai d est abl i shi Aissmeasned thatsdihe gombmbidtions weitaldumsiMgisai d certain
states. 10 11. A nethod as in claim6, wherein said predeterm ned value is

zero. 12. Acmemhddtouspdissibn@, bEvdei efHEMiMthed o MY td Qe Weehs t wo

i mge regions; and carrying out an early exit schene w thout using an extra
cal cul ati ohasyekeebdedt Ioe aarlgy, exit scheme. 20 13. A nethod as in claiml?2
wherein said early exit is calculated by |oading a value into an

accunul ator el engat o3RG s5RANGIN ' ue based on said determning. 21
14. A nmethod as in c gin113, ﬁ%gggg%q?ﬁgéb are a plurality of said

accunulator ele and_sai d_| oadi_ng conprises |oading said value into
each oéaS sai d gggéiﬁFd?oﬁzdpeﬁéd9554%5? A method as in claimi14 wherein
sai d establishing occurs when specified accunul ator el enents of said

plurality of acWbighamerns| shemt &heegotolmlid ifredef e nadn Vet ugl1 16. A
method as in claimZ4 wherein said establishing occurs when all of said

plurality biie agcanmbattiorel dsesiet, epcfers ailth PRI TR phdiesedd 17. A
method as in claim 12 wherein said value is related to a mninmumdi stortion
in a previbgisatabcul.ation. 20 18. A nmethod as in claim 13 further
conprising determ ning a character of the regions, and determ ning, from

sai d character, gaciyabal hese trivial characteristics, there are
10 14 nontrivial combinations. The first group includes

four cases where one of the accumulators is set and the

remaining three are not set:
(Bl B&s U (A& N Bs N Ay,
Pl 22 U (&1 N B A A,
15 p(Blas U (Ar n By N Ay,
P(Blas U (A& N B N Ay).

Another group represents those conditions where two

of the accumulators are set, and the other two

accumulators are not set. These combinations are written

20 as:

13



.accunmul ator elenents to require to reach said predeterm ned val ue before
said establishing. 22 19. A nethod as in claim 18, wherein said character
of the image indicates a honbgeneous inage, and said establishing said

m ni mum di stortion is based on S results froma single accunul at or el enent.

20. A nethod as,i | ajm, 15, rein,said value is zero. 21. A nethod of
det er m ni ng dis?égdﬁbﬁkgé?aégwqﬁﬁdaeAi bl ocks conprising: determning a
first distortion between a first image part and a second inmage part, and

obt ai ni ng a couR{BoRiocal Bu) avi dAs MoAhAN early exit and state of certain
calculation at the time of the early exit:. 15 and in a subsequent

cal cul ation, teppghaning &,¢al at or_based on both said count and said
state. 22. A netgggQag in éf:ﬁﬁﬁgi ” g?gin said distortion is 20 cal cul ated

by | oadi ng values_into accunmul ators and establishing an early exit when
sai d accumul at of $B] Bach Bakpecilfned el ue. 23 23. Anethod as in claim
22, wherein said specified value is zero. 24. A nethod of processing inage
parts 60nprising(5|a@hain&pgdiqﬁgepﬂmgyortion i nformation about a first
~image part; and using said inmage distortion information to process a second

part, by loadin al ye rel ated to,said i mage distortion information into
a cal cul ating 18(Edéﬁéﬁt§4 Hﬂ(gérﬁﬁﬁﬁﬁing a calcul ation perforned by said

cal cul ating el ement when said val ue reaches a predetermnm ned anount.
Finally, the following group represents the cases

where three accumulators are set and one_accgmulator is
not set
10 P(BlA; N B2 N A1) U Ay
P(BlA; M 23 N A U A
P(BIA; N A3 N Ay) U &)
P(B[A1 N Ay A Ay U Ay
The present embodiment recognizes that each of these
15 groups, ana in fact each of these situations, represents
a different condition in the image. Each group or each
situation can be handled differently.
This system operates as above, and as described with
reference to the flowchart of Figure 5. The final goal
20 is to complete the calculation, and hence to exit,
‘sooner. This is shown in Fig 5 by first, determining
matching characteristics of two images; a source image

and a search image at 550. The matching characteristics

14



.25. ‘A nethod as in claim?24 wherein said imge 15 distortion information

i ncludes a mnimum of distortion measured in a block notion search. 26. A
met hod as in claim24 wherein said image distortion is used to calculate a
distortion in a 20 sum of absolute differences device with an accurul at or.

27. A net hade asalouthaed #brwdeteanysaad1vakus i s hpaded Hsntg the
accunul ator. 24 28. A nmethod as in cIaié?lS wherein saP& val ue conpri ses

(-1 east/n)dpbesetieastsi soanaa%leesfs‘augﬁd R RLRAY g@n\%g‘;%@%g‘& is a

nunber of accunul ators. 5 29. nmet hod as in clarm

predeternhﬂggiﬁ@@ugis%gﬁgéogpeﬁésg%5h§§$:% in clgggkﬁé wherein said

accunul ators 10 are | w th a sai SEnF-F n) where |east is an

expected early u d.nis a.n er_of ,accunul ators, and wherein an
early exit is egﬁébﬁ?gﬁéalﬁﬁénagngggcﬁﬁﬁl&PG#uﬂ@a@hégo@PlPS 3¥PeA nethod as

in Clain‘%éaa erein said val ue represents sign bits of the accumul ators.
32. A Ret hodf cBRbFEeRngtobhsi kimg gfpmindmumy dis tiomidennamizpidhat i ng 20 -
devi ces which achi eve specified states based on rel ationshi ps between two
i mages; actRfelBifngordstios bmoagd thesdidd poelsdbiidishieps, and 25
determ ni ng whether a calculation is conpleted based on the states of the

accunul ating. 5AB357A\ aeshbdegacnh dhaige pArtWher eleltea d iTRge
mani pul ati ng device is part of a video camera. 34. An apparatus,

conpri si ngsulfequent Cpaati BENIBY! 68y PACUYNHAG 33 AAGUIHIALGY (& ient, that

cal cul ates values related to a mnifum di'stortion between two Tegions; a
buf fer, StEEé@Qp@rV?'“§iﬁ8éa£gﬁp59a§§&dcorrelated images are

10 assumed to be correlated, this can extend to any
temporally correlated part.

The image source and search are tested, and a
determination of the specific groupings that occurred at
the time of minimum distortion is found at 575. .An early

15 exit is then established, at 580.

The early exit, once determined, can be carried out
in a number of different ways.

Figure 6a shows a system of carrying out the early
exit using an early exit or “EE” flag. N SAD ﬁnits are

20 shown, where in this embodiment, N can be 4. Each SAD
unit includes the structure discussed above, and
specifically ALUs, inverters, and accumulators.

The output of each of the accumulators is coupled to

a combinatorial logic unit 600 which arranges the

15



.mni'rmum di stortion, and | oading said distortion into 15 said accunul ator;
-and a logic unit, establishing a mninumdistortion based on a value in
sai d accumul ati ng device. 35. An apparatus as in claim 34, wherein there
are a 20 plurality of said cal culating devices, and said distortion is

| oaded i nteuepahsof said 2eeUBY AddD t@) VRIS 01&S thdOgrdipapparat us,
conprising: a video acquiring device a plurality of caltculating devices,

cach 1ncl UdLBgrafndeedilhghdy ARl | Al @il A eral YaLYEShetal ed to

a mninumdistortion between two video portions acquir y~sai d video

ni mum di s ; _ pOT 110 "acqui T &d by 'Sa
i storti onteanacrish R bl IR Pt o 465 ana a
| ogi it t akl i shi i ni di storti based I in.said
accumul ati 79 HBUREBIS3PLIAR LI AARIURSS N HRESRIBREI n sai d | ogi ¢

unit 15 nonitors sign bits of said accunulator el enments. 38. An apparatus
as in & ai Broerapeed widh @n eytdamitaseshiarorthe selectéd gapdpaccunul at or
el enents. 20 39. An apparatus as in claim 36, wherein said video acquiring
devi ce i s hiffdeentanmegesi@ndipapmmmudbapiocessed 38coniéngi nosai d

|l ogic unit nmonitors a value in all of said plurality of 27 accunul ati ng
el ement s t diffaebnsaiophtiiog@det erm ned val ue. 41. An apparatus as in claim
36, wherein said 5 accunulators are | oaded with a value (-least/n) where

least is an eXp@%Ee@a%ﬁwdbﬁﬁ%d¥3éHEiébﬂSiﬁhtion of states, e.q.,
the group discussed above, is coded. The combinatorial
10 logic monitors the accumulators of all the SAD units.
Each state is output to a multiplexer.

When those accumulators achieve a state that falls
within the selected coding, an eérly exit flag is
broduced. The early exit flag means that the hardware

+ 15 has determined an appropriate “£it”. This causes the
operation to exit. |

Figure 6B shows an alternative system, in which the
states of the accumulators are sensed by a hardware
status register 600. The status register is set £o.a

20 specified state by the condition of the accumulators.
The status register stores the specified condition that
represents the early exit. When that specified condition

is reached, the early exit is established.
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.nunber of accunul ators, and wherein an early exit is established when an
accunul ator reaches 0. 28 .A5. A . Aa,.Aay. AH Af. A?. A(, . Au, . A(. A;
,-Aa. AN A LA LA S A?.A@Aa A LAl A LAY A ALA @A(. AWd=f" (8P
Ki G-{vql gb] X] ca] ca] ca] ca] c<a] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”*a] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] FAIEC &lan] fon|val oa] then | add Bl ¥e! MarTyhexit i8 hsed,
Hzupkf a\ W ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] cal)] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] caverallda] da ol vatedeajicate tdddisey €ol xiguré Uyl cajgargo,
UV] caV] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]c
a] ca] ca] cakba] vddea] caddthe starts. 705 represents bufferi ot
E<wKP?t } xsni d_ZV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca ca?ga?ca?ca] calcalc

AR ! .
?LF\?\} IC?% ig]ﬁ?g%}ﬁa] ca}%@}ﬂ 'gg}—gﬁ ?zﬂ g%] cgg#%ﬁ%\gg%ggf%aﬁaﬁ%ﬁ] calJcalJcalc
Prrt @t " #R###H* $] $$$%%Uv YOERUL

Z]&gg] c)ad iﬁ%%%kﬁ%%g%ﬁg%%}%: pg%]ﬁ%] cal £&F cﬁTEa}]’EaFEE%EE’aiE(;Fca] calc

, '++3,h,,,-B-|----/.h.../H
XV 111 ORORG 00 B2 S2EDi s I A o 66 LT af 4ape b cared oubcal cal oa
] ca] ca] ca] agca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! m2223@t 33344V
4t 4444, 515%? BS| §PSGERr7T EPA B¥AmPAR x ohi S Iohda] canh ché caytaptashalca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 77
48k888969U889R0939¢ befcke ;a<@gw<update is necessary.
=====} xsmhb] W/] U] ca] cal] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca¢altta] omjdzd] endext anldatinad - ERsh =ERd >hr3a2be??
@@@AAABN@ BBB ' '
C/ Cc CRVDrwantiduéY Yy aadaenliawa] Cﬁ&ﬁﬂ&%}%ﬁﬁ,&%ﬁ%&@gﬁ?@fa ]ca]cajca]c

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]calc GMGEGG H H
HH ?1j 1 pl K N i .

a] ca] Jcaioca]ggzlg] caFca ca-]rllcai c;q‘tge{]]l%lgeg}b%g}]] g‘%} gﬁgg} g%}' 22«]*%%‘3 o ;g]e(lé‘g]q}i%](gg
QLLABRORRR T L TTT nmheX cal] calca] cal cal ca] ca] ca] ca] ca]ca] ca
ca] ca] ca] cg?gg?gaﬁb-kg@aﬁ gﬁ]\ﬂ;aﬁe@ﬁ%%@ cél] %‘Lﬂic‘gf%]ﬁ] E}a? clﬁfs‘EgP@J]igg]UUU]U! V]X
VWW. W W WA, ' '
XOX6XXXXYY9¥ Y25 5B E7 Feparx ShY 4 67v] BF] PEaPcAREa]tdw eiidaltedtalsa] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] cag calcalca]calcalca]calcalcalcalcaljca!Bf U [[\o\\\\
] Al D v]]]]Peskosmedg f If sugcessfwdni d 2id4] | vattabra] Kakte]Np) ca] ca] cal ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca! "aTa
aaaabbldhb, wbicbcdedriied gpeselee daffdréglesaini cay] Akl eahiradgatral sakgal cal cal
caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]cal
" Ygrgh) h/ h"bthiba 8y nolfl iajdyjutdyljadtdddkakidirough 4 before exit restored.

I 711111 mxsnid_ZV] U ]]ca]ca]ca] ca]ca]ca]ca]ca]ca]calcal cai:cafcafcafica] cal ca

| cal cal ca erbcabealicahealatalec d G CAlSR 15 LanGRPTR DEnL pagne k) 000) I kkFkok
711111 b .
] ca] ca) o] SAHEFEL R OAEY B R et SRR o RE! BrbRebs ha () F

10% hé& () - 0% h& ()-! @10% h h& ()- @0% h& ()-g=f 8PdE 10% h& () - Y10%
h& () - Yy1090RE PEE-10% h& ()- F 10% h& () - S10% h& ()- P KAEY -10% hé& () -
| +mi0%h& ()-y) 10% h& ()- F ' s10% h& ()-fFo0% h& () -

, 0 In a subsequent cycle the block history of update

does not need to be redone at step 710, and hence control
passes to step 735. At this step, the previously stored
Kexit and AEexit are read. This is used as the new count

at step 740 to set target block flags.
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10%h& ()-4Ki 2?4 10 h#<10% h& ()
h& ()-Y 2310% h& ()-/110% h& () -
,310% & ()- 10% & ()-F 310% & ()
$10% & ()-"10% & ()- 10% & ()- 1
10% & () -! VAENMH.0844R190%& £) sk
10% & ()-"-10% & ()-3+10% & ()-)

-1°6"10% & ()-9!°6"10% n n& () - 9F4z10%
G-nV 10% & ()-Y ~ 10% & ()-y3 10% & ()-F
- 10 h 10 h"+] {dEM\ 10% Y

0% & ()-10% & ()- Y

arch for block N i tabli
1004 & 0} - 81058 & (115 SFTERMENedr 138 00t

S10V& () - dQADE dda McAOh 100 10pGsRLAME Ghef) YOYE @Y 10%& O~ glal

WX9bA3 & 10% h&' ()-FY #10% & ()
incremented. At step

whether N is equal to

S5 frames in the buffer,

755, a determination is made
397. 397 is taken as the number of

since there are 396, 16x16 blocks

in a 352x288 image. However, this would be adjusted for

different size sizes as applicable.

Again, the temporal variations of large portions of

an image are likely to remain unchanged. Therefore, when

10 the partial accumulators have a specific sign bit, their

State produces significant advantages. Moreover, the

time between frames is

usually on the order of 1/15 to

1/30 of a second. Finally, regions within the image

maintain their localized characteristics, and therefore

15 their spatial frequency may be correlated.

Although only a few embodiments have been disclosed,

other modifications are possible.

20
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#1098 ()-! Y #10%h& ()-!Y #109%&' ()-!0s10%h& () - HJE:/ 10 h 10 hs<s10%
h& ()-3/10% h& ()-YY- 10% h& ()- FFl +n10% h& ()-4YS)10% h&' ()- /10%

h& ()-,cxY:/ 10 h3 S109B& ()-f 109B& ()-1109B& ()- Y109B& ()- F109B& ()-
y1098& ()- 10 hD|dE:/ 10 h3 'Y

- 1098 () - WAGYBA'S( 14 18HRE! i(9):- | ZLOYB&! () - | f 109B& () -1 91098& ()-Bs>dE:/ 10
h3 | )Z109B& () - S1008& YB& ()- S#Z"109B& ()-19! 109B&' ()- 109B& () - >V
ZdE:/ 10 h3 6109B& ()- |4109B& ()-S2' 109B& ()-903109B& ()-,. 109B& ()-+
109B& ()-2\]*_~\= 10 h 109 ()-m ;—Fl?;/e&' () - !15(}/2(%3(1;1&;%) -F109%& ()- 10B 10B
10BL<" 109B& () nH Bf& ()-2 - () -

@ou%& ()- Fg‘g%é&m ((éj% I;ll\':ﬂsi Jf%&%'%%%%o;/&l (() g/&E?;}\ 21(1)00/& 02Ny

hf &10%& () - Z9%$" 109&' (;) - G3" 1.09%& ' '

10%y & (§ ) Z <WKMNOJE: ;i) LIE0 P AR ﬁ%?c(stlom @M%gnlt‘mw& ()-

*109& (5) -(- 10%& YOP?XY: / 10
reyions;.

loading a value related to said minimum
distortion into an accumulating element;
accumulating results of subsequent image
distortion calculations into said accumulating
10 element; and
establishing said minimum distortion for said
subsequent calculation exit when said accumulating

element reaches a predetermined value.

15 2. A method as in c¢laim 1, wherein there are a plurality
of said accumulating elements, and said loading

comprises loading said value into each of said

accumulating elements.

20 3. A method as in claim 2 wherein said establishing
occurs when specified accumulating elements of said

plurality of accumulating elements reach said

predetermined value.
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5 5. A method as in claim 2 wherein said establishing
occurs when a single accumulating element reaches

said predeterminéd value.

6. A method as in claim 2 wherein said value related to
10 said minimum distortion is an amount of distortion,

divided by a number of said accumulating elements.

7. A method as in claim 2 further comprising determining
a character of the regions, and determining, from
15 said character, a number of accumulating elements to
regquire to reach said predetermined value before

said establishing.

8. A method as in claim 7, wherein said character of the
20 image indicates a homogeneous image, and said
establishing said minimum distortion is based on

results from a single accumulator.
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accumulators establishing certain states, and said

establishing is based on said accumulators

establishing said certain states.

10
11. A method as in'claim 6, wherein said predetermined
value is zero.
12. A method comprising:
15 determiniqg a distortion between two image
regions; and
carrying out an early exit scheme without usiné
an extra calculation cycle for the early exit
scheme.
20

13. A method as in claim 12 wherein said early exit is
calculated by loading a value into an accumulator
element and changing said value based on said

determining.
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10 14. A method as in claim 13, wherein there are a

plurality of said accumulator elements, and said

loading comprises loading said value into each of

5 said accumulator elements.

15. A method as in claim 14 wherein said establishing
occurs when specified accumulator elements of said
plurality of accumulator elements reach a

10 predetermined value.

16. A method as in claim 14 wherein said establishing
occurs when all of said plurality of accumulator
eiements'reach said predetermined value.

15

17. A method as in claim 12 wherein said value is

related to a minimum distortion in a previous

calculation.

20 18. A method as in claim 13 further comprising
determining a character of the regions, and
determining,lfrom said character, a ngmber of
accumulator elements to require to reach said

predetermined value before said establishing.
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the image indicates a homogeneous image, and said
establishing said minimum distortion is based on

5 results from a single accumulator element.
20. A method as in claim 15, wherein said value is zero.

21. A method of determining distortion between image
10 blocks comprising: |
determining a first distortion between a first
image part and a second image part, and obtaining a
count of calculations for an early exit and state of
certain calculatién at the time of the eariy exit;.
15 and |
in a subsequent calculation, terminating a

calculation based on both said count and said state.

22. A method as in claim 21 wherein said distortion is
20 calculated by loading values into accumulators and
establishing an early exit when said accumulators

reach a specified wvalue.
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3F10%#ME () - 3gaid image distortion information into a calculating
10 element, and terminating a calculation performed by

sald calculating element when said value reaches a

predetermined amount.

25. A method as in claim 24 wherein said image
15 distortion information includes a minimum of

distortion measured in a block motion search.

26. A method as in claim 24 wherein said image
distortion is used to calculate a distortion in a
20 sum of absolute differences device with an

accumulator.

27. A method as in claim 26 wherein said value 1s loaded

into the accumulator.
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-amount is 0.

30. A method as in claim 18 wherein said accumulators
10 are loaded with a said value (—leaét/_n) where least
is an expected early value and n is a number of
accumulators, and wherein aﬁ early exit is

established when an accumulator reaches 0.

15 31. A method as in claim 22 wherein said value

represents sign bits of the accumulators.

32. A method, comprising;
obtaining a plurality of image manipulating
20 devices whiéh achieve specified states based on
relationships between two images;
accumulating results based on said

relationships, and
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34.
10
15

35.
20

An apparatus, comprising:

a calculating device, including an accumulator
element, that calculates values related to a minimum
distortion between two regions;

a buffer, storing a value related to said
minimum distortion, énd loading said distortion into
said accumulator; and

a logic unit, establishing a minimum distortion

based on a value in said accumulating device.

An apparatus as in claim 34, wherein there are a
plurality of said calculating devices, and said
distortion is loaded into each of said accumulating

elements.
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video portions acquired by said video acquiring
device; |
a buffer, storing a value related to said
minimum distortion, and loading said distortion into
10 said accumulators; and
a logic unit, establishing a minimum distortion

based on values in said accumulating device.

37. An apparatus as in claim 36 wherein said logic unit

15 monitors sign bits of said accumulator elements.

38. An apparatus as in claim 36 wherein said logic unit

monitors a value in said accumulator elements.

20 39. An apparatus as in claim 36, wherein said wvideo

acquiring device is a video camera.

40. An apparatus as in claim 38, wherein said logic unit

monitors a value in all of said plurality of

27



-@10%BHSE ()- 9" 10%#& ()- " 10%t& ()-{n|n}nnnnoHobA410#  10%t& () -
10%#& () - @L10%#& ()- MLO%#& ()- 10%#& ()- 10#10#Ho} ooobA410#  10%#& () -
| 109%#& ()- @L10%t& <10%#& ()- 109%#& ()- 10%#& ()- Normal" "Heading 13]c"
"Headi ng 23] c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c"
"Headi ng 73] c" atdwaniileg 88§ cd 1 émdemids nigo 98¢atA ERklapltdRaeagsaph

Font g"O #d( W 02{ 69K=A0FVKNQBUTX[ *) b. eh| kI prtvxz| ~! +n27=VDNUB[ = Ygnmno TUVWKYZ| \
]~ " abcd=PK >Z@iue. .
I #] $9R) +, - E/ W022@V405T678| 9: <<<=2==| ?L @GABYODFA KRN&OePQRSTUVWK5Z( o\ D] = _
aabdeer g"hm cj kl i{ nHooef ghi j kl mopqgr st uvwxyz{| } ~6Ti mes New

RomanAr i al Couri er New'h Root EntryWrdDocunent

A i RIS i 0o 36 PP HIOBETS
<= >9@ABCDEFGHIJKL ST Zi ] %~ "abcdef g nnopqrstuvmuyz{|}~
5 accumulators are loaded with a wvalue (-least/n)

where least is an expected early value and n is a
number of accumulators, and wherein an early exit is

established when an accumulator :eaches 0.
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