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METHOD AND SYSTEM FOR | MPROVED MOTI C]\l COMPENSATI ON

Field of the Invention 5 The present invention relates generally
to video coding, and nore particularly to using a displ acenent
vector field woowosden codi ng. . PCT/US96/10129
Background of the Invention 10 Conpr essi on of digital video
to a very.low bit rate, VLBR is a very inportant problemin the
field of communications. In general, a VLBR is considered not exceed

to 64 kilo-bits per second (Kbps) and is associated with existing personal
comuni cati on system such as the public switch tel ephone network and.
cellular 15 system To provide services |ike video on demand and vi deo
conferenci ng on these system would require the information contained

in adigital vi deo sggjs]smn r FORWW%%&I@NfWﬁ%tO 1.

To achi eve such Iarge conp | 0S reqU|res

redundancy present in a video sequence be renpved. Current
standards, such as H 261, MPEGL, and mﬁﬁﬁﬁgwnm$mMmconpreSS|on of a
digital video sequence by utilizing a block notion-conpensated Di screte

Cosi ne Transform DCT, approach. This video encodi ng technique
renmoves the r e&undancy’l‘he present invention relates generally to video coding, and more particularly

to using 2 displacement vector field in video coding,

Background of the Invention
10
Compression of digital video to a very low bit rate, VLBR, is a very important

problem in the field of communications. In general, 8 VLBR is considered not
exceed to 64 kilo-bits per second (Kbps) and is associated with existing personal
communication system, such as the public switch telephone network and cellular

15  system. To provide services like video on demand and video conferencing on these
system, would require the information contained in a digital video sequence to be
compressed by a factor of 300to 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, MPEG]1, and MPEG2 provide compression
of a digital video sequence by utilizing a block motion-compensated Discrete Cosine
Transform, DCT, approach. This video encoding technique removes the redundancy
present in a video sequence by utilizing a two-step process. In the first step, a block-
matching, BM, motion estimation and compensation algorithm estimates the motion

25 . 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
temporally redundancy is removed. The only information that remains is new
information that could not be compensated for in the motion estimation and

30  compensation algorithm.
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present in a video sequence by utilizing a two-step process. In the first

step, a bl ock- mat chi ng, BM notion estimtion and conpensati on
algorithmestinmates the notion 25 that occurs between two tenporally
adj acent frames. The franmes are then conpensated for the estimated
notion and conpared to forma difference i nage. By t aki ng the

di fference betWR®M4Me two tenporal ly adjacent franes, all rOoTUsYIMRY
tenporally redundancy is renoved. The only information that remains i s new
i nformati on that could not be conpensated for in the notion esti rratlon and
30 conpensation algorithm WO 97/ 04403
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In the second step, this new information is transforned into the frequency

domai n using the DCT. The DCT has the propersy of conpacting the energy of
this new information into a few | ow frequency conponents. Further

g]g)mﬁirgﬁs} ?gqafe ntC Ce form mtel\%s&s @u@ﬁa@mr&meﬁmgﬂﬁﬂfmedwth ﬂ%u&&gr ?[T‘y)ug;
the conpression pr m@)"ﬁ) %‘S@i%‘ﬁ%@%&@%@&%‘hemﬁﬂ ofghis

obt ai ned by the nmemnfonnauonmmafemlod/fmqmysmmmtﬁlﬂﬂthbﬁdm kiion off the 1t
that exi sts in a v oescdittis Mtahibyiibing Be antiy oPel EFResGRomBior t ne
intensity and col Gncodtthe noti on information is represented using
vectors which point froma particular location in the current

intensity frame to whenfe BRlinS@ e doRipRbio proviad By hiE apﬁroac}x vx.eroe%cg&fng

is obtained by the motion estimation and compensation algorithm. That is, it is much
more efficient to transmit information regarding the motion that exists in a video

10  sequence, as opposed to infarmation about the intensity and color. The motion
information is represented using vectors which point from a particular location in the
current intensity frame to where that same location originated in the previous
intensity frame. For BM, the locations are predetermined non-overlapping blocks of
equal size. All pixels contained in these blocks are assumed to have the same motion.

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 a@jacem 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 fram 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 operation 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 original video sequence. Both
the motion vectors and the DCT coefficients are transmitted to the decoder, where the
30  inverse operations are performed to produce the decoded video sequence,
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intensity frane. For BNl the | ocations are predeterm ned non-overl apping

bl ocks of equal size. Al pixels contained in these bl ocks are assuned to
have the sane notion. 15 The notion vector associated with a particular .
bl ock in the present frame of a video sequence i s found by searching
over a predeterm ned search area in the previous tenporal | y adj acent
frame for anBes tch. This best match is generally det egcgniRéhoize usi ng
t he mean-squared-error (MSE) or mean-absol ute-difference (MAD) between

the two bl ocks. The notion vector points fromthe center of the block in
the current 20 framto the center of t he bl ock which provides the best
‘match in the previous frane. Utilizing the estinmated notion
‘vectors, a copy of the previous franme is altered by each vector to
produce a prediction of the current franme., This operation is referred

to as notion conpensation. As described above, thé predicted frane is
subtracted 25 fromthe current frame to prodyce apglfference franme which

is transformed into fhmentioned aboye, mogionicp 13 YTy pHeatiye BLIEMeYE These
spati al frequenceynpmkfédumdaﬂcuatemporalcorrelaqmmmnmﬂeasdmence Howaverthare :
encoded provi di Rgefabtak &d Witer® thebd €00 Rfkonel FRANGREE. Both

the notion vectors and t coe%flm ents are transmttedq to the decoder,
where the 30 i FR?E’FQ‘!‘;‘"BE@Y’ Fﬁﬁgn‘ﬁ‘i“&g‘ﬂ Wr%‘"@‘??sﬁ?’@d&? ¥ e Vi deo
sequence. 5  result\6F MaoVifigldij&ts covering and uncovering other objects within the video

A’ mont 1 oned b SEHSE, 1o compeaston bk in e g tosemonsl pcn (g
redundancies, generally a substantial decrease in'the video encoder's compression
efficiency will result. This decrease in compression efﬁclency is caused during the
generation of the difference image since, in the particular areas where motion
10  compensation fails, a large increase in the DFD signal's energy will result. The
energy in these areas is generally larger than the energy contained in the current
frame. This problem prohibits the encoding of video to the targeted VLBRs .

15 Brief Description of the Drawings

FIG. lisa diagram of a preferred embodiment of a system for improved
motion compensation in accordance with the present invention.

20 ' FIG. 2 is a diagram of a preferred embodiment of a motion compensation
failure detection unit in accordance with the present invention.

FIG. 3 is a diagram of a preferred embodiment of a failure region boundary
. encoding unit in accordance with the present invention. |
- 25
FIG. 4 is a diagram of a first example for possible coded directions in
,accordance with the present invention.

FIG. 5 is a diagram of a second example for possible coded directions in
30 accordance with the present invention.




t enmpor al redundancy or tenporal correlation froma video sequence. However,

t here exi st areas in a video sequence where there is no tenporal
correl ation. These areas result due to new objects entering or

[ eaving the video scene. Also, they can be the 5 result of noving

obj ects covering and uncovering other objects within the video

sequence. |f NQI?®MBonpensation is used in these areas toPFé‘m0119errporal
redundanci es, generally a substantial decrease in the video encoder’

conpr essi on efficiency wll result. This decrease in conpr essi'on
efficiency is caused during the generation of the difference imge
since, in the particular areas where notion 10 conpensation fails, a

| arge increase in the DFD signal's energy will result. The energy in

these areas is generally larger than the ene4gy contained in the current

frame. This problem prohibits the encoding of vi deo to the targeted VLBRs .
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Detailed Description of Preferred Embodiments

The method and system described below enable the detection and encoding of

an area where motion compensating the past image frame to the current image frame,
15 fails. Based on the DFD signal. the present invention detects regions where the

motion compensation has failed. The boundaries of these regions are encoded and

sent to the decoder. The intensity values contained in this region, by the current

intensity frame, are also encoded and sent to the decoder. Based on the decoded

region boundaries, the decoder decodes the intensity values and places them into the
20 correct regions.

In order to describe the method and system certain assumptions are made
concerning the input video sequence. Specifically, the video source is assumed to be
in a digital format where the number of pixels per row , the number of rows per

25  frame, and the number of frames per second are known prior to the encoding process.
Each pixel represents both the luminance and chrominance components using 8 bit
integer numbers which span from 0 to 255. As mentioned above, these assumptions
are only made to help facilitate the description of the method and system and should
not be viewed as restrictions to applications where thése assumptions do not hold.

30

FIG. 1, numeral 100, is a diagram of a preferred embodiment of a systam
improved motion compensation in accordance with the present invention. This
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FIG 6 is a flow diagram of a preferred enbodi nent of steps of a method for
i nproved notion conpensation in accordance with the present invention.

FIG 7 is a flow diagram of a preferred enbodi nent of steps of a nmethod for
5 notion cWOPaAe8I i on failure detection in accordance w RCTAS§1qI2ESeNnt

i nventi on. FIG 8 is a flow diagram of a preferred

enbodi nent of steps of a nethod for failure regi on boundary encodi ng
I n accordance with the present invention. 10 _

Detail ed Description of Preferred Enbodi nents The met hod and
system descri bed bel ow enabl e the detecti on and encodi ng of an area
where notion conpensating the past inmage frgame to the current inmage frane,

15 «£ails. Based on the DFD signal, the present invention detects regions

Fogi ons are enco %°ﬁ‘9““w§‘é“n”“§f’"a&%“?§“2§m%ﬁ§m e A
conttined in thi g"?tF’eé%nafaﬂf}mt %ﬁl'l“ gun} (104)and gn infensity ‘%&"E al so
encoded_ and sent ebhddingamil 106)icBase@ors @ gredicted disphicenebe dector field (Dwg(m),
poundaries, e dGEAMEA DV ABSS friViods B} ki B 1453 caftthe :@@g@ﬁ gminto

the 20 correct_re 0 e net hod
and syst em cePt al(H‘%rgggPrﬂl"?sBﬂ@ (1223, the, mation °°mm§?8%éf Wﬁg‘?‘h detechigipnit; deo
sequence. Speci f (IR) tsterntifes regichsovherethe predisted DM@ 08)tfailsin describing then a

digital formt Q k&@b&e%{mérp per
25 frame, and t lﬁnhﬁger of e fdeB L secon g‘re t\%mr%f‘%ﬁ’

encodi ng process{ 2)In tensity;frames; @E‘FQMPQ“%‘B’? @%@‘Wd rgioma( &’ﬁblafe
chr oni nance corrp@mﬂahedbysamtdir Embothmg filter (128) lowering the number of bits they

10 require to be encoded. The smoothed boundaries of the motion compensation failure
regions (116) are provided to the failure region bdundaly encoding unit (104) where
they are encoded (118). These regions (116) along with the current intensity frame
(114) are also provided to the intensity region encoding unit (106), where intensity
information contained in the region is encoded (120). The system or parts of the

15  system for improved motion compensation may be implemented in an application
specific integrated circuit, ASIC, a gate array, or a digital signal processor, DSP.

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

compensation failure detection unit (102) in accordance with the present invention.

20  This unit comprises a first motion compensation unit (202), a second motion
compensation unit (202), a squaring unit (206), and a comparator (208). The motion
compensation failure detection unit (102) determines the failure regions by
performing the following test for each pixel location in the current intensity frame.
First, the previous intensity frame (210) is motion compensated using the both a

25  predicted DVF (214) and an estimated DVF (216) using the first and second motion
compensation units (202 and 204), respectively. The two resulting motion

, compensated frames (218) and (220) are compared (224) generating a difference
signal (232). This difference signal (232) is squared by the squaring unit (206)
. resulting in the input signal, 7(i, j), (234) for the comparator (208). The comparator

30 (208) classifies each pixel location (i,j) in the current intensity frame as a failure or

not utilizing the following test



i nt eger nunbers which span fromO to 255. As nentioned above, these

assunpti ons are only made to help facilitate the description of the
nmet hod and system and shoul d not be viewed as restrictions to
applications where these assunptions do not hold, 30 FIG 1,

nuneral 100, is a diagramof a preferred enbodi nent of a system
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5 systemis conprised of a failure region detection unit (102), a
cont our snoot hi ng filter (128), a failure region boundary encodi ng
unit (104), and an intensity region encoding unit (106). Based on a
predi cted displ acenent vector field (DVF) (108), an esti mated DVF
(110), a previous intensity frane (112), a 6urrent intensity frame 5
(114), and a threshold (122), the notion conpensation failure region
detection unit (102) determ nes regions where the predicted DVF (108)
fails in describing the notiogﬂthat occurs in the video seguence

bet ween the current (114) and previous .. (112) intensity franmes. The
boundari es or contours of the detected refpB5 (124) are smoot hed by
a contour snoothing filter (128) lowering the nunber of bits they 10
require to be fncoded. The snoot hed undari es of the notion conpensation
failure egions (116) are provided to the failure region boundary
encoding unit (104) where they are "wb5dbd (118). These regions (116)
along with the current intensity frage (114) are also provided to the
intensity region encoding unit (106), mhq&e.gnyensity i nformation
contained in the region is encoded (120). ﬁﬂe Systemor parts of the

10 Pixel (i,j) Is part of 2 failure region if r(i, j)=1, while r(i, j) = O indicates that it is
not a motion compensation failure, The output, r(i, j) (236), is a binary map
indicaﬁng régions in the current frame (114) where the predicted DVF (108) differs
greatly from the estimated DVF (110), These are the regions where motion
compensation of the previous frame failed to provide an adequate prediction of the

15  current frame, Therefore, the intensity information along with the region information
must be encoded. '

The contour smoothing unit (128) takes the initial map r(i, j) (236) of the
motion compensation failure regions and smoothes the boundaries or contours
20  outlining these regions. This operation also removes any isolated pixels that may
have been misclassified due to noise as belonging to a motion compensation failure.
A binary iorphological filter is utilized for this operation. Specifically, the contour
smoothing filter is an open and close morphological filter characterized by the

following equations
25
b(i, j} = closefopen{r(i, H]] M
where
closelr(i, N = (rG, ) @ sG, ) @ 5G, J) (2)
30 open(r(i, N=(r{i, ) @ s(i, N @ s(i, j), (3)

and



15 systemfor inproved notion corrpensatioh may be inplenented in an

application specific integrated circuit, ASIC, a gate array, or a
digital signal processor, DSP. : FIG 2, nunmeral 200, is a
di agram of the preferred enbodi nent of a notion conpensation failure

detection unit glozg In accordance with the present invention. 20 This
unit conpri sW@ st notion conpensation unit (202), a SRETGIRIEI0029 on
conpensation unit (202), a squaring unit (206), and a conparator (208). The

_notion conpensation failure detection unit (102) determ nes -t he
failure regions by performng the follow ng test for each pixel
| ocation in the current intensity frane. First, the previous

intensity frane (210) is notion conpensated using the both a 25
predicted DVF (214) and an estimated DVF (246) using the first and second
not i on conpensation units (202 and 204) respectively. The two

resulting notion d S an conpar ed

(224) generating a di fferencem;ﬁ "I’ 'gﬁeﬂ %’2@) %h{‘ ﬂ%?ﬂe@énce si gnal
(232) is squared by the Z@sxminly ('u-nmu-( G-@)J(I.J). ~Tldaulitimly (1 the input
signal, t(i,j), (234) for the conparator (208). The conparator 30 (208)

classifies each pixel | QN i %) i.n the c rent |ntenS|ty franme as a
failure or not TH§t %Wﬁgé?rﬁ ‘FS?‘F'BW%@V ghborhood pixdls a9 tbe103
PCT. / US96/ 10129 considered in theopemng and closing operations. For instance, in Equations $and 5

i f the structuring element is a square that extend$ #' pikels‘dbove and below and n

pixels to right and the left of pixel (ij). The open and close morphological filter
smoothes the contours of the motion compensation failure regions r(i, j) in the
following manner. The open operation grows the contours of these regions, filling in
10 any jagged edgw that may exist. The closing operation retums the boundaries to the
~ original locations; however, in the rough areas the contour remains in its new
position. The result of this operation is that the output of the contour smoothing filter
now has smooth contours in once previously rough areas. The pixels which actually
describe the boundary of the failure regions are determined using the following
15 equation

1 [ 7 tand - »
B, j) = i (2rl, =-rG-1, H-ri,j- 1))¢0
0 otherwxse
where b(i, /) =1 indicates a boundary pixel. It is a smoothed failure iegion boundary
20 b(i,)) (308) that is provided to the region contour encoding unit (104).

FIG. 3, numeral 300, is the preferred embodiment of a failure region contour
encoding unit (104). The failure region contour encoding unit (104) comprises an
adaptive chain encoding unit (302), a run-length encoding unit (304), and a Huffman

25 encoding unit (306). The smoothed failure region boundary (i, j) (308) is first
+ encoded by the adaptive chain e:icoding unit (302). The adaptive chain encoding
unit (302) codes the boundaries of the smoothed failure region boundary (i, j) (308)
by using a limited direction alphabet. First, an initial or starting pixel is chosen.
This pixel is generally the first pixel encountered when scanning through the
30 smoothed failure region boundary &(i, /) (308). Once this location is determined, a
clockwise encoding of the smoothed failure region boundary (i, j) (308) is
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r¢i,j)=20
conpensation failure.
indicating regions in the current frane (114) where the predicted DVF (108)

differs

eat |
where notion Wo”’"“@%
adequate prediction of the 15-current frane. Therefore, the intensity

information along with the region information nust be encoded:

The contour snmoothing unit (128) takes the initial map r(i,j) (236) of the
noti on conpensation failure regions and snoot hes the boundaries or contours
20 outlining these regions. This operation also renoves any isol ated pixel s

t hen
el se not a notion
The output, r(i,j) (236), is a binary map

fromthe estimted DVF (110). These are the regions
mpensation of the previous frane fail BETUSSHP3Y| de an

t hat may have been mi scl assified due 8o noise as belonging to a
noti on conpensation failure. A binary nor phof ogi caI fil ter IS
utilized for thi Sp&ﬁgﬁla %ﬁmﬁﬁﬁ al t Qﬁﬁﬁt 1
filter is an open”an f quf P ) rac mbos %W
fol | owi ng equat i off8ers4,denotes thel tectional HP‘?“&’?‘) L asv&oas P‘l"(*l Jdﬂ“]”es
(Il) : )}M\((E‘I’((E‘ right tum and Sdenotesastmght move based ontheprevmusly encoded symbol.
cl ose r =(r rr err
openl[i, =(r (i, ] h@%r]\@és,{h ’i{rgﬂ l](tzxé Pousrﬁgw)eon%%goundaryxs l%mzfdasa

5

straight move for the current move (from the previous pixel to the current pixel).

This technique for labeling the directions is demonstrated in FIG. 4 and FIG,

5. FIG. 4, numeral 400, is a diagram of a first example for possible coded directions
in accordance with the present invention. FIG. 5, numeral 500, is a diagram of a

10  second example for possible coded directions in accordance with the present
invention. In FIG. 4 the previous move (402) is a horizontal move; therefore the
horizontal direction in the current move (404) is labeled as a straight move., A move
to North-East (406) is labeled as a left (L) turn while a move to the South-East (408)
is labeled as a right (R) tum. All other tums are not aliowed. Similarly, FIG. 5

15  shows the case when the previous move (502) is diagonal. The current diagonal
move (504) is now labeled as the straight move, while directions North (506) and
East (508) mfe_'_labeled as L and R, respective. For the case when a turn exists that is
not contained in A,, then the available furn which tracks the closest, is chosen.

20

The output (310) of the adaptive chain encoding unit (302) are the symbols

indicating the direction as well as a starting location. The starting location gives the
horizontal (i) and vertical (j) indices of the pixel location from which the
representation provided by the adaptive chain encoding of the failure region
boundaries is interpreted. Both the horizontal and vertical indices are coded using 8

25  bits. The directional symbols are encoded using an (304) Huffman encoding. The
specific table used in this process is shown below

30

Symbol Code
S 0
R 10
L 11
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[err] The structuring el enent sdeterm nes which

nei ghbor hood pixels are to be 5 considered in the opening and cl osing
operations. For instance, in Equations 4 and 5 the structuring

el ement is awomIeud3t hat extends m pi xel s above and bel ow p&fusvertor29
pixels to right and the left of pixel (i,j). The open and cl ose

nor phol ogi cal filter snoot hes the contours of the notion conpensation
failure regions r(i,j) in the foll owi ng manner. The open operation
grows the contours of these regions, filling in 10 any jagged edges that

may exist. The closing operation returns the boundaries to the o
original locations; however, in the rough ageas the contour remains inits
new s position. The result of this operation Is that the output of the

contour snoothing fil t.ours in ously
rough areas. Thegpl Xe \t[ %‘?’X‘%‘""@%‘ 5“’8@@‘@&% onepax "'gglfﬁﬁg"r’;\il}f t he
failtre regi ons Qther werdsthq qenditignal P@WW@MQSBIWQI@@SCUM&MM given the

[err] wh pe@ioli$ synibol thatlis envdtiedis Adt iecéiitly! babliity Sf fatS MOt hed

contour enod ng PHHERRSYBs la‘Mﬂéﬁ?&w?&le,ss'a@&“rﬁw;ro%géﬁoeveﬁég e
preferred enbddi Aextmoye lsamrahkdy to beo§jthan LcomR STaking this observatioi i intp agodunt,( 104) .
The failure regi g Huffiiah\ehcRipidithri Bmploydd ot AR imSikS rdkllength encoding.
The output of the Huffman encoding unit (304) is a bit-stream representing the
smoothed failure region boundaries &(i, j) (308). This bit-stream is transmitted to the
decoder for use in decoding the intensity pixels contained within. The technique used
10  toencoded this intensity information is described below.

The intensity region encoding unit (106) encodes the intensity values of the
pixels which are contained within the region boundaries (308). These pixels are
encoded using an 8 by 8 block DCT approach. That is, the pixels contained within

15  the region boundaries are organized into blocks of 8 pixels by 8 pixels. The intensity
values contained in these blocks are then transformed into the DCT domain, where
they are quantized and entropy encoded. For blocks which also lie on the boundaries,
all pixels within the 8 by 8 block are encoded whether they lie in the region or not.
The bit-stream is then delivered to the decoder where the encoded bit-streams for

20  both the region boundary (118) and the intensity values (120) are decoded. Based on
the boundary information, the values are then placed into their correct spatial
locations.

FIG. 6, numeral 600, is a flow diagram of a preferred embodiment of a
25  method for improved motion compensation in accordance with the present invention.
The first step is to determine where motion compensation fails to remove the
. temporal redundancy (602). The boundaries of the detected failure regions are
determined and smoothed using a morphological filter (604). Next, the boundaries
are encoded (606). In the last step, the intensity values of the current frame which lie
30  within the failure regions boundaries are encoded (608).



adaptive chain encoding unit (302), a run-length encoding unit (304), and a
Huf f man 25 encodi ng unit (306). The snoothed failure regi on boundary

b(i,j) (308) is first encoded by the adaptive chain encoding unit
(302). The adaptive chain encoding unit (302) codes the boundaries of
t he snoot hed failure region boundary b(i,j) (308) by usin a Ilmted

direction al pREbBO40E (st an initial or starting pixel is PORES!
This pixel is generally the first pixel encountered when scannlng through

the 30 snoothed failure region boundary b(i, j) (308). Once this | dcation
is determned, a cl ockwi se encodi ng of the snoothed failure region
boundary b(i,j) (308) is WO 97/ 04403
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performed. Specifically, the direction alphdBet is |imted to 3 synbols
Alerr] E{L.S R}, where A, denotes the limted directional al phabet L
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the present i nvenmmetensapxtsomaqﬁ%m presistermingd thraghald (708). Jfinallyq the ds@@%d
exanmpl e for possi trhﬁr@madreﬁbpéﬁmumm aipfeda@eriinalrregion mihgtalgbnﬂfneﬁﬁahove

invention. In FIG nmove (402) is a horizontal nove;
t herefore the myhOFIZ%Pa|[ gérectlon in the current nove (404) is
| abel ed as a straight nove. A nove

10 FIG. 8, numeral 800, is a flow diagram of a preferred embodiment of a
method for encoding the boundaries of a region in accordance with the present
invention. First, the boundary of a region is encoded using an adaptive chain encoder
(802). Next, the bitstream provided by the adaptive chain encoder is further encoded
using a run-length/Huffman encoder (804).




to North-East (406) is |labeled as a left (L) turn while a nove to the

Sout h- East (408) Is |abeled as a right (R) turn. Al other turns are
not allowed. Simlarly, FIG 5 15 shows the case when the previous nove
(502) is diagonal. The current diagonal nove (504) is now | abel ed as
the strai ght nove, while directions North (506) and East (508) are

| abel ed as VO3 [ ospective. For the case when a turn EETABWIORS: s
not contained in A, , then the available turn which tracks the cl osest, is

chosen. 20 The output (310) of the adaptive chain encoding unit
(302) are the synbols indicating the direction as well as a starting
| ocation. The st I ves t he hoM
vertical (j) i ndﬁlumﬂm mﬂlmmm | ocati on from whi c

representation prdvi éed-by*tiHe adaptive chal n encodi n B‘feaRprm&i

regi on boundaries is interpreted. Both the hor| t| cal

I ndi ces are coded using 8 25 bits. The @aimscti onal oded
using an (304) Huffman encodi ng. The: specific tabl e used [ n

process is sho el ow o Synbol
Code e Safit : S 0 30 WO
97/ 04403 '

PCT/ US96/ 10129 4, A method for improving motion compensation, comprising: 9

detecting failure regions, using a failure region detection unit, based on a
previous intensity frame, a present intensity frame, a predicted differential vector
field, a predicted DVF, an estimated dxffmmual vector field, an estimated DVF, and a
10  threshold; and

encoding boundaries of the failure regions, using a failure region contour
encoding unit.

15 2, The method according to claim 1, wherein detecting failure regions includes:

moﬁon compensating the previous intensity frame based on the predicted
DVF to provide a first signal; '

20 . motion compensating the previous intensity frame based on the estimated
DVF to provide a second signal;

calculating a third signal based on the difference between the first and the
second signal; and

comparing the third signal to the threshold to detect a presence of a failure
region.

. 3. The method according to claim 1, wherein encoding includes:
30 -



It is observed that the synbols are correlated fromone pixel to the next.

I n ot her words, the conditional probability of a synbol at the
current |ocation given the previ ous synbol that is encoded is not
necessarily equal to the probability of that particul ar synmbol at the

current |location. For instance, if the previous nove is S. the 5 next
move is nore | WOIP4OH be S than L or R Taking this observacrwsssiot2o

account, t he Huf f man encodi ng al gorithm enpl o ntains an inpl i ci t
run-1 ength encodi ng. The out put of the Huffrman encod| ng uni

a bit-streamrepresentin hed failure rles
b(i,j) (308). TE' s bit- Sﬁlmmmu“l luﬂm ted to the d use
in decodi ng the intensity*pi%els &ontaihed within. The d 10

to encoded this intensity information is desggi bed bel ow. he

intensity region encoding unit (106) encodes the intensity values of the

pi xel s which are cont ai gi Wchﬁih@ndoﬁﬁ LSS re t These pixels
are encoded usi ﬁn )é bl Oga Eﬁﬂ@dﬁﬁdﬁ%ﬁ(xﬁpﬁg t he pixels
contai ned within 1§"ﬁ°ﬂ@g’;@§$’l§ﬂ W%WM%@% 8

pi xel s by 8 pi xel swhm@elmckﬁmhemompnsmg vartour Siltexing! fallovidg the Huffama efidodings

are then transforned into the DCT domai n, where they are quanti zed
and entropy encepded. bl o whi.ch al so |ie on the boundaries, al |
pi xel s within tg g @@amd!em%@ Infrsthersomprigie at least operof 4Ar4Cy on
or not. The bit s4A)earcn¢odmghmmsnylvaluesro§dcnnemh'emdﬂraoﬁhemmhexﬂcedédﬂe
encoded bit-streangifire anouﬂ@ériésthe regi on boundary (118) and the
intensity val ues (120) “E‘?\(ﬁ: oded. Based on t he boundar

re

i nformation, the val ues e W%@WWCM&a%&%k@mum

| ocati ons. offfor a Digital Bigi6) ProvessoraDSB:Qd i s a fl ow di agram of a
preferred enboggnment of 2%k f v, ge ’Eg%%ﬂ 0 tion in
accordance with thgg& 4iceant |ﬁreﬂﬁl€§gps°ﬂhe i I'rs ea{lh%‘&gﬁ{&gﬁgeterm ne
where notion conpe pregraed Ciregt ASIGy e t he t enpor al redundancy
(602). The boundaries of the detected failure regions are determ ned

A N okl ay et i SRR

are encoded (606). Ian’tF ast_ st ein es
frame which |ie 30%@neRiemadpm gffor herr selsstedme 068A-3Be encoded

(608). 15 5A)  wherein the tangible medmm is a computer diskette; and
5B)  wherein the tangible medium is & memory unit of the compiter,

6. A system for improving motion compensation, comprising:

20 a failure region detection unit, coupled to receive a previous intensity frame, a
present intensity frame, a threshold, a predicted differential vector field, a predicted
DVF, and an estimated DVF, for detecting failure regions based on.the previous
intensity frame, the present intensity frame, the predicted DVF, the estimated
differential vector field, DVF, and the threshold: and

25

a faiture region contour encoding unit, operably coupled to the failure region
detection unit, for encoding boundaries of the faiture regions,.

1. The system according to claim 6, wherein the failure region detection unit
30 includes:



WD 97/ 04403
PCT/ US96/ 10129 10

FIG 7, nuneral 700, is a flow diagramof a preferred enbodi nent of a .
met hod for detecting notion conpensation failure regions in accordance W|th
t he present invention. In the first step, a test paraneter is

gener at ed b30:21/04483t he previous intensity frane, thEC'yﬂSPﬂlms DVF,

and the present DVF (702). Next, this 5 val ue i renove
any dependence on The Sign. The square of the test paranmeter i s next

conpared to a predet “ m I (706):. Finall Sl"hls$11§éHG%B°é% ced

failure areas are Opallwm u““) ﬂ edet erm ned regi orithm
to renove any i 8ol ated goiits*(708). 10 al 800,
is a flow diagramof a preferred enbodi nenfs of a met hod for encodi ng

t he.boundaries of a region in accordance W|th t he present I nventi on.

First, the boundary gfﬁ,ﬁn{oggh%g%éﬁ@ Wﬁ.@o&i@é&‘ﬁr@d&vﬂ Mgusqh@ﬁﬁ}yencoder

(802). Next, the bitstream pro aptive chal enco er
fureher encoded frame mﬁﬁ%ﬂi’fa -ifeﬁé‘f’ﬁ lyframe VO

97/ 04403 - based on the predicted DVF to provide a first signal;
PCT/ US96/ 10129 15

5  a second motion compensation unit, coupled to receive the previous intensity
frame and the estimated DVF, for motion compensating the previous intensity frame
based on the estimated DVF to provide a second signal;

a differencing circuit, operably coupled to the first and second motion
10  compensation units, to provide a difference between the first and the second signal:

a squaring unit, operably coupled to the differencing circuit, for calculating a
third signal based on the difference between the first and the second signal; and

15 2 comparator, operably coupled to the squaring unit, for comparing the third
signal 1o the threshold to detect a presence of a failure region.

8. The system according to claim 6, wherein failure region contour encoding unit
includes:
20 . :
an adaptive chain encoding unit, coupled to receive a failure region contour,
for chain encoding, and a Huffman encoding unit, coupled to the adaptive chain
encoding unit, for run-length encoding to provide an encoded failure region
boundary;
25
and where selected, further commsmg a contour smoothing filtering,
operably coupled to the failure region detection unit, for providing the failure region
contour based on a failure region.

30 9. The syétem according to claim 6, further comprising at least one of 9A-9C:



‘AVENDED CLAIMS [received by the International Bureau on 15 Novenber 1996

(15.11.96); original clains 1 and 6 anended,
original clainms 2 and 7 cancell ed,; remai ni ng cl ai s
Unchanged (4 pages)] 5 1. A met hod for inproving notion

conpensati on, | Si ng: detecting failure using a
failure regi owg(?%@a"t lon unit, based on a 10 previ ous i nfﬁwg??ane, a
present intensity frane, a pred| cted differential vector ——etd, a

predi cted DVF, an estlmat‘ecr Cllllb‘l entt+at vector field, an esti te DVF,

and a t hr eshol d; encodi ng tnmmda failure
regions, using a fail u 'w " wﬁgl 15 encodi ng [ 2.
The net hod accor di ng to *cl ai m. ein det ectin ns

i ncl udes: notion conpensati ngl4 he pre [ ous | ntenS| ty frame
based on the predicted 20 DVF to provide a first signal:

notion conpensating t HRA)pr eanumnymgmnsmtoﬂmgmammmm repaive the neeseatnat ed
DVF to provide a ﬁﬁéﬁ&g}ﬁfrﬁh ﬁéﬁemgmnconmm,foﬁbﬁdhﬁgatﬁ&sﬁymws@f@ gnal

based on the diff glirreegt me lSrat ewxhun enco&e% failure region boundanessecond signal; and
9B) wherein the steps of the system are embodied in a tangible medium
5  of/for a Digital Signal Processor, DSP; and
9C)  wherein the steps of the system are embodied in an Application
Specific Integrated Circuit, ASIC.

10.  The system of claim 6 wherein the steps of the system are embodied in a
10 tangible meditim of/fér a computer, and where selected, one of 10A-10B:

10A) wheréin the tangible medium is a computer diskette; and
10B) wherein the tangible medium is a memory unit of the computer.

13



conparing the third signal to the threshold to detect a presence of a
failure 30 3. The nethod according to claim1, wherein encoding
i ncl udes: WD 97/ 04403

PCT/ US96/ 10129 uuu“"[urm] IMHMI contour. and run- |éggth

adaptive chai n encodi ng

encodi ng/ Huf f wesresaesdi ng™t o prov f'de® an® encoded fallure r epUsobfuasyday, and
where sel ected, further conprising contoyr filtering follow ng the Huffnman
encodi ng. 5 4. The met hod accordlﬂé to claiml, further conprising

at | east one of 4A—4C g intensity values of a

current frame t | £s;
4B) wherein the\d}gléei y"i{hﬁ ﬁt&qﬁﬁ Bur éq,ln%ﬁ%:g&gé%ﬁ E@é'ﬂﬂgg}l um
of/for a Digital Signal Pr ocgﬁ% hal @ﬁ%ms @nghdlﬁ cancelled; 4C) wherein the

steps.of the nethod are enbpsaést ngruanngﬁmwna@munpages)] Specific
Integrated Crcuit, ASIC. The nmethod of claim1l wherein the

steps of the net hod are enbodied in a tangi bl e mediumof/for a
conput er and where sel ected, one of 5A-5B: 15 5A) wherein the
tangi ble nmediumis a conputer diskette; and 5B) wherein the

tangi ble mediumis a nenory unit of the conputer.

5
1. A method for improving motion compensation, comprising:
detecting failure regions, using a failure region detection unit, based on a
10  previous intensity frame, a present intensity frame, a predicted differential vector
field, a predicted DVF, an estimated differential vector field, an estimated DVF, and a
threshold; and

encoding boundaries of the failure regions, using a failure region contour
15  encoding unit[], '

(2.  The method according to claim 1, ] »

20

30

3. The method according to claim 1, wherein encoding includes:



‘6. A system for inproving notion conpensation, conprising: 20

a failure region detection unit, coupled to receive a previous intensity
frame, a present intensity frame, a threshold, a predicted..
differential vector field, a predicted DVF, and an estimted DVF, for
detecting failure regions based on the previous intensity frame, the
present int en¥PO44Phne, the predicted DVF, the estinated PCT/US610129
differential vector field, DVF, and the threshold; and 25 a
failure region cen%ﬁur—entﬁaTﬁﬁfﬁnrt opekbabl y coupled to the failure

regi on det ect| TR modl ng boundaries of the failure
regionsf. ﬂ lm‘ cording to claim6,]wherein the failure
regi on det ection uni {0 wnchudes:* WD 97/ 04403

PCT/ US96/ 10129 a first notion conpensation unit,

coupled to receive the previous intensity frame and the predicted
DVF, for notion conpengagtiv h%lﬁre'tégl&{'édnio\irfaﬂdiﬁﬁ-length based on

the predicted DVF t \/ de rst SI econ notion
conpensati on unit %Eﬁfﬁ@ﬁm% W‘gﬁg‘“‘f‘ﬁt’@ﬂg’? ndaty gf rane
and the esti mat edwivé-seldeted, ﬁunherompmmwmrﬁlgermgéolbmgtwﬁufﬁmmmpdmgf rame

5 4, The method according to claim 1, further comprising at least one of 4A-4C;
4A)  encoding intensity values of a current frame that lie within encoded
failure region boundaries;
4B)  wherein the steps of the method are embodied in a tangible medium
of/for a Digital Signal Processor, DSP; and
10 4C)  wherein the steps of the method are embodied in an Application
Specific Integrated Circuit, ASIC.

5.  Themethod of claim 1 wherein the steps of the method are embodied in a
tangible medium of/for a computer and where selected, one of 5A-5B:
15 5A)  wherein the tangible medium is a computer diskette; and
5B) wherein the tangible medium is a memory unit of the computer.

6. A system for improving motion compensation, comprising:

20 a failure region detection unit, coupled to receive a previous intensity frame, a
present intensity frame, a threshold, a predicted differential vector field, a predicted
DVF, and an estimated DVF, for detecting failure regions based on the previous
intensity frame, the present intensity frame, the predicted DVF, the estimated
differential vector field, DVF, and the threshold; and

a failure region contour encoding unit, operably coupled to the failure region
, detection unit, for encoding boundaries of the failure regions[.] ,

[7.  The system according to claim 6, ]wherein the failure region dete
30 includes:




based on the estimated DVF to provide a second signal; a
differencing circuit, operably coupled to the first and second notion 10
conpensation units, to provide a difference between the first and the
second signal : a squaring unit, operably coupled to the
differencing circuit, for calculating a third signal based on the
di fference bunmnmnwmhe first and the second signal: and 1BCTMUS96/10129 a
conmparator, operably coupled to the squar?ng unit, for conparing the third
nal to the threshold to dw“ﬁct a presence of a failure region. - 8.

sig .
'ul'get system ?rc]gﬂnwmlgnlmml wherein failure region contour encoding

an adaptive chain encoding unit,

coupled to receive a ai'l ure reglon cont our, for chain encoding, and
a Huf fman encoding unit, coupled to the adaptive chain encodi ng unit,
for run-length encoding to provide an encoded failure region

boundary; 25 a first motliChol S G 5 RC Ahurt er DI | S] 9 2 cont our
SITDOt hl ng fl |ter T g _J1ist 1)) J,.J.!_A)lh-}! ‘ ‘!';! .'1""- L+ (' 28] ')(-a\l'l . teCtIOI’]
uni t ~ for provi dEAHCARISIE PICRIGICE DV formotion COME pepasting the previos Jtu,t_-ie;ti. aamsr e
region. 30 9.  the Sivedicsd DVE & stbvide 4 firsCdigatn 6, further conprising at

| east one of 9A—9C
PCT/ US96/ 10129

5

10

15
8. The system according to claim 6, wherein failure region contour encodmg unit
includes:

20

an adaptive chain encoding unit, coupled to receive a failure region contour,

for chain encoding, and a Huffman encoding unit, coupled to the adaptive chain
encoding unit, for run-length encoding to provide an encoded failure region
boundary;

25

and where selected, further comprising a contour smoothing filtering, |
,operably coupled to the failure region detection unit, for providing the failure region
contour based on a failure region.

30 9.  The system according to claim 6, further comprising at least one of 9A-9C:



'9A) an intensity region encoding unit, coupled to receive the present
intensity frame and the failure region contour, for encoding intensity

val ues of a current frame that lie within encoded failure region
oundari es; 9B) wherein the steps of the system are enbodi ed
in a tangi bI of/[for a Digital Signal Processo : d

9C) wherein tW’T%g)PéBQS of the system are enbodied in an AppF’FE&?SFBH&E
Specific Int egraw 1810. The system of claim 6_wherein
t he steps of the syst em. ,e__'errbo dina 10 tangible nmediumof/for a
conput er, and wheramn“@ i | E“Bf 10A- 10B: 10A) wherein
the tangi ble nediu | skette; and 10B) wherein

the tangi ble nediumis ‘a rrermry unit of the conputer.

9A) unintensity region encoding unit, coupled to receive the present
intensity fratne and the failure region contour, for encoding intensity values of 2
current framie that lie within encoded failure region boundaries;
9B) wherein the steps of the system are embodied in a tangible medium
5 offfor a Digital Signal Processor, DSP; and
9C)  wherein the steps of the system are embodied in an Application
Specific Integrated Circuit, ASIC.

10.  The syStem of claim 6 wherein the steps of the system are embodied in a
10  tangible medium of/for 2 computer, and where selected, one of 10A-10B:

10A) Viierein the tangible medium is a computer diskette; and
10B) wherein the tangible medium is a memory unit of the computer.



