;e3e’ 9] 445t 7LX79669TI9HTF ADAPTI VE EARLY EXI T TECHNI QUES FOR M NI MUM

DI STORTI ON CALCULATI ON | N | MAGE CORRELATI ON 5 BACKGRCUND ﬂMﬁHMMNMWﬂmm si on
t echni ques can reduce the anmobunt of data to be transmtte

applications. This is often done by determi ning parts of the timasge that

h t dth " " tech 10 d
Vartous o deo SRRV ERBI ERE T EL ORI FoR VAN R i sEORKON nd t he
best match between a SOU%WII%ﬂN%gEtQp%Mﬂ@HE N and a search

area. The search area can be in the sane frane N, or can be in a search

area in a tenporally 1.5 displacegééé§£§$ﬁéa. These techni ques may be
conputgtionally i ntensive. BRI EF OF THE DRAW NGS These and

ot her dspects will now be described in 20 detail with reference to the
acconpanyi ng dridi# 9 sCONRERESAONFEGGRB1IGUSH 0RENA TE6WEe thico@moaRd sear ch
bl ock bei ng conpared agai nst one another; Figure 2 shows a basic

accunul at ioh datia ferbastreaswithgddist vt deonappildead idasand T3H. 55 Hons
different partitioning of the cal culations anmong nultiple SAD units;

Fi gure 4 sifibven ademadepffebetrmeahngapbytexof sheatiegyyecahat afavens and an
actual total calculation; Figure 5 shows a flowhart of the early exit

stayed the same. The “motion estimation” technigue 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 cbmputationally 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.oné another;
Figufe 2 shows a basic accumulation unit for
25 nmeasuring distortion;
Figure 3a and 3b shows different partitioning of the

calculations among multiple SAD units;
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"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

DESCRI PTION 15 Motion estimation is often carried out by calculating a sum
of absolute differences or "SAD'. Mdtion estimation can be used in many
different applications, including, but not limted to cellular 20

t el ephones that use video, video caneras, video accelerators, and other
such devi ces. These devices can produce video signals as outputs. The SAD
is a cal cul ati 6Rr98FEeA §5EW S R i eadedsL thrtwesmseanlyt eriton between a
source bl ock and a nunber of blocks in a search 2 regi on search bl ock
Hence t hesbk&stegut 6 Lisetlwddronheared Hockstudhet veyl ofaBxplassbAg this is
N1l n-1 SAD=~~ la(i,j)-b(i,j) I, N=2,4,8,16,32,64. ~.0 ~~0 Conceptual ly
what this nmeangigarehsdt sichis s fIGMBhDr oSS PGKLNL is divided into
conponent parts of MN source bl ocks 100. These are conpared to a second
frame { N- K} 3024y The franmes can be tenporally displaced, in which case k~0
Each N-K frane ?82 is an ME2nil x N+2nl area. The source bl ock 100 is shown
in the center of ain Fig. 1. The parts of the |[nages that match
can be detectegiggggoﬁgeségﬁﬁbgghc ﬁﬁﬁteﬁé%eﬂﬁﬂPQrE@ee?Fgﬁe %45i nst ot her

i mge frag? using the distortion neasurer. The conpression schene uses this
det ection 3g60npress t he data, and hence send | ess informati on about the

Figure 6b shows early exit using a hardware status

register;
10 Figure 7 shows a flowchart of 6peration of the

adaptive early exit strategy.

DETAILED DESCRIPTION

15
Motion estimation is often carried out by

calculating a sum of absolute 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 deviceé can
produce video signals as outputs. The SAD.is a
calculation often used to identify the lowgst distortion

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



"15. image . This device can al so be part of a general -purpose DSP. Such a
device is contenplated for use in video canctorders, tel econferencing, PC
video cards, and HDTV. In addition, the, general -purpose DSP is a~.so
~contenpl ated 20 for use in connection with other technologies utilizing
digital signal processing such as voice processing used in nobile

t el ephony r=$R88CH o gR4t th cat The speed of the
overal | di stajortl or?agg?leg%docﬁpprgg%%ge c@he @@gﬁ {::1 gdbe‘éi‘fée%a'y"hﬁé'eby usi ng
har dwar e LQ@E gllo%gleach SAD device to carry out nore operations in a

cycle. Thi's Kovevers & 1 FFRFERDFLEXRNZi 42 5 hardware. . Another way is

to |ncrease t he effectlve pi xel throughput by adding addi ti onal SAD
devices. This homeve since it requires nore SAD
devi ces. 10 F%%Z% cﬂa[[fr Sf)f ﬁﬁﬁsjé teﬂpt‘ t8-85é 6482 /&4 .sting har dware
nmor e effectlvely Th bl ock SAD conpares the source group against the
"search group"._The our and the search group nove throughout the
entire image sGOPREP Pﬁéﬁgh%hé¥iﬁﬂﬂ%uWQﬁﬂﬁxﬂQnﬂb@bsatﬁersveframebetmeen
the t grou Each_bl ock in the source group will be conpared to nultiple
bl ock |n°Eagﬂu6FetHé°§§arHH Hegibiisldenl tiypi c atorfpdhemt t papesades on two,

16 by 16 elenents to overlay those el enents on one another. This

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‘aetected by correlating each part of each image frame
against otﬁer 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
camcdrders, 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.



'20 overlay process calculates 16 X 16 = 256 differences. These are then
accunul ated to represent the total distortion. The SAD requires certain
fundanment al operations. A difference between the source Xij and the search
"Yij nust 4 be fornmed. An absolute value IXij-Yijl is formed. rr-i -t
Finally, the values are accunul ated, SAD=~~ ~Xij-Yij ~, ro ~0 A basic
accunul ation s cture is . shown in Fig.. ;2 5 10 Arithnetic logic unit 200
recei ves Xij %ﬁ i%ﬂéﬁcwﬁga ebﬁgﬁgag§8?i§§oﬁﬁﬁ980@éBQQQ#¥%o, and
calculates Xij-Yij. The output 201 is inverted by inverter 202. Both the
inverted BGPFEES S QR HTEEaed. Preseay L8 hyl usphexémr2ivarehi ch
sel ects one of the values based on a sign bit 205. A second arithnetic
| ogi ¢ uni th2t63ddrbisnenraheSRD tdeThren thecabsyl ute makeeopBratiional val ues
are stored in accunul ati on register 208. Effectively, this forns a system
of subtradn, aabycllet.e, Hriumhaweverns sHOWAelilkIMbee2exbedidi§e? Shows a
single SAD conputation unit. As 15 noted above, nultiple Conputation units
coul d e haedwheei.ncreases the throughput. If, the nunber of conputation
units is increased, that increases, in theory, the pixel throughput per
cycle. The pre I or e th ipcrease 20 in pixel
ﬁﬁeﬁ:hern\s(fié}ri synlf’cs efh c NOVEYeLy e?%e’l:ﬁévﬁuﬁﬂ‘écﬁq

t hroughput is not nece Inearly rel ated of units. In

fact, eac i me t correlated w its neighboring frames. In
addition,ga%éﬁgggki % rf%gg%n%uﬁ§$iﬁiﬁp eégPt%ﬁV BEF el alBdSwicRR ot her
parts of tge 'nage. The efficiency of 'the 5 conpression nmay be based on
char act er PsEPcinGEeRRE iShsdes hotaves eseiRcaphti cagibnesl mowe §8Dng t he
mul tiple SAD devices in different nodes, depending on the efficiency of
conpr essi 8AViS6eFhe present application uses the architecture shown in

Fi gures 3A and 3B. The sane connection is used in both Figures 3A and 3B,

but tife cal cul Basbes aeanmr tdldanathns atféepentovays. +hegdkessAnghons
each SAD devi ce 300, 302 being 10 configured as a whole SAD. Each SAD

recei ves hadifdeeenbrbl e@eedyrioridi.ng N bl ock SAD cal cul ati ons.
Effectively, unit 301, therefore, calculates the relationship between a 16

R e R SR
“search group”. The source group and the search group'
move throughout the entire image so that fhé 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 regioné.

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 Xij and the search Yy must



"15 16 by 16 source and the 16 by 16 search pixel by pixel. The alternative
shown in Figure 3B. In this alternative, configuration each single SAD 300,
302 perfornms a fraction of a single block SAD cal cul ati on. Each of the N
conmputation units provides 1/N of the output. This 20 "partial SAD'
operation neans that each of the 8 bit subtract absol ute accunul ate units

have cal cykatrgembiaN ofy Ul e S | cul at conf ured to that unit.
The overal | systemthgtn gle%tgerr#tnes lﬁfe e Methoul d be used

based on previous results as 6 descri bed herern Thrs in turn can reduce

the numberifh1cy) Cebal hanhddalrd S LAINIGH- QUL <ORS it Iiehel

whet her whole or partial 1s used is to assune Fﬁy‘@u se i mages
have. 5 correlated properties. A frrst cycIe can be ¢a cuIated usi ng the

whol e SAD nodep I aIc | at.ed usrng the partial SAD
mode. The cy cIe g%% %§E§88¥2X& sjl:j HERQWh?  Fafd 4ets the SAD

node. Thrﬁr | cu atrgn can be rggfated every X cycles, 10 where X is the
number of ¢y CIrEsTaft eP I R4t TERSGE8S MhirandifiprEvem datsonger be
assuned. This can _be done in ic unit, which carries out the flowchart
of F-"Eur Puse iRy hag ﬁen@ﬁﬁtetih?cmgqm e atsbcwim tewregsed by an
““early exit" 15 technique as descri bed herein. The conpl ete SAD

cal cul at i B feRtRBR1802| dseinyecdrchdywiintttertas 20P) I BohSthe + ~ P2r -
p2s ~ + ... ~ p2sss p25sr~...(1). If all of these calcul ations were

actual | y arereedoatitptibe aabcuhatbQﬂgymgxtté&é&é@ﬁﬂt{§ycles, 20 where N
is the nunber of SAD units. It is desirable to stop the caIcuIation as soon

as possi hheltiplexbi pegULHS B skhetal %lHé‘td@ 4 BNL ggse interim
results are used to determne if enough inform |on een et er mi ned

to f'nd‘%’Efﬁﬂ“ﬂ&g'ﬁbgtt'oﬂ.sgggn%F%rgthmetic logic unit 206

10 combines these to fofm the absolute value. The final
values are stored in accumulation register 208.
Efféccively, 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 ased to
increases the throughput. If the number of computation
unite 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 neighborihg frames. In addition,
different parts of any image are often correlated with
other parts of the image. The efficiency of the |

5



"testing, however, can consune cycles. The present application describes a
bal ance between this consunption of cycles and the determ nation of the 5
m ni num di stortion. Figure 4 illustrates the tradeoff for a 16x16

~cal culation using 4 SAD devices. Line 400 in Figure 4 represents the cycle
count when there is no early exit. The line is horizontal representing that

the cycle Lthout early exit is always 256/ 4=64. 10 The cycle counts
f or earlycéﬁﬁgggpggpeﬂﬁgé% r§a§ﬁﬁm?qI$EQﬁ?%ﬂ%ﬁk§F4q%é%f4bQ§ 404, 406 and

408. Line, 404 represents one test every sixteen pixels, line 406 represents
one test HREIGSt hi FBP- PRESsTke PEDLL/EBE iomd 41 knwsi0S raprigsent s one t est
every sixty-four pixels 15 (1/16). Note that when the |ines 402-408 are
above |i AetlpbPlen8Alt devpicest isadiyf fevien thandect Ualdperndibngasedt hbe
overall distortion calculation time. Line 402 represents the cycle

consunpt iefEibbercyend aovepheadion.obtained for exit testing. That is, when
a test is nmade, the exit is 20. always successful. Line 402 is the desired
goal . 5An adapline Sasbknexabp3eRarE drs Ui Red far Al ngr 05 Black | 1o
first processed using any nofnmal strategy known in he ar o) ?ln a

m ni mum di,st I i ap.be e _using test patterns, whigch can be part
of the 8qu§£§%%%?an§§e?n?ogPFndgg%es %QHQﬁféiﬁﬂsf%ﬁqﬁ%%n+ﬂistortion is
used as &Qﬁﬁg eline: dit Eg assunmed that block T + n, where n is small,
has that &3 GRS dPseBrt PBn. PRk & icalealateions afe used. 5 Kexit(N)
represents the npunber of pixels that have been processed previously for a
search r SO bEPRPE 4R Eaffprertt waysachi eved. Aexit(N) represents the
state of the partial accunulator sign bits, at the time of the |ast early
exit 10 for a Erawed BBgsbawsFerchh&d® llesdics 1300,n,30heéo&ycal cul ation is
term nated when the distortion exceeds that threshold. This forns a causal
syst ébh usionf pyevedussi af ehshti SADLhakach lopovrediited he SEFEReheTi ON. 15
The usual systemis based on the inmage characteristics within a search

regi on bejlg-onEroHvo8aRY Nt ¥18EKMBRM daNidd 49EHN C@f@&é%%é%ws from

time to tinme. The tinme bétween franes is between 1/15 and 1 second,

ofi en fasinsenovsh, (PaLEEBLIR C20cCHANES RCL VI NOSe dldes Do
Ao ion TIPS O SR ERES MRLCT TR BANY BuTed) g 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. In this alternative,
configuration each single SAD 300, 302 performs a
fraction 6f a .single block SAD calculation. Each of the
N computation units provides 1/N of the ouﬁput. 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



" According to the present application, the accunulator unit for each SAD can
be | oaded with the value (- least/n), where "least" represents the m ni num
distortion that is neasured in the black notion search 5 for the region.

- Many SAD s are calcul ated for each search region. The first SAD cal cul ati ng
for the region is assigned the "Least" designation. Future SADs are

conpared HasthitBed hexeBH.f arfiew {deasty YahUfehasebegd gakdbki sked. Wen

t he accunul at ors change sign, the 10 m ninumdi stortion has been reached.

Mor eover, IS q1.S « Ndi Gat Usi exi sting SAD structure, w thout
an additi Srgllglcaé‘é% ey gslticcg’r??:dalhgd %\%@é%&]‘?fl onal cycles) for the test. A

test of the character of t i mage can be used to 15 determ._ne how many of
t he accunulato??%uﬂﬁyt ség%%ﬁp (ﬁ%@éﬁﬁ%bV?% ?n@rtH%rEéghyléxit. For
exanple, if source and target regions are totally honogeneous, then all the
accunul at 868dsREuUILP GRfRe Shpt nireperalbgschesehitmagad haie. \Wen this
happens, any one of the running 20 SAD cal cul ati ons' exceedi ng the previous
| east Sreasoreedatechpimpardeied o ihdftaste tchaleanarabkycelkiculiageidn order.
Thi s, however, assunes total inage honbgeneity. Such an assunption does not

al ways hol@ingn U ywisd IdlBADNRedd heari@l 4 | pbeonacupulat ens ofe the different
10 5 SAD units will not be increasing at the sane rate. Mreover, the

di fferent H3ke 19t dNULIRE 1 eer-1AE SR6URBLAL OF §hBRYyBE o Gndlcgd directly
to the spatial frequency characteristics of the differences thensel ves,

bet ween the squide.and {anaste bl o0k nand; Ahse ¢ onlng et gd afysanpling the

data. This can require hore conﬁ?ex ways o cbn3|§er|ng how to determ ne
early eXi%bd%%sedf%&gMggléE¥g¥igiwé£Q égergﬁgggght%Very X cycles,
10 where X is the number of.cycles after which local
temporal correlation can no longer be assumed. This can
beNAOne in a logic unit, which carries out the flowchart
of Figure 5, descriﬁed herein.
Throughput can alsé be increased by an “early exit”
15 technique as described herein.

The complete SAD calculation for 16x16 glements can
be written as |pir - pis| + |per — pes| + .. |pzses -
pzser|...(1). 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
stép 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



"One operation is based on the probability associated 10 IS with a split SAD
state: where not al:1 of the SAD units are in the sane state. This
difference in rate of increase between the accunulators is related to the
spatial frequency characteristics of the difference between the source and
target block. Since these spatial frequency characteristics are also

correl ate nong _t orally simJar franes, the information fromone frame
%ﬁsmﬁﬁsﬁ% ?ﬁéﬁ%@i QIGFLIGR | Sk rer ktames. THai acits odxpl ai ned

may al so

herein with reference to variables 20 - where Al, AZ, A3 ... An are defined
as event st8856BFat BEWRIVIER ra o iqorsme atyalasi on. The events can be.
defined as follows: Event Al = SADi Z 0 where SAD < 0 for i ~j . This

. concept ual | y nEhaspriesentheppldatatlion deeifiless as 9STaRERILRRERSAD unit i
is positive and all the 11 remai ning SAD units are negative. This would

occur, fothezxaophsumpheant be @g@m@éEﬁdHE%Hg”ééﬁé¥ﬂfﬁ§ﬁfg?abfdEkgerent
ed a

rates. This can al so be defin s conbi ned events, specifically:” 5 Event

B a2 O¢ oo . ; P e 0 fork it
Tlhi sJ geagglii%ﬁmes?ﬁ?b t Fllggl _gre%;? ed %sp"ltlflﬂ'gs‘%ﬁ%es %Jﬁl%x€§?§e§r%é A | arje

true, but 1.0 re-.false. The concept of defining the. operations
interns %?}e%e%ggiggﬁaggu%§?éﬁge&ﬁﬁ?q|1I%éhaé&y%ﬁ%§thégb6§sﬂﬁpeln
conmbinatigns of i, | and k. This yields, for 4 SAD units, a total of 16
conbi nat i GHEUT R0t Fé?ﬁ@?eﬁﬁﬁbgh§ GIY3AD Galnts when |eise t bSonher nunmbers of
conbi nati ons and,gossibly using nore variables, such as i, j, k and m or
others. 1SRTBECRXD ng Theslipenasi ddnizentsl marresseningBthas deki ned as
the sum of the specified accumul ators being greater than 0. Each of these
conbi nat i eyele scdehtnwdthsud paelgbidsity.idolwhBAR S 4sS64t here are tota
of 16 possible states of accunul ators. These can be grouped . 20' according

to hdW t Heye arpchandbadtsArbirr shrilii \:alt RASStididy dSe PshoBn~141 ~ AZ n
A3 nAd), =0. 12 This nmeans that the probability that sum of the
accunul atiié $Foped 18h¥EN4HHBAL 4BANE s hEy A ™ AIOT Fo 4
represents_oné test every sixteen pixels, liﬁe 406
represents one test every thirty-two pikels (1/8) and
line 408 represents one test every sixty-four pixéls
15 (1/16) . Note that when the lines 402-408 are above line
400, the attempt at early exit has actually increased ﬁhe
overall distortion calculation time. Line 402 represents
the cyclé consumption where zero overhead is obtained for
exit testiné._ That is, when a test is made, the exit is
20 always successfﬁl. Line 402 is the desired goal. 2an
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

8



" has exceeded 0, is 0. The opposite is also true: 5 P( B~ Al n Az n A3 n
AQ) - 1; Wiich neans that the probability of the sumof all the

~accunul ators is set, given that none of themare set, is also 1. Excluding
these trivial characteristics, there are 10 14 nontrivial conbinations. The.
first group includes four cases where one of the accunmulators is set and

t he remai i hg r e +note. ; (4B A =~ ( nA3,nAM). P(B~A2
a( Al n A%ﬁﬁah&)ﬁggéif% ?‘F@%{ t/ge vdl(%&oﬁlﬁl'n 35 mmgn. a4 ~ (AL n

Az n A3 ) ] roup represents those conditions where two of the
accumul at%%%égrgélgét gsaﬁéefihésotﬁ:ﬁ'@r i:taﬁfja‘cﬂﬁrmﬂf& drls b easwumedt . These

conbi nati ans,_ar itten 20 as: 13 P ( B~AlnA2) a( A3nAa) P( B
52 “plask,

~ Al n AZFH2 AX Drpwhege 1 smadd,) rey tAmh $@nd ®ifBuud2 n A3)

a (Al n 2 SP(B~AnA)a(AlnA3) P(B~A3nAa) a(AlnAz
) Final | y313R@TESPRoW Byoghasp o emmesesritex &t lmerecamssd wher e t hree .
accunmul ators are set and one accunulator is not set | O P( B~ Al ri AZn

A3 ) & Aa ) P KeBit(My neplesefts) theAhumRr o piAdels Ahdt Adaged A2 ) P (
B~Al nA2n Aa) a A3 ) . The present enbodi nent recogni zes that each of

these 15 lgsanipsro6@ssea Haelieasyofrdhess Sl iyatias,, epresent s a
different condition in the inage.ygach gr%&%r%%'ef ?ﬁtqég?,% Thn be

handl ed difdps iy 3 Ihi m operates as above, and as described wth
reference tnﬁghe floh%h%§¥§§?g i'gure 5. The final goal 20 is to conplete

the cal cul ati ence to exit, sooner. This is shown in Fig 5 by
first, determ%?ﬁgp&&{]cﬁ?ﬁﬁeéﬁﬁ?:éc%’ﬁ Stete OfF the iRfagesala source i mage
and a search inﬁg? at _550. The matching characteristics

accumu or 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 inforﬁation
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 bétwéen frames is between 1/15
and 1/30 of second, often fast enough that minimal

20 changes occur during those times abové some noise fldor
related to measurable system characteristics. Also,
there are often regions of an imége thch maintains

similar temporal characteristics over time.




" 14 axe cal cul ated without any early exit., The mnimumdistortion is
found at 555 and the conditions when that mninmumdistortion existed are
found at 560. The conditions at 560 can include a grouping type 5 that
~existed at the tinme of mninumdistortion, or the specific condition anong
the 14 possibilities. At 570 a subsequent inage part is tested. This
subsequent parégcan e any rt that is correlated to the test part. Since

b {
temporal |y cor FSFSaDEnﬁaeg PIRF s ARRIL e PR or EBRat ed, this can

extend to any tengorally correl ated part. The inmage source and search are
tested, aRECEHMHLREPHI HAttoFcdT aamh SAdtidan e olpidgd whah obeurred at the
time of mnimmdistortion is found at 575. An early 15 exit is then '

est abl i shealuat (58Deafhénear mhewd tVleawte” dederasacds €ne Bentatm ed out in
a nunber of different ways. Figure 6a shows a system of carrying out the

early exidistsdépgion eBbky i8XifeurdedE'id g N SAP HOLESnaLBa2ARshown,
where in this enbodi nent, ~N can be 4. Each SAD unit 1 ncludes the structure

cumcsaty gLt i o et TR 2

out put -of each of the accunu 0 a conbinatorial logic unit

aroup. det o4 ke FeAL B¢ caTBb0Ta T SRR TR BT He | BaFc B oRLoBar i ed
out using, discrete logjc gates, e, g., defined in hardware definition
Ianguage.l%ﬁ%sﬁhgggdagbe Least” é%51gnatlon. Future SADs are
compared to this, to see if a new “Least” wvalue has been
established. ‘When the accumulators change sign, the
10 minimum distortion has been reached. Moreover, this is
indicated using only the existing SAD strpctﬁre, without
an additional calculation, and hence édditional cycle (s)
for the test.
A test of the character of the imagelcan 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 sién more or less at
the same time. When this happens, any one of the running
20 SAD calculationé'exceéding 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



"5 progranmed with an option based on the selected group. Different inages
and parts nmay be processed according to different options. For each option,
t he conbi nation of states, e.g., the group discussed above, is coded. The
conbinatorial 10 logic nonitors the accunulators of all the SAD units. Each
state is output to a nultiplexer. Wien those accunul ators achieve a state

that fallsamddids the) seheet 8d ¢AdHaGs13R 3 kheWdod g d s produced. The

early exit flag neans that the hardware has det’erm ned an appropriate

"fit". Thy i Q.exit. ,Figure '6B sho an alternative
sy!stem %&ﬁﬁ%ﬁf’fh\%ﬁgt g?ggg%%gfght&aggéh;uﬁglc %?sgr estés‘f?seémbl tﬂ’;ﬁ a har dwalr\é
status regj ster, 600. The status.register is_set to a 20 specified state b
t he condi|§§$%*a§%ﬁsa@é&nh?afﬁ#@%%ﬁhgl§F&F&§ F@gﬂ%ﬁe&ﬁ%é;%k t he specifigd

condition_that represents the early exit. Wen that specified condition is
reached, HIRIUSHFY ehdrarsessshbrsshédthesdiffeecennes thensgives adapti ve
early exit is used, overall, is described in reference to Figure 7. At 700,
t he vPdeddtiwann stke tsour08 apgrtsenes blbbari agdbelllsd resrecHd and frane

Mrl. 710 is a determnation if the S block history nodel needs update. This

can be dammhﬁduﬂftnamﬁbingxﬂﬁﬁ|datEDniTﬁE%nﬁaﬁfﬁé&%ﬂfé“héﬁgme a previous
frame update. For exanple, x seconds can be established as a tinme before a

new updalcarisy ICGREPAIYE LbnkNdoBRde! nBGedS URABLING, 1eN ¢ *glf-S‘[lﬁcr ocess 10

continues by |oading the accunul at W th OX € | ocal

vari abl e t. 7 t he.system ai ns, SAD search region N and

uses the Hp?(?rel%cﬁnc@?f ?Zéégeq'%ax‘?%lﬁél%ﬁg. gRb Sf’lgtsép 725 the exit test is

per f or med. Iféfuccessf%#i a locgl variabl Kexi% N).,. .15 which is the pixels

before exit and ASHTTRyRhi th PES§R SUmrafyPLP Wt a4 bugh 4

befor§ exit restored. The local variable nis_also increnented at step 730.
s

Thi s l8st bt ReSRIEE | SRRI ShaFanebpse anE eRé pfoddes Potumdes. 20 In a

subsequent cycle the block history of update does not need to be redone at
step 7103rendmdite svmerstapassefhie differ8hceAtin hiatestah, the
previously stored -Kexit and AEexit are read. This is used as the new count
at step i4reassetbdtwgen bheckcélimgiatd¥s is related to the
spatial frequency characteristics of the difference
between the source and target block. Since these spatial'
IS5 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 Ay, Az, A3 .. A, 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 evént A; is defined

as occuring when SAD unit i is positive and all the

11



" At step 745, a search for block Nis established, an a exit and Kexit are
updated at step 750. Nis increnented. At step 755, a determnation is mde
whether N is equal t~o 397. 397 is taken as the nunber of 5 franmes in the
buffer, since there are 396, 16x16 bl ocks in a 352x288 i mage. However, this
woul d be adjusted for different size sizes as applicable. Again, the

t enpor al j.atd ons large portions of an inmage are likely to renmain
unchange&%ﬁﬁéﬁﬁﬂ%r%ggmﬂﬁﬁ iogFﬁenﬁﬁﬁFFﬁﬁ-aCE@#§I&pﬁiﬁIﬂﬂﬂmnasﬁmmific si gn
bit, their state produces significant advantages. Mreover, the tine
betmeen'ﬁﬁ%ﬁélﬁe WQ%%IF?eoﬁcﬂh@uéﬁﬂersoWeIEQEDMGdaEHﬁgﬁaﬁisecond.

Finally, regions within the image nmaintain their |ocalized characteristics,
and t her fereqtt eitespat Thisf cenquabsy bay do€ igeld alsatRehh iflddough only a
f ew enbodi nents have been disclosed, other nodifications are possible. 20
18  \Wakviesitd aigpskiSical1¢: net hod of processing an image, conprising:
determ ning characteristics of a plurality of inmage 5 processing elenents

at a ¢ime of amgpepl faedd nage, processino rgsul t; d establishing a
subsequent calculatléﬁ”és ggigbe%onpﬁépé ﬁh@nggﬁiﬁgghéFa teA®dtics exist in
a_subsequent calculation. 10 2. A nethod as in claim1 wherein said

charact eri sti #8€5f| Rk S ¢h ot  ofi,s4i.d | Thie meanssshag ekements. 15 3.

A nmethod as in claim2 wherein said i mage processing units are sum of

absol ut esdl;f fier erae AU t8s Yerdeohhod A5 d0: 6181 M XheLe 1,52 d
but all other Ay are false. The concept of defining the.
operations in terms of events can be extended to include

10 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.

15 Describing thils scenario in words, eéch-event “B” is
defined as the sum of the specified accumulators being
greatef than 0. Each of these combinations is defingd as
a p:obability.' For 4 SAD units, there are total of 16
possible states of accumulétors. These can be grouped

200 according to how they are handled.

A first triviai possibility is

P (B!Aln BN A3 n A4)I = 0.

12



"characteristics conprise states of groups of said i mage 20 processing
elenments. 5. A nethod as in claim4 wherein said characteristics conprise
states of groups of said i mage processing el enents. 19 6. A nethod of
calculating a relationship between two inmages, conprising: obtaining

i mges; 5 nonitoring matching characteristics between a source inage and a

search i mage athisfhéshsttRBt Eﬁedﬁkéb%&Qi%ymtﬂiarE“ghﬁi ST OoNn bet ween
said i mages determ ning conditions of a plurality of calculating units at a

first tinguhamMmaeksum _ci'$s@9réj_9gnbglh\fg?eaoﬁga§gi gglﬁg% %m found: at a

subsequent tinme; nonitoring sard con ons, &rF ates of

sai d cal t'ng its~.is,the sane as said states found at said first tine;
and estag\%!sghél ng éja&%in?huﬁ?ﬁMorti on based on said 15 states being the

sane. 7. A nmethod as in claim6 wherein said conditions conprise sign bits
of accunul ati r?ﬂ"%rﬁ?%?s-'%eﬁsﬁéh%@hﬁéuas inclaim?7 further conprising a
conbinatorial logic unit which detects sign bits of the accunulating units.
20 9. A netd(BRA] m Adaim; Furdher= conpri sing

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(Bl AV (A2 N A3 N Ay,
pB|l 2, U (&1 A A A A,),
15 P(Blas U (A& N & N Ay,
P(Blas U (A1 A B N As).
Another group represents thoée conditions where two

of the accumulators are set, and the other two

accumulators are not set. These combinations are written

20 as:

13



"determning if a block history nodel needs update, using said previous
conditions if not, and updating said 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 ning conprises determning if a specified
time has el apsed since a previous update. 12. A nethod as in claim®é,
wherein said stath i ncl ude groupln s of states representing specified 15
characteristi c&{B s M At hod(A 6?&1)& sing: determining a plurality of
different states of different calculating units: 20 determning., fromsaid

states, gr oupinu;,;_slng)ﬂc Mosgi k) e(Bf at eBy) \/\hi ch groupi ngs represent di fferent
probablllstlc condi tions of the |nages determining a first state at a

first time at FQ%? cqéﬁulat glcates m ni mum di storti on between two
i mages; and u 4 el st s ¥ ndi cate an early exit 5 from
calculation at a second tine. 14. A nethod as in claim13, wherein said

usi ng conpri ses ledtzerrmlky ngi fAarcggnent state is the same as said first
- state. 10 15. A nethod as in claim13, wherein said groupings conprise

gr oupf ngs of i cglating units. 15 16. A nethod as in
claln§13 urﬁ%gfl Q 29 &?125 g d calculating to determ ne
|nfornat|on for ﬁn NPEG codlng 17. An apparatus, conprising: 20 a

plurality of iB@UiAs rhake)stotlasiikat states of said i mage processing
elenents at a tinme of a specified image processing result; and 22 an

early exit ci mjuiatllih,attlﬁ@t%mcﬁlﬁﬁn? gembetﬁe@&e%fen%scadh@ﬂc%@ém based on
conmparing current states with said first states. 5 18. An apparatus as in
clai m 17 yhehel @iHre&@i dbcumulators are set and one accumulator is

not set
10 P(BlA; A Az N A3) U z‘§4)
P(Bla; N A3 A Ay U A
p(8la: A A; N Ag) U Bp)
P(BlAa; N A N Ay U Ay,
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 1is 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



"characteristics include arithnmetic states of said i mage processing

el ements. 19. An apparatus as in claim18, wherein said i mage 10 processing

. elements include accunul ators therein, and said characteristics include

~sign bits of said accunulators. 20. An apparatus as in claim17, further

conprising 15 a video obtaining elenent. 21. An apparatus as in claim 20,

wherein saidl ¥4 el LbLal \ngoﬁkeﬁﬁgt eh}13 40 CaR! R 40,42 An apparatus
e

as in claim1l7, wherein said chara ristics conprise SELRE of groups of

i g &ftﬁf@ 2 %@H&a‘téﬁw@géwdumm M e A

Z;{ggf?;f%%f%gca] %gﬁ%g?@kﬁgg aﬂﬁ%#Fa %%c?¥ﬁi]ca]ca]ca]ca]ca]ca]
E{vqlgb]X]ca]ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caV]ca]ca]ca]ca]ca]ca]c
a] ca] ca] ca] ca]teg trensaptapbl! cen include a grouping type

C{Ar—uY“}xsnldAY]]caV]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
] ca] c3] cdjhal] e st od] ata] tleé cajma] o] mahdaum BEstortion, or the
>=>J0 km , d%r2} xsni d_Z]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca

] ca] ca] cas]pm:]:c%n]@admclmi@@]&a&)ﬁ@] €BbCakcabealieal iMies ! 1 O1j !
"3 gttt HER~#HSPSSSSIURI &~8&&8&} xsni d_Z]]] caf ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] ca] caigeﬂm]gagﬁ@;@&]lg@{ Ci‘ﬂnﬁ@lacﬁ]a%%] gal Eg]s%%]dca] qq.] csal &) QrV++++$, Y

11113m---

L0 AR i R 3 g s e

test part. Since temporally corre;ated images are .
10 assumed to be correlated, this can extend to any
temporally co;related_parth
The imagé source and search are tested, and a
determination of the gpecific 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 alnumber 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



" AHAf 444435*5&8n9t 99992: e:::; M

; Ok<<<=T=}xsnid_Z]]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal T====E>z>>>?H??7??

@X@ @aan) AbAAAA, B' B| BBBCACUCCC} xsni d_Z]]] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] cal CCt D'D8Di D
wDx DDDEE

HBHs Ht I—N%%’:} XS asszfcgfcal]s@é] & &ﬂird%i’% ﬁ%%?}ﬁ{%}\f&kﬁ%}: ca] ca] (éa)]
a] ca] ca]ca] ca]ca]ca OWOOOP
ES]PB?']QQQ&%&VQCEI] Cak%&';p Fw];ca] o Cg]éC@!'Y]eca] o iered]ejah] tedta]walta] cal cal ¢

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! TPThTTTTTU, U>UuUUU
V@/YVWWV( VBV aed XOXRXYYYaPx siisd rejtle] dajgda) caltoed cad cq) cadesinadica] ca] cal

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! Z} Z.

[[[[WW \J?i‘} "ddﬂ}dil\ira)i'é] flefinition language. The gates ar
AXNKANAN " }xsnid_nid_Z]]]ca]ca]ca]ca] ca] caj ca] caj ca] ca] caj ca] ca]

bttt o Wl i
é%%&(%)%%é% ’é‘%gé‘i(()é&g@?%é@%o " B SRS ST -3F 1088 ) o 100e () -

@ 0%EEE () E3 610%@@ é% Y4f 10968 () - @Y10%6=&' () - FOmLOY%&&! ()
“100c8 ()¢ ’6%}&% V7 410% & ()-3 10% & ()- 410% & ()-3 10 10
10! f: 910%& () Y810W () -#UdEuV7  AF10% & ()- 10% & () - 109&&.()
10% & () - flO%{&?lf)e 09R kLo, USheu ¢pmbing 'qf -statesg & (9-6%40% & () -
3$10% & ()-y"z10% & ()- nmlO% & ()- N [ dEuV7 46! 10% & ()-4S
104 & () @qm@m)dsacme%& ghove,10% &oded., 10K domipitatorial
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 ccndition

is reached, the early exit is established.
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*10%& ()- LY(GLO%& ()-33, &y10%& ()-, xnbClO%E ()- 10< 10< 10<@
t 10%<&' ()- 1 7YL0%&' () -s@10%& ()-3 310%& ()-3,c CIEnbC 10%08' () -

B ' ' ! - 0, ! -
10508 () 3541 16566 1Y - T0IK () -“FARE (3 - GioVCRELS - 180B826) -
U O (R s YR Q- Bl
1?9135%%9 ifiéégcy rlagn)e- CgtSalrot?/s@.&l ('20-5 Sr3e81L::>Lr0e0/§e&né; -gz%ggg:fg k()Z)‘l-'_h
frame M and frame M+l. 710 is a determination if the
3 block history model needs update. This can be determined
by, for example, monitoring of the 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 OxFFO1 and
setting the local variable N=1 at 715. At 720, the
system obtains SAD search regibn N and uses the periodic
exit test Texsr =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.
ZQ In a subsequent cycle the block history of updaté
does nbt 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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10b<s10%& ()+! k #1QY8S&' () - WrdE~ 10! .
109& () -@18%"‘( f‘r’éﬁg{%‘% -%@o‘%ﬁiﬁ@@l 1@%&8{5?916&&'-( )M im aB~ @10y
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5 frames in the buffer, 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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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.
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obtaining images;

5 monitoring matching characteristics 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 conditions,
and determininé if states of said calculating units is
the same as said states foundlat 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
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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 détermining, from said states, groupings of possible
states, which groupings represent different probabilistic

conditions of the images;
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images; and

using said first state to indicate an early exit

5 from calculation at a second time.

1l4. A method as in claim 13, wherein said using
comprises determining if a current state is the same as

said first state.

10
15. A method as in claim 13, wherein said
groﬁpings 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 cbding.

17. .An apparatus, cohprising:
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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19. An apparatus as in claim 18, wherein said image
10 processing elements include accumulétors therein, and
said characteriétics include sign bits of said

accumulators.

20. An apparatus as in claim.l7, further comprising.

15 a video obtaining element.

21l. 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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