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DI STORTI ON CALCULATI ON I N | MAGE CORRELATI ON BACKGROUND 5 I nmmage

conpr essivom 0t/2Bhi ques can reduce the anount of data to PETAUS@N®KIStted in
video applications. This is often done by determ ning parts of the inage
t hat have stayed the sane. The "notion estinmation"” technique is 10 used in
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area in a tenporally 15 displaced frame N-k. These techni ques may be
conputationally intensive. BRI EF DESERFINON OF THE DRAW NGS These and
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often done by determining parts of the image that have
stayed the same. The “motion estimation” technique is
10 used in various video coding methods.
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 drawings,
wherein:
Figure 1 shows a source block and search block being
compared against one another;
Figure 2 shows a basic accumulation unit for
25 measuring distortion;
Figure 3a and 3b shows different partitioning of the

calculations among multiple SAD units;



cal cul ations anong nultiple SAD units; 1 WO 01/95636 PCT/ US01/ 40878 Figure
4 shows a tradeoff between early exit strategy cal cul ations and an actual
total calwaba?iesn; Figure 5 shows a flowchart of the earP@T/@R01/40878
strategy; Figure 6a shows an early exit using an early exit flag; Figure
6b shows early exit using a hardware status register; 10 Figure 7 shows a
flowchart of operation of the adaptive early exit strategy. DETAILED
DESCRI PTION 15 Motion estimation is often carried out by calculating a
sum of absolute differences or "SAD'. Mdtion estimation can be used in

nmany different rapphd catdionss 4 neragidgr dudydal ddwi edkio cellular 20
t el ephones that use video, video caneras, video accelerators, and other

such devi coseo 1hR5 G ARMI £051 680 o8 O Choeil e Sl anals Ao auddwyt s, The SAD
is a calculation often used to identify the |owest distortion  between a
source bl ock anbdi@uf]eurg)esfhc%s bé Offgwclzk'l’]aﬁc Soefrt%he 2early exit
5 strategy;
Figure 6a shows an early exit using an early exit
flag;
Figure 6b shows early exit using a hardware status
register;

10 Figure 7 shows a flowchart of operation of the

adaptive early exit strategy.

DETAILED DESCRIPTION

15
Motion estimation is often carried out by

calculating a sum of absclute 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 can
produce video 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



WO 01/ 95636 PCT/ US01/ 40878 region search block. Hence the best match

bet ween these blocks. One way of expressing this is Ni "-i SAD=ly
la(i,j)-00jAs56B¢ N =2,4,8,16,32,64. =0 J=0 Conceptual | yPeaBO1/408% nmeans
is that a first frame 5 or source block (N) is divided into conponent
parts of MN source bl ocks 100. These are conpared to a second frane
(N-K) 102. The frames can be tenporally displaced, in which case k#0. Each
N-K frame A€92iérs senMiZnidl sch+2ndenaes ethe Thes s aritteh b ooke dD0ligsshown in
the center of the 10 area in Fig. 1. The parts of the imges that match can

be det ect esldyk€or rehatiag eacdxpasssigeachsinmge frame against ot her
image frame using the distortion nmeasurer. The conpression schene uses

this detection to conpiess the data, and hence send | ess information about
the 15 i nage. JhDs e§ic¢aqamjaL5qibg)¢arN ep, a, gener ab, purpose DSP. Such
a device is contenpl-ai-ed for use in video canctorders, teleconferencing, PC
video cards, and HDTV. |In addition, the general -purpose DSP is al so

contenpl at ed 2QcdrfepiSeal Dy CORAECth D Médds ofherhdechine ogi esrdid | i zi ng
digital signal processing such as voice processing used in nobile
tel ephany, o SPEKEd 6509k L (0N, 1 8Ndi P1ALE into component parts of

MxN source blocks 100. These are compared to a second
frame (N-K) 102. The frames can be temporally displaced,
in which case k#0. Each N-K frame 102 is an M+2m; x N+2n;
area. The source block 100 is shown in the center 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 compression scheme uses this detection to compress
the data, and hence send less information about the

15 image.

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 HDTV.
In addition, the general-purpose DSP is also contemplated

20 for use in connection with other technologies utilizing
digital signal processing such as voice processing used
in mobile telephony, speech recognition, and other

applications.



applications. 3 WO 01/95636 PCT/USOLl/ 40878 The speed of the overall
distortion detection process can be increased. One way i s by using hardware
t hat al | ov@ 0eesB6 SAD device to carry out nore operations PCTHUS0Ic48T8e. Thi s,
however, can require nore expensive 5 hardware. Another way is to increase
the effective pixel throughput by addi ng additional SAD devices. This can
al so increase cost, however, since it requires nore SAD devices. 10 Faster
search al gori t Hiie= atpeapt of ot s eotdren EXi &t $thgrt e dvere-tse ef fectivel y.
The bl ock SAD conpares the source group against the "search group". The

source gr i@k tdien SBAr Chc BE QST . B WAy oughoptyd ey efdidigidrage so that
the SAD 15 operation cal cul ates the overlap between the two groups. Each

bl ock in tiey SS9 Q4L WAD Be, caupas edi i, sl tiple %@%ﬁldg{g each of

the search regions. A typical SAD unit operat'es on two, el enent s
to overl ay;

cal cul at eslﬁlgEP ??ylcgll{ngS ﬁ%:hg? f}g&g%%{ég} h%]%s%@%?ier%g%%ve:::%?ﬁrﬁfg.ngegsts 0
represgnt ﬁahred&é)rtea.' di stortion.

Another way is to increase the effective pixel
throughput by adding additional SAD devices. This can
also increase cost, however, since it requires more SAD
devices.

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 groupﬂ
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 X 16 = 256 differences.
These are then accumulated to represent the total
distortion.

The SAD requires certain fundamental operations. A

difference between the source X;; and the search Yij must



The SAD requires certain fundanmental operations. A difference between the
source Xis and the search Yid nust 4 WO 01/95636 PCT/US01/40878 be
formed. MoabswBaute value I Xi7-Yijl is formed. N-1 n-1 Fi p@r/U§01/40B val ues
are accunulated, SAD=11 1 Xi7-Yij I . i=0j=0 A basic accunul ation
structure is shown in Fig. 2 Arithmetic logic unit 200 receives Xi 7 and
Yi7 fromdata 5 buses 198,199 connected thereto, and calculates Xij-Yij.
The out putbe2Forinsed Nveart egb Hylutw erdBfe 2J02,-8Bpth ikheorinavert ed out put, and
the original, are sent to nultiplexer 204 which sel ects one of the val ues
based on a sign bit 205. A second arithnetic |ogic unit 206 10 conbi nes
these to fRimalthe abisolwrieslae: Shenfilstiedyvafdls 2y stosed;dn

accurrul ation register 208. Effectively, this forns /@/system of subtract,
absol ute, accunulate, as shown in Figure 2. Figure 2 shows a single SAD
conmput ati on unif .bahsic ldcaotethtahoyest radiif e £ aRuHmtinoriuni ts coul d be
used to increases the throughput. |If the nunber of conputation wunits is

i ncr eased AtiftHnd HiCE EBSESe Ukt MR Yoo ddig,dd %6l addWOUGHRIM 81, cycle. The
present inventor noted, however, that increase

5 Dbuses 198,199 connected thereto, and calculates Xi5—-Yis5.
The output 201 is inverted by inverter 202. Both the
inverted output, and the original, are sent to
multiplexer 204 which selects one of the values based on
a sign bit 205. A second arithmetic logic unit 206

10 combines these to form the absolute value. The final
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 the number of computation
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. In addition,
different parts of any image are often correlated with

other parts of the image. The efficiency of the



20 in pixel throughput is not necessarily linearly related to the nunber
of units. In fact, each franme is sonewhat correlated with its nei ghboring
frames. WwoOadeHesé on, different parts of any imge are of PE€USaIr40818at ed
with other parts of the inmage. The efficiency of the 5 WO 01/ 95636

PCT/ US01/ 40878 conpression may be based on characteristics of the inmages.
The present application allows using the nultiple SAD devices in different
nodes, deemtires oion heay efd iled st yorofclheomgrtesssii sani.c 5 ofhecHar esent
application uses the architecture shown in Figures 3A and 3B. The sane

connect i onnisyarsed The boddelt gEsi A and BB.owutudiiey galcul ations are
partitioned in different ways. Figure 3A shows each SAD device 300, 302

bei ng 10 epnfdigredas dewhale ;AR Fach SARJIRGET s o Hiddf erentye bl ock,

providing N bl ock SAD cal culations. Effectively, = uni't 301,” therefore,
our co. pLA by kel OAR S 6D Bl cul ates the result the difference
19,50 By 1o souice AALLe AL AR SPUSh Birely by RSl . The sl Lot ve
300, 302 perfaornms a fraction of a single block SAD cal cul ation. Each of
t he in Figures 3A and 3B. The same connection i1s used in
both Figures 3A and 3B, but the calculations are
partitioned in different ways.
Figure 3A shows each SAD device 300, 302 being
10 configured as a whole SAD. FEach SAD receives a different
block, providing N block SAD calculations. Effectively,
unit 301, therefore, calculates 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
15 16 by 16 source and the 16 by 16 search pixel by pixel.
The alternative shown in Figure 3B. 1In this alternative,
configuration each single SAD 300, 302 performs a
fraction of a single block SAD calculation. FEach of the
N computation units provides 1/N of the output. This
20 “partial SAD” operation means that each of the 8 bit
subtract absolute accumulate units have calculated 1/N of
the full SAD calculation configured to that unit.

The overall system that determines the whole or

partial should be used based on previous results as



N conmputation units provides 1/N of the output. This 20 "partial SAD
operation neans that each of the 8 bit subtract absolute accunulate units
have cal ovdat/ew3e/ N of the full SAD cal cul ati on confi gur BATAUSO140818 uni t .
The overall systemthat determ nes the whole or partial should be used
based on previous results as 6 WD 01/95636 PCT/ US01/ 40878 descri bed
herein. This in turn can reduce the nunber of calculations that is carried
out. One wisdmilget erenaten wheltthiey iwhotwerrorcapardddlcd $hdlsfondes tdr assune

that tenporally close inages have 5 correl ated properti es.

A first cycle

can be calql@atled idrsd nghdthe whede-SAD gmde, and a second cycl e can be
cal cul ated using the partial SAD node. The cycle which works faster is

taken as the WidgienyaAnt Sels e AR e ., This Galeulation can be

repeated every X cycles, 10 where X is the nunber of "cycles after which

I I | | b ed. Thi be d [
" ogi ¢ umed i o cxreRl GO MR B A escr i bod

a logic unit, carries WC

15 techni que

herei n. Throughput can al sg be increased b n "early exit"
as desiri & ale}ﬁ‘?ff PP it e =H é%lﬂciﬁ SR &I B @t &tent s can

be witten as | par - pis + 1 pzr - p25 1 + ... | p256S -

using the whole SAD mode, and a second cycle can be

calculated using the partial SAD mode. The cycle which

works faster is taken as the winner, and sets the SAD

mode. This calculation can be repeated every X cycles,

10 where X is the number of cycles after which local

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 “early exit”

15 technigue as described herein.

The complete SAD calculation for 16x16 elements can

be written as |p1r - pls| + ]pzr - p2s| + .. Ipm%s -

pgwrl...(l). If all of these 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 1f enough information has been



p256rl...(1). If all of these calculations were actually carried out, the
cal cul ation could take 256/ N cycles, 20 where N is the nunber of SAD units.
It is desvoabp®m3¢o stop the calculation as soon as possi PCEHUSOIAMOETS m
results of the calculation are tested. These interimresults are wused to
determ ne if enough information has been 7 WD 01/ 95636 PCT/ USOL/ 40878
determned to find a mninmumdi stortion. The act of testing, however, can
consune cyddtesrmiied pre@seimd apphircatimnd desord s, a hal anee et ween  this
consunption of cycles and the determ nation of the 5 m ninumdistortion.

Figure 4 idddtstdqt esondiatt ) asdgofdod Qima Apxlds cal cul ation using 4 SAD
devices. Line 400 in Figure 4 represents the cycle count when there is no

early exit. Thepld ﬁé%%;éﬁr}%%f}g%pr i thal,the. . gygl e gount

W thout early exit 25 e cycle counts tor early exit

strategie r own i.n. the s|loped |ines.402, .404,. 406 and 4Q8. Line 404
repr esent ?Igins: c[%(;ns UIRE %1% érilep‘? xaerfcg,%q% 8 eI as &t g%fne t est
every %hi rty-two pixels (1/8) and Iline 408 represents one test every

si xt y- f our™ PRSI YA - Nt W at? whdh e isshddudratne i e above

line 400, the attengt at early exit has actually increased the overall
di storti ofalxzut @tiorraligielatioe wing dphrdfefleyices. Line 400 in

Figure 4 represents the cycle count when there is no
early exit. The line is horizontal representing that the
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 every sixteen pixels, line 406
represents one test ever? 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. Line 402 represents
the cycle consumption where zero overhead is obtained for
exit testing. That is, 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



the cycle consunpti on where zero overhead is obtained for exit testing.
That is, when a test is made, the exit is 20 always successful. Line 402
is the deedpegsegoal . An adaptive early exit schenme is di seCDE8e/408T8 doi ng
so. Block | is first processed using any nornmal strategy known in the art
to find a mnimumdistortion. This can be done using test patterns, which
can be part of the 8 WO 01/95636 PCT/US01/ 40878 actual image, to find the
di storti oracthhls imageyumo diistdritHeooriistargddnas trind sbaseliime; and it is
assunmed that block I + n, where nis small, has that sane m ni num

di storti omlisherthiasi G PURPLE T ©a46e8dnh Kexd titNK of eRfRsRRt s the nunber
of pixels that have been processed previously for a search region before

an early @i dipachi aved. Aexid (Nid G‘s?r[aQ%emh%st he 3t algOf fn %qu"‘”' al
accunul ator S|gn bits, at the tinme of the last early exit 1 a search

region. he. cylatiqn is term nat epl V\,hen t he
di storti on excee Cmthat t%res%oﬁéj a?% ?orms a “causal system usi ng
Cyetenti s bascalon 1AY. ARG D oot S EFP 8 SEeREgi on bei ng
Sorme been processed previously for a search region before an
early exit is achieved.
Aexit (N) represents the state of the partial
accumulator sign bits, at the time of the last early exit
10 for a search region.
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.



probability of maintaining conmon characteristics from tine to tinme. The
time between frames is between 1/15 and 1/30 of second, often fast enough
t hat m niw@b1/2B3€hanges occur during those tinmes above soORET/HSIIHB8TS oor

rel ated to neasurabl e system characteristics. Also, there are often
regions of an image which nmaintains simlar tenporal characteristics over
time. 9 WO 01/95636 PCT/ US01/40878 According to the present application

t he accunul at orRAagmiindifny teadtheSArcamtbhedpddded iwirt,h e val ue (-

| east/n), where "least"” represents the mninmum distortion that is neasured

in the bl cocumilizaprseariah £dr falcl BAD egirobe NRacSAR i Hartecal cul ated for
each search region. The first SAD calculating for the region is assigned

the "Leastya1dRsi gnatd it /MUt Uiife 3ADS & 7 GIRARGHO (il Snididusee if a new
"Least" val ue has been established. V%en the accunul ators change sign, the

oy 0 erH Cgt%rc{:r délA%H?cs l@%gﬁﬁcﬁgu an aEDCF ti orﬁéncaﬁ Clr.?lricj;j P "

only the eX|st|ng structur ion, and

hence addi ec(ghf(s) or t Lest t.est char ter of the
i mge anf‘té) H%ed oIAE é{ ﬁoﬁrr?arﬁ?l&ulta%eedggg rs need to
switeh b(:)sfeoarr(:)cheSrteagt_?l.lolnShl i thelresa"crlSyADexclatlcul?L%rtl%)gga olre thlef region
is assigned the “Least” designation. Future SADs are
compared to this, to see 1f a new “Least” value has been
established. When the accumulators change sign, the
10 minimum distortion has been reached. Moreover, this is
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, 1f
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 that 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



source and target regions are totally honogeneous, then all the

accunul ators shoul d change sign nore or less at the sane tine. Wien this

happens, vaay1/ote6 of the running 20 SAD cal cul ati ons exceeBCHFSOIM®STSr evi ous
| east nmeasurenent can be used to indicate that an early exit is in order.

Thi s, however, assunes total inage honbgeneity. Such an assunption does not
al ways hold. In many situations, the nultiple accunulators of the

di fferent SAD WO 08 /WEBBNPCTHRISOI¢ Ud8Tihg SAD e tsame | tatet be i ncreasi ng
at the same rate. Moreover, the different rate of increase between the

accunul at Meremebe tled adetfdireect tatd ot henepaidal bed wasenty
characteristics of the differences thenselves, 5 between the source and

target bl agksundith@d 69 hdy the rapiHed of rsp) i1 the dad@aThis can

require nore conplex ways of considering howto determne early exit,

based on m%@w%a@mwfﬁ\&L{fﬁaéeAgag%%gﬁ%&eﬂeﬁ%&;%d&on the

probability associ'ated 10 wth a sp of the SAD

units zar énwetehne Sare_state. J itsajgi f%‘ rence in rate of itg{:rease bet ween

the acCumiAtBIe: i F e At t 3¢ het Spati ’read‘h%n%@g%h%‘?a %ristics of

the difference bogtfween t he source and target block. Since these spatial 15
t

frequency AUtV | BTREIRT et hf s icdor r et FathofRAuire more

complex ways of considering how to determine early exit,
based on what happens with the SAD units.
One operation is based on the probability associated
10 with a split SAD state; where not all of the SAD units
are in the same state. This difference in rate of
increase between the accumulators is related to the
spatial frequency characteristics of the difference
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 1is explained herein with reference to variables
- where‘Al, Ay, Az .. B, 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



tenporally simlar franes,
applied to analysis of follow ng franes.

the information fromone frane nmay al so be
This is explained herein with

ref erencavo01/9®86 abl es - where Al, A2, A3 ... An are defPeBUS@08T8ent s
associated 20 with a split SAD cal cul ation. The events can be defined as
follows: Event Al = SADI >_ 0 where SAD < 0 for i j. This conceptually
nmeans that the event Al is defined as occuring when SAD unit i is positive

and al |t heenbl AR D 137956361 RCTH RS AT AR . 1 erri Nivtgh 1ISAR A, S fyre

negati ve.

events, speC|

concept of
i ncl ude 1
SAD uni ts,

vari abl es,

10

15

20

This woul d occur, for exanple, when the accunul ators were

i ncreasi ng fpldai ffv@{éaﬂttrﬁ@taeéeumma%&?@ w180 e defdingd As conbi ned
ically: 5 Event Bi,j = Al UA = SAD 0 for SAD >_ 0,

Where SAD‘SlTﬁ%rfeQ{t kedtlas] - TS 65%9%51§J1%e zﬁlﬁ peCions i do?an

"true"” when Al exists and Aj are true, but

i
are rtal se.

f t he.. rations in terns of events can be extended to
?Fk¥he ﬁ%%%? apf’ch,:%nblnatlons of i, j and k. This vyields,

and

ned as

The

for 4

a total of 16 conbinations. For |arger nunbers of SAD units, it
| eads Po ot her EvgfderBs, pf Gondi AatT oD and Fo¥siSBly RsP ngambr e

such as i, j, k and mor others.
where SADy < 0 for k =i, 7J. This means that event

Bi,j is defined as “true” when A; exists and A; are true,
but all other Ay are false. The concept of defining the
operations in terms of events can be extended to include
all the possible combinations of i, J and k. This
yields, for 4 SAD units, 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 others.

Describing this scenario in words, each event “B” is
defined as the sum of the specified accumulators being
greater than 0. Each of these combinations is defined as
a probability. For 4 SAD units, there are total of 16
possible states of accumulators. These can be grouped
according to how they are handled.

A first trivial possibility is

P (BIAlﬁ Azm A3mA4) = 0.

12



15 Describing this scenario in words, each event "B" is defined as the sum
of the specified accunul ators being greater than 0. Each of these

conbi nat ivod81/9®3eefi ned as a probability. For 4 SAD unit BCTUR&498%r e t ot al
of 16 possible states of accunmul ators. These can be grouped 20 accordi ng
to how they are handled. A first trivial possibilityis P (BIl A r, A2 n
A3 n A4 =0 . 12 WO 01/95636 PCT/US01/40878 This nmeans that the

probabil ity thdthisumedns hehat durmulmtarabilkity GGhagi wam tdratthzone of the
accurul ators has exceeded 0, is 0. The opposite is also true: 5 P (B1I A

n A2 n A3 avddulatsr i ch> neang ddmattide qpuabald iy Lfcdhe swpof all
the accunul ators is set, given that none of themare set, is also 1.

Excl udi ng Ha@e%{d‘.é‘éd/é@.m chggacteristics, there are 10 14 nontrivial
conbi nati ons. The first gr oup includes four cases where one of the

accunul ators | t 1d i three are not set: P (BI Al U(A2 n
A3 n A4) @%3(1%9 %ﬁ AJE%QJ 15 P(BIA3 U (Al n A2 n A4),
5 P(BIAlmAZmA3mA4)=1,
Which means that the probability of the sum of all
the accumulators is set, given that none of them are set,
is also 1.
Excluding these 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:
P(B|l Ay U (A, N As N Ay,
P(B| 2 U (A& N A3 N Ag),
15 P(B|a; U (A N B, N Ay,
P(BlAs U (B N By N As).
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:
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P(BIA4 U (A n A2 n A3) . Another group represents those conditions where
two of the accunmulators are set, and the other two accunulators are not
set. TheseOooeumdhati ons are witten 20 as: 13 WO 01/ 9563BCRCT4 14887/ 40878
P(BIA, n A2) U(A3 n Ad) P(BI Al nA3) U(A2nA) P(BI (A, nAd) U
(A2 nA3) P(BI A2 nA3) U(Al n M) 5P (BIA2nA) U(A nA3) P (B
A3 n AMA) U(A n A2) Finally, the followi ng group represents the cases
where three acoumlirat ey 9,are &t and,pne accunul ator is not set 10 P (B |
Al n A2 nA3) UAM) P (BI A2 nA3 A UA ) P(BA nA3n A4 UA2) P

(B1 A n A2 ngbt U A3 The -present enbodi ment recogni zes that each of
these 15 grou s@léﬁdq %31’ act e(éécﬁ of}these situations, represents a
different conditi ﬂn in the image. Each group or each situation can be

i8]

handl ed di ffer &B Iy AL Th f.8yst dAvoPePal es as above, and as described with

P(Blaz M B3) U (A N Ay)

5 P(B|A, M By) U (A N Aj)

P(B|As N Ay U(A N Ay)

Finally, the following group represents the cases
where three accumulators are set and one accumulator is
not set

10 P(B|Aay M By N As) U By)

P(Bla; N B3 N Ay U A

P(BlA; N A3 N Ay U Ay)

P(B|As N By N Ay U Bs).

The present embodiment recognizes that each of these

15 groups, and 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



reference to the flowhart of Figure 5. The final goal 20 is to conplete
the cal cul ation, and hence to exit, sooner. This is showmn in Fig 5 by
first, deveemssBehrg nmatching characteristics of two i mageBCT/ASGIONBTSe | mage
and a search immage at 550. The matching characteristics 14 WO 01/ 95636

PCT/ USCL1/ 40878 are cal culated without any early exit. The m ni num
distortion is found at 555 and the conditions when that mninmumdistortion
exi st ed ared awlddits6 vitheutordivt iecand yatex560 c&hel mdhudema gr oupi ng type
5 that existed at the time of mninumdistortion, or the specific

condi ti oncarmrgtlike 14 Fessididt Gi5es.andt 520 cangilbseauerhenmegapart is
tested. This subsequent part can be any part that is correlated to the

test part niSiiRes (ERYARLIL cielaf edd mges areskd assumed to be
correlated, this can extend to any tenporally correlated part. The inage

source and seargh ais dested And Lt SUBIA ol he SRoEL! |

groupi ngs that occurre . nrmum . found at 575.
20 oY AR D0 53 A Sl B0 The ol el b once
shows a S%&ﬁéﬁ?éﬁé %Eﬂﬁfggy%npgkmkgfiﬁiglfﬁ possibilities.
At 570 a subsequent image part is tested. This
subsequent part can be any part that is correlated to the
test part. Since temporally correlated 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 units 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



exit using an early exit or "EE" flag. N SAD units are 20 shown, where in
this enbodi nent, N can be 4. Each SAD wunit includes the structure

di scussedv@bo9®36 and specifically ALUs, inverters, and acROmMiK@498%. The
out put of each of the accunulators is coupled to a conbinatorial |ogic
unit 600 which arranges the 15 WO 01/95636 PCT/US01/40878 outputs. This
can be used to carry out the group determ nation noted above. The

conbi nat ordulputegi ¢ TUmig cars parrsest wutcarsiyngudi $treetoerduagi ¢ gates, e.g.,
defined in hardware definition | anguage. The gates are 5 programmed with

an option deasechiontihe seiteet etb@roup.ThDiddhdienrt drtages ¢ parits may be
processed according to different options. For each option, the conbination

of states,j£.Gnridd®ul Ul shussed Abovs ¢ ighteaded  JThe Lanbinpatori al
10 logic nonitors the accunulators of all the SAD units. Each state is

output to .3 lrtd“%lcf@ég{cﬁfnime&&holﬁ%fq% mul q.th%r %a%%gi eve a state that falls

within the selecte g, an ea t° fl'ag i°s ~produced. The early exit

flag ngans t hat t he hart ware 15 has de%%{mn an appropriate "fit". This
causes’t hé ST DR 13 &t PP FIYuRE B8 Mol Sar? A HSh I e Psyst em i n

whi ch the _ .
Different images and parts may be processed according to

different options.

For each option, the combination of states, e.g.,

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 early exit flag is
produced. The early exit flag means that the hardware

15 has determined an appropriate “fit”. 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 to 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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states of the accunul ators are sensed by a hardware status register 600.
The status register is set to a 20 specified state by the condition of the
accunul atwop 81/9563he status regi ster stores the specified chadiUsivsTshat
represents the early exit. Wen that specified condition is reached, the
early exit is established. 16 WO 01/95636 PCT/US01/40878 The way in which
the adaptive early exit is used, overall, is described in reference to
Figure 7. At 700he wade Vi deloich abee sadanitsi v B rlepresient ss budddr i ng bot h
frame Mand frame Mtl. 710 is a determnation if the 5 block history nodel

needs updateerdhi,s tanddecdebed nimetefdyandorcexaphe Tonizoriqg of the
tinme since a previous frane update. For exanple, X seconds can be

est abl i sheghe agided | fEahe! OF £r8s NEW APJALS d So NS 8SSBF Y 1 A d Ecpﬁh model needs
updating, then the process 10 continues by |oading the accunulators with

OCFFOL ande st b nohd herLpoal var i g e Nl e Jde A 720, ¢ tfie, system

obt ai ns SAD search region and uses e perio exit test Texit

=1/16. ..., tep. 725 the exit _test is erfqormed. |f successful, | ocal
vari able r%’gfﬁ‘%%i %)l,s‘i%rW%ﬁejr SR plf&deat‘ge befHi e &A1 %%df%‘?ﬁf%ﬂ(rhﬁf which is
an summary of _accumul ators 1 through 4 before exit restored. A The | ocal
vari abl e PYrs HSFIHR e ter i@ Pidgie time since a previous

frame update. For example, X seconds can be established
as a time before a new update is necessary.
If the model needs updating, then the process

10 continues by loading the accumulators with OxFFO1l and
setting the local variable N=1 at 715. At 720, the
system obtains SAD search region N and uses the periodic
exit test Texit =1/16.., at step 725 the exit test is
performed. If successful, a local variable Kexit (N),

15 which is the pixels before exit and Aexit (N) which is an
summary of accumulators 1 through 4 before exit restored.
The local variable n is also incremented at step 730.
This establishes the local parameters, and the process
continues.

20 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.

17



This establishes the |ocal paraneters, and the process continues. 20 In a
subsequent cycle the block history of update does not need to be redone at
step 710 wa@ndyfsechice control passes to step 735. At this BCEPSI40878
previously stored Kexit and AEexit are read. This is used as the new count
at step 740 to set target block flags. 17 WD 01/95636 PCT/US01/40878 At
step 745, a search for block Nis established, an a exit and Kexit are
updat ed at stepgt750emN 140, rcrermntedorAblsicdp WV5S «stdatldrsfatgt izon i s nmade
whether N is equal to 397. 397 is taken as the nunber of 5 frames in the

buffer, sianesitthers] aex39Grd Gk dDeks due BHR2x288 iigrage. However, this
woul d be adjusted for different size sizes as applicable. Again, the

tenporal vaididedtePf |2 a8 ROMIONS et AMIIBIRANS ikl ¥ to remain
unchanged. Therefore, when 10 the partial accunul ators have a specific

Sion bit, kheider § Ao Quatioes SN Hopant, advan! ages Mysouer o he ti e

bet ween franes I s usua e order a second.

oL, P S e
correl at eqfn él t3%02l3|<g2h8 80 niI agae .f ev]\?llo%vne?f%qﬁi rr?:rllltiss Qv%vu% db %%n aq:{jsfslt%sde qﬁ’or
’
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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ot her nodifications are possible. 20 18 WD 01/ 95636 PCT/ US01/40878 What is
claimed is: 1. A nethod of processing an inmage, conprising: determning
charact ew@vi/g®3eof a plurality of image 5 processing el eR€MUSO1208%8 ti me of
a specified image processing result; and establishing a subsequent

cal cul ation as being conplete when said characteristics exist in a
subsequent calculation. 10 2. A nethod as in claim1l wherein said

char act er Wgtaitcsi 9 nclladideedsiige bits of said i nage processing el enents. 15 3.
A nmethod as in claim2 wherein said i nage processing units are sum of
absolute difference units. 4. A nmethod as in claim1l wherein said
characteristics conprise states of groups of said imge 20 processing

el ements. 5. Ajmethod s Hdy JRIgAAMSLR rénsa_tinggec,h@fg]cbtﬁrsji%tgi:cs conpri se

states of groups of said image “processing el enents.

determining characteristics of a plurality of image
5 ©processing elements at a time of a specified image
processing result; and
establishing a subsequent calculation as being

complete when said characteristics exist in a subsequent

calculation.
10
2. A method as in claim 1 wherein said
characteristics include sign bits of said image
processing elements.
15 3. A method as in claim 2 wherein said image

processing units are sum of absolute difference units.

4. A method as in claim 1 wherein said
characteristics comprise states of groups of said image

20 processing elements.

5. A method as in claim 4 wherein said

characteristics comprise states of groups of said image

processing elements.

19



WD 01/ 95636 PCT/ US01/40878 6. A nethod of calculating a relationship
between two inmages, conprising: obtaining imges; 5 nonitoring matching
char act eWw@vi/g®3bet ween a source image and a search i nagRCRUS@/40BTSSt ti ne,
to determine a mninumdistortion between said inmages; determ ning
conditions of a plurality of calculating wunits at a first tinme when

m ni mum di stortion between 10 said inages is found; at a subsequent tine,
nonitoring said conditions, and determning if states of said cal cul ating
units is the sane as said states found at said first tinme; and

establ i shing a au ni mumetitidords e leased o)y sairdlall osisatigs veeert he sane.
7. A nethod as in claim6 wherein said conditions conprise sign bits of

accunul at ithg Ulddes,2GBpAdRiflod as in claim7 further conprising a
conbinatorial logic unit which detects sign bits of the accunulating

units. 20 WO 0%&%§§§§1EF@5H ,40878 9. A nmethod as in claim7 further
conprising determning 1f a™lock history nodel needs update, using said

Previ okls CondlgﬂéH} 6§id&ﬂma€¥%15§“¥ﬁ££‘ €§¥f%tics between a source

image and a search image at a first time, to determine a
minimum distortion between said images;
determining conditions of a plurality of calculating
units at a first time when minimum distortion between
10 said images is found;
at a subsequent time, monitoring said conditioné,
and determining if states of said calculating units is
the same as said states found at said first time; and
establishing a minimum distortion based on said

15 states being the same.

7. A method as in claim 6 wherein said conditions

comprise sign bits of accumulating units.
20 8. A method as in claim 7 further comprising a

combinatorial logic unit which detects sign bits of the

accumulating units.

20



conditions if so. 5 10. A nethod as in claim®6, wherein said obtaining
uses a video canera. 11. A nethod as in claim9, wherein said 10

determ niwm@ovewpé | ses determning if a specified tinme hasPCBUSpHOE78SI nce a
previ ous update. 12. A nethod as in claim®6, wherein said states include
groupi ngs of states representing specified 15 characteristics. 13. A

nmet hod, conprising: determning a plurality of different states of
different cal cldati mymeihe] 20 deteradmihgfufttem saindstsates, groupi ngs of
possi bl e states, which groupings represent different probabilistic

condi ti onsdefe i irn@ges;a 231Xk G 95636 NI USILADBifha et efdiidy Ng a
first state at a first time at which a calculation indicates m ni num

di storti onshet ween, tMs | FRaeSs: 1 el Ui ik Saigh fdﬁcﬁitisr{gtseafc? indi cate an
early exit 5 fromcalculation at a second tine.” 14. method as in claim
13, whereif sid Ysinge gonprises determning if a current state is the
sane as

5

10. A method as in claim 6, wherein said obtaining

uses a video camera.

11. A method as in claim 9, wherein said
10 determining comprises determining if a specified time has

elapsed since a previous update.

12. A method as in claim 6, wherein said states
include groupings of states representing specified

15 characteristics.

13. A method, comprising:
determining a plurality of different states of
different calculating units;
20 determining, from said states, groupings of possible
states, which groupings represent different probabilistic

conditions of the images;
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said first state. 10 15. A nethod as in claim 13, wherein said groupings
conpri se groupings of sign bits of said calculating units. 15 16. A net hod
as in cl avewis63d urt her conprising using said cal cul ati nBCT/OSEBL08TSNM ne
information for an MPEG coding. 17. An apparatus, conprising: 20 a
plurality of inmage processing elements; a circuit that stores first states
of said image processing elenents at a tinme of a specified inage

processi ng resulateramichizy WD Dily H56362 tRCEH S0 17140387 & inen sgardhiexid circuit
that determ nes a conpletion of a calculation based on conparing current
states W tdnl@diat ffdrf sindst@dess i dBuurArd apparaldis mscwdercl@idan 17, wherein
said characteristics include arithnetic states of said i mage processing
el ements. g} apparatus as in claim18, wherein said imge 10
processi ng elenents include accunul ators therein, and said characteristics

i ncl ude Signlﬂﬁéiﬂg SAlH FACGUNI BLONS, indicate an early exit

5 from calculation at a second time.

14. A method as in claim 13, wherein said using
comprises determining i1f a current state is the same as

saild first state.

10
15. A method as in claim 13, wherein said
groupings comprise groupings of sign bits of said
calculating units.

15 16. A method as in claim 13, further comprising
using said calculating to determine information for an
MPEG doding.

17. An apparatus, comprising:
20 a plurality of image processing elements;

a circuit that stores first states of said image
processing elements at a time of a specified image

processing result; and
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20. An apparatus as in claim17, further conprising 15 a video obtaining
el ement. 21. An apparatus as in claim?20, wherein said video obtaining

el enent iwOa1/9968€0 canera. 20 22. An apparatus as in cl ai RCI/PSOM8TSei n sai d
characteristics conprise states of groups of said inage processing

el ements. 23

an early exit circuit that determines a completion
of a calculation based on comparing current states with

said first states.

5 18. An apparatus as in claim 17, wherein said
characteristics include arithmetic states of said image

processing elements.

19. An apparatus as in claim 18, wherein said image
10 processing elements include accumulators therein, and
sald characteristics include sign bits of said

accumulators.

20. An apparatus as in claim 17, further comprising

15 a video obtaining element.

21. An apparatus as in claim 20, wherein said video

obtaining element is a video camera.

20 22. An apparatus as in claim 17, wherein said

characteristics comprise states of groups of said image

processing elements.
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