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Field·. ~f the lnventlOn · 

s . The. present hiVenlion reiates to ump data metbOds and apparatus, and more :'. 

partic~lar~ to methods and appmili.ui for p~ing full 11lotion .image d. . . . 

10 .. 

:BacJc;aroum\ of the lnyegrion 

Video commwlication whi,ch is in. wiclCspread me ·~an be classified a~nerally into .. 

two catea• includiiig analog anc( diaital iinag~ co~unicatlon .. Analo~ image . 
·. . . ~ . . 

·c~mmunication has· been uScd ~video confcrcneing,.for example. but is generatl). 

lhnited by pe0r. resolution of the transml~d and received imag~ chr.a. ln contrast, 

. digital Im.age communica[ion of fllJt motion image ~ata· generally has significantly. 

improved fidelity relative io analog image_ co~unica~oii in. pan· beca~e digital 

15 information can 'tie leuct.ily_ tri:nsmiite_d and received in large q\iantitics at higher data 

.. 20 

"' 

··t .·. 

· ~tes tha~ anato1 bnagc:r data: -

.. ::_· .·~ wui be:understood by thOSe skilled iD the art, ~represent iinagc data 

.. digiraily,; an image ~a or frame b typically made up of an lml:Y of .pixels (e.·g .• 352 

l'O~S Jt 244 lines) With a digirai nuJnber tcpreseriting the color. luminance and . .. 
. .. . ·, . . . . . 

chroin_inancc of eaeh pixel. Pixel coior infonnation typicalfy ·consists of ~e. digital 

· val~s i~lUding oN! digibil valhe fo~ ~d .. one for green •Qci one for -biue. Thus9 a 
. ,. . . . . ... , .. 

.. · ..... 

' ..... 
··~ . 

...... ·· . 
.,., ··! .. · 

.. • ·. 

. . . '~ 



'· - : . 

-;; 

·-··· ......... ~ . 
. ; . ·'' · .. 

; 

·••r+f ~ ........ !"~ .... -~··· : . ·.' .. 

PAGE:03 

la~gc quantity of inrorinadon- is Deeded to dc:scribe a pii~t:''~hich ~.1ns thar digital 

· reprcSclllation5 -_of complete -image fr.a~es requites exceptionally lar~e quantities o~ 

-·- .. -. · .. : digital- data. -For example. memory_ capacity of about three niillion bytes is required to 

. p~ss color ~i~o of lOOOxlOOO pixels, -~hich means t .. t about ninety. (90) million :·. 
. . . . . . . . . . . . . . . . . . : 

.s. . bytes of.digital info~tion inu5tb0-processed every ~econd if a dynamic.full motion ; 

· -·. .. picture. ima1c of 30 --~amcs: ~~:~~~;fi~.,_u;l;;·-ieneratcd~·;-rip~nicu1a~Tn-~ff motion 

10 

~ideo, not only are large blocks. or dua tequiied to describe _each individual piclurc: 

image, but~ riew unage·or frame muSt be presented to the v~wer ~~·approximately-_ 

. thiny new htiagcs i;er second to create the ~i>ca..Arice of continuous m0tion.' -~loving: ·. 

. . these" large. quanti~ of video ~ae ~ta across digital networks or phone Jines is 
. . ·.: . ·····~ . . .... - ......... ·, _.;~-~-·t•·~·~~,..:..._._ : ·. -~~"':- : ··~ .. 

simply infeasible given a~lable ~andwidth. · '. . · · · · · 

--- . ··:'· :· To add~~ drls problem. -~iiital data c~nip?essi~n ~ be ~xploted extensively :as 

. a technique for rcdilcing the nu~ of bits required tO_ send a given message ~ have . . . . 

that meS$aa;e receive4.and repIOduced _wllh suffic.ient fidelity. Daca. compression ·. 

. 15 . typically utilizes cithet a single "shor$and notation to.· signal: a repetitive string of bits :~r . 

omiES _data b~tS from the tral'ISmitted_ messafic. ·This Iattet fo~ of compression' is 

- typically refened_to as "lossy• compression and capitaliZes upon on tlie hu~ minlto 

pruvicie the omittCd data. : In still video. the .J?EG standard ls used for data .· ' _ 

· -compressio~ and defines the .method by which ·the ~till image iS ta· be compressed. · In 
. 

r • . . . • 

20 mo~io11 video. much of the picture da~ reinainl constant.from frame to·-.frame.. ·F 
' . . . . . ·. . - . . . . ._ ·, . 

_· Therefore. the video· dam may be compressed by first describing a refcren~ frame and . 

describin~ subsequent fram,es ~ tmas of thC. dtangc fro~ "the rcfci:cnce fram~~ . 
Compresiion of di1ira~ data by performing motion estimation c~ also be - ·-J 

llCCOmplished by comparin;· video- bloc:kS Withiii a .previous image. frame With. video 

25 . .. . . bloc:kS.wltbln: a ,Present fnine ~th of which are created ~y pixei .Dlo_v~ment in the 

·.·_. _:. vcnical m:tlc;jr ~rizonral di~tions) and then· fi~ding· .the "video block having- the . 

~mallest di~ signal.. As will be understood by those skilled in the art, the 
.. .. . 

· · · . differenee signal ·can -be ·obtauied by de~rmini~g a sum of absol~te differenee tiecween· 

bloc~s . .- Sinte'it is difficulno· compare.each block in a large Image with blocks rronf ~ . 
• 30: -previous frame •.• selrch area havi!ll a predetennirted si:r.e--corresP<>nding· t() each block 

.·! t 
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· is t)'pica~ly. set ror. the ptevious.Jrim~~- The motion vecfor is then. d~tennined··by . 

~i1rchin1 .in the prederenninccl search area in .me pre~nt rr:ime.. Th~ smaller the sb:e · . 

" or'lhe block." the more accurate lhe lean:h ror.movement is. However. use of a sm·aner 

· · bl~lc si~ typi~ally inereiises ttie siZc:. oi the .~~ion ~~t~rs because 'as ~he search a~a : · 
.. "increases i.n size, the larger me. mo~cmcnc ca~ be which will be found in the. s~:lrch 

. . - . ~ ·- - .. ____ :_ .. __ ,.,. .. _:. __ :_ _______ .-·---:.---.. -.:--·.----····.- - _,;,._, __ .. _ ·. ---
area and therefore the targ~r the motion· vector~ 

. " 

. ~~ are a number· of methods for estimating motion·. For example •. there is 

· ihe matching method• a a{adient methOd and ·a bl0ck .:rtatching ·method~ In pari~~uiar; . 

FIG.. l illustrates· a conventional 4x4 blocking matehlng method'. Refel"(ing; to FIG. l . 

. a screen can inctllde 244 tines'·alid 332 pixels.per line which is an.'inremational s~datd 
. . ....... .,.,.,p.,,.~:· .... -· ... · ... .,.,L.-.-.-,~~ ... ..,,.,...1;t11,.r•ifta:..,. ...... .,.._.. .. ..;..., ...... ":.···• ...... ,,,: ...... ""'!" ... ~.: "': -~ ~ . ·~ 

for dynamic pictur"e·imaaing for communiCatiora over telephone lines~~, Each pixel has a 

"·' co~esPondi.Dg brighbteSs.and the.brightnes$. can be e~res$ed digitaUy as a·number in 

. the· range of ~2.ss aDd motion ~n the ·s~een ca~ be estima~ed by evaiuating a chilnge _in 

· . brightness o(each pixel. Preferably I. in: Searching motion, a block(s) of pixels is 

tS i~ntified ~· motion is dete~cd by sea?chin.g according to a change iD brlghtness 9f. 
.· the. bloek ... ·nu.s is achieved by· assignml· moli~n· of a· typical· pbtel -in thc··bIOck 10 .:. : . . . · -

... 

. . 1 

20 

. ·. . · .. ~ 

motion or'~- bloek· cjn the ~ptiou that the bl~ bll o~y one ·motion .. To 

. . ·.· ... m~iratc. AG. 1 il~ustmes ~·block of :4x4 or sbtteeii:C16) pixe~· (BlCick.:A). 

·:d ·.·•.' . 

. · .. 
·"·'"-

Al will be UndentOod by those ·skilled in the art •. since''the m.otiOti-of the block· 

is two-dime~onal. it can be ~ressed. by a.two-dimensionai motion v~ctoraceotdillg _ ·-

to Equation l. _ ·, · :· , . · · 

•• ":.!:·: 

.. ··_V(i.j) ~ {v.(iJ)~ .V
1
(i;j)}. 

.. 
.. 

. ·. .·: .... ·· 
.. _.·, ... • ... 

·/ ' .. 

.--· .... (lf 

,: · :< In addition. to. the abOve methods fo~ esdmat~ motion~ -there i$ .also a; full 

. search· methOd~ an M-step search method. a hierai"cliical search mech~d-~nd a:predictive· 

.. ~arch method; The fllU search .meth~. which· is illustrated .by FlG. 2; is the most · . . . . . . . . . . 

· typic~iy Wied.method for.eSiimatiftg:motiou~ ·FIG. 3 also illustrates the·c.harac~dsdcs · 
. ; :. . . :of a. conventional. sum of abs0lutc dlffereilce (SAD) graph m·. the full search meth~xl, H . 

30 kno,;,n to those s~i"lled ill th~- arc; In particular.· wh~n· a position of an Objec1 : · . 
· .. i . ..r .. 

. •,_. 
. 3 . 

. .. ·. ·. ·.·· .: .· 

.. · .· 

. ·.· ..... This1iiill1ii1~~1iir ·. 
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. corresponds to A .at the present time and conesponds· to B at a just pl'evious tame, a· 

· block having ttae least SAD is dc~milned ·;ccording to the foliowing equation- a.nd the , · 

bti9htnes.s signal of the block is used to estimate the. motion of the bloc~ Al of the . 
. . . .. · .,·.. . . . 

object, SC)· that d\e. position ohhc object is est4ftated based on the pOSition: of the bl~k . 
Al. 

. ··•: ...... ..... _ ......... ___ !~ • .:~~~ __ ;._. _____ :--··--- .;.. -·- - :':"·:·.··- -~- ~ ·-·· •••• -~:~ .... ...:;.._:..._ .. 

. ·.;_"" 

N(m)-1 M(m-1) . 
L ·. <E. : I 1,~;J.m)-!,_ 1 _ CX-.v ,,('le), J'(,%,;.v 1(k); in I · 
.r•O· . ·. y•O · 

. . For example, when a. search siZc .f9-r ~rchinc. ~ith. ~ IDQ~qn .. Y.~WiJI. che. size· 
. .. o.f ± l ~btcl, nine.·(~). SAD$ are obtained aml a position haviria. the l~~i: ~al~. ~ong . 

the nhle. SADs ii u$ed as an estililatC of the position tll ~hieh. die object has .noved. -. 

These·nhte SADs ate: {V(x,y): (-1~1), (0,1). (1.1). (-l.O), (0,0), (1.0), c~1.~u. (0,-1), . 
(li •l)}~ '> . ' . . . . . . . . . . ·;o 

H~cver ~ since the motion may n0t be_ pro~rly estimated if me motion js be~ond. ib.C~· . 
.. . . . . . ·:. . ·. . . ·. . . . . . . ..: . . . . ; .. . . .. .. . . i . ~ j .. ~-

search. l'8Jl1e of :tl pixel, the search .-.nge is. typically extended to rbe. size of ±16 : 

. ·. pixell but this.sianif"lcandy- incrCasa me. number SADs that need to be checked for each · , 

of the. p<>siible motion ~ectors in the_ search Iail&e. Accorillngly, while the full seaiC~· 
methOd can be effective m dynamic ~ge c?mpre~sion. the a~ount of c~lc~lation that 

is necessary to obtain an estunate :call be excessive, so other search medlods have been· 

· ·developed· to addre~ this l~itati011. in the fulf s~arch. µiethcd~ As mentioned above, 

··!· 

. . . . : . . . 

· 20 . . ~5e o~ me~ iDcludc the M"'.siep ~h mcthOd. the hierarchical search mc~d ·. 

25 

l :. 

·and_theprcdictive seircb method. ·, 

· Refetrinj now .to ~G. 4A-C, a··prlor art M~step search melhod ls Uiilstratecl.: :.Jn 

.the M·itep seatcb in~Oct. motion is estnted by se.~c!iing with an ac~uracy of 2<M~n : 
: .. 

- . ·pets and :the outSkirts of the Searched motion are agalli searched. with an accuracy of . 
. . : . . .· . . . . . . . . . . . ·. . . . . - . . . .· . . r· 
2<11lol) peb. an<l then dlCsc opera.lions ar.e repeated. For example, ·when the M"'.sr.Cp' ·, 

. mediOd is a :$-step method,_. motkm is e&timated first by forming the· size of the block in. 

; ~-

· · 8 pixeti as illustrated in Ftci · 4A, and next the motion is estimated by fanning thC ·size , · · . . . . . . . 

. -. ··.· 

.• ... · 

. .... ,··. 

...: •·· 
"·:--: .. · .. 

. ;'._;:!'. 
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or the block .in 4 pixels u lllustritcdJrt FIG; 4B. Next, the .molion. i~ escimn~ by· 

· · . forminM ttic size or"the block in 2 pixels- as iiJusuat~ in FIG. 4C-. ~cc~rdingly~ d~ · 

. . motion can be estimated by dividing: an est~ination step into a series or steps. and. then . 
. : gr3du-lly esumating" the motion ln grc~ter detail to achieve a fimil es~imate.· . . 

Unfo~ieiy, the·M-sr.ep me~·-~. ,: disadvanraae in tiiat· if~ m~ti~~i~. ~-~im&.~~" .. 
_ i~ error in one. step·: die ~odon -~~-~;·-;·~~ti~~~ --t~~~- i~~~l- ~in~mum ("hD") ai. · ·· 
. illustrated by FIG •. S. 

Io_ the. case · Qf a hicrarchicil ~h ntctllOd, · m9tion can be searchCd in a coa~r 
·. res0lution _hnap: of 88X.61 pixels, which ;s a reduction fro111 a full resolution image of' 
:_ ·. 352~244 pi~ts •.• ~then moti~n iS again ·5earched in a finer resol~tion· image of 
. 176x122 pixels whi~h enlarges"·.;-~··~{;~· ~~~~,·~~d;~~:_a_"'.~~~~~r de;; . 

-_ . Tb~_,'··1r ~btlOn is -~bed in. dlc·Size,'of 4 plxels_in_tltc least f"IQ.f!~ unage, it haS an. 

· effeet of searchin1 tliC. motion b1 the siZe of 16 pixels in the tilll resolutiC)n iniagc. _ 
.· -Then~ the -motion can be estimaled ·by scarchina in the size of 2 pixels in· the next. &et' 

IS .· ~solution· image which bas the. Cffect of searching motion. i~ the size of 4• pixels .in th~. · 
. . . . . . . .· .. : . . . -... ·. .. . . : ·. . . . . . . . . . . ..-·'. . ... 

full re.solution image. ·As will be ~crstood ~Y those skilled m tbe·art; lhese steps:·. 
·. .. . .. , :_ 

·minimae_· the amount of calc1ilation necessary 10 estimate· motion in the ·full resolution 
: ~~g~~- UnfOn.,micely, . rhe bicrarehical-:search me~Od. has a diSadvanttie· m· tha[ if lhc 

-- . motion ·is ·esdmated in enor in the coar9er re~iution image, me motion search may be: 
20 collected to'' a_ lcScal minimum point c·~·»~ ;, ..... 

. . . . ~ 

' . Jn me predictive· sCarch memod. mo~ion in the·reference block to be searched is 
predicrCd from ihe motiO~ of circumferential blockB- a1'ld the outskirts around a,'' ' . 
prediction value are searched. . However~ the prcdi~tive $f:arch· method_ has a .:•' 
disadvantage in that if the_ prediction v~ue is not accurale, ihe motion search may be :· 

collected to a l~I minimum point C"lni"). · 
-> . . In the above .described metbOcts. a. m6t1on vector field ~ used as a prediction . 

. ' modi:1·8nd a 2...:0 spati-1 _model and 3~[) spatiai ~el baSed. on a coa~r resolution· 
image· are.aJso·uscd. ·In the 3"'."D spatial model; me motion.in the current reference · :.r 

block is effectively predicted by"effecrively co~bifting informati~n about che 'motio~: ;~--. . . . . . . . . . 

30 - -- vecr~r fi~td in the coJitser reso1U1lon image Ind infonnadon .about the motion ve~ror· · . 

.5 

·.:· . '·~. 
."·. _i·, 

This 1iii1 lliili~i1ii\ared 

.. . :·. 

· .. · . 
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. field.j1j°the ·c:imamfcrendal blocks. The 3~D spatial model also includes 'multiple . 

elementary· models io effectively treat motion. discontinuity~ ··The 3-0 sp.atl.al. model is · 

.more runy describC:d io a doctoral dweftlt~on entitled .. J.D Kalrnan Filter for vid~~ 

PAGE:07 

.. ind M~tion Esdmation". by coin~entorJac~Min Kim,· Rensielear Pobtcchnic lnstiru'te . 

•.. (199.J). lhc disciosuic of which is hereby .btcorpo~ated herein "y refe~nce .. However~ 
. the 3-D spadai model has disad~an~~~-i~··;;~-~-~~l ;~t~~~-te~ set is··~ery.com;i~x 

. ·. . Uid because it. is difficul~ to unplement. the motion .e~tirtiatio·n· since the algorithnl is . 

compiex as.: well alld die ~u~t of.~e~aey,c:alc:ulati~il is large when a Kalman filter 

is used to cstimite motion. 
·. · · . Thus, notwitbstaDdinS ~ abOve described methods o_f estimating motion in ·.. · · 

...... , ... _ •• --~ .. -;.1 ·-·· --~ ... ~·· 
• • • •• ~ •. ; .· : .•• _-, ... ":"-··. • • •.· ......... J·~· ..• ~- ...... ~ ... -,. ... ~1~ .... ~ .... ~··'9-0.-.. ~·=-...;.~.,~·~":""- ...... :.: ·-~~-- ~---... .. --~ .. -.. . ... ~ 

" .. imag!'l data, there still continues to be a need for meth~ •nd apparatus for efficiently: . 

.. p~essing full ~tio~ unage data_in:Co~p~sscd format with redi.iced "error.. . ... 

... : .. . .... _.:. :,.7:.-.· 

• ........ ·~ .. ·. . -~ : : : 

summajy of tbe JnventiOn 
. .· It is ~fore an object otdie .ptesem invention to proVtde· improved methods.: . 

15 ·and apparatus for processing· fuli ~tiori ·image~data~ ·. ·. . . .". .) 

····' 

20 

. It _is. ~-·object of the .prese~firiv~on to prov~e ~ods and appararus;~~or . 

·processing fuU motion lniage data in compressed tormat with reduced emr" • ·· · ·· 
. . . .· . . . . . .. 

. It. is ~ object of~ presem invention to pr0vide methodS .. lnd: apparatus(:for 
· · ptoccssing and commUnicating .full: mqtion image' data using r~duced bind~idth~ .. s~ 

·: . . : ~ . ·.. . . ·. . ·. .· . ·. ... . ·. 

These and other objects, features and advanrages of tho prescnflnventiori are:;.; 

provided by methOdi and apparartis for 'estimating .motion in video data so that efficient· 

co~munication ot video data in real ~e with high fidelity is feasible. 'using thi~ . ;;r . 

. method, full motion image. data. iS processed "in 3-dimensions using multiple models and 

' by adjuSting a.;~ region based o~ predictio~:crrois from -~he models lQ" more 

2S . accurately estima~ m0tion~ ·1n·pinicular. accordmg·to a preferred embodiment of H1e. 

': .,pl-~sem _invention,* step is perf~rined to produ~·a. flnt f'rame,ofJmagf:! data from a··.· 

· ·. re~i~ed video _sisnal containing information ~5cn'bing .an: image data frame of . . 

predetcrmiiied reaoluti~n (c.g.~··352X244 pixels)~· Howe~er. the firs~ frame o"f image. 

; ·;; data is of coarser resolution (e~g~ .t 76x122 pixels) relative to the linage dam frame of 
30 . · . predetermined resolution·; . in addition, a &eCOlld image data frame of coaner resoluti~n .. 

. . .. ' . . . . . . . 

. . .. : . 6. 

''::: .. ·' ., 

.. · . ... : 

Thi• 1iil ~ii1i~il1ii\8ced .. I 
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"cc.i .• S8x61 pixels) relative to the first imaic data frame: is also p~uced so that a 

·: ·. · · ·111qr.e efficleilt routine ror detecting ~otion can bf: achieved using_ 3-dimensional 

Processing·. · · . . . · · 
. > :· once lhe tmages or reducecfresohatioll have been produeed. ·an. es.timate: of . . ·:: 

: . . . . . ·.. . ·.. . . . . . 

. motion in the second ~aae .data. frame is tM.n produced" and used in the estimation or- . 
.· . ·.·. - . .. -··.·· ··-·-·-.:··'"'-;.i'-·--.. ,.-~--~ ---:-:-·-·--:-·~.-... ---··:- - ··- ~-~ --· -. - . .. . .... . . - . ~--: . 

. · moti()D il\ the (U'St image data frame of bighe.- reSolution:. ~ _estiination Of motion in 

the fitst image data frame is ~n med to Obtain an estimation of motion ~n the image 

·. data frame of predetermined ~scilution. In p~cular. an estmate of inoti.on in me ; · · 

second unage. data frame. for ~pte, Can be determined. by reading {plurality of 
. . . . . .· . . . . : . . . 

motion vectors (e.g .• for a seaich size· of'± (pixel) from an image block" in a . 
• • ••• ·----· • -: •• : . ...1.; ... s.~"-~~···--t --~t·.....i.~"!·-"~ ............ ,.... ..... - ... ~ ...... -~----t........ ......... 

previous veniO.n of ihe secorld "image_data fraMe am.reading ~ag~ data"in a:·reierenee_ 
. . .. .. . . . .. . . 

o'lock iJl I current vcnion Of the sCcOntf image ·data frame~ An optfuuim motlon Vector 

. . is alSQ delcrmiricd by predicting ~ piutility ~f ~Otlon· Vecto~ based ofr a. COrrespondirig 
plur~lity of motion models and ~lectiaa the best Jrioctel md ~ector ~hich "yields ~- -:· 

~llest sum of absOlute diff~ ·en-Or~ Once all optilnum _motion ·vector has· bCcn :-

. ·predicted~ the plurality of m<>licm. vectoit previously Rid ire adj~tcd. ~lative ·co Ebe : .. 

. Optimum molioo vcetor and then a dc_lcrminat1011 is made aS 10 which vector yields ihe 

smaltesr relative motion e~r so: that this ~ec~r can.be Wed. as·an. estimation of motion 

from. me previous version ot the ·.:ond im&ge data frame tci ihe ~urcent veraio~ 9fthe 

seeom. image dara frame. These step$ ~re then: ~rfo~ qain for me first iiriagC- ·_data 
ftame of"higbet resolution~ using'~- esdnialion obtained from the second· iiria~ daai•·· 

.. frame. and dleJ1 performed agaili so that ·:a ·tlighiy accurate ·estimatjon of m4'.1ti(in in the 

· . image data· frame of precaetemlilied ·resolution em be achie'vcd. _The presenc ·invention 

· also includes.· apparatus fo~ pcrformmg ~-·above described ·operations; . ~ · ·. 
. . . : .. -·· . .. . . . . 

. . ', ··. ·: · . Brief Deicription of the Drawin1s' · ·. ·· · 

> ; ; : :~~ . Fto~ 1 illumates a pictorial representation of a prior an: 4x4 .bl0ck matching= : 

. ·rith~- of motioii estimation.:. · ·· · 

. :.'. • . . . ··PIG.- .2 illus~ares a pictQrial represcntidon of a pi:io~ ~n full search methOd: or · 
·. . . . . . : . . ~ 

·· mocton cs1unauon. 

.· . 
. ·~ . . . 

· .. · 

··: ~ . ·· .. ·.· .. ,··. 

.· :· 

. .Thl•1iii1\1811il1\i\aced .. 
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s. 
.. ·. -~· ,,;. 

... ; . AG. 3 illustratel a sunn)f abSolu~. difrerenee 1raph fot a full search. metbod of 
. . motion estimation. . 

. ·".< '<. fl~. 4.-illUSl~tes a piCt0rlat represe~ta[iOft ofl prior art 3-Step search.method or 
. . . . . . . <.·· . . molion eStin1atioo. . . . .. 

FIO. S illUstntcs a sum or abs0lutc diffcrc~ graph ineJudio1 local minimums ·· 
. ··• ·-· . ·~ .. ~- ••. ~ ..... "":""'"'."'I'""""':"·······-~----·-······· .. --:-..... ; ...... - ... ~ . ·-······- • ---

c· 1m ·> for a M-stcp _search method of motion estunation ... · : , · ··· · . · 
· ~ . . Flo. 6. is a biOct: diqram illus~ting 1111 ai>l>aratus .for performfug motiQn 

c:Stimation accotdi~I to the prc$ent invention. 
FIG. 7 is a fJow chart iJlu5trating opCratiOos·rpr estimating ~otion in image data 

'10 · according to· an embOdtmeni of the presentJ~veotion. . . _ 
---~~-c~ .. ~,-::~·:· .~:7'. : . • ..... -.> ·FIG. 8 iS a'·ii~~ ~~h~r(ni~-·~p;i;tirins ·r;;;;~tin, ;~ti~~~.-;.~; im;;·. 

'[ f;•:i .... ·. ·.·.,. · :/_, ...... '·: , -. ·::._, . .,,. . .... : ·o .. : : ·.. ·.. . · · 
V.:•:' ,;:.::. :::· : ·· data fiame of full or re1itively coU8e·:i'eio1udon.· 

tS 

20 

L ·~ .,_ 

. -, 2S 

FIG. 9 is a· flow. chart .illustradni oPc:rations for predictina. an optimum motion · .. 
Vector based on a plurality ot modcis.. . . . 

FIG •. IO.illustrates a piCtonai -~~tion Sbo~irig· the. ~u,·~~t~ ~oDd ~.-. 
. tl¥rd resoiudon frames used tO dCt.ermine' a: motion cstmia:tlon aecofding U> m.e present 
invention .. · _ 

. . . . ' ~ . , , .. · · Descngtlim of Prsfem;d Embodiments 
-:-.· 

. The pn;sem i~ventk>n·:Wili now be described more fully. heremafter: w.ith . 

reference to the accomP-ny~~- ckl~hl,s; in which p~ferred .embodiments of the, 

I . 
. ;.1 

~ •.. .!~·~ 
.• ,! 

invention ~re shown.· This invention may, ·however, .be embodied in dlffcrent-fo~ · 
· and should not be constracd:.as ·limited· to the· em~ems set fottb herein. Ra~er, · 
. these: embodiments ·are provided so' tbiit this disclosute will b~. th~rough and' complete, 

. . . . . . 

. and will f\llly convey the scope of the inveruion to those skilled. in the an. Like . ; . . . .. . . . .. . . . : . . 

· .. ···number, refer to 1~ etemenls thl'Ouihout~ '.:, .. 
' .:·,; , · Referring new to FIGS. ·6.;lO •. the present inven,lion will be described..· ·1ti 

.·•particular.· FIG .. 6 illustrates a pref~~d hardware c6n.fiauratio~ for an apparatus f~~·i; 
~- ''-esdlnating motion- in· image data according. to·•thc present invention. The apparatus.may .· 

\ ::- . . . incl~ck' an inpu~outpt umt "to fofreceivi0g an external video signal conm:ining ~~ 
30 data alld ltansmi~ting· an es~imated motion signai cietennined by the operations desci:ibed' . . : . . . . . . . . .. . . . . . . . 

' ... : ~ 

· ... · .. 

. . ~. · ... 

· .... 
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. ·herein. ~ search memory 20 is also provided for stodng the received external video 

.signal and. results ~incd during. intermediilte "stages of ~ preferred opc:rations f~r . 

PFIGE:10 

. ·,. 

.perfonning motion estimation. accord.in& to the present invention. J:-- microcon~ller: JO · · 

. is also provkled f~l' pr.mg; amoltg other~things, image. data frarn~ of mul~iplc "< 
:resolution relative. to am image" daca fra:.ne··~r prc~teniiined full res~iuci_~~-~rict a sig~_l_ 

. . -----·- . - . ......... . ..... --·:~--· .· ... ·---~--·.· ···-·-:::---·--··· .... ··: .. -·· 
. ·- representing an estimate of motion in~ ~ived image data.:- A bliJc.k. matching ... 
· .· _ ch"C~it so, which ·is ·respansiv~ to .the iDicroconuoller 30~· is provided for petfonning 

.· · ··• ... bJoelc ~atcbing or data prcfc:~ly stored in the search mc_mory- 20. · In addition.· an - · 
. : . . . . . . . . . . . 

. interpolation circuit 40 for .intcrpoiati~. a value of the m"ta stored in .the·. seareh memory ... 
··10 .. · . 20 in response to a signai ri~:the.mitroeomroller 3Q anctprodi.icirtg an interp~lated 

· _,_ .. --~-~;~·:. , ~-~' ,- . __ ·~.'.~~~ :: ~i_g~I, -iS pro~;_·::~:'.·:.~-- -~ · ·' · ::.:'·:-" :·~;~:-.. :~~- :·:_ -~- ~.·~::" ;:~-.. -,,:~:~-~~--·-::~_,·~~ ·: · :~,·~·' : · -~-;·-_~ · · _ ·~~ 
· · - · · · · · · ·· --- · Information of a general nature rel~tinl to other apparatus for· pedonnin1 · · 

lS .. 

· · . motion estimation can be found in U~S! Patent Nos. S.365,281, enritled_Motion Sig~l 
. Detecting Circuit; S,392,073 entitled Motion Esrimatmg Device For Variable Length:: . 
. EncotJed· l>ata;. s.467 :os6 ~ti'-ed Apparatu and Method oj Codi~g_/De~oding Vide& .. : . 

Datai S ,489t949 entitled M~1h~ and ~panuus for· Morion E#iman(J~-; ~ ,497 .1S3 .. 

~ntitled System Joi: Varlable·l.t:nflh-Coding and Variable-Length-Decoding Digital l>ala 
.. for Compressing Tran,s;,,ission D4ta; S,4937344 entitled Modon Vector £$iimadon 

M~thod ~lid Appan211'$ HtZVing Holf Pa~l Accu;ac.,; s.so8;14S entitled Appa~us ftif 
20 Contr0Uing A Qilantittltiori Level to· be Modljiedby a Morion Vectoi-; and 5,510,857 : 

enritled Motion EstimatiO,i Coprocessor, all of which arc lis~igiied ·to Ille assignee of the· . 

present application~- heteby.Incotpo~ted herein by refere~f:. -. -

. 25 

Refetring no~ IO 6(>crati0ns S100-S900 of FIG. 7~ the microcontroller" 30 reads 
the cxtemal.viclcO-$ignal recclvecfby thc.inpui:Joutput_ui1i~ 10~ operatiQn stoo. · This· .. 

· · _ · _ signal cootai.DS mtonnation m construct. an image data trame or predctcrrri,ined fui1 
· · ·· resc>tucion (e~g;;-3s2X244 pixels). Referring now t.~-opera[ion.S200y ihe 

mi~~ntroller 30 ·performs the OPcra~iOn of produ~ing I· firSt .Unage data frame frotrf 
.. die' image dlra_ frarilc of predetcmiiDed relc>lution. so" lhat .the. flrs~ image dara frame is . 

. 6r coarser resolution (e."g.-. _ 176xt22 pi~ls),: u· illustn11ed.best by FIG. u). This. ---. . . . . •. . . 

.·:_·:.· 

••. g 
. . ·-

;." .· .,; . 

: · .. 

.· ... 

.·:.:. 

.- .. :- . 

... · 

· .. ·· 
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... 
. Operation· is then followed by a S.tep Of Storing infonn~tion relating lO th~ first image • · 

. data frame ill ~ search memory 20. · In o~ration s3oo. a second· image data frame is . 

. . prOducf:d so that the seco.d image ciata frame is of coa~er _resolution: (e.g., S8~6l . . . 
·. • · ·. ·· ·.pixels) re~tive to the firit image data frame and_ ihen this frame is' stored ii:a ~arch • .. · 

s · ·. . memory 20~ · Next. in o~ration. S400. i. third image dafa frame is produced so that me;· 
third imaae data ifune. ·Is ~r ~o~~r- ~~i~~i~;'(e~~·:·::·44~]0.s ;pi~ei~>. rc:fati~e ~o· the:.--. · 

. .. Second mi.ge data frame amt· then this frame ·is also: Stored in searoh memory 20. . 

· · Referrlng still to FIG. 1,\1~c:microcontrollcr 3.0_t~n~stimaces motion after a: · 
predetennincd amount of dme ~o~.i:he mini image data frame ~··ob_tairi a first·.· ....• : ·. 

10 estimation •. as illustrated by operation ssoo.· This first es~imation: is then.s~red "in . ' 
,.,~-~-,.:-r·'·";~:. ··: .. ·• . . · sea~h ~emory·21:·:Ne:"r,·· the: -~c:;;,;;;~ner-~~~ti~~~~;~ti~n rr6~ th~:~ond:: 

. : ., ... , .... , .. , . . .· .. · ... ··:· . . . .. ", .. , '· . . .. · · ... :,.-··:·... . . . ·. " . . " '· . ::' .. · · ... · . . . .·: . . . . ... 

?.~.:. · ·; .: ; . . .' ' .. ·iinage data fraMc OD the basis,_ of thC motion estimated. in operation ~500~ tO Obtain I· 

second estiuiation which j~ ~n. stored in search memocy 20. as illustrated. by op~ration .. 
· S600~ Following this ·srep, the microconttoller 30 estimates.,:Dotion from the first .. 

1s image liaia &airic on di~ basis ot the ~ation estmted in·operation. s6oo. to obtain._., . 
· .· third esihna:tion which is stOred~· as ill-d by operation S700. ~ Finally~· the : · . :;; F 
. inicroconrrotter 30 e5wimces motion in me imile di.ra fnune· of ptedetennmed ·fuu· 

... · resolution on .the•· b~is of the riiotion· e~aled in operation. S700 and tb~n: this· estimate 

is stored. as illustra~ by operation. ssoo .. ·The microcontrotter ·3o'thcn ~auscs tl1e -.i. 
20 production of a vide~ sil~al comainin1 the motion estmation c~rrespondmg· tO. tlle run· . . . . . .. 

·resolution_ image data frame -for tt&nimission by tbe inl>utlo'iltput unit lOt operation .·.· - . . . . . . . . 

S900. ··, · 

Referring: now 10 ·FIG. ·a. ·die opftation ssoo fot es~imati~·m.otion. in t~e third 
..•• ,_i . data frame to. obtain an estimation of .motion will be. de~bed. bowe~cr the sreps 

25 . . Perft)r:me<i by. this· preferred OPcratio~ are: also appticable to operations S600:.S8.00. In 

. . 
·.i 

opc~tion SS()()~ th£ microeomr~Uer 30 reads "the· modon :vectors <Vs"> of lhe blocks ., . 
. . . · ·: fro~-·· jus:t previous imaae data frame (SS 10) and reads hnage data in a ~crcnce black 

· ~n (eurrent· image ctaii frame (SS~O). During _operation SS~~ a oprunum :inotio~ 
v~tOr is also ·p~ictcd from a motion inOdef (SS30) and then image dat~ in a search .. · . 

. .. · ... 
lO: . 

. . . . ·.... . . ~ ; . 

.·. 
, · .. 

• 4 •• 

• .. ··. 

· . . :. ·: · ... ·· ... 
.. . . 

·.::. 

.1·· 

·-·~ 

.•. j. 
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~giori wi1hin.thC cunerit i·tnage datii frame a~ around ihc prcdic[ed morion ,vector~ .is 

~ad (SS40): This ·rear.ling step (SS40) ·i~ then followed by tbe step SSSO ()f' adjusting or 
~ . . . . . . . . . .. . .. ' . .. . 

... : ~~gins the motion vectors obtai"~d from (S~10). irouild or relative to the predictc~ 
. . . . . . . . 

..... , motion veecor ob(alned from (SS30)~ . . . ' -; · 

. As illustraied by steps s~~s~~-l--~-~ ~~-~~~01~~~ ci.jff~rc~~ CSAD)_ betwi:~n 
the reference black and bloek of _image dati at an·_adjustcd mQtion veciOr is determined 

··. for eaeh of.the adjusted motlon v~rs .obtained from (SSSO) anci tl:le .lowest dcccnnined. 

SAD and the adjusted motion vcC:tor yielding the l_owest determined SAD. are stored in . 
·memory, for use during ~ubsequem operatio~~ ·. 

·. ..~~erring no!. tO FIG. ,.~~--~-~~!'.!~l~-~-S.~~.2.!~!. p~~~j!=tj~J~ .QP-~~~~ motiQ.n 
·--~·~~:~-~~~·'.::.:;· ?":.·: . ,.·.-·. vec~~ accordmg to m,e p~5ent mvtmion .will be de~ibed .. : Usi~g mis operation $S,30; 

· i'.'.:: , .. ·:'·:: : ·.,·.. · :· · ~ .. ~tc:h -~gion can·~ pfeferabty ldjustecfblsed.on prediction e~rs derived by .· .'. 

10 

. . .. . .. . . . : . . 

. anal.YZins multiple motion models and niin.imizing· these .~trOt:S by using a feedback loop. 
· .. ·.to determine.the best ~el to.most·accuraiely esiliN.te motion·using.the steps 6f'Fla; 

· 15 · s. ·In particUlar, at stcp·Ss:n~ ·a motion vector is prtdiCted. uamg a rmt .motion model ... · 

.. , 

.20 

.~ ij 

. ~ ·.·; 
.. ·"'-' :· .. 

30 .·. 

• '..d. 

and .dien at step SS32, a ~-of absolutedifference "is deteimined. between a Rfete~~- .. 
. . .· .. · . . .,. ·.·.. ·. ·- .· . '·. . . . . . .f:· 

block: ~nd a prediction block when the reference block of a current tiame·is·piedictCd · 

. from a previous "video frame usin1 the prediCted _mot.ion vector.bUed on the first . . .•.. 

motion model. ·However~ rather than using o~y one mtxlcl. a plurality of different:~ · . 

modcis are used to•~ likelihood of occurrence of a local minim.um (~Im") bi~ 
the difference· graph of FIG.' s· •. which can bC problematic using the methods of du:'.~,:_ . 

·· prior art; For example, steps ·ss.33-SS3S illustrate ·that the model yielding the· moctott 

vector ~orresponding to t~ lowest SAD. when step SS3l .is performed.· wm provide 'an 
optimun\ moiloil vect0r·«> be-used in step.S530.: ~> _;_ .. ·. ;;.::: .~ .:: ..... ,; . .!'~:~ · 

_/ ·.: :~:,_ As niusttated belo\V wtth respect to Table l,. -~heri comp~red .to-~ full ~earch · 
· ·.· ine~od ~nd hiC~hicalsearc~·mcthod clescribed:iD me·backrround section of the 

~reseni" application; die present invention is preferable to .both medlods based. on ·t11t: . 
. ·.· a~e~g~ val~ of th' meari 5quare e~or (MsE)_ ~f remporal. ~terpola~n in thirty(30):; .. · · ··· 

frames. whe1fa flower·garden Sequence and mobile seque~ are used.are used. ,:~:; 

· .. · .. :_i . 

n· . · ... 

. :·· .· . 

'This-Sheet.Has Been Replaced 

I' 1111111 111111 IH Ill \Ill ·,· .. 
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Flower Garden Seguence ·. 

:~. : 

s 
. ·"'····· .. 

· ·· FUU SearCh 

. ·· ai~rchica1 
·· · Search· 

· ·· · Present 
Invention · 

. 10· 

·· .. :· 

278 
·.• : . 

· .. 282 

232 

. :.· . . 

273 
.. ···~~;.,,: .. ~-.. -~.-;~-- ··-'",-7~---·--·;:·~-··· ... -.-~-----· -·.;·· --·· ···---· 

... 

239 . ·, ..•. 

. Table 1 

... .. _ .. _ ....... , .. :···:.:~:-~~·... -~~~.: 

.in additio~." l"ablo 2. illustri.ies aii average vilue of the mean square error cMSE) 

.. of motion· compertsa~ ~iCiion-iJrthmy'l~O)ffimes~· tisinftbe ·above acitc:h . ~ . 
; ; . itieiliods~ 'Iimt" OD d~ MSE Of. nloti~: comiicnsarcd predlCtl~. dte fuli search meth(.)4 

. :•. 

-~:~ .. ;~.:'\:~· . :.- . 

·15 

. 20 

.. . ; 

. : l.· . 

. is the·most. effective, but the method aceording to. the present invention is almost·as: -: ' 
" good a!i the .full se~·methocl~ . . . . ·. . . ·. 

· Flowe( Qard@n SegUeg 

. Pun~·· 226· 

Hieiarchical . 
. . ··Search . . 

Present 
· Invention · ·. · · 

·-· .. ···· 

·:··. ··. ... 

338 

245 .• 

.;.:. 
. . ~ . . ·:· 

.. ·. 
.. ~ .. 

MoJ?ile seg)ie~s· 

··296 
: .: . ~ 

312· .· 

303 

: Table 2 · 

··: 

. Referrlllg ·now to Table 3, ~ timU needed· to calculate·~· final. motion· 

estimation by each metliocl is iilustl'atcd.. Based on dm~, the' hierarchical search me~ud 
· 30 ··.·is the·mos(CtfeCtivc• but the methocl· according to the present invention is almost as. 

·eff"U:iem ·b&Sed·~n:time.: · :· .. :·:. ·.· .. · ... ,:, !1: 
·:. 

~;·· ·i <::- .. ;FJowu Gliden Sogyeg .. Mobile kQuence 
. . ;' FilU.Se'ili:h -·~ .... ~ .. " lOS ~.: ... lOS sec . 

. ··. 

. 35 . Hierarchi~lli· .: ·:, · .. · 
· Search· · ~· (;j sec._ ,_·. 

· ..• 12· 

:._i.i .. 

· ... 

·. ·:··.: 

. ~ . . : 

..··:. 
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. ~ 

···:-.-

.. i::tresem . 
Invention 6.S sec . .. ··. 6.S see. 

. · ... ··; 

·· . .-: .. .·Tible '.! ... 
·. •. 

. AS dcsctibcd above. the .microconuoUer 30. in conjuiu:tion with the .other 5 
. . . . . . . .• . •.•• .: ·• :.· -~.-- ·--.. ~"!!it~ - . ··-. ···-'":"·-· ••• .- ."';'. • ..• ·.• . ·. ·---· -·-· .·. ~- .. ··- •. • ...._:"'7 structural clemcmts of FIG. 6 •. is.· preferably designed to perfonn ·the aoove operalio.lis. of 

FIGS. 7-9. ACcordiilgly, an"appara~s for compressing motion video data by. motion:: .. 
. · estimation according to .thf: present inventiOn irtcludes means for receivin1 a video ·· : 

·· sipal ·containing ioforDtion t~ construct an ~~~ dara ftam~. of predetermined · ,:; · . . . . ·. . . . 

resolution; means. coupled tO said receiving_ means, f~r prOduchlg information co · . · 
• , • • • • .·· ;...::,.. ·....,,.,.·,_;..,~---~· :;,..,, .. :~ .. --Mii••':, ..... ~~~·~,._-,..:, .,·;._,. .. · ... ~ • -~:-::·~--~ ... S'_r,;::'-~ · . ·. construct a· firsfimage data .mme ·orcoarscr :resolution relative to the image data frame . 

l ,/'···.<~f-i:'::; · .. ,·,:·ofp~~mdned rcsalution and i~o~adontO camtn;kt a·~o~ unage data-f~ of .•• 

lS . 

. . . :~ 

. :.:i 

20 

· · ~oaner. resolution relative to -~ t'ir$t Image .4ata frame; means. coupled to sit id 
infm:matiori produCina nieaas. for e~tiniating motion in the sec0nd ima&e,,~ia frame iO 
obtain a first estimation and for estimating motion in rhe first imaie '<:18ra frame,. based • . 
oil '·the firs~ estimation." to obtain a second esthnati~n; and me~~ resl;on.sivc ro ~id . {. 
• estimat~ ~am, f~r transmitting a video sipi · coliiainiq an es~iniate of m~tio~ . . . . ·., . .· : . . 

oceu'frina in lhe image data frame of p~~illed resolution. basecl' 0.11 the sec()nd 
· estimation·. ·· 

ACcomidg to·tbC· present invention~ the apparatus for e'stimawig motion . · · ' . . . : . . . 

preferably incluclH meaDs for readins a plurality Qf. motion vectOrs arid .readi_ng image·" 
di.ta in. a reference block in me seconifimage data frame; rrteail$' for predicting ·a.n ..... 

.. -:; . optimum motion Vector based on a motiQn_model; means. respo~i'Ve to said reading . ·: 
25 ·. meami and p~icting means •. for reading imaae.data iii a first ~arell·region in the: . 

"'•· .. 

30 

.. ·· .. 

secoNi · inillge data tcame. actjaccnt ?be ·pfecli~~ optun~ m~ti~n vector; :meaN for · 
adjusting one' ~f said ptufality. of m~N>n vectors re_tativ~ ~~: the::·predictcd' optinium : .:.( 

. mo[i01ivect0r, 'to obtun a first motiQn VCctol'; -~ meansT responsive tO said adjusting 
· ~ea~~for:determming a first~ of absol~te difte~nce between the.refetenee bloek;_: 
. . arid a bl~k of ima.ge data ~ the rust motion vect<>r. .. . . . ' . . ;:! 

13 .. ... ·· 

,• · .. 
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.Fi~liy, 1he appararus for predictiny: a~·optimum molio.n vec~or prefem~ty 
includes means: for predicting a motion vector using·a first modiel; means for . 

'd~telUlinill8·.• s~m of~bsolute dif{erenec .between a. rc:fere~e block and ~·~redi~tio~· 
>'· ··block in~ second image ~ta-f~~c::.w~n the reference block: is predicted from a .~ 

· previous image. da~ f.tame usina :~- P.~~:i~t.!4,.·.mq.tjon .. vector based ora the first_. model; 
means for predicting a motion ~~ctor U$ing a second ~octet~ means for det~rminin~ a:· . 
sum.of ibso.lutc difference between a rctercnce blOclc and a: predicrion black in the 
second imale data. frame when. the ~fefence block ·is' p(f:dlCted from a p~evious imag~ .·• 

·.data frame using the "predicted "motic)n vec[Qr based on the seeond. model: and ineans, . . 
resp0nsive to said predicting. and dctc~inini me~~ .for dete~_ ~~ pr~lcrttl ~~ . 
motion ve~~ hased.~n • fi~t·in~t. ~ ... ~ ~prii.ium ITlotion vector~' if.~ su~ or . : 
~b~l~tc dift'erClic:e dererm~d usiilg :the predic~d motion vCctOr ~ on ttie first 

· · model i5 less ttian the sum. of abSolnte cllff~rence dcte~ usbig the predicted moiion 
vector based 011 rile ·seco.ad mOdel. · 

··In the drawings· and ·specification, mere llave bc:Cn diselosed typical ptef~rred · .. · .· · 

. embodimerits of the invention and, althou1h s~ific terini .are :~ployed, they arc used . 
in' a genericalid descriptive sense.'on1y:am1·not forpu;;po5cs.of limitation~ the scopc·of 
the invention ~ •• '!et forth iii~ followiris cJainis~ .: . . . - . . . 

. ~· -: 
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'· · ... ···:· .· :-.. :. .···.··. 
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· .. · . 

THAT WHICHIS CLAIMED. IS: 

l .. A me~hod of c~timating motion in iniagc. data~ comprising the. s[eps of: . 
. ' ·. ·. prOducing .: first . image data frame from an imai~ data frame. or pred~tcnnincd . . ... 

. . . . . . .. . .· . 

resoiution. so that me first image di:ta frame is of coarser rcsoluiion relative. t() the :"' 

image dam· frame ~f predetenl1ined resolution; . . ··--·- .. . .... . . . 
·. . producing. a ~Qud ima~~ dab"f~.ri~ r~om' the image data frame of .. : .. 

. predetermined .resoiution or tl\e ririt image .data fiame, so that the ~ond. wage data. 
fr~e is of coarser rcsolutiou rctitivo to che (IISt Image data 'frame: 

. estimatbig motion in the secOJul tniiae data ftalne to obtain. a· fmt estimationi · . 

. estimatini motion in the fmt image data frame'. based on' lhe first estimation. to 

. '• . . ~ . . . . __ , ........ _ .. "':" .-·~·- . ~ ·. . . . .... ,.~-:" ~- --:----~ .... · •. . ··-~. ~-

obtain ·a $eCOnd estinlation; · and · = : .. • . ·. :·: . · · · .. ,., ;· 

: ·:_ estima,dng' motion .in thC: ililagtf data fralnc of pred~renhined resolution ba.St=d'. ~n 
· . rhe second estimation~ · 

. . . . : . . . . 

·. 2. The· method of Claun 1,-whcrein said step of citimatin1 motion in. rhe se~ond 
image da,. ~ compria' the steps ·of:· ... .: . " . 

. . pred.iCtillf I motion VeCtor bisect OD 'a ~D JitOdel.; : .. · .. 
rilading.image ~ta: in a rirsi ~h ~e1ion.wittiht·~ second 1mage dara trame, · 

based on the predicted. motion vector; . . .. 

de~nnining I firsi motion ~CctOE' based On the pr~icred motion VCCtO~ afld 

. dC~nnining a Sllln of'~bsolure difference based oii the fi.tSt motion v~tor. ,:i: 

l .. ·The method of Claim l, wherein said step'. ot· estimating motion. in' thC setond ·. 

imaae dara ~compfi* b:·i• of: ·: :. . _,.,.... .. .. · · ,,.,: . 
·. '."_.: 

·. ,: teadinglinaae data in.·a'l-eference· bl~k in the second unage'Clata framti 
. ~ . . . . . ·. . . . . '•• . . . . 

. : ~ ..... 

ptedkrinsan optimunl motion vector 'based 'on a motion'Q1odcl;: ..... · 

. reBdlng image.data in.a flist starcJJ. region'adjacent ;che predicted optimUm " 
. motion vector;. : · ' 

. . . .. .. ~· .... 

· ... 
. . •: .. - j. -: :· . 

15 
•., ... . . . · ..... 

. -. ~-

' llllll\ llllll lllll lll\l ll 111\ * C L M S * 

.·· .. ·~hi•~iiil1~i1li~flir ·· 

..... 



.· ,._ 

adjusting one or ~id piuraUty of motion_ vectars relative to the predicted . 

.- opdm111n: motion vector. k, obtai~ a first motion ~ector; and 

PA:;E:17 

-- detenninini •. rmt sum of abs0,l~lc· diffc_rcncc between.the reference block ·~ i. 
'•• .. ·. . .... . . . :. . . ., ·. . 

block of irnaae da~ ·at the first niotion: vec~or; . . . 

• .~:·.: ....... 0 "•', ~~ ·:·~~- "~.~O';"'O~~='"•~ .... :~~·~ ... -~--~.~~------·• .. OM,_o~';•-•, Oo :: ,; -~~ . . .· ~ . . 

·4. The method or Claim 3, '_Vbetein said step of reading image data ma first 
search region adjacent ~ _predictec:l_ optlinum motion vecte>r comprises· readinJ image . 

daia in a first search region·sunoUn<ling the·predicted optimum motiOn vector .. 
. . . ~ . . . . . . 

.. • 

_s •. The_me~l?d of Cla~~~ ~~~-~-~!ili~g-~~!~~~'?.f~. _;. _ _,_,""_.O.,_ -~-~ 
. .-· ,.:._ ·adjustmg another.of said plurality ofmotion.vecton relative to the pred~ted-· . . . . . . •, . . . ' . . . . 

·.optnnli'm- moti~n vec~r, to obtaina·~~lul motion vector:;:' -. :· .. - .· 

-dctcrminina. a seCond ~ of ab~olute _difference bet~ the r_efer:eriee. bloeic' .--: -

· and a block of image d~ta at ttte second inotion vector; and. : · _- .··: .. 

s . -~etcrDlining the fll'Sl motioi,i- vee~r as an estimate of motion' in the secC,:nd im8ge 

··~ 

. -:.~. 

data fruntdns.tead Qf the secQnc:l moti0n vector. ·if th.c firsr·$um of abSolute differenc~ is . : 

less than ·me second: sum of absolute differe11Ce.. · d · 
.· ~: 

'; . ~ . . . 

6. The method of Clain\ .3. wherein said step· of ·predictliig an optimum motion 
. . . . . .· . . ·. . :· . 

10 ··•vec10r-~aSed 'Qn a motion model comprise~ the steps of:_-... 
. . . . . . 

.. 15 

. . .,.. 

· · pred1cting a motjon VectOt. mia\s ~ model i and. . . ·=·· 

ctetenninin1. a sum· of absOlure··diffel-encc betWeen a reference bloek: ~nd- a 

prediCtion block.in the ~cond ~edat& frame when the reterericc bioclc ls predicted 

from a p~vious imale data frame. u~illS' the pfedicted motion _vector. -

·;:; :· .··: 

-7~ ~nc method of Claim 6~ wherein .said step of predicting a motion vec~or 

usina a m9del com~ predicting a piur~ii~ 'of moti~ri vectors ~sing a c'onespondbig 
plura1i~y ~f ~\si _<· . . . . . 

~ .;. . '· . . 
. :. ~~-

•·. 16. 
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. . . ' ·. ..· . 

·· 8.· ThC. mettidd. or Claim 7. further comprising die steps.of d~tenninin1 a· 
·.. plurality of swns of ·absolute differenc;;e _betwee.n the reference block and a plurality of 

pred~tion blocks in the se.¢Qnd ~male data ._fl'amc which _are detenni~ed from th~ ... 

·. referenee block and correspondin$ ·ones ·of the plurality of motion vectors.a . 

. s ·····.· .. ··- -_ -·-·- -~---:~·~·.a.·-r:':'"" ..... "'7".'"'·-···-·--·· .·• ···., . -·--
. ;.. 

. 9. The method of Claim 8, further c~mprising die· step of determining the. · 

... ·lowest ·vilue of thC pJumlity Sums of absolute difference. 

15 model; · . .. · ·· . < . · . . · · :_ , . .· .... · 
. · .·. :: .·· 

· ·. ··predicting a motion vector.usfDg'asecond mtJciel:· 

.. : ... 

. .. 
· ... 

.. f.-

·• · · : detennining a sum-Qf abSolutC diff~ befWeen a reference block and a 

prediction block .in the second bnaae data_fnme when the reference bi~tds prCd~ted~ 
from a p~us unigc data· frainc using.·thc ·predicted motion 'vect0r based on the 

.. 20 ·. second mOdeJ; and· · · . . · · · . 

. ···· ... 

· :· - detcimlning tJte predicte4.m0tion vector' based on the f"lrst ~el a5 an optbnum · . · 

moiion vecWr ~- if the _sum of absotute' diffe~nce detennined using the predicted. motion 

. vector based on the first ~1 is. less than:· th~ sum· of absolute difference determined·:· 

. ·using the predicted motion vector based on the second model ... 
. .. ~ .. 25 . . . .-:··. ~ ~:·. . . 

·. . '. "/,: ·. 

·. l i > .. A lnethod of estimating motion in image dala, comprising the steps of: 

· : ; .. : p~ing a firsi i~agc· data frame. ffom an image data fr~ o{ prederennined .. . . . - . . . . . . - .. 

tetol~ou; ·so diat ·the f°1ISt im~ daia frame· is of coarser resolution relative to the 

·. · ... imaa~· data .frame of predetennined res0lution; - . . . 

. :; .. , . .... ·. .. . 

.. 
·· .. 17.· " .. 

: .· .. 

111111111111111111111111111111 
.. 
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.. producing a seco~ imaae data frame from lhe image data frame .of 

prcdetennined rcsolucion or the first image· data frame, so that ·the second image data . . . . ; . ·:· 

. frame is 9r _cp~ resolu[~n ~•adv~ ro the firs1 ~male da~ frame; . · · .. . 
, · pt~uclna a. third· ima1c d81a . frame_ from· the image dita tr&n,e· ~f pn:cieretmined 

· S resolution~ the fi~ -~ae ~m rr.ame ~!-~.!!.£~-~-~~S~--~~J~m~. so U\at the third 
'.image_ data frame is of coarser· re5otutio~ re_iati~~---·~ di~ ~c~nd ~a;e data f~mc; · . 

. . estimating motion in the third image data. frame to obtain a. fust estimation; .. 
. .estimatiq motion in the. second ~~ data frame bas~ on rhe first estimation~ 

to obtain a .second estimation; .. 

10 . estimating IDOrt0ft i~· the first "image. data ftalll~ based ~D th~. sCcOnd estimatlOD. 
. . : -~ . , •. :. .· -~t;~-·. . •. ..:.~~~-:. . .·1·r· .. ~~-·~---'~-:"""-~":"':~ .. :~~~-·· """"':'-~- :_-~- . -~7 

. to obtain a third estimation;· and . ·· . 
:'.· =:--_·:. ·'. c~: ··e~tlin~iuis·'~o~ion iii the lmaae'da~ tnune of pr~t~i~ ~solution .. b~ on 

the third esiimation. 

.··, 

15 ll •.. The method of Claim· 11, wbetem said step. of estimating llKtdon· iri the . , 

20 

25 

· third ~F dau ~ compriSes the steps of: · - · : · · · . . . ., · ·J :; 

.... , . prediCtiiig a motion vector 'b~d on a: motion model;·: - . ~-
.. ~inl imale·dara: in a first search regian wlthin tho· third image data frame.--;:' .. 

. based on the predicr.ed motion vector; , ·· · · ._; .. ,. 

. determininr" a fitSt mOtioji vecb>r basccl on ~-predicted motion. vect(Jr: and . . . . . 

deicnnining ·a $Um ·9! absO_lute ·difference based ~n die first moticin vector. ·· 
13~ nie method or Claim. u, w~rein said step·of •tln1 ~otio:o in .. the . ·. :, 

third imaae ~~ friine compriSa the steps of:· . 

. : re~ing a phirali.ty• of motion vectors;: . . -· ·; ·:.;.· 
.·'·.: 

~ ....... ""' . . .. . . . . .:• .. .. :· ·~'- . 

... ·ptedicting an QPtimum ~otion vector based. on a motion m~l:· .·... . '· 
.. \· readi~ im8se.data in a rlf$t seaicli~·resio~ ldj~cltt tht: predi~ optimum.· 

moti~n-veem;: .· .. , 
· ·· ·' . adjusting one or said plurality ~f motion vecto~s ~lative to the _predicted 

30 · oplimum motion vector~ to ·obtain a first motion yector;_ ~d 
-'-~_;_~~~~-'---'--'-----~ 

· .. .. . .. . .. 
18 .. ·. 
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' . : dete~ining .. first sum of absolute difference between die re.fere~ biock and. a 
. block ~( image data at the firsr .motion ~ect~r. · · . . . . - . . . 

. . · :_ ...... · ... . . • 
· .. · · 14. The inethoo of Claim. 13~ wJJCrcin ·said step .of reading· image data in a first· 

s search region adjaeent the pfedicted ~ptimum.motion vec~r comp~s reading' imag~­
dara in·a first search reaion s111Tp1.mding Ute pi"edicttl1 optunum m~tio~ vect<>r.,. 

. . . 

· .. · · 15 •. The mciboct of Claim l3. further·c~prlsing me ~s of: 

... · .adjuSting another of sai~ pluiality. o(motioa ·vectors reladv~ to the predic:ted 
. . . 10 . opt.inium niodon.vector, ~o obtain a se<:ond ~otion VectQrr~ .•. : . ·~- __;__ • .. -:· .· ~+ 

:-·-?,;":!~·- :~.-~ .·~·~:::, . - . ~·: - . determining a'~coiul -~-of absolute difference betwcc~· the reference block. 
·>- ;.~ .. :~~.;.'._<",.·and.~ bloc~-of image data at the ~~ollit. mo~on vector; and . . . ·.. ·. ::·, 

·.-' 

.. dete"nninina the first ·motion vector as an estimate of motion in the tiilrd image . 

data fi'ame instead Of the second m~tio~ vec[or, if die ftlst Sum of absQ]u~ difference is 
· IS ·. less than the ~cond· sum of ahSol~te difference.- · . · -.· ' ,:·.i 

·~ : ~ 
· ...... . .. ;". 

:·it! 

16. The method o(Claini"t3. whei-cin said siepof predicting an optimum 
· motion vectar based oil a modon. mOdel comprises the Sleps ·of: . · · · 

·- . . · prmk:tinr a modon vect0r ~~ a n1odet; and, .. . · · 

20 

.. . ~ 

·. ·. determinina a sam: of_ absolute difference betwe~ a reference bloctc and a 
. · predicd~ block In thC! third image ctata frame w~n die refe~e btoclc is predicted · · · · 

from a previous image. da~ frame. ulins the pl:edicted motion ~ector~. . . . . .. . . . . . 

. ·.: . : .. -~ . 

. . . · ... ,:~1.1. The method QfClaiin i-6; wherein ~id step:~fprcdicting ~motion vector· 
·usiftg a·.model co~rises ptedictmg apl~raliey. of.motion v~t(lrs using"a co~pondins 
pl~litJ ... Of ,mcXk,ls~ ·, .· . . . . . . : . . . . 

.·. 
•· . ; .,. . . : . 

. . \i l8. ~ The· methOd of Claim 17 ~ funbcr. comprising the- steps of dctenn\ning a · ·: . . . . . - . . . . .· . . . 
. plurality of "sums of absolute difference between" the reference"block- and a plurality of . . . ·. . . 
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" 

·.-.. ·· 

·. ·.· p~iction bloeks in the: third image cla'- frame _which are de1ennined from the · · 

·. rcfetence bloCk .and: ~omsp0nding ones ohhe pl~rality of ~otion ~ecto~s. .· · . 

· t9 •. The~-of Claim 18~ rUrther compri~ing the iucp of detennining 1he 
S lowest value· of the plurality su~ of a~Ju~. 4jf(~-~~: .. _ __ ... _____ , . . .... _ ·-·---

·•. . . ~ . . . . 
· .. 

. 20. i'he method of Claim U. wherein said step of prcdicditg an opthn~ . 
·... motiOu vectot blsed on a molion model. comprises the steps of: 

. . . predi~thl1 a motion vector usin.a· i fint model; 

-~-·- -.;.,,-'-·.,-- ... ,., 10 . . . detetmining a sum of abs0lute difference between a referenee block and a · ..... ~ 
~ :·· · ····, .. : .... :: .":l~ .. · precli~tion· bloCk in",tbe third ~~~ ~;t~;-~bcri·-~-~-~~nce bi~k is p~edicted . 

. _,. . ' . .. J~m .. a preVipiis lmag~ data frame ~b.\g.the ~icred morioli.vec~or .based on the ftnt . 

: ·: 

. ·~. . 

;;·. 

,· m0del;. ·· 

.. predi.c&i ·a motion ·vector, using a .Ond model;· . 

IS determining a~ Sum ~f absolute difference ~een a refere~ blOck ~ a -.·· 
<•. 

pfediction· blOck in the tbliit image_ data.. flame· when. the reference block is p[edicted > 

from· a. previous Image dara ~e usini the prCdicted motion vector ~ on the 

·sec~nd model;·~· . · ·.· ·. 

. . . deterinining the pi:ediCtcd .motion vectot base4 on the fitSt model ._llS an optiniUm 

. 20 motion vcetor ~ if thB sum of absolUtc difference detennified using the predicted motion 

... vect0r ~sed .on the first model is le~ than·~ slim of absc>lute difference detei:m·i~ 
. . . . . . . .. . 

usini t~ predicted motion vector ·baseci.on·me second model~· .. ··· · 

. ·-,=. 

. . _21. AJJ. ipparams for ·compressing motion. v_ideo dam by motio~ esdmation. · 

· 25. c~inprl$in9::_>··~:; . c::: - : ·.. ., 

·•· . · .· > > ~eans:·fO.r receiving a video signal containing infonnatiO:R to co·ns~~ an image 
data fi'amc of predetermined RSOlution; . 

·.·· /means; ~<>Upled to said _i:eceiving means. for produeing<infonitation·tO c~nstruct 

.. a fiM image . data rtame Of_ cOa~r ~solution relative to th~ image data fnme: of · 
.. 

. ·:: __ <·· . ·1. 

·· .. · .. 

·:· . . ·. 
. ·~ .. · 

· .. _; 

·; 

. ··. 
: ·L 
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p~lennined ~e&olution and. info"88tion ID. c0miruct a second Image dat~ frame of. 

··· coa~r resolut~on relative to thC fi~t _image' data frame; 

.. ·. · ·· · · .. : .. : ·means. coupled to sakl info~tion producing R~ .. for estimating .motion ~.n ... 
.. · .. ·. ... . .· . ' ... ·. . . . . . '. . . . . 

. the sccof.d image dara frame ro obtain a flfSt estimation and for ,es.timatins: motion in . 

... 5 ·.··me; fllst inlage da~ frame~~~ ~n ~-.tirs~_:,s~Imadon .•. tQ .. Qb~in.a *ond.-.e~tim~tion; 
. .· .. - . .- . . .. . ·- .· .. 

lO 

and 

means, respo~ive. to' said esdmating means, for ~mitting a video signal 

contauiing an est~te of motion ~ iri_ the ima~e data frame of .predetcnnintd .•. 

. · .. resC>iutioa.. based on the seeolid.estimation. 

•• ··, •4 • • :.: ••• • • ..;..:--•···· •• ••••• --- ..... ~J-.--~:..'t' .. ~ ..... ·~:;..:~~---·- ...... .;..,. ... 4 "'!"~ .... -~-~~-: : ___ ....;....,.; __ __.. • -~..,.. 

. . .: . . .~ ,·. '.:~. 22.. The !Lpparamil of ctauii i~. wherein said me~ for estimating·· motion 
.· ~:. ~.-· ._._. ~-- - . .. . ; . . .. -·· .· .. ·.. . . 

·15 

comprises:· · . i. .. . . ·::: .. :-' .,. 

· .. · _.means for ·reading _a plu_~ity of .motion vectors ancl reading image ~ata in a 

reference black: in the .second image daJa trame; · 
' . ma for predicting an opthmml ~tion '(ectof baled: on a motiOn ~el; 
: : _means •. : responsive to said reading means ancf predicting means. for ~ding . 

• • I • C • • • • : 

image data in a first sc~h region in the second .imaae data. frame, adjacent tl1e i; · • 

pred~ted e>Ptimum motion vcc:tor;.. . . ' . - . .. . i . 

·. means for adjusting. one of said pl~lity pf motion vectors relative. tO the -'. ~: . 

. ' 20 . predicted optimum motion veCtor. to obtain a riM motion vecto{;. and 

. me~. respomive to sai~ ad~ting means, for ~i~rminhlg a first' sum" of 

~biQlute difference between the refc~e bloek and a block. of im.ge ~la at the fine . 
motion vector: 

·: .. 

:_ ·. 23~. The apparams .of Cliim 22, whertui said means for predi~ting ~n opthnum. .. 
'·. . ·. . . . . . . . .. 

2'. 

· mod9n ·veciOr comprises: . . . . 

.'_· .. ~:_: .·· ~ns for predicting a motion vector usml a model; Ind 
.. .. . . . 
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