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1 METHOD AND APPARATUS FOR DETECTI NG OCCLUSI ON Fi el d of the Invention 5 The
present invention relates generally to video coding, and nore particularly
to using occlusion detection in video coding. 10 -
Background of the Invention Very low bit rate, VLBR, coding of video
necessi t at eswWDI9®042% i nat e expl oitation of inplicit correl aPCHNSFNTEEent in
| mages sequences in order to achieve targeted bit rates as |ow as 8
Kbits/sec, kbps. One of the npbst obvious correlations 15 that all _of
today's codecs incorporate is the correlation of the intensity fields of
two consecutive frames, i.e., the graceful notion of objects fromone frane
to anot her. The two nost popul ar approaches to notion conpensation are

bl ock- mat chi ng, BM and spati o-tenporal adlent techni ques. Wil e BM

met hods assune that all pixels in a glven | ock nmove the sane way,

spat'i o-t enporal gradi ' LR RLZe t he '
di spl aced frane di ffﬁt@é&@ﬁﬁm*ﬁ& %@%h@ﬁm estimate
of the displacenment vector field, DVF. One of the nmain dlfferences bet ween
the two ME al gorithms is that spatio-tenporal gradient algorithnms provide a
dense vector field, i.e., one vector_per pi er While BM al gorithns provide

a coarse vector ,.fiel d, i.e., one vecF’SlrdoﬁéhC BVEMIGR Kk of pi xel s. 25 One of
the inmportang existing challenges of any type of notion corrpensation is the

accurate representat d -
areas of the inmage. @QPﬁg&éﬁ‘arg@g@%ngge%?ﬁgg% eas a p\%ﬁ% H‘qfhe
background part t@nsiehecclusiondetegtiondp ¥jdegceding: novi ng obj ect, and b) where

t he background part of the 30 scene i s uncovered by a noving object. The
two problens associated with occluded areas are the detection and the

efficient transm ssion of information in these areas.
Background of the Invention

Very low bit rate, VLBR, coding of video necessitates the ultimate
exploxtanon of implicit correlations present in images sequences in order to achieve
targeted bit rates as low as 8 sztslsec kbps. One of the most obvious correlatioris

15 that all of today's codecs incorporate is the correlation of the intensity fields of two
consecutive frames , i.e., the graceful motion of objects from one frame to another.
The two most popular approaches to motion compensation are block-matching, BM,
and spatio-temporal gradient techniques. While BM methods assume that all pixels
in a given block move the same way, spatio-temporal gradient motion estimation
20  algorithms minimize the displaced frame difference, DFD, at each pixel based on an
initial estimate of the displacement vector field, DVF. One of the main differences
between the two ME algorithms is that spatio-temporal gradient aigorithms provide a
dense vector field, i.e., one vector per pixel, while BM algorithms provxde & coarse
o vector ﬁeld ie., one vector per a block of plxels ' - '
25 o
One of the important existing challenges of any type of motion compensation
is the accurate representation and compensation of information in the occluded areas
of the image. Occluded areas are defined as the areas a) where the background part
. of the scene is covered by a moving object, and b) where the background part of the
30  scene is uncovered by a moving object. The two problems associated with occluded
‘ - areas are the detection and the efficient transmission of information in these areas,
Most of the existing codecs today fail in these areas due to either inaccurate detection



Most of the existing codecs today fail in these areas due to either

I'naccur ate detection WO 97/ 04599

PCT/ US96/ 07566 2 or inefficient encoding of the information in these areas.
For instance, notion conpensated discrete cosine transform (DCT) coding
schenes, suchwo97ts93e specified by H 261, MPEGL, and MPEQR2, pCEMisv6iysss br ut e
force approach in which the occluded areas are sinply encoded as part the
DFD. However, since the 5 characteristics of these areas are quite
different than that of the typical notion conpensation failures, such as
the failures around novi ng edges, the occluded areas are transmtted
inéfficiently in terns of both the bit rate and the reconstructed i mge
gquality. On the other hand, object-based codjng schenes take the approach
of detecting and encoding the information i the occluded areas as a

separate process fromthe encodi p rocess. These schenes

however, suffer WW% FPFé’BF’g@fgﬁt Mlﬂ%r’r'gﬂﬁeqﬂ’ﬁsofﬁﬁmﬁmmﬁ@@nthey
require the transonlpmmddfscmmmsuansmmemgmhembss&mm Thi s
over head can be &ﬂﬁ,t MPEGI ﬂﬂ’ﬁ(ﬁe

few approaches f\g Ijtlggit L on airi ?ransm gaé:?%l%%t@ﬁrgé%ﬁﬁ?&cg {v&%mﬂ ar ea
information in tI?S‘:E agcas agsrsimply encadad ps part the PFDe dawevangincathen report ed.
Most of the efi sthagcwmbmonmafe%kﬁefqhﬁedmfeﬁmmmﬁt ical'fiofidie scene

into four region ere round
and uncovered ba?gm?%rﬁ%’\%cof ng to%g?%g@%@g}éﬁ%édge%%%? cg'ds‘iﬁﬁg%
detection nask i W&‘F‘H@ @W@W@B%M@WM@%MM@&
estimation i s pekqhalityreOn 2k otharhand, bbjé&-bﬁe@cddﬁigls&ibnﬁ@ﬁde thePdppfoeh ofbj ect

that is identifi Faeel and the rmtlon nodel
t he uncover ,E g tﬁ%r egegegl ﬁg&iére sté%gﬁlgﬁ %C%P% B BEoES: s.
However, the PFD epgoding Broegss. SQ&@WQ&:!‘QUQVG!FSU&'QI fromlthMGfﬁCieat
position infor mtnmfofhﬁmmmehwmeﬁﬁquﬁeﬁem@dn of the position overhead

for these areas. This overhead can be very costly in achieving the target bit rates.

Currently, few approaches for the detection and transmission of the occluded

15  area information in the context of very low bit rate coding have been reported. Most
of the existing techniques take the approach of segmenting the scene into four
regions; stationary background, moving object, covered background and uncovered
background. According to these approaches, first a change detection mask is
obtained based on two consecutive frames. Then motion estimation is performed

20  resulting in a motion model for each object that is identified. Based on the change
detection mask and the motion model the uncovered and covered regions are
separated from the moving objects. However, these approaches have several
disadvantages. First, either the position information of the detected occluded areas or
the change detection mask along with the motion vectors must be transmitted over the

25  channel in order for the decoder to generate the occlusion information according to
the proposed algorithm. The position information, however, can be very costly
depending on the amount of motion from one frame to another. Second, the proposed
algorithms fail in detecting the uncovered areas in cases of sub-pixel motion since it
simply considers the reverse motion in order to detect these areas. In order to get

30  around that problem, for instance, backward motion estimation, i.e. from the current
frame to the previous frame has been proposed; however, this process simply
increases the computational expense substantially. Third, no consideration of the



t he change detection mask along with the notion vectors nust be transmtted
over the 25 channel in order for the decoder to generate the occl usion

i nformati on according to the proposed algorithm The position informtion,
however, can be very costly depending on the anobunt of notion from one
frame to angbligpeses>econd, the proposed al gorithns fail |n det ect| ng t he
uncovered areas I n cases of sub-pixel notion since it SI ers the
reverse notion in order to detect these areas. In order to get 30 around .
that problem for instance, backward notion estimation, i.e. fromthe
current frame to the previous franme has been proposed; however, this
process sinply increases the conputational expense substantially. Third, no’
consi deration of the WD 97/ 04599

PCT/ US96/ 07566 3 tenporal continuity of tion between successive frames is
i ncorporated into these algorithms. Fourt such techni ques tend to break

down ?O?ﬁ i der ?Bhlpomrbd]:n Haﬂdf%ﬁ%ﬁbétﬁve&i)s&@esssﬁ ﬂ'&héH%&such ?atte%ﬂ%h Qﬁé&?es make
use 0O ein | e | In urn can
be*the |imti ﬁ&ﬁ‘l até:li{s Fou ‘élp %éﬁ?@egr&eﬁg B‘FMT mc%s‘ﬁeﬁlﬂﬁﬂ%g‘ew@ NCEj nce
t he char act er i fmpise. Wm&e@km@smysﬁféhQﬂaMﬂmldmnﬂeaﬁofﬂw ently
with the DVFs DVE® nmevefrmmltam&naédmﬂﬁmgWiﬂtﬁ ohhﬁﬂce%g)%éded ar eas

are inheremtly, Ci e n on est’inat |

corrpensatlgtn %g&%gﬁ%k‘] ém %8 th%"?‘r‘gvdtﬁgm MeE for the
accurate det ecﬁtfﬂ@ﬁlthffWIE!UheDé’@’émwéhemﬂawﬁ%wemﬂefwtmhd@hesve t he
desirabl e recw@mhmﬁmahgag?éﬁg?égﬁc{esﬂn{g%ﬁgﬁgﬁgr domgf fiog,ates. Brief

Description of the Draw ngs apreferred
- enbodi ment of an apparatus for detecting occlusion in accordance with the
present invention. Thus, there is a need for a method and apparatus for the accurate detection of

10 occluded areas based on the DVF to achieve the desirable reconstructed image quality
at targeted very low bit rates.

Brief Description of the Drawings
15
FIG. 1 is a block diagram of a preferred embodiment of an apparatus for
detecting occlusion in accordance with the present invention.

FIG. 2 is a block diagram of a preferred embodiment of an apparatus for
20  detecting occlusion and encoding the effected area in accordance with the present
invention.

FIG. 3 is a block diagram of a preferred embodiment of an apparatus for
detecting occlusion and decoding the effected area in accordance with the present
25 invention.

FIG. 4 is a flow diagram of a preferred embodiment of steps of a method for
detecting occlusion in accordance with the present invention.

30 FIG. 5 is a flow diagram of a preferred embodiment of steps of a method for
. detecting occlusion and encoding the effected area in accordance with the present
invention.



FIG 2 is a block diagramof a preferred enbodi nent of an apparatus for 20
det ecting occlusion and encoding the effected area in accordance with the
present invention. FIG 3 is a block diagramof a preferred enbodi nent of
an apparatus for detecting occlusion and decoding the effected area in
accordance wi Woeimasger esent 25 invention. FIG 4 is a flowprdrmgssersesl a
preferred enbodi nent of steps of a nethod for detecting occlusion in

accordance with the present invention. 30 FIG 5 is a flow diagram
of a preferred enbodi nent of steps of a nethod for detecting occlusion and
encoding the effected area in accordance with the present invention. WO
97/ 04599 PCT/ US96/ 07566 4

FIG 6 is a flow diagram of a preferred enbodi nent of steps of a nmethod for
detecting occlusion and decodi ng the effecteft area in accordance with t he
present invention. 5 Detail ed Description of Preferred Enbodi nents A video
sequence consists of tenporally sanpled projections of a three 10

di mensi onal, 3-D, scerfGo6isa fléve diagantlo ﬁmeﬂeﬁé@émb&h&ntlomps@aaﬁ&hodﬁbﬁ 3-D

AR e e e R R R

in the current 2-iny$Htigge pl ane, can be represented by a vector which
points to theH3 ocation of the particular pixel in a previous inage plane.
This vector is referred to as the 1 5 di spl acenent vector and is

represented by the synbol d[err] r), where the subscript k
Detailed Description of Preferred Embodiments

A video sequence consists of temporaily sampled projections of a three

10  dimensional, 3-D, scene onto the two dimensional, 2-D, image plane. The 3-D
motion that occurs within this scene is captured as 2-D displacements of these
projections. The displacement of a particular picture element, pixel, in the current 2-
D image plane, can be represented by a vector which points to the location of the
particular pixel in a previous image plane. This vector is referred to as the

15  displacement vector and is represented by the symbol d,(r), where the subscript &
refers to the corresponding image frames acquired at time instants ¥ and k—~1. The
vectors r and d;(r) contain horizontal, y, and vertical, x, components which span
the two dimensional, 2-D, intensity frame using the upper left corner as the origin.
The following notation is used for describing these vectors and their components,

20 r=[xyI"

() =[d, (r)d, (Y.

The displacement vector field, DVF, describes the motion of all pixels
between a given set of image planes, and therefore represents the 3-D motion of
25  objects projected onto the image plane.

The present invention provides a method and apparatus for efficiently
detecting occluded areas in a video frame. A previous DVF is used to provide an
occlusion test parameter which is compared to an optimal threshold to detect

30 occluded areas. By utilizing the previous DVF, this detection procedure can be
performed in both the video encoder as well as the decoder, thus eliminating the
requirement that the motion vectors be transmitted to the decoder.



refers to the corresponding imge franes acquired at tine instants k and
k-1. The vectors r and d[err](r) contain horizontal, y, and vertical, X,
conponents which span the two dinensional, 2-D, intensity frame using the
upper left corner as the origin. The followng notation is used for
describingvhg ectors and their conponents, 20 [err] 'Q§§g$ cenment
vector fiel 3%”§% describes the notion of all pixels bet 9§86§Ven set
of image planes, and therefore represents the 3-D notion of 25 obj ect s
projected onto the inmage plane. The present invention provides a nethod and
apparatus for efficiently detecting occluded areas in a video franme. A
previous DVF is used to provide an occlusion test paranmeter which is
conpared to an optimal threshold to detect 30 occl uded areas. By
utilizing the previous DVF, this detectiorgprocedure can be performed in
both the video encoder as well as the decoder, thus elimnating the

requi rement that the notion vectors be transmtted to the decoder. WO
97/ 04599 SA6/ 07566 5

FIG 1, nuneral 100121‘;‘;51 &“Mk fsaagl?l?fflﬁ%?gr%fnﬁf%%&frgﬂ @R%e#e‘ﬁfmof an

appar atus for chppeses fry devectinganipstlsion in ageerdange with the presentinvesntion.cFhe
Inv?ent!on tThe appirafs othpie Wfﬂoﬁ&&c&nﬂﬁﬁdﬁ@ﬂuﬁ“@ﬂ%ﬂﬁ%@&@?ﬁ?{q&é{ ﬁ%@@h ldaer an
OCCIl usiI on ara | A resno

Gener ator ( Soc)Seneal oy an opdie TRl ssheror (08, 384 i Rionindn Shmpafien

conpensati on umwt(QQQ)Q) recei ves the previous d| spl acenent vector field,
DVF, (110) for providing a predicted DVF (112). The predicted DVF 10

(112) 15 The previ oug, BVE {13 ShenBlon S VI SAGHe bl Bfaciid 2KES 11

vector field, DVF, (110) for providing a predicted DVF (112). The predicted DVF
10  (112)is the previous DVF (110) motion compensated by itself and takes the form:

di(r)=dy,(r- dy(r))

or
d,(N=d,_(x-d, (xyy-d, (x»)
15 - d,(n=d, (x~d,,(xy-d, (xy),

where d,_,(r) is the previous DVF (110) and d(r) is the predicted DVF (112).

The occlusion test parameter generator (104) receives the previous DVF (110)
20  and the predicted DVF (112) for calculating an occlusion test parameter (114) based
on the difference between the previous DVF (110) and the predicted DVF (112). The
occlusion test parameter (114) is the absolute value of the difference between the
previous DVF and the predicted DVF given by the following formula for each
component:
25
Ay =ld, () -d, ()
A(r) =d, (n-d, ()

The optimal threshold generator (106) receives the previous DVF (110) and a
30 predetermined threshold (116) for calculating an optimal threshold (118).. The



[err] or [err] 15 [err] where d[err](r) is the previous
DVF (110) and d[err](r) is the predicted DVF (112). The occl usion test

par anet er generator (104) receives the previous DVF (110) 20 and t he
predi cted DVF (112) for cal culating an occlusion test paraneter (114) based
on the differ emoe7/bmsoreen the previous DVF (110) and the pr edicthmdedrsés
(112). The occlusion test paraneter (114) is the absolute value of the

di fference between the previous DVF and the predicted DVF given by the
following formula for each conponent: 25 [err] The optimal threshold -
generator (106) receives the previous DVF (110) and a 30 pr edet er m ned
threshold (116) for calculating an optiml threshold (118). The WO

97/ 04599 PCT/ US96/ 07566 6
predeterm ned threshold (116) is equal to thebratio of the probability that
a point in a video frame is stationary to the probability that it bel ongs
to a moving obj ectPredetermingd;thresh QMlééﬁéPWl[@Pﬂa"Pﬁﬁ)emb@éxﬂmbﬂ)%WEm
i, is given by thevillel framne isgtationaryitorthe probability tidievteiohgeto’'d mbeing bbject. The
predet er m ned t hr egialaltrdshéily <l PIIB) for ectibolrpobo 2is @i by RObIbRI | S

gl obal variance for each conponent
formula:
5

Ao [
e el

i={xy}
where 7, is the predetermined threshold (116), aﬁi is a local variance, and a:‘ isa
' global variance for each component.
10
The local variance is calculated for each component using the following
formula:

L S S(dli-mJ=n)=myi-m,j—n))

0‘2‘1 (r) = (2A + l)(28+ 1) m=—An=—B

15
where A and B define a predetermined locat neighborhood of a pixel. The local
neighborhood extends from B pixels to the left of pixel (i, j) to B pixels to the right

and from A pixels below to A pixels above.

20 The local mean, m, , for each component is given by:

1 A B ) '
RATIRB Ty g, 201l = m = n).

my (r)=

where m and n are integers.
25
The global variance is calculated using the following formula:



10 The | ocal variance is calculated for each conponent using the follow ng
formula: [err] 15 where A and B define a predeterm ned | ocal nei ghborhood
of a pixel. The | ocal nei ghborhood extends fromB pixels to the |eft of
pixel (i,j) to B pixels to the right and fromA pixels belowto A pixels
above. 20 Jhe local nean, nferr], for each conpon en by:
[err] V\herew%gz?i’?\‘ ”n are integers. 25 The gl obal variance %*'gég?mﬁfét ed
using the follow ng formul a: WO 97/ 04599
PCT/ US96/ 07566 7 [err] where Mand N define the boundaries of the-entire
predeterm ned intensity frane. The gl obal nean, nferr], for each conponent .
Is given by: 5 [err] The occlusion conparison unit (108) receives the
occlusion test paraneter (114) and the optinmal threshold (118) to determ ne
a presence of occlusion (120). 10 Qccl usyon is detected when the
ocglusion test parameter (114) is greater than the optinal threshold (118).
FIG 2, nunmeral 200, is a bl ockldl%c:)m of a preferred enbodinent of an
a‘TH(t-m.J -n)-m(i-m,j- n))

- n|=0 n=0

where M and N define the boundaries of the entire predetermined intensity frame,
The global mean, m, , for each component is given by:

M-1N-1

M N Eo;z:odk"‘(l m,j=n).

m& (r) =

The occlusion comparison unit (108) receives the occlusion test parameter
(114) and the optimal threshold (118) to determine a presence of occlusion (120).
10  Occlusion is detected when the occlusion test parameter (114) is greater than the
optimal threshold (118).

FIG. 2, numeral 200, is a block diagram of a preferred embodiment of an
apparatus for detecting an occlusion, coupled to a occlusion DVF encoder, in
15  accordance with the present invention. The apparatus comprises a motion
compensation unit (202), an occlusion test parameter generator (204), an optimal
threshold generator (206), an occlusion comparison unit (208), and an occlusion
DVEF encoder (210). The motion compensation unit (202), occlusion test parameter
generator (204), optimal threshold generator (206), . and occlusion comparison unit
20  (208) operate as described above. The detected occlusion areas (220) are provided to
the occlusion DVF encoder (210) along with the present DVF (224). The motion
vectors contained in the present DVF (224) that correspond to the occluded areas
(220) are encoded using entropy encoding and transmitted over the channel to the
corresponding decoder unit (310).
25
FIG. 3, numeral 300, is a block diagram of a preferred embodiment of an
apparatus for detecting an occlusion, coupled to a occlusion DVF encoder, in
accordance with the present invention. The apparatus comprises a motion
compensation unit (302), an occlusion test parameter generator (304), an optimal
30 threshold generator (306), an occlusion comparison unit (308), and an occlusion



apparatus for detecting an occlusion, coupled to a occlusion DVF encoder,
tn 15 accordance with the present invention. The apparatus conprises a
notion conpensation unit (202), an occlusion test paraneter generator

(204), an optimal threshold generator (206), an occl usion conparison unit

(208), and anwp®gn4sss on DVF encoder (210). The notion conpengditisogorséy t
(202), occlusion test paraneter generator (204), optiml threshold

generator (206), and occlusion comparison unit 20 (208) operate as

descri bed above. The detected occlusion areas (220) are provided to the
occl usi on DVF encoder (210) along with the present DVF (224). The notion
vectors contained in the present DVF (224) that correspond to the occluded
areas (220) are encoded using entropy encoding and transmtted over the
channel to the correspondi ng decoder unit (380). 25 FIG 3, nuneral 300, is
a block diagramof a preferred enmbodi nent of an apparatus for detecting an
occl usi on, coupl dAVF deepde@il0siTha notien coropensation; unit(3QR0. atglusion st parameter

present inventi Onsendra®r E@OART amﬁeémalhieﬁerﬁoffgb' ) Thiné QERERS e dnTRristH dnit
(302), an occl usir?g&)t est epar@%@ne% 04)., .an optjmal 30 m
threshol d gener at'dr>CHEE) ,aséigsc Vén d0g “ﬂﬂ??ﬂ@%@g&, Repvidad to
occl usi on WO 3¢ oeeBsipn DVF decoder (310) along with the encoded DVF (324). The motion
PCT/ US96/ 07568 8 veMbrs i@t i té Bdcoddd HVIOEI2a ark BERBES %1' ?%dliﬁ'tb 302),
occl usion test paraneter. encgr t or é%%yg %pt?mal threﬁ gentgrle((at or
(306), and occl uff)gﬁsl’eﬂ%gf’? ﬂWP‘% ) operate as described above. The
detected occlusion areas (320) are provided to the occlusion DVF decoder
(310) along wi th the e604aembNFad0} &b ow et dralinclermed GRS Bhid
t he encoded DVF (aB2Ai?|oftre decoded .an ?%ce to_rm%ecorre.spoﬁhﬂﬁ%g_i cl uded
areas (320). | me or detecting occlusion in accordance with the present invention. The first
10 ~ step is motion compensating a previous displacement vector field, DVF, to provide a
predicted DVF (402). The next step is calculating an occlusion test parameter based
on the difference between the previous DVF and the predicted DVF (404). The
occlusion test parameter is the absolute value of the difference between the previous
DVF and the predicted DVF. At any time prior to the next step an optimal threshold
15 based on the previous DVF and a predetermined threshold is calculated. (406). The
optimal threshold includes calculating a local variance of the previous DVF and a
global variance of the previous DVF. Then the occlusion test parameter is compared

to an optimal threshold to determine a presence of occlusion (408).

20 FIG. 5, numeral 500, is a flow diagram of a preferred embodiment of steps of
a method for detecting occlusion in accordance with the present invention. The first
step is motion compensating a previous displacement vector field, DVF, to provide a
predicted DVF (402). The next step is calculating an occlusion test parameter based
on the difference between the previous DVF and the predicted DVE (404). The

25  occlusion test parameter is the absolute value of the difference between the previous
DVF and the predicted DVF. At any time prior to the next step an optimal threshold
based on the previous DVF and a predetermined threshold is calculated. (406). The
optimal threshold includes calculating a local variance of the previous DVF and a
global variance of the previous DVF. Then the occlusion test parameter is compared

30  to an optimal threshold to determine a presence of occlusion (408). As a final step,
the motion vectors from the present DVF contained in the areas determined to be
occlusions are encoded are transmitted to the decoder (502).



FIG 4, nuneral 400, is a flow diagramof a preferred enbodi nent of steps

of a nethod for detecting occlusion in accordance with the present

invention. The first 10 step is notion conpensating a previous

di spl acenent vector field, DVF, to provide a predicted DVF (402). The next

step is cal Qi an occlusion test paraneter based on the difference

bet ween the previous DVF and the predicted DVF (404). The FISALP566 t est

paranmeter is the absolute value of the difference between the previous DVF .

and the predicted DVF. At any tine prior to the next step an opti nal

threshold 1 5 based on the previous DVF and a predeterm ned threshold is

cal cul ated. (406). The optinmal threshold includes cal culating a | ocal ’

vari ance of the previous DVF and a gl obal variance of the previous DVF.

Then the occlusion test paraneter is corrpg_;ed to an optimal threshold to

determ ne a presence of occlusion (408). 20 FIG 5, nuneral 500, is

a flow diagram of a preferred enbodi mnent of steps of a nmethod for detecting

occlusion in accord e with resent. i nvention. The first step i

noti on compensatin ﬁ&p?’gg%@&&g)l’ g‘;ﬁ%@féﬁ"\?@ém?ﬂﬁd@“&“ﬂﬁﬁw@%ﬁpﬁw de a

predi ct ed DVF (ampethod fondetecsing occlusion andaistastingthe effected pixeld insccondanees with

par anmet er basecdh®presdhindénitioRt! THE RrsPbp'R fbtioh ' il

predi cted DyF (40121; EMS ocd%I usiﬁgﬁﬁﬁke%‘%?%tggr% isl?lﬁé%ggggrate

val ue of the di'¥reras 1108 ﬁepf?fﬁ (F¥p: Theext step fscalculating k. A¢

any time prior acclusing test-parametes based ootk differenderbetweeh thelprsdahs@VE frmd the evi ous

DVF and a predgi&ficted’® 'S i ?&rﬁtﬁﬁ& §, 08l

t hreshol d i ncl gﬂﬁs cal gg}(ﬁnma%cgu%méanc %Pfé aeo:i)%ggﬂgﬁéﬂl_gﬂm and a

gl obal vari ancédltifrencsbepieen ths previgys | ‘h@e‘%@e‘ﬂ Forf\tARE HMEPFIghtet er i s

conpared 30 tthe wext stpp ameptiniah theeshold dased ofl aheqprevious DVP aRbepredetermis@c! usi on

(408). As fi | . . cont ai ned
30" unhd R cal e Ridsh Tk AE AR lngfoRl G inb Y och?

in the areas determ ne €' 0CcCl usi A ar e ed to the
decoder (502). variangg,ofytne greyipys DVF and a global variance of the previous DVF. Then the

PCT/ US96/ 07566 occlusion test parameter is compared to an optimal threshold to determine a presence

of occlusion (408). As a final step, the motion vectors sent from the encoder are
decoded and place in the areas determined to be occlusions (602).

15

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
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

20  the appended claims.



9 FIG 6, nuneral 600, is a flow diagramof a preferred enbodi ment of steps
of a nmethod for detecting occlusion and decoding the effected. pixels in
accordance with the present invention. The first step is notion

i i i i to provide a

predi ct ed DVF wdorus99The next st i mq! i an’ occl hsi POTHRN07566
arlet er

paranet er based on the differenc vi ous DVF and the

predi cted DVF (404). The occl usi is the absol ute val ue of
the difference between the previous DVF and the predicted DVF. At any tine
prior to the next step an optinmal threshold based on the previous DVF and a
predeterm ned 10 threshold is calculated (406). The optimal threshold

i ncludes cal culating a |local variance of the previous DVF and a gl obal

vari ance of the previous DVF. Then the occl u§Bon test paraneter is conpared
to an optinal threshold to determ ne a presence of occlusion (408). As a
final step, the motion vectors sent from tHelaimcoder are decoded and pl ace
in the areas deternmined to be occlusions (602). 15 Although exenplary
enbodi nents are descr. bed above, it will be obvious to those skilled in the
art that many alt &E1Ts and nodifications may be made without departing
fromthe invention. Accordingly, it is intended that all such alterations
and nodificatignsjbe i A%étﬁ&ﬂfo%&@é&gt&auﬁgh rcb;,,?ﬂglg .scope of the invention
as defined in 20 t he appended cl ai Ims / 04599

PCT/ US96/ 07566 10 Clainms W claim 5 1. A method for detecting

occl usi on, conpri si ng: motion compensating, using a motion compensator, a previous displacement

vector field, a previous DVF, to provide a predicted DVF;

10 calculating an occlusion test parameter, using an occlusion test parameter
generator, based on a difference between the previous DVF and the predicted DVF;

calculating an optimat threshold, using an optimal threshold generator, based
on the previous DVF and a predetermined threshold; and
15
comparing, using an occlusion comparison unit, the occlusion test parameter
to an optimal threshold to determine a presence of occlusion.



notion conpensating, using a notion conpensator, a previous displacenent
vector field, a previous DVF, to provide a predicted DVF; 10

cal cul ating an occlusion test paraneter, using an occlusion test paraneter
generator, based on a difference between the previous DVF and the predicted
DVF,; calculiﬁdd; 4830 optimal threshold, using an optimal threshold

generator, based on the previous DVF and a predetermnm ned PRFESIOT6 and 15
conparing, using an occl usion comiarison unit, the occlusion test paraneter.

to an optimal threshold to det ﬂl I,ﬂllﬂi'“"ﬂﬂﬂmn of occl usiD(C):'rll') U896>Af))7566 o

97/ 04599 et L1

2. The met hod according to claim1, wher’ei i at | east one of 2A-2H 2A)
the occlusion test paraneter is an absolute value of the difference between
the previous DVF and the predicted DVF; 2By calculating the optimal

t hreshol d includes calculating a |ocal variance 5 of the previous DVF and

a gl oﬁal v?_r i ar@.?hOfTﬂehflicthﬁﬁéE&dﬁg W&gi_rr?f})[\)vhei‘éﬁ]?at(lfdﬁi HRIPDALABL par amegI er
present di spl acemontAlect oF PP SLIRmAETls tp SHOK SalsF SE Be SHORCE ol usi on:
2E) Lur t gegnc?zqgwﬂfiﬂiﬂé;lr’:dﬁggﬂﬁ afmmemmm.m acenment vector field, arlg
embodied i n @t i ‘é?{zﬂ g};\m&%?? ogg‘"?{ﬂ grgfb égﬂﬁ%i@%ﬁggaﬁ?%ea;@%} VEEE 05
the steps of th‘g lﬁ"e‘?’ﬁ‘é‘& B Iaﬁaugg BPTEYRHS YYFSpeci fic | ntegrat ed
Circuit, ASIC and 2C) the occlusion test parameter and the optimal threshold are compared;
2D) farther comprising encoding a present displacement vector field,
DVF, based on the presence of occlusion;
2E) further comprising decoding an encoded displacement vector field,
10  DVF, based on the presence of occlusion;
2F)  the steps of the method are embodied in a tangible medium of/for a
Digital Signa] Processor, DSP;
2G) the steps of the method are embodied in an Application Specific
Integrated Circuit, ASIC; and )
15 2H) the steps of the method are embodied in a gate array.

3. The method of claim 1 wherein the steps of the method are embodied in a
tangible medium of/for a computer.

20 4 The method of claim 3 wherein the tangible medium is a computer diskette.

S. The method of claim 3 wherein the tangible medium is a memory unit of the
computer.

25 6. An apparatus for detecting occlusion, comprising:

a motion compensation unit, operably coupled to receive a previous
displacement vector field, a previous DVF, for providing a predicted DVF;

30 an occlusion test parameter generator, operably coupied to receive the
. previous DVF and operably coupled to the motion compensation unit, for calculating



15 2H) the steps of the nethod are enbodied in a gate array. 3.
The nmethod of claim1l wherein the: stéps of'the net hod are enbodied in a
tangi bl e medi um of / for a conputer. ) The met hod of claim 3 wherein
the tangi ble mediumis a conputer d| skette . The nethod of claim3

wherein the tawngoiasssonedi umis a ne uni t of t he conput er pc2s96/09566 An
apparatus for detecting occl usion m"umnﬂu}w tion conpensation unit,
operably coupled to receive a pre t vector field, a

previ ous DVF, for providing a predl cted DVF an occl usion test
par anmet er generator, operably coupled to rece| ve t he previous DVF and
opérably coupled to the notion conpensation unit, for cal cul ating WO

97/ 04599 PCT/ US96/ 07566 12 an occl usion test

par aneter based on a difference between the bZevi ous DVF and the predicted
DVF, an optimal threshold generator, operably coupled to receive the

previ ous DVF 5 anec@uwetesrperamere@baqenmg egence petween g prvious DVF sk them|
t hreshol d; and aanw conparison unit, operably coupled to the
occlusion test paraneter generator and the opt| mal threshol d generator, for
conparing the occlusion test paranmeter to an optinmal threshold to determ ne
a presence of occl usi oan opinal thresholfhgenempionrapexablyxoupleditorreceive the piemiogs DVF
wherein at | eagt Qﬁ@aPfed@témﬁ&dtﬁ&hol&‘"f@f&'ld&létﬂ@aﬁﬁﬁﬂlﬂﬁ'tﬂesl{oﬁﬁfand)ar aneter 1s
an absol ute vaI ue of di fference between the previous DVF and the

predi cted DVF, 7B) the optinmal threshold generator includes a |ocal

vari ance cal cul at or an occlusion comparison unit, operably coupled to the occlusion test

parameter generator and the optimal threshold generator, for comparing the occlusion
test parameter to an optimal threshold to determine a presence of occlusion.

10
7. The apparatus according to claim 6 wherein at least one of 7A-7G:
7A) wherein the occlusion test parameter is an absolute value of the
difference between the previous DVF and the predicted DVF;
7B) the optimal threshold generator includes a local variance calculator
15 and a global variance caiculator;

' 7C) further comprising an occluded DVF encoding unit, coupled to the
occlusion comparison unit, for encoding a present displacement vector field, DVF,
based on the presence of occlusion;

7D) further comprising an occluded DVF encoding unit, coupled to the
20  occlusion comparison unit, for decoding an encoded displadement vector field, DVF,
based on the presence of occlusion;
7E)  the apparatus is embodied in a tangible medium of/for a Digital Signal
Processor, DSP;
7F)  the apparatus is embodied in an Application Specific Integrated
25  Circuit, ASIC; and
7G) the apparatus is embodied in a gate array.

8. The apparatus of claim 6 wherein the apparatus is embodied in a tangible
medium of/for a computer.
30

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



15 and a gl obal variance calculator; 7C) further conprising an occl uded
DVF encodi ng unit, coupled to the occlusion conparison unit, for encoding a
present displacenent vector field, DVF, based on the presence of occl usion;
7D) further conprising an occluded DVF encoding unit, coupled to the 20
occl usi on con\‘g@éﬁ&g% unit, for decoding an encoded di spl acenent vector
field, DVF, b t he presence of occlusion; 7E) the apPalH$§497568
enbodied in a tangi ble nediumof/for a Digital Signal Processor, DSP;, 7F)
the apparatus is enbodied in an Application Specific Integrated 25 .
Crcuit, ASIC, and 7G the apparatus is enbodied in a gate array. 8.

The apparatus of claim6 wherein the apparatus is enbodied in a tangible
medi um of /for a conputer. 30 9. The apparatus of claim8 wherein the
tangi ble mediumis a conputer diskette. Y9 97/ 04599

PCT/ US96/ 07566 13 10. The apparatus of clarm 8 wherein the tangible

medi umis a menony, unithe Bfpatddss GF /Bt 8 herein the tangible medium is a memory unit of the
computer. |
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