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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;



Figure 3a and 3b shows different partitioning of the calculations anong
mul tiple SAD units; WO 01/95634 PCT/US01/ 40863 Figure 4 shows a tradeoff
bet ween aw@by9w3it strategy cal cul ati ons and an actual topal/us@al/med3ati on
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 flowhart of operation of
the adaptive early exit strategy. 15 DETAI LED DESCRI PTION NMoti on
estimation is often carried out by calculating a sumof absol ute

differences or FSAFe 4 Mohbwe gstiaatson E@W@@n@@ﬁl%%ﬁﬁ@y di fferent
applications, including, but not limted to cellular 20 tel ephones that use
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devi ces can produce video signals as outputs. SAD is a cal cul ation
of ten used 1o | deildYs L4 o0esk: SIShOLE! Op (RETYLEN, A oprce bl ock and a
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.

15 DETAILED DESCRIPTION

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 devices can
produce video signals as outputs. The SAD is a
calculation often used to identify the lowest distortion

between a source bleock and a number of blocks in a search
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bet ween these blocks. One way of expressing this is N1 n-1 SAD=ZE
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or source block (N) is divided 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
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
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
for use in connection with other technologies utilizing
digital signal processing such as voice processing used
in mobile telephony, speech recognition, and other

applications.

The conpressi on schene uses
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in nmobil e tel ephony, speech recognition, and other applications. 3 WO

01/ 95634 PCT/ USOLl/ 40863 The speed of the overall distortion detection
process oadobesedncreased. One way is by using hardware thar/vaéloss 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
pi xel throughput by addi ng additi onal SAD devices. This can also increase
cost, however, Biacgedd refutliesovmrel SAD sitem ices . defk dtaisgrer sear ch
algorithns attenpt to use the existing hardware nore effectively. The

bl ock SAD it £cd oS ol ELe HOUP GRINSE ey "SEHE MM AYe The source
group and the search group nove throughout the entire imge so that the
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overl ay tglonsenase %Aérrleé/nt s%l%’ngugw]%‘%%lg’r .Calrhirse(?lforteov%orﬁeaye VeSS cal cul at es

16 X 1(§ :h2a5r6dvgja|tgg.erences.

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 FPaster search algorithms attempt to use the existing
hardware more effectively.

The block SAD compares the source group against the
“search group”. The source group and the search group
move throughout the entire image so that the SAD

15 operation calculates the overlap between the two groups.
Each block in the source group will be compared to
multiple blocks in each of the search regions.

A typical SAD unit operates on two, 16 by 16
elements to overlay those elements on one another. This

20 overlay process calculates 16 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 Y;j must



These are then accunulated to represent the total distortion. The SAD
requires certain fundanental operations. A difference between the source
Xjj and tweosemsch Yij nmust 4 WO 01/95634 PCT/ US01/ 40863PCh@®sSéiorsesd. An
absolute value I Xij-Yijl is formed. N1 n-1 Finally, the values are
accunmul ated, SAD=1Y1 | Xij-Yij I . 1=0j=0 A basic accunulation structure
is showmn in Fig. 2 Arithnetic logic unit 200 receives Xij and Yij from
data 5 busestdi¥98;d99 Avoredendlbok < hm]‘eleo,bei@dYgdl dul @oemeX.j - Yij. The out put
201 is inverted by inverter 202. Both the inverted output, and the
original, are sent to multiplexer 204 which sel ectsy-one of the val ues
based on E g bitheomlyescaoohderuntthimtdd, | HMPe Enﬁ PR6 -19; [conbi nes
these to formthe absolute value. The final values aeestored in
accurnul ation register 208. Effectively, this forns a system of subtract,
absol ute, accumbeie; ascgholation Bigureat@re Hguwlevh shrovigig 1 ngl e SAD
conputation unit. As 15 noted above, nultiple conputation units could be
used to imecirgasas d Meodiw aughpwoo |feddierdwinierardt veonmbratdon
5 buses 198,199 connected thereto, and calculates Xij—Yi5.
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



units is increased, that increases, in theory, the pixel throughput per
cycle. The present inventor noted, however, that increase 20 in pixel

t hroughpwoos9seet necessarily linearly related to the nupOBRUS@i40863i tS. |n
fact, each franme is sonewhat correlated with its neighboring frames. In
addition, different parts of any image are often correlated with other
parts of the imge. The efficiency of the 5 WD 01/95634 PCT/ US01/ 40863
conpr essi aromane Sl dragedly dre chasadt @n i shacsciodridiei cs nefjeshe The present
application allows using the multiple SAD devices in different nodes,

dependi ng iotagdie. effid Cpeacyn ©f aEOIDE L6500 1 BodheuPregerthie appl i cati on uses
the architecture shown in Figures 3A and 3B. The sane connection is used

in both Fgwss SARNGSE cOut it he 8L L4 AtHhONSs T §ep@Riihd i Oned in
di fferent ways. Figure 3A shows each SAD device 300, %02 bei ng 10

configureqiﬁégﬁ%%?gigggmgé 0. SAD receives a different block, providing

N bl ock SAl i ons. ectrvely, unit 301, therefore, cal cul ates the
el 201 QroNip bejipcr . &.86 Bl IR IELELeNoe, a0 2 16 By 18, s0u s, i el by
in Figures 3A and 3B. The same connection is 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. Each 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



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, 302wenf/owes a fraction of a single block SAD cal cubariusew4oiesch of
the 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 culated 1/ N of the full SAD cal cul ation configured to that unit.
The over aldesystisanl thate et erThhesin heumwhoten aredpeas tied whadd be used
based on previous results as 6 WD 01/95634 PCT/ US01/ 40863 descri bed

herein. Thigl duldtidonsarnhieduscec-dhei syunder. of calculations that is carried
out. One way to determ ne whether whole or partial is wused is to assune

that tenporall yygd %ig@g@étg\;ﬁyﬁé sLel ated gcplgreéc%lﬁtsdiaf\ J{é rst cycle

can be cal culated using the whole SAD node, an cycle can be

cal cul at ed. usi ng_t.he partial, .SAD node. T cvycl e which rks faster is
t aken as tlhseec:l/\,i%snetro, %hsd“msl%t%h%et g .éﬁ%ﬁ% R :%”6% can be
r epeat 10, where X |

| ooal St erOr o dhaR e 5 nd | Bigth BE TSRS 1 LOEa Sbe done i n
a logic unit, which carries out the flowchart -
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 technique as described herein.

The complete SAD calculation for 16x16 eléments can
be written as |pir - pis| + |[par - p2s| + . |pases -
p%Grl...(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 if enough information has been



of Figure 7, described herein. Throughput can al so be increased by an
"early exit" 15 technique as described herein. The conpl ete SAD

cal cul at ivod0f/236346x16 el enents can be witten as | pir -PET/ES01/48843 per -
p2s | + ... | p256S - p256rl...(1). If all of these calculations 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 calculation as
soon as posstdutreinddtes i fineésalhbniminm tdestcatcid@l | arharsect est ed. These
interimresults are used to determne if enough information has been 7 WO

01/ 95634 R(I4tIS0d/ 4086Sve et €4 A@tks difs fdneh & m ni mum di stortion. The act
of testing, however, can consune cycles. The present application describes

bal bet i i.on: t i i f th
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5 mnimumdistortion. Figure 4 illustrates the tra or a 1bx

CalCu'atiﬁﬁ@#?i5gh§hé§¥{%§¥+§e§&?%ég$%ﬁgmkﬂé‘déﬂ éfh§%r§$r$€§ﬂis the cycle

count whe ereis . e |T'ne 75 horizonta %enting
count s 1 or METY R TS T AT byl oL BES Sho 1921 1 SRGped 1972EE 402, 404,
406 and 408. Line 404
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 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 every thirty-two pixels (1/8) and
line 408 represents one test every sixty-four pixels
15 (1/16). Note that when the lines 402-408 are above line
400, the attempt at early exit has actually increased the
overall distortion calculation time. ILine 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



represents one test every sixteen pixels, line 406 represents one test
every thirty-two pixels (1/8) and |ine 408 represents one test every
sixty-fowopi/s®sbs 15 (1/16). Note that when the |ines 402rdD8Saw®sebove
line 400, the attenpt at early exit has actually increased the overal

di stortion calculation tine. Line 402 represents the cycle consunption
where zero overhead is obtained for exit testing. That is, when a test is
made, the &xital sim@@e al waySisdctessdidtottten 402Thss thiendeshred goal . An
adaptive early exit schene is disclosed for doing so. Block | is first
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distortion. This can be done using test patterns, which can be part of the
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m ni mum distortion |s used as the basellne and it Is assuned bl ock

| + n, "mecifs{"oftsl 5 ex??? é‘tpéﬁéﬁe {‘%{% n%éortlon Two basic

paraneters are use represe er of pixels that have
been pr.ocessed reV|§%f for sear
e

achi cudd. - Aext URRTLT Bbf cRRTS TR SUaR &0 '%’ﬂe el SRR or sign
bits, at tggéé'gﬁéégséeS éﬁgﬁlgﬁgig fg!ta search region before an
early exit 1s 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.



10 for a search region. For these blocks | + n, the SAD cal culation is
term nated when the distortion exceeds that threshold. This fornms a causal
system uswegl/piseyi ous i nfornmation that is known about thRCEE801¢40863egi oNn.
15 The usual systemis based on the inage characteristics within a search
regi on being sonme probability of maintaining cormon characteristics from
time to tinme. The tinme between frames is between 1/15 and 1/30 of second,
often fast enoutybceihdtingi no nehe 20rehanyesppliaat tomj nghé hose ti mes above
sone noise floor related to measurable system characteristics. Al so,

there are afd@mIegbonsnof aori sage kD ChafBbOt BHAGed Skthatnhd enpor al
characteristics over tine. 9 WD 01/95634 PCT/ USO1/ 40863 According to the

present appligat (onlew@/ﬁpctkwé@é 0*‘1@5'&%"fPépPé‘an%D;Hé%Pﬁlrh&ﬁ‘ded wi th
the value (- least/n), where "Teast™ represents the m ni mum distortion

that is measired f o, Pﬁa?'?&ﬁé@éu?@dsﬁr&@ I]?%%Q%Arﬁ)gc any SAD s

are cal culated for searc reglon ?a?lng for the
region. is aSSI ned the " ? nat i on. guiure S Ds are conpared to
a
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search region. The first SAD calculating for the 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, if
source and target regions are totally homogeneous, then
all the accumulators should change sign more or less at
the same time. When this happens, any one of the running
20 SAD calculations exceeding the previous least measurement
can be used to indicate 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



establ i shed. When the accunul ators change sign, the 10 m ni num di stortion
has been reached. Mreover, this is indicated using only the existing SAD
structurayowi/fdeeut an additi onal cal cul ati on, and hence RPOTUSIIGINEE3
cycle(s) for the test. A test of the character of the inage can be used to
15 determ ne how many of the accunulators need to switch before
establishing the early exit. For exanple, if source and target regions are
total | y hdmyeneous,wihemoiallbe threcaexiimy adtorishes hoarhal chtange sign nore or
|l ess at the same tinme. Wen this happens, any one of the running 20 SAD

cal cul at i ansrexeeedi tige tder psesiousat €ast IRased eedtwsan figs used to
indicate that an early exit is in order. This, however, assunes tota

i mage honogengid Yat SHe AR Bsspamiian doescnof &b ways §oddial n many
situations, the nultlple accunul ators of the different =~ 10 WD 01/ 95634

PCT/ US01/ &%féc%]!i?@és b | e@fff’&r céi‘ecﬁeah‘?? TS

Mor eover, e erent rate I NCrease et ween accunu at or's my be
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the met hon?etok]:oc'lsanpl sla? pflhr?g d{:lﬁg da;rthgl > C’I‘a'k?lé ec(::]aur|1 rJ:eecgrl?IEe 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 is explained herein with reference to variables
- where A;, A;, Az .. B, are defined as events associated

20 with a split SAD calculation.
The events can be defined as follows:
Event A; = SAD; = 0 where SAD < 0 for 1 # j.

This conceptually means that the event A; is defined

as occuring when SAD unit 1 is positive and all the

11



conpl ex ways of considering how to determne early exit, based on what
happens with the SAD units. One operation is based on the probability
associ atedo ol/sedi t h a split SAD state; where not all, of PORUSADOSEsI ts are
in the sane state. This difference in rate of increase between the

accunmul ators is related to the spatial frequency characteristics of the
difference between the source and target block. Since these spatial 15
frequency odtearmTiey i SAD csnire atsnepiteral ediam®ngul®mpedat ) yesE mi | ar
franes, the information fromone frane may also be applied to anal ysis of
fol I owi ng dxaanEss, Ttien i Shexptaimerk fereive b tihdefpranceto variables -

where Al, A2, A3 ... A, are defined as events associated 20 wth a split
SAD cal cul gté eierfine. Svent s mans heydefi ned,assd ol qys: Inddy = SAD >_
O where SAD < 0 for i O j. This conceptually means that the event Al is
defined as, é,ll’l When, unit i is positive and all the 11 WO 01/95634
PCT/ US01/ 408 r i ning units are negative. This would occur, for

exanpl S when the accumul ators were increasing at dlfferent rates. This
0

can al So be defif& asPieoibifne fevEnbll: shetifiqealAly: = 0, and

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 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 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

20 according to how they are handled.

A first trivial possibility is

(B'A]_m Azﬂ A3ﬁ A4) = 0.
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5 Event Bi,j = Al UA = SAD 0 for SADJ > 0, and where SADk < O for k #i,
j. This neans that event Bi,j] is defined as "true" when A exists and A
are truewObu®seéad | other Ak are fal se. The concept of defPaT/go140863
operations in ternms of events can be extended to include 10 all the

possi bl e conbi nations of i, j and k. This vyields, for 4 SAD units, a total
of 16 conbinations. For |arger nunbers of SAD units, it |eads to other
nunbers of contimbs i mesns anlte posise bp yolush hyl tprehavasumbb£sthsuch as i, |
k and mor others. 15 Describing this scenario in words, each event "B" i
defi ned asadhensianofs the speci §iesh ackarmuhetOrsr behd o caigat £Fothan 0.
Each of these conbinations is defined as a probability. For 4 SAD units,
there are Had adx@feddy possibhe states of accumul ators. These can be
grouped 20 according to how they are handled. A first trivial possibility
is P(BI A rg : 4) = : WO 01/ 95634 PCT/ US01/ 40863 This
means t hat theI%R%EE&%%§%€?f%%I§%%%1% the accunulators is > 0, given that

none of. the accur’r}ll F\tors has exceeded 0, is 0. The opposite is also true:
5 P (BlA1 N Ay N A3 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 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 & U (B N A N Ay,
P(B| A, U (A& N As N Ay,
15 P(Blas U (B&; N By N Ay,
P(Bla, U (A N A, 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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5P (B I

Al n A2 n A3 n A4 = 1; Wich neans that the probability of the

sumof all the accunulators is set, given that none of themare set,
al so 1. Bx@buglepy t hese trivial characteristics, there arBCT/US0114863

nontrivial conbinations. The first group includes four cases where one of
t he accunul ators is set and the remaining three are not set: P(B
n A3nA4), P(Bl A2 U(ALln A3 nA4), 15P (Bl A3 U (AL n A2 n A4) ,

t wo
set.

P(BA n A2) F(RB

of the accunu

is

Al U (A2

(A2 nA3) P(BI A nA3) U(ALNn M) 5P (BI A2 n A4 U (AL n A3)
A3 n Ad) U(AmMn1r) U (B A A

15

20

P(BlA, N 23) U (B, N Ay

P(BlA, n A U (A, A Aj)

P(BIAs N &) LA N Ay

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

P(BIA; N By N A3) U Ay

P(BlA, N A3 N Ay U Ag)

P(BIA; N A3 M Ay U Ay)

P(Bla; N B N By U A

The present embodiment recognizes that each of these
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
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

P(BIAA U (AL n f@BPAA@% AﬂAq9t T Qrouyp represents t hose conditions where
ators are set, and the other two accunul ators are not

These conbinag&ons are witten _20 as: 13 WD 01/95634 PCT/ US01/ 40863
nAS3IPYB(A2 AD MA3) U (A2 n M) P (BI (Al n Ad) U

P (B



Finally, the follow ng group represents the cases where three accunul ators
are set and one accunulator is not set 10 P (Bl Al n A2 n A3) UA) P (B
| A2 n AAveaordye3d Al) P (B 1 Al n A3 n A4) UA2) P (B |P&I/URIIADRSGS A4) U
A3) . The present enbodi ment recogni zes that each of these 15 groups, and
in fact each of these situations, represents a different condition in the
i mge. Each group or each situation can be handled differently. This

syst em opesed esa BSuBHOYE, warib@s slegcsdbpd sih refenencent the flowchart
of Figure 5. The final goal 20 is to conplete the calculation, and hence

to exit, soonesrtildH Sid SrShonst N5 oopy b d i dSda: 08 EL Wt-lhr{lgchar@t ching

characteristics of two i mages; a source inmage and a search inmage at 550.

The mtchlﬁ%qﬁ?&a&fseg&s% S 4 M@%d?e%gﬂi%fga{ U 40863 are cal cul ated
y st o

wi t hout any ea exit e m ninum ron is tound at 555 and the

condi ti ons when.t hat an ni num d%s ti on exi d are found at 560. The
conditions at 560 cAthetUde & g p?% Jt%éu G 3 HHEOEX Y ddVRR the time

of m ni_mum di stortion, or the
5 " that existed at the time of minimum distortion, or the

specific condition among the 14 possibilities.

At 570 a subseqﬁent 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



specific condition anong the 14 possibilities. At 570 a subsequent i nmage
part is tested. This subsequent part can be any part that is correlated to
the testw@ar/93s636i nce tenporally correl ated i nages are 10rapstome®dsdo be
correlated, this can extend to any tenporally correlated part. The inage
source and search are tested, and a determ nation of the specific

groupi ngs that occurred at the tinme of mninumdistortion is found at 575.

An early décpxtd. i sThhencestisbl hsb@dso atad8P. o dhecgardyogxit, once
determ ned, can be carried out in a nunber of different ways. Figure 6a

. . o e . " EE"
shows a SyﬁéﬁgEﬁﬁné@ﬁéﬂ'%?k%?”aﬁgf%?arfﬂé {%ﬁ%&éﬁﬁéﬁhﬁﬁ‘f%ﬁ &L or

flag. N SAD units are 20 shown, erein ment can be 4. Each

SAD unit Jjnc h tructure. di scussed abov and specifically ALUs,
i nverter s,i%nd acceuéru(?%?oé%%ﬁ#h%l%% DUt ocfgle%c%aeto?ST he" ‘c’cu%ﬁﬁpja?% sis
coupl ed to, conmbinatorjal, |l ogic unit 600 which arranges the 15 WO

01/ 95634 ﬁﬁwﬁ%&fwﬁ%.l%ﬂa%@m bR 3D TERry out the group
determ_nati on noted above. The conbinatorial logic unit s carried out
usi ng & sV Whklesan ORtiondtasry on the selected group.

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 mﬁltiplexer.

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.

16



in hardware definition | anguage. The gates are 5 progranmed with an option
based on the selected group. Different imges and parts nmay be processed
accordi ngwo 0193884 f erent options. For each option, the conbCTVaBIIONSEf
states, e.g., the group discussed above, is coded. The conbinatorial 10

| ogic nonitors the accunulators of all the SAD units. Each state is output
to a nultiplexer. Wien those accunul ators achieve a state that falls

wi thin the sel eEhedwapdingyvhanheahéyadxptifebagairsy produtedusdbpe early exit
flag means that the hardware 15 has determ ned an appropriate "fit". This

causes theoveperhfi vs fesexibedFigureréBesbewsoanighternati xe sygtem in
which the states of the accunmulators are sensed by a hardware status

register 606 Jh@estatsfie! §9h5tE! 1 $05etepPederPsSPEEELL e SEELE DY the

condition of the accunulators. The status register stores”the specified
condi Lo £F8ke ySFeseRtae ARy e oills JRER LI pRECL L e con on
The ey LML 0Len {06, 20ap00e R8LlY GXhlels UBRfs QYE'BL!acl S fgScL Ped In
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 O0xFF01 and
setting the local variable N=1 at 715. At 720, the
system obtains SAD search region N and uses the periodic
exit test Texir =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



the video frame starts. 705 represents buffering both frame Mand frane
Mrl. 710 is a determnation if the 5 block history nobdel needs update. This
can be devenrnyised by, for exanple, nonitoring of the ti nBCBURCI0863pr evi OUs
frame update. For exanple, x seconds can be established as a tine before a
new update is necessary. If the nodel needs updating, then the process 10
continues by | oading the accunulators with OxFFO1 and setting the | ocal

vari abl e N=1 atAf1Stept 7480, at S&arslystempbbakng SADR seAThsi &Yl oy N and
uses the periodic exit test Texit =1/16..., at step 725 the exit test is

per f or med. Iéxﬁec&@és&é&ltaawq%da@é&aﬁes%@ﬁ 1600, §5;uhich is the pixels
before eX|t and AeX|t(N) whi ch sunnary of accumulators 1 through 4

bef ore exi ri so |ncre nted at step
in & %ﬁ@%es ths %9%§|7y§ Q- é%é&ﬁlng% Hiade

730. This est araneters, and t proc continues. 20
In a subse ue t cycle the b ock to f upd e does not need to be
redone at d§ HhdEARhce oﬂ%?o g%gs%%st? CR12p TS DUROSH; L st ep,

t he pr V|ously stored Kexit and Akexit are read. This is used as the new

count Jat SEHPET4R t L ePUTERFet SHICR kLR EYSTA 7390 016956341 i USO1/ 40863

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

18



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 made
whet her Woslemaal to 397. 397 is taken as the nunber of PET/AUR@M®863i n t he
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
tenporal variations of |arge portions of an inmage are likely to remain
unchanged.wideref o Ba imdkenis10 the partial accunul ators have a specific
sign bit, their state produces significant advantages. Mreover, the tine
between frames is usually on the order of 1/15 to 1/30 of a second.
Finally, regions wwthin the image maintain their |ocalized
characteristics, gﬂﬂ: h . 15 their spatial frequency nay be
correlatedf'Aﬁ?H%ug %H%%ﬁgp{%hl ibodi nent s have been di scl osed, ot her

nodi fications are possible. 20 18 WO 01/95634 PCT/ USQ1/ 40863  What is
claimed is: 1. A metfod oOhpTTSi hd ISR ni T HyE & R MRt st9 ti on

betmeeg two 5 regjons;
regions;

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

element reaches a predetermined value.

15 2. A method as in claim 1, wherein there are a plurality
of said accumulating elements, and said loading
comprises loading said value into each of said

accumulating elements.

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

predetermined value.

18



| oading a value related to said mninmum distortion into an accunul ating
el ement; accunulating results of subsequent inage distortion calcul ations
into sai waovesssd ati ng 10 el enent; and establi shing sai draT/usomMIB63
distortion for said subsequent cal culation exit when said accunul ating

el ement reaches a predeterm ned value. 15 2. A nethod as in claiml1,
wherein there are a plurality of said accunmul ating el enents, and said

| oading  cONMPrai sestheach N0 ak th vl eyhatdi easdy Ofe s ; aecayul at i ng
el enents. 20 3. A nmethod as in claim2 wherein said establishing occurs

when speci fi ed acocumilatdng, ¢ %r@ngéi@fpﬁﬂl%liv% ﬁ%%%%‘%{%%%%ﬁ' ating

el enents reach said predeterm ned val ue. /40863 4.

A method as in i in ' I.shi occurs when all of said
plurality of ac%iuéra"fhu a%l; ‘r’]%'e%%} e%el?é %f%%e?ﬁﬁé%@%ﬂdé‘%%a?&ee?m ned value. 5 5. A
method as in claim2 wherein said establishing occurs when a single
accunmul ati ng el enent reaches said predeterm ned val ue.

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

said predetermined value.

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

divided by a number of said accumulating elements.

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

said establishing.

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

results from a single accumulator.

20



6. A nethod as in claim2 wherein said value related to 10 said m ni num
distortion is an anount of distortion, divided by a nunber of said
accurmul awoagredeenents. 7. A nethod as in claim2 further POVPRIIZ0BES
determining a character of the regions, and determning, from15 said
character, a nunber of accunulating elenents to require to reach said
predeterm ned val ue before said establishing. 8. A nethod as in claim?7,

wherein sad chanechied 9§ thec120mi MROEhé NG €ad£5d e bospoeseoys i mage, and
said establishing said mninmumdistortion is based on results froma

si ngl e accuml at&p: 20- WO 04495634; RCTLLSI1L 40863, 8 4, mELhgd as in claim

7, wherein said establishing conprises establishing said early exit based

on results f“%%&ﬂi%@!f§8ﬁ3£¥ﬁ§£9r§cC§m&9 tAi thod as in claim9 wherein
es

said early exit —conpris ermni ng probabiTities of each of the
accunul ators establishing certain states, and said establishing is based
on said accunul ators establishing said certain states. 10 11. A nethod as

in claim®6, wherein said predeterm ned .
5 10. A method as in claim 9 wherein said early exit

comprises determining probabilities of each of the
accumulators establishing certain states, and said
establishing is based on said accumulators

establishing said certain states.

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

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

determining.

21



value is zero. 12. A nethod conprising: 15 determ ning a distortion between
two inmage regions; and carrying out an early exit schenme w thout using an
extra calwabapicsn cycle for the early exit schenme. 20 13PCRURE40865 as i n
claim12 wherein said early exit is calculated by |oading a value into an
accurul ator el enment and changi ng said val ue based on said determning. 21
WO 01/ 95634 PCT/ US01/ 40863 14. A method as in claim 13, wherein there are
a plurality of said accunul ator el enents, and said |oading conprises

| oadi ng said value into each of 5 said accunulator elenments. 15. A nethod

as in claimg 14 phesehdd sak di st eblh st ng,noeews scyben specified accumul at or
el enments of said plurality of accunul ator el enents reach a 10

pr edet er mi ned vpé\i g.,gy ﬁra%ﬁgd ﬂuﬁé%&% r%ﬂeﬁnm§:gl%c§aégl§st abl i shi ng

occurs when all |ty accunu

loading comprises loading said value into each of

5 said accumulator elements.

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

10 predetermined value.

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

15

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

related to a minimum distortion in a previous

calculation.

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

predetermined value before said establishing.
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el ements reach said predeterm ned value. 15 17. A nethod as in claim 12
wherein said value is related to a mnimumdistortion in a previous

cal cul at ivom01/26348. A nethod as in claim 13 further conprP€T/go1/4W8d3er m ni ng
a character of the regions, and determning, fromsaid character, a nunber
of accunul ator elenents to require to reach said predeterm ned val ue
before said establishing. 22 WD 01/95634 PCT/US01/ 40863 19. A nethod as in
claim 18, wherein said character of the imge indicates a honbgeneous

i mage, and said establishing said mninumdistortion is based on 5

resul ts from a sifgtEo@CE M at 041 8! BN e 20i, A IBS hads AS.d ) C%ﬁi m 15,

wherein said value is zero. 21. A nmethod of determning distortion between

i mge 10 bl ock i SiNng. i Ni first distortion between a first
i mage part andsgﬁggQ%% éi%%Eﬁ?%é%%ﬁAZHébéﬁﬁéé?ﬁﬁmf@Fg?ﬂnﬁﬁdcﬁa% | cul ati ons

for an early exit . State of, .certain calculatjion at the tine of the
early exit;y 153%H§g91§h1ng said m{nfhum éﬂstortion 1s based on

5 results from a single accumulator element.
20. A method as 1n claim 15, wherein said value is zero.

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

calculation based on both said count and said state.

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

reach a specified value.

23



in a subsequent calculation, termnating a calculation based on both said
count and said state. 22. A method as in claim?21 wherein said distortion
is 20 cawabatwmas by | oadi ng val ues into accunul at ors and PepwUall/40843i ng an
early exit when said accunulators reach a specified value. 23 WD 01/ 95634
PCT/ USO1/ 40863 23. A nmethod as in claim?22, wherein said specified value
is zero. 24. A method of processing inmage parts conprising; 5 obtaining

i mage distopli o hetweavhs oD, aboMima2 f i 8L rd RIS, PAT Lpedngi Mgi Ng said
imge distortion information to process a second part, by loading a val ue
related to saig{ppgesdistortion information into a calculating 10.

el enment, and termnating a calculation perfornmed by said calculating

el enent when said val ue reaches a predeterm ned amount. 25. A nethod as in
claim?24 wherein said image 15 distortion information includes a m ninmum
of di sto:éjson meas regl in a block, notjon search. 26. A nethod as in claim
24 wher ei ai &i%@éo PS5t RFPFHHS 29 uEBOE PrEFEUTHRI RS HRGt ortion in a

5 obtaining image distortion information about a
first image part; and
using said image distortion information to
process a second part, by loading a value related to
said image distortion information into a calculating
10 element, and terminating a calculation performed by
said calculating element when said value reaches a

predetermined amount.

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

distortion measured in a block motion search.

26. A method as in claim 24 wherein said image

distortion is used to calculate a distortion in a

20 sum of absolute differences device with an
accumulator.
27. A method as in claim 26 wherein said value is loaded

into the accumulator.

24



20 sum of absolute differences device with an accunulator. 27. A nethod as
in claim26 wherein said value is |oaded into the accunulator. 24 WO

01/ 95634 WRC01/24684/ 40863 28. A nmethod as in claimi18 wher BCTVUS@I/4®863al ue
conprises (-least/n) where least is a value found in a previous cycle and
nis a nunber of accumulators. 5 29. A nethod as in claim28 wherein said
predeterm ned anount is 0. 30. A nethod as in claim 18 wherein said
accurrul ators 10 are |l oaded with a said value (-least/ n) where least is an
expected early value and n is a nunber of accunulators, and wherein an
carly exitads eshabloshed whem 2 acsumlalon (2a8Nes Qe ddndli s & met hod
as in claim22 wherein said value represents sign bits of the

accurul at ors. 2 o] ising, obtajning a plurality of inage
mani pul ati ng Zg %ﬁé%gz%PWﬁ?%ﬁgggééééeQ%ﬁ%éY r'ed s?%?%sl%a%ed on

rel ati onshi ps between two ifﬁgES' accunul ating results based on said
previous cycle~and n 1s a numbér of accumulators.

5
29. A method as in claim 28 wherein said predetermined
amount i1s O.
30. A method as in claim 18 wherein said accumulators
10 are lcoaded with a said value (-least/ n) where least

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

established when an accumulator reaches 0.

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

represents sign bits of the accumulators.

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

relationships, and

25



rel ati onshi ps, and 25 WO 01/ 95634 PCT/ US01/ 40863 determ ni ng whether a
calculation is conpleted based on the states of the accunulating. 5 33. A
nmet hod asvonr/eid6ad m 32, wherein said i nage mani pul ati ng deet/wsolv®sgart of a
vi deo canera. 34. An apparatus, conprising: 10 a cal cul ati ng devi ce,

i ncluding an accunul ator elenent, that calculates values related to a

m ni mum distortion between two regions; a buffer, storing a value rel ated

to said nininmum di s§oféinimingdvhoadt g s Toeh st o6t i 08 doh© edSg sai d
accurul ator; and a logic unit, establishing a mnimumdi stortion based on

a val ue in sai dhAGEAh atha0s d8VE S s 35 e All J 3 Hg;as in claim 34,
wherein there are a 20 plurality of saird calcu atlng devi ces, and said

distortion is | oaded into each of said accunulating elenents. 26 WO
01/ 95634 PCT/ USO1/ 40863 36. An apparatus, conprising: a video acquiring
devi ce;

5 33. A method as in claim 32, wherein said image

manipulating device is part of a video camera.

34. An apparatus, comprising:

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

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

15 sald accumulator; and

a logic unit, establishing a minimum distortion

based on a value in said accumulating device.

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

elements.
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a plurality of calculating devices, each including an accunul ator el enment,
that calculates 5 values related to a m ninmumdistortion between two video
portions veaqudssed by said video acquiring device; a buffPReT/USOI0N0BG3g a
value related to said mninumdistortion, and |oading said distortion into
10 said accunul ators; and a logic unit, establishing a mninmumdistortion
based on values in said accunul ati ng device. 37. An apparatus as in claim
36 wherei M®ai At cpraraits, 1Sommnidiors: sign bits of said accunul ator

el ements. 38. An apparatus as in claim36 wherein said logic unit nonitors
a value in said acclmiades st@emisg d2Hidad. An apparatus as in claim 36,
wherein said video acquiring device is a video canera. 40. An apparatus as

in claim38, whereim sgigrdDOi¢ didaldPde Revdle idnall of said
plurality of 27 WD 01/95634 PCT/ US01/ 40863 accunul ating elenents to reach

o e er M ARthudAly Gy oo M AARY Ai AR, | el R L e n sald S
accunul ators are lToaded wwith a value (-1east/n)
5 values related to a minimum distortion between two
video portions acquired by said video acquiring
device;
a buffer, storing a value related to said
minimum distortion, and loading said distortion into
10 said accumulators; and

a logic unit, establishing a minimum distortion

based on wvalues in said accumulating device.

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

15 monitors sign bits of said accumulator elements.

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

monitors a value in said accumulator elements.

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

acquiring device is a video camera.

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

monitors a value in all of said plurality of

27



where least is an expected early value and n is a nunber of accunul ators,
and wherein an early exit is established when an accunul ator reaches 0. 28
WO 01/95634 PCT/US01/40863

accumulating elements to reach said predetermined

value.

41. An apparatus as in claim 36, wherein said
5 accumulators are loaded with a value (-least/n)
where least i1s an expected early value and n is a
number of accumulators, and wherein an early exit is

established when an accumulator reaches 0.
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