WD 97/ 04402

PCT/ US96/ 07604 METHOD AND APPARATUS FOR REGENERATI NG A DENSE
MOT1 ON VECTOR FI ELD

Field of the Invention 5 The present invention relates
generally to video coding, and nore particularly to using a dense
noti on vecto | I n video coding. 10

Backgr ound o?véh.g&‘?%vention' : . Conpr essi on of d?ﬁf"pgﬂm?ﬁoﬁeo to a
very low bit rate, VLBR is a very inportant problemin the field of
comuni cations. In general, a VLBR is considered not to exceed 64

kil o-bits per second (Kbps) and is associated with existing personal 15
comuni cati on apparatus, such as the public switch tel ephone network and
cel lul ar apparatus. To provide services |like video on demand and

vi deo conferenci ng on t hese apparatus}? would require the information
contdined in a digital video sequence to be conpressed by a factor of
300 to 1. To achi METHODAND APPARATUSSEOR REGENERATING A DENSE MOTION:t al |
redundancy present in a video sequenc bR FEH 20 Current
standards, such as H 261, MPEGL, and provi de conpression of a

- digital video sequence by utilizing a block notion-conpensated Di screte
Cosi ne Transform DCT, appr oaclFieldlaf tietnvdmionencodi ng t echni que
renoves the redundancy present in a video sequence by utilizing a
two-step process. In the first step, a block- 25 napching, BM potion
estimation and conpenJhe present nyertion selatessgenamily o videe cading.@ad more partioylarly

occurs between twe ukifd R aénk motiosyeter fikldfif didEGe frames are then
conpensated for the estimted notion and conpared to forma difference

| mge. By taking the difference between the two tenporally adjacent
frames, all existing tenporal redundancy is renbved. The only

i nformati on tlbat remai ns i s new Background of the Invention

Compression of digital video to a very low bit rate, VLBR, is a very important
problem in the field of communications. In general, a VLBR is considered not to
_ exceed 64 kilo-bits per second (Kbps) and is associated with existing personal
15  communication apparatus, such as the public switch telephone network and cellular
apparatus. To provide services like video on demand and video conferencing on
these apparatus, would require the information contained in a digital video sequence
to be compressed by a factor of 300 to 1. To achieve such large compression ratios,
requires that all redundancy present in a video sequence be removed.
20
Current standards, such as H.261, MPEGI, and MPEG2 provide compression
of a digital video sequence by utilizing a block motion-compensated Discrete Cosine
Transform, DCT, approach. This video encoding technigue removes the redundgncy
“present in a video sequence by utilizing a two-step process. In the first step, a block-
25  matching, BM, motion estimation and compensation algorithm estimates the motion
that occurs between two temporally adjacent frames. The frames are then
compensated for the estimated motion and compared to form a difference image. By
taking the difference between the two temporally adjacent frames, all existing
temporal redundancy is removed. The only information that remains is new
30  information that could not be compensated for in the motion estimation and
compensation algorithm,
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In°the second step, this new information is transfornmed into the frequency
domain using the DCT. The DCT has the property of conpacting the energy of
this new*PiB%t i on into a few | ow frequency conpone®CTUSHA6M4er
conpressi on of the vi deo sequence is obtained by limting the anount
of high frequency information 5 encoded. The majority of
t he conpression provided by this approach to video encoding S
obt ai ned by the notion estimation and conpensation algorithm That is, it
i's much nore efficient to transmt information regarding the notion
that exists in a video 10 sequence, as opp@sed to information about the
intensity and color. The notion i nformation is represented using
vectors which point fr dmthe sgcond step,ithis névo information is tiansformed into thefrequancy

intensity frane t dmhg{)%"{[gﬂﬁé PEaia | ald I Gy F '
intensity frane. IO:.%r ] he oc'g?lh%ns gfgmgﬁdaetje&rr@ﬁlgg&ﬁg%o@gfgylgggiﬁng
bl ocks of ecftea information,intp a few bovsfrequancy; components; Fuxther soraprrssionof the
assumed to have t hgdgaBRuel® is 8Rtaindd By limiting tielinicft of Bfph Heqadnep MferadonM th a

particul ar bl og; in t present frame of a video sequence i s found by
sear chi ng over “a pr&¥&ferni ned search area, in the previous
tenporal ly adjacent frame for a best match. This best match is generally

det er m'bnefl Codit ]ysi ng 'IMBﬁlaNé@ﬁs“oﬁtﬂélﬁrﬁﬂesﬁfoﬁ gf%&@tﬁz) m@sralpprol?ch to_lgri]deo encéo_ding
nmean- absol ut e-di f f.er e : wo bl ocks. e i 0
Vector poi nts. 1r ol PRESELH O oS HEFiiion snd comBenshldh afkcried bl ARG o
center of the bl ocromefficienpiodmnsmisinformatieniegarding Fheimotion shapexdsts tuavideoane.
Utilizing the1€pt i gRience, BPbPPRRLA\S MifGHhfatioatiolte RitenkifiPand!cBlor. OTie thHtRNE | S
altered by %ﬁ h_vector Qo oduceFF% 'gr ﬁg@ct i gﬁgof taﬁle Fuf"é%@tg | {pame.
This operation is éng?t}ogdsre JSE VHAPTE & (9%’ ! "3@19 WAL ] M W&d
above, the predi ctasgrestrintamsity Srama it where St eneflocation priginatedrin the prevdons t o
]IP roduce a g iffere Eﬁﬁ;{x{i}iy%e‘!"‘?_?fﬁm the tléc%ﬂ&fs%éﬁé’de’té?ﬁxﬁe& H&%—?verlapph?@lﬂbélé lof
requency domai n by G Dl piski cosaiied n e boEkd 50 SaburSSi o b e e o,
15  The motion vector associated with a particular block in the present frame of a video
sequence is found by searching over a predetermined search area, in the previous
temporally adjacent frame for a best match. This best match is generally determined
using the mean-squared-error (MSE) or mean-absolute-difference (MAD) between
the two blocks. The motion vector points from the center of the block in the current
20  frame to the center of the block which provides the best match in the previous frame.

Utilizing the estimated motion vectors, a copy of the previous frame is altered
by each vector to produce a prediction of the current frame. This operaiion is referred
to as motion compensation. As described above, the predicted frame is subtracted

25  from the current frame to produce a difference frame which is transformed into the
spatial frequency domain by the DCT. These spatial frequency coefficients are
quantized and
entropy encoded, providing further compression of the orighial video sequence.
Both the motion vectors and the DCT coefficients are transmitted to the decoder,

30  where the inverse operations are performed to produce the decoded video sequence.



quanti zed and entropy encoded, providing further conpression of the

ori gi nal video sequence. Both the notion vectors and the DCT
coefficients are transmtted to the decoder, 30 where the inverse ;
operations are perfornmed to produce the decoded vi deo sequence. WO
97/ 04402
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It is well known in video conpression that a dense notion vector field
provi des a much higher quality prediction of the current frane. However,

si nce each pi xel elenent, pixel, in a dense notion vector field has a
noti on vector associated with it, such a representation of the notion
in the video sequence is prohibitively 5 | arge to transmt. Therefore,

vi deo encoders are forced to utilize a BM approach to not i on
espimation and conpensation. A nethod an “apparatus that would allow a
dense notion vector_ field to be hin the video .encode uld be

ext ronely per s WHEkmoRm ¥ B fortrbsbion tha § i AR 305 el

PGT/ US96/ 07604 provides a much higher quality predlcnon of the current frame. However, since each
pixel element, pixel, in a dense motion vector field has a motion vector associated
with it, such a representation of the motion in the video sequence is prohibitively

5  large to transmit. Therefore, video encoders are forced to utilize a BM approach to
motion estimation and compensation. A method and apparatus that would allow a
dense motion vector field to be used within the video encoder would be extremely
beneficial and enabling. : '




Brief Description of the Draw ngs FIG 1 is a diagramof a
preferred enbodi nent of an apparatus for 5 regenerating a dense notion

vector field, DVF, for use in a notion conpensated vi deo emncoder in
adcordance with the present invention. FIG 2 is a diagram
of a preferred enbodi ment of an apparatus for regenerat| ng a dense
nmotion vect or WO%104402DVF, for use in a notion conpensated 1RCT/USHHPRSR

decoder in accordance with the present invention. FIG 3is

a flow diagram of the steps of a nmethod for regenerating a dense

notion vector field, DVF, in accordance with the present invention. 15
Detail ed Description of Preferred Enbodi nents The met hod and
apparatus descri bed bel ow enabl es a dense notion vector field to be
utilized in the encoding process of a video 4equence. Specifically, a 20
met hod and apparatus are descri bed where the dense notion vector field,
used in the encodi ng and decodi ng process, is predicted froma

previ ous dense notion vector - el LG dd A2 ng.thi s predicted dense
notion field elimnates the need t%]e%%#%ﬂl&%ﬂ%&b&@l&gg notion informtion.
Therefore, the problemof transmtting a dense notion vector field

is conpletely allevi atFﬂ:}mﬁshhﬁ &m Prefeitbdmidalinicticof dr appardwecfobel ow. 25

In order to describe the me od e made
concer ni ng the§| nPERCNGRRES ﬁt&"é‘ e%ga{.@% i:ica"l': ?&H&%ﬁe VI geo s@ur Ctgal s
assuned to be VMWlequeﬁnyqoadantwﬂaﬁleWWﬁ@Oﬁunber of pixels per
row, the nunber of rows per frane, and the nunber of franmes per

second are known prior t.he encodin r oc [ epresents
both the | um nance andFi(I%lzo‘ &3’5& e °§“5°8§$ﬁ§{]°§%8 ?pali’rﬁfsell
nunber s whi ch sparregmmﬁgaﬁen%ﬁoﬁmenlpnﬁddﬁéwvéﬁmm&m@wm‘ﬁions are

only 9 ;84 4doder in accordance with the present invention.
PCT/ US96/ 0760 ‘/1&% ace v Fre

FIG. 3 is a flow diagram of the steps of a method for regenerating a dense
motion vectar field, DVF, in accordance with the present invention.

15 |
Detailed Description of Preferred Embodiments

The method and apparatus described below enables a dense motion vector
field to be utilized in the encoding process of a video sequence. Specifically, a
20  method and apparatus are described where the dense motion vector field, used in the
encoding and decoding process, is predicted from a previous dense motion vector
field. Utilizing this predicted dense motion field eliminates the need to transmit any
motion information. Therefore, the problem of transmitting a dense motion vector
~ field is completely alleviated by the method and apparatus described below.
25
In order to describe the method and apparatus certain assumptions are made
concerning the input video sequence. Specifically, the video source is assumed to be
in a digita! format where the number of pixels per row, the number of rows per frame,
and the number of frames per second are known prior to the encoding process. Each
30  pixel represents both the luminance and chrominance components using 8 bit integer
numbers which span from 0 10 255. As mentioned above, these assumptions are only



5 made to help facilitate the description of the nethod and

appar atus and shoul d not be viewed as restrictions to applications
where t hese assunptions do not hol d. FIG 1, numeral 100, is
a diagram of a preferred enbodi ment of an apparatus 5 for regenerating
a dense notion vector field, DVF, foruse in a notion conpensated

vi deo encog@gyovipfseficCcor dance with the present invention. pepusiRfdedt Us _
i ncl udes a spatial DVF determ ner (102), a tenporal DVF determ ner
(104), a causal | ocal nei ghbor hood of previously predicted. dense
notion vectors (106), and a notion conpensat ed vi deo encoder (108).
Based on a novi ng object boundary estimate 10 (130), a previous DVF
(146), and a | ocal nei ghborhood of predicted current dense not i on
vectors (136), the spatial DVF determ ner (determnes a prediction of the
current DVF (128). Based on a noving obje boundary estimate (130), and a

fhe. % 'eur il %@Eﬁﬁf?@??“%ﬁg&% ?ﬁﬁ"*ﬁ%*rﬂgﬁ ﬁﬁp@r@%@n&*@“@%@% a
preedi cti ons (14§Wagkas resyictiopstai3ppl gsmasﬁumgummomthqﬁm DVF
prediction (156). This final DVF prediction (156) along with a

are inputs Lo a ot é@%ﬂ@aﬁ%ﬁ*ﬁ%igﬁ@ﬁ%&@m@gaﬂ e

final DVF pﬁeduformmmgpdemmm veaqierdield, DV, farmse ingogtioncompensatefi ous
intensity v1déoreﬂ66tlef m&mméwﬁmwﬁnmaai eme/dpﬁﬁameﬂféﬁ%s'a (108)

reduces the anount I. nf tion ecode gener ate
the present i ntsgﬁ'éﬁl atemporﬁ%&%m% E@“g 53{1053?
det er m ner (102)e:ghbomgo4wﬂ t@tyme@gedd@semmmtors (106), umqm ion unit

I(Orlégl) ct ?oan%(l;e;;fibé&l ent S‘H{’%g;i qog)s ldalad di 118 The
spatial DVF o PREY ((!L@‘)a“ﬁﬂj&ﬂ‘i; gﬁ@&?ﬁﬂeﬁgﬁ;ﬁﬁ“

Appl i cati on Spemotianovettotsd§3@ thelspatial DVF Qetexmingr, deﬁhines g atediction ofithe or a
D 1Ll Stgnel a0 tzsFus on s movng i tonkie st B30 01 ot
set of adj acentmﬂélﬁﬁg’?w}%wm@ﬁm&m e ﬁ‘lg% ?fﬁﬁ

unit (110) det equmentddVE (128) dThetspatial prediction eas)mmmmmmmmciar y

(132). 15  chuided!(1 5W)reia1ity B BE Hhal DV préditlor @56)C MhisHmal DYES predi ction
P D a0z 4 prediction (156) along with a current intensity frame (150) and a previous intensity

frame (152), are inputs to a motion compensated video encoder (108). Based on the

final DVF prediction (156), current inténsity frame (150), and previous intensity

frame (152), the motion compensated video encoder (108) reduces the amount of

20  information required by the decoder to generate the present intensity frame (150).

The spatial DVF determiner (102) is comprised of a spatial motion
compensation unit (110), a look-up table which contains spatial autoregressive, AR,
prediction coefficients (114), and a spatial DVF predictor (118). The spatial DVF

25  determiner (102) may be implemented using either an Application Specific Integrated
Circuit, ASIC, gate array, or a Digital Signal Processor, DSP.

Utilizing a moving object boundary estimate (130) and DVF estimate (146)
from the previous set of adjacent intensity frames, the spatial motion compensation
30  unit (110) determines a prediction of the current moving object boundary (132).
. The following expression is used to generate this prediction




6. [err] where [err](r) represents the
predi ction of the current noving obJect boundary (132) and [err](r)
t he dense notion vector at position r (i,j)[err] in the previously
estimated 5 DVF (146). Based on the novi ng obj ect boundary prediction

(132), a subset of the predeterm ned AR prediction coefficients
a(m[err](r)) WaYMMRBre chosen fromthe | ook-up tabl ePGHUSPHOTERE yse
in the spatial DVF predictor (118). The predeterm ned set of

causal AR prediction coefficients (114) are typically 10 found
enpirically. Cenerally, a |east squares estimation approach is used on
either a prototype or previously estinmated DVF. The spatial DVF

predi ctor (118) determ nes a prediction of the DVF based on the
subset of AR prediction coefficients (134) and a | ocal nei ghbor hood
of predicted dense notion vectors (136). The prediction operation S
descri bed by the foll ow ng eq wher [err](| (128)
is the prediction of the nDtlga}#gtﬁ%ﬁ Ré{ pi xel Iocatlgg r— (i,])
in the current imge frane based on a Iocal nei ghbor hood of predicted dense

o 1or] () L e L b e bofich e ARl o GRBb 87 °

current noving objaniﬁ,_ﬁohﬂwdcqse modomvectorat positian o =7, @ iim the peavipuslyjeatimateds |

nei ghbor hood( 186) , B\%)(rlgé ﬁdm%aﬁg H@%W Kﬁ&;ﬁﬁi%shﬁﬁ%ﬁh rom

the summati on

t enmporal DVF pred| ‘ﬂl&ﬁ ents guerlhf )‘Hﬁc ’Péhe

di scussed in 25 lmtlﬁjtbblbghayforusemﬂlespMDVFM&&Qﬁﬂg)nel ghbor hood, R, of
predi cted dense notion vectors is a nenory devi ce which stores the
predi cted dense notion vectors in the follow ng pixel | ocations: the

pi xel in the col umm di Thepregeterminet setiof causyliAR pregictionicoetficients (114) aredypically
above 30  angipt h@oxﬁﬁ'éiﬂﬁriéaﬂyt Genéralfy, a felast SqbarekJestinhdiidn BpprBAchiisusel On &isr above

(i-1,7), and the )ﬁotype or previonsly estimated DVF. The spatial DVF predictor (118) determines
a prediction of the DVF based oti the subset of AR predictior coefficients (134) and a
local neighborhood of predicted desise motion vectors (136). The prediction
operation is described by the following equation

15
a6 )=, almnll,(r))-d (i~ m, j—n), )]

maeR

where di(i, j) (128) is the prediction of the motion occurring at pixel location

r =(i,j) in the current image frame based on a local neighborhood of predicted dense
20  motion vectors d,(i, ) (136) and the AR prediction coefficients a(m,nl,(r)) (134)

where J,(r) represents the prediction of the current moving object boundary and m

and » are integers. The local neighborhood(136), R, of predicted dense motion

vectors result from the summation (154) of the spatial DVF prediction (128) with the

temporal DVE prediction (142). The temporal DVF prediction (128) is discussed in
25  detail below.

The local neighborhood, R, of predicfed dense motion vectors is a memory
device which stores the predicted dense motion vectors in the following pixel
locations: the pixel in the column directly to the left (i,j-1), the pixel in the row above

30  and the column to the left (i-1,j-1), the pixel in the row above (i-1,j), and the pixel in
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t he row above and the colum to the right (i-1,j+1). The | ocal

nei ghborhood, R, is stored in the | ocal nei ghborhood nenory device
(106). It should be noted that the choice of Ris made at the tinme of
i npl enment afpigyIoeddg | s dependent on the nethod used ppPuSsinraat ©

t hrough the two di mensional data sets used to represent the inmage 5 and
dense notion information at a particular tinme instant. For this particular

R it is assuned that the data is accessed fromleft to right across
each row , starting with the top row. O her nethods for navigating
t hrough the i mage and dense notion data can al so be used. This would
require a slight nodification to the IocaJ, nei ghbor hood R; however

the operations woul d remain the sanme. 10 The tenporal DVF
determ ner (10 l,sed of a ti t|on un|t
(122) a1 ooic ts R abEaRR B coBmdp HE MK HAD- BE SealpeialBppBos. .

predi ction coestbrediimtie docalintighborodd memeryxievizt (106): Ip sheulldchearoted i the

Utilizing a mémvft Ekgmﬂw P umtmﬁ ¥mEithdditing is(dk thd/eidd | Mat e
(146) fromt he eV| oys aceﬂt I nt ensi f rame%]B“T .t he tenporal
noti on conpens¥ %WW'S?Z‘ thg 4w 8 ta sets uged Mg current

DVF (144) Db&sednddensdunotioncinformatidd\dt¢ pﬁﬁyulaﬂﬁme instant. Fbeﬂqs(paaicumllk (tes erm ner
(104) can be | gnime ﬁﬁ?ﬂeHﬁhiﬁcé‘és&é&%ﬁf&f %&Féi’%chrow

Integrated G rcwt at efarr ?é!%ge %nﬁﬂl;;rﬂoce sor DSP.
20 EH’EWF%

fLarres/bjsec in hlsebéhsSd. This woullrequife a‘shglmédmaﬁmdtumeﬁpﬂmghborh?odskassurred
t hat objects u e to nove in a simlar
direction over ﬂ%&é"@?@#%@“‘% ﬁ,emfng\ a%%’sed on the DVF esti mat ed
fromthe pTrQw ous set of adjacent i nt ensi ty franes, a good

representation of ttﬁeﬁmpaﬁnbvpuammamM)neébﬁméﬂa&eﬂy&anﬁaﬁmt ed from
the 25  previ g@?&%mafmﬁg@%w -G8 GB33 tron' oIS terddfal wiiSRBRAlivd!! | O

conpensation ( r esen e current
DVF (144) by MM%MIWW)- and g ¥ YEM A1 BePiilizinga; t sel f .
The operation pgvingrobidt tomnddrg estimmpeo(130) ama DV estimate (146) fyonnthe pievivus!set t
(122) i's cpgragk giihffintsity HanleR! thOiMparaP o Ptnpendafibh dnit (122) determines

a prediction of the current DVF (144) based on the previous DVF(146). The

temporal DVF determiner (104) can be implemented using either an Application

Specific Integrated Circuit, ASIC, gate array, or a Digital Signal Processor, DSP.

20 - Since the temporal sampling rate is generally high, 30 frames/sec in the U.S.
and 25 frames/second in Europe, it is assumed that objects under motion will
continue 10 move in a similar direction over several frames. Therefore, based on the
DVF estimated from the previous set of adjacent intensity frames, a good
representation of the current DVF is obtained from the DVF estimated from the

25 previous set of adjacent intensity frames. The temporal motion compensation (122)
unit provides this representation of the current DVF (144) by motion compensating
the previous DVF (146) with itself. The operation performed by the temporal motion
compensation unit (122) is characterized by the following equation

30 | & s ()= dis(r =), ©)
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where as described above for the spatial DVF determner, [err](r) (146) is
t ke dense notion vector at positionr = (i,j)[err] in the previously
estimated DVF and [err](r) is the noti on conpensated version of the
previ ously estWRATM42DVF. 5 Utilizing the notionPEBMEWIINHed
previously estimated DVF (144) and the previ ous novi ng obj ect
boundary estimate (130), the tenporal DVF predictor(120) determ nes a

tenporal prediction of the current DVF (142). Based on the previous
novi ng obj ect boundary estinmate [err](r)(130), a subset of predeterm ned

t enpor al AR prediction coefficients b(mJ[err](r)) (134) are chosen
fromthe | ook-up table 10 (116) for use in8 he tenporal DVF predictor
(120). Since the conpl ete notion conpensated previous DVF

(144) is avail able . rpdj he
predet er mi ned set gﬁ’&%gﬁ%eg?%qeaiﬁ?@f&&g?e ict i%eﬁ@%‘?xeegf%é{rgxﬁg) isﬁ‘g en?léo
| onger are restri cimetiothyectonat position ¢ ei(4y) dntha peeviously iestimatedsDVF gd @orr)lised.
The tenporal AR prgdicti Wl : ' f ound
enpirically. &nergﬁlﬁlbgg?@g%éé%gs?ég:ﬁg{setl R |%&¥%§c “is used on
either a prototype or previously estimted DVF. The tenporal DVF

prgdi tct 0][ %18%5 ldemwn@mmwm@bmteawfquﬂyest%mmmaﬁm
supset O ete - x I |

ot on corpensat eabenal Boving chied bty il 30}, e Sihiertt DY plBEhok T
described by the f@st¢raines g amporl prediction efjthe current DVF (}42).cB3sed £ the previonp) i s
the prediction of toeingobjecthownanrestimage df, (1H(X39), al sobsat ofqpredetefmingd tefitporal i n
the current inmge kR3IEdRASokitlerts BEAMILIF Qfsd«)aé%ﬁéshiﬁeﬁ\_d@bbﬂ table

conpensat ed previous dense notlon Vectors [err ) (144) and the
AR predi ction Hef f1i16) fonuse in the tempogral D\ predietps (128)4.0) . As

nmentioned above, since [err](i,j) (144) is conpletely known there is no 30
et hona”] orr " 156 Lot S e DG B B0l B
nei ghbor hood ( 136) vsefayhe/temporalHaVF pregigtor (120), the predetermined set of temporal AR
prediction coefficients (116) no longer are restricted by the particular data accessing
15  method used. The temporal AR prediction coefficients are also typically found
empirically. Generally, a least squares estimation approach is used on either a
prototype or previously estimated DVF. The temporal DVF predictor (118)
determines a prediction of the DVF based on the subset of the temporal AR
prediction coefficients (134) and the motion compensated previons DVF (144), The
20  prediction operation is described by the following equation

g6, n= Y bmnll (r)-d, (i~ m,j—n), @

m.xeX

where d,(r) (142) is the prediction of the motion occurring at pixel location r = (i, j)

25  in the current image frame based on a neighborhood, R, of motion compensated
previous dense motion vectors d,_,{i, ) (144) and the AR prediction coefficients
b(m,nll,_,(r)) (140).

As mentioned above, since d,_,(i, j) (144) is completely known there is no
30 restriction of which dense motion vectors can be included in the neighborhood X, as
is the case with the spatial prediction local neighborhood (136). However, the larger

[4
1
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t he spatial distance between dense notion vectors the less likely they are,
to be correlated. Therefore, the neighborhood [err], which is
different fromthe | ocal nei ghbor hood R (136), is chosen to the

cl osest spafg Moaqp@i ghbors to [err](i,j). The nei ghlprhiledhredse’ '] -
consists of the follow ng pixel locations in notion conpensate

previ ous DVF (144), referenced to pixel (i,j): the pixel in the colum
directly to the left (i,j-1), the pixel in the row above (i-1,j), the
pi xel in the row below (i+1,j), and the pixel one colum to the right
(i,j+1). The final prediction of the current DVF [err] (156)
I s obtaining by sunm ng 10 (154) the spatial DVF prediction [err] with
the tenporal DVF prediction [err]. The resulting final prediction of
the current DVE [er use the noti Q ensat ed vi deo
encoder (108) t ?AB@@?‘{"}%"? Mﬁ&%‘ﬂ?ﬁ%&’e‘ﬁ'{ytﬁ? tobe vi deo
sequence. Si ncmonﬂeteormmﬂnmelgybwmwcﬁ whinh isadifferentifronuihe 1qcal30) and

preyi ous DVF e%igﬁﬁélﬁo&djlﬂﬁbﬂ.is&b@dn't@ﬂie%l&ést% ,toﬂ ;r)angﬁl ssi on of
notion 1 5 i nformatlon S requi red | nst ea the notion | nformatlon S

regener at ed at Peighborhood &8%%%” the kollewingipixgl logations injnotion compensagd out
usi ng an ad8er pﬂevlcF&SDVF(lM),referencedtoplEél@,j) Zhe pinglt the colithn directly @itggr am of

a preferred e f se

noti on vectoran[il e g%&ﬁmé'mg%‘g%&e@rrdpime%lrﬁ%g% ?fbgfo%fjaﬂgﬁ
decoder in acc@%ﬂﬁ@@mwmg%hﬁ »nvention. The apparatus includes a
spatial DVF determ ner (202),. a tenporal DVF determ ner (204), a causal

(206), and a”f}L?Pgﬁmﬁgﬂ%&@n‘%‘gﬁg@ejﬁﬂg‘éW&?@ﬂﬁwé"!E%*é‘éﬁﬁgorS
movi ng obj &6t b4l therspatial DVprediction di WiRipthe tempapal ONFopredichida 4228, and a
ocal net ghbor heiting fpd ng@uges.ﬁomeE.ﬁ%tﬁwdaea%%)lsuegw&emrs (236),

the spatial DVF termnes a Irction current

DVF (228). Bas&qmpensatedyidea gncoderd208) %m# {he deyppasel redundangy presery insa
previ ous DVF ( ZAdep,seduence. Sinenke prédibusdndvingobjeet bolmtiay ehtimate ¢13p)y &di ct i on of

:)Ihgdl ction C‘(”Zr mQ\ﬁ_Vlf éstithate (146) i$ RAARE afthGlcbhdr Hb tranéiiitssiah df MEHHOT 2!
$‘ ormatlon is required. Instead, the motion information is regenerated at the
decoder. The summing (154) can be carried out using an adder or DSP.

FIG. 2, numeral 200, is a diagram of a preferred embodiment of a apparatus

for regenerating a dense motion vector field, DVF, for use in a motion compensated

20  video decoder in accordance with the present invention. The apparatus includes a
spatial DVF determiner (202), a temporal DVF determiner (204), a causal local
neighborhood of previously predicted dense motion vectors (206), and a motion
compensated video encoder (208). Based on a moving object boundary estimate
(230, a previous DVF (246), and a local neighborhood of predicted current dense

25 motion vectors (236), the spatial DVF determiner determines a-prediction of the
current DVF (228). Based on a moving object boundary estimate (230), and a
previous DVF (246), the temporal DVF determiner determines a prediction of the
current DVE (228). The spatial prediction (228) and temporal predictions (242) are
combined (254) resulting in the final DVF prediction (256). This final DVF

30 prediction (256) is a regenerated version of a final DVF prediction (156) generated in
a corresponding video encoder (100). This regenerated DVF (256) along with a
previously decoded intensity frame (252) and encoded new information (250), are




caonbi ned (254) resulting in the final DVF prediction (256). This final DVF
30 prediction (256) is a regenerated version of a final DVF prediction
(156) generated in a correspondi ng video encoder (100). This
regenerated DVF (256) along with a previ ously decoded intensity
frame (252) and encoded new i nformation (250), are WO 97/ 04402
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i nputs to a notion conpensated vi deo decoder (208). Based on these inputs,

t he noti on conpensat ed vi deo decoder decodes the video sequence which
was . conpressed by the correspondi ng noti on conpensated vi deo encoder
(108). 5 FIG 3, nuneral 300, is a flow diagram of the steps of
a met hod for regenerating a dense notion vector field, DVF, in
accordance with the present i nvention.q@he first step is to determ ne
a spatial DVF based on a noving obj ect boundary estimate and a | ocal

nei ghbor hood (302%)1!1 Ts{'t!ozuﬁdﬁ%ﬂcéﬁﬁ&i{satﬁ@ﬁxdéﬂdct 6dhr(208) Bﬁéﬂ@ﬁm&%tmm fﬁ:elo
previ ous noving o c ou e.to redi on. o

Phe current . movi nghOip S8 EBGRRRIMAE APl heDaBl  ull QalalChpkh PAs 0, 1o

aut or egr essi ve, ARompresstddy ithercogesphading mation cmmnq@tedmd@o emgpder{808pat i al DVF
by utilizing the spatial AR prediction coefficients and a | ocal

nei ghbor hood of. fi nal cur edi ctions. At anyti t he
previous DVF i & rot i on%%‘r‘r’b@r‘@%fﬁfesg’a }4:“’%‘"‘3‘?‘? xletﬁ?steaswg %@itlwgeep is
determini ng a t enpegentrating deasentotion vecOk/field DVEn accarddnaelwithithGpresenbvi ng
?lejjngg'; alboxgdg; dei.eg%‘gogf%?@é.sg I{;:S m{ﬂ&’*’?éfmil m &ﬂdl ‘s’ﬁggqeﬁg];n
vect or fiel B%‘{LFWP ape H’PF‘?‘? zi ng
the tenporal AR  compensating aprexiousamedig al:u&nbmmdarﬂ e&timtamq:rmmﬂecacpmhctmtoéd
previous DVF. 14f t qhe Gipfelt dGin @ygpaﬂﬁ edi ction are

betb%ﬁﬁdabaés gémﬁ aset
avai |l abl e, theflnef d,lCtIgo rrent é)lk—gls ted by
sunmi ng t hese two 3§ %@PE&@E‘ ’%’g‘(ﬁﬂ “‘l‘f@e@ gﬁg]%

nei ghbor hood i s thmllzmgdmtspam(m&)'edxcuoncoefficlentsandaléctaﬂmigtgioﬂmdnhﬁmly

enmbodi nents are d lig,q: g@onsl I\émr%}gbwfb,lﬁg Woﬁéjﬁvi?(i’sxgouonc mkmlsyl | ed

in the art that terations . an
ma"tsglf e next stcpr}s determmmgatemporal onaD estimate and the

15  moving object boundary estimate (304). This step comprises accessing a set of
temporal AR prediction coefficients, motion compensating a displacement vector
field estimate, and predicting the current DVF by utilizing the temporal AR
prediction coefficients and the motion compensated previous DVF. After both the
spatial and temporal DVF prediction are available, the final prediction of the current

20 DVF is generated by summing these two predictions together (306). The local spatial
neighborhood is then updated (308).

Although exemplary embodiments are described above, it will be obvious to
those skilled in the art that many alterations and modifications may be made without
25  departing from the invention. Accordingly, it is intended that all such alterations and
modifications be included within the spirit and scope of the invention as defined in
the appended claims.



25 depart| ng from t he i nvention. Accordi ngl y, it is intended that all

such alterations and nodi fi cations be included within the spirit and
scope of the invention as defined in t he appended cl ai ns. WO
97/ 04402 )
PCT/ US96/ 07604
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notion vector field, corrprl Si ngulll determ ni ng,

spatial DVF determ ner, a spati u“ulutlmumumu nmovi ng obj ect
boundary estimate and a | ocal net gH’oor‘-hodd &f previ ous DVF

predictions; 10 determ ning, using a tenporal DVF determ ner,
a tenporal DVF based on a DVF estimate and the noving obj ect boundary
esti mat e; _ sunmi ng, using a_ﬁj_m*rer, the spatial DVF and .
temporal DVF to provide a 1 5 DVF predittion; and updati ng
the | ocal nei ghborhood of previous DVF @’edl ctions based on the DVF _
predlctlon _ E

-

We claim:
5 1 A method for 're'generating a dense motion vector fneld;._oomprising:

detennmmg, usmg a spatlal DVF determiner, a spatial DVF based on a
moving object boundary estimate and a local neighborhood of previous DVF
predictions;

10

determining,” usmg & temporal DVE determmer a temporal DVF based on a
DVF estimate and the moving object boundary estimate;

summing, using a summer, the spatial DVF and temporal DVF to provide a
15  DVF prediction; and

- updating the local neighborhood of previous DVF predictions based on the
DVF prediction.
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The nmethod of claim 1, wherein at | east one of 2A-2K 2A)
wherein deternmining a spatial DVF conprises: not i on
canpensating, using a notion conpensator, a noving object 5 boundary
estimate; usin Iook -up table in a menory unit to
provi de a set WOH9HMRI al autm Lijg! | :uml ction coBEF/V6RTOE based
on a notion conpensated nmoving obj y estimate; and 10

predicting, using a spatial DVF predl ct or 4 spatlal DVF based on the
set of spatial autoregressive prediction coeff|C| ents and a | ocal

nei ghbor hood; 2B) wherein determning a tenporal DVF
conprises: 15 using a look-up table in a nenory unit to
provi de a set of tenporal aut oregressipnge prediction coefficients
based on the noving object boundary estimate; not i on

E@gpensii,ti n?, using a %Eh&&oﬁ@ﬂﬁﬁiﬁﬁﬁ%femuﬁat@&&&ﬁeﬁiﬂAQKt 20 V?CtDS/Ir: field,
, estimte; y edi c enpor a
predi ctor, a tenporal BOPE b&@%‘ﬁmcgﬁmﬂg' atsh%tagg#%f’&g"%por al autoregressive

prediction coefficients and a notion conpensated DVF estimate; 25
summi ng, using a sumrer, thgogaRédnpenddiing, a8itlg b aivEeH &mpeatdrpa moving opjeavi de
a DVF predicti %1 and updating the | ocal nei ghborhood

of previous DVP priAyrdary 8¥#0ficeq 30  on the DVF prediction:

using a look-up table in a memory unit to provide a set of spatial
autoregressive prediction coefficients based on a motion compensated moving object

boundary estimate; and
10 :
predicting, using a spatial DVF predictor, a spatial DVF based on the
set of spatial antoregressive prediction coefficients and a local neighborhood;
2B) wherein determining 2 temporal DVF compri_ses:
15

using a look-up table in a memory unit to provide a set of temporal
autoregressive prediction coefficients based on the moving object boundary estimate;

motion compensating, using a motion compensator, a dense motion
20  vector field, DVF, estimate;

predicting, using a temporal DVF predictor, a temporal DVF based on
the set of temporal autoregressive prediction coefficients and a motion compensated
DVE estimate;
25
summing, using a summer, the spatial DVF and temporal DVF to
provide a DVF prediction; and

updating the local neighborhood of previous DVF predictions based
30 on the DVF prediction;
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2C) further conprising encoding a current frane based on the DVF
predi ction and a previous frane estimte; ~2D) further

conpri sing decodi ng an enco ased 5 on the DVF

predictio revious fr ggﬁﬁ,; j N
predicti ngwtér?g,ogpgt i al DVF cﬂm"mm;"mmm”“l l?‘;El)"rjru tl‘ﬁfyi ng each
spatial autoregressive predictioh co | 61 em correspondi ng

el ement of the |ocal neighborhood to provide a pI ural ity of spatial
products; and sunm ng the spati al products 2F) wherein
predi cting the tenporal DVF conpri ses: mul ti plying
each tenporal autoregressive prediction xffici ent by a

correspondi ng notion corrpensat ed DVF esti'mate to provide a plurality of

t enpor al products u t he terr r al ct

2G) wherein the |ocal r?gf] ‘5%’ %&5@%?‘%%%“&?133,@ 0S;
2K) wherein thedmnmmd@fmmsmwm enmbodi ed in a tangi bl e medium
of/for a Digital Signal Processor, DSP, 2I ) wherein the

steps of the nethod are |naIa erred f/f

Appl i cation Specific I n@%ﬁ ?‘Eﬁ‘ %@ £0lE4 Cirent ga'ﬁaf’) egvvherel n
the steps & tuetherﬂVﬂbptedicmnmﬂ@W@busrﬁrametesmqmﬁl e medi um of/for a
gate array; and 30 2K) wherein the steps of the nethod are in

conput er software eiBodl ehd 'npledlcungthespaualDVFCOmPﬂses

multiplying each spatial autoregressive predxcnon coefficient by a
10  corresponding element of the local neighborhood to provide a plurality of spatial
products; and summing the spatial products;

2F)  wherein predicting the temporal DVF comprises:

15 multiplying each temporal autoregressive prediction coefficient by a
corresponding motion compensated DVF estimate to provide a plurality of temporal
products; and summing the temporal products;

2G) wherein the local neighborhood is initialized to contain all zeros;
20 | |
2H) wherein the steps of the method are embodied in a tangible medium
offfor a Digital Signal Processor, DSP;

2I)  wherein the steps of the method are embodied in a tangible medium
25  offfor an Application Specific Integrated Circuit, ASIC;

2J)  wherein the steps of the method are embodied in a tangible medium
of/for a gate array; and

30 2K) wherein the steps of the method are in computer software embodied in
a tangible medium.
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3.7 The method of claiml wherein the steps of the nmethod are enbodied in

as t angi bl e medi um of/fW 4. The net hod of
claim3 wherein the tangible umis a ’ di skette. 5 5.
The net hod of WOSMEB wherein the ‘M\m Wi li \ i s a nenoPGTURIOTIER t he
conput er. 6. An appar atu ng a dense notion vector

field, conmprising: 10 * a“local nei ghbor hood, in a nenory
device, coupled to receive a predeterm ned initi aI | zation, for
storing DVF predictions; a spatial DVF determ ner, coupled
to receive the DVF predictions, a noving 15 obj ect boundary estimate, and
a DVF estimate, to provide a spatial DVF; 14 a tenporal DVF
determ ner, coupled to receive the noving object boundary estimte
and aDVF estimate, 3t0 pﬂib\ﬁléiﬁbdd)ftﬁiﬁwmbreﬂ\ﬁeaapﬁbfﬂﬁﬁmmodweembo&dﬁumr,
oper ably coupl ed t}%ﬂ?‘ﬁﬁ %ﬂ DVE determ ner and the tenporal DVF
determ ner, for su i ‘and tenporal DVF to provide a DVF

prediction, the |ocal nei ghborhood I s updat ed based on the DVF prediction.

7. The apparat ug, of THedhdihdd OFRRIE B Whikein H BihgiBiRencafuny 18 Einpter diskette.
7A) wherein t spatial DVF determ ner further conprises:

a spatial noti conpensating unit, coupled to receive a noving
5. The method of claim 3 wherein the tangible medium is a memory unit of the
computer.

6. An apparatus for regenerating a dense motion vector field, comprising:
10
a local neighborhood, in 2 memory device, coupled to receive a predetermined
initixlization, for storing DVF predictions;

a spatial DVF determiner, coupled to receive the DVF predictions, 2 moving
15  object boundary estimate, and a DVF estimate, to provide a spatial DVF;

a temporal DVF determiner, coupled to receive the moving object boundary
estimate and a DVF estimate, to provide a temporal DVF; and

20 a summer, operably coupled to the spatial DVF determiner and the temporal
DVF determiner, for summing the spatial DVF and temporal DVF to provide a DVF
prediction, the local neighborhood is updated based on the DVF prediction.

7. The apparatus of claim 6 wherein at least one of 7A-7G:
25 7A)  wherein the spatial DVlLi‘ determiner further comprises:

a spatial motion compesisating unit, coupled to receive a moving
object boundary estimate, for providing a motion compensated moving object
boundary estimate;

30

a table of spaual autbregmsswe predlctlon coefficients, coupled to

receive the motion compensated moving dbject boundary estimate, for providing a set



obj ect boundary estimate, for providing a notion conpensated novi ng object -
boundary estinmate; 30° a table of spatial :
aut oregressive prediction coefficients, coupled to receive the

noti on conpensat ed novi ng obj ect boundary estinmate, for providing a set

WD 97/ 04402
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of spatial autoregressive pre nts based on t|§|9e noti on
conpensat ed novi ng obj eEﬂ“& E msﬂ‘ﬁa and 3

a spatial DVF predictor, oper ed %0 *t he Iocal nei ghborhood 5 and
the table of spatial autoregressive pred| ction coefficients, for sunm ng

t he products of spatial autoregressive prediction coefficients and

el ements of the | ocal nei ghbor hood 5) provi de a spatial DVF;

7B) wherein the tenporal DVF determ ner fl?r t her conprises: 10

a table of te ra autor r.essi redL tio efficients, cou dto
receive a noti {5 mﬁ%&) ffe”ﬁg’aﬁé’f' %@?ﬁ’%‘dt gxpey%k%m ovi di ng
a set of mmg@bmtmmMm evd prediction coefficients based on the
nmot i on conpensat ed novi ng obj ect boundary estimate; 15

a tenporal notion conpensat cou ecel ve a. DVFE

estimate, for providing &P H’bagﬁ)%] ‘?fﬁ'@ﬁ? Ii | nejghborhood

a tenporal EVFamthdtabiemfspmabegtessttbncodfﬁclemblfﬂsninn’umgqheraI 20

aut or egr essi ve pifd 6f sphfhl aBfepichdi i rbiafih cobfficieRiFRAd Bbmah bPfle fREPENSal i on

Goef 11 ci ent's aAGERSEIGH to povid °§mﬁ9““ ¥Fed DV estimates 1o provide a
t enpor al DVF; _
TB)  wherein the temporal DVF determiner further comprises:

10

a table of temporal autoregressive prediction coefficients, coupled to
receive a motion compensated moving object boundary estimate, for providing a set
of temporal autoregressive prediction coefficients based on the motion compensated
moving object boundary estimate; '
15 |

a temporal motion compensation unit, coupled to receive a DVF
estimate, for prov1dmg a motion compensated DVF esumate and

a temporal DVF predictor, operably coupled to the table of temporal
20  autoregressive prediction coefficients and the temporal motion compensation unit, for
summing the products of temporal autoregressive predxcnon coefficients and motion
- compensated DVF estimates to provide a temporal DVF;

7C) further comprising a motion compensated video encoder, operably
25  coupled to the summer and to receive a current frame and a previous frame estimate,
for encoding the current frame based on the DVF predlcnon and the previous frame
estimate;

A 7D)  further comprising a motion compensated video decoder, operably
30 coupled to the summer and to receive an encoded frame and a previous frame
estimate, for decoding the encoded frame based on the DVF prediction and a previous
frame estimate;




7C) further conprising a notion conpensated video encoder, operably 25
coupled to the summer and to receive a current frane and a previous frane
esti mate, for encoding the current franme based on the DVF prediction
and the previous frane esti mat e; 7D) further
conprising a notion comensaWper ably 30 coupled to the
sumer and to WOa#D4e2 an enc rane and a evi ous fr ame PCT/US96/07604
estimate, for decoding the enceq ““‘l“il““\%&ﬁﬂ% the DVF predicti on and a
previ ous + frane estinmat e?““\ \ i 4402
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7E) wherein the apparatus is enbodied in a Digital Signal Processor, DSP;
7F) wherein the apparatus is enbodied in an Application Specific 5
Integrated Gircuit, ASIC, and 169 wherein the apparatus is
enbodied in a gate array. 8. The apparatus of claim6 wherein the
apparatus is enbodied in a tangible 10 nmediumof/for a conputer.

G skette o o “ﬁ%”‘i‘é%éﬁ&%?%?f“%ﬁ%%@kﬁﬂﬁé%%eb%d. um

IS a menory unit of the 15 conmputer.
7F)  wherein the apparatus is embodied in an Application Specific
5 Integrated Circuit, ASIC; and

r

7G)  wherein the apparatus is embodied in a gate array .

8,  The apparatus of claim 6 wherein the apparatus is embodied in a tangible
10  medium of/for a computer.

9.  'The apparatus of claim 8 wherein the tangible medium is a computer diskette.

10.  The apparatus of claim 8 wherein the tangible medium is a memory unit of the
15 computer.



