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- | &mmoos OF EST!MA'I‘ING MOTION IN IMAGE DATA
AND APPARATUS FOR PERFOMNG SAME '

Tbe present mventton relates to :mage data methods and apparatus, aud more

' partlcu!arly 0 methods and appmms for processmg fult mot:on tmage data

- :g;;;; mﬂ'm‘o‘ he .!-' ysacion f

" Video commumcation which is in wndespread use can be classlﬁed generally into ': o

two categones meludmg analog and dtgttal 1mage commumeatton Analog lmage S

'commumcarton has been used for video conferencmg, for example. but is generally
' Timited by poor resoluuon of the transmitted and received image data n contrast
o digital image commumcation ot fall motlon unage data generally has Stgmficanrty
. tmproved ﬁdeltty relatwe to analog rmage commumcanon in part becanse dtgttal '

mformatton can be generally transmmed and recewed in large quannues at htgher data
- mtes than analog :mage data. - ' ' '

As will be- uuderstood by those sktlled m the art, to represent unage data

L f- dtgltally. an unage area or frame ts typtcally made up of an array of ptxels (e g 352

wws X 244 ltnes) with a dlgttal number represenung the color lummance am:l

. chrommance of each ptxel Ptxel color mformatmn typtcaﬂ‘y conststs of three dtgtta!
' -_values mcludmg One dtgttal value for red one for green md om for blue Thus.
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large quannty of mformatton is needed to descrtbc a pixi iﬁivmbh ‘means that digital

; ' representauons of complete tmage fmmes requtres excepuonally large qu.mtttres ol’

= dtgttal data. For example memory capactty of abo-.tt three million bytes is requrred to R

- -' process color video of 1000x1000 pixels, Wthh means that about ninery (90) million
5. ‘bytes of dtgttal ml‘ormatton must be processed every se..ond if a dynamic full ‘motion

: e ptcture tmage of 30 l'rames pcr second is to be generated In pamcular. in full motton _'
- v:deo not only are large blocks of data reqmred to descnbe each tndwtdual ptcture o
unage. but a new tmage or frame must be presented to the viewer at apprommately
_ ' tlurty new tmages per second to creete the appearance of conttnuous motton Movmg
10 - these large quantidies of video image data actoss dng:tal networks or phone fines is

T stmply infeasible given available bandwrdth
{odews 0 o
o Eme

‘ o . PN

To address this problem. dtgttal data compressron has be explored extenstvety as B

- a techmque for reducmg the number of bits requtred to send a gtven message and have B -

L that message reeetved and reproduced with sufﬁcrent ﬁdeltty Data compressmn

. 15 i typtcally utilizes etthet a stngle shorthand notatton to stgnal a repetmve stnng of btts or S

" omits data bits from the transmmed message “This latter form of compression'is

3 typtcally referred to as "lossy eompresston and capttahzes upon on the human mtnd oo

provxde the omttted data. In still theo the IPE‘.G standard is used for data
s 'compresston and deﬁnes the method hy which the sttll tmage is to be compressed In

L2 . motion video, nmch of the picture data remains constant from frame toframe.. Y LT
o Therefore the theo data may be eompressed by ﬁrst descrtbtnﬂ a reference frame and o

descrtbtng subsequent frames in tetms of the change from the refercnce frame
Compresston of dtgttal data by performmg motton esttmanon can also be

L accompltshed by companng v:deo blocks thhm a prevrous tmage frame wilh v1deo ,': o

. | 25 . o _bloclts wrthtn a present frame (both of which are created by ptxel movement tn the

) verttcal andlor honzontal dtrecttons) and then ﬁndtng the vndeo block havmo the -
S smallest dtffereme stgnal As will be understood by those sktlled in the art, the
i dxfference srgnal can be obtatned by deterrmmng a sum of absolute dtfference between

bloclts Sinee'i it is difficult to compare each block i in a large image wrth ‘blocks from a.- L

L 30 o .'prewous t‘rarne a search area havmg a predetermmed size corrcspondmg to each bloclr o
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" arca and therefore the larger the mouon .vector

o is typwally set for the prevtous l'rame 'l'he mouon vector is then determmed by )

. 'searcbmg in the. predetenmned search arca in the present frnme The smaller the size _

S of the block, the more accucate the search ror movement i However use of a sm-lllel'

B block srze typncally mcreases the stze of the motton vectors because as the search area N
'-__mcteases m size, the larger the rnovement can be which wdl be found m the search

m ¢ e e e o e pr—

' There are a number of methods for esumaung motton For example there is .

‘the matchmg method a gradtent method and a block matchmg method In pamcular.
L f--FlG 1 illustrates a convenuonal 4x4 blockmg matchmg method Refemng to FIG l
-a screen can mclude 244 lmes and 352 pixels per hne whnch is an mternauonal standard

Lo AT T o Y Pt T

- _ for dynaxmc ptcurre lrn;gmg t'or commumcanon over telephone lmes Eaeh plxel has a '_

'correspondtng br:ghmess and the brtghtness can be e*tpressed digitally as a number in

S the range of 0-255 and motton on the ' screen can be estunated by evaluaung a change m .
- "__f_j brlghtness of cach ptxel Preferably. in searchmg motton. a block(s) of plxels is

? tdenuﬁed and motron is determmed by searchmg accordmg 0 a ehange in brightness of

: the block Tl'us is achteved by asstgnmg motlon ofa typtcal ptxel in the block o

| ' rnonon of the block on the assutnpttoo that the block has only one motton To _ _
1llustrate FIG 1 dlustrates a block of 4x4 or sutteen 16y ptxels (Block A) S

" As will be undershood by those skﬂled m the art, ‘since the motlon ot the block

s two-dmtensxonal lt can be expressed by a two—dtmensmnal motnon vector accordmg
"-'__toEquauonl | Sl L : '

v =W<-J>V<m E -- m o ‘ o

In addmon to the above methods for esumatmg motton. there is also a full

| : _; . search method an M-step search method a hterarchxcal search method and a predtctwe -
7 search method " ‘The full seareh method Whlch is 1llustrated by FIG. 2. lS the most , |

o "_typlcally used method for estunatmg mottou FIG. 3 also iltustrates the charactertst:cs c -
- of a convennonal sum of absolute dlfference (SAD) graph i the full search method as

30_ o "known to those skxlled in the art In partlcular. when 2 posttmn of an objecl

‘ o .
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' corresponds to A at the present ttme and corresponds fo B ata just pl‘t:VIous ttme. |

: block havmg me east SAD is detennlned aceordmg o thc t‘ollowmg equatton and the _' . -

L bnghtrtess signal of the block is used to estumte the monon of the block Al ol’ the

R :: .object, o that the posttron of the Object |s esnmated based on the posmon of thc block

L e ———

| x| z,tx.y,m_)’-_r,_.,cx-,v.(_k)-,'y(x'-v,(k),,m |-

130 : ", yIO-'
_ s o g For cxample when a search stze for searchmg wrth the motton vector is the size c
ST ST of :tl pixel, nine (9) SADs are obtamed and a posttton havmg the least value amcng
e S :the nine SADs is used as an esttmate of the position to which the object has moved
o Thesemne SADs are: {V(X.Y) (-1, 1). (0 1). Q, 1). ( 1 0), (0 0) (L, 0) (-1 1). (0 1)
DY | - | .

e However. since the monon may not be properly esttmated lf the motlon 1s beyond the
R . 15 R ptxels but tlus stgmf'tcantly mcreases the number SADs that need 10 be checked for each
L L _ot‘ the possible motron vectors in the search ra.nge. Accordmgly. while the full search _
o metlwd can be et'fecuve in dynamrc tmage compressmn the amount of calculauon that k
ts necessary to obratn an estunate can be excessrve so other search tnethods have been :
o | ' developed to address thls lnnitation tn the t'ull search method As menttoned above. o '
.20 o these other rnethods mclude the M-step search method the luerarchtcal search method
.-and the predtctwc sealch ‘method. o SR o : L
' Ret’errutg now to FIG 4A-C a pnor art: M-step search method |s tllustrated In e EE
R ; the M-step search method motion ts esttmated by searchxng with an accuracy of 2‘”‘“ '
c | e _. _-:"'pels and the outserts of the searched motton are again searched wrth an accuracy of .
28 o pwn pels. and then rhese operatlons are repeated. For example ‘when the M-step
Lo _method ts a 3-step method mouon is esttmated ﬁrst by formmg the size of the block in _
T8 ptxels as tllustrated m F[G 4A and next the motton is estttnated by formmg thc SIZC o
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SR of the block in4 putels as lllustrated in FIG 4B, cht. the motton is esttmated by

. 'j-:_t'ormmg the size of the block i m 2 ptxels as tllustrated in FIG. 4C Accordmgly, the

i, motton can be esttmated by dtv:dmg an esttmatton step into a sertes ol‘ steps and thcn

_ gradually esttmatmg the motton in greater ‘detail to at:lucvc a ﬁnal estlmate o ;

S Unrortunately. the M-step method has. a dtsadvantage in that if the mouon is esttmated

in error in one step, the motton search may bc col!ected to a local mmtmum ( lm") as T
R f‘ illustrated by FIG. 5. IR | |

- In the case ot‘ a luerarclucal search method l!lOthll can be searched in a coarser |

) resolutton image of 88x61 ptxels which isa reductton from a full resolutton mage of
352x244 ptxels. and then motton 1s agam searched m a f‘mer resoluoon tmage of

- l76x122 ptxels wlnch enlarges the Outslttrts of the searchcd rrtotxon to a °reater degree .

Ul :-'Thus, tf mouon is scarched in thc size of4 pixels m the least f'mer image, ‘it has an _'___:- o

eft'ect of scarclung l:he motion m the stze of 16 ptxels in the full resolutton unage

- o Then the motton can be esttmated by searclung in the stze of 2 putels in'the next. ﬁner '
P 'full resolutton lmage "As wrll be understood by those skllled in the art these steps _
e '-mmrmiz.e the amount ot' calculauon necessary to estimate- rnouon in the full resolutton _
Lo '-unage Unfortunately. the lnerarchical search method has a dtsadvantage m that if the
motton lS estimated in error in the coarser resolutton unage, the monon search may be _
) 'collected to a local mmtmum potnt ("lm") T AT -.«--"

resolutton unage whxch has the effect of searchtng tnotion lﬂ the size of 4 ptxels in the :

In the predtcttve search method motton in the referenCe block to be searched 1s_

= predtcted from the motion of cxrcumferentnal blocks and the outskirts around 2
o prediction value are searched, Howcver. the prcdtcnve search mcthod hasa -

- dnsadvantage in that tt the. predlctton value ns not. accurate the, motton search may be
: collecwd toa local mtmmum pomt ("lm") ' S _ _ _

In the above descnbed methods, a motion vecror field ts used as a predtctzon o

'- model and a 2-D spatral model and 3-D spaual model based on a coarser resolutmn '

L : image are also used In the 3-D spanal model the n'totton in the current reference E

;j 0 _

: :bloclr is efl‘ectwcly predtcted by effectwely combtmng tnformatton about the m0t10n
vector f’eld m the coarser resolution tmawe and mfornutton about th:. mOttOn vector '
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_ 'f eld tn the ctrcumferenual bloclrs. The 3-D spatlal model also mcludes mu!tlple S

- E elementary models to effeetwely treat motlon dtsconttnuuty The 3- D spatial model IS

- f_"more fully descnbed ina doetoral dtssertatron entrtled “3.D Kalman Filter for Vrdeo .

U and, Motlon Estrmatron , by eomventor Iae-Mm Ktm. Rensselear Polytechmc lnstttute
j'.'(1994) the drsclosure of thCh is hereby mcorporated herem by reference rlowever. e

o -the 3-D spatral model has dtaadvantages in that the mode) parameter set is very eomplex o

e and because it is drt‘ﬁeult to :mplement the motton estunatron smee the algorrtlun 1s

complex as well and the amount of rtecessary calculatxon is large wheu Y Kalman ﬁlter _, '

. 1s used t0 estimate motion.

'l'h notwrthstandmg the above descrtbed rnethods of esmnatmg mot_r_on in .....

p—y Yo

E tmage data, there sttll eontmues to be a need for methods aod apparams for eft’icrenrly

processmg ﬁrll motton tmage data in compressed format wrth reduced error.
It is theret‘ore an object of the present mventton to prov:de unproved methods

- and apparatus for processing full motion unage data

It is further Object of the present mventron to provrde methods and apparatus for o

_-,processmg t'ull motton image data in compressed format with reduced error . R
It is ano:ber object of the present mvennon to prov:de methods and’ apparatus‘ for o I
o ptocessmg and conunumcatmg full motron unage data using reduced bandw:dth _.’-"‘.-.

These and other objects features and advantages of the presenr mvenuon are™

', 'provrded by methods and apparatus for estuuatmg mouon m v1dco data, so that eﬁ'c:ent

commumcatton of vrdeo data in real tune wrth high ﬁdehty ls feastble Usmg thrs

_' ;method full mouon rmage data is prooessed ut 3-d|menstons ustng mulnple models and | 3

: by adjustmg a search region based on predtcuon errors from the models to more . |

. accurately estunate motion. In parucular. accordmg 0a preferred embodunent of the

o _""'present invention, a step is performed 10 produce a first frame of i rmage data from a f_ :
' recewed v1deo stgnal contalmng infformation deseribmg an uuage data frame of |

__predetermmed resoluuon (e g-. 352x244 ptxels) H0wever, the ﬁrst frame of unage
- _ data is of eoarser resolutton (e g 176x122 ptxels) relatrve to the tmage dara frame of
. predetermmed resolutton In addltton. a seeoud tmage data frame ot‘ coarser resolutton
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e motton estxmauon

,'-(e 8 88x61 Plxels) relnttve to the first tmaxe data frame IS also produc‘:d $0 thdt a ,. '--.:
~ more efficlent routine for detectmg motton can be aclueved usmg 3-d|mem|onal |

Once the images of reduced resolutton have been produced an esttmate ot‘

"mono“ in the socond unage data frame is then produced and used in the esttmatxon_ ot‘ -

.,..-,.. -

- -motton in the ﬁrst image data frame of hrgher resolutton .The estunatron of motton m -
 the first i unage data frame is then used 10 obtam an estumtnon of mouon in t.he unage
_ data frame of predetermmed resolunon In pamcular. an estlmate of monon in the
' second nnage data frame, for example ‘can be determmed by readmg a plurahty of
N motlon vectors (e g mne for a search slze of & 1 plxel) fronl an tmage block ina :

Sy m- % 25t de vt o omteabraa ¢...¥ Aﬂm'

f ':prevrous versmn of the second unage data frame and readtng trnage data in a reterence o B
" ‘block in a current versron of the second unage data frame An opttmum mouon vector L '
s also determmed by predlcting a plureltty of motlon vectors based on a correspondmg
- plnraltty of mouon models and selectmg the best model and vector whteh yrelds the :
: 'smallest sum of absolixte dtfference error, Once en opttmutn motton vector has bccn
A pl'edlcted the plurahty of motion vectors prevnously read are adjusted relauve to the L
“optimum motion vector and theu a determination is made as 1o which vector ytelds the S
_ smallest relatwe motlon error so thet tlns vector can be used as‘an esutnatnon of motxon
- 't'rom the prev:ous verston of the seeond nnage data t'rame to the current versu‘m of the N
o ’ second image data frane. These steps are then pert'ormed agatn for the ﬁrst image’ data‘
. frame of htgher resolution; usmg the estuuatxon obtamed from the sectmd image data ) -. S
frame and then performed agam 50 that a tughly aeourate esttmatton of mot:on inthe -
_ ' _|mage ‘data frame of predeterxmned resolutlon can be actneved 'I'he present mventton L

_ . -_ also mcludes apparatus for performing the’ above descnbed operauons

o _Bn'ef Q;sgm" ﬂm of the Dg;wmgs SO :
' FIG 1 xllustrates 2 plctonal representanon ofa pnor art 4x4 block matclnng

S method of motion estimation. -

"'_'_--.FIG 2 tllustrates a ptctonal representanon of a prtor art full search method ot
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K | ' FIG 3 |Ilustrates 3 sum’ ot absolute dtfference 8taph for a full search method of o
'motnon esumauon ” ' o oo |

| " motton estrmatmn. e | 3 . Lo
5 o ._: L FIG. 5 illustrates a sum ot' absolute dlfferr_:_n_c_e _graph mcludmg local mtnimums
P ("Im") for a M-step search method of motton esttmauon R __
FIG 6 ns a block dtsgram ﬂhlstratmg an apparatus for performmg motron |
esttmatton accordmz to the present mvermon ' . .
FIG. 7 isa flow chart tllustratmg operauons for esumaung motton in tmage data

100 at.cordmg to an embodimem of the  present invention.

S . T T

: FIG. 8 is a ﬂow chart illustntmg opetauons for estunatms' m°“°n inan ‘m“ge o
i,data frame of full or relatwely coarse’ resolutxon. . T | '

. { F;__xl".

s

?} _FIG 4 1llustrates a ptctonal representatton of a prtor art t 3. Step scarch me thod ot‘_._- S A

: FIG 9isa ‘flow chart tllustratmg operanons for pred:ctmg an opttmum monon '_ :' '

veetor based ona plurality of models

- 15 FIG 10 ﬂlustrates a plctonal representatron showmg the full first, second a.nr'l
R tlurd resolution frames used to determme a motxon cstimation accOrdmg to the present
- mventton -, R L B '.‘1.
o s | ”
3 'l‘he present mvennon wﬂl now be descnbed more fully heremafrer w1th
20 _-ret'erence to the accompanymg drawings, in whxch preferred embodtments of the

| lnventron are showu This i mventlon may, however. be embodted in dtfferenr forms -
| and should not be construed as’ hmtted to rhe embodtments set forth herem Rather, : -
| - -these embodrmenm are provrded so’that this disclosure will be rhorough and’ complete
R “and wxll fully convey the scope of the invention o those skrllcd in the art. ere
- 25 “'_’"number cefer to like elements throughour | | o .
ESRE Rct‘errmg now to FIGS 6-10 the present mvennon wrll be descnbed T _
o _:'pamcular. FIG 6 lllustrates a preferred hardware conﬁguranon for an apparatus for" |

Lo esnmaung motron in tmage dm accordmg to- the present uwentton The apparatus may B

" include’ an mputloutput umt 10 for recewmg an e‘rternal vrdeo signal contaxnmg tmage .'
L 30 ) - data and rransmmmg an esttmated motton s:gnal determmed by the operattons descnbcd
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o ,fheretn A senrch memory 20 ts also provnded for stormg the recetved external vxdt.o _
g :' stgnal and results obt:uned durmg mtermedrate stages of the preferred Operattons t‘or ' _
L : pert'ormmg motton estimation accordmg to the present mventton A mlcrocontroller 30 o
_ E is also prowded for prodtu:mg. among other thmgs. nnage data frames of multtple o
: B _5' resolutton elative to an unage data frime of predetermmed full resolutton and a Stgnal o
R representtng an esm;a-te of motion m-th.e -reoewed :rrx;ge data A block matctung '
" cn'curt 50, whtch is responsive to the mtcrocontroller 30, is provrded for perfommg |

i block manchmg of data preferably stored in the search memory 20.- In addition, an

_ _mterpolatton ctreutt 40 for mterpolatmg a value of the data stored in the search memory..._ R

ol 10 S 2010 response to a sngnal from the mlcrocontroller 30 and producmg an mterpolated

L . . : - P i ,.._-u._r.-p.- 2 B Rl T
e T BRI LR T e 0w b -

sugnal ts prthded

ey

: lnformanon ofa general namre relatmg to other apparatus for performmg e PR
motion estimation can be found in U.S. Patent Nos. . 365, 281, entitled Motion Stgnat IR
S Detecrmg Circult: S, 392, 073 entttled Motlon Estrmarmg Device For Vanabte Lengrh
s Encoded Datas; 5,467, 086 entitled Apparatus and Method of C'admg/Decodmg V'deo
. Data; 5,489,949 entitled Method and Apparatus for Motion Estimarion; 5,497,153 D
: _ entrtled System for Vanable-Lengrh—Cadmg and Vanable-Lengtk-Decading Dtgrtal Data T B
k. far Compressing Transmr.rswn Data 5, 493 344 éntitled Matron Vector Emmatzon .
| 4 o Merhod and Appamtus Havmg Ha{f szel Accuracy. 5,508,745 entitled Apparatus fo
- 20 | -' Conrrollmg A Quannzanon Level jo be Madtﬁed by a Monon Vector' and 5, 510, 857 - o
IR entitled Mouon Estimation Coproces.ror. all of which are assxgned to the asstgnee ot‘ the' B
T present appllcatton artd hereby tncorporated herein by reference ' o
e Ret'emng now 10 Operatrons $100-5900 of FIG 7 the mtcroeontroller 30 reads ) T
ERR _' -~ the external vndeo srgnal reeewed by the mputioutput urut 10 0perat10n 8100 Ths -
.25 - signal contains information 1 construct an image data frame of pmdetenmned full
S a l‘esohltlon ©g. 352x244 ptxels) Referring now to operanon $200, the
EE | mtcrocontroller 30 performs the operatron of producmg a first unage data t’rame from o
R the image data frame of predetermmed resolutlon. so that the first image dara’ frame 5. .
" ""-.of coarser resoluuon (e g 176x122 ptxels). as 1llustrated best by FIG.: 10 Tlns R
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o operation'is 'Ithe'n .followed' by a.atepo? storing tnforrnation reiating to.the first in-ta'ge}" " -
data frame } in the search memory 20. In Operatton 8300 a second image data frame is o
R "_produeed so ‘that the second unage data frame is ot' coarser resolutton (e £-. 88&61
Ly : f- ptxels) relauve to the fiest | image data frame and then thls frame i is stored in seareh AR
B T memory 20. ‘Next, in operatton S400 a third image dara frame is produced so that the . o
K '. third i nnage data frame is of coarser resolunon (e. g 44x30 5 ptxels) relatwe to the E
o second unage data frame and then th:s frame is also srored m search memory 20,
| _ Refemng still to FIG. 7 the mtcrocontroller 30 then esumates monon atter a
'_ SIS predetermmed atnount of tlme from the third i unage data frame to obtain a first
' 10 - esnmatton. as lnustrated by operat:on S_SOO Thts first esttmatton is then., stored in-
REEE search memory 20 Next the mtcroeontroller 30 esttmates motton from the. second "_
'unage data frame on the hasts of the motton estunated m operanon 5500 to obtatn a

. second estimation which is then stored in search memory 20, as illustrated by operatton
| 5600, Following this step, the rmeroeontroller 30 estimates motion from the first . -
15 - '1mage data frame on the basts of the motton esttmated m operatton 5600, to’ obtam a
S - third esttrnanon w!uch 1s stored as ulustrated by operatton S'IOO Fmally. t_he.

o _mtcrocontroller 30 estimates motton tn the { tmage data t‘rame of predetennmed full

| -resoluuon on the ‘basis of the mouon estunated in operatton S700 and then this esttmate o

RS

s stored as tllnstramd by operauon SSOO The mterocontroiler 30° then causes the B
- productton of a video algnal contammg the motton esmnatton correspondmg to the t'ull

: resolutlon unage data frame for transuusston by the mput/ontput umt 10 operatmn

20

Referrmg now to FIG 8 the operatton SSOO for estlmatmg mouon in the tlnrd '
' data frame to obtatn an esttmanon ot motton will be descnbed however the’ steps :
T 25 _: :performed by this preferred operatton are also apphcable to operatmns $600-S800. In |
L o operatton 8500 the rmcroeontrouer 30 reads the mouon vectors (V,) of the blocks S
- from a just prevrous umage data ftame (ss 10) and reads unage data ln a reference block S

' m a current unage data frame (8520) Durmg operatton SSOO a optunum motton |
. | vector is aiso predlcted from a mot:on model (SS30) and then tmage data ina seareh
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o - reglon wuhm the current muge data frame and around the predrcted motroa vet.tor |s

b " read (S540). This readtng step (§540) is then followed by the step §550 of udjustlng or
'; -.-_'.-.'7'.chungmg the motton vectors obtamed from (SSlO) around or rel.mve to the predtctcd

275 motion vecior obtained from (SS30). SR ¢

5 . _ As tllustrated by steps 8560-8599 a sum of absolute dtft'erence (SAD) between
I _ the refergnce bloclt and block of unage data at an ad_lustcd motion vector is determmed o
- for each ot the Idjustcd motion vectors obtamed from (SSSO) and the lowest determmed o '_ )
SAD and the adjusted motron vector yteldtng the lowest determmed SAD are stored tn o -

S "memory. for use dunng subsequent operauoos. ' |

- vcctOr accordtng to the present mventton wrll be descrrbed Usmg tlus operatton 8530 -
= the search reglon can be pret'erably adjusted based on predtctton ettors der:ved by
- analyzmg multtple motion models and mmnmzmg these crrors by usmg a feedback loop:'

o __'to determme the best tnodel to most accurately estrmate mctton usmg thc stcps of FIG o
' 15 - 8" In pamcular, at step- 8531 a motton vector is predtcted usmg a ﬁrst motton model =
B and then at step 8532 ‘a'sum ot‘ absolute dtfference is determmed between a reference o
-'bloclt and a prediction blocl: when the reference block of a current frame is predlcted
: from a previous’ \ndeo frame usmg the predrcted motton vector ‘based on the first .
E . rotion model.. However. rather than using only one model a pluraltty of dtt't‘erent
' .' ,20_ o miodels are used to reduce the llltelrhood of occurrence ofa local mtmmum ("lm )in-
R . the drfference graph of FIG 5 wluch can be problemattc usmg the methods of the
o pnor art. For examgle steps 8533-8535 tllustrate that the model y|eldmg the motxon

. _'°pttmum motion ver:tor to be used in step $530. ;.-,..:.:-.. S SO ---f'r'-?-
| . : 25 '. N | _As lllustrated below wrth tcspect to Table 1 ‘whesi compared 10 the full search
o 'method and merarchtcal search method descrtbed in the background section of the
- present appltcatton the present mventton ts preterable to both methods based on'thé:
average value of the mean square error (MSE) of temporal mterpolatton in thu'ty(30)
I ' frames. when a ﬂower garden sequence and mobile sequence are used are used
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R _FullSearch f_.,__.'_zva 2o SRR __351 o
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- Invenation =~ 232 oo o o239

S In addmon 'I'able 2 |llustmtes an average value of the mean square error (MSE} |
' | _. of motron compensated predletxon'iii' thuty (SOST Ames, usmg the above search - o
"+, mettiods. Based on the MSE of motion compensated prediciion, the full scarch method
_' is the- most effecnve. but the method aecording 1o the present mvenuon 1s almou as
_'-goodasuuemusearchmemod N '
o Ful Search | 2‘_2_,_6--, S e

e searc_ rch . 338 T L a7

S Prese i o T
© Tnvention < 245 0T 303
Refemng now to 'I'ableS thenmesneededto calculal:ethetmal motion

-

" 'estnmmon by cach method is mustrated Based on time, the luerarchlcal search mel.hud a |

- 30 ' f-;;__-_:s the most effeetwe. but the method according to the present mvenuon ns almost as -
| | :efﬁctenrbased on tlme _ e N RS :‘_;- e o ;'. ;

i Search - o 10Sse. -

e 35 R 'Hlerarclucal

s 63w
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As descrtbed above. the mrcrocontrol!er 30 in con;unctron with the other 2 _
strucmral elements ‘of FIG. 6 is preferably desrgned to perform the_ :bore operanons ot‘ o
' _FIGS 7-9. Accordmgly, an apparatus for eompressmg motnon theo data by motlon |
o " "estunatton aceordmg to the present mventton includes means for recetvmg a vrdeo
L 10 ;' o i'_stgnal containing mformatlon to construct an image data frame of predetermmed o
BT '_ resolutton means coupled to satd recewmg means. for producmg mformatlon o -
P :-'construct 'y ﬁrst nmage data frame ot‘ coarser resolutxon relatwe to the tmage data t'rame L

¢ e 'coarser resolutton relatwe to the ﬁrst mge data t‘rame, means, coupled 10 sald o
| E ,1'5_ mfonnatton producmg means, for estnnatmg rnouon in the second tmage dam. frame to ,
R '-_obtam a first esumatlon and for esumaung motron m the ﬁrst unage data t‘rame, based ';_ :
o .on ‘the first estunation to obtam a second esttmatton, and means responswe to sard '
- estimating means, for transrmttmg 2 video signal eontam.mg an estimate of moton
7 occurring in the tmage data frame of predetermrned resolutron, based on the second
20 ."_.'-_'___."estlmatron R g o B
S . Accordlns to the p Present invention, the apparams for estunatmg motton e '.f e
_preferably mcludes means for reading a plurahty of motton vectors and readmg rmage .

" data in a reference block in the second i image data frame- means for predtctmg an - '{ .
o opumum motion vector based on a motion model means, responswe to said readtng
S 25 '_ meany and predtctmg means, for reading i tmage data m a first search reg:on in the

o second image dam frame, adjaoent the predtcted opttmum mouon vector; means t'or v
T adjustmg one of said plurality of motion- vectors relative to the' predreted optrmum ] | |
| motron vector. to obtam a first rnotton vector' and means responswe to satd adjusttng"

, .' o 'meaus, for determmmg a t' st sum ot‘ absolute dtfference between the reference block o
30 _and a block of i unage data at the ﬁrsr motion veetor R T

Th|<‘ ‘Sheet:Has:Been. Relplaoed
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Fu\ally. the apparatus for predtctmg an’ optimum motton vet.tor preferably :

| _ tncludes means I’or predtcttng a ‘motion vector usmg a ﬁrst model means t'or ) _' : SRR
"determtmng a sum of absolute dtft'ereuee between a reterence block and a predtcl.ton " : A

blocl: in the. second tmage data frame when the reference bloelt is predtcted from a SR
" prev:ous image data frame using | the predicted motton vector based on the ﬁrst model, e .

- - means for predtetmg 2 motton veetor usmg a second model means t‘or determmmg a 'j SR

sum of nbsolute dtfferenee between a reference block and a predtctton block in the

- ‘second i tmage data frame when the referenee bloek is predtcted from a prevrous tmage .
: data t’rame usmg the predtcted motton vector based on the second model and means, _'

responswe to satd predtetmg and determmmg means. for deterrmmng the predtcted

' L motton vector based on the t'rst model as an opttmum mouon vector it tne sum of Lot
'_absolute dtfferent:e determined using the predicted motion vector based on hefise -
' model is less than the sum of absolute dtfference deterrmned usmg m predtcted mouon R

vectorbasedonthesecondmodel -~ L - N
In the drawtngs and speetﬁcanon there have been dtsclosed typlcal preferred

- -embodtments of the invention and although spectﬂc terms are employed they are used S N
ina generle and descnpttve sense only antl not for purposes of hmttauon, the scope or 3
- the tnventton bemg set forth in the followmg clatms i

I P
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. THAT wr-ncr-r 1S CLAIMED IS: _
. '-: l A method of esumaung motwn in unage data , comprising the ‘steps of
producmg a first i image data frame from an rmage data frame of predeterrmmd
* resolutxon. so that the first rmage data frame is of coarser resolunon relatwe w© the

£ '.rmage dara frame of predetermm:d resolutton, o - S
| o producmg a second image data frame from the nnage data frame of ) : R _
| . 'predemermrmd resolutxon or the ﬁrst mage data frame 30 that the second rmage data o
o frame is of coarser resolution relatwe 0 the ﬁrst unage data frame o _ _
esumanng motmn in the second unage data frame to obtain a  first esumauon, - B
est:manng monon in the first unage data frame based on the ﬁrst estxmatron to o
‘_' obtainasecondestxmanon' and T SRR S
_ | . esumatms lnouon in the nnage data frame of predetermmed resolunon based on R i
" '-'._'.the secondesumanou. L T '

2 'I‘he method of Claxm 1 wherem sard step of esumatmg mouon in the second_-' R
umgedataframecompnsesthestepsof PR T l_ _
predrcuns 1 monon vector based on a mouon model o : e “ S
. readmg unage data ina ﬁrst seareh reglon wnhm the seeoud unage data t'rame.
" based on the prediczed motlon veetor, g ' L e
| determrmng a ﬁrst rnouon vector bnsed on the predrcted motxon vector and L
dcnenmmng a sum of absolute drfference based on the first mouon vector '~-'.i : o B

3. The method of Clarm 1 wherem sa:d step of estunatmg mouon in: the second’ 3 .'
L i una:e data franw compnses the sreps of: - S e e P IR b
..readmg x Plurallty of monon vectors, o R L - '. : |
- ‘reading image data in a reference block in the seeoud image data frame, R
'Pfedlctms an ODtl!num mouou veetor based ona motmn model o

o B readmg lmagc data m a first search regron adjacent the predreted opumum _
..'.._.-motlonvector . U L

mmmwmw
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adJ“lml‘! one ol“ sald plurahty of motion vectors relattve to the pl'edl(:ted R
R opumum motion vector, o obtam a first I'I'IDtIOI'l vector. and e
o .. de!eﬂnimng % first sum of absolute dtfference between the ret‘erence block and i
AR _ b block of image data at the t'irst motlon vector -

—— . - - e = g gt e s g - ————n e R

4 'l‘lte method ol’ Clatm 3 wherem sexd step of readmg unage data in a ﬁrst
- 'search reg:on adjaeent thc predlcted opttmum motion vector compnses readmg unage
L _data in a t'rst search regton sur:oundmg the pred:cted Optlmum motton veetor '

; adjustmg anOther of sa:d plurahty of motron vectors relattve o the predmted
- :optunum morion vector, to obtam a second motion veetor’ RREEE

_ _ detenmmng a seeond sum of absolute dift‘erence between the referenee block
iR and a block of image data at tbe second motion vector and. R o
"5 . Getcrmining the first motion vector as an estimate of motion in the second tmage | o
e 'data frame ins:ead of the second mouon vector, tf thc ﬁrst sum of abso[ute d:ffereuce is
' Iess than the second sumof absolute dtfference B T _:‘i: o

) _ 6 The method of Clatm 3 wheretn sa:d step of predtctmg an Optrmum mot:on _ o
10 "?vector based on a ‘motion model compnses the steps ot' |
N predtctmg a motron vector using a model; and . _
o determmmg a sum of absolute dtfference between a reference block ancl a | o

’ _predtctton block ¥ mu the second mtage data frame when the reterence block is predtcted )

o, from a prevnous unage data frame ustng the predtcted motion vector

' 7 The method of Clatm 6 wherem satd step of predtctmg a motxon vector _.

._ :“3“!8 a model compnses predtctmg a plutaltty ot' monon vectors usmg 2 correspondtog
-'Plumhty ofmodels B R

s

T
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8 Thc method ot' Clatm 7, further compnsmg the steps of determmmg a

o P'“l'alll}' Of sums of absolute dlffeteme between the ret‘erence block and a plurahty of .
'ptedtction blocks in the second n'nage data frame whtch ate determmed from the oo o
- ._ret’erenee block and con'espondmg ones of the plutahty of motton vectors 0. 8 -

O e o g o, -;..'-.--.. - .....-.

9 'I'he method of Claun 8 fnrther cotnpnstng the step of determmmg the "-'_' :

' '10west value of the plutaltty sums of absolute dtffetence S

o v endp bkt ot aie

S0 veetor based on a motion model compnses the steps ot‘

10 The method ot' Clmm 3 wherem satd step of predtcttng an- opttmum motton_

Cane et ———— :

predtcnng a motton vector usmg a f'n'st model ) _ - L
detenmmng a sum of absolute dtfference between a reference block and a

h ptediction bloclt in the second unage data fmne when the reference block is ptedtcted

. ) from a pre\nous umxe dau frame using the predtcted motlon vector based on the fitst o
model ' S ' ' | |

detertmmng a sum- of absolute dtffetence between a refetence block and 3

. predictton blook in the second unage data ftnme when the reference block is ptedtcted

o _'_from a ptev:ous tmage data frame ustng the predtcted mot:on vector based on the
e _ _ .

second model and

detenmmng tbe ptedtcted motlon vector based on the first model as an opnmum o

B motton vector, if the sum of absolute dtfference detemuned usmg the ptedtcted motton .
' _vector based on the ﬁrst model is less than the sum of absolute dtfferencc determmed‘

L '_'_ *usms the predtctcd mouon vector based on the second model

ll - A medtod of est:matmg motton in tmage data. compttsmg the steps of:
ptoducmg a i rst unage data frame from an tmagc data ftame of predetenmned

o '. .l'ew‘“f-lon. 50 that the first i unage data frame is ot‘ coarser resolutton telattve w0 the :
L 'tmage data frame of predetertmned resolutton-

 Immy " e
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_ . producmg a second lmage data frame from the lmage data frame of )
S prcdetermmed resolution or the first i lmage data frame, 5o that the seoond tmnge data
L frame is of cparser resolution relattve to the first i lmage data frame. S
. producmg a third § unage data l’rame from the i image data frame of predeternuned
5 ':-resolutnon. the ﬁrst tmage data frame or the second tmage data framc, 50 that the thtrd :
".'_:-fnmage data frame is of coarser resoluuon re!atwe to the second image data framc.
T est:matmg motion in the thll‘d tmage data frame to obtam a first estxmanon,

_ | est:mattng mouon in the second nnage data frame based on the ﬁrst estunatmn
o obunn a second esttmauon' L ' o

estimatmg monon in the t':rst xmage data frame based on the second estlmatlon

-_,.-uo obtam a thtrd esttmatton, and ST

R estunatmg monon in the image data frame of predetermmed resoluuon based on s
BT the third estmtatton : : . _

o 15 o 12 ‘l'he method of Claun 11 wherem satd step of esmnatmg motnon tn the .
L thu-d xmage data framecompnses the steps of R T L N
' - predicting a motion vector based ona motton model P o | S
reading § unage data in a first search regton withm the thtrd tmage data frame.
| .based on the- predtcred motion vector S Il e d
= 20 : determuung a ﬁrst motlon vector based on the predu:ted motxon vector and .
o determtmng a snm of absolute dtfference based on the ﬁrst motton vector.
_ . - 13. The method of Clatm 11, wherein saxd step of esnmatmg mouon in the
S _tturd image dataframecomprtsesmesteps of e
R - . readinga plurahty of motion vectors; | e SR
25 _-'_-..'?readmg image data ina reference block m the thtrd image data frame. o
T '_ predlctmg an optimum- monon vector based on a motlon model
o "readmg unage data i ina ﬁrst search regxon adjacent rhe predlcted opnmum
_ _'motton vector. ' Lo : '

at:l,||.|.~;ttt'|ﬂr one of said pluraltty of motton vectors relattve to the prcdtcted
L 30 '-'optlmum motton veCtor. to obtam a ﬁrst motton vector, and

L | _1. Th|s Sheet Has Been Rerlaced
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search regton adjacent the predtcted opttmum motton vector compnses reading: i tmage— -

e data m a ﬁrst search regton surroundmg the predtcted Opttmum motton veetor

o :10

15 The metbod of Claun 13 furtber cprtsmg the steps of

adjustmg another of said plurahty of mouou vectors relatwe to the predlcted o S

opttmum motton vector. to obmn a second motton vector;., e s

R .._.q.

determtnl.og a second sum of absolute dtfl'erence between the refereru.e block

:-:a-.-:.and a block of i tmage data at the second motton vector. and B

detemumng the ﬁrst mouon vectOr as an estimate of motton ut tlte thtrd tmage

' _'data frame lnstead of the second mouon vector, if the first sum of absolute dtffereruce tsj; -
: less than the second sum of absolute dtfference RN R e ; i

16 The method of Claun 13 wherem satd step of predtctmg an opttmum

L :motton vector based ona motton model compnses the steps of: .

S p;edlﬂlon block in the tlurd image data frutne when the ref'ereme block is. Pl'edlcte d . : -

j:_..-'2.5'._._'usmg a model comprrses predtcttng a pluraltty ot' motton vectors usmg a correspondmg

B "'pturatny of models. e

predtcung a motlon vector ustng a model; and. : : SR
determrmng a sum of absolute dtfference between a reference bloclr and a -

from a prthous tmage data frame usmg the predteted motton vector

17 Tbe rnetltod of Clatm 16 wheretn said step ol’ predtctmg a mouon vector |

_ 18-'_ _The method ot' Clatm 17 further compnsmg tlte Steps of determmmg a

e --'_plural:ty of sums of absolute dtfference between the reference block and a plurahty ot‘ '

h|s Sheet Has Been ReIpIacnd
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determtntng a ﬁrst sum of absolute dil’t‘erencc between the reference block and i S
- block of urtage data at, the first mouon vector .

14 Tbe mctllod ol’ Clatm 13 whereut said step of readtng tmage data in a ﬁrst S
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predlctton blocks in the thurd tmage data frame Wthh are determmed t'rom the
' ; . _refetence block and correspondmg ones of the plurahty of monon vectors '

R R 19. The met.hod of Clatm 18 fhrther comprlsmg the step of determmmg the _
S s lowest value ol‘ the pluralnty sums ot‘ absolute dnft‘erence | :

__ 20 The method ot' Claun 13 wherein said step of predlctmg an opnmum IR
- mouon vector based ona mouon model ‘comprises the steps of '

| - predicting a motion vector usmg a first model; . | __
. - . detenmnmg a sum of absolute dxffcrence between a reference block and a o
o predtctlon block in the third nnage data frame when the reference block is predlcted

- from a prev:ous lmage data frame usmg the predu:ted motion vector based on the ﬁrst .
L model ) 5 e

_ predtctmg 2 motron vector usmg a second model oo
s derennuung a sum of absolute difference between a refereme block and a
- '-predrcuon block in the third i unage data frame when the ret'erence block is predxcted
o from a prev:ous Image data ftame uslng the predtcted motlon vector based on the
__'secondmodel and ' - . A N L

| determmmg the predtcted rnonon véctor bascd ou the i st model as an opmnum _' R

B : 20: ] monon vector. if the sum of absolute dlfference determmed usmg the predlcted monon o S
© - veetor based on the first model ts less than the sum of absolute drfference determmed
- us:ng the predxcted motion vector based on the second model

T 21 An apparams for comptessm,, mouon v:deo dara by mouon esnmanon,
L _.25-.:_"comprismg A : -

R f:'._ means for recewmg a wdeo stgnal eontaunn, mformatxon ro constrm.t an unage o -
e _data frame of predetermmed resoluuon. '

: means. coupled o sald recewmg means, for produclng mfbn'natlon to eonstruct L
"__a f‘ rst lmage data frame of coarser resoluuon relatwe to the xmage data frame of

ThIS Sheet:Has Been Rtiplace
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g Predetermtned resoluuon and mformatlon to construcra second lmage data t'rame of Tl
: coarser resolutton relatwe to lhe first image data frame; ' '

means. coupled to sald ml'onnatnon producmg means. for esnmanng motlon m

_ 'the second nnage data frame 10 obtam a first estlmanon and for esttmatmg rnotlon in A

E the ﬁrst trnage data t‘rame based on the. ﬁrst estimatton to obram a second estlmatlon'

8 means, responswe to sard esumatmg means. for transmlmng a v:dco slgnal

' contarmng an estxmate of motton occurrmg in the unage data ftame of predetermmed

.- resolutton. .based onthe seconf.l esumcnon B '

e -.--ﬁu-.--g.-u—y.x l‘b,q.ﬁ-—-a--'w.a—: —--‘._.w n - camape

22 The apparams of Claun 21 wherein said means for estnnatmg motmn

o means for readlng a pluraltty of motton vectors and reading unage daca in a o

reference block in the second image dara fratne

means for predrctmg an optlmmn monon \{ector based ona monon model
S means, responsive to said reading means and predlctmg means, t'or readmg S
tmage data in a first search regton in the second image data. t‘rame. adjacent the R

: predlcted opttnmmmot:onvector. '_ el ETICEREEE

"~ means for ad_;ustmg one of said pluraltry of motion vectors relatwe Whe "--;;_If - R

’ predlcmd opumum motron vecsor. to obtain a first motton vector. anc_l_
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