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BACKGROUND 5 | nage conpression techniques can reduce t

«=t0 be transmtted in video. applications. This is often dongslky determ ning

parts of the image that have 'stayed the same. The "notion estinmation”
.technique is JADAPFIVEEARLY BXTVIEEEANCQUESE R MIBES UMD A BidNaL i ON 'S

-an attenpt to find the hEstCUIRTGON BetvRe: @omw&r@r@_ck bel onging to
sone frane 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 15 displaced frame N-k. These

t echni ques may be conputational | y BARCKSROIUW® BRI EF DESCRI PTI ON OF THE
- DRAW NGS These and ot her aspects will now be described in 20 detail with

reference to theagecompdiEsig ol AWMGS.quath IR NFedi@bilend SHOWS: & source
bl ock and search bl ock being conpared agai nst one another; Figure 2 shows

a basic. ggcqgavhatbOBeUtirdansfitted in video applications. This is®

often done by determining parts of the image that have
stayed the same. .The “métion estimation” technique is
10 used in Gérious videé coding methods.
Motion estimation 1s an attempt to find the best
-métch‘bétween;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 témporally
15 displaced frame N-k.

These techniques may be computationally intensive,

BRIEF DESCRIPTION OF THE DRAWINGS..
These and other aspécﬁs'will-now bé described in
20 defail'with reference to the accompanying dfawings,'
wherein:
| Figure.l shows a source block and search block beihg
compared againstjoné another;
Figure 2 shows a bésic_accumulation unit for
25 measuring distortion; |
Figure 3a and 3b’$how§ éifferent‘partitioning of the

calculations among multiple SAD units;
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25 measuring distortion; Figure 3a and 3b shows different partitioning of
“*the calculations anmong multiple SAD units; *000002* Figure 4 shows a
~ tradeoff between early exit strategy calculations and an actual -total
- z.calculation; Figure 5 shows a flowhart of the early 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. DETAI LED DESCRI PTI ON. 15
Motion estimation is often carried out by calculating a sumof absolute

="differences OIFigBAld .4 IbWONaestidddEONpERNRE Héf?yf%xq%”y di fferent
applications, including, but not limted to cellular”20 tel ephones that use

fevi ces can - praduee oo 2 Snar 42 8hPuado o thd EAD e F e cui at o
of ten used toﬂf&ﬁyéf9’éﬁgaécgw?ioﬁgﬁég£tégnthe early exit |
5 strategy; o |
Figure 6a'sﬁows an early exit using an early exit
flag:
.Figure 6b shows early exit using a hardware status
register; | |
iO - "Figure.7 shows a flowchart of operation of_thé

adaptive early exit strategy.

DETAILED DESCRIPTION

15
‘Motion estimation is often carried out by

calcﬁléting a-suﬁ of absolute differences or “SAD”.
Motion estimation'can be uséd in many different
applications,.including, but ﬁot limited to cellular

20 - teiephones that use video, videb.cameras,_video _
accelerators, and other suchldevices.. These devices can
produce video signals as outputs. The SAD is a
calcuiation often used to identify the lowest.distortion'

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



bet ween a source bl ock and a nunber of blocks in a search 2 region search
“*bl ock. Hence the best match between these blocks. One way of expressing
thisis N1 n-1 SAD=11: 1la(i,j)-b(i,j) I, N =2,4,8,16,32,64. 1=0 j=0
.. Conceptually what this 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. frame- (N-K) 102. The frames can be tenporally
.- di spl aced IR RFEArhe oKk« 0. Hened Mh&K Hearrenad2hi beanebh2ahexseN+2n1
area. The source block 100 is shown in the center of the 10 area in Fig. 1.
< "The part ®leCkshe iOregemyt haf expréssamg tieisetected by correl ating each
" part of each image frane against other inage frame using the distortion
neasurer. The co sion schenme uses this detection to conpress the
dat a, . and heﬁ%@)§ggﬁ§?eLs(inﬁbrhﬁﬂbgm|abmu&2phe8156,m@g$4_This devi ce -
can. al so be part df°/& general -purpose DSP. Such a device is contenplated
for use in video cantorders, teleconferencing, PC video cards, and HDTV.
~In addition, €hecegemerldly piiposehDShdsnal 50 €0atenpkated 20.f@r use in.
connection with other technol ogies utilizing

5 or source block (N) is divided into component parts of

MzN source bloékS'IOO. These are compared to a second
frame' (N-K) 102. The frames can be teﬁporally 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
bé ..aetected 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. o I |
- This device Ean_also be part of a geﬁeral—purpose
DSP. Such a device is contemplated for ﬁse ip'video
”camcorders, teleconferenciné, PC.video cards, and HDTv:
' In addition, the general-purpose DSP is also contemplated
20 for use in connection with other techﬁologies ﬁtilizing-
digital signal pchessing such- as voice processing used
in mobile telephony, speech recognition, and other

applications.



digital. signal processing such as voice processing used in nobile

. “tel ephony, speech recognition, and other applications. 3 The speed of the
overal I' distortion detection process can be increased. One way is by using

-hardware that allows-each SAD device to carry out nore operations in a

'cycle. This, however, can require nore expensive 5 hardware. Another way is

.to increase the effective pixel throughput by addi ng addi tional SAD

- devices. This E@ Speed pictbaseveastl] huweertiosidiedtigequires more SAD
devices. 10 Faster search algorithns attenpt to use the existing hardware

s more ef f eptdvesy. cahebbl dnkrSABeGQNDARESaLNE SYUY GR i nst the
""search.group". The source group and the ggarcﬁgérodb€9#§%§%$%¥%ughout t he

entire indge: sollded é856enhSARDla9peLAL IO | at es t he overl ap between
the two groups. Each block in Fheesoﬁkcgaggkﬁ%éﬁIﬂoﬁﬁe?ﬁﬁﬁﬁﬁ fo

mul tipl e 4 11 ea t rch _regions.. A typical SAD unit operates
on th, f%igiK%%iHZTeﬁg%?é’tgggéggFayFFﬁo§§q@P§ﬁb ORXRRNHHS her . Thi s

20 ovgﬂzaéﬂgégfgs calculates 16 X 16 = 256 differences.

Another way is to increase the effective pixel
throughput by adding additional SAD devices. This can
als@-inciease cost, however;_sincerit requires more SAD
devices.

10 Faster search algorithms atteﬁpt to use the existing
hardware more effectively.

The b;ock'SAD compares the source group against tﬁe
“search group”. The source group and the search group'
move throughqut the entire image so that fhejSAD

15 operation calculates thé.overlap-between the ﬁwo groups;
Each block in'thelsourbé.group will be cﬁmpéred-fo
multiple blocks in'each of the search regioﬁé.

A typical SAD ﬁnit 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.

TheISAD réquires'certain fundamental operations. A
diffErencé between the source.Xﬁ énd the sear¢h‘Y§{must7
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These are then accunulated to represent the total distortion. The SAD
“requires certain fundanental operations. A difference between the source
Xjj and the searchYjj nust 4 be forned. An absolute value IXij-Yijl is
.formed.” N1 n-1 Finally, the values are accunul ated,. SAD= zz | Xij-Yij |
i=0 j=0 A basic accunul ation structure is shown in Fig.. 2 Arithnetic
.logic unit 200 receives Xij and Yij fromdata 5 buses 198,199 connected
:: t her et 0, Pe&ndogaiady athss 3bjelitje xil'atmj@uhoﬂt—ygpll i Adggd ed by inverter
202. Both the inverted output, and the original, are sent to - nultiplexer.
=204 which selects one of the values based on a sigphyit 205. A second ’
ari t hnet £énpddive vile B1€0 mvﬁcmndlmﬁedt.oSﬁﬂ&n&E glgs]cug{t.?_val ue. The
final values are stored in accunul ation regi ster 2@8j= ffectﬁvely,' this
forns a system of subtract, absolute, accunulate, as shown in Figure 2.

Figure 2 showd &sisigl ecAMudatmwntstmdnite £ sHSmoigdrahove, nultiple
conputation units could be used to increases the 'throughptt. |If the

'g?ggﬁr oAr¢ﬁHmHtakiQ@gﬂﬁﬂdﬁiﬂf?dd“¥é€§¥¥%stﬂﬁtaﬂ@%ﬂ?a§§§m 4o Lheory, the
5 buses 198,199 connected thereto, and calculates X“4Yﬁ.
The output 201 is inverted by inverter 202. Both the
inﬁerted output, and the original, are sent to
multiplexer 204 which selects one of the values based on
a-sign bif 2Q5. A second arithmétic logic unit 206
10 * combines these to fofm the absolute value. The finai
values are stored in accumulation register 208.
Efféctively; this forms a system of subtract, absolute,
accumulate,'aé shown in Figure 2.
Figuré 2 shows a single SAD compufation unit. As
15 noted above,.multiple'computétion uni#s could be‘ﬁsed to
increases-the'throughpuﬁ. If the number—of compuﬁatidn
unit# is increased,lthat'incréases,rin theory} the pixel
throughput per cycle.
| The present inventor notéd, 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‘Wifh'

other parts of the image. The efficiency of the.

5



t hroughput per cycle. The present. inventor noted, however, that increase
**20 in pixel throughput is not necessarily linearly. related to the nunber
of -units. In fact, each franme is somewhat correlated with its nei ghboring
.frames. In addition, different parts of any inmage are often correl ated
~with other parts of the inmage. The efficiency of the 5 conpression nmay be
.-based on characteristics of the images. The present application allows
* usi ng theomprassiian Sy devilmesed ronli ¢figr g8t e FRIEScsd8PERELNg on the
efficiency of conpression. 5 The present application uses the architecture
s shown i dmBiggisr.es T3 Sdht H¥b 5 necy | i,s:used.in both Figures

3A and 3B, but the caﬁ?ﬁfatioﬁgg;fgﬁﬁﬁggﬁig?%gg% P%lgéf-gsent ways. Figure
3A showspgaeh p3AD i ; ‘ hej configured as.,a whol e SAD. Each
SAD recei ves §§difg§¥éﬁfv gioéé?%%$§%$%?%g RP%?%bkd%ﬂﬁpaépguPﬁt¢6ﬁ%.

s s uni ~therefare, calculates the relationship between a
16 by 16 re?’grlgﬁccé/ g%é caO%WJfgi'source, pi xel by pixel.. Unit 2, 302
calcq*ates the.result the difference 15 16 by 16 source and the 16 by 16-
sear ch pi xel Eyepp%ﬁsen'HﬂPE%%QﬁﬁﬁRQ\Rﬁ%ﬁthei@rchgn$@t83e showi s
alternative_,

: in Figures 3A and 3B. The same connection is used in

Ef fectivgky

both Figures 3A andr3B, but the calculaticns are
partitioﬁed'in different ways. |
Figure 3A shows each SAD device 300, 302 being.

10 configuréd as a whole SAD. Each 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'§earCh pixel by pixél.
The_alfernati&e_shown in Figure 3B.l In this alternative,
configuration each single SAD'BOO; 302 performs. a
fraction éf a single block SAD calculation. FEach of the
N computétion units provides 1/N of the output. This

20 “partial SAD” operation means that each of the 8 bit
suEtract absolute accumulate units have calculated 1/N of
the full SAD calculation confiéured to that unit.

The overall system that determines tﬁe whole or

partial should be used'based on previous results as



configuration each single SAD- 300, 302 perforns a fraction of a single
*bl ock SAD cal cul ati on. Each of the N conputation units provides 1/N of the
output. This 20 "partial SAD' operation nmeans that each of the 8 bit

- subtract absolute accunul ate units have calculated 1/N of the full SAD

cal cul ation configured to that unit. The overall systemthat determ nes the
.whol e or artjal should be used based on previous results.as 6 described

“herein. LTIPedr heESHR r edtiReSt AR RURBeF2Bf TeEHCEULRE MRS FaCT s carri ed
out. One way to determ ne whether whole or partial is wused is to assune
=‘that tenptylatiene thalgesshaserisdcentel ated properties. A first cycle
can be cal culated using the whole SAD node, and a second cycle can be

cal cul at ed usiOne thay pbo tdeteBS8Abneodbetibe ehiolle wihrh phrtdwmlks S aster is
taken as the winner, and sets the SAD node. This cal culation can be

repeat ed wel Vi X €y Chesumd OcMAEr tedipbsal N9 BUBREr ighge¥chasyafter which
| ocal tenporal correlation can no Fonger be assuned.” This can. be done in

et OB brepiued srostenigl Uhecliguehgts; RN TE s e
as descri£§§£§m%§EnWhole SAD mode, and a second cycle can be
calculated using thé partial SAD mode. . The cycle which
works faster is taken as the winner, and seté the SAD
mode. This caiéulétion can bé 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
df Figure 7, described herein.
Throughput can alsé be increased by an “early exit”
15 technique as descfibed herein.
The complete SAD calculation for 16x16 glemeﬁts-can
' be written as | p1x - pis| + |par — p2s| + .. |pzses -
p2ser|...(1). If all of these calculations were éctuallf
carried oﬁt, the calculétion could take 256/N cycles,
20 where N is the number of SAD units. hit is desirable tp
stop the calculation as.soon as possiblé. Interim results

. of the calculation are tested. These interim results are

used to determine if enough information has been



~The conpl ete SAD cal cul ation for 16x16 el enents can be witten as pir -
“pis | +1 Per - P2s | + ... P256s p256r) ... (1). If all of these . :
cal cul ati ons were actually carried out, the calculation could take 256/ N
..cycles, 20 where N is the nunber of SAD units. It is desirable to stop the
cal cul ation as-soon as possible. Interimresults -.of the calculation are
.{ested. These interimresults are used to determ ne if enough information

**has been detetreimeédedot 0ihingd @i Ak plbAU®; i3t ertion. fhe act of testing,
however, can consune cycles. The present application eSS B8 a bal ance

sbetween HdHS €ONSHERELOR 0L 8Y d the determ nation of the 5 m ninum
di stortion. ngﬁre 4 iIIuétr%ﬁegbﬁﬁgﬁgrggggPﬁ'for a 16x16 cal cul ati on using

4 SAD devi ces.myl i 4 In__Figure.4 represents the cycle count when there
is no early g¥#%n§%%%g?ln%pPégﬁ%EFQBngﬁchéﬁﬁésénpﬁ%@HQﬁﬂbQ¢weemycIe
count mﬁt@put early exjt is_always 256/ 4=64. 10 The. cycle counts for early
exit strat edi ecsorh?%“%{ﬂo% ¢h cYREes| apddthendet4orina®d ordQfE artte 408. Li ne
404 epresents one test every sixteen pixels, line 406 represents one
test'%vepﬁﬁﬂmqm3ﬂ%%ﬁp¥ﬁkﬁns (Bigyrend illnet488esephes&r=dsyiEes t est every
sixty-four pixels 15 (1/16). Note that when the |lines 402-408 are above

i ne for a 16x16 calculation using 4 SAD devices. Line 400 in

Figure 4 represents the cycle count when there is no
early exit. The line is hofizontal representing that the
cycle count'withoﬁt early e#it is always 256/4=64,

10 The cycle counts for early exit strétegies are shown in
the sloped lines 402, 404, 406 and.408. Line 404
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 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 distortidn calcﬁlatioﬁ time. Line 402 repfeseﬁts
the cycle consumpﬁion 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 arf to find a minimum distortion. This can

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

8



400, the attenpt at early exit has actually increased the overal
“distortion calculation tine. Line 402 represents the cycle consunption
~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 schene is disclosed for doing so. Block I is first
.processed %E#ﬁ?,an normal _strategy, known in the art to find a mninum
= distorti & 'é”%%é?' He® dioted ush@gdistorpacher nshivhinthigam be part of the
8 actual image, to find the distortion. This mninmum distortion is used as
;the baseFREOTHAPN t19 nizmbuamedthe Haasdl 06K; | ard N1t Wher §sBuksgsml |, has
that same mninmum distortion. Two basic paraneters are used. 5 Kexit(N)

r epr esentbathb Lowkber +ofn piwied se that s hayg) 1 begn s gﬁ.prevtously for a
search region before an early exit is achievedﬁpggéﬁt% ®r SpFelEfts the

state of dibeopatbindl Te&LWAYAH 05 SiQN-DLLsS, . at the time of the last early
exit 10 for a search region. Fgé theség %d% & RS%&h, t he SAD cal cul ati on

“is  term nat egewhenyh ji.stortion.exceeds that threshold. This fornms a
causal systenlusing Brgﬁgg%?%Q%ﬁnrﬁﬁi Thft iRLk@bHnthabubavhe search

S Tegion. peen processed previously for a search region before an
eérly 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 ié
terminated when the distortion exceeds that thréshoid.
This forms a causal system using previous informatibn
that is known about the search region.

15 ‘The usual system is based on the image
charagteristics within a séarch région being some
'probability of‘maintaihing commoh characteristics from
time to time. The time betwéen frames is between 1/15
and 1/36 of.second, often fast enough that minimal

20 changes occur during those times above some noise floor
related to measuréble system-characteriétics. Also,
there are often regions of an imége which maintains

similar temporal characteristics over time.



15 The usual . systemis based on the inmage characteristics within'a search
“regi on being sone probability of 'maintaining common characteristics from
time to tine. The tinme between franmes is between 1/15 and 1/30 of second,
-often fast enough that m ninmal 20 changes occur during those tinmes above

- sonme noise floor related to nmeasurable system characteristics. Al so,
.there are often regions of an inmage which maintains simlar tenporal

" characteristi Cscavelidg "o €hlCeoEELAY LEphheRAGSENt ,APplication, the
‘accunul ator unit for each SAD cgn be Ioagg% wﬁ?ﬁ ?Hengglue (- least/n),

Sppere | eashindRRIOR A S L RGE MLORHUEA LEHORE F0.LIA S gaured 0 Lhe

bl ock notion search e region. %d for each

search regiQn [The fi SAD cal culating, for the region is assigned the
"Least" ggsl%na&iolngaéf}t%)r’e ‘éﬁ‘ Car ea??onﬁ&?éﬁsﬁéttshitée HEEB f a new

1Bea§tfnéﬁ$%§§§§§F$§ﬁnﬁhestablished. Wien the accunul ators change sign, the
m ni s-HeBpaFerefedn NMheebleck. mattiicn isearaidi cat ed
using only the existing -SAD structure, wi thout an additional calcul ation,
~and heénc€ding girgiaycl élady $BP’ s harbeshlcAlbest @odt hergphar acter of the
i mge can be used to _ ,
search region. The first SAD calculating for the region
is assigned the “Least” designation. ‘Future SADs are
-compared to this, to see if a new “Least” value has been
~established.  When the accumulators change sign, tﬁe
10 minimum distortion has been reached; Moreover,“this is
indicated dsing only the existing SAD structﬁre, 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 acCumulatoré need to switch
beforé_establishing the_garly exif. For example; if
source and target régions.are totally homogeneous,'theﬁ |
all the accumulators should change sign more or less at
the same time. When this.happens, any one of the ruﬁning |
20 saD calculationé'exceeding the previocus least measurement
can be used to indicate that an early exit is in order.
'~ This, however, aSsumes‘ﬁqtal-image_homogeheify“
Such aﬁ assumptién does not always hold.‘.ih'many

situations, the multiple accumulators of the different

10



15 determine how many of the accunul ators need to switch before :
“‘establishing the early exit. For exanple, if source and target regions are
total |y honogeneous, then all the accunul ators should change sign nore or
.less at the sane tine. Wen this happens, any one of the running 20 SAD

cal cul ati ons exceedi ng the previous | east nmeasurenent can be used to

i ndi cat e g d it is in order. This, however, assunes
-Ztotal-inaggﬁhgﬁgﬁiﬁ%%¥§s§§ééﬁ%hlﬁﬁrﬁggﬁﬂ%t? ntH%e§aﬁ§tré¢ﬂays hol d. | n-many

situations,.. t mul.t.i pl e, accunu| ators of the different 10 SAD units w |
='not be iﬁ%?gﬁgﬁﬁdaﬁh%né§€$§ﬁ995tE?teNB?ebD@??aﬁhebdtWEenenherate of

" increase between the accumulators may be related directly to the spatial
frequency <€ GrEGSMas RF rabatedfdivaceby thenshbvepatiahet ween t he
source and target block, and also to the nethod of sanpling the data. This

can requiFéqHGﬂ§Y(9hﬁﬁ&£¢@%@&$i¢sC@ﬂstm@raﬁgf@@@hggsdghgﬁg%p@egar|y exit,
based on what happens with the SAD units. One operation i.s baséd’ on the

pr obabi | beywassothet eburkd: Wrid €aspbi thRAD Stal & 2 YbET 'Ong%‘] all of the SAD
units are in the sane state. This difference inrate o IA&r ease between

E Eg g???gggﬁggr 5fl Sar@iatRy drd ther, .Spafﬂf‘s' véér?qéjg&'ﬁi'rghﬁgggt eristics of
' 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 ofxthe SAD units
are in the same state. This difference in rate of
increase Ibetw.een the accumulators is related to the
»spatial frequency characteristics of the difference
between the source and target block. Since these spatiél'
15"frequency characferistics are also correlatéd amoﬁg_
tempdrally similar frames, the information from one frame
may also be applied to analysis'of following frames.
This isrexpléined herein with reference torVariabies
- where A;, A,;, A; .. A, are defined as events associated
ZQ with a split SAD calculation.
The events can be defined as follows:
_'Evenﬁ-Ai - sap 2 0 where _-SAb__<l>_o,. for i # j.
- This conceptually means that the'eﬁent A; is defined

as occuring when SAD unit i .is positive and all-the
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bet ween the source and target block. Since these spatial 15 frequency
“‘characteristics are also correlated anong tenporally simlar franes, the
information fromone frame nmay also be, applied to-analysis- of follow ng
franmes. This is explained herein with reference to variabl es where Al, A2,

A3 ... A, are defined as events associated 20 with a split SAD
cal cul ation. The events can be defined as follows: Event Al = SADi,> 0 .

“where SABeBagnimg SAD. ynits sacencepitipréy MERRS hbﬁidtggc%%en%d@ is
defined as occuring when SAD unit i is positive and all the“ 1l Temaining

+"SAD. uni Egaa@émegﬂtemethéfuécm&ligt@ﬁ§U&eré%ncfé%ﬁ? § gphen the
accunul ators were increasing at different rates can al so be defined

as conbi dedfeeeemtt Ssatseci fr I UA].= SAD >. 0 for
"SAD| 0, and where SADk < mmé} %a%%fygr% %éﬁe’éﬁgi tRafoBPéRed Bi,j i s

"ﬂdeffned @$entkUe’y @Qﬁgfe% sts and A| are true, but all other Ak are
fal se. The concep deti I'ni-ng the operations in terns of events can be

extended to ing¢lude 10 all the possible conbinations of i, j . and k. This
yields, for 4 SEBmiBis; =aBt ovaksof IBDcanio n&di oFwDy @, ladger nunbers of
SAD units, it leads to other

where SADy < 0 for k =i, j. This means that event

Bi,y 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

10 all the possible combinations 6f i, j and k. This
yields, for 4 SAD units, a total of 16 combiﬁationé.

For largerinumbers 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 this scenario in'words, each-evént “B” is
defined as the sum of the spedified.accumulétors being
:greater.than d. Each of these combinations is defined as
a probabiiity. For 4 SAD units, there are total of 16
possible states of accumulétors. These can be grouped

20 accprding to how they are handled. |

A fi;st trivial possibility is

P (BIAln Aon B3n Ay =

12



‘nunbers of conbi nations, and possibly using nore variables, such as i, j
“k and mor others. 15 Describing this scenario in words, each event "B" i
defined as the sum of the specified. accunulators being greater than 0.
.Each of these conbinations is defined as a probability. For 4 SAD units,
there are total of 16 possible states of accunmul ators. These can be

.grouped 20 aceqr.dj to w .t are handled. A first trivial possibility
“is P(BI A %ﬁu%zq’%f%&q‘a} 3% PFORARLkaRsthaat semeofr shabil ity that

sum of the accunulators is > 0, given that none of the accumulators. has
sexceeded 26CE GOt Ioppodt dlivermI it ruene &f PLid dcAhmnlaRonsA3 N A4) =
1; Wiich neans that the probability of the sumof all the accunulators is
set, gi vBASt REcessiad of, tdhei.are set, is also 1. Excluding these trivial

characteristics, there are 10 14 nontrivial conbinations. The first group

i ncl udes foufheasgposiare ignelefo theaccumul ators is set and the
remaining three are not set: P (BI Al U(A2 n A3 n A4) ,

5 P (Blas M B2 nAs N Ay = 1;

S

Which means that the probability of the sum of all
the accumulators is set, given that none of them are set,
is élSo 1. |

.Excluding these trivial characteristics, there are

10 14 nontrivial combinations. The first group includes
four cases where one of the accumulatcrs ic set and the

remaining three are not set:

P(B| A u'(AZnAgmm),
P8l 22 U (B A & A &),
15 P(BlAs U (A& n & N A4,
'P(BlA_,;u (A1 N By N Aj).
Another groué :epresenté those conditions where two

of' the accumulators are set, and the other two

accumulators are not set. These combinations are written

20 as:

13



P(B A2 U(Al n A3nA4), 15P (Bl ABU(A nA2nA) , P(BI M (A A2
“**A3 ) Anot her group represents those conditions where two of the
accunul ators are set, and the other two accunulators are not set. These
. conbinations are witten 20 as: 13 P (BIAANn A2) v (A3 n AM4) P(BIA n
A3) v (A2 nA) P(BI (Al nAd) v(A2nA3 P(BIA2n A3 u (A n A 5
P (Bl A2 n AM4) U(A n A3) P(BIA3 n A4A) u(Al n A2) Finally, the follow ng
*group represemuslmnercaggsb;wﬁgre\unqee accunul ators are set and one
accunul ator is not set 10 P(BIA A2 n A3) v M) P(BI A2 n A3 n Ad4) UA
=) P(BIA n A3 B rlA4) I§A n A4) U A3) . The present

enbodi nent recog ies t ea@ﬁ i ﬁese 15- groups, and in fact each of
these situations, represents a different condition in the inmage. Each
group or eachP( (81 ( (A1 N Aq) U (B; N Aj)

P(Bla; N A3) U (A, A Ay)
5 P(Bla; M A U (A; M Aj)
P(Blas A A UG N &)

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

10 P(BlA1 N A2 N A3) U Ay)

P(BlA; N A3 N Ay U Ag)

P(Bla; m 23 A A U Ay

P(BlA1 n A2 N A U Ay,

The present'embodiment_recogﬁizes that each of fhese

15° groups, and in fact each of these situations, represents
a different conditioﬁ in fhe 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,
.sooher. This is shown in Fig 5 by first, determining
matching~characteristiés of two imagés; a source image

and a search image at 550. The matching characteristics

14



~situation can-be handled differently. This system operates as above, and as
‘‘described wwth reference to the flowhart of Figure 5. The final goal 20
is to conplete the calculation, and hence to exit, sooner. This is shown in
:Fig 5 by first, determining nmatching characteristics of two inmages; a
source imge and a search imge at 550. The matching characteristics 14
.are cal cul at ed mﬂﬁr ut. any early exit. The mninmum distortion- is found at
555 and the &G a%ﬁg WAER AUata D i 9 i i st or tThen mesasmed are found at
560. The-conditions at 560 can include a grouping type 5 that existed at
the ti medefterilenmisi Sound e, 5&5 tdred tepecidridy wiodith tiloen arpag the 14
possibilities. At 570 a subsequent image part is tested. This subsequent

part canmbaismgn pastotrhdbni exderer] alrd taiddet tRgf. part. Since tenporally
correlated inages are 10 assunmed to be correlated, this can extend to any

tenporal |y, cansebahedtashs. athe domae souca nd search are tested and a
e al

dgtgrnination of the specific-groupings that occurred = ?ine of
2t 580, The early e Pr Snge THEPer AbAT didtoRiiany otk theT oo
specific condition émong the 14 possibilities. |

At 570 a subsequent image part is tested. . This
subsequent part éan 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_co;related part.

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

15 exit is then established, at 580.

The.early gxit, 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 discuésed'above, and
specifically ALUs, inverters, énd accumulators.

The output of each of the accumulatdrs is coupled to

a combinatorial logic unit 600 which arfanges the

15



in a nunber of different ways. Figure 6a shows a systemof carrying out the
“early -exit using an early exit or "EE" flag. N SAD units are 20 shown,
where in this enbodiment, N can be 4. Each SAD wunit includes the structure
. di scussed above, and specifically ALUs, inverters, and accumulators. The
foutput of each of the accunulators is coupled to a conbinatorial |ogic
.-unit 600 which arranges the 1.5 outputs. This can be used to carry out the
- group (ﬂﬁ%ﬁﬁﬁ?ﬁﬂidﬁhh@t@@nab@véSeIhEOcaahkwabum!ahel@mdhpuut is carried
out using. discrete logic gates, e.g., defined in hardware definition

'] anguage.dehermjatatsi an endt gd ogbanged mhbhc@ﬁbgggEgQigg§qQ§ﬁ%1dgage!ected
group. Different inmages and parts may be processed according to different

options. iForcaactedpiuPusifg §08bFpaki QBgEElE a%g%ggéieg-%hidtetoﬁ}%,%wp

di scussed. above, is.coded. The conbi natoria e

accunulaﬁgr%dyaﬁgﬂet&gf£%$#g€%t§é%§§$§esta&gg;aégutput to.a_nultrplexer 

When those accunulators achi tha | egmﬁﬁﬁ{lthe ZﬁLGfLS? e
har dvy o TES SRErhs b b P EBR OBt P iteont Fhe. SHARS tesuEP e
Different images and parts may be processed according to
different options.'
For each option, the cémbination of states, e.g.,
the group discussed above, is coded. The combihatorial
10 logic monitors the accumulators of all the SAD units.
.Each state is output to a muitiplexer.
- When those accumulators achieve a state that falls -
withinlthe selected coding, an early exit flag is
produced. _The.early exitlflag means that the hardware
15 has determined an appiopriate “fit”. This causes the
operation-to exit. . |
- Figure 6B shows an alternative system, in which thé
states of the accumulators are sensed by a hardware
status register 600. The status register is set to a
20. spgcified state by the condition of the accumulators.
The status register stéies the specified condition that
represents the early exit. When that spedified cpndition

is reached, the early exit is established.

16



operation to exit. Figure 6B shows an alternative system in which the "
“states of the accunulators are sensed by a hardware status register 600.
The status register is set to a 20 specified state by the condition of the
accunul ators. The status register stores the specified condition that
represents the early exit. Wien that specified condition is reached, the
.early.exit is established. 16 u The way in which the adaptive early exit
“is used, overat® ¥3YdéBcrhbeh ither eHepeice teafiygund t7.1 Atysedp, the video

frame starts. 705 represents buffering both frane Mand frame Mrl. 710 is

'a det er mawzgddnl i fis hdeSchibek HnstefFyrapdel teeedsyyrdat e. athig £an be
determned by, for exanple, nonitoring of the time since a previ‘ous frane

updat o. Fote eatale eframs ceoadestanibe esballbaied s i el ore a new

update is necessary. |If the nodel needs ating, thent ss 10

conti nuesdiwmd epdd C | atops. wi th .Oc<FFQ1 and setting the |ocal "
vari abl e N=1 at g?g? %ﬁgggoﬁygﬁe %gés%%n?ogfgﬁﬁgl§ﬁ5¥9€aﬂéhtP@gion N and

Bt T ST S
by, for example, monitoring of the time éince a previous |
frame update. For example, X seconds can be established
as a timé before a new update is necessary.

If the model needs ﬁpdating, then thé érocess

10 continues by loading the accumulators with OxFFQL and
setting the local variable N=1 at 715. At 720, the
system obt;ins SAD search region N and uses the periodic
exit test Teyxe =1/16.., at step 725 the exit test is
performed. If sugcessful, 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 1pcal.variable n is also incremented at step 730.
Thié establishes the local paraméferé, énd the process
~continues.

20 In a-subsequent cycle the block history of updaté
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



“=read. This is

15 which is the pixels before exit and Aexit(N) which is an summary of

““accunul ators 1 through 4 before exit restored. The local variable nis

al so increnented at step 730. 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, and hence control passes

.-to step 735. % this st the previously stored Kexit and AEexit are
s8R t rewesah fout Blepk 7MOitoesebblasgel, bhack flags.

17 At step.745, a. search for block Nis established, an a exit and Kexit

:’are updafef@Xat §ﬂ§pKHa1t M e updetreeireat eskeM 75bep K555 a determination is

made whether N is equal to 397. 397 is taken as the nunber of 5 frames in

the buf f éncremeneether atarst 306,551,656 Gy OGkSnat Do §§2ﬁ§§§ i mge. However

this.woul d be adjusted for ifferent size sizes as applicable. Again, the
t enpor al whéthati gnsg sok qgedmygﬁon likely to remain
unchanged. Therefore, en 10 the pZ?ffa. accﬂ%ﬁlﬁ?o%g h%H@b%rngC|f|c

SignsbitgrdheirinStatennr ce ni,fi cant advapiages. Moreover, the tine
bet ween franes 1o EggaFﬁf%%% t%e % &9 Bas ?gé 17881 6fbhogksond.

F'nally’lﬁeglggfxﬁgbha%a%ge I%%%ever, this would be adjusted for
different siée sizee as applicable.
Again, the temporal variations of large portions of
an:imagevare likely to remain unchanged. Therefore, when
10 ‘the partial accumulators have a specific sign bit, their
state produces significant advantagesT Moreover, the
time betweep frames is usually on the order of 1/15 to
1/30 of a second. Finally, regions'within the image
maintain their locelized 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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mai ntain their localized characteristics, and therefore 15 their spatdayse
*frequency may be correlated. Al though only a few enbodi nents have béen
di scl osed, other nodifications are possible. 20 18 LLOYD WSE Wat is
clainmed is: 1. A nmethod of processing an inage, conprising:  determ ning
characteristics of a plurality of image 5 processing elenents at a tine of

_.a speci fygdei MBOR1AKREESS.Ng result; and establishing a subsequent

> cal cul atTon as_being conmprete when said characteristics exist in a
subsequent calculation. 10 2. A nethod as in claim1l wherein said

:;characteristics include sign bits of said inmge processing elenents. 15 3.
A net hod as ig claim 2 ¥2Frein said inmage processing units are sum of
absol ute différencéd GO Of PRIARATHIABLT rifed 36 m dompiet eing sai d

characteristics conprise states of groups of said imge 20 processing
el enent s. determining characteristics of a plurality of image

5 processing elements at a time of a specified image
processing result; and
éstablishing a subsequeﬁt 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



5. Anethod as in claim4 wherein said characteristics conprise states of
‘groups of said image processing elenents. 19 LLOYD WSE 6. A net hddowd wisg
cal cul ating a rel ati onship between two i mages, conprising: . obtaining '
i mages; 5 nmonitoring matching characteristics between a source inmage and a
search image at a first tinme, to determne a mninmmdistortion between
..said images; determining conditions of a plurality of calculating units at
*a first time when mninmumdistortion between 10 said inmages is found; at a

subsequent tinme, nonitoring said conditions, and determning if states of

:’said cal cul atithg urktmetlsodtde sabeuastsfngdastatlesibashd abetqidh i st
tinme; and establishing a m ninmumdistortion based on said 15 states being

the sanmetwh -imfageed hocbmsrisigdai m 6. wherein said conditions conprise
sign.bits of accumulating units. 20 8. A nethod as in clainv further

conpri sing a’dgﬁgﬂﬂgﬁéwiﬁggéggic unit which detects sign bits of the
accumul ating units.

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 coﬁditions,
and determininé 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



20 LLOYD WSE 9. A nethod as in claim?7 further conprising determning if
*a bl ock history nodel needs update, using said previous. conditiondibWDVWSE
not, and updating said - conditions if so. 5 10. A nethod as in claim®é,

~:wherein said obtaining uses a video canera. 11. A nmethod as in claim?9,

wherein said 10 determ ning corrprises determining if a specified time has

,elapsed since pr%ylo# %gdate A nmethod as in claim6, wherein said
“states include groupl 35’ fa%t%ﬂe%#?%%r%s%#ﬁ&@ﬁfs%ﬁ%@¥i§QHQS
characterj A nmethod, conprising: determning a plurality of
-7di f f er entl® 3‘@ 16’9 idi fr ek dul ko itRiehinesd2oupés ee i usngg, from

said states, groupings of possible states, which groupings represent
differ entsaﬁtdolﬁ’éﬁl"lllosltsl Econsridien st afoitheandmgaﬂ;atﬁig LEEY® W SE
determ ning a first state at a. flrst time at which a

conditions if so.

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
iqclqde'groupings of states representing specified

15 characteristics.

13. A method, comprising:
determining a plurality of different states of
different calculating unitsf
2Q - determining,.from said states, groupings of possible
states, which groupings represent different probabilistic

conditions of the images;
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cal cul ation indicates m nimumdi stortion between two inages; and using
“said first state to indicate an early exit 5 fromcalculation. at &L9¥DOWEE
time. 14. A nmethod as-in claim13, wherein said using conprises
.determning if a current state is the sane as said first state. 10 15. A
method as in claim 13, wherein said groupings conprise groupings of sign
.bits of said calculating units. 15 16. -A method as in claim13, further
S conprising uslef¢EHindnalzufbrshgstatdentr ai fié ristf drimet iaan wWioictans MPEG
coding. 17. An apparatus, conprising: 20 a plurality of image processing
:"el enent s;cad ailaduion tivati cdtoe 2 smihimtmsHak €6 refi osaibd thidRGE + oy 0CeSSi ng
elenments at a tinme of a specified inmage processing result; and 22 LLOYD
W SE anieanles;exnid circuit that determ nes a conpletion of a calculation
based on conparing current states with said first states.

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
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
MPEGchding.-

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

22



5 18. An apparatus as in claim17, wherein said characteristics include
Tarithnetic states of said image processing elements. 19. An apparat Uo@aysg
in claim18, wherein said image 10 processing el enents include

.accunul ators therein, and said characteristics include sign bits of said
accunul ators. 20. An apparatus as in claim217, further conprising 15 a
.video obtaining elenent. 21'. An apparatus. as in claim 20, wherein said

-video obtainiaty edehenexis aivitdee €RAEr AetdPmddesAY ARRF %&?_ @S in claim
17, wherein said characteristics conprise states of groups sald i mge

’processi i &l erEdisla 280k LEYBM S c&%paé&n'gn?:ﬂ%r%%&(:%%%'t%% 1p

conprising: a plurality of inage processing el enents, ‘the s of the

plurality0fd e ecessing elenments defining a state of an i mage .
processing 5 cal culation; a conbinational logic circuit in conmunication

.with the plurality of image processing elenents, the conbinational |ogic:
circuit coded with at |east one early exit state

5 18. An apparatus as in claim 17, wherein said

characteristics include arithmetic states of said imagé

- processing elements.

19. An apparatus as in claim 18, wherein said image
10 processing elements include accumulétors.therein, and

said characteristics include sign bits of said

accumulators.

20. An apparatus as in claim 17, further comprising

15 a video obtaining element;

21. BAn 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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defining an early exit condition for the image 10 processing cal cul ati on;
-and an output of the conbinational logic circuit, the output indicative
of whether the state of the inmage processing cal cul ati on correspond©OYDoNISE
:one of the at least one early exit states. 15 24. The inmage processing
system of claim 23, wherein the plurality of inmage processing el enents
.conprises N accunul ators, and wherein the at |east one early exit state is
- chosen from NM"2 20 possi ble states of the N accunul ators. 25. The i mage
_processing syst &m-of A &AL PHAITRENI COPISi GRIRF 19 pl exer in
s communication with the conbination logic circuit, and wherein an 24 LLOYD
W SE out put of the rulrtliydladiery conpmiasss PRI edrdes, T8 An i mage
processi ng systemconprising: 5 a plurality of imge processing el enents,
the outputs of the plumaltig yfoftheragepriodessihg magememiceeifnqi ng a
state of an inmage processing calculation; a hardware status register in
elements defining a state of an image processing
5 calculation; a combinational logic circuit in
communication with the plurality of image
processing elements, the combinational logic
circuit coded with at least one early exit state
defining an early exit condition for the image
10 processing calculation; and an output of the
combinational logic circuit, the output
indicative of whether the state of the image

processing calculation corresponds to one of the

at least one early exit states.

24. The image processing system of claim 23, wherein
the plurality of image processing eleménts
comprises N accumulators, and wherein the at
least one early exit state is chosen from N""2

20 possible states of the N accumulators.

25. The image processing system of claim 23, further
comprising a multiplexer in communication with

the combination logic circuit, and wherein an
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communi cation with the plurality of imge 10 processing elenents, the
~“hardware status register |oaded with a value representing at |east one
early exit state defining an early exit condition for the inmage prd¢B$BiIYHEE

. cal cul ati on

and an

out put of the hardware status register, the 15 out put

i ndi cative of whether the state of the inmage processing cal cul ation

corresponds to one

of the at | east one early exit states. 27. The i mage

" processing system of cIa|n1 _&Fereln O the plurality of i

proceSS|ng el enents Ebript

OFSS P whietei H t et ¥ e¥East

‘one early exit state is chosen fromN'*2 possible states of the N

accunul at ors.

20

25

26.

27.

flag.

An image processing system comprising:

a plurality of image processing elements, the
outputs of the plurality of image processing
elements defining a state of an image processing
calculation; a hardware status register in
communication with the plurality of image
processing elements, the hardware status register
loaded with a value representing at least one
early exit state defining an early exit condition
for the image processing calculation; and an
output of the hardware status register, the
output indicative of whether the state of the
image processing calculation corresponds to one

of the at least one early exit states.

The image processing system of claim 26, wherein
the plurality of image processing elements
comprises N accumulators, and wherein the at
least one early exit state is chosen from N""2

possible states of the N accumulators.
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